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Abstract

This thesis describes the investigation of three novel leucocyte activation

antigens. The investigation began with the characterisation of the crHML-l integrin

subunit. Immunoprecipitation analysis and Western bloning indicated that crHML-l

associates with the B7 integrin subunit to form a typical integrin heterodimer. aFIML-1

appears to be post-translationally cleaved into heavy and light chains which remain

linked by disulphide bonds. With the aim of isolating the aHML-1 protein, a 45kDa

disulphide-linked polypeptide was isolated from leucocytes by two-dimensional non-

reducing / reducing gel elecuophoresis, and used to raise a polyclonal antiserum.

This polyclonal antiserum detected a protein encoded by a cDNA in a ?rgtl1

leucocyte expression library. This cDNA was design^tld CG-L.II became apparcnt that

CG-I didnot encode ttre crHML-1 protein, but rather encoded a novel protein which is

abundantly expressed in activated leucocytes and reproductive tissues, and weakly

expressed in all other tissues examined. The CG-I gene may be one member of a

larger gene family, as two different chicken relatives of CG-I have been isolated

elsewhere. The deduced CG-l amino acid sequence contains potential transmembrane

domains and a potential nuclear localisation signal motif. On the basis of its primary

srructure the CG-l protein is expected to form an c helical coiled-coil dimer. A

polyclonal antisera raised against a CG-l - p-galactosidase fusion protein detected a

300kDa protein on the surface of activated human leucocytes. The apparent molecular

weight of this protein is halved following the reduction of disulphide bonds, supporting

the contention that CG-l is a disulphide-linked cell-surface dimer. This protein appears

to be associated with tyrosine kinase activity in an rn vitro kinase assay.

While parricipating in the Fifth International Conference on Leucocyte

Differentiation Antigens we noted that the protein detected by the anti-CG-l antisera

was remarkably similar to a novel leucocyte protein designated CDl00. CDl00 is a T
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lymphocyte co-stimulatory antigen capable of signalling in concert with the T

lymphocyte antigen receptor to produce T tymphocyte proliferation. Like the protein

detected by the anti-CG-l antisera, CD100 was associated with tyrosine kinase activity

in an in virro kinase assay, and appeared to be a 300kDa disulphide-linked cell-surface

dimer. Anti-CDl00 antibodies were able to remove the protein detected by the anti-CG-

1 antisera from leucocyte lysates in immunodepletion experiments. This suggests that

CG-l and CD100 are immunologically related, or that CDl00 and the protein detected

by the anti-CG-l antisera are physically associated.

Current research is directed toward determining the relationship benveen CG-l

and CD100, and investigating the signalling and costimulatory potential of these

molecules. The three leucocyte activation antigens investigated in this thesis all appear

to mediate leucocyte transrnembrane signalling. All three molecules potentially form the

basis of therapeutic approaches for immunoregulation of inflammatory and neoplastic

disease.
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Section 1 - fntroduction

1.1 CeIl adhesion molecules (CAM)

Adhesion of cells to one another and to the underlying extracellular matrix is

essential for the integrity of all multicellular organisms. Cell adhesion in mammals is

mediated by several families of CAM outlined in Table. 1. Many CAM perform the dual

functions of adhesion and transmembrane signal transduction. Strict regulation of

expression and activity allow CAM to contribute to diverse processes including

fertilisation, development, tissue integrity, the control of cell growth, leucocyte

extravasation and activation, lymphocyte homing and recirculation, autoimmune

disease, tumour development and tumour metastasis. The precise regulation of CAM

expression is critical for immunity since CAM influence the tissue distribution and

effector functions of activated T cell subsets (Meuer et al,, 1993). Some of the

functions performed by CAM on the surface of T cells are described below.

1.1.1 Activation-specific and site-specific expression of CAM

The expression of several CAM is regulated by T cell activation, with the final

pattern of CAM expression depending on the environmental setting in which a T cell is

exposed to antigen. T cells newly emigrated from the thymus are considered "naive" or

"virgin" cells, and express a particular subset of CAM. For instance virgin T cells in

peripheral blood usually express the phenotype; CD45RAhigh/p6low, L-selectin*,

CLA-, gp2low, integrin q4low and LFA3-.

T cel.ls continuously traffic from the bloodstream into specific tissues or lymph

nodes, then into the lymphatics, and finally back into the bloodstream in a process

known as "recirculation". Naive T cells recirculate by leaving the bloodstream and

entering lymph nodes through high endothelial venules (HEV), and only rarely by
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Selectin superfamily
L-selectin (LECAM- 1, MEL 14 antigen, Leu-8)
Bselectin (ELAlvt-l)
P-selectin (PADGEM, GMP- 140)

Immunoglobulin (Id superfamily
cD2 (LFA-2)
LFA-3 (CD58)
ICAI\{.1
ICAI\{.2
ICAI\{.3
vcAh4-l (rNcAM-l10)
MAdCAIVI-1
Components of the T cell receptor C[CR) / CD3 complex
cD4
cD8
MHC class I
MHC class II
CD3 1 (PECAM- 1, endoCAlvl)

Cadherin superfamily
E-Cadherins (L-CAM, fuc-l, Uvomorulin)
N-Cadherins (A-CAN,[ N-CaI-CAM)
P-cadherin

Integrin superfamily
See Table 3.

Miscellaneous
CDM (Hermes, PCIP-I)
VAP.I
cD-14

Table 1. CAM families



passing directly into nonJymphoid tissues. HEV are composed of cuboidal endothelial

cells specialised for leucocyte emigration.They are found in lymph nodes draining the

skin and mucosal surfaces, and at sites of chronic inflammation. T cell binding to HEV

can be observed in vitro, by overlaying lymphocytes onto frxed frozen HEV sections in

the Stamper-Woodruff assay (Stamper and lVoodrufl 1976). The patrol of lymph

nodes by naive T cells contributes to efficient immunosurveillance, since these organs

drain and sequester foreign antigens from vast areas of the body.

T cells become effector / memory cells following peripheral activation, and

express patterns of CAM different to those expressed by naive cells. Some CAM

appear to be expressed on all effector / memory cells regardless of the site of T cell

activation. For example, virtually all effector / memory cells become

CD4sRAlowlpghigh, and express high levels of CD2 and the integrin sA, s,5, q6 and

pl subunits (Shimizu et al., 1990a). Expression of these activation-dependent CAM

allows effector / memory T cells to emigrate through "flat" non specialised vascular

endothelium underlying non-lymphoid tissues, as well as through HEV (Mackay et al.,

1990; Springer L994). Since these activation-dependent CAM can costimulate T cell

proliferation, their increased expression may contribute to memory T cells' efficient

rcsponse to antigen.

The expression of some CAM appears to depend on the site at which the T cells

were activated. Differential expression may be due to the different costimulatory signals

delivered to T cells in different tissues by antigen presenting cells (APC), extracellular

matrix proteins, soluble factors, and tissue-specific foreign antigens. For instance

effector / memory cells produced in peripheral lymph nodes usually retain L-selectin

expression , and 507o become CLA+. In contrast effector / memory cells produced in

pharyngeal tonsil usually become L-selectinlow, ild orily 30Vo become CLA+. Effector

/ memory cells produced in appendix are L-selec6nlow, and only |}Vobenome CLA+.

Gut-associated effector / memory cells usually express high levels of aEpT and a4p7
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integrins and low levels of a4p1 integrins. On the other hand skin-associated effector/

memory cells usually express no aEp7, low levels of u4p7, and high levels of a4p1

(Picker, 1993; Springer 1994).

Site-specific patterns of CAM expression endow T cells with the ability to

preferentially enter tissues similar to those in which they were previously exposed to

antigen - a process known as lymphocyte homing (reviewed by Picker, 1992). The

CAM mediating homing are referred to as homing receptors, and their ligands

expressed on vascular endothelia are referred to as addressins. Homing receptors and

addressins are drawn from several CAM families. Organ systems snrdied intensively

which display "area code" addressins allowing for selective lymphocyte homing include

the skin, peripheral lymph nodes, the gut including Peyer's patches, and inflamed

synovium. Homing is demonstrated by lymph node lymphocytes from mature animals,

which when reinjected into the blood stream have a preference to re-enter lymph nodes

of the same type from which they came (reviewed by Yednock and Rosen, 1989).

Given that different tissues will be exposed to a particular subset of foreign antigens,

homing may increase the probability of lymphocytes encountering the foreign antigens

to which they have been primed. This may be a strategy to make the process of

immunosurveillance in large animals more efficient, since the complete repertoire of T

cell antigen receptors is unlikely to be represented simultaneously in all areas of the

body (reviewed by Springer, 1994).

1.1.2 The multistep model of leucocyte emigration into tissues

The entry of T cells into tissues is a three stage process directed by "area code"

molecules expressed on circulating lymphocytes and the vascular endothelium.

Circulating T cells at a site of injury or infection are slowed in their tansit and induced

to roll along the vascular endothelium by interactions between the selectin family of

CAM and their ligands. Chemoattractant molecules secreted at the site of injury or



infection diffuse to the vascular endothelium, and some are presented by endothetal

proteoglycans thar coat the vessel wall (Tanaka et al., 1993). They bind to G-protein-

coupled rcceptors on the T cell surface and, by an incompletely understood mechanism,

activate T celt integrins. Integrins bind to their endothelial CAlvl ligands, which have

themselves been induced on the inflamed vascular endothelium. This results in firm

adhesion between lymphocytes and the endothelial wall, allowing integrins to mediate

the subsequent lymphocyte diapaedesis into the tissue. Irucocytes migrate to the site of

infection or injury along a concentration gradient pathway formed by chemoattractant

molecules. The multistep model of leucocyte emigration is reviewed by Springer

(1994), and is summarised in Fig. 1. The intracellular signals transduced by the G

protein-coupled receptors are discussed in a later section.

1.1.3 The selectin family of CAM

Molecules of the selectin family (reviewed by Bevilacqua, 1993) are Type I

transmembrane molecules. They bind reversibly to carbohydrate ligands related to

sialylated Lewisx antigen (CDls) and to its isomer Lewisa, through an N-terminal

domain that is homologous to the carbohydrate recognition domains of calcium-

dependent animal lectins @rickamer, 1988). C-termind to the lectin-like domain are: (i)

an epidermal growth factor-like repeat, (ii) a variable number of repeating modules of

approximately 60 amino acids (aa) that are similar to sequences found in some

complement binding proteins, (iii) a transmembrane domain, and (iv) a cytoplasmic tail.

Selectins are very effective in mediating leucocyte tethering and rolling. This may be

due to the rapid association and dissociation which is possible between selectins and

their highly flexible carbohydrate ligands (Lawrence and Springer, 1991; Williams

1991).
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Three selectins contribute to the rolling of leucocytes along the venular

endothelial wall.

(a) L-selectin

L-selectin (Leu8, LECAM-I, MEL-14 antigen) is expressed constitutively on

the surface of lymphocytes, neutrophils and monocytes. L-selectin expression is

rapidly reduced by shedding following lymphocyte activation with PMA, and is slowly

reduced following activation with anti-CD3 monoclonal antibody (mAb) or

concanavalin A (con A). This correlates with suppression of lymphocyte binding to

HEV following short term stimulation with phorbol l2-myristate l3-acetate (PMA)

(Buhrer et al., 1992).

Lselectin binds to the peripheral lymph node HEV addressin, designated PN-

Ad, which is defined by the MECA-79 mAb (Streeter et al., 1988b; Michl et al, 1991).

The MECA-79 mAb was subsequently found to react with a carbohydrate epitope

contained in two distinct endothelial mucins; GIyCAM-1 which is secreted by HEV,

and CD34 expressed on the cell-surface of HEV (Springer, 1994). Lselectin also binds

to a mucin-like domain in MAdCAM-I (Berg et al., 1993). In addition L-selectin may

bind to E-selectin and P-selectin (Picker et al., l99l).

(b) P-selectin

P-selectin (PADGEM, GMP-140) is stored in the Weibel-Palade bodies of

vascular endothelial cells, and in the cr-granules of platelets. It is rapidly transported to

the cell surface following activation of the vascular endothelium by histamine or

thrombin (Bevilacqua, 1993). P-selectin binds to a 120 kDa (reduced) disulphide-

linked sialylated glycoprotein dimer expressed on neutrophils and on the HL60

myelomonocytic cell line (Moore et al., 1992).



(c) E-selectin

E-selectin (ELAM-I) is induced on vascular endothelial cells which have been

activated by inflammatory cytokines. E-selectin expression requires de novo

transcription and protein synthesis, and hence Bselectin appears about 4 hours (h) later

than P-selectin on the vascular endothelium. E-selectin binds to the Lewisx-related skin

homing receptor "cutaneous lymphocyte antigen" (CLA) (Berg et al., 1991).

1.1.4 The Ig superfamily of CAM

Molecules of the Ig superfamily are distinguished by a common structural

feature, namely the Ig homology unit, a 90-l l0 aa unit organised into a sandwich of 2

sheets of p strands that are usually stabilised by a central disulphide bridge (Williams

and Barclay, 1988). Six families of CAM that possess variable numbers of Ig domains

are described below:

(a) fntercellular adhesion molecules (ICAM)

ICAM-l is expressed at low levels on unactivated vascular endothelium, and is

up-regulated in response to inflammatory cytokines (Dustin et d., 1986). ICAM-I

frrmly tethers leucocytes to the inflamed blood vessel wall by binding to activated p2

leucocyte integrins. ICAM-2 on the other hand is constitutively expressed on vessel

endothelia (Nortamo et al., 1991), perhaps providing for leucocyte emigration in the

early stages of inflammation, and leucocyte recirculation in non-inflamed tissues. In

contrast ICAM-3 is expressed on resting lymphocytes and on monocytes, and may play

a role in the initiation of an immune response (de Fougerolles et al., 1993). The N-

terminal Ig-like domain of ICAM-I contains distinct binding sites for alp2 and

rhinovirus (Staunton et al., 1990).



(b) Vascular cell adhesion molecule-f ryCAM'l)

VCAM-l (INCAM-I l0) is up-regulated on vascular endothelia by inflammatory

cytokines (Rice et al., 1990), and tethers leucocytes by binding the integrin 44p1. The

predominant form of VCAM-I is a transmembrane protein containing seven lg-like

domains. However interleukin (Il)-lp-activated murine endothelial cells express an

alternatively spliced VCAM-I mRNA. The alternatively spliced mRNA encodes a

glycosylphosphatidylinositol-anchored protein possessing three Ig domains which can

be cleaved from the cell surface by phospholipase C (PLC) (Terry et al., 1993, ). An

additional variant of human VCAM-l with six Ig-like domains in which lg-like domain

4 is absent has also been described (Cybulsky et al., 1991: Springer et al., 1994). The

crystal structure of VCAM-I domains I and2 reveals an a4pl integrin-binding motif

exposed in the N-terminal region of a loop between two p strands of Ig-like domain I

(Jones et al., 1995).

(c) MAdCAM-1

MAdCAM-1 is constitutively expressed on capillary endothelial cells underlying

gut Peyer's patches, and on venules and HEV of chronically inflamed tissues (Briskin

et al., 1993; Streeter et al., 1988a). It is expressed at high levels on the bEnd.3 mouse

brain endothelial cell line following cytokine activation (Sikorski et al., 1993).

MAdCAM-1 interacts with the leucocyte integrin a4W, and is thought to mediate gut

homing of recirculating lymphocytes. A mucin-like domain within MAdCAM-1 is a

tigand for L-selectin, and may contribute to lymphocyte rolling on vasculiu endothelium

(Berg et al., 1993). MAdCAM-l is identical to the mucosal addressin recognised by the

mAb MEC A-367 (Streeter et al., 1988a; Bevilacqua, 1993; Michl et al., 1991).
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(d) cD31

CD31 (PECAM-I, endoCAM) is found on endothelial cells, platelets,

neutrophils and monocytes, and appears to mediate adhesion to the vascular

endothelium by homophilic or heterophilic interactions (Albelda et al., 1991). In

addition CD31 participates in interactions between adjacent endothelial cells ttrat limit

vascular permeability (Bevilacqua, 1993). CD3l is also a leucocyte signal transduction

molecule which can modulate the affinity of integrins for their ligands (Berman and

Muller, 1992).

(e) CD2 and LFA3

The lymphocyte CD2 (LFA-2) molecule and its ligand LFA-3 (CD58) on APC

are both members of the Ig superfamily (Seed, 1987). Interaction between these

molecules is thought to stabilise the lymphocyte-APC interaction during antigen

presentation. The CD2-LFA-3 interaction only becomes an important adhesion

mechanism after T cell activation (Springer, 1990). Resting T cells are sulrounded by

negatively charged glycocalyces, composed to a large extent of sialic acid complexed to

CD43 (leukosialin) and CD45. The glycocalyx is thought to impede close cell-cell

contact by repulsion of negative charges @ell et al., 1984). T cell activation results in

reduction of the negative charge associated with each surface glycocalyx, resulting in

shorter inter-membrane distances and potentially greater CD2-LFA-3 interaction

(Springer, 1990). LFA-3 is also expressed on the surface of vascular endothelial cells,

however endothelial LFA-3 probably assists antigen presentation and T cell activation

by endothelial cells rather than playing a major role in the initial adhesion of circulating

leucocytes (Pober and Cotran, 1991). Alternative splicing of mRNA results in two

isoforms of LFA-3, one anchored in the plasma membrane by a

glycosylphosphatidylinositol tail, and one anchored by a classical hydrophobic

transmembrane segmenl Both forms mediate adhesion to CD2 (Springer, 1987).
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1.1.5 Miscellaneous CAM

Several CAN{ are not members of the classical major CAM families. Four such

molecules are described below:

(a) Vascular adhesion protein-l (VAP-1)

The VAP-I glycoprotein is expressed on HEV at many sites including tonsil,

peripheral lymph node and inflamed synovium. Anti-VAP-l antibodies reduce adhesion

of lymphocytes to these HEV. N-terminal aa sequence from the VAP-1 protein reveals

no significant similarity to known proteins (Salmi and Jalkanen,1992)-

(b) cD44

CD44 (Hermes, pgp-l) is an alternatively spliced molecule variably conjugaled

to glycosaminoglycans, and is related to cartilage link proteins (Haynes et al., 1989).

CD44 is a multi-functional molecule found on both epithelial cells and leucocytes,

which binds to a variety of extracellular matrix components, and may contribute to

lymphocyte adhesion to mucosal HEV by interacting with a ligand containing

hyaluronate @evilacqua,1993; Aruffo et al., 1990).

(c) CD14

CD14 is a leucine-rich monocyte protein which appears to contribute to

monocyte adhesion to IL-l activated endothelial cell monolayers @eekhuizen et al.,

l99l).

(d) CLA

As previously mentioned CLA is a ligand for Bselectin expressed on vascular

endothetum underlying skin, and is thought to mediate skin-specific homing. CLA

may be a modified form of ttre Lewisx antigen (CDls) (Berg et al., 191).
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1.1.6 The integrin famity of CAM

Integrins are multi-functional, mediating both cell-cell and cell-substrate

adhesion, as well as transmembrane signalling. Integrins are a family of glycoprotein

heterodimers consisting of non-covalently associated a and B subunits, depicted

schematically in Fig. 2. The name "integrin" was introduced by Tamkun et al. in 1986

who reported the cDNA cloning of the chicken Bl subunit. The word "integrin" was

used to describe the integral membrane nature of the pl-containing complex, and the

role played by this complex in transmembrane association of the extracellular matrix

and the intracellular cytoskeleton.

The a and p subunits belong to two separate gene families. Each of the 9

known p subunits and 15 a subunits is an integral membrane protein possessing a N-

terminal ligand-binding extracellular domain, a hydrophobic transmembrane domain,

and a short C-terminal cytoplasmic domain. The cytoplasmic domain mediates signal

transduction and associates with components of the cytoskeleton. Although in theory

the 9 p subunits and 15 o subunits could combine to form 135 discrete heterodimers,

subunit assembly is restricted, and certain p subunits associate with a single cr subunit.

However some p subunia associate with several cr subunits, forming a subfamily of

integrin heterodimers. The known integrin heterodimers are listed in Table. 3. For

reviews of these heterodimers please refer to Hynes (1987), Albelda and Buck (1990),

Hemler (1990), Springer (1990), Hynes (1992) and Springer (1994). Several integrin

subunits are alternatively spliced giving rise to heterodimers with altered ligand

specificities and intracellular associations. Examples of altematively spliced integrin

subunits are summarised in Table.4.
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Integnn Lisand DFilbution

BIA al Ln. Coll ubiouitous
a2 Ln. Coll ubiouitous
o3 Ln. Coll. Fn. f rrhinrritorrs

a4 Fn*, VCAM-I,
MAdCAM-1. A

leucocytes, tumour cell lines, developing muscle

o5 Fn. t ubiquitous
a6 Ln ubiouitous
u'l Ln melanoma myocytes
o8 ,, neurones. eoithelial cells. endothelial cells

a9 ? enithelial cells. mvocvtes. heDatocvtes
(Iv Fn. Vn. t fibroblasts. tumour cell lines

82 CILB ICAM-I. -2and-3 leucocvtes

dI,l c rcAM-l. C3b. Fb. Fd( leucocvtes
fixD Fb. c3b sranulocvtes. monocvtes

B3 crllb E Vn. Fb. Fn. vWf. Ts,t olatelets
(I.v Vn. Fb. Fn. vWf. Ts.f nhinrritorrs

p4 a6 ?kt epithelial cells, neurones, fibroblasts,
thvmocvtqs

B5 u,v Vn. t rrhinrritorrs

BO d,v Vn. t enithelial cells. tumour cell lines

97 u4 Fn*, VCAM-I,
MAdCAM.1. A

activated lyutphocytes

c['E E{dherin activated lmphocytes
B8 ov ,| nlacenta. kidnev. brain, ovarv, uterus

Table 3. InteEin heterodimer comhinations and their ligands. For reviews of these hetenrdimers please

refer !o Hynes (1987), Albelda and Buck (1990), Hemler (1990), Spnnger (1990), Hynes (1992) and

Springer (1994).

Abbreviations; Ln, laminin; Coll, collagen(s); Fn, fibronectin; Fn*, V25 splice
variant of Fn; Vn, Vitronectin; C3b, complement factor 3b; Fb, fibrinogen; FaX,
coagulation factor X; vWf, von Willebrand factor; Ts, thrombospondiT; t, integrirr
binis to "arginine-glycine-aspartic acid" sequence (RGD) within ligand; A-, integrilt
binds to "glutamic acid-isoleucine-leucine-aspartic acid-valine" sequence within Fn's
alternatively spliced V segment

Footnotes; A pl integrins are also referred to as "very late activation" antigens, or
VLA's; B also referred to as LFA-I; C also refened to as Mac-l or Mo-l or CR3;
D also referred to as p150,95; E also referred to GPtrbtrIa.
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Integrin subunit Alternatively spliced rcgion KEI.

p1 cytoplasmic domain I

B4 cr4oplasmic domain z

o3 cytoplasmic domain 3

cr6
4

crIIb extracellular domain adjacent to'lM domarn 5

PS2cr (Drosophila) extracellular domain adjacent to metal btnding sites 6

References;
1) Altruda et al., 1990;
2) Hogervorst et al., 1990; Suzuki and Naitoh, 1990;
3) Tamura et al., 1991;
4) Hogervorst et al., 1991; Cooper et al., l99l;
5) Bray et al., 1990;
6) Brown et al., 1989;

Table. 4. AlternativelLspliced integrin subunits.

(a) Structure of integrin p-subunits

Integrin B subunits range in size from 90 - 120 kDa. Their N-terminal regions

are globular extracellular domains containing four intra-chain disulphide-bonded

cysteine-rich repeat sequences, which are homologous to cysteine-rich repeats found

within domain Itr of the Ln B1 and 82 chains (Pikkarainen et al., 1988; Yuan et al.,

1990). The relative positions of six cysteine residues within each repeat are conserved

between the Ln and integrin sequences (Yuan et al, 1990). The frst cysteine-rich repeat

of each p subunit shares homology with epidermal growth factor and with epidermal

growth factor-like repeats found in proteins such as Ln, transforming growth factor Cr

and the coagulation factors (Fa) IX and X. The biological functions of the homologous
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cysteine-rich repeats is unknown, however in some proteins these motifs are thought to

participate in ligand binding (Sasaki et al, 1987).

The cytoplasmic domains of integrin a and B subunits associate with

components of the cytoskeleton such as talin, vinculin, and cr-actinin and thereby

determine feceptor localisation (Chen and Singer,1982;Bunidge and Mangeat, 1984;

Horwitz et al., 1986). Most p subunit cytoplasmic domains are less than 50 aa in

length, however the cytoplasmic domain of B4 is an exception, being over 1000 aa long

(Hogervorst et al., 1990). The cytoplasmic domain of F4 is unique in that il appears to

interact with intermediate filaments associated with hemidesmosomes (Kurpakus et al.,

1991). The cytoplasmic domains of the Fl (Hint et al., 1986), p2 @uyon et al., 1990)

and Bs subunits (B5, Freed et al., 1989) are phosphorylated, and may mediate kinase-

dependent modulation of the affinity of these integrins for their ligands. Pre-B cell and

megakaryocyte pl appears to associate with the CD9 protein, a member of the

tetraspans family with unlnown function @ubinstein et al., 1994).

(b) Structure of integrin cr-subunits

Integrin cr subunits range in size from 120 - 180 kDa (non-reduced). Although

they are more divergent than p subunits, they nevertheless share a similar structurc. All

cr subunit exuacellular domains contain seven homologous repeats of a 30 - 50 aa

sequence devoid of cysteine and glycosylated residues. The last three or four of these

repeats share homology with the'EF-hand" structures of Ca#-binding proteins such

as calmodulin and parvalbumin that contain the divalent cation-binding motif "aspartic

acid-X-aspartic acid-X-aspartic acid-glycine-X-X-aspartic acid" (where'X" reptesents

any aa (Branden and Tooze, 1991; Fig. 2). Binding of divalent cations by these motifs

is required for cr and p subunit association, and occupancy by particular divalent

cations influences the ligand-binding specificity and affrnity of an integrin heterodimer

(Gailit and Ruoslahti, 1988).
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The extracellular domains of the g.l, a2, (IL, oN,I, un and crX subunits contain

an approximately 180 aa long insertion sequence or "I" domain. I domains are

homologous to the Coll-binding domains of vWf, and are thought to contribute to

ligand binding (Hynes, 1992). The c subunits ct3, crs, a'6,s"|, c8, olfb, c[E and av

are post-translationally cleaved at a site in the extracellular domain close to the

transmembrane domain. The heavy and light chains generated remain linked by a

disulphide bridge. Where the cytoplasmic domain meets the transmembrane domain

there are short motifs similar to "lysine-leucine-glycine-phenylalanine-phenylalanine-

lysine-arginine" in all integrin cl subunits. They are believed to mediate the binding of

a subunits to the Ro/SS-A antigen (calreticulin), but the significance of this interaction

is not yet understood (Rojiani et al., 1991). Intriguingly an iron-binding protein

designated mobilferrin which shares close homology to calreticulin has been isolated

from the gut mucosa. Mobilferrin co-precipitates with integrins and is believed to take

part in a process of integrin-mediated iron absorption (Conrad and Umbreit 1993).

The cytoplasmic sequences of certain cr subunits are quite divergent, allowing

these subunits to associate with different cytoskeletal proteins. For example the cwp3

heterodimer interacts with focal contacts on the cell surface and co-localises with

vinculin, talin, and the ends of actin filaments. In contrast the ovp5 heterodimer does

not interact with focal contacts, yet both heterodimers interact with their shared ligand

vitronectin (Wayner et al., 1991).

(c) Integrin ligands

Integrin ligands can be divided into four classes; extracellular matrix proteins,

soluble plasma proteins, microbial proteins, and cell-surface molecules. While the

molecular basis of ligand specificity is not yet clear, both the cr and p subunits have

been demonstrated to conribute to binding (Plow, D'Souza and Ginsberg, 1992).
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Within a single ligand there may be several integrin-binding sites. At least 4 binding

sites have been identilied within Fb (Smyth et al., 1993).

Several integrins bind to the RGD tripeptide sequence found within many

extracellular matrix proteins (Iable. 3). Binding to the RGD sequence is very specific,

as demonstrated by Koivunen et al., (1993), who used a5pl to screen a phage display

library expressing 6 aa peptides possessing random sequences. Ot 32 different crspl-

binding sequences identified, 28 had the RGD sequence motif, 3 contained RGD-

related sequences, and only I contained aclearly differentsequence.

(d) Modulation of integrin expression

Integrin expression is modulated according !o a cell's stale of differentiation and

activation (reviewed by Pardi et al., 1992). For example at-p2 RNAs appear at an early

stage in the development of leucocyte progenitors, whereas the oup2 and a;<p2 RNAs

do not appear until later in development. Expression of a4pl is up-regulated by

activation of mature resting T cells. Conversely it is down-regulated on lymphocyte

progenitors when they leave the bone milrow and enter the circulation following loss

of stromal attachment (Smyth et al., 1993). Growth factors such as transforming

growth factor P (TGFp), interferon-y, and tumour necrosis factor-p either increase or

decrease the transcription of a number of integrins (Ignotz and Massague, 1987;

Defilippi et al., 1991). Differential regulation of integrin gene transcription by growth

factors is reflected in the great diversity of integrin gene promoters and enhancers

(Rosen et al., 1991; Pahl et a1.,1992; Irung et al., 1993).

Post-translational mechanisms are also important, given that rapid increases in

integrin surface density can be achieved by release of preformed heterodimers from

intracellular stores. The surface density of platelet allbp3 and granulocyte /

macrophage aMp2 and axp2 can be rapidly increased in response to extracellular
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stimuli, by fusion of granules containing stored pools of integrins with the plasma

membrane (Smyth et al., 1993).

(e) Modulation of integrin adhesion

Modulation of integrin adhesion during leucocyte emigration

Selectin-mediated rolling of leucocytes along the vascular endothelium in

response to injury or inflammation is not sufficient to allow for firm adhesion of

leucocytes to the blood vessel wall, which is a prerequisite for transendothelial

migration. The basal affrnity of many blood leucocyte integrins for their CAM ligands

is relatively weak. Chemoattractant cytokines released from the sites of injury or

infection bind to G protein-coupled leucocyte receptors and increase the affinity of

integrins for their CAM ligands, and this interaction directs leucocyte arrest and

extravasation. Incubation of lymphocytes with pertussis toxin, a G-protein inhibitor,

dramatically reduces lymphocyte recirculation (Spangrude et al., 1984), presumably by

inhibiting signalling via chemoattractant receptors. Lyrnphocytes treated with pertussis

toxin roll indefinitely on endothelia but do not adhere and arrest on Peyer's patch HEV

@argatze and Butcher, 1993). Although neutrophils and monocytes cannot recirculate,

they can home to areas of inflammation using mechanisms similar to those described

above.

Inflamed tymph node HEV express VCAM-I, allowing u4+ effecor / memory

lymphocytes to enter the node directly. Effector / memory lymphocytes also traffic

directly into inflamed non-lymphoid tissues, which as a result of inflammation have

developed IIEV which express MAdCAM-1 molecules. Antibodies against E-selectin,

VCAM-I, and al and c4 integrins inhibit accumulation of lymphocytes at sites of

delayed type hypersensitivity reactions, or at sites where antigen or inflammatory

cytokines have been injected (Springer, 1994). Many of the CAM used by lymphocytes

to emigrate into inflamed tissues are also used in the process of homing.
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The affinity of p2 integrins expressed on neutrophils and monocytes is

increased by several inflammatory factors including; nrmour necrosis factor, C5a, IL 8,

and platelet activating factor (Hynes, 1992: Springer, 1994). Subsequently, activating

signals are transmitted to the aI-p2 or oMp2 heterodimers by multiple second

messengers including a lipid molecule designated "integrin modulated factor-l"

(Hermanowski-Vosatka et al., 1992).

Members of one family of chemoattractants, the p-chemokine family, act on

distinct leucocyte subsets. For example macrophage inflammatory protein lp (MIPIB)

can enhance the binding of naive CD8+ T cells to VCAM-I, while RANTES attracts

effector / memory T cells (Springer, 1994).

Modulation of integrin adhesion during T cell activation

The avidity of a,t p2 for its counter-receptor ICAM-I is increased following

activation of T cells by diverse mechanisms including interaction of the TCR with

MHC-antigen during antigen presentation, in vito ligation of CD2, and incubation

with PMA (Hibbs et d., 1991; van Kooyk et al., 1989). The mAb NKI-LI6 is unique

in that it recognises an activation-dependent epitope on sI, and appears to stabilise the

activated form of o,LFZ (Keizer et al., 1988). Deletion experiments indicate that

activation of at-p2 is dependent on sequences within the cytoplasmic domain of the p2

subunit (Hibbs et al., 1991a). The molecules responsible for affinity-switching of p2-

family integrins in T cells remain to be identified. While the phosphorylation cascades

which accompany T cell activation appear a likely mode of regulation, mutagenesis of

the p2 subunit cytoplasmic domain revealed that phorbol ester mediated activation of

o.lp? did not depend on phosphorylation of the B2 subunit (Hibbs et al, 1991a).
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The affinity of pl-family integrins for their ligands is also increased by T cell

activation (Shimizu et al., 1990a). Signalling through the CD4 molecule and its

associated kinase p56lck appears to increase the affinity of pl-family integrins for their

extracellular matrix ligands (Hershkoviz et al., L992). Chan et al. (1994) have shown

that ligation of CD7 activates tyrosine kinase signalling cascades which upregulate pl

and p2 ligand-binding activity wittrin minutes. Another potential modulator of pl-

integrin adhesiveness designated cell adhesion regulator (CAR) was isolated by

Pullman and Bodmer (1992). CAR is a 142 aa myristoylated protein derived from

colon carcinoma cells, which increases cell binding to Coll type I.

Activation of platelets with thrombin leads to increased integrin

adhesion

Activation of platelets with thrombin and adenosine diphosphate is required

before platelet allbp3 will bind to soluble Fb, thus preventing unactivated platelets

from aggregating and causing random thrombosis. otrbp3 on unactivated platelets can

bind to surface-bound (insoluble) Fb, allowing unactivated platelets to join haemostatic

events already underway. Platelet activation is accompanied by a conformational change

in allbp3 which is detectable with mAb (Kouns et al., 1990), with a further

conformational change occurring following ligand binding (Freelinger et al., 1988).

The cytoplasmic domain of the clfb subunit appears to negatively regulate ligand-

affinity, such that deletion of the cytoplasmic domain results in constitutively high

ligand affinity (O'Toole et al, 1991). In contrast the cytoplasmic domain of the p3

subunit may positively modulate ligand-affrnity (Smyth et al., 1993). The intracellular

pathways that trigger changes in the affinity of atrbp3 for its ligand are not yet clear,

but both phosphorylation and lipid messengers have been implicated (Hynes, L992;

Smyth et al., 1993). The binding of an integrin to its ligand can induce intrinsic

conformational changes that lead to increased affinity. When platelets are incubated
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with short peptides containing the RGD sequence found in many integrin ligands, the

avidity of allbp3 for certain ligands is increased (Frelinger et al., 1988) by a

mechanism that is thought to involve a conformational change.

(f) Integrin-mediated transmembrane signalling

Integrins are not just a passive glue, but rather they are dynamic molecules

involved in transmembrane signalling events that control virnrally all forms of cell

behaviour. Certain integrins promote a normal growth pattern and a 'socially

responsible' phenotype by transducing differentiating signals. On the other hand

integrins can transduce activating signals, thereby stimulating cell proliferation.

Extracellular signals transduced by integrins appear to converge with signals fansduced

by other cell surface receptors, oncogenes, and soluble growth factors (Schwartz,

1993).

Integrin-dependent signal transduction is mediated by both ubiquitous

and integrin-specific kinases

Integrin association with Src kinases

Several lines of evidence suggest ubiquitous kinases such as the Src family may

transduce integrin signals. Clustering of atrbp3 after ligation with Fb is followed by

the phosphorylation of tyrosine residues within several platelet proteins (Ferrell and

Martin, 1989; Golden et al., 1990). Thrombin-induced binding of Fb to platelet

otrbp3 activates pp60Src, and localises it to the cytoskeleton where many substrates

are to be found (Clark and Brugge, 1993). Localisation of the kinases pp62Yes,

pp60Src and the pp2lRas GTP-ase activating protein with the platelet cytoskeleton also

appears to be modulated by crtrbp3 ligation (Fox et al., 1993). Some redistribution of

signelling molecules may be accounted for by the cytoskeletal reorganisation observed

following ligation of cllbp3 and a2pl with Fn and Coll respectively (Haimovich et
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al., 1993). Clustering of crllbp3 with Fb induces association of Fyn, Lyn and Yes

kinases with the platelet Ts receptor CD36 (Huang et al., 1991), which may in turn

associate with allbp3 in the plane of the membrane (Hynes 1992). Recognition of

integrin phosphotyrosine residues by SH2 domains in downstream signalling

molecules may contribute to Src-related kinase aggregation at points of cell-cell or cell-

extracellular matrix (ECM) contacl

Focal adhesion kinase pp125FAK

Some integrin-mediated signalling events may involve integrin-specific

kinases. Adhesion of NIH 3T3 fibroblasts to Fn induces the tyrosine phosphorylation

and activation of a 125 kDa kinase designated focal adhesion kinase (pp125FAK1

(Guan et al., lgg2).Interestingly the ppl2sFAKkinase is not only activaled following

the ligation of integrins, but also following transformation by pp60v-Src. It is possible

that interaction with pp60v-Src allows ppl2sFAK to [ansduce growth promoting

signals into the cytoplasm, bypassing the requirement for an integrin. Experiments

demonstrating that autophosphorylation of ppI25FAK on a single tyrosine residue can

direct high-affinity binding to the SH2 domain of pp60v-Src rupnorts the notion of an

interaction between pp125FAK and pp60v-Src (SchaUer et al., 1994). Ligation and

clustering of a3Bl on KB human epidermal carcinoma cells induces tyrosine

phosphorylation of proteins with similar size to ppl2sFAK (Kornberg et al., 1991;

Pelletier and Levinson, 1992). Following attachment of mouse NIH3T3 fibroblasts to a

substrate, activated ppl25FAK appears to bind to and phosphorylate

phosphatidylinositol (Pl)3-kinase, suggesting that Pl3-kinase is one downstream

effector in the ppl25FAK signalling cascade (Chen and Guan, 1994).
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Miscellaneous integrin-associated phosphoproteins

In mouse NIH 3T3 fibroblasts crvp3 co-precipitates with a 190liDa tyrosine

phosphorylated protein. The degree of phosphorylation of this protein is dependent

both on cell activation by platelet-derived growth factor (PDGF) and on the occupancy

of ctvp3 with ligand (Bartfeld et al., 1993). Ligation of B cell a4p1 by Fn, VCAM-1,

or anti-a4pl mAb induces tyrosine phosphorylation of a 110 kDa protein (Freedman et

a1., 1993). Platelet adhesion to Coll or Fn via a2Bl or cllbp3 respectively is

accompanied by phosphorylation of pp125Fffi, and of proteins of l0l kDa and 105

kDa in size (Haimovich et a1., 1993). Adhesion of the mouse Swiss 3fi and rat REF52

fibroblast cell lines to Fn, Ln, or synthetic RGD peptides result in activation of

mitogen-activated protein (MAP) kinases. This activation is dependent on the

cytoskeleton, as i[ is almost completely blocked by cytochalasin D, an inhibitor of actin

microfilament assembly (Chen et al., 1994).

Integrin-mediated signalling stimulates phospholipid hydrolysis

Several experiments have shown that ligation of integrins leads to inositol

phospholipid turnover, as occurs by stimulating the TCR. PLC has been shown to

associate with pl integrins in human carcinoma cetls (Dedhar et al., L992). Adherence

of rat kidney glomerular epithelial cells to Coll via pl integrins stimulates PLC and

increases the production of DAG and arachidonic acid (Cybulsky et al., 1993). Binding

of aLp2 to its ligand ICAM-I induces increased levels of inositol phosphates

(Kuhlman and Brain, 1992).

Other cytoplasmic changes occur following integrin ligation

Ligation of integrins induces several other cytoplasmic changes. Triggering of

crtrbp3 or crMp2 causes an increase in intracellular Ca** (Ng Sikorski et al., 1991;

Pelletier and Irvinson, 1992). The 50 kDa Rh-related antigen CD47 appears to
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,lssociate with avp3, and mediate integrin-dependent signalling resulting in increased

concentation of cytoplasmic Ca**. CD47 (also known as integrin-associated protein)

has been implicated in regulation of the Vn-binding activity of cwp3, This suggests that

CD47 may carry bi-directional signals benpeen the cytoplasm and integrins (Lindberg et

al., 1993; Lindberg et al., 1994). The Na+ / H+ antiporter is activated following

ligation of a5Bl with Fb or anti-a5p1 antibody, thus raising cytoplasmic pH.

Inhibirion of the antiporter reduces aSpl-dependent cellular proliferation (Ingber et al.,

1990; Schw ara etal., 1991). Binding of Fn to T cell a5pl induces the synthesis of the

AP-l transcription factor which is needed for the synthesis of IL-2 (Yamada et al.,

1991).

Morphological and developmental consequences of integrin ligation

Integrin-mediated signal transduction controls the morphology and

differentiation of several cell types. Once ligated with Fb, clusters of allbp3 move at

up to 1.8 pn/min across the platelet membrane in an organised fashion. This may allow

pseudopodial platelets to spread and align themselves within the three dimensional

network of a haemostatic plug (Albrecht, Goodman and Simmons, 1989). Ligation and

clustering of integrins may be a prerequisite to "cell spreading", where cells acquire a

polygonal flattened shape after placement on an extracellular matrix (Mosher, 1991).

Normal endothelial and epithelial cells may undergo apoptosis (programmed cell death)

following detachment from their substrate. This may prevent detached cells from

establishing themselves at inappropriate sites (Ruoslahti and Reed, 1994). The pl

integrins contribute to the differentiation of muscle cells, with integrin-mediated signals

controlling myocyte development (Menko and Boettiger, 1987).
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Integrin-mediated transmembrane signalling modulates leucocyte

activation

Ligation of leucocyte integrins influences events leading to cell activation and

the cascade of events thatfollow activation. Signals transduced by the integrins €t3p1,

o4p1, a,5P1, s,6pl, CILP2, oEp7 and avB3 provide costimulatory signals in T cells

necessary for cell proliferation (reviewed by Hynes, Lggz).Interestingly some of these

same integrins can also transduce signals which inhibit T cell activation. For instance an

anti-Pl subunit mAb induces an increase in cytoplasmic cyclic adenosine 3',5'-

monophosphate (cAMP) which conelates with an inhibition of CD3-mediated CD4+ T

cell proliferation (Groux et al., 1989). Ligation of human neutrophil B2 integrins is

required before cytokines can induce a respiratory burst (Nathan et al., 1989). In

synovial fibroblasts ligation of the Fn receptor induces expression of the collagenase

and stromelysin genes (Werb et al., 1989).

(g) The p7 subunit

Two groups used the homology polymerase chain reaction (PCR) technique to

amplify a previously unidentified integtin F subunit, termed B7, from human

lymphocytes (Yuan et al., 1990; Yuan et al., l99lb; Erle et al., 1991). Expression of

human p7 mRNA was restricted to leucocytes, and increased when human

lymphocytes were activated with polyclonal mitogens. Complementary DNA encoding

the mouse homologue of the p7 subunit was subsequently isolated from a l"gtl0 cDNA

library prepared from IL-4 activated mouse splenic B cells (Yuan etal,I992a) and from

a)anp cDNA library prepared from the Peyer's parh-binding T cell line TKI (Hu et

al,1992).

Like human p7, mouse p7 mRNA was almost exclusively expressed by cells of

the haematopoietic lineages (Yuan et al., I99}a).These include T cell lines such as EL-

4, SO3 and HT-2; B cell lines such as Sp2/0, MOPC-II and L5; a haematopoietic
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progenitor line (FDC-1), a monocyte/macrophage line (J774), splenocytes and

thymocytes. Mouse p7 mRNA w:N not detectable in the fibroblast line NIH3T3, or in

the epithelial line TPH-2. Complementary DNA encoding the rat p7 subunit also has

been isolated (Gurish et al., 1992).

The human p7 gene isolated from a cosmid library (Jiang et al., 1992) was

composed of 16 exons and spanned llkb, whereas the mouse gene lacked exon 2

encoding the 3'-end of the s'-untranslated region (Leung et al., 1993). Primer

extension analysis and anchor PCR revealed a single transcriptional start site in both the

human and mouse genes (I-eung et aI., 1993; Mead et al., 1994). Sequence analysis of

regions extending 2kb upstream of both the human and mouse p7 genes revealed

several cis-elements (Leung et al., 1993; Mead et al., 1994). These include consensus

binding sequences for GATA-3, ets-l, AP2, nuclear factor of activated T cells-l

(NFAT-l), several binding motifs for members of the steroid/thyroid hormone receptor

family (RAR sites), as well as HMG, Pu and E 'boxes'.

The human B7 gene has been mapped to chromosome l2q 13.13 by Southern

analysis of human-mouse somatic cell hybrids, and rn siru hybridisation (Krissansen et

al., 1992b; Bakeretal., 1992). The mouse p7 genehas been localised to the distal

region of chromosome 15 (Yuan et al., 1992b).

p7 is a subunit of the Peyer's patch lymphocyte homing receptor

LPAM-1

The c4p7 heterodimer is found on the surface of most PBM and lymph node

lymphocytes, where it has been designated LPAM-I (Holzrnann et al., 1989; Neuhaus

et al., 1991). LPAM-I, along with LPAM-? (o,4FI) mediates homing of lymphocytes

to Peyer's patches (Hu et al.,1992; Holzmann and Weissman, 1989; Picker, L992).
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The o4p7 ligands

a4P7 binds to the mucosal addressin cell adhesion molecule, MAdCAM-I, a

member of the Ig family (Briskin et al., 1993; Streeter et al., 1988a) which is expressed

on Peyer's patch HEV. MAdCAM-1 is also expressed on HEV underlying chronically

inflamed tissues. MAdCAM-1 is thought to mediate the selective homing of

recirculating lymphocytes to gut and chronically inflamed tissues. Homing of mouse

lymphocytes to Peyer's patches is inhibited by antibodies against a4p7 and MAdCAN4-

1, but not by antibodies against VCAM-I or by the Fn CS-l peptide (Hamann et al.,

1994).The interaction of MAdCAM-I with a4B7 is relatively specific, as MAdCAM-1

binds weakly if at all to cr4pl (Berlin et al., 1993).

Leucocyte activation greatly increases the avidity of o'4$7 adhesion to

MAdCAM-I (Yang et al., 1995). As pertussis toxin reduces lymphocyte arrest and

emigration into Peyer's patches @argatze and Butcher, 1993), it is probable that u4p7

adhesiveness, like olL92, is regulated by the action of chemoattractants via G protein-

coupled receptors.

o4$7 shares the cr4pl ligand VCAM-I (Ruegg et al., 1992; Chan et al.,

I992a). The interaction of VCAM-I with c4pl involves conserved sequence motifs

[isoleucineQeucine)-aspartic acid(glutamic acid)-serine(threonine)-proline-X-leucine-X

(where X represents any aa)l in the Ig-like domains I and 4 of the VCAM-I molecule

(Osborn et al., 1992; Osborn et al., L994; Vonderheide et al., L994; Jones et al.,

1995). Similar motifs are also found in ICAM-I,ICAM-2,ICAM-3, and MAdCAI\II-I,

and may provide a general basis for Ig-integrin interaction. The aapT-VCAM-1

interaction is thought to provide a third pathway of lymphocyte emigration into

inflamed tissues, in addition to the cr4Bl-VCAfvI-l and cLp2-ICAM-1 pathways.

Soluble VCAM-I is able to costimulate T cell activation by signalling through a4pl

(Damle and ,q"iuffo, 1991; Damle et al., 1992).
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Another a4p7 ligand is the CS-l domain of the altematively spliced V25 variant

of Fn (Ruegg et al., 1992;Chan et 
^1.,1992) 

which is also recognised by a4pl (Guan

and Haynes, 1990). The cr4p7-Fn interaction may contribute to adhesion of

lymphocytes to extracellular matrix aiding retention within lymphoid aggregates or

inflamed tissues.

The p7 cytoplasmic domain regulates a4p7 ligand binding activity

Using a PCR-based mutagenesis strategy, Crowe et at (1994) produced B7

molecules with various deletions within the cytoplasmic domain, which were

transferred into cr4+/pl-l!7- 38C13 B lymphoma cells. Cells containing a B7 subunit

which lacks the entire cytoplasmic domain bound Fn and Peyer's Parch IIEV with

greater avidity than cells expressing non-mutated o.'4p7, while cells containing a P7

subunit from which only the 34 C-terminal residues had been removed displayed no

ligand binding. Hence the avidity of o4B7 for Fn and Peyer's Patch HEV appears to be

positively regulated by the membrane-distal region of the p7 subunit cytoplasmic

domain, while the membrane-proximal region may function as a dominant negative

regulator of ligand binding.

p7 is a subunit of the HML-I (anF7) integrin

Expression of the integrin aE subunit is increased following stimulation of

human peripheral blood mononuclear cells (PBM) with con A or phytohaemagglutinin

- (PHA) (Schieferdecker et al., 1990), or following activation of CD8+ mouse lymph

node T cells with anti-CD3 mAb and TGFp (Kilshaw and Murant, 1990). Expression

of the aE subunit is also increased following activation of an inua-epithelial lymphocyte

(IEl)-derived T cell line with PHA and TGFp (Parker et al., 1992). The p7 subunit

associates with the newly synthesised crE subunit in preference to c4, forming the

crp7 heterodimer (CDl03) (Kilshaw and Murant, 1991).
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The aE subunit is unique, being the only integrin q, subunit which contains an

I-domain and also a post-translational cleavage site. The deduced crE aa sequence

shares 75Vo aaidentity with its closest relative, the a4 subunit (Shaw et al., 1994b).

aEFT is highly expressed on the surface of gut IEL

Lymphocytes residing above the gut villus basement membrane interposed

between the epithelial cells are referred to as IEL. To enter the gut intraepithelial

compartment" lymphocytes must traffic to the gut lamina propria and cross the villus

basement membrane. On arrival, IEL appear to be actively retained by the binding of

the integrin cfp7 to E-cadherin and possibly other ligands expressed on the basolateral

surface of enterocytes (Cepek et al., 1993; Roberts and Kilshaw, 1993; Cepek et al.,

1994). Mouse IEL populations consist of roughly equal numbers of TCRaB and

TCRI6 cells, and are mostly CD8+. A proportion of the TCRap population resembles

lymphocytes found in peripheral lymphoid organs, and are the progeny of blasts which

arise following antigenic stimulation in Peyer's patches. The remainder of the TCRcB

cells and the TCRyD population are thymic-independent Thy-l- CDSacr homodimer*

IEL cells believed to be derived from bone marrow precursors which home directly to

the gut (Lefrancois et al., 1990; Ferguson, 1990). Murine IEL may play a role in the

regulation of orally induced systemic unresponsiveness (oral tolerance) (Fujihashi et

al., 1990).

The M290 mAb which reacts with the mouse oE subunit intensely stains most

IEL localised within the epithelial layer of the mouse small intestine. It also stains a

majority of T cells in the mouse gut lamina propri4 and a small number of lymphocytes

populating other lymphoid tissues. Expression of the M290 antigen is biased toward

the CD8+ T cell subsel The M290 antigen is comprised of 135kDa (reduced) (cre) and

120 kDa (reduced) (F7) subunits. N-terminal aa sequence of the 120 kDa M290 subunit

shows complete identity with the N-terminal amino acid sequence deduced from the
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mouse p7 cDNA sequence (Kilshaw and Baker, 1988; Kilshaw and Murant, 1990;

Kilshaw and Murant" 1991; Yuan et al., 1991).

The HML-I mAb reacts with the 150kDa (reduced) human qE subunit. HML-I

labels the majority of human intestinal IEL, 40Vo of lamina propria T cells, and some

lymphocytes in other tissues (Cerf-Bensussan et al., 1987; Micklem et al., 1991; Cerf-

Bensussan et al., 1992; Parker et al., 1992). HML-I also labels the surface of PBM

cultured in the presence of mitogens (Schieferdecker et al., 1990), and stains the

surface of natural killer (NK) cells, where HML-I appears to be a marker of activation

(McQueen et al., 1994). The HML-1 mAb synergises with sub-optimal concentrations

of anti-CD3 antibody to induce the proliferation of isolated IEL (Sarnacki et al.,1992;

l.efrancois et al., 1994).

A novel mAb, 2E7, which recognises the mouse cE subunit stains >90Vo

Thyl+ VT8+ dendritic epidermal cells (DEC). DEC are a type of epithelial 16 T cell

derived from foetal thymic precursors exclusively utilising the Vf3 y-chain variable

gene. It is believed that TGF-p produced by intestinal and skin epithelial cells may

induce upregulation of cEp? on resident IEL and DEC, respectively (Irfrancois et al.,

1994). T\e 287 antibody also stains 3Vo - SVo of adult and foetal thymic T cells

(I-efrancois et al., 1994).

Ligands for unpT are found on epithelial tissues and on lymphocytes

Unlike u4$7, aEPT does not appear to interact with vascular endothelial cells.

Instead it binds to a ligand expressed on the basolateral surface of gut epithelial cells

(Cepek et al., L993; Roberts and Kilshaw, 1993). MAb specific for aEcan partially

inhibit IEL adhesion to intestinal mucosal epithelial cells (Cepek et al., 1993), and T

cell hybridoma adhesion to a rectal carcinoma line (Roberu and Kilshaw, 1993). These

findings support the hypothesis that oEpT mediates retention of IEL within the gut

epithelium. One epithelial cell ligand for aep7 is E-cadherin. Cepek et al. (1994) have
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shown that COS-7 cells transfected with cEpT will bind to L cells transfected with E-

cadherin. In contrasg significantly less binding is seen betrveen COS-7 cells transfected

with a4p7 and L cells transfected with E-cadherin; or between COS-7 cells transfected

with aspT and un-transfected @-cadherin-) L cells.

The anti-ctEB7 mAb HML-4 induces homotypic aggregation of MOLTI6

lymphocytes by increasing binding of aepT to a ligand on the lymphocyte surface

which is distinct from aEp7's endothelial cell ligands. This process is inhibited by the

other anti-aEp7 mAb HML-I, HML-2, HML-3 and HML-S. The homotypic

Iymphocyte aggregation is dependent on t)nosine phosphorylation, and could involve

homophilic CIEp7-CIEp? interactions (Benmerah et al., 1994).

1.1.7 CAM in disease

(a) Defective CAM

Genetic abnormalities giving rise to altered CAM structure have illustated the

roles played by certain integrins. For instance, a heterogenous array of mutations

affecting the p2 subunit gene are responsible for leucocyte adhesion deficiency-l

(LAD-l). I-AD-I is a syndrome manifested by defective granulocyte emigration into

tissues, which leads to recurrcnt infections and delayed wound healing (Harlan, 1993).

A similarclinical syndrome is seen in LAD-tr, a disease where patients have a defect in

fucose biosynthesis, and consequently lack the ligands for E-selectin and P-selectin

(von Andrian et al., 1993).

Mice in which expression of the p2 subunit has been markedly reduced by a

gene "knock-out'' approach have a phenotype analogous to human LAD-1 (Wilson et

a1.,1993). All three copies of the pl subunit gene have been disrupted in experiments

based on the F9 embryonal carcinoma model for endodermal differentiation. This

resulted in altered cell adhesion to extracellular matrix proteins and defects in

morphological differentiation (Stephens et al., 1993). Disruption of the mouse cr5
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subunit gene by homologous recombination is embryonically lethal, giving rise to

pronounced defects in mesodermal structures (Yang et al., 1993).

(b) CAM as virus receptors

Viruses have subverted eukaryotic cell adhesion systems to mediate their own

attachment and invasion. For instance oJ,pI Coll / Ln receptor is also a receptor for

echovirus coat proteins @ergelson et al., L992), while ICAM-1 is also a receptor for

rhinovirus (Staunton et al., 1990).The at-p2- and rhinovirus-binding regions within

the first Ig-like domain of ICAM-I are distinct but overlapping.

(c) CAM in neoplastic disease

Neoplasia occurs when the pathways governing cellular growth and social

responsibility are disrupted (Roth, 1992; Albelda, 1993). Neoplasia, depicted

schematically in Fig. 3, is a multistage process in which CAM are central players

(reviewed by Hynes and Lander, 1992; Ruoslahti and Giancotti 1989; Liotta et a1.,

1991).

CAM act ils tumour suppressors, transducing differentiating signals from the

extracellular matrix into the cytoplasm. Loss of CAM-mediated differentiating signals

may release cells from their social responsibilities causing them to more rcadily acquire

a neoplastic phenotype (stage I of ttre neoplastic process in Fig. 3). Loss or down-

regulation of CAM may be a direct consequence of neoplastic change. For example

there is a progressive reduction in the expression of several integrin g and p subunits in

progressively less differentiated populations of colon carcinomas (Stdlmach et al.,

1992).

Altered CAM expression is required for a primary tumour to invade the

basement membrane and metastasise to a distant site (stages 2 - 5 of the neoplastic

process in Fig. 3). Release of cells from the primary tumour into the vasculature
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rcquires disruption of prevailing cell-ECM and cell-cell interactions. For example loss

of expression of o.Zpl and cr3p1 is associated with increased invasiveness of

malignant marnmary nrmours (Pignatelli et al., l99l), while transfection of the integrin

a4 subunit into the B16 melanoma cell line resulted in cr4p1 expression and reduced

invasiveness (Qian et al., 1994). Ligation of avp3 on melanoma cells resuls in the

secretion of collagenase type [V, which may enhance invasion through basement

membrane (Seftor et al., 1992). Mutation of the mouse Tiam-/ gene apPears to

contribute to invasiveness of some T-lymphoma variants. Regions of the predicted

Tiam-1 protein share homology with GDP-GTP exchangers for Rho-like proteins

implicated in cytoskeletal organisation (Habets et al., L994).

Dissemination of tumour cells in the circulation and subsequent entry into

tissues is CAM-dependenl Interaction beween metastasising cells and platelets or

leucocytes aids dissemination and adhesion (Rusciano and Burger, L992; Ruoslahti and

Giancotti 1989). Adhesion of MG63 osteosiucoma cells to Ill-treated culturpd viucular

endothelial cells could be inhibited by antibodies to the o4, c5 and pl integrin subunits

(Lauri et al., 1991). Adhesion, survival and growth at metastatic foci requires CAM

expression. For example Ln and "matrigel", a mixture of basement membrane matrix

proteins greatly stimulate the growth of small cell lung cancer cells rn vfvo (Fridman et

al., 1990), while germinal centre formation by neoplastic non-Hodgkin's lymphoma

cells requires the presence of a4p1 and VCAIvI-1 (Freedman et al., 1992).
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Mei$tetic

Eo

[ 1] Aquisition oT a neoplastic pbenotype

[2] Release of cells from tbe prinary tumour
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Fig. 1. The neonlastic prrrcess. Trrmour invasion and metastasis involves five stages.

(d) p7 integrins and neoplastic disease

Several findings suggest that further studies should be carried out to determine

whether the p7 integrin family is associated with neoplastic disease. The human p7

gene maps to a region of non-random chromosomal change associated with several soft

tissue neoplasias (Baker et al., 1992). Expression of the p7 gene may be a marker of

transfonnation in non-haematopoietic cells, as p7 mRNA expression in mouse Y2

fibroblasts is up-regulated by co-transfonnation with the v-Ras and v-Myc oncogenes

(Yuan, 1991). Cells from hairy cell leukaemia patients express cEF7, which is
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rerognised by a panel of mAb including HML-1, B-1y7, BP6 and Ber-Act8 (Falini et

at., 1990; Visser et al., 1989; Moldenhauer et al., 1990; Micklem et al., 1991). An

HML-I+ T-lymphoblastic lymphoma of the mediastinum has been reported, which is

believed to have originated from the small subset of HML-1+ thymocytes detectable in

the normal human thymus (Falini et al., 1991). The HML-I. antigen is expressed on

mycosis fungoides cells which have tropism to the basal epidermis, a region of skin

which may have some similarity to the intraepithelial compartment of the gut (Sperling

et a1., 1989). An HML-1+ T-lymphoma primarily localised to the epithelium and lamina

propria of the small gut associated with jejunitis has been described. This tumour may

be derived from IEL (Stein et al., 1988). Another tumour believed to originate from

IEL is enteropathy-associated TJymphoma- The tumour is isolated from patients with a

coeliac-disease-like, but anti-gliadin antibody negative enteropathy (Spencer et al.,

1e88).

1.1.8 Therapeutic agents derived from CAM

Inflammatory diseases such as asthma, multiple sclerosis and inflammatory

bowel disease involve substantidly leucocyte-mediated tissue damage. Two central

events in the pathogenesis of these diseases are dependent on leucocyte CAM; namely

the pathological activation of leucocytes, and their extavasation from blood vessels into

tissues. Therapeutic agents derived from CAM can interfere with both events, and may

provide new strategies for the treaunent of inflammatory disease.

There are several examples of the effective use of anti-CAM reagents in animal

disease models. In rabbit and monkey models of human asthma, anti-ICAM-l. reagents

appear to reduce polymorphonuclear leucocyte influx and airway hyper-reactivity

@arton et al., 1988; Wegner et al., 1990). Antibodies to leucocyte CAM have been

shown to reduce ischaemic reperfusion injury mediated by neutrophils in the rabbit ear

(Vedder et al., 1990). In a rat model of experimental autoimmune encephalitis @AE),
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anti-ICAM-l antibodies appeared to prevent initial sensitisation when myelin basic

protein is administered directly, but had no inhibitory effect on the course of the disease

(Willenborg et al., 1993). In contrast administration of anti-p1 and anti-o4 antibodies

specifically reduced in vitro adhesion of leucocytes to inflamed EAE vessel endothelium

from rat brain (Yednock et al., 1992), suggesting anti-cr4pl reagents could in future be

used for the control of multiple sclerosis. MAdCAM-I. expression appears to be

induced on some HEV underlying EAE lesions (Cannella et al., 1991), suggesting

trials of anti-o4B7 rcagents could also be considered.

Among current approaches to cancer treatment are several based on CAM-

derived therapeutic agents (reviewed by Golgfarb and Brunson, L992; Lanzavecchia,

1993). These can be divided into approaches based on improving the host immune

rcsponse against neoplastic cells (discussed in a later section), and approaches based on

blocking CAM function.

Agents which interfere with the binding of CAM to their ligands may be useful

during resection of a primary tumour to prevent dissemination, or prophylactically

before there is evidence of a primary neoplasm in patients at very high risk of neoplastic

disease. For instance synthetic peptides based on a Ln sequence, and linear RGD

peptides have been used to inhibit the formation of lung colonies when melanoma cells

are injected into mice, and to prevent tumour invasion through basement membrane in

virro (Iwamoto et aL, 1987; Humphries et al., 1986; Gehlsen et al., 1988). A barrier to

therapeutic use of linear peptides is their short half tife due to proteolytic digestion.

Non-peptidic analogues of the RGD motif appear to have overcome this problem.

Greenspoon et al. (1993) have produced a non-peptidic RGD analogue consisting of

guanidinium and carboxylic groups separated by an l1 carbon atom backbone, which

successfully inhibits adhesion of tumour cells to Fn and Vn. An alternative approach

employing a mAb to the integrin pl subunit is effective in preventing migration of

several tumour cell lines on a reconstituted basement membrane (Yamada et al., 1990).
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In many of the above experimental systems, only one adhesion molecule has

been targeted. A cocktail of several anti-CAM reagents designed to antagonise multiple

activation and adhesion pathways may be more effective (Fox, 1990). For instance the

effect of combining antibodies to ELAM'I,ICAM-1 and VCAM-1 upon inhibition of

neutrophil, basophil and eosinophil adhesion to endothelial cells is at least additive

@ochner et al., l99l). Isobe et al. (1992) showed that simultaneous treatment with

anti-ICAM-l and anti-at-p2 antibodies conferred indefinite survival upon mouse

cardiac allografts implanted into a fully immunocompetent and incompatible mouse

strain. Several biotechnology companies are now developing commercial CAM-derived

therapeutic agents for diagnosis and treatment of human disease Cfravis, 1993).

1.2 Costimulation and Signal Transduction in T Lymphocytes

In 1970 Bretsher and Cohn proposed a 2-determinant model for the activation

of naive lymphocytes, which sought to explain the mechanism of self / non-self

discrimination (Bretsher and Cohn, 1970). This model has subsequently been

developed into the 2-signal model of lymphocyte activation (Bretscher, 1992).

According to the 2-signal model, stimulation of the TCR in the presence of

costimulatory signals induces clonal expansion and immunity, whereas stimulation of

the TCR in the absence of costimulatory signals induces clonal unresponsiveness. The

first signal delivered by the TCR confers antigen-specificity, while the second

costimulatory signal delivered by several proteins on the T cell surface determines the

type of immune response,
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1.2.1 "Signal-l" is mediated by the TCR complex

(a) The structure of the TCR complex

The TCR is a hetero-oligomeric structure composed of several covalently and

noncovalently associated subunits, depicted schematically in Fig. 4. Antigen

recognition is mediated by the disulphide-linked Ig-like clonotypic ap and 16

heterodimers. These interact with peptide antigens bound to major histocompatibility

complex proteins (MHC) on the surface of APC. Either of the two subsets of

clonotypic heterodimers confers antigen specificity. Ttre ap TCR is exprcssed on most

mature T cells, whereas the y6 TCR is expressed on certain T cells preferentially located

at epithelial surfaces. The binding affinity (KequiD between the TCR and the peptide-

MHC complex is reported to vary widely from 10-5 to 10-14 M (reviewed by Davis

and Bjorkman, 1988).

Either of two types of invariant CD3 heterodimers; CD36-CD3e or CD31-

CD3e, associate with the clonotypic chains via a transmembrane region salt bridge.

Cross-linking of a chimeric molecule incorporating the extracellular domain of the

human n- 2 receptor cr chain and the cytoplasmic domain of the CD3e is capable of

activating a T cell hybridoma, indicating that CD3 can transmit activating signals to

downstream messengers (I-etourneur and Klausner, 1992). A 17 aa sequence motif

based on tyrosine and leucine (or isoleucine) residues is present as a single copy in each

of the CD3 chains (Weiss, 1993). This "antigen receptor activation motif' (ARAM) is

thought to facilitate coupling with several intracellular protein tyrosine kinases including

p59fyn. Psgfyn is a Src family kinase which displays increased activity following

cross-linking of the TCR-CD3 complex (Tsygankov et al., Igg2). P59fyn attaches to

the inner surface of the plasma membrane through a myristic acid moiety. It contains a

Src homology-3 (SH3) domain which associates with PB-kinase and a Src homology-

2 (SH2) domain which potentially associates with phosphotyrosine-containing

downstream signalling molecules.
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The final member of the TCR complex is the ( subunit, which assembles either

as a (-( homodimer, a heterodimer of ( and its alternatively spliced form q, or a

heterodimer of ( and the Fce receptor ychain (Klausner and Samelson, l99l). Cross-

linking of chimeric molecules containing the exuacellular and transmembrane domains

of CD8 joined to the intracellular domain of the ( chain mimics the activation of

lymphocytes through the TCR (Irving and Weiss 1991). Hence, like CD3, the ( chains

can transmit signals to downstream intracellular messengers. Each ( chain contains 3

copies of the ARAM, which associate at low stoichiometry with p59fyn kinase

(Samelson et al., 1990). Following antigen binding to the clonotypic chains, the (

dimers are phosphorylated on tyrosine, causing the ( chain ARAlvIs to associate at high

stoichiometry with an intracellular kinase designated ZAP-70. ZAP-70 is a non-

myristoylated kinase that associates with phosphorylated ARAM motifs through an

SH2 domain, and mediates tyrosine phosphorylation of a variety of .cytoplasmic

protsins (Chan et al, 1991 and 1992b).

(b) TcR-associated transmembrane proteins

The Ig superfamily CD4 and CD8 co-receptors have been shown to co-cap

with the TCR complex. They are thought to act ils co-receptors by binding to the same

MHC molecule as the TCR clonotypic chains, thus bringing CD4 or CD8, MHC, and

the clonotypic chains into close proximity (reviewed by Janeway, 1989; Weiss and

Littrnan, 1994). This may increase the overall avidity of the TCR-MHC / peptide

interaction (Weiss, 1993). The cytoplasmic tails of CD4 and CD8 both associate with a

protein tyrosine kinase designated p56lck, through a conserved cysteine-X-cysteine-

proline motif (where "X'represents any aa) (Rudd et al., 1993). p56lck is a Src-family

kinase with an SH2 domain that interacts with cytoplasmic phosphoproteins. Following

TCR ligation p5Slck phosphorylates tyrosine residues within the ARAtvI's of the ( and

CD3 chains- Several intracellular proteins and enzymatic activities co-purify with
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P561ck, including a GTP-binding protein and PLCy (Ielfer and Rudd, 1992; Weber et

al., 1992; Weiss and Littman, 1994).

Several other transmembrane proteins associate with the TCR / CD3 complex.

Isoforms of the tyrosine phosphatase CD45 can be found physically associated with the

TCR following chemical cross-linking of cell surface proteins (Volarevic et al., 1990).

CD45 regulates the activity of p56lck and p59fYn by dephosphorylating negative

regulatory tyrosines (Weiss, 1993; Rudd et aI., 1993;Clark and Ledbetter, 1989). This

dephosphorylation is balanced by the Src-homologous kinase Csk, which

rephosphorylates the negative regulatory sites (Okada et al, l99l).

The CD2 molecule (Seed and Aruffo, 1987) has been shown to be physically

associated with CD45 (Schraven et al., 1990), and to associate with and indirectly

activate TCR-associated kinases including p56lct (Samelson et al., 1990; Bell et al,

L992; Danielian et al., 1991). CD2 also stabilises the highly specific TCR - MHC-

peptide interaction by binding with a Kequil of.2.5 x 10-6 M to its tigand LFA3 on

APC (Williams and Beyers, 1992).

The CD5 molecule co-purifies with the TCR/CD3 complex. CD5 contains a

modified version of the ARAM motif and is rapidly phosphorylated following TCR

activation (Davies et al., 1992;Rudd et al., 1993). CD5 interacts with theCDT2ILyb-2

molecule expressed on B cells (Van de Velde et al., 1991).

(c) Localised effects of TCR ligation

Following stimulation of the TCR clonotypic chains, several molecules

including the TCR complex, CD4 or CD8, CD2, CD5 and the cytoplasmic kinases

p56lck and p59fYn are thought to co-cluster on the plasma membrane, a process

thought to be mediated in part by cAMP-dependent phosphorylation @eyers et al.,

1991; Kammer et al., 1988). This may lead to a dynamic interplay among TCR-

associated phosphatase and kinase activities, as depicted in Fig. 4. Activated PTKs, in
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particular p56lck, phosphorylate tyrosine residues within the ARAM's of the ( and ttre

CD3 chains. ZAP-70 subsequently engages with the now phosphorylated ARA.IVI's,

and is activated by the act of engagement, or after phosphorylation by p59fYn or

p56lck. The Src-homology-1 (SHl) domains of activated ZAP-70,p59fyn and p56lck

phosphorylate multiple downstream effector molecules, activating several signalling

pathways (Klausner ans Samelson, 1991; Weiss and Littman, 1994; Rudd et al.,

I994).The tyrosine phosphorylated TCR ( chain engages with the SH2 domain of the

Shc oncoprotein, which subsequently signals through Ras @avichandran, 1993). TCR

Iigation induces the phosphorylation of an array of proteins of 16kDa, 30-34kDa, 40-

42kDa,55-62kDa, 68-72kDa, 8lkDa, 110-120kDa, l30kDa, 135kDa, 140kDa and

150kDa (Rudd et al., 1993).

(d) Downstream effects of TCR ligation

PLC 11 which is a key enzyme in the TCR-activated downstream signalling

cascade, contains SH2 and SH3 domains along with tyrosine and serine

phosphorylation sites. PLC 11 is probably activated through tyrosine phosphorylation

by TCR-associated and growth factor receptor-associated kinases (Carpenter, L992).

Activated PLC yl hydrolyses membrane PI4,S-bisphosphate to produce the second

messengers inositol 1,4,5-triphosphate (IPg) and diacylglycerol (DAG). IP3 causes a

sustained increase in cytoplasmic free calcium concentration, an effect which is thought

to be mediated by IP3 receptor-linked calcium channels in the plasma and endoplasmic

reticulum membranes that co-cap with the TCR (Iftan et al., 1992).

Increased cytoplasmic calcium concentration in turn activates the calmodulin-

dependent serine phosphatase calcineurin, which regulates several T cell transcription

factors. For example activated calcineurin mobilises the cytoplasmic component of

nuclear factor of activated T cells (NF-ATp) to the nucleus. NF-ATp complexes with

Jun-Fos heterodimers to facilitate transcription factor binding to immunoregulatory
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gene promoters, leading to the transcription of the genes encoding IL 2 and other T cell

activation antigens (Jain et al., 1993; Schwartz 1992; Whiteside and Goodbourn,

1993). The immunosuppressive drugs cyclosporin A and FK506 form a complex with

cytoplasmic immunophillin proteins. These complexes bind to calcineurin, and inhibit

calcineurin phosphatase activity (Liu et al., 1991; Weiss and Littman,1994).

Increased cytoplasmic calcium concentration also activates calmodulin-

dependent DNA replication as cells progress from the Gl to S phases of the cell cycle

(reviewed by Reddy, 1994).

DAG activates protein kinase C (PKC), which in turn phosphorylates multiple

substrates on serine and threonine residues. Like IP3, DAG indirectly activates the

transcription of several genes encoding T cell activation antigens. For example PKC

activates Ras, presumably by altering the activity of guanine nucleotide exchange

proteins. The latter proteins activate Ras by promoting replacement of bound GDP with

GTP. Alternatively PKC may reduce the activity of GTPase activating proteins which

de-activate Ras by promoting GTP hydrolysis (Schlessinger, 1993; Weiss and Littrnan,

1994). The activity of guanine nucleotide exchange factors and GTP-ase activating

proteins may also be regulated by the SH3 domains found on many cytoplasmic

signalling molecules (Pawson and Gish, 1992). Ras itself appears to regulate several

cascades initiated by; Raf-l kinase, PI-3-OH kinase, and the GTP-ase activating

proteins (GAP) RasGAP and neurofibromin (Crews and Erikson, 1993; Egan and

Weinberg, 1993; Feig and Schafftrausen, 1994).

The Raf-1 kinase cascade,like the cascades initiated by IP3, ultimately regulates

the function of NF-AT. Raf-l kinase activates MAP kinase kinase (MEK), which in

turn activates MAP kinases, which may modulate the activity of NF-ATp's nucleat

partners, the products of the Fos and Jun (APl) genes. In addition to contributing to

the NF-AT complex, Fos and Jun gene products also assemble to bind to a separate IL2

gene enhancer site known as the TRE response element (Weiss and Linman,1994;
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Ullman et al., 1990). Activation of Fos and Jun is dependent on phosphorylation by the

ERK and JNK MAP kinases respectively. Signalling through the TCR / DAG / PKC

pathway alone is sufficient to activate the ERK MAP kinase family. However signals

generated by borh the TCR and costimulatory surface proteins are required for full

activation of JNKkinase activity (Su et al., 1994).

Apart from signals initiated by PLCy1, there are many other signalling cascades

which transduce activating signals from the TCR. For example after T cell activation the

cytoplasmic concentrations of cAMP and cyclic guanosine 3',5'-monophosphate

(cGMP) rise transiently, and then return to baseline levels (Ledbetter et al., 1986).

Increased cAlvIP induces association of the transcription factor CREB with its cofactor

CBP to form a complex which activates transcription of cAMP-responsive genes

through the CRE enhancer element (Kwok et al., L994).

Further TCR-dependent signalling is provided by activation of Pl3-kinase by

the SH3 domain of activated p59fln. The mechanisms by which Pl3-kinase then

acrivates downstream signalling systems are not completely understood. Pl3-kinase

may regulate the activity of PKC (Karnitz et al., 1994; Rudd et al., 1994).

As mentioned previously, the TCR q chain directly associates with the Shc

oncoprotein to provide another mechanism for TCR-associated signalling

(Ravichandran, 1993). Tyrosine-phosphorylated Shc subsequently interacts with an

adaptor protein designated growth factor receptor-bound protein-2 (Grb?), which in

turn activates mSOS, a guanine nucleotide exchange factor for Ras, which activates the

Ras-dependent signalling systems described above.

Strict specificity of target recognition by kinase catalytic sites, as well as

specificity of sequence recognition by SH2 and SH3 domains contribute to the fidelity

of the signalling cascades described above (Sangyang et al., 1995; Pawson and Gish,

1992).
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The downstream effects of TCR ligation are remarkably rapid. Within minutes

of TCR stimuliation, the TCR-associated phosphorylation cascades described above are

active, concomitant with increases in cytoplasmic calcium concentration and membrane

phospholipid turnover. Within one or two hours transcription factors such as NF-ATp

are forming active complexes in the nucleus, and transcription of activation antigens is

commenced. For example activation of the lL2 gene promoter follows cooperative

binding of several transcription factors including NF-KB, NF-AT, AP-llFos, and NF-

IL2 (Oct-l). Synthesis of IL2 and the p chain of its receptor, along with IL's 3 to 6

and other activation proteins leads to cell proliferation within 12 h, with DNA synthesis

reaching maximal levels after 3 days (Ullman et a1., 1990). Hanash et al. (1993) used

two-dimensional non-equilibrium pH gradient gel electrophoresis (NEPHGE) to isolate

666 polypeptides from lysates of activated T cells. Of these, 65 were expressed de

novo or up-regulated following lymphocyte activation with anti-CD3 mAb. The net

result of coordinated T cell activation is the controlled proliferation of rare naive T cell

clones, and the controlled differentiation of newly formed blast cells into armed effector

and memory cells.

(e) T cell activation is controlled by negative regulatory pathways

Certain changes that occur during T cell activation are not long lasting and are

presumably "switched-off" by negative regulatory signals that contribute to

homeostasis. One "off-signal" is mediated by type I cAMP-dependent kinase (PKA).

In response to the increase in intracellular concentration of cAMP which follows T cell

activation, type I PKA is activated, and inhibits both early and late events in the T cell

activation cascade. The "switching-off' effect of cAMP on T cell activation can be

abrogated, at least partly, by ligation of CD28 (t edbetter et al., 1986; Takayama et al.,

1988).
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Early in the T cell activation cascade, agents which raise cAMP concentration

such as forskolin appear to uncouple the TCR / CD3 complex from intracellular

signalling pathways. These agents inhibit phosphoinositide turnover in activated T cells

(Takayama et al., 1988), and may conribute to decreased phosphotyrosine and

increased phosphoserine content of PLC 11, and decreased PLC yl activity (Park et al.,

1992). Type I PKA, which translocates to TCR / CD3 complexes after T cell activation

is a candidate to mediate this effect (Skalhegg et'al., 1994). The regulatory subunit of

type I PKA contains motifs which resemble sequences shown to bind to SH3 domains.

Conceivably these motifs could bind to the SH3 domains of PLC yl and other TCR-

associated proteins such as p59fyn and p5(1ck, before phosphorylating serine or

threonine residues within these proteins.

Type I PKA can also inhibit T cell activation induced by agents which bypass

the TCR t CD3 complex such as calcium ionophores and PMA. This suggests PI(A

can inhibit later stages of the TCR+riggered signalling pathway, in addition to

inhibiting early events at the cell membrane (Iakayama et al., 1988). Type I PKA also

appears to be a mediator of leucocyte apoptosis (programmed cell death) (Lanotte et al',

1991).

A second T cell activation "off-switch" may be a central member of the TCR /

CD3 signalling pathway. Activated PKC may itself phosphorylate PLC yl on serine,

and thereby reduce PLC 7l activity (Park et al., 1992). This is consistent with the

observation that brief treatment of Jurkat T cells with PMA, a functional analogue of

DAG, can reduce tyrosine phosphorylation of PLC yl.

(f) Defects in the TCR-mediated "signal-lt'

Defects at virtually all stages of TCR signalling have been described in humans

(Arnaiz-Villena et aI,1992). For example immunodeficient patients with a mutation in

the gene encoding ZAP-70 kinase have intemrpted thymic development of CD8+ T
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cells leading to an almost complete absence of CD4- CD8+ T cells in the periphery.

Their peripheral CD4+ T cells display impaired transmembrane signalling reflected in

reduced tyrosine phosphorylation. The patients suffer persistent infections reminiscent

of severe combined immunodeficiency (Arpaia et al., 1994). Characterisation of the

molecular defects causing T cell immunodeficiency diseases will hopefully provide a

rational basis for therapy.

1.2.2 o'Signal-2tt, Costimulation

The molecular basis of the second costimulatory signal(s) in Bretsher and

Cohn's 2-signal model of lymphocyte activation is not completely understood. It

appears to consist of a network of integrated signalling cascades that are triggered when

molecules on the surface of APC, soluble proteins, or structural components within the

blood and extracellular matrix bind to a discrete number of T cell accessory receptors

(reviewed by Liu and Linsley, 1992; Janeway and Bottomly, 1994). Some of the

molecules involved are depicted schematically in Fig. 5.

In addition to fulfilling the requirements for T cell activation and preventing

clonal anergy or apoptosis (Liu and Linsley, 1992; Kroemer and Martinez, 1992),

costimulatory signals also influence the choice of programmed differentiation of CD4+

mouse T cells into T helper-1 Cfhl) or T helper-z (IJnz) phenotypes (Gajewski et al.,

1991; Weaver, et al., 1988). The nature of costimulatory signals presented to the T cell

also influences the selective expression of lymphokines by T helper-O CIhO) cells (Fox,

1993). Hence APC can modify the nature of an immune response by their presentation

of an array of different ligands to T cell costimulatory receptors.
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(a) The nature of costimulatory signals required by different lymphocyte

subsets

APC capable of providing T cells with adequate costimulatory signals are

known as "professional" antigen presenters. The nature of the minimum costimulatory

signal required for full T cell activation varies between functional subsets of T-

lymphocytes. As the CD4+ T cells are the prime governors of an immune response,

costimulation of these cells has been studied in more detail than costimulation of other

lymphocyte subsets. For some IL4 secreting CD4+ mouse Th2 clones,ILl can provide

the required costimulatory signal, by allowing these cells to respond in an autocrine

manner to the IL4 that they produce (Weaver and Unanue, 1990).

Cytokines alone cannot provide an adequate costimulatory signal for IL2

secreting CD4+ mouse Thl clones. To costimulate these cells, surface molecules on

viable APC are needed, which deliver costimulatory signals to receptors on the T cell

surface (Mueller et al., 1989). These receptors then transduce the costimulatory signals

into the T cell cytoplasm, often by mechanisms distinct from the PLC 11 / PKC

mediated signalling pathways used by the TCR. A consequence is incrcased levels of

IL2 mRNA and secreted protein leading to the activation of neighbouring T cells in a

paracrine manner (June et al., 1990).

The two-signal model of activation has also been loosely applied to other

immune cells. For instance if CD8+ cytotoxic T cells are to differentiate into effector

cells, they require CD4+ T cell "help" (Jenkins, 1992; Janeway and Bottomly, 1994).

Similarly B cell proliferation requires costimulatory signals and cytokines from CD[+ T

cells in addition to interaction of surface Ig molecules with antigen (Nossal, 1983). The

costimulatory signals for B cells take the form of both soluble factors such as il-z,IL

4, and IL 5, and direct contact with CD4+ T cell antigens. In particular the B cell

surface proteins CD40 and B7-l lB7-2 must interact with their T cell counter-receptors
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CD4Gligand and CD28 / CTLA4, respectively. The binding of CD40 to the CD40-

ligand expressed on activated T cells promotes B cell activation and Ig class swirching'

and prevents apoptosis of germinal centre B cells (Jenkins, 1992; Clark and Ledbetter,

1994). The CD40 ligand is defective in the T cells of patients suffering from the X-

linked hyper-IgM syndrome (Aruffo et al., 1993). Once B cells have been activated,

they express the full array of surface proteins required to effectively present antigen and

costimulatory signals to T cells.

(b) Identification of costimulatory cell-surface molecules

By using anti-receptor antibodies to mimic natural ligands, more than 20

molecules on the T cell surface have been proposed to mediate T cell costimulation.

This list includes CD2, CD5, CD54 (ICAM)-I, CD28, CTLA-4, the heat stable antigen

(HSA), CD44, and the integrins atJp2, av/B3, a4lpl, ullpl, a6/p1, and aElp7.

While all of these molecules can costimulate T cell activation through the TCR, only a

few such as CD28 and the HSA have been shown to both costimulate activation and

prevent anergy (Janeway and Bottomly, 1994).

It remains to be determined whether some of these diverse costimulatory

molecules activate converging intracellular signalling pathways, or whether they

transduce completely separate signals. Those costimulatory molecules that have been

the focus of attention are discussed below.

(c) Costimulation through CD2E I CTLL4

Arguably the most significant T cell costimulatory molecules arc the related Ig

superfamily members CD28 and CTLA4. CD28 is found on both resting and activated

T cells (Linsley, Clark and Ledbener, 1990; June et al., 1990), while CTLA-4 is found

only on activated T cells, and may be more important for the amplification phase of the

immune response rather than forinitial priming (Linsley et al., 1991; Schwartz, L992).
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CD28 and CTLA4 share 2ligands expressed on APC, namely B7-1 and B7-2.

Mouse B7-1 shares 26Vo aa identity with B7-2 (Yokochi et al., 1982). B7-2 (870) is

constitutively expressed on most resting APC (Freeman et al., 1993; Cohen, L993;

Azuma et al., 1993), and is likely to provide a critical early costimulatory signal for T

cells. B7-1 on the other hand may not be expressed until at least 24 h aftsr the first

APC-T cell contact, and thus is likely to play a secondary role (Cohen, 1993).

CD28 costimulation leads !o a sG'fold enhancement in T cell expression of IL2,

tumour necrosis factor cr, tumour necrosis factor p,7 interferon, and granulocyte-

macrophage colony stimulating factor (fhompson et al, 1989). While interference with

CD28 I CTLA-4 costimulation in-vitro can prevent the proliferation of T cells

(Lesslauer et al, 1986), mice lacking CD28 are not totally immunodeficient and

maintain some cytotoxic and delayed type hypersensitivity activity mediated by T cells

(Shahinian et a1., 1993).

The CD28 | CTLA-  system interacts in a complex manner with other

costimulatory systems, to provide two-way signalling benpeen T cells and APC. For

instance 87-L expression on APC is induced following APC - T cell interaction. 87-1

ligates CD28 and CTLA-4 on the T cell inducing increased expression of T cell CD40-

ligand, which in turn ligates CD4O on B cells causing further increased expression of B

cell B7-1 (Clark and Irdbetter, 1994).

Interestingly, costimulation through the CD28 / CTLA-4 system does not seem

to be required for T cell activation by superantigen (SA). Damle et al. (1993) have

shown that CD4+ T cell proliferation can be induced by either alloantigen or SA

presenled on irradiated Epstein-Barr virus (EBV)-transformed B cells. Addition of a

soluble CTLA-4 -Ig chimera to the culture media inhibits T cell proliferation induced by

alloantigen but not that induced by SA
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(d) CD28 I CTLL4 downstream costimulatory signals

Exactly how CD28 and CTLA4 deliver costimulatory signals has yet to be fully

elucidated. CD28 mediated signalting is partly independent from the signalling cascades

used by the TCR-CD3 complex, however there does appear to be some "sharing" of

components between the TCR and CD28-mediated signalling pathways. For instance

Pl-3-kinase which binds to TCR-associated kinases, also binds to the cytoplasmic tails

of CD28 and CTLA4 via an SH-2 domain (Prasad et al., 1993; Rudd et al., L994).

CD28 aggregation also induces an increase in intracellular calcium concentration

possibty mediated by PLC 11 (Liu and Linsley,1992; Linsley and Irdbetter, 1993).

As mentioned previously, both signal-l and signal-Z arc required for IL2

production in activated cells. Both rcR- and CD28-dependent signals activate the JNK

family of MAP kinases, which are responsible for activation of the Jun transcription

factor by phosphorylation (Su. et a1., 1994). Ligation of CD28 also appears to increase

the stabiliry of RNA's encoding IL2 and other cytokines (June et al., 1990; Verweij,

Geerts and Aarden, 1991). CD28 signalling also appears to activate a unique

transactivating factor, CD28RC, which binds to the CD28 response element, CD28RE,

in the n-2 gene promot€r, and enhances IL2 uanscription (Fraser et al., l99l; Verweij

et al., 1991). As previously mentioned, stimulation via the TCR without simultaneous

costimulatory signals allows accumulation of factors such as cAMP which block IL2

transcription. CD28 ligation confers resistance to cAMP-mediated suppression of IL2

production (Linsley and Ledbetter, 1993; Zubiagaet al., 1991; Ledbetter et al., 1986;

Kang et al., L992). Jenkins (1992) suggests costimulatory signals received by a Thl

cell that stimulate IL2 production and cell division "dilute" any negative regulators of

IL2 transcription and prevent them accumulating in the cell (Zubiaga, Munoz and

Huber, 1991).
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(e) Costimulation through the HSA

The HSA is a small glycoprotein linked to the APC surface by a

glycosylphosphatidylinositol-linkage, which can costimulate with the TCR complex to

cause proliferation of CD4+ T cells (Liu et at., 1992). The HSA ligand on the T cell

surface has not been identified, but may be a lectin-like molecule, given that the

costimulatory potential of HSA is dependent on its glycosylation state (Janeway and

Bonomly, 1994). Signalling ttrrough either CD28 I CTLA-4 or the HSA may be a firm

requirement for T cell proliferation, as a combination of antibodies which block ligation

of CD28 I CTLA-4 and the HSA completely inhibits proliferation (faneway and

Bottomly, 1994).

(f) Costimulation through CAM

Several T cell CAM which also act as T cell costimulators are listed below: (i)

pl-family integrins transmit costimulatory signals from ECM prot€ins. Costimulatory

signals from Fn are transduced by c4pl and cr5pl, while costimulatory signals from

Ln are transduced by a6p1 (Shimizu et a1., 1990). Costimulatory signals delivered as

T cells interact with ECM prot€ins during extravasation and movement through the

tissue ECM appear to regulate T cell effector function (Gorski et al., 1993). (ii) svF3

costimulates activation of a subset of 16 T cells (Roberts et al., 1991). (iii) Bacterial

invasins mimic integrin ligands. Ennis et al. (1993) have shown that Yersinia

pseudotuberculosis invasin can costimulate resting human T cells through 44p1. (iv)

aLPz, an integrin that is restricted to leucocytes is a costimulatory molecule. ICAIvI-1

and ICAM-3, ligands for at-p2, when added with submitogenic concentrations of anti-

CD3 antibody can costimulate the proliferation of T cells (Van Seventer et al., 1990;

Damle et al., 1992; Hernandez-Caselles et al., 1993).

(v) The integrin sE-P7 (HML-I) is expressed on activated T cells, and IEL.

IEL are traditionally believed to have a reduced response to stimulation via the TCR /
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CD3 pathway, perhaps to prevent inappropriate activation by gut luminal antigens.

However Samacki et at. (1992) showed that IEL proliferation can be costimulated by

antibodies to the cEBT and TCR complexes, and also by antibodies against the integrin

crt- or p2 subunits. Soluble VCAM-I, which binds to the integrins a4p1 and a4p7

costimulates T cell proliferation @amle et al., 1992). VCAM-1 mediated costimulation

is inhibited by anti-cr4 or anti-pl antibodies (Damle and Aruffo, 1990). (vi) CD44 can

costimulate with the TCR to augment T cell proliferation @enning et al., 1990). One

CD[4costimulatory ligand is a chondroitin sulphate form of the MHC class II complex

invariant chain (Naujokas et al., 1993).

Adhesion molecules also costimulate APC proliferation. For example antibodies

to the integrin qx subunit costimulate the proliferation of sub-optimally activated B

cells (Postigo et d., 1991). Paradoxically CAM also appear to be capable of

fansducing growth-inhibiting signals into the T cell cytoplasm. Matsumoto et al.

(1994) have shown that simultaneous cross-linking of the TCR and crl-p2 can inhibit

proliferation and induce apoptosis of 16 but not clp peripheral T cells.

(g) Other costimulatory molecules on the T cell surface

Several other molecules on the T cell surface have been shown capable of

transducing costimulatory signals. For example CD5 costimulates T cell activation with

the TCR-CD3 complex (Ceuppens and Baroja, 1986) and appears to share the TCR-

signalling pathways (Burgess et al, 1992). In addition, ligation of CD5 increases the

cytoplasmic concentration of cGMP (Irdbetter et al., 1986). Interaction between CD5

and its APC ligand CD72 may provide two-way signal uansduction, as CD72 itself

activates B cells (Subbarao and Mosier, 1983).

CDz also costimulates with the TCR-CD3 complex, and also appears to share

the TCR signalling pathways (Weiss et al., 1984). CD2 has also been shown to
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associate with the integrin crI-p2 on the T cell surface, raising the possibility of "cross-

!alk" between these two costimulatory systems (Altin et al., 1994)-

The surface sialoglycoprotein CD43 which is defective in the Wiskott-Aldrich

syndrome may also costimulate with the TCR (Mentror et il, L987; Pdlant et al.,

1e89).

(h) T cell costimulatory molecules offer a novel approach to cancer

immunotherapy

Molecules mediating T cell costimulation are being harnessed in an

immunotherapy approach to cancer treatment. An important factor in tumour

progression is the inability of the immune system to effectively recognise and destroy

tumour cells. This appears to be partly a result of tumour-induced immune system

deficiencies (Travis, 1992), and partly a result of defective presentation of tumour-

specific antigens to host T cells (Lanzavecchia, 1993). A novel approach to overcome

defective tumour antigen presentation involves expressing T cell costimulatory molecule

ligands on tumour cells, thus upgrading tumour cells to "professional" APC (reviewed

by Schwartz,1992; Travis, 1993).

The B7-l antigen has been expressed on murine melanoma cells,leading to host

rejection of the melanoma in a CD8+-T cell-dependent I CD +-T cell-independent

manner. Remarkably, the anti-tumour protection provided by B7-l transfected

melanoma cells is lasting. New seedings of B7-l-negative melanoma cells in mice are

rejected for over three months (fownsend and Allison, 1993; Chen et al., 1992)-

Given these promising results, it seems likely that tumour cells transfected witlt

the newly cloned B7-2 molecule may provide even more effective cancet

immunotherapy (Cohen, 1993). Ultimately, combinations of several costimulatory

molecules may prove the most effective strategy. Many groups are keen to try B7-based
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immunotherapy on human patients, with human trials recently being approved for

melanoma.

1.3 The GR3 cluster of antibodies defines CD100

A newly described transmembrane glycoprotein homodimer designated CD100

appears to be a T cell costimulatory molecule. CD100 is expressed on the majority of

haemopoietic cells, and appears to associate with intracellular kinases (Shaw,

1994 ; Bougeret et al., t992). Six anti-CDl00 mAb were submitted to the T

lymphocyte section of the 5th International Workshop on Human Leucocyte

Differentiation Antigens ( Shaw, 1994 ). These anti-CDl00 mAb were designated

the GR3 cluster (fable 5), and have provided preliminary information on the structure

and costimulatory function of CD100.

The anti-CDlOO mAb BB18 was produced by immunising mice with a thymic

T cell clone (Bougeret et al., L992).It immunoprecipitates a glycoprotein of 300 kDa

(non-reduced) from the surface of the immunising T cell clone. The CD100 protein

shifts in apparent molecular weight to 150 kDa after reduction of disulfide bonds,

demonstrating that it is a disulfide-linked dimer of 150 kDa subunits.

Immunofluorescence studies with the BB18 mAb reveal that CD100 is expressed on

Monoclonal
Antibodv

Isotype Contributor

BBIE sGt BoumseU
BD16 eGI BoumseU
b'93-7GZ sGt Carriere
L{A-ZDtZ SGI Villela
AE eGI Avenia
ult['.7u sGl Al Saa[

Tahle 5, MAb of the GEi cluster.
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leukaemic T celt lines (CEM and MOLT 4) and a NK cell line (YT). It is not expressed

on Burkitt lymphoma cells (Daudi, Namalva), an erythroleukaemia line (K562), a

monocytic line (U937), a promyelomonocytic line (HL60) and non-lymphoid

glioblastoma (U373MG) or neuroblastoma (SKNSH) cell lines.

The CD100 molecule recognised by the BBIS mAb is expressed at low levels

on granulocytes, and on resting CDz+ cells derived from peripheral blood, spleen and

pharyngeal tonsil. It is not present on resting B cells, but is expressed at high levels on

B cells which have been fansformed with the Epstein-Barr virus. It is not expressed on

erythrocytes, platelets or monocytes. Expression of CDl00 is up-regulated within l5h

following activation of PBM with anti-CD3 mAb, and expression persists for over 9d

following activation of PBM with PHA. In contrast CDl00 expression on PBM is

down-regulated by PMA disappearing completely after 6h of activation. Another GR3

cluster mAb, BD16, appears to recognise a CDl00 epiope distinct from that recognised

by BB18 (Herold et al., t994).

Triggering the CD100 antigen on freshly isolated PBM with the BB18 mAb in

the presence of accessory cells and submitogenic concentrations of PMA induces cell

proliferation. However BB18 will not costimulate proliferation of PBM activated with

submitogenic concentrations of antibodies to CD2 or CD3. In contrast the BDl6 mAb

augments CD2-induced PBM proliferation, but inhibits CD3-induced PBM

proliferation. However after T cells are purified from PBM, BD16 augments both CD2-

and CD3-induced T cell proliferation (Herold et aL, 1994).

The F93-7G2 mAb recognises a 150 kDa (reduced) molecule present on

medullary thymocytes and peripheral T cells, but not peripheral B cells (Carriere et al.,

1989; Shaw et al., 1994b). In a study of antigenic modulation, CD100-F93-7G2-gold

particle complexes entered the cell slower than complexes containing anti-CD4 or anti-

CD7 antibodies. Data from cross-blocking experiments indicate the BD16 antibody
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recognises a different CD100 epitope on the surface of PBM than the F93-7G2

antibody (Shaw et al., 1994b).

The CBF.78 mAb was provisionally placed in the GR3 cluster based on results

obtained by flow cytometry (Shaw, 1994b). It was raised by immunising mice with the

human CEM T cell line (AI Saati et at., 1994). In contrast to the GR3 cluster antibodies

described above, the CBF.78 mAb detects an antigen of 116 kDa (non-reduced). The

CBF.78 mAb intensely stains the cell membranes in lymphoma tissue sections, and

may be of use for differentiating anaplastic large cell lymphoma from Hodgkin's

disease (Al Saati et al., 1994).

1.4 The secondary structure of coiled-coil proteins

The cr-helical coiled-coil structure has been adopted by diverse proteins ranging

from intermediate filaments, cytoskeletal elements and basement membrane Proteins to

transcription factors (Branden and Tooze, 1991; Amos and Amos, 1991). Coiled-coil

protein domains are largely composed of contiguous heptad repeats (a,b,c,d,eJ,g)n,

where the frst (a) and fourth (d) at residues of each heptad are hydrophobic. The

remaining residues are generally polar (Lupas et al., 1991). Short coiled+oil regions

appear to have stringent requirements for heptad repeat motifs, while very long coiled-

coil regions may be more able to tolerate exceptions to the heptad repeat rule. The

presence of heptad repeats causes the helix to be amphipathic, with hydrophobic

residues forming a left-handed stripe down one side of the helical long axis. Such

amphipathic helices can then oligomerise through interactions between the hydrophobic

residues at heptad positions a and d, to form dimeric, trimeric, and antiparallel

tetrameric coiled-coil conformations (Harbury eta1.,1993). The oligomerisation state

assumed by a coiled-coil protein appears to depend on the ability of the hydrophobic
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core amino acids to pack into spaces within the coiled-coil internal structure (Harbury et

al., 1994). In addition to hydrophobic interactions, other inter-chain interactions such

as electrostatic attraction or repulsion (Monera et a1., 1994), interhelical salt bridges,

and H-bonds (Harbury et al., 1993) may be expected to influence coiled-coil formation

and relative chain orientation.

The basic-leucine zipper OZP) transcription factors such as GCN4, C/EBP,

LFB1, Myc, Fos and Jun are coiled-coil proteins (Branden and Tooze, 1991; Harbury

et al., L993; Nicosia et al., 1990; Jones, 1990; O'Shea et a1., 1992; Ellenberger et al.,

1992). These proteins function as parallel dimers, and contain coiled-coil domains of

approximately 30 aa that mediate dimerisation. These proteins have basic regions

immediately N-terminal to the dimerisation motifs that take a scissors grip on

palindromic sequences of DNA (Branden and Tooze, l99l). The hydrophobic residues

at positions "a" and "d" in the coiled-coils of the GCN4 leucine zipper direct dimer

polymerisation. Wild type GCN4, like other bZIP family members contains leucine

residues at approximately 80io of "d" positions, and forms parallel dimers.

Replacement of GCN4 residues at positions "a" and "d" with other hydrophobic aa

results in the formation of altemative 3- and 4-helix structures (Harbury et al., 1993). A

mutant GCN4 3-helix isoleucine zipper has been crystallised (tlarbury et al., 1994).

Another well known group of coiled-coil proteins are the heavy chains of

myosins II, which are expressed as muttiple related isoforms in different tissues

(Kiehart, 1990). Myosin II heavy chains dimerise through characteristic coiled-coil

tails, and when associated with myosin light chains mediate muscle contraction,

cyokinesis, and other cellular movements. Charge periodicity along the myosin coiled-

coils contributes to filament formation (Parry, 1981; Stewart et al., 1989).

Intermediate filament proteins including the keratins, vimentin, desmin,

neurofilaments and nuclear lamin form an o-helical coiled-coil structure (Fuchs, 1991;

Stewart et al., 1989). Intermediate filaments generally contain a long a-helical rod



61

domain separating non-helical head and tail domains. The rod domain contains heptad

repeats, and periodic clumps of positively and negatively charged aa which are thought

to direct filament assembly (Grewther et al., 1983; Amos and Amos, 1991).

The coiled-coil structure has been adopted by many other diverse proteins. A

small selection is discussed as follows: (i) ThepSJ tumour suppressor protein interacts

directly with Epstein Ban virus BZLFI protein by coiled-coil dimerisation, regulating

the switch from latent to lytic viral infection (Zhang et al., 199a); (ii) The homologous

coiled-coil proteins desmoplakin and bullous pemphigoid antigen are associated with

desmosomes and hemidesmosomes, where they may be involved in intermediate

filament organisation (Green et al., 1992); (iii) The APC gene. which is mutated in

familial adenomatous polyposis appears to dimerise through an N-terminal 900 aa

coiled-coil region (Joslyn et al., 1993); (iv) Fusion of the Bcr andAbl genes in

Philadelphia chromosome* leukaemias results in expression of the transforming Bcr-

Abl protein chimera. Transforming ability appears to depend on tetramerisation of the

Bcr-Abl chimera, a process which is mediated by a coiled-coil region of Bcr

(McWhirter et al., 1993).
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Section 2 - Materials and Methods

2,1 Materials

All general reagents were purchased from the following suppliers, unless

otherwise stated. Chemical reagents of 'AnalaR' grade were purchased from BDH

Laboratory Supplies. Molecular biology reagents were purchased from Boehringer

Mannheim and used according to the manufacturer's instnrctions. Cell lines were from

the American Type Culture Collection (ATCC). All water was deionised, distilled and

autoclaved- In addition water for tissue culture was passed through an ultrafiltration

system (Millipore Corporation).

2.L.1 Molecular biology reagents

(a) TBE (tris borate) 10x stock solutionl
tris(hydroxymethyl)aminomethane (tris) base
boric acid

(b) TAE (tris acetate) 50x stock solution;
tris base
glacial acetic acid
EDTA (0.5M solution, pH 8.0)
Volume to 1l with HZO.

(c) TE buffer;
tris.Hcl (lM solution, pH 7.5)
EDTA (0.5M solution, pH 8.0)
Volume to 1l with HZO.

(d) SM buffer;
NaCl
MgSO+.7HZO
uis.HCl (1.0M, pH 7.5)
gelatin (ZVo (wlv) in HZO)

ethylenediaminetetra-acetic acid.NaZ @DTA) (0.5M solution, pH 8.0) 40ml
Volume to 1l with HZO.

108g
55e

2429
57ml
lO0ml

1Omt
2ml

5.8g
2.og
5Oml
5ml
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(e) Agarose gel loading buffer;
bromophenol blue
rylene cyanol
sucrose

(f) 10 x DNA Polymerase I buffer;
tris.Hcl (pH 7.5)
MgClz
dithiothreitol (DTD

0.25Vo
0.25Vo
407o (wlv)

500mM
100mM
lOmM

(g) Chloroform I laa; Refers to chloroform containing 4Vo (v/v) isoamyl alcohol.

(h) Nucleases; Lyophilised ribonuclease A (RNAse A) and deoxyribonuclease I

(DNAse [) were purchased from Sigma. They were resuspended at a concentration of

lOmg/ml in 10mM tris.HCl (pH 7.5). RNAse A aliquots were incubated at l00oC for

15 min to destroy contaminating DNAse activity.

(i) Proteinase K; Lyophilised proteinase K was

resuspended at lOmg/ml in 10mM tris.HCl (pH 7.5).

0) Calf Intestinal Alkaline Phosphatase (CIP);

Corporation.

purchased from Sigma, and

was purchased from Promega

(k) Thermostable DNA polymerase; Taq DNA polymerase from Thertnus

aquaticru was purchased from Boehringer Mannheim.

(l) Sitica matrix kits for DNA purificationl "Gene-clean" kits were purchased

from Bio-101 Inc., to purify DNA from agarose gel slices. To recover micrograrn

amounts of pure plasmid DNA from bacterial cultures, to purify DNA from aqueous

solutions, and to prepare 1, phage DNA; the "Magic miniptep", "Magic DNA cleanup"

and "Magic-I-prep" kits were used respectively, according to the manufacturers'

instructions @romega).
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(m) Membranesl Gene Screen Plus nylon membranes (Du Pont) were used for

Northern blotting, Southern blotting, and screening of phage l, cDNA libraries.

Hybond-C nitrocellulose (Amersham) membranes were used for screening of cosmid

libraries.

(n) Phenol equilibrated with IJZO or tris.HCl; Crystalline phenol was

redistilled at l80oc, thrice equilibrated with an equal volume (vol) of H2O or tris.HCl

(pH=7.5) at 37oC, 2-mercaptoethanol added to 0.2Vo final concentration, 8-

hydroxyquinoline added to a final concentrati on of 0.1%, and stored at 4oC.

(o) Radioisotopes;

(i) 125l(iodine).Na; 17.4 Crtlt g, was purchased from New England

Nuclear Corp, Boston, MA, USA., (product #NEZ-033A).

(ii) 32P-dcrP; [a32p1-[deoxycytidine 5' -triphosphate]-[tetra

(triethylammonium) saltl ; 6000Cilmmol'redivue' formulation, was purchased

from Amersham International plc., (product #AA0075).

(iii) 33P-Arr; tf3pl-[adenosine 5'-triphosphate]-[tetra(triethylammonium)

saltl; 3000 Cilmmol 'rediwe' forrnulation, was purchased from Amersham

International plc., (product #AH9968).

(iv) 355 -*TP; J3551-[deoxyadenosine 5' -[cr-thio] triphosphatel ; 500

Cilmmol, was purchased from New England Nuclear Corp, (product #NEG-

0345).

(p) DNA molecular size standards; Three standards were used;

(l) HindIn-cut wild type l.-phage (Gibco BRL / Life Technologies) which

contains restriction fragments of the following sizes (130, 560,2030, 2320,

4360,6560, 9420 and 23l30bp).

(2) lkb ladder (Gibco BRL / Life Technologies).

(3) l00bp ladder @oehringer Mannheim).



65

(q) CoT I DNA; was purchased from Gibco BRL / Life Technologies.

(r) Film for autoradiography; Kodak XOMAT-AR film was used (Eastman

Kodak Company).

(s) Agarose; for electrophoresis was purchased from Boehringer Mannheim.

2.1,2 Solutions for RNA preparation

Diethylpyrocarbonate, (0.|Vo;DEPC; Sigma) was added to all solutiors coming

in contact with RNA to denature any contaminating RNAse enzymes. DEPC-treated

solutions were allowed to stand for 24h, and then autoclaved to inactivate the DEPC.

(a) Guanidine lysis solution;
guanidine isottriocyanate (Sigma)
Na.citrate 1.0M (pH 7.0)
2-mercaptoethanol
Na.lauryl sarcosine

2.1.3 Solutions used in nucleic acid hybridisation

(a) SSC (20x stock solution);
NaCl
Na-citrate
Volume to ll with HZO.

47.3g
2.5m1
0.78m1
0.50g

(b) MOPS agarose gel running buffer (10 x);
3(N-morpf,olino)-plopane sulphonic acid (MOPS; Sigma) (pH 7-0) gtM
Nlacetaie loomM
EDTA-Na lomM
This solution was hlter sterilised and stored away from light.

(c) Deionised formamide; 200m1 formamide was stirred with 20g mixed-bed ion

exchange resin (Sigma) at RT for 30 min, and then filtered through a scintered glass

filter, and stored at -20oC.

175.39
88.4g
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(b) Denhardt's solution (50x stock solution);
Ficoll (type 400; Pharmacia)
polyvinylpyrrolidine
bovine serum albumin fractionV(Sigma)
Volume to 500m1with H2O, frlter sterilised and stored at -20oC.

(d) Prehybridisation solution;
deionised formamide
dextan sulphate
sodium dodecyl sulphate (SDS)
NaCl

2.1.4 Solutions for DNA sequencing

(a) Electrophoresis running buffer (10x stock);
tris.HCl
boric acid
EDTA
Volume to ll with HzO, pH to 8.3.

(b) 6Vo(w/v) acrylamide sequencing gel mix;
urea (ultra-pure, Bio Rad)
acrylamide
methyl-bis-acrylamide
H20 to 540m1.

5.oe
5.og
5.oe

(c) Non-homologous salmon sperm DNA; Lyophilised salmon sperm DNA

was dissolved at lQmg/ml in H2O. The solution was sonicated for lmin at 84, then

boiled in a microwave oven for l0min and stored at -20oC.

50% (vlv)
lAVo $lv)
lVo
1M

288 g
34.2 s
1.8 g

108g
55e
9.3e

Mixed-bed ion exchange resin (10g, Sigma) was added to acrylamide gel mix

and stirred for 30min, and the solution filtered through a scintered glass filter. After

adding 60ml of 10x electrophoresis buffer, the solution was de-gassed under vacuurn

for 10min, and stored at 4oC protected from light.
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2.1.5 Cloning vectors

(a) pUCfS and pUCl9;

The pUCl8 and pUCl9 plasmid v@tors are identical, except for the opposite

orienrations of their multiple cloning sites. The 2686bp vectors contain; (i) A Hae II

fragment of pBR322 containing the c fragment of the Lac Z gene (coding for the a-

pepride of p-galactosidase), (ii) the 52bp multiple cloning site of M13mp18/19

containing 14 restriction endonuclease sites which are not repeated elsewhere in the

vector, and (iii) an ampicillin resistance gene.

E. coli strains such as JM101 that have the Nac deletion in their IacZ gene produce

the O-peptide, but not the a-peptide of p-galactosidase. When JMl0l are uansformed

wirh non-recombinant pUCl8/19 the bacterial Q-peptide is complemented by the

plasmid cr-peptide, producing active p-galactosidase. Cloning a DNA insert into the

pUCl8/19 multiple cloning site disrupts the B-galactosidase cr-peptide, preventing a-

complementation. Hence when grown on media containing an inducer of IacZ

(isopropyl-p-D-thio-galactopyranoside; IPTG), a colourless p-galactosidase substrate

(5-bromo-4-chloro-3-indolyl-p-galactosidase; BCIG) can be metabolised to a blue

product by bacteria transformed with non-recombinant vector, but not by bacteria

transformed with a plasmid containing insert DNA

(b) M13BM20 | M13BM21;

These filamentous phage vectors were purchased as double stranded replicative

DNA from Boehringer Mannheim. They have a multiple cloning site with 23 different

restriction enzyme sites, and recombinant phage can be selected on the basis of a-

complementation (blue/white selection) in E. coli strains containing the lacZ deletion.

Single-stranded DNA prepared from these phage was used for DNA sequencing.
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2.1.6 Cloning bacteria

The following snairu of E. coti werc used:

(a) JMlor; obtained from the ATcc, and used for all plasmid sub-cloning.

(b) BB4; purchased from Straagene Cloning Systems, and used for all filamentous

phage subcloning. Therc bacteria were maintained on minimal solid media to select

against clones that had lost their F factor. F pilli are required for Ml3 filamentous

phage to attach to bacteria

(c) C6fi) strains; obained from the ATCC. The C600 strain was used for screening

of all l,gt10 cDNA librari€s.

(d) Y1090; was purchased from Promega, and used for screening of all l"gtll cDNA

libraries.

(e) Y1089; was purchased from promega, and used for the preparation of l,gtll
lysogens.

2.1.7 Bacterial cell culture media

v (a) Luria-Bertani (LB) media;
tryptone @ifco Laboratories)
yeast-extract
NaCl
volume to 1l wittr H2o,pH adjusted to 7.5 with 1.0N NaoH.

,,,(b) LB media containing antibiotics;

Ampicillin (to final concentration of l0Opg/ml) and/or tetracycline (to final
concentration of lsttg/ml) was added to sterile LB media which had cooled to 55oC.

1os
5g
log
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(c) LB agar;

Bottom LB agar;
Top LB agar;
Bottom LB agarose;
Top LB agarose;

LB amp plates;

LB media with 15g/l agar.
LB media wtrh7gnagar
LB media wittr l5g[ igarose.
LB media uirrh 7 Enagarose.
As above with ampicillin added to 100pg/ml.

(d) Rich media;
tryptone
yeastextract
KH2PO4
KZHPOa
glycerol
Volume to 1l with HZO, pH adjusted to 7.5.

(e) NZAM plates;
CaCIZ
MgCl.z
casein hydrolysate (Sigma)
yeast extract
casamino acids (Sigma)
agar
Volume to 1l with H2O, pH adjusted to 7.5.

(f) Minimal plates;

Prepared in 3 solutions;

(i) (Nll+)zso+
KHZpOa
K2Hp04
Na-citrate
Hzo

(ii) CaCl2 (50rnM)
MeSo+ (1.0M)
thiarnine (l%o wlv)
glucose Q07o wlv)

(iii) agar
Hzo

12.Og
24.0g
12.259
2.3e
4.0m1

5.og
2.as
10.0g
5.og
2g
l5g

1.og
4.5g
10.5g
o.5g
ro 190m1

2.0m1
0.8m1
l.0ml
10.0mI

15.0g
to 800m1

Solution ii was sterilised by filtration. Solutions i and iii were sterilised by

autoclaving. The indicated volumes of the 3 solutions were mixed after solutions i and

iii had cooled to below 55oc, and the plates were then poured.
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(S) Qglnnetent E. coli freezing media;
KCI
CaClz
glycerol

1.43g
1.50g
20.0m1

The solution was adjusted to 198m1with H2O, autoclaved,2.0ml filter-sterilised

lM K.acerate added, and the pH adjusted to 6.2.

2.1.8 DNA libraries

(a) Human cosmid libraries; Two cosmid libraries containing human genomic

DNA with an insert size ranging from 30 to 50 kb in the vectors pCVOOl and pCV007

were a gift from Dr. K. H. Andy Choo (Royal Children's Hospital, Melbourne,

Australia) (Choo er al., 1986),

(b) sEA-activated human T rymphocyte cDNA library; A l,gtl0 cDNA

library prepared by oligo dTpriming poly (A)+ RNA extracted from peripheral blood T

lymphocytes that had been stimulated for 3d with Staphylococcal enterotoxin A was a

gift from Dr John Fraser, Department of Molecular Medicine, Universiry of Auckland

(Yuan et al., 1990).

(c) Activated human pBM cDNA library; A l,gtlO cDNA library was

constructed by oligo dT priming poly (A)+ RNA extracted from human pBM which

had been Srown for 6d with IL2 and OKT3 (anti-CD3 antibody) and then stimulated

with Con A and PMA (gift from knmunex Corporation).

(d) Murine spleen cell cDNA ribrary; A S'-srretch l,gtrO cDNA library was

prepared by random priming poly (A)+ RNA extracted from murine spleen cells, that

had been stimulated with tetradecanoyl phorbol l3-acetate (TpA) and calcium

ionophore (n3187) for l2h. The average insert size is 1.5kb (range 0.8 - 4.0 kb). This

library was purchased from Clontech Laboratories Inc.
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(e) Murine B'cell cDNA library; A S'-stretch lrgtlO cDNA library was prepared

by random priming poly (A)+ RNA extracted from CBA/J murine splenic B cells, that

had been stimulated for l8h with 300unia (U)/ml IL4. The average insert size was

1.4kb (range 0.8 - 4.0kb). This library was purchased from Clontech Laboratories Inc.

(f) Human peripheral blood reucocyte CDNA expression library; A l,gtl I

cDNA expression library constructed from human PBM activated for three days with

PHA was a gift from Dr John Frelinger, University of Rochester, USA (pallant et al.,

1989; Concannon et al., 1986).

2.1.9 Synthetic Oligonucleotide primers

Primers were designed with the aid of the "oligo 4.0" computer program

(National Biosciences, Inc.). The aim wils to achieve (i) 5' termini which fonn stable

base pairings, (ii) 3' termini which form unstable base pairings, (iii) high G+C content,

(iv) absence of duplex formation with the other partner primer used in pCR or with

self' (v) absence of false priming sites on the templare, and (vi) similar melting

temperaturc (Tm) to the pafirer primer used in the same PCR reaction. Oligonucleotides

were synthesised by Oligos Etc Inc.
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Name of
Primer

Sequence of Primer (5' to 3') Position of
Primer in

CG-l cDNA
(se-e Fio ??'l

Orientation of
Primer to
CG-l cDNA

srl0f GTIGCCGACCACT@
stl0r UAGaTCCICTTATGAGTATTTCI TCAC,CGTA
AI{ GCATGCC'CGCC'GCCGCGGAcc
AN-nolvC GCATGCGCGCGC'CCG@
cPlcosl GCCC|CACACCGTTTTATAGGAT 0-22 Sense
cPlCOS2 863-841 Antisense
cPlCOS3 TCTACqACAccACTTGAGTCA G 780-759 Antisense
cPsl TGATGCGTACTTTCTTTGATc 448427 Antisense
CP52 I(iL-ITAGAGGGAGGGG| cCTccfiCTTTAGTA 514484{, Antisense
CP53 UAU (;I-GCTSTTCAAGCACAG 4274f,8 Antisense
CPSI TAACCCAqG6aal6al5a l I 14-1 130 Sense
cPs2 CCGCTGTrcTCTTCCTGA 1568-1551 Antisense
CPS3 ACCTCCGCTTCAGTTCTA 1826-1843 Sense
CPS4 CAGTTMCTCf,TTGTTAG 25t4-?531 Sense
cPs5 GTGGAGCCTAAAGAAGTT 3l6l-3178r Sense
cPs6 ArcCTTGTTAGACTACTG 4073-4090 Sense
CPST crcc,ccAAAcATcAqTAT 3812-3795 Antisense
cPsS TGCTGACCCCATTACfuL{ 43944377 Antisense
cPs9 AAGGATCCAGTTGAACAC 3@5-3r12 Sense
CPSlO GATC'CAGICATCATTTAC 3€4-3501 Sense
CPSII AGCCGGTAJA'ACCIIIACAGC 3888-3905 Sense
CPI t2 TATMTCGCMC'TTAArc 3542-3s2s Antisense
UPI 13 AGTCCAGTTTCAAGTAAT 230/,-2287 Antisense
cPs14 4GCACCGAGTAACTTGrc 1069-1052 Antiserse
CPS15 CTCTTTTAC'CATGGCTTCTAAC 2893-?372 Antisense

Those primers denoted with an asterisk contain mismatches when

compared to the authendc cc-l cDNA sequence, as they were

necessarily synthesised early in the sequencing process before the

sequence had been checked on both strands of the cDNA
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l00mM
15mM
500mM
lmg/ml

1M
25OmM
20mM
6mM

500ttg/ml

This buffer was developed by Dr. G. McKee in the Department of Molecular Medicine,

University of Auckland. It is used in place of the standard PCR buffer to increase

amplification efficiency when products are expected to be >1.5kb in tength.

2.1.10 Reagents for the polymerase Chain Reaction

(a) Standard PCR buffer (10x);
tris.HCl (pH 8.3)
MgClz
KCI
gelatin

(b) "MIG 31" buffer (lOxh
K.glutamate
tris.HCl (pH 8.3)
Mg.acetate
2-mercaptoethanol

bovine senrm albumin

2.l.ll Reagents used for protein biochemistry

(a) tt-ro:phate buffered saline (pBS);
NaCl
KHZPOa
Na2HP04
Volume to ll with H2O, pH to 7 .4.

(b) Nonidet-P-40 lysis buffer;
tris.Hcl (pH 8.0)
NaCl
Na.azide
Nonidet P-40
PMSF (Sigma)

aprotinin (frasylol)
Na-iodoacetamide

soybean trypsin inhibiror
leupeptin (Sigma)

pepstatin (Sigma)

(c) lmmunofluorescence staining solution;

Phosphate buffered saline containing;

foetal calf serum (Gibco BRL / Life Technologies)
NaN3

8.5g
0.53g
l.7lg

50mM
150mM
O.O2Vo

t%
lmM
10u/ml
20rnM

5pdrnl

201t9lrnl

lpg/ml

ZVo (vlv)
0.017o
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(d) DABco mounting media; DABCO mounting media was prepared by

dissolving 0.259 1,4-diazabicyclo lL.z.2loctane (DABCO, Sigma) in 9ml glycerol by

stirring at 37oC overnight. PBS (lml) was added, and the solution stored at 4oC.

(e) Protein molecular weight standards; A mixture of proteins with molecular

weights of 205, 116,97 ,66 and 45kDa was purchased from Sigma.

(f) SDS-pgl13gry_tagide (pA) get loading sotution;
tris.HCl (pH 6.8)
SDS
glycerol
bromophenol blue
For reducing sDS-PAGE add l\vo (vlv) 2-mercaptoethanol.

(g) sDS-PA gel electrophoresis (sDs-pAGE) running buffer;
tris.HCl
glycine
SDS 107o (w/v)
Stir to dissolve, add H20 to 21.

125mM
4% (wlv)
2O% (vlv)
0.00LVo

6g
28.8g
2ftnl

(h) Membranes; Hybond-C nitrocellulose membrane was used for protein blotting,

except when proteins were to be sequenced when Immobilon polyvinylidene difluoride

(P\DD membrane (Millipore) was used.

(i) Transfer buffer for Western blots;
rris.HCl (pH 7.6)
methanol
glycine
SDS

fi) Flow cytometry staining solution;

Phosphate buffered saline containing;

Foetal calf serum (Gibco BRL/ Life Technologies)
NaNl

50mM
207o
38OmM
0.r%

50mM
0.0l%o
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2.1.12 Animals

The inbred mouse strain "BaIb/C.f'obtained from the Jackson Laboratory was

maintained in the vivarium of the Departnent of Molecular Medicine, School of

Medicine, University of Auckland. The rabbit strain "New Zealand white" was

obained from Rapid Rabbits Ltd., and maintained in the animal facility of the Schoot of

Medicine, University of AucHand.

2.1.13 Mammalian cell lines

(a) Cos'l; A fibroblast-like EBV-transformed cell line from African Green Monkey

kidney. Purchased from the ATCC (CRL 1650).

(b) 8w5147; A mouse thymoma. purchased from rhe ATcc (TIB233).

(c) J774; A mouse macrophage / monocyte line. Purchased from the ATCC CIIB67).

2.1.14 Rabbit Antisera

(a) Normal Rabbit Serum; Pre-immune sera collected from a New Zealand White

Rabbit and prepared as described in mettrods (see "Rabbit immuni.sation and polyclonal

antisera preparation").

(b) GKPS; Anti-p7 integrin subunit polyclonal antiserum raised in a New 7*aland

white rabbit. Antiserum was raised ro a synthetic peptide (aa sequence

DAKIPSTGDATEWRMHLSMLGCG) conesponding to N-terminal aa residues 5 -

26 of the deduced p7 cDNA (Krissansen er al., 1992a).
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Z.l.ls Mouse monoclonal antibodies

(a) HML-I; Anti-human qE integrin subunit; purchased from Immunotech.

(b) 13C2; Anti-human crv integrin subunit; A gift from Dr M Horron, Haemopoiesis

Research group,Imperial Cancer Research Fund, London, UK.

(c) B-5G10; Anti-human a4 integrin subunit; A gift from Dr M Hemler, Dana Farber

Cancer Institute, Boston, MA, USA.

(d) Anti-TCR complex mAb;

(i) The following mAb which recognise components of the human TCR complex were

submitted to the Fifth International Workshop on Leucocyte Differentiation Antigens;

(o27 5, anti-cD2 ; cD3-485, anti-cD3 ; Rpa-T4, anri-cD4; BB2g, anti-cD g).

(ii) The oKT3 (anti-human cD3) mAb was obtained from the ATcc.
(e) GR3 cluster mAb; The following anti-human mAb were submitted to the Fifth

International Workshop on Leucocyte Differenriation Antigens. All are. of the IgGl

isotype.

(i) BB18; A gift from Dr L. Boumsell; Hopital Saint-Louis, Paris, France; Bougeret et

al. (1992).

(ii) BDl6; A gift from Dr L. Boumsell; Hopital Saint-Louis, Paris, France; Herold et

al., (1995).

(iii) F93-7G2; A gift from Dr D. Carriere, Centre de Recherches Sanofi, Monlpellier,

France; Carriere et al. (1989).

(iv) A8; A gift from DrG. Aversa; DNAX Research institute.

(v) cBF.78; A gift from Dr T. Al saati; Hopital de purpan, Toulouse, France.

(f) Blind control mAb; The following mAb were submitted to the Fifth

International Workshop on Leucocyte Differentiation Antigens, and used as blind

controls for rn virra kinase assays. The identity of the antigens recognised by these

antibodies is not yet published; (8827, HI210, srA, s6Fl, l0Dl, F10-3, cl.7.l,
UN2, UNl, I52-2ELO and llD4)
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2,1.16 Solutions used for mammalian cell culture

(a) Complete RPMI 1640; RPMI 1640 was purchased from Gibco BRL t Life
Technologies, and supplemented with 50U/mI benrylpenicillin, 50pg/ml streptomycin,

2mM L-glutamine, and llVo (vlv) foetal calf serum (Gibco BRL / Life Technologies)

which had been heat inactivated for 30min at SsoC.

(b) complete Dulbecco's Modified Eagle Media (DMEM); was purchased

from Gibco BRL / Life Technologies, and supplemented with 50U/ml benrylpenicillin,

50pg/ml strepromycin, 2mM L-glutamine, 0.7mM L-arginine, 0.2mM L-asparagine,

l4mM folic acid, l.0mM pyruvate, 0.05mM 2-mercaptoethanol, and lT7o (v/v) foetal

calf serum (Gibco BRL/Life Technologies) which had been heat inactivated for 30min

at 55oC.

(c) Mammalian cell freezing buffer;
complete RpMI 164O or DIrhM l0ml
foetal calf serum (Gibco BRL/Life Technologies) 6mldimethylsulfoxide 4ml

(d) Cell mitogens and activating agents;

(i) Prra (Phytohaemagglutinin; M-form) was purchased from sigma as a

lyophilised powder, and used at a 1:100 dilution in culture media.

(ii) PMA (phorbol l2-myristate l3-acetate, pMA) was purchased from

Sigma, and used at a concentration of SOng/ml in culture media.
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2.1,17 List of suppliers

Agfa, Mortsel, Bel
ATCC), Rockville, Maryland, USA.

Puckinghamshire, England.
4aher, New Zealand Milk corp-oration Limitei, Auckland, New Zealand.
FPH Laboratory Supplies, pooie, Dorset, Eneland.@ies,Wt$, Pgole, Dorset, England.
Bio 101 Inc., La Jolla, CA., USA.
Bio Rad, Richmond, CA, USA.
EeqlaDiea$an, Rutherford, NJ., USA.
@,Mannheim,Germany.
@., Palo Alto, CA.,"USA.
@,PaloAlto,CA.,use.
Di&glabaratoges, Detroit, ML, USA
Pg igl-fansBuy, Wilmington, DE, USA.

i,-G;th;tr'bue,' MD., use.
-hllunex Colporation, Seattle, WA, USA. -'
Imlnunoleclr, productldistributed by Haem pry Ltd, victoria, Australia.
{gq5fotr Latrorator.v. Bar Harbour, MN., USA
Uillipqrqcorporation, Bedford, MA., USA.
$Iiogal+io'!.ie!s,9sftg.,Plymouth,USA.
@,-Boston,MA,UsA.@,-Boston,M,
Oligos Etc. Inc., Wilsonville, OR, USA.

E-astm,an Eodak Company, F.ochester, Ny., USA.
Madison, WI, USA.

Pat@gu.ttd., Caringbah, Australia.

Cambridge, MA., USA.
Uppsala, Sweden.@,Madm',wi.,usa.

BEpiAnaUUgUtO, Chrisrchurch, New T*aland.
.Sigma, St. [.ouis, MO, USA.
@s,LaJolla,CA.,USA
l4nilgd+Slates Bigchemical Corporation , Cleveland, OH., USA.
YgctortaLontoges, B urlingame, Cl, US I
Whatman Ltd., Maidstone, England.
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2.2 Methods

Part I - Molecular biology techniques

2.2.1 Autoradiography

Immobilised radiolabelled nucleic acid or protein was exposed to

autoradiographic film at -70oC sandwiched between two Dupont 'cronex lighuring-

plus' intensifying screens in an X-ray film cassette. Exposure times ranged benveen

l0min and 2months depending on the strength of signal. The autoradiograph was then

developed and fixed in Agfa solutions according to the manufacturer's instnrctions.

2.2.2 Phenol extraction and ethanol precipitation of DNA and RNA

fui aqueous solution of DNA or RNA was extracted nvice with an equal volume

of phenol containing 207o (vlv) chloroform liaa, and the phases separated by

microcentrifugation for Smin. Na.acetate was added to the aqueous phase to 0.3M finat

concentration, 3 vol of absolute ethanol added, and the DNA precipitated at -70oC for

2h- The solution was microcentrifuged for lOmin, the pellet washed with 7TVo(vlv)

ethanol, and resuspended in l0pl TE buffer.

2.2.3 Digestion of DNA with restriction endonucleases

Gloves were worn and enzymes kept on ice at all times to avoid contaminating

and denaturing enryme stocks. DNA (10p1vol) was mixed with reaction buffer, and

with lU of restriction enzyme per pg of DNA. After 2h at37oC, the digestion products

were resolved by agarose gel electrophoresis. For subcloning into a blunt-cut v@tor,

digestion products with 5' overhanging termini were end-filled using the 5' to 3'
polymerase activity of the Klenow fragment of DNA polymerase I @oehringer
Mannheim). Klenow fragment (lOU) and l00pM of each dNTP were included for the

final l5min of the digestion.
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2.2.4 Agarose gel electrophoresis

To separate DNA fragments 500-5000bp in length l%o (wtv) agarose gels were

used. To separate larger or smaller fragments 0.8Vo or l.2Vo agarc.se gels were used

respectively. tfBE running buffer was used unless bands were to be excised from the

gel for further purification, in which case TAE running buffer was used. Agarose

(Boehringer Mannheim) was dissolved in the appropriate volume of buffer by heating

in a microwave oven. Ethidium bromide was added to 500ng/ml, and the gel poured

into a flat bed horizontal gel box. Once set the gel was covered with lx TAE or TBE

buffer containing 500ng/ml ethidium bromide, and the DNA loaded in a well alongside

a well loaded with DNA size markers. After electrophoresis the gel was photographed

under short wavelength ultraviolet light using a polaroid land camera-

2.2.5 Extraction of total RNA from mammalian cells

To reduce degradation by ubiquitous RNAse enrymes, all steps were performed

on ice, and gloves were worn. Whole tissues were collected into ice-cold pBS,

immediately mashed through a very fine sterile gauzlmesh to produce a near-single cell

suspension, and collected into 50ml tubes. Cells in culture were harvested into 5oml

tubes. Cells were washed twice with ice-cold PBS, and pellets resuspended in a

minimal volume of PBS by tapping the tube. One millilitre of guanidine lysis solution

was added for each 107 resuspended cells, ttre mixtures vigorously forced through a 23

gauge needle, and sonicated at 8.4, for lmin to shear genomic DNA.

Na.acetate was added to a final concentration of 0.3M, and the RNA extracted

with water-saturated phenol and ethanol precipitated. Following microcentrifugation the

RNA pellets were washed twice with 70% (v/v) ethanol, dried under vacuum,

resuspendedat25ltglltl in H2O, and stored at -70oC. A yield of lpg RNA was usually

obtained from 106 ce[s. This procedure is modified from that previously described by

Chomcrynski and Sacchi (1987).



81

2.2.6 RNA (Northern) btotting

An agarose gel was prepared by dissolving 1g of agarose in 73ml DEPC-treated

boiling H2O containing 500ng/ml ethidium bromide. After cooling to 65oC in a warer

bath, 10ml of lOx MOPS agarose gel running buffer and l6.2ml of 37% (vlv)

formamide were added, and the gel poured immediately into a flatbed gel box. Once set

the gel was covered with lx MOPS agarose gel running buffer containing 500ng/ml

ethidium bromide.

Twenty-five micrograms of RNA was resuspended in 20pl of a solution

containing; lx MoPS agarose gel running buffer, SmM EDTA, z.Svo (vtv)

formaldehyde, 50vo (v/v) deionised formamide, lTvo (v/v) glycerol, and 0.5Vo

bromophenol blue. The RNA solution was incubated at 65oC for l5min, quenched on

ice for Smin, loaded into the wells of the formaldehyde gel, and electrophoresed. The

gel was then photographed alongside a ruler to record the positions of the ribosomal

RNA bands.

A plastic box was filled with ll0.05N NaOH, a glass plate placed to straddle

the box, and a double thickness of wet 3MM Whatman chromatography paper draped

over the glass plate with its ends in the NaOH solution to act as a wick. On completion

of electrophoresis the agarose gel was rinsed with distilled H2O and placed on the

Whatman paper wick. A piece of nylon membrane cut to the size of the gel was soaked

in distilled H2O for 5min, placed on the gel, and rolled flat with a glass pipette to

remove bubbles. Four thicknesses of Whaunan paper were cut and placed on the nylon

membrane. A large stack of paper towels was then placed on the Whatnan paper, and a

lkg flat weight placed on the paper towels. After 2.5h the membrane was rinsed wirh 2

x ssc, and baked for 30min at 80oc on a piece of whatrnan paper.
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2.2.7 DNA (Southern) btotting

DNA was resuspended in TE buffer, and agarose gel loading buffer was added

to20Vo (v/v). The DNA solution was loaded into the wells of a non-denaturing agarose

gel, and electrophoresed at 100V. The gel was photographed alongside a ruler, and the

DNA acid-nicked by soaking the gel in 0.25N HCI for 10min. This was followed by a

30min soak (denaturing) in 0.4N NaOH/ 0.6M NaCl.

A plastic box was filled with 11 0.4N NaOH, a glass plate placed to straddle ttre

box, and a double thickness of wet Whatman chromatography paper draped over the

glass plate with its ends in the NaOH solution to act as a wick. The gel was placed on

the Whatman paper wick. A piece of nylon membrane cut to the size of the gel was

soaked in distilled H2O for 5min, placed on the gel, and rolled flat with a glass pipetre

to remove bubbles. Four thicknesses of Whatman paper were cut and placed on the

nylon membrane. A large stack of paper towels was then placed on the Whatrnan paper,

and a lkg flat weight placed on the paper towels. After 2.5h ttre membrane was rinsed

for 30s in 0.2M tris.HCl (pH ?.5) / 2 x sSC, and dried on a piece of whatman paper at

room temperature (RT).

2.2.8 DNA labetling methodologies

(a) Random primers method of DNA labelling

The Gibco BRL / Life Technologies "RadPrime" kit was used (product

#8428SA) employing a modified procedure to that specified by the manufacturer.

Twenty-five nanograms of a double-stranded DNA template (greater than l00bp in

length) was diluted to 21pl total volume with H2O, and denatured at l00oC for Smin,

then placed on ice for 5min. To this was added lpl l0mM dATp, lpl lomM dGTp,

lpl l0mM dTTP, 201t12.5x random octamer primers / buffer solution, 6pl cr32p-

dCTP (l0ttCilpl), and lpl Klenow fragment of DNA polymerase I. This mixture was

incubated at 37oC for lh, during which time the Klenow fragment's 5'-3' polymerase
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activity incorporatea32p into the newly synthasised DNA strands to a specific activity

or t08-to9 cpm/pg.

(b) End-labelling of oligonucleotides for use in DNA sequencing

The 5'-OH of oligonucleotides was replaced with the y-phosphate of 33p-etp

using the forward reaction of T4 kinase. The reaction mixture contained the following;

70mM tris.HCl (pH 7.6), 100mM KCl, r0mM Mgcl2, 500pg/ml BsA, 5mM DTT,

50pCi l33p-efp, lOpmol oligonucleotide, and 4U T4 kinase. The mixture was

incubated at 37oC for 60min. An equal volume of 5M ammonium.acetate and 3vol of

ice-cold absolute ethanol were added, and the DNA allowed to precipitate at -70oC for

30min. After microcentrifugation the pellet was resuspended, and the precipitation

repeated. The DNA was washedinT}Vo (v/v) ethanol, and the labelled oligonucleotide

collected into 30pl TE buffer.

2.2.9 Hybridisation procedures

(a) Iligh stringency hybridisation

A 10x10cm membrane was sealed in a plastic bag containing loml
prehybridisation solution, and bubbles removed. For larger or smaller membranes the

volume of prehybridisation solution was changed proportionally. Prehybridisation was

carried out at 42oC for th with frequent massagin g. A32y-tabelled DNA probe was

denatured for 10 min at 98oc with lmg salmon sperm DNA,'quenched on ice for

5min, and added to the bag, again removing all bubbles. Hybridisation was caried out

at42oC for 16 h with frequent massaging.

The hybridisation solution was removed and stored at RT for re-use. The

membrane was washed nvice in O.lVo SDS / 0.1 x SSC for 30s at RT, and once for

30min at 55oC. It was then sealed in a plastic bag, and autoradiographed. To aid

interpretation of results, DNA controls were always spotted onto an unimportant part of
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the membrane. control DNA (20ng) in 4pl H2o was mixed lpl lON NaoH, and

spotted on the membrane. A positive control contained unlabelled DNA homologous to

the probe, while a negative control contained non-homologous DNA.

(b) Low stringency hybridisation

The procedure was identical to high sringency hybridisation except :

(i) The prehybridisarion solution contained20vo (v/v) deionised formamide.

(ii) Hybridisation was performed at 37oC.

(iii) All washes were in 0.l7oSDS / 6xSSC. When the homology berween the target

DNA and the probe was unknown, the membrane was autoradiographed after

increasingly stringent washes.

(c) Stripping labelled DNA probes from membranes

southern blot The membrane was incubated at 4zoc for 30min in

0.4N NaoH, and then at42oc for 30min in}.lvo sDS / 0.1 x ssc /

0.2M tris.HCl (pH 7.5).

Northern blot; The membrane was washed vigorously twice for 5min in

boiling HZO.

Membranes were exposed overnight at -70oc rc autoradiographic film to

ascertain that probe was sufficiently stripped before re-hybridisation.

2.2.10 rsolation of single-stranded DNA from M13 filamentous phage

Rich media (l.Sml) containing 50pl of a fresh overnight culture of BB4 bacteria

was inoculated with a single M13 plaque, and shaken in a well aerated tube at 37oC for

5h. The culture was transferred to an eppendorf tube, and microcentrifuged at full

speed for 5min. The pellet containing recombinant Ml3-infected bacteria was stored at

4oC for subsequent culture or preparation of the replicative double-stranded form of
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M13 DNA. The supernatant was transferred to a fresh tube, and gently mixed with

200t[ of a solution containing2}Vo(vtv) polyethylene glycol I z.sMNaCl to precipitate

the phage. After a 30min incubation at RT the solution was microcentrifuged. DNA in

the pellet was resuspended in 100p1TE buffer by vortexing, phenol extracled, ethanol

precipitated, and resuspended in 10pl TE buffer. The yield was approximately lpg

single-stranded DNA from each lml of culture.

2.2.11 DNA sequencing

(a) Automated sequencing

Approximately lpg amounts of single-stranded Ml3 DNA templates were

sequenced by the Applied Biosystems 3734, DNA sequenator operated by the

Department of Cellular and Molecular Biology, University of Auckland. This syspm

uses cycle sequencing, where linear products complementary to the template are

extended from dye labelled primers using a thermal cycler and Taq DNA polymerase.

The electrophoretograms produced from separation of sequencing products on a 6Vo

(w/v) PA gel were read manually to confirm assignments made by the sequenator.

Between 400 and 550bp of sequence could usually be read from each template.

Sequence analysis was performed on a Silicon Graphics UNIX computer using the

University of Wisconsin Genetics Computer Group version 7 (1991) software package

(Genetics Computer Group Inc.). For sequence comparison with the GenBank and

EMBL databases at the NCBI, the FastA program @earson and Lipman, 1988) and the

BLAST network service were used (Alrschul et al., 1990).
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(b) Manual sequencing

Cycle sequencing using Taq DNA polymerase

The Promega "fmol" cycle sequencing system was used with modifications to

the manufacturer's instructions. An oligonucleotide primer (2Opmol) was end-labelled

with 133p-ATP (3000Ci/mmol), and resuspended at lpmoUpl. Four tubes were

labelled 'A', 'G', 'C', and 'T' to represent the four dideoxy chain terminators used. To

each of the four nrbes was added 5pl of a solurion containing 0.5p1 of the appropriate

d/ddNTP's mix (fmol system kit), lpg of DNA template (single or double-stranded),

lx fmol system buffer, O.5pmol labelled primer, 0.25u of raq DNA polymerase

(sequencing grade, Promega), and 50pl mineral oil. After a 2min incubation at 95oC,

the reaction mixes were subjected to 30 cycles of denaturation, annealing, and

extension in a Perkin Elmer Cetus thermocycler. The exact annealing and extension

conditions used depended on the Tm of the primers. Reaction termination dye (3pl)

containing 95%o(vlv) formamide / 0.5mg/ml bromophenol blue I 20mM EDTA was

added to each tube, and the labelled products resolved on a denaturing 6Vo pA

sequencing gel The DNA sequence was visualised by autoradiography.

Dideoxy sequencing using T7 DNA polymerase

The United States Biochemical Corporation 'sequenase' DNA sequencing

system was used according to the manufacturer's instructions. This system employs the

dideoxy chain termination method, directly incoqporating a35s-Atf into the linear

products extended from unlabelled oligonucleotide primers. Approximately lpg single

or double stranded DNA, and 2Opmol (10pCi) cr-35s dATP was used in each rcacrion.

Completed sequencing reactions were separated on a denaturin g 6Vo PA sequencing

gel, and visualised by autoradiography.
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(c) Gel electrophoresis of DNA sequencing reactions

N,N,N',N'-tetramethylethylenediamine (TEMED; Bio Rad; 40pl) and 300p1

freshly prepared lIVo(wlv) ammonium persulphate @io Rad) were added to 50m16%

(dv) acrylamide sequencing gel mix, and the solution poured between the clean glass

plates of a Gibco BRL / Life Technologies model ('SA" DNA sequencing gel apparatus.

Upper and lower buffer tanks were nilei with electrophoresis running buffer, and the

gel pre-electrophoresed until the plates reach 40-50oC. Sequencing reaction products

were denatured by heating at 98oC for 2min, and electrophoresed at sufficient power

to maintain the plates at 40-50oC. The gel was then disassembled and fixed in

Ll%o(vlv) acetic acid / l\Vo(vlv) ethanol, dried on Whatman paper in a 80oC vacuum

gel drier (Bio Rad), and auroradiographed overnight ar RT.

2.2.12 Subcloning procedure

(a) Preparation of insert and vector DNA

DNA for insertion into a vector was digested with the appropriate restriction

enzyme' and resolved by electrophoresis on a TAE agarose gel. The DNA of interest

was excised from the gel and recovered into a small volume of H2O using the.,Gene-

clean" system (Bio-101). Vector DNA was prepared by digestion with the appropriate

restriction enryme, and 2U of CIP was added for the last hour of the digestion in order

to prevent self-ligation of the vector. vectorDNA was gel purified.

(b) Ligation reaction

A 30pl ligation mixture was prepared containing l00ng DNA insert, 20ng

vector, 2pl 5x ligase buffer @oehringer Mannheim),41J T4 DNA ligase @oehringer

Mannheim), and lmM ATP. The mixture was incubated at RT for l6h.
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(c) Transformation of recombinant plasmids into E. coli

Production of competent cells

E. coli were made 'competent' to take up plasmid or filamentous phage DNA

by the following method. LB liquid media (40m1) was inoculared with 400p1 of an

overnight culture of E. coli, and grown with shakin E at37oC until the ODfQerya was

between 0.2 and 0.5. The bacteria were centrifuged at 10009 for 10min, taken up into

20ml ice-cold sterile 50mM CaCl2, and incubated on ice for 30min. They were than

centrifuged at 5009 for l0min at 4oC, uken up into 2ml ice-cold sterile 50mM CaCl2,

and incubated on ice for l6h. The cells were then used for transformation, or re-

pelleted and snap frozen n 50Vo (vlv) frennng media for storage at -70oC. The frozen

cells were used at a later date after slow thawing on ice.

Transformation of competent cells

Competent cells (300p1) were added to each ligation mixture, incubated on ice

for 30min, heat-shocked at42oC for 2min, and incubated on ice for a further 5min.

pUC'based vectors; LB liquid media (lml) was added, and the cells incubated ar

37oC for lh in order to acquire antibiotic resistance. Bacteria were pelleted, taken up

into 50pl LB liquid media, and spread onto LBamp plates with 30pl of 2% (w/v) BCIG

and 30pl of 100mM IPTG. The plates were incubated overnight at 37ocin an inverted

position.

Ml3-based vectorsl Bacteria were pelleted and taken up into 50pl LB liquid media.

They were then mixed with 200p1 of a growing culture of BB4 bacreria, 30111 of 2%

(dv) BCIC, 30pl of 100mM IPTG, and 4ml of LB top agarose maintained at 50oC.

The mixture was then poured onto LBamp plates, and incubated overnight at 3ZoC in

an inverted position.



89

2.2.13 Plasmid DNA preparation

(a) Small scale

Production of a cleared lysate;

Sterile LB liquid media (10m1) containing ampicitlin was inoculated with a

single colony of a bacterium containing a recombinant plasmid, and cultured at 37oC

overnight. The culture was centrifuged at 10009 for 10min, the bacterial pellet

resuspended in 200p1 TE buffer, and transferred to an eppendorf tube. A 200p1mixture

of lToSDS / 0.2N NaOH was added and the tube inverted once to mix. To precipitate

the bacterial genomic DNA and SDS, 250p1 of 5M K.acetate was added, the solution

mixed by inversion, and microcentrifuged for l0min. The supernatant (600p1) was

removed and transfened to a fresh tube.

Extracting plasmid DNA from the cleared lysate

Absolute propan-2-ol (400p1) was added to 600p1 of rhe cleared lysare, and the

plasmid DNA pelleted by microcentrifugation for 5 min. The peller was washed once in

70vo(vlv) ethanol, and resuspended in 200prl TE buffer. RNAse enzyme (10pg) was

added, and the reaction mix incubated at 3Tocfor 30min, phenol extracted, and ethanol

precipitated. The DNA pellet was washed twice with 707o ethanol, dried under

vacuum, resuspended in 50pl H2O,and stored at -20oC.

(b) Large Scale

An overnight culture of bacteria (200m1) transformed with the desired

recombinant plasmid was centrifuged for lOmin at 10009. The pellet was resuspended

in 20ml TE buffer, and mixed with 20ml of l% SDS / 0.2N NaOH by gentle inversion

After addition of 20ml of 5M ammonium acetate, the solution was mixed by vigorous

vortexing, and centrifuged at 10009 for l5min. The supernatant (60m1) was removed

and mixed with l20ml absolute ethanol, and the plasmid DNA pelleted by

centrifugation at 10009 for 15min. The pellet was resuspended in 2ml H2O, mixed



90

with 2ml5M LiCl by vortexing, and centrifuged at 10009 for 10min. The supernatant

( ml) was removed and mixed with 8ml absolute propan-2-ol by vortexing, and the

solution centrifuged at 10009 for l5min. The plasmid DNA peUet was resuspended in

ZmI H2O, and incubated for lh at 37oC with 50U RNAse A. A 2ml mixture of lVo

SDS / 0.2N NaOH was added, and the solution mixed by gentle inversion. After

addition of 2ml of 5M ammonium acetate, the solution was mixed by vigorous

vortexing, and centrifuged at 10009 for 15min. The supernatant was removed, phenol

extracted and ethanol precipitated. The mixture was then placed at -70oC for 2h to

allow the DNA to precipitate. After centifuging at 10009 for 10min the DNA pellet was

washed twice with707o ethanol, dried under vacuum, and resuspended in 100pl TE

buffer.

(c) screening of recombinant transformants by hybridisation

Recombinant plasmid transfonnants were scrcened to identify those harbouring

the desired inserL whenever a high "background" of unwanted recombinants were

Present. Competent cells were transformed with ligation products and cultured on

LBamp plates as described previously. Each colony was used to inoculate lml of LB

media in a numbered eppendorf tube. The tubes were tightly capped, and cultured

overnight by placing loosely in a beaker on a 37oC shaker. Each culture (lOpl) was

spotted onto a piece of nylon membrane, and the culture number pencilled beside it.

Cultures were grown in situ on the membrane, then denatured and neutralised as

described previously for Southern blotting. The membrane was hybridised at high

stringency to the desired 32P-labeUed cDNA probe. Cultures hybridising to the probe

were used to inoculate 10ml LB liquid media, which was grown overnight for plasmid

DNA preparation.
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2.2.14 l,gt10 cDNA library screening

(a) Preparation of host bacteria;

C600 bacteria were streaked onto a LB agar plate, and culnrred overnight at

37oC. A single colony was used to inoculate 50rnl LB media containing 0.2% malnf'a-,l

lOmM Mgso4, and grown at 37oc until the culrure reached an oD6ggn6 of 0.4. The

50ml culture was rapidly cooled on ice, and centrifuged at 4oC for 5min at 400g. The

pellet was resuspended in 10ml sM, and stored for up to 3 days at 4oc.

(b) Titering of )rgt10 phage;

Serial dilutions of phage were made in SM in 10ml tubes as follows; 103-fold,

106-fold, 108-fold, 109-fold, and lOl0-fold. To each tube was added 60pl of a

solution of 20Vo maltose / lM MgSO4, and 300p1 host bacteria. The samples were

incubated for 20min at 37oC, and 4ml 50oC top agarose added to each. After quick

gentle mixing the contents of each tube was poured onto an LB plate warmed to 4ZoC,

and plates incubated at 37oC overnight. The titer was read the next day as plaque

forming units (pfu) per ml = number of plaques per plate x dilution of phage.

(c) Plating of l,gt10 libraries;

Four 20 x 20cm LB plates were poured, left with lids ajar overnight to dry, and

warmed at 42oC. For each plate 200,000 pfu of the library were mixed with 2mt

plating bacteria and 500p1 20vo (wlv) maltose / lM MgSo4 in 50ml tubes, and

incubated at 37oC for 20min. Top agarose (30m1) maintained ar 50oC was added to

each tube, gently mixed, and poured onto a pre-wanned LB plate. The plates were

incubated at 37oC until plaques were visible but not conflueng and then placed at 4oC

for lh to harden the top agarose.
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(d) Replication and hybridisation;

Nylon membranes (Genescreen Plus, Du Pont) were cut to fit onto plates, and

gently laid on each plate for 2min. They were orientated on each plate by srabbing

asymmetrically with an ink soaked sterile needle, and the side not in contact with the

plate labelled with a pencil. The membranes wete removed and laid for 4min phage side

up on Whatman chromatography paper soaked in 0.5M NaoH / 1.5M NaCl. The

membranes were transferred onto Whatman chromatography paper soaked in 0.4M

tris.HCl (pH 7.6) / 2 x SSC buffer for a further 4min, and then briefly rinsed n 2 x

SSC buffer. They were placed on dry whatman paper, and baked at 80oc for 2h.

The membranes were each prehybridised for 8h in 50ml of prehybridisation

solution, and hybridised overnight at appropriate stringency to 
" 

32p-hbelled DNA

probe. After washing at appropriate stringency, the membranes were autoradiographed,

and the ink stabs on the nylon membranes marked onto the films. Plaques

corresponding to dark spots on the autoradiographs were picked from the plate with a

tnrncated micropipettor tip, and placed in lml of SM buffer at 4oC to elute overnight.

(e) Secondary and tertiary screeningl

Plaques from the primary screening were titered, and 1,000 pfu plated on

l50mm round LB plates. Plaques were replicated onto nylon membranes, hybridised to

a3?P-IabelJed probe, and positive plaques picked into SM. The process was repeated

for tertiary screens, and one positive plaque well isolated from other plaques (>tcm)

picked to produce a high titer liquid lysare.

(f) Preparation of l,gt10 liquid lysates and phage DNA;

Plaque eluates (lO7 - 108 pfu) from tertiary screens were mixed with 500p1

plating bacteria, lml2ovo (#v) malrose / lM Mgso+, and added to l00ml LB liquid

media. The bacteria wele cultured at 37oC until they began to lyse (approximately 6h).

Chloroform (lml) was then added, the culture incubated at 37oC for a further 2min,

and centrifuged at 4009 for l5min at 4oC. Phage l, DNA was exrracted from the liquid

1
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lysate using the 'Magic-?[-prep' system (Promega) according to the manufacturer's

instnrctions. After digestion with EcaRI, the L arms and insert were resolved on aIVo

agarose gel, and the insert excised from the gel and cloned into ^EcaRl-cut pUCl8 for

DNA sequencing.

2.2.15 Cosmid genomic library screening

(a) Titering the cosmid library;

The cosmid libraries were titered by spreading serial dilutions of each library

onto NZAM solid media. The dilutions used were 1O3-fold, 106-fold, 108-fold, 109-

fold, and t010-fotd. Plates were grown at 37oC overnight , and the titer recorded as

colony forming units (cfu) per ml = number of colonies per plate x dilution of library.

There are approximately 3 x t09bp in the human genome, and the average insert size

for the cosmid libraries used was 30kb. Thus 105 cosmid clones could be expected to

represent the entire human genome. To allow for under-representation of some clones,

2 x 105cfu were screened.

(b) Plating the library;

A master membrane was prepared as follows. Aliquorc of the library containing

50,000cfu were gently and evenly spread onto each of 4 sterile, moist, l9cm2 Hybond-

C membranes which had been placed onto 20 x 20cm NZAM plates. The cosmids were

grown at 37oC for 24 - 48h until they were about lmm in diameter, and a replica made

of the master membrane. This was done by placing the master membrane colony side

down onto a fresh moist 19 x 19cm Hybond-C membrane, and squeezing the two

membranes together between glass plates by applying even presswe for 2min. The

membranes were stabbed with an ink soaked needle to allow for later orientation and

then separated. The master membrane was returned colony side up onto its plate, and

the replica membrane placed colony side up onto a new NZAM plate. Colonies on the

master membrane were re-grown for approximately 12h, and the master plate stored at
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4oC. Colonies on the replica were grown to lmm in diameter, which usually took}4 -

48h.

(c) rrybridisation of cosmid clones with a labelled DNA probe;

The replica membrane was removed from its plate, and colonies denatured,

neutralised, and washed in 2 x SSC as described previously. The membranes were

placed in a solution of 0.1 M uis.HCl (pH 8.0) / 0.15M NaCl / t0mM EDTA.Na /
0.27o SDS, and gently rubbed with a gloved hand to remove any adhering bacterial

debris. Proteinase K was added to 50pg/ml, and the membranes agitated at 50oC for

th. The membranes were washed briefly in2 x SSC, dried under vacuum at 80oC, and

each prehybridised for 8h in 50ml prehybridisation solution. After hybridisation and

washing at an appropriate stringency, the membranes were autoradiographed. Positive

colonies were picked from the master membrane with a sterile microbiology loop, and

culnrred in lml LB liquid media at 37oC for 24h.

(d) Secondary and tertiary screeningl

1,000 cfu were plated on 150mm round membranes, and screened as described

above. After tertiary screening a well separated colony was picked, cultured in rich

liquid media, and cosmid DNA prepared using the promega "Magic-miniprep" sysrem

according to the manufacturer's instructions.

2.2.16 l,gtl1 cDNA library screening

The l,gtl l cDNA library was plated with Y1090 bacteria onto 20 x 20cm LB

plates. The plates were grown at 42oC until clear plaques depicting lytic growth were

just visible. At this stage a dry sterile 19 x 19cm nitrocellulose membrane previously

soaked in lOmM IPTG was placed on each plate, to induce production of the p-

galactosidase fusion protein. The plates were incubated overnight at 37W, for lysogenic

growth which could be visualised by the appearance of turbid rings around the existing

clear plaques. After th at 4oC the membranes were lifted off the plates, and the
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immobilised plaque proteins screened by Western blotting with a polyclonal antiserum

(refer to 'TVestern blotting"). Plaques corresponding to blue spots on the membrane

were picked, and eluted into lml SM overnight. The plaque eluates were titered, and

secondary I teruary screens performed on 150mm and 85mm plates respectively. Well

separated plaques were picked and used to form liquid lysates at42oC. Finally l,gtll
DNA was purified with the Promega'Magic-1,-prep" system.

2.2.17 First-strand cDNA synthesis

First strand cDNA was synthesised from 5pg total cellular RNA resuspended in

8pl DEPC treated HZO. DTT was added to l0mM, and RNAsin (Gibco BRL / Life

Technologies) was added to 4Ulpl. After a lOmin incubation ar 65oC the mixturc was

quenched on ice. The following were then added; 4pl 5x Superscript reacdon buffer,

3pl 5mM dNTP's mix, lpg of a specific antisense oligonucleotide primer (or lpg

oligo-dT12-18, Gibco BRL / Life Technologies) and 200U Superscript-Il reverse

transcriptase (Boehringer Mannheim). The mixture was incubated at 37oC for 2h, with

the addition of a further 200U of reverse transcriptase after one hour. The first strand

cDNA was recovered with the "Magic-DNA-Cleanup" system @romega).

2.2.18 Polymerase chain reaction (PCR)

Approximately 200ng DNA template was added to a PCR tube containing 50pl

of an ice-cold solution of; lx reaction buffer, 500pM mix of the four dNTp's, and

l0ong of each primer. The DNA template was denatured at 95oC for 2min in a heating

block, and 4U Taq DNA polymerase @oehringer Mannheim) added. Mineral oil (50Uf)

was layered over the solution to prevent evaporation, and the tubes transferred to a

thermocycler block (Perkin Elmer Cetus) that had been pre-warmed to 95oC. After the

required number of PCR cycles, the products were resolved by agarose gel

electrophoresis.
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2.2.19 Primer extension analysis

Total RNA (50pg) prepared from PBM activared for 3d with PHA was

resuspended in 10pl DEPC treat€d HZO. A specific 5' antisense primer CP52 (50ng)

was 33P-hbelled, denatured with the RNA at 98oC for 10min, quenched on ice, and

annealed to ttre RNA at 37oC for 2h.

The primer extension reaction mixture was prepared by adding the following o
the annealed RNA / primer suspension; 50mM tris.HCl (pH g.3), 3Z.5mM KCl,

l.5mM Mgcl2, l7o (vlv) DMSO, lmM dithiothreitol, 2l1tglmlBsA, 150FM dNTp's

mix, 500U reverse transcriptase, and H2O to a final volume of 35p1. The primer was

extended by incubation for 60min at37oC. RNAse H (20pg) was added, the mixture

incubated at 37oC for lOmin, and stored at -20oC. The labelled extension product was

resolved on a denatuing6Vo (dv) PA sequencing gel alongside radioactively labelled

size markers, and visualised by autoradiography.

2.2.20 Anchor PCR

The cDNA product obtained by primer extension analysis was purified using

"Gene-clean" resin (Bio-101), and incubated with terminal deoxynucleotidyl transferase

(Gibco BRL / Life Technologies) in the presence of 500 pM GTP and I x reaction

buffer supplied by the manufacturer. The G-tailed cDNA (100ng) was used as a

template for l0 cycles of PCR (denaturation: 95oC 60s, annealing: 60oC 90s,

extension: 72oC 90s) using the primers AN-polyC and CP52 (refer to materials). An

aliquot of the PCR product (lVo) was used as the template for a further l0 cycles of

PCR (denaturation: 95oC 60s, annealing: 50oC 90s, extension: 72oC 90s) using the

primer AN, and the nested primer CP51 (refer to materials). An aliquot (0.2Vo) was

used as the template of a final 20 cycles of PCR (denaturation: 95oC 60s, annealing:

50oC 90s, extension: 72oC 90s) using the primer AN, and the nested primer Cp53.

The anchor-PcR products were resolved by agarose gel electrophoresis.
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2.2.2t Cloning PCR products into plasmid

PCR products werc excised from TAE agarose gels, and recovered into 50pl of

H2O using the "Gene-clean" kit (Bio-lOl). The adenosine residues which Taq DNA

polymerase leaves on the 3' end of many products were removed using the 3'-5'

exonuclease activity of Klenow fragment. The -OH groups on the 5' ends of the

oligonucleotide primers were replaced with -PO+ groups using the forward activity of

T4 polynucleotide kinase. These two steps were performed simultaneously in a l00pl

reaction containing; 500ng PCR product, 1 x DNA polymerase I buffer, l00pM of

each of the four dNTP's, 251tglml BsA, lmM ATp,2u Klenow fragment, and 2v 14

polynucleotide kinase. The mixture was incubated for th at 37oC, and the DNA

recovered into 20pl of water using the "Gene-clean" kit. The blunt-ended pCR

products were then cloned into a plasmid cut with EcoRV.

2.2.22 Extraction of genomic DNA from PBM

Venous blood (15m1) that had been collected in a heparinised tube was mixed

with 4.5m1 SVo (wtv) Dextran T500, and incubated at RT for 30min. The uppermost

layer was collected and centrifuged at 5009 for 10min. The cell pellet was washed twice

with 20ml PBS, and resuspended in 2ml of lVo Nonidet P-40 in PBS. koteinase K

was added to lmg/ml, and the mixture incubated ar 55oC for 48h. The DNA was

phenol extracted and ethanol precipitated, and the DNA precipitate spooled out of the

solution using a small glass rod, washed by dipping in 8}vo(vlv) ethanol, and

resuspended very gently in l00pl TE buffer.
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Part II - Protein chemistry techniques

2.2.23 Isolation and activation of PBM

All steps were performed in a Class tr biohazard vertical laminar flow hood.

Human venous blood (a00ml) was collected into a sterile bonle containing 400U

heparin, and the blood diluted with 200m1PBS. The diluted blood was gently layered

onto 80ml Ficoll-Paque (Pharmacia), and centrifuged at 4009 for 30min at RT. The

lymphocyte layer was drawn off and washed three times with PBS, and the PBM

resuspended at a density of l06cells/ml in PBS. PBM were cultured for 3d in complete

RPMI 1640 media containing 1:100 dilution of PHA (M-form, Gibco BRL / Life

Technologies).

2.2.24 Lysis of cells with Nonidet P-40 and lectin affinity

chromatography

PBM (4 x 108) were harvested, washed twice in PBS, and resuspended in lysis

buffer at a density of 107 - 108 cells/ml. After incubation on ice for lh, the lysates were

cleared by centrifuging at 10,0009 for 30min.

Cell lysates were pre-cleared by mixing for 2h with 5ml of Sepharose CL-4B

beads at 4oC, and chromatographed on a lml column of Con A-Sepharose CL-4B

beads (Sigma). The column was then washed with 30ml ice-cold lysis buffer, followed

by 30mt of ice-cold 10mM tris.HCl | 0.l%o Nonidet P-40. The Con A-Sepharose beads

were collected from the column into 1.5m1 PBS buffer, microcentrifuged, and

resuspended in 500p1 17o SDS. To elute the glycosylated fraction the beads were

healed to 98oC for 4min, briefly centrifuged at 10009, and the supernatant stored at

-700c.
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2.2.25 SDS-PAGE

7.SVo or lOVo PA gels were prepared according to Ausebel et al. (1989), poured

between the clean glass plates of a BioRad Vl6 vertical electrophoresis apparatus, and

buffer tanks filled with SDS-PAGE running buffer. Proteins were mixed with 0.2vol

of SDS-PAGE loading solution and elecuophoresed beside prolein molecular weight

standards.

2.2.26 Two-dimensional nonreducing-reducing (NR/R) sDs-pAGE

For analytical detection of disulphide-linked proteins, proteins were

electrophoresed in the first dimension under nonreducing conditions by SDS-7.5%-

PAGE in a lmm thick cylindrical gel. The gel was soaked briefly in reducing SDS-

PAGE loading solution, positioned at the top of a l.5mm thick SDS-7.SVo-PAGE slab

gel, and electrophoresed in the second dimension under reducing conditions.

2.2.27 Silver staining

SDS-PA gels were stained with silver (Morrissey, 1981) to visualise the

resolved proteins. Spotlessly clean glass dishes were used to reduce background

staining. Gels were fixed in 50Vo (vlv) methanol I l\Vo (v/v) acetic acid for 30min,

followed by SVo (v/v) methanol | 7Vo (v/v) acetic acid for 30min. Gels were rinsed in a

large volume of water for at least 30min, and then reduced for 30min in Spg/ml DTT

which was poured off without rinsing. Gels were developed in O.l%o silver nitrate for

30min, rinsed once rapidly with a very small amount of distilled H2O, and twice

rapidly with small amounts of 0.02Vo formaldehyde | 3Vo(wlv) Na2CO3. Gels were

then incubated in 0.027o formaldehyde | 3Vo(wlv) NaZCO3 until the desired level of

staining was attained, and the reaction stopped by adding citric acid to 0.2M. Stained

gels were washed for 30min in distilled HZO, and stored at 4oC.
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2.2.28 Visualisation of proteins in SDS-PA gels with Na.acetate

Proteins resolved on 1.5mm thick preparative SDS-7.57o-PA slab gels were

visualised by incubating gels with 4M sodium acetate by a procedure modified from

that described by Higgins and Dahmus, 1979. Gels was immersed in 4M Na.acetate in

a glass dish, and illuminated from the side in a darkened room. A diffuse white

colouration was revealed due to precipitated SDS over most of the gel, with clear areas

corresponding to protein bands.

2.2.29 Electroelution of proteins from SDS'PAGE gels

Selected regions of gels containing protein(s) visualised by Na.acetate staining

were excised, washed several times in H2O, and finely macerated. Gel pieces were

incubated at RT for 30min n a I7o SDS solution, sealed in dialysis tubing containing a

0.17o SDS solution, and placed in a flat bed electrophoresis chamber containing SDS-

PAGE running buffer. Following electrophoresis at ZlYlcm for 4h, the solution

containing electo-eluted proteins was collected from the dialysis tubing.

2.2.30 Transfer of proteins onto nitrocellulose

A piece of nitrocellulose membrane dampened in tansfer buffer was laid on ttre

SDS-PAGE gel. The gel and membrane were sandwiched between two pieces of

Whatman chromatography paper dampened with transfer buffer, and placed with the

gel towards the cathode in a Bio Rad 'Trans-Blot" electroblotting apparatus. The

apparatus was filled with transfer buffer, and electroblotting carried out at 80mA for

12h at 4oC.
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2.2.31Protein sequencing

Proteins were separated by SDS-PAGE as described previously, with the

following modifications suggested by Moos et d. (1988): (1) PA gels were cast 24h in

advance. (2) Thioglycolate (0.1mM) was included in the SDS-PAGE buffer to prcvent

oxidation of the protein N-tenninus. (3) PA gels were pre-electrophoresed for th prior

to loading of the protein sample. Separated proteins were transferred to membranes as

described previously, excepfi (1) PVDF membranes pre-wetted in methanol were used

in place of nitrocellulose. (2) The transfer buffer consisted of 10mM 3-

[cyclohexylamino]-1-propanesulfonic acid (CAPS, pH = 10.0),lU%o (v/v) methanol,

0.5mM DTT and 0.1mM thioglycolate.

The membranes were washed in H2O for 5min, stained with 0.17o Coomassie

blue R-250 in 50Vo (v/v) methanol for 5min, destained in 50% (v/v) methanol for

5min, and then washed in HZO for 5min at room temperaturc according to Matsudaira

et al. (1987). Regions of the membrane containing the protein(s) were excised with a

razor blade, and sequenced on an Applied Biosystems 470A sequenator operated by the

Department of Biochemistry, University of Auckland.

2.2.32 Staining proteins in SDS-PAGE gels with Coomassie blue

SDS-PAGE gels incubated in a solution containing 0.25Vo Coomassie blue R-

250 | l\Vo (v/v) acetic acidl 507o (v/v) ethanol for 6h at RT. This solution was poured

off, the gel briefly washed with distilled H2O, and then destained in a large volume of

7.5Vo (vlv) acetic acidl SVo (v/v) ethanol at RT overnight (Harlow and Lane, 1988).

2.2.33 Staining proteins on nitrocellulose with India ink

Nitrocellulose membranes were washed twice for 5min in a solution of.0.4Vo

Tween 20 in PBS. Proteins were stained with colloidal carbon by placing the



r02

membrane in 0.4Vo Tween 20 in PBS containing O.l%o Pelican font India ink for

15min. The membrane was washed in PBS, and stored in a sealed plastic bag at 4oC.

2.2.34 Mouse immunisation and polyclonal antisera preparation

Nitrocellulose membrane containing proteins for immunisation were excised

and cut into very small pieces. The pieces were suspended in 800p1PBS and sonicared

on ice at 8A for 3min. The sonicate (200p1) was emulsified with 300p1 of Freund's

incomplete adjuvant, and 250p1 of the emulsion was administered to an adult Balb/CJ

male mouse by shallow intra-peritoneal injection. This was followed by three

subsequent immunisations at two weekly intervals.

The mouse was anaesthetised with an intramuscular injection of l00pl of

lO0mg/ml ketamine ("Ketala/'; Parke Davis Ltd.). The left ventricle was cannulated

with a 22 gaage needle, and the total blood volume of the mouse (approximately 1.5m1)

drawn off. The blood was allowed to clot for 60 min at RT, and then placed at 4oC

overnight for the clot to contract. The serum was drawn off and centrifuged at 1000g

for 30min at 4oC. NaN3 was added to a final concentration of 0.02Vo, and the serum

stored at -20oC.

2.2.35 Preparation of l.gtl1 lysogens

This protocol was used to prepare p-galactosidase fusion proteins. As

mentioned previously l'gtl l carries a copy of the E. coti lacZ gene, which contains a

single EcoRI cloning site 53bp upstream of the termination codon. In-frame inserts

ligated into this site are expressed as B-galactosidase fusion proteins, when induced by

adding IPTG to the culture media. l,gtll phage possess the Sam100 amber mutation in

a lytic growth gene, allowing propagation and screening in a suppressing host

(Y1090), and accumulation of fusion protein in E. coli lacking the supF amber

suppressor (Y1089). l,gtl l phage also possess a temperature sensitive repressor of
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their early lytic growth genes, designated clrs857, allowing control of fusion protein

production and phage replication.

Recombinant l,gtl l phage were used to prepare a plaque eluate as described

previously. A culture of Y1089 bacteria was grown overnight in LB liquid media

containing 0.27o maltose / 10mM MgSO4. Bacterial concentration was determined on

the basis that 3 x 108 Y1089 bacteria have an ODOOOnm of 0.4. Multiple aliquots of

approximately 100 bacteria per aliquot were prepared.

Each aliquot was incubated for 30min at32oc with approximarely 1000 pfu in

LB liquid media containing 0.2Vo maltose / 10mM MgSO+. The cells were briefly

centrifuged, spread onto LB plates containing ampicillin, and cultured at 32oC

overnight. Each resultant colony was then spotted onto two numbered replica plates,

which were grown at 32oC and 42oC respectively. Since Lgtll contains the

temperature sensitive cI represser, lysogens (bacteria which have incorporated the

l,gtll DNA into their genome) formed colonies at3zoC',but not at42oC.

A l,lysogen was used to seed 50ml LB liquid media, and cultured overnight at

32oC. A 1.5m1 aliquot of the overnight culture was used to seed l50ml of fresh LB

liquid medi4 and grown at3?oC until the OD600nm = 0.35. The culture was incubated

for 20min in a 42oC water bath, and IPTG added to a final concentration of 10mM.

The culture was then transferred to a 36oC shaking water bath, and grown for 30min.

At this stage the bacteria were pelleted by centrifugation at RT for 5min at 10009, and

resuspended in 6ml ice-cold PBS containing; l00mM PMSF, lltglmlleupeptin, and

l.41tglml pepstatin. The bacteria were lysed by freezing in liquid N2 and thawing ar

37oC. They were centrifuged at 4009 for 5min at 4oC, and the supernatant stored at

-70oC. Fusion proteins, which are larger than most bacterial proteins, were resolved on

a7.5Vo SDS-PAGE gel alongside a negative control lysate from a lysogen culture that

had been induced with IPTG for only 5min, and visualised by Coomassie blue staining

as described previously.
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2.2.36 Rabbit immunisation and polyclonal antisera preparation

The procedure was identical to production of antisera in mice except for the

following: (i) At least 100pg of protein antigen was used, (ii) Adjuvant emulsions were

injected subcutaneously at intervals of 3 weeks. (iii) The rabbit was anaesthetised with

inhaled halothane before left venuicular cannulation.

2.2.37 Removal of cross-reactive antibodies from antisera

Cos-l cells (108; were resuspended in 2ml0.lM NaCl, mixed vigorously with

8ml of acetone at -20oC, and incubated on ice for th. The precipirate was pelleted by

centrifugation at 4oC for l0min at 10009, and resuspended by vigorous vortexing in

8ml -20oC acetone. After incubation on ice for l0min, the suspension was again

centrifuged at 4oC for 10min at 10009, and the pellet collected onto a piece of parafilm.

The pellet was allowed to dry to a powder in a chemical fume hood, and stored at

-20oC. The powder was added at a final concentration of l%o (dv) to antiserum, mixed

without foaming, and incubated on ice for l5min. The mixture was centrifuged at 4oC

for l0min at 10009, and the antiserum stored at 4oC.

2.2.38 Purilication of rabbit IgG by affinity chromatography on protein

G Sepharose

A 5ml Protein G-Sepharose CL-4B (Pharmacia LKB Biotechnology) column

was equilibrated with PBS. Rabbit serum was diluted with an equal volume of PBS,

and fed by gravity through the column. The column eluate was passed through a UV

detector and chart recorder @harmacia/LKB), and the column washed with PBS until

the OD280p6 r€turned to baseline. The IgG fraction of the serum was eluted in 0.1M

acetic acid containing 0.9Vo NaCl, and the pH adjusted to 7.5 with lN NaOH. The

recovery was determined using a spectrophotometer, given that the E17o2g6pp1 (the

absorbance of a l0mg/ml solution at 280nm) of rabbit IgG is 13.5.
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2.2.39 Coupling IgG to cyanogen bromide'activated Sepharose

Rabbit IgG (10mg) was dialysed against 500m1 0.1M NaHCO3 OH 7.0) /

0.5M NaCl, and the volume then adjusted to 10ml with 0.1M NaHCO3 (pH 7.0) /

0.5M NaCl. Sepharose CL-48 (10g) was washed thrice with distilled H2O, and mixed

with 30ml 3.3M KZHPO+ (pH 11.9) in a conical flask. Cyanogen bromide (1g)

dissolved in 500p1 acetonitrile was added, and the mixture stirred vigorously for 2min.

The activated Sepharose was washed sequentially in a scintered glass filter under

suction with; (i) 300m1 ice-cold 0.25M Na3PO4 (pH 6.0), (ii) 500m1 ice-cold H2O,

and (iii) 200m10.1M NaHCO: (pH 7.0) / 0.5M NaCl. The Sepharose was scraped into

a 50m1tube, the dialysed IgG added, and the tube gently rotated at 4oC for24h.

The Sepharose beads were pelleted by a brief centrifugation, and the degree of

coupling ascertained by recording the OD280nm of the supernatant. Remaining

acrivated sites were blocked by mixing the Sepharose beads for 2h at 4oC with 0.1M

glycine (pH 8.0). The Sepharose was then washed sequentially on a scintered glass

filter under suction with; (i) 250ml0.lM NaHCO3 (pH 8.5), (ii) 50m10.lM Na.borate

(pH 8.5), (iii) 50ml 0.lM Na.acetate (pH a.l) / lM NaCl, (iv) 50ml 0.lM Na.borate

(pH 8.5), (v) 50ml 0.1M Na.acetate (pH a.1) / lM NaCl, and (vi) 50ml PBS. The

IgG-Sepharose (l0mg IgG coupled to 10mg Sepharose) was resuspended in 10ml

PBS, and stored at 4oC.

2.2.40 Western blotting

A "Vectastain Elite ABC" kit (Vector Laboratories) was used according to the

makers instructions except for the following points: (1) Atl washes and incubations

were performed at 4oC. (2) The membrane was blocked by incubation for 2h in a

solution containing ZVo (wlv) BSA (fraction V, Sigma) | LVo (wlv) dried skim milk

powder (Anchor) I 0.05Vo Tween 2010.027a Na.azide / PBS. (3) Detection was with a

4-chloro-l-napthol (Sigma) horse-radish peroxidase substrate. The substrate was
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prepared by mixing l00pl 3Vo (wlv) 4-chloro-l-napthol (Sigma) solution in absolute

ethanol with 10ml 50mM tris.HCl (pH 7.6), and filtering the solution through

Whatman #l filter paper. HZOZ (30ttl of a 30Vo (v/v) solution) was added to the

substrate, and the membrane incubated in this solution until the desired staining was

obtained. The reaction was stopped by washing the membrane in large volumes of

Hzo.

2.2.41 Fluorescence activated cell counting (flow cytometry)

A Becton Dickinson FACScan dual colour cell sorter was used. At least 5 x ld
cells were required for each different experimental condition, and for each experimental

control. The following controls were used; (a) cells alone, (b) cetls with fluoresceinated

secondary antibody but no primary antibody, (c) cells with fluoresceinated secondary

antibody and a negative control primary antibody of the same isotype as the

experimental primary antibody. If the experimental primary antibody wi$ a polyclonal

sera, fluoresceinated secondary antibody plus normal serum from the species in which

the primary antibody was raised was used as a negative control. All steps were done on

ice or at 4oC.

Cells were harvested, counted, washed twice in PBS, and resuspended at a

concentration of 5 x ld cels / 100p1 in flow cytometry staining solution. Cells (l00pl)

were added to each well of a round bottomed 96 well culture dish which had been pre-

cooled on a bed of ice. Primary antibodies at a final concentration of Spg/ml were

incubated with cells for 20min on ice- The cells were washed and resuspended in l00td

of flow cytometry staining solution. Secondary antibodies (Vector laboratories) labelled

with FITC (fluorescein isothiocyanate, green) or PE (phycoerythrin, red) were added to

a final concentration of Spg/ml, followed by incubation for 20min on ice. Cells were

washed in flow cytometry staining solution, and resuspended in flow cytometry

staining solution containing 2Opg/ml propidium iodine. Propidium iodine stains dead
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cells intensely red and excludes them from the analyses. Cells were then washed twice

in flow cytometry staining solution, resuspended at 5 x 105 cells / 100p1, and either

analysed within 2h, or if propidium iodine was not used cells werc fixed in flow

cytometry staining solution containing 3Vo (wlv) paraformaldehyde and kept at 4oC for

up to a week before analyses.

To stain cytoplasmic as well as membrane antigens, the above protocol was

followed except; before addition of the primary antibody the cells were permeablised by

incubating in ice-cold 70% ethanol for 10min, and propidium iodine was not used to

exclude dead cells from the analysis.

2.2.42 fmmunofluorescence microscopy

Cells were stained as for flow cytometry, then transferred onto a clean slide by

centrifugation in a cytospin machine (Santon). The cells were mounted in equal para

glycerol / PBS, and observed under a fluorescence microscope.

2.2.43 fmmunochemical staining of frozen sections

Tissues were freshly obtained, and snap frozen in a beaker of isopentane

surrounded by liquid N2. Sections (5pm) were cut on a cryostat (Leica), transfened to

poly-L lysine-coated glass slides, and allowed to air dry at RT for 4h. The sections

were than stained using a Vector Laboratories "Vectastain Elite ABC kit" according to

the manufacturer's instnrctions. The slides were mounted in DABCO mounting media,

and observed under a bright field photographic microscope (Nikon optiphot).

2.2.44 cell-surface protein labelling and immunoprecipitation

Radiolabelling was performed in a designated radioactive suite. Viable cells

(tOal were harvested, washed twice in PBS buffer, and resuspended in 250p1 pBS.

The following were added in order with mixing after each addition; 20pl L-glucose
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(1M), lOpt 1251 (tOOpCi/pl; New England Nuclear Corporation), 100p1

lactoperoxidase ({66pg/ml) and 6pl glucose oxidase (100u/pl). The cells were labelled

for l5min at RT.

The labelled cells were centrifuged at 4009 for 5min, washed in 10ml PBS

containing 10mM tyrosine, and finally washed in 10ml PBS. They were resuspended

in lml of lysis buffer, and incubated on ice for 45min. The lysate was centrifuged at

10,0009 for 20min, and the supernatant precleared by mixing at 4oC for 30min - 2h on

a rotating table with 100pt of Cowan I strain S. aureus (lUVo wlv), and then for 30min-

2h with 50pl rabbit IgG-sepharose CL-4B. Specific antibody (approximately l0ttg;

either as 14pl ascites or 50pl serum) together with 20pl Protein G-Sepharose CL-4B

(Sigma) were added to the supernatant. Alternatively some of the antibodies used were

directly conjugated to Sepharose CL-48 (refer to "Coupling IgG to cyanogen bromide

activated Sepharose") prior to immunoprecipitation.Immunoprecipitations werc carried

out at 4oC for 2h on a rotating table, and the beads pelleted by a brief

microcentrifugation. The supernatant was either discarded, or reused for sequential

immunoprecipitation with other antibodies.

The Sepharose beads were washed sequentially at 4oC in each of the following;

(i) 50mM tris.HCl (pH 8.0) / 500mM NaCU l7o Nonidet P-40, (ii) 50mM tris.HCl (pH

8.0) / 150mM NaCU 17o Nonidet P-4010.17o SDS, and (iii) l0mM tris.HCl (pH 8.0) /

0.17o Nonidet P-40. The beads were then resuspended in nonreducing SDS loading

solution, heated for 2min at 98oC, and the supernatant containing the labelled antigen

removed and stored at -70oC.

2.2.45 Two dimensional non-equilibrium pH gradient electrophoresis

(NEPHGE)

Proteins were immunoprecipitated from PBM lysates as described previously,

and eluted from the washed Sepharose beads by boiling for 5min at 98oC in SDS-
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PAGE loading solution without 2-mercaptoethanol. Eluted proteins were focused in the

first dimension on a continuous pH gradient from 3.5 to 10.0 (Ampholine, Pharmacia

LKB Biotechnology) in a 1mm thick cylindrical gel according to O'Farrell et al.,

(L977). The gel was then positioned at the top of a l.5mm thick SDS-7.S%-PAGE slab

gel, and proteins separated in the second dimension under nonreducing or reducing

conditions.

2.2.46 fn-vitro kinase assay

PBM were activated with PHA for 12h, lysed in Nonidet P-40, and

immunoprecipitated as described previously. Kinase buffer (25mM Hepes pH=7.4

containing 5mM MgCl2 and 5mM MnCIZ) was added to the beads, followed by I pCi

32ey-ATP. The kinase reaction was allowed to proceed for 20min at RT. The beads

were boiled for three minutes and eluted proteins electrophoresed on SDS-107o-PA gels

as described previously. y32p associated with serine or threonine residues was

removed by incubating the gels in 0.4N KOH for 2h at RT. Gels were dried and

exposed to Kodak X-AR film at -70 oC.

2.2.47 Protein cleavage with formic acid and cyanogen bromide

This protocol was used to compare the primary structure of two proteins.

Cyanogen bromide cleaves proteins at a subset of methionine residues whereas formic

acid cleaves Aspartate-Proline peptide bonds. Cell-surface proteins from 108 PBM

were labelled with 2mCi 1251, 316 precipitated sequentially three times with specific

IgG-Sepharose CL-4B. The three sets of beads were then pooled, and washed

sequentially at 4oC twice in each of the following washes; (i) 50mU tris.Hcl (pH 8.0)

/ 500mM NaCl / l7o Nonidet P-40, (ii) 50mM tris.HCl (pH 8.0) / 150mM NaCI I l%o

Nonidet P-4010.17o SDS, and (iii) l0mM tris.HCl (pH 8.0) l0.l7o Nonidet P-40.
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The beads were then resuspended in 500p1 1% SDS, healed for 2min at 98oC,

centrifuged briefly, and 50pl supernatant put aside as an un-cleaved control. The

remaining 450F1 was lyophilised to 30pl in a Savant Speed-Vac, and mixed with 70pl

formic acid containing 60mg cyanogen bromide, and incubated at RT for 24h. The

samples were then lyophilised to dryness, resuspended in 200p1H2O, and again

lyophilised to dryness. They were resuspended n l7o SDS, neutralised with lN

NaOH, and resolved by reducing I07o-SDS-PAGE alongside un-cleaved conftols.

2.2.48 F'reezing and thawing cell lines

(a) Freezing;

Cells (2.5 x t07) were suspended in 2.5m1 of the appropriate media (either

complete RPMI-1640 or complete DMEM), and placed on ice for 5min. Ice-cold cell

freezing buffer (2.5m1) was added dropwise, the cell suspension gently mixed, and

transferred to pre-cooled 1.8m1 cryotubes. The tubes were frozen slowly in an air tight

insulated box in a -70oC freeznr. Once at -70oC, the cryotubes were transferred to a

-140oC freezer for long term storage.

(b) Thawing;

A cryotube of cells was thawed rapidly in a 37oC water bath, and the cells

resuspended in 5ml of the appropriate media (either complete RPMI-1640 or complete

DMEM) in a petri dish. The cells were centrifuged for 5min at 2009, and resuspended

at 106 ceils / ml in media.
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Section 3 - Results

Part I - Expression of the human p7 integrin family
3.1 Expression of p7 integrin mRNA transcripts

In order to study the expression of mRNA transcripts encoding the p7 integrin

subuniL Northern analysis with a membrane conuining multiple human tissue RNAS

was carried out. The membrane was hybridised at high stringency with a 2-8kb p7

gDNA (clone l) encompassing the entire B7 coding region CYuan et al', 1990). A major

p7 mRNA transcripr of 3.5kb was detected in unactivated PBM. After prolonged

autoradiographic exposure of the hybridised membrane the 3.5kb RNA transcript was

also detected in spleen, small intestine and thymus, along with a minor RNA transcript

of 4.4kb (Fig. 6).

3.2 Expression of p7 integrins on leucocytes: The HML-I activation

antigen is a B7 integrin

In order to study the expression of B7 integrins, an anti-p7 subunit antiserum

was used for immunoprecipitation analysis. The rabbit polyclonal antiserum designated

GKpS had previously been raised to ar 5-26 of the deduced aa sequence of the human

p7 subunit as described in methods (Krissansen et al., 1992a). GKPS was used to

immunoprecipitate p7 integrins from cell lysates og 1251-5*'lnse-labelled PBM that had

been activated with PHA for 3d. Under nonreducing conditions major components of

l8OkDa (uE) and 116kDa (p7) were resolved by SDS-PAGE, along with a minor band

of approximately 250kDa, and minor bands of 170 and 150kDa designated "*" (Fig.

?). On reduction of disulphide bonds the 180kDa crEsubunit shifted to l50kDa- No

labelled light chain derived from the l8OkDa cE subunit was resolved (data not
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shown). Reduction of disulphide bonds produced negligible change in the mobility of

the 116kDa p7 subunit. In some experiments minor breakdown products of 80 and

95lDa were also observed (data not shown).

As mentioned previously the mouse p7 subunit shares N-terminal aa sequence

identity with the p subunit of the mouse M290 antigen, which in turn bears gross

structural similarity to the human IEL antigen HML-I (Yuan et al., 1991a)- To study

the structural relationship benueen aEBT and the HML'l antigen complex, the HML-1

antigen was immunoprecipitated from l251-sodase-labelled PHA-activated PBM with

the mAb HML-1. The patterns of immunoprecipitated proteins resolved under both

reducing and nonreducing conditions were identical to those obtained with the GKP8

anti-B7 subunit antiserum, including the minor non-reduced bands of 150 and l70kDa

(marked by asterisks in Fig. 7). Normal rabbit serum used as a negative control

precipitates a band of similar size to the transferrin receptor (Schneider et al-, 1984). A

completely different profile of proteins (reduced) of l3OkDa (av) and 95 - 100kDa

G3) was precipitated with the control anti-vn receptor cr subunit mAb 13C2 (Fig. 7).

Immunoprecipitation with the and-44 subunit mAb B-5G10 revealed non-reduced

proteins of l3QkDa (pl), l45kDa (cr4; very faint) and 80kDa (o4 subunit

breakdown product; Fig. 7). No p7 subunit bands were immunoprecipitated with the

B-5G10 mAb, and no a4 subunit bands were detected in the GKPS

immunoprecipitate.

Sequential immunoprecipitation experiments were used to further verify that the

GKp8 antiserum and HML-I mAb recognised the same antigen. Preclearing lysates

of pHA-u"rivated PBM twice with the HML-I mAb removed the labelled proteins

reactive with the GKP8 antiserum (Fig. S). The proteins precipitated with the HML-I

mAb were then transferred to nitrocellulose, and Western blotted with GKP8. The

GKp8 antiserum reacted with a major ll6kDa protein, and with a minor 90 - 100kDa

protein contained within the HML-l immunoprecipitate (Fig. 8). This minor lO0kDa
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Part II - Cloning of a cDNA encoding the human leucocyte

protein designated CG-l

The crE integrin subunit is one of a small family of proteins on the leucocyte

surface which are composed of heavy and light chain fragments that are linked by

disulphide bonds (Cerf Bensussan e[ al., 1987; Parker et al., 1992). Disulphide bond

reduction alters the apparent molecular weight of these proteins, causing them o move

away from the diagonal in two-dimensional NR/R SDS-PAGE. In addition to the crE

integrin subunit, the family of disulphide-linked proteins includes other integrin cr-

subunits such as ct3, cr5, o:6, g.7, cr8, crllb and crV. We exploited the properties of

disulphide-linked proteins in an attempt to identify and isolate novel integrin a-subunits

from the surface of activated PBM. In particular we hoped to identify and isolate the uE

subunit.

3.3 NWR SDS-PAGE reveals a disulphide-linked leucocyte protein

The glycosylated fraction of proteins derived by Con A-Sepharose

chromarography of cell lysates of PHA-activated PBM was resolved by NRIR-SDS-

pAGE. Staining of proteins with silver revealed a close doublet of two major proteins

(arrowed)of90-95kDa,a45kDa protein (anowed) and several other proteins that

leave the diagonal, and appear to be derived from a protein of at least 150-200 kDa in

size (Fig. 9). No protein of similar size to cE (150kDa reduced) was seen to migrate

away from the diagonal.

The 90-95kDa and 45kDa fragments were purified in an attempt to obtain N-

terminal aa sequence. The glycosylated fraction from 4 x 108 activated PBM was

resolved by nonreducing SDS-PAGE, and proteins in the region of l8OkDa visualised
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using the Na. acetate procedure and excised. Fotlowing elecFoelution from the gel

these proteins were resolved by reducing SDS-PAGE, and transferred onto

nitrocellulose membrane. Coomassie blue staining allowed regions of nitrocellulose

containing the 90-95kDa (25pg) and 45kDa (5pg) fragments to be visualised and

excised. Attempts to obtain N-terminal aa sequence from the 9G95kDa proteins failed,

possibly due to the N-termini being naturally blocked, or becoming oxidised during the

purification procedure.

3.4 Isolation of cDNA clones encoding the CG-l protein

As an alternative procedure the 9G95kDa and 45kDa proteins immobilised on

nitrocellulose and stained with India ink were used to immunise mice, in order to raise

antisera for characterisation. While 2 mice immunised with the 9G95tDa proteins died,

a mouse immunised with the 45kDa protein produced a polyclonal antisenrm. The anti-

45kDa-antisemm Western blotted a major activated PBM protein of approximately

l8gkDa (non-reduced; Fig. 10A), and minor proteins of approximalely 150kDa and

160 kDa (non-reduced). When proteins from the same activated PBM lysate were

resolved under reducing conditions, the anti-45kDa-antiserum Western bloned a single

45kDa protein species. Unfortunately the membrane Western-blotted by the anti-

45kDa-antiserum faded before it was photographed, and the anti-45lcDa-antiserum was

exhausted during subsequent experiments. For this reason the Western blot showing

the 45kDa (reduced) protein is not presented here, and the Western blot showing the

180kDa (non-reduced) protein is very faint (Fig. 10A). A high contrast computer-

enhanced view of Fig 10A is shown in Fig 108.

A l,gtl1 cDNA expression library constructed from 3d PHA-activated human

pBM was screened using the anti-45 kDa-protein-specific antiserum yielding 18

positive clones from 200,000 recombinants (Fig. l1). All 18 clones yielded a 1.8 kb

cDNA inserr after digestion with EcoRI. The cDNA was subcloned into pUC18 to
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lysates were prepared from pBM (2 x t07) wbich had been activated for 3d with PHA. Proteins wse

separated by electrophoresis on an SDS-7.57o-PA gel under nonreducing conditions, transferred !o

nitrocellulose membrane, and western bloaed with the mouse anti45liDa-polypeptide antisen:m (1:50

titer). The molecular weights of marker proteins are shown in tbe right hand margin in tDa. (B) The

Western blot shown in (A) was digitally scanned, and the contrast enhanced using tbe NIH Image

compurer progfilm. The molecular weigbts of marker proteins are shown in the right hand margin in

kDa.
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cDNA exorcssion library. Recombinant proteins expressed by l'gtll phage were detected with the

mouse anti-451Da-polypeptide antiserum using avidin-biotin-horseradish-peroxidase. The two

.,positive" clones illustrated in the photo can be distinguished from the backgfotmd of "negative'

clones by their iharP edges.
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produce plasmid pCG-I. DNA sequencing revealed that the pCG-l insert shared no

more than 20Vo identity with proteins in the GenBank and EMBL databases, indicating

that it was not a 
..classical integrin". The full-length cDNA of which the pCG-l insert is

a fragment was designatad CG'I -

Clone pCG-l was used to screen a further 800,000 recombinants of a ?ugt10

cDNA library constnxcted from human PBM grown for 6 days with IL2 and OKT3 and

then stimulated with Con A and PMA. Of 8 positive clones obtained, the largest clone

pCG-zcontained an insert of approximately 4kb (Ftg' 12)'

3.5 Nucleotide sequence of CG-l cDNA

Resuiction endonuclease mapping of the pcG-2 cDNA (Fig. 13) revealed

regions encompassing lkb that lacked recognition sites for a panel of 6bp cutters (Fig-

14). This suggested that it would be difficult to obtain the complete nt sequence of the

pCG-2 insert by sequencing termini of overlapping restriction fragments. Instead the

l2

Fig. 12. Analysis of the insert size of clone nCG-2. Clone pCG-2 was digested with EcoRI and

resricdon ftagments were separated on a l7o (w/v) agarose gel (lane 2). DNA size markers (wild-type l'

phage digested with Hindlfi) are given in lane 1. Tbe cDNA insert of approxinrately 4kb in size can be

seen, along with the two l,gt10 arms
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Fig. 1?. Restriction manning of the pCG-2 cl'tNA insert. (A) The pCG-2 plasmid (6.8kb) was

digested with 7 different restriction endonucleases lnown to cut once within the polylinlar of pUCl8.

(B) The pCG-2 insert (4kb) was excised from pUClS and then digested with 13 different restriction

endonucleases. Digestion products were resolved by elecrophoresis on a l7o (w/v) agarose gel. Size

markers (wild-type X, phage digested with HindIil. and lkb ladder) are sbown.
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pCG-2 insert was partially digested with the 4bp cutters AlnI and Sau3AI, and the

resulting ladders of fragments "shotgun" cloned into M13BM20 to create two mini-

libraries (Fig. 15). DNA sequencing of the M13 inserts produced overlapping

sequences covering approximately 607o of both strands of the cDNA insert of pCG-2.

The remaining sequence of both strands of the pCG-2 insert was obtained by cloning

the pCG-2 insert into M13 vectors, and using the sequence-specific synthetic

oligonucleotide primers CPSI - CPS15 to sequence remaining gaps-

While the 5' end of the pCG-2 cDNA insert encoded a sequence with several

potential initiation ATG codons, none was followed by a hydrophobic sequence

characteristic of a signal peptide sequence. A signal peptide sequence was expected,

since the pCG-l expressed protein was detected with an antibody raised to a

glycoprotein, and most glycoproteins exist as cell-surface or secreted proteins. The

insert of pCG-2 contained a single long open reading frame from nt position 1.

Therefore it was evident that 5' sequence was missing, and an approach ro obtain the 5'

end of CG-1 by using primer extension followed by anchor-PCR was chosen. An

antisense primer (CP52) homologous to the S'-end of the pCG-2 insert was used to

prime reverse transcription from RNA extracted from 3d PHA-activated PBM. Several

gDNA products between 200bp and lkb were produced (data not shown). A fraction

(1/100) of the primer extension product was used as a template for anchor-PCR using

the primers AN-polyC and CP52. A fraction (l/100) of the anchor-PCR product was

used as a template for PCR with the nested primers AN and CP5l. A fraction (1/50) of

this PCR product was used as a template for PCR with the primers AN and CP53, but

no specific product was obtained, indicating that the primer extension products were

not authentic CG-l cDNAs (data not shown).

An alternative strategy was taken to attempt to amplify the 5'-end of CG-I

cDNAs contained in a l,gt10 library prepared from SEA-activated T-cells (Yuan et al.,

1990). The CP52 primer was used with primers designed to anneal to regions of Lgtl0
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sequencing is indicated by horizontal anows. In the uppa part of the figure the open reading freme is

designated by an open box and untranslated regions are designated by solid horizontal lines. The

posirions of rhe primers cPlCOSl, CP52, CPICOS3 and cPlcos2 used for RT-PCR are given'

along with the extent of clones pCG-l and pCG-2.
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Fig. 15. Digestion of the nCG-2 insert with AIII and Sar3A[. Tbe pCG-2 insert (lttg) was digested

with the restriction endonucleases AJuI and .9ar3AI. Digestion products were resolved by

electrophoresis on a l%o (wtv) agarose gel, excised, and cloned into pUClS to form two mini-librries.

flanking the cDNA insertion site (gt10f and gtl0r) to amplify CG-l sequences. A

product of approximately 500bp was obtained, but it could not be re-amplified using

the nested primers CP53 or CP5l, indicating that this product was not an authentic CG-

/ cDNA (data not shown).

Because of the difficulty in obtaining CG-I 5' sequences from cDNA, it was

decided that such sequences should be obtained by isolation of the CG-I gene- Two

genomic DNA libraries in the cosmid vectors PCV001 and PCV007 were screened at

high stringency using the pCG-2 cDNA insert as a hybridisation probe. Four

hybridising clones were obtained, and digested with the EcoRI, HindlIl, BamHl and

PsrI. Southern hybridisation with the pCG-2 insert revealed several restriction

fragments containing CG-I sequences (Fig. 16). However none of these fragments
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hybridised with a Kpnlfragment containing the 5' 241bp of the pCG-2 insert (data not

shown). This indicated that the four genomic clones did not extend to the 5' end of the

CG-I gene.

Shortly after the pCG-2 clone was isolated, a search of the updated GenBank

and EMBL databases revealed two recently submitted sequences that were related to

pCG-2, extending the pCG-2 sequence 5'by 453 and 329bp respectively. The frst

(accession number D13629, Nomura et d.) is identical to the pCG-2 cDNA sequence

except for 2 single nt deletions. The second (accession number 2;22551, Knrppa et al.)

was different from the pCG-2 insert in that it contained a deletion of 3nt" 3 single nt

substitutions, and 2 insertion sequences of 87 and 84nt, respectively (Fig 17). Such

differences would be expected to give rise to a single aa deletion, 2 single aa

substitutions, and the insertion of 2 sequences of 29 and 28 aa, respectively. Expected

differences between proteins derived from these two database sequences and the

deduced CG-1 protein sequence are shown schematically in Fig. 18. Searches of the

Current Contents, Medline, and Biosis literature databases failed to find any record of

publication of these sequences.

The reverse transcriptase-PCR technique was used to establish continuity

between the pCG-2 cDNA sequence and the additional 5'sequence contained in the

DL3629 database sequence. First-strand cDNA was produced from total RNA (5pg)

extracted from 3d PHA-activated PBM using the antisense primer CPICOS2 (Fig. 1a).

Subsequent amplification of an aliquot of the first-strand cDNA (1/100) with the

CPlcosl (Fig. la) primer and the nested CP52 primer produced a 5l4bp product (Fig.

l9). Sequence analysis of the RT-PCR product revealed adjoining DI3629 and pCG2

sequences, thereby establishing continuity (Fig. 1a).

The RT-PCR product did not contain an appropriate restriction endonuclease

site to allow ligation with the pCG-2 insert in order to construct a full-length CG-l

cDNA. Therefore a new antisense primer CPICOS3 positioned 3' to CP52 was



t28

6d
9-{EhF

€d!rd
i9

-F cc-l
3

?t

D13629

Fig. t7. Atignment of the full length CG-l nt sequence with the 2225-tl(l) and 1111610(2) nt

sequenoes. Nt substitutions zue represented by dashed lines between the sequences. Insertion sequences

are represented by solid borizontal lines, with converging lines indicating the site of insertion.

g;
60

DL3629

E E3
doo

66F
€hF
I

€

is V
t

E10
6h
Qd

oo\96AN6
60NOq

68

g

I

Identical over the entire sequence

I

: cc-t
15

Fie. 18. Alignment of the deduced CG-l aa sequence with the 222551(1) and nl162a(2)

deduced aa seouences. Arnino acid substitutions are represented by dashed lines between the sequences.
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2030bp

5,sequence contained in rhe Dl362q sequence. Fint strand CDNA was sptbesised from activated PBM

RNA by priming with the oligonucleotide primer cPlcos2. The DNA was used as a template for PCR

with primers cPlcosl and cP52, producing a 5l4bp product oane 1). DNA size markers are shown in

lane 2.
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2030 bp-

560 bP-

i consrruct. First-srand cDNA encompassing the 5' 841nt of the cG'l cDNA was produced using the

oligonucleotide CplCos2 ro reverse transcribe RNA extracted from 3d PHA-activatcd PBM. An aliquot

(l/l0o) was used as a template for PCR amplification with the primers CPlCosl and CPlCos3, and

the products resolved on a lvo (w/v) agarose gel. The single 780nt product is shown in lane 2' DNA

size standards (wild-rype I phage cut with Hiltdlll) are shown in lane 1.

designed, and used with the sense primer CPICOSl to PCR amptify the 5' 780bp of

the CG-I cDNA from CPCOS2-primed first-strand cDNA derived from the mRNA of

activated PBM (Fig. 20). The larger PCR product incorporated a unique KpnI site. It

was cloned inro pBS, excised with KpnI, and ligated into Kpnl-digested pcG-2 which

rerains the 3' 3827bp fragment of cG-|. This yielded pcG-3, a full length cc-l

cDNA in pUCl8 (Fig. 2l). The compl ere CG-I cDNA sequence is shown nFig' 22'

t2

l
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Fig. el. Assemhty of a tull length CG-l cIrNA construct in pIIC18. (i) Clone pCG-2 was digested

wirh KpnI, and the DNA fragment containing the 3' 3827bp of the CG-l cDNA in the pUCl8 vector

was purified by agarose gel electrophoresis. (ii) The RT-FCR product containing the 5' 780bp of CG'I

cDNA was end filled using the Klenow fragment, cloned into pBS which had been digested with

EcoRV, and tben excised from pBS with KpnI. The excised cDNA contained the 5'599bp of the CGl

cDNA and was purified by agarose gel electrophoresis. (iii) The pCG-3 plasmid (full-lengtb CG-l

CDNA in pUCf8) wrs constructed by ligating the 5' 599bp CG-l-fragment ino pUCfS containing tbe

3' 3827b,p CG-l-fragurent. Tbe KpnI ligation site and 5'and 3'ends of tbe pCG-3 insert were sequenced

to ensuF an authentic full-length cDNA badbeen produced.
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Fig. 22. The nt and deduced na sequences of CG-I. The complete cDNA sequence for CG'I bas been

submitted to GenBank, accession number L256l6.The 5'nt sequence which did not lie wit[in pCG'?

(which was obrained by RT-PCR) is underlined. Seven potential sites for Asparagine-linked

glycosylation are rEpresented by dots. Two hydrophobic aa regions repesenting putative sigDal pepti&

or transmembrane domains are underlined and dasignated IIP. Doubledasbed lines refer to aIZ motif.

The putative nuclear localisarion sequence is denoted by bold type. symbols are used to nark tbe

putative Tyrosine pbosphorylation sites (t) ild insertion sites in the cG'| database

homologue 72?.55L ( ).

USFYESAYFIVLIPSIV 17
1

18 I TV I F Ir F F t', L F !t K B f r' V O E v LAKQII r qf, ! 47

P-

48 rD!f,TDxxTAEKTTHTxKEIQNGNLHES DS 77

2?1 'IGAGAG'ISf,ACCITEGAGACTFNAAA'YTATAGAIGCTFIEGCAGTAGAAGAIIGAIEAA@ 
360

?8 E S v p R pFx L s D A L a v e D D Q V A P V P L N v v E T 107

361 TICAAGIAGIETTA@CISrcC {50

108 s s s v R E'i-i i K E K x o-f P v L E E Q v I K E s D A s K 13?

451 cAr:rccrccclA.LAAncrlcAAccrE|lcccAcTEAc'[AAAcAcccc},ccccrccctgtcllccaccaccclcc,ArcAlcAr.LccAccccA 
5'10

138 r p c K K v's--F--v--p v t n o-i--i P P s E A A A s N K K P G Q 167

541 cr\rcAA CIL-ICA.T$TACCATCAIAAIGGCAIGAAGCATTGCCCcICCA 530

i;; ??-3-K-N'-c-;--;--t o D K K v-e-i L u v P s r( R Q E A t P L H Lez

531 CCAACAGAqNJAACA}GAAAGIGGATCAGGC'AAGAAGAAAGCTICA AACCTCT 72O

19s Q E r K Q E-s---G-a c x x x l--s-i-x a o K T E N v F v D E P L 227

72T TATICAIECAACTACTTAAATIECTEIGAIEGAIAATGCIEACIIIAGICCTGTGGTAGAIEAAGACNGASTThTICATTIGCTTAAACC 
8TO

2zg r H A t t v-i-p L M D N A o s s P v v D K a E v r D L L R P 257

61 1 TGACCAAGTNGAAGGG},TCCAGAAATCXGGGACTAAAAAACIGAAC'ACC€A}ACIE'ACAI}GAAAT'IGSIGA'IG'IG'A'EGTPTAAAGATTT 
9OO

z5g D ev EG r Q K s c TK t( L it e r DKENAEvx'FK D F 28?

901 TCTICTG.ITCrICT,AGACTAIGAIETTTIITGATGAIGAGGCTf,TTTGTGTIETACA@IhCAAGA 990

zB8 L L s L K T-ii-r.r r s E D E A L c v v D L L x E K s G v r Q D 3r7

991 TECTFAAAC.AAdTTAAGTLAGGGAGEXEIC.ACTACGCTI}TACAICAGCTTCAIGA'AAAGGACAA6TTACIT:GCIGSIEIGAAGGAAGA 
1O8O

318 A L K K S s-n--c f I r r r' r--i---o t Q E K D K L L A A v K E D 3t7

1081 II'CIGCIGCBCAAAGGATCGSIGTMGCA6TTAACCCAGGAJ\ATG]\TGI\CACAGAAAGAAIC4}GCAA"fG'TgNA4UCAAGCATW 
11?O

3{8 A A A T K D--i-i r Q L T a E }i u-t a K E R s N v v r r R M R 377

11?T IGATCGAATIEGAACATT?GAAAAGAACATMIGTATTIEAAAAAUUN\TACAXCTCACTTAICAAGAGAETCAACAGAIEqGAT€AA 
1260

37s D R r c r L-s-x E H N v r q'-N--K i u v s Y Q E T Q Q t't Q l't K 107

1261 STTIEAGCAAGTICGTGA@AGATGGAGGCACAGATAGCTCACTICAAGCA@AMATGGTAIACIGAGIGAIGCAG'ITACCAACACTAC 
1350

Aog F a e v R E Q M E A E r A H-i--x o E N G r L R D A v s N T T 437
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13 S 1 Aj\AICN\CICGAIAGCAAGCA6ISIISCIGAACTAAATAAICTICCCCAGGATIAffi EGAIAACAGG

438 N Q LE S KQ SA E L NK L RQ DY A R LVN ELTEK TG

1tlill IAI|CC,TACACCA.AGA6A.AC'rcCAJU{AGAAGAAIGCIGAC{AAG(.@4AGETSAG^GA}d:TE
i168 K T, Q Q E E V Q K K N A EQAA TQ L KV Q L Q E A E R R W

1531 GGA.AGAI TTCAGAGCIACATCAWC}CAGCqIGATTTACAGAG{AAATTISIECCTAIIGAIIA
498 EE VQ S Y I R K R TA EHEAAQQ DLQS KFVAKEN

1521 @TNCAGATACWIGCICITTIAICCNETCIGA
528 E v Q s L H s K L I D T L v s K Q Q L E Q R L l'l Q L ll E s E

1?11 GCAGAAIACGGIGAACAATGAIGACITTICTACA}A
558 Q R R V N N E E S LQ }IQVQ D I L EQ N EAL KAQ I QQ

1 8 0 1 qr[ccArlcccAGATAGcAGCClCAGrCercCCefIelG
588 FH S Q I AAQ T S AS V LAEELH KV I AEK D KQ I X

1891 ACAGACTGA.AGATTTTTAGCAAGIGAACGTGAITdIEDAACAA6iIAA.ECM'IAGOA.ECM
518 Q TE D S L A S E R D R LTS K EEE L K D I Q N I'I NF L L

I98 1 AAA.ACCIGATGTGCAGAAATNAC.AGCCCTGGCAAAIGAGCAGGEIGC-TGCIGC}N\TGAAW
5{S K A E V Q K L Q A L A N EQA A AA H E L E K I'IQA S VY V

2O'I1 tAA.AGAIIGA1n"AAATAAGO.fiEC EAAAIG,ACCIAAA
678 K D DK I R L L E EQ LQHE I S NKI{E E F K I LN DQ N

2L6L CAIIGCI,1'IA,NAATCIGAAG'IAEIGAAGC{ACAGAqItITIBTII(rc,IICAGCCTAATEACA@
?08 KA I, K S E VQ K L Q T LV S EQ P N K D V V EQIIEKC I

2251 IE\IGMIECAIGAATInCIIqAIAC C

?38 Q EK D E X LK TV EE LLE TG L I QV ATN E EE LNA

274I A'I\TAAGAACTGAAIAIICATCIETGACAAAAGAAGTIEAIGACTTAAANGeNACCA.IAI,!3.AICAGGTTISIITIGCCTEISINSIIG]A
758 r R T" 

| " 
s L TK EvQ DL KAKQN DQV s FA S LVE

21131 }GAACTIAAC,AAIGTGATCCAIIGAGAA.EG}.IGGAAAGAIICAISICIETICAICAGqFISIEC,ACGCICAACTIcIEAAAGTIGCINAIICIA
798 E L K KV I H E K DGK I KS V EE LLEAE L L KVAN K

252L GGAGAA}ACTETIEACCATNCAAACAGGAAATAAAGGCICWTIGAAATGGErcAAC}dFBTC
828 E K TVQ D LKQ E I KA LKE E I CNVQ L E KAQQ LS

14{0
467

1530
197

L620
527

1710
557

1800
58?

1890
5I7

1980
647

2070
677

zL60
701

2250
737

2340
767

2 {30
797

2s20
827

2 6t.0
8S?

2611 TATCACTICCAAAGTrcAGGAGCTICAC.AACETATTAAAIGGAIAIEAGGA,AC}GAIGIA{qCC}IGAA6EIqTTTIGGAAGIGIIAGA 27OO

858 I TS KVQ E LQ N L I,KGKEEQ}IN TU KAV LEEKE 88?

2701 GAA.hG,ACC-XAGCCAATAC}GGGAAG"IGGTf,ACTGGAIEWCACAIGEICIGGBAG'Ih6CACAACA 2790
888 K D LANTG Kw LQ D t QEENEs LKAHvQEvAQH 917

2'7gL NJACTIEAA.AGAGGCCTTIEICCATCACA ICMSIGA.AGAGETIACAAGC 2880
918 N LKEAS S A SQ F EELE I VLKEXENE I,KR LEA 917

2881 CAIGCTAAAAGAGAGGAGAGIGArcTTICIIAGCAA.AACACAGCTqTTACAGAIGTACAICATCAAMC}AATI TTTAAGTETCMAT
948 M L KE R E S D L S S KTQL LQ DVQ D E N K LFK S Q I

297L TGAGCAGCTDMACAACAAAASIACCAACAGGCATCTTTTTICCCCCICAIGAIGMSIIAETAAA,AGTMTIITAGAAAGAGIGAAAGA 3O5O

978 EQ LKQQN YQQA S SFP PHEELLKV I SER EXE 1OO7

3061 AATAAGTGGTC ACIACACGA"NGA.AIIAqA TG]AAAGCCICCAACIGGIGGA 3150
1OO8 I SG LWNEI D S LKDAVEHQ RKKNNERQQQVE 1037

A

3151 AGCIGTIEAGIAI3GAGCTAAAGAAGTIETEAAAAAATTATIICCAAAGETqICTGTCCCTICTNATTTGACTNAIGGIEIAAIEG:TIGCA 3240
1038 AV E L EAN EV I, X K LFP KVS V P S N t S Y G EI{ L H 1067

324I IEGAITrIE]AAAAAA.AGGCAAAAGAT,IGBIEGCIGGAACtITICC6ICAGACGAGTINACGWCIEA 3330
1068 G FEK KA K EC MAGTSGS EEVKVL EH KLKEAD IO9?

3331 IGAA}.1\GCACACATT TTACAGCTIGA6ICTGAAAAAIACAAATCCGiITCTIIA\C{qACJNNIGCAA1'TITICANUM:CIACAG,AGEAG 3iT2O

1098 E t.I H T L LQ L EC E K Y KSV LA ETEG I LQK LQ R S 112?

2970
917
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342L @TIAAGGTCGAIEAATCACACIAGAC'N@ 3510
1128 V EQE EN KWKV KV D ES H KTI KQIIQS S FTS S E 1157

3511 ACAAGAGCTIGAGCGATTAAGMGCGAAAATMGAIh BGAAAAEGC 3600
1158 QELER LR SENKD I ENLRREREHLEltE LEKA 1187

3601 ACAGATG,A.ACGI.TCIACEDAIYTEACAGAAGTCAGTGACPTGAAGGCF CAA,AA 3690
1188 EMER S TYVTEV R ELKAQLNETLTK LR TEQN L?T?

tA

3691 IITJAAAGICAGAASTNCCIGGiIG.ITTIGCATAAGG C 3780
1218 E RQKvAG DLH KAQQ s LELI QsKI vxAAGDT 121?

3781 TASICTRTTEAAAAThEIEAI TTTqCCCTGAAACGGAG'ITTII CE 38?O
1248 Tv r E N S D v S P E TE S S E K ETtr S v S L NQ !V T Q L21?

.------+tP-

3871 G'IPACAGCiSI'IGC{:IcAGGCGGIAAACIAACAGCTCA.AAAGCAC-q.Anr:ICC,\CIXCC}r€M 3950
L}TSLQQLLQAVNQQLTKEKEHYQVLEl3OO

3961 TCATTIGAGGATAAAAAAGGCAITI TAqTATATTTIGCCAAATNAAACCITNTTTAIEFITICACC TTrcAACTTIBIEIGTIAChCT 4O5O

{o5r cAAcAGtcftrIgrcTrrIeTAATc efrclcAqrrr 4140

ILAI ACTTTTATAATAAAAAC$ITTICAATAATTAGACCEITACATIECWIEAITAAAAT 4230

423L TSNEAGAAGATCAAIGT€ TAAAGACA.ATqTA.AMTFTAACATITDMIACTCAITW 43?O

I32I AACTGCCISIGACTTCIACIIA}GAT"MCACTTFTTI\}IIGC'Ih,A1\'TAAITGTITTIIYXAATiGCGf,CIGCAAATATAAGGAIGCTXI IT41O

4411 TTAEICAAAAAAAA,M 4126

3.6 Analysis of the CG-l nt and deduced aa sequence

Notable features of the deduced CG-1 aa sequence are represented schematically

in Fig. 23.\n the complete CG-I cDNA sequence there is a continuous long open

reading frame from nt position 41, favouring the ATG at position 4l-43 acting as the

initiation site for translation. The initiation codon is flanked by the consensus sequence

Purine-N-N-A-U-G-Purine (where "N" represents any nucleotide) for functional

initiation codons in eukaryotic mRNA's (Kozak, 1983). It is followed by a

predominantly hydrophobic segment of 28 residues. There is a second region which

contains a high proportion of hydrophobic residues spanning aa positions 1267-1289

(Figs. 22 and 23). The reading frame ends with a termination codon TGA at position

394L-3943. There is a further 457 bp of 3' non-coding sequence ending with an



135

A,ATA,/AJ{ polyadenylation signal sequence, followed 17 bases further by a poly(A)

strerch. The mature CG-l protein has a deduced molecularweight of 150 kDa.

The deduced CG-l protein sequence incorporates seven asparagine-X-

serine/threonine consensus sites (where "X" represents any aa except proline; Gavel

and von Heijne, 1990) for asparagine-linked glycosylation at aa residues I72,435,

772, 904, 1059, 1206 and 1272 (Figs. 22 and 23). The deduced aa sequence of CG- I

also contains 2 potential tyrosine phosphorylation motifs arginine/lysine-X-X-glutamic

acid/aspartic acid-X-X-X-tyrosine or arginine/lysine-X-X-X-glutamic acid/aspartic

acid-X-X-tyrosine (where "X" represents any aa) at positions 503 and 1194 (Cooper et

al., 1984), as well as multiple sites for protein kinase-C-mediated, and cAMP/cGMP-

dependent protein kinase-mediated serine and threonine phosphorylation.

Between aa residues 935 and 963 the criteria for a putative "leucine-zippeC'

structure are satisfied (Figs. 22 and 23). This motif consists of 4 or 5leucine residues

spaced exactly 7 residues apart (O'Shea et al., L992) that pack together in a parallel

coiled-coil dimer as revealed by the crystal structure of the transcription factor GCN4

(Ellenberger et al., 1992). lrucine-zipper-containing transcription factors of the bZIP

family have a well conserved highly basic DNA binding region of approximately 25 aa

immediately preceding the leucine zipper motif (Jones, 1990; Ellenberger et al., 1992;

Prenergast andZiff., 1989). The corresponding region of CG-l is not highly basic, and

lacks the consensus sequence of the basic region. Comparison of the deduced CG-l aa

sequence with all the proteins in release 6.0 of the NCBI transcription factor database

revealed no sigfficant similarities.
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Fie. 2?. (hevious nape). Princifal feature.q of the deduced CG-I aa sequence. (A) Tbe relative ftequency

of cbarged (upper ploQ and hydrophobic (lower plot) residues within a l0 aa window is sbown for all

positions of the deduced aa sequen@ of CG-I. Regions encompassingel -29 andaal267 - 1289 are

notable for containing a high proportion of hydrophobic residues. (B) Helical plot of putative LZ

region (Branden and Tooze, 1991). The region encompassing aa928 - 967 is represented as a belical

wheel for an a-helix with 3.5aa p€r turn. Hydrophobic residues are denoted by bold lettedng. Al-Lrike

motif is revealed encompassing aa935 - 963. (C) Schematic representation of possible structural

feanres of the CG-l protein. Notably hydrophobic stretches are designated as solid blocks. Other

strucrunl features include; the region containing heptad repeats (ltghdy hatched box), a putative nuclear

localisation sequence (stippled box), and al-Z-lke motif (grey box). CHO denotes potential auachment

sites for asparagine-linked glycosylation. Numbers rcfer to aa positions.

There are several highly basic regions in the N-terminus of the CG-l protein.

The region encompassing residues 45-65 is comprised of 547o lysine and arginine

residues (Figs. 22 and 23). It incorporates a potential bipartite nuclear localisation

signal (NLS) motif lysine-arginine-XXXXXXXXXX-lysine-lysine-lysine; (where 'X"

represents any aa; Robbins et al., 1991; Silver, 1991).

3.7 CG-l is an cr-helical coiled-coil protein

Analyses by the Chou-Fasman algorithm predicts regions of a-helical structure

throughout the molecule, with highest probability over the C-terminal 1000aa (Jameson

and Wolf, 1988; Chou and Fasman, 1978). The C-terminal 1000aa is interspersed with

short segments containing heptad repeats which denote proteins with an ct-helical

coiled-coil conformation. Analysis of the CG-1 sequence using criteria that describe

coiled-coil proteins (including; presence of heptad repeats, potential for a-helix

formation, potential for inter-chain ionic interactions) in collaboration with Prof.
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Fig. 24. f'tesignation of heptad repeats within the deduced CG-l aa sequence. (A) To-scale schenatic of

the 18 hepud repear segments identified within CG-l. (B) Positions and lengths of heptad repeats

witbin CG-1.
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B
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I 43 JZO - JOU

2 3E ,70 - 401

3 34 4U6 - 41
4 75 46 - sZU

5 73 52t - 593
6 43 )90 - o3u
7 50 639 - 6EE

8 35 669 -'t'/'J
9 59 t.zt - t6J
l0 62 /9U - U5l
II 62 u)o-9I/
T2 55 921 -96r
l3 30 99J - LU'24

I4 t9 IUJJ - IU)I
I5 46 IUU6 - IISI
l6 35 I l3Z - I160
t7 79 L0| - LZ4J
l8 30 1271- r3UJ
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David Parry, Massey University' suggests that 89Vo of the 975 aa C-terminal region

falls within 18 identifiable coiled-coil segments (Fig. 24). Two areas between the

heptad repeats 14-15 and 17-18 clearly do not fulfil heptad repeat requirements (Fig'

24), especially hydrophobic residues at positions a and d'

The'COILS2" computer algorithm was used to compare windows af 14'21

and 2g residues from the deduced CC-l aa sequence with a database of known coiled-

coil proteins (Lupas et al., 1991). Based on the degree of sequence similarity with

known coiled-coil proteins, COILS2 calculates the probability that a window of aa

sequence will form a coiled-coil structure. The COILS2 data confirmed that the C-

terminal l000aa of CG-l had a high probability of forming a coiled-coil srucnrre (Fig.

25). However in accord with the identification of heptad repeat motifs using an array of

criteria (Fig. 24), there are 11vo regions encompassing aa 1050-1080, and aa 1245'1275

which have a low probability of forming a coiled-coil structure.

Analysis of the CG-1 sequence in collaboration with Professor David Parry

Massey University, suggests that CG-1 may be a two-stranded coiled-coil protein' The

putarive coiled-coil region of CG-l has a ratio of charged to apolar aa of 1'03, typical

of two-stranded coiled-coils (average 1.0). In contrast three- and four-stranded

structures have average charged to apolar ratios of approximately 0'8 and 0'5

respectively (parry and Cohen, 1991). The relative disposition of isoleucine/valine at

heptad positions a and d ue MVo and l57o respectively, values characteristic of two-

stranded coiled-coils.

A fast Fourier transform indicates there is a common periodicity in the linear

distribution of acidic and basic residues of 9.33aa. If CG-1 is assumed to form an in-

register coiled-coil dimer, the number of stabilising inter-chain ionic interactions per

heptad pair is 0.66, a high value (Conway and Parry, 1990) suggesting that CG-1 is

rod shaped rather than globular (Virata et al., 1992 Green et d-, 1992).
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3.8 Relationship of cG-l with other coiled'coil proteins'

The C-terminal l000aa of the deduced CG-l sequence shares approximately

!57o aaidentiry with a variety of coiled-coil proteins. Searches of the GenBank'

EMBL, Swissprot and PIR databases using the FastA search program of the GCG

package (Pearson and Lipman 1988) revealed approximately 15% identity benryeen the

C-terminal 1000aa of CG-l and the coiled-coil tails of myosin tr heavy chains

(accession number P12882). The same region is similar to the coiled-coil domains of an

anay of other proteins. Identities between coiled-coil proteins and the deduced CG-l aa

sequence involve predominantly hydrophobic and charged aa (Fig' 26)' The N-terminal

300 aa of cG-l is only very weakly similar to coiled-coil proteins and is not

significantly similar to any other proteins in the various databases'

heavy chain. The deduced cG-l and myosin II (accession number = P12882) aa sequences are aligned so

as to mu(imise similarity using rhe GCG "Bestfit" search algorithm (Pearson and Lipman' 1988)'

Identical aa are indicated by vertical lines'
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3.9 Chromosomal assignment and localisation of the human CG-I gene

In order to determine whether CG-I is a single gene, or a family of related

genes, human genomic DNA was prepared, digested with a panel of resuiction

endonucleases, and the fragments resolved by agarose gel electrophoresis. The DNA

fragments were transferred onto nylon membrane, and probed at high sringency with a

979bp HindIfr, restriction fragment containing nt 669 - t643 of the human CG-I

cDNA. T\e CG-l cDNA probe detected a distinctive ladder of four PstI genomic DNA

fragments of approximately 5000bp, 4300bp, 3000bp and 2300bp in size (Ftg. 27).

When the membrane was stripped and re-hybridised to the same 979bp CG-l probe at

low stringency, no new hybridising fragments were revealed (data not shown),

implying that there are no other human genes closely related to CG-|.

Mouse and hamster genomic DNA digested with PstI was resolved by agarose

gel electrophoresis, transferred onto nylon membrane, and hybridised with the 979bp

CG-1 cDN A Hindfr, restriction fragment described previously. The CG-I cDNA probe

detected mouse PstI fragments of 3600bp and l000bp and hamster PsfI fragments of

5500bp, 4000bp and 1700bp, suggesting that the pattern of human genomic PsrI

fragments which hybridise to the 979bp CG-l cDNA probe is diagnostic (Fig. 28).

In order to localise the CG-I gene in the human genome, genomic DNA isolated

from a panel of 24 human/rodent hybrids (Table. 6) was digested with the restriction

endonuclease PstI, resolved by agarose gel electrophoresis, and transferred onto nylon

membranes. Hybridisation of these membranes at high stringency with the 979bp

HindITI restriction fragment of the human CG-I cDNA revealed that the distinctive

pattern of. CG-I gene fragments segregated with the human-mouse hybrid containing

chromosome 14 (Fig 29). Restriction enzyme digestion of the hybrid GM10479

appeared to be incomplete, as fragments of larger size than those detected in Fig. 27

were detected with the CG-l cDNA probe (Fig.29). Therefore the hybrid
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GM10479 were redigested to completion, and electrophoresed alongside digested

human and rodent DNA (Frg. 28). This confirmed ttre assignment of *re CG-l gene to

the hybrid GMlM79, which contains human chromosome 14 and afragment of human

chromosome 16. Chromosomal localisation by fluorescence in situ hybridisation

(FISH) using the full-length pCG-2 insert was undertaken by Dr. Christine Morris,

Canterbury University. The CG-I gene was localised to the long arm of human

chromosome 14 at position q22 @g. 30).

Fig. ^8. Hyhridisation of a human CG- t prohe to TrN^ from hrrmaq. mouse- hamstet and a humen-

rodent hybrid cell line. Genomic DNA (20pg) prepared from human, mouse and hamsler leucocytes,
and from a menber of a panel of 24 human-rodent hybrid cell lines designated GM10479 was kindly
donated by Dr Nigel Spun (ICRF, London). DNA was digested with PstI, resolved by elecrophoresis
on a 0.8% agarose gel, and transferred to nylon membrane. A 979bp Hindln restriction fragment

encompassing nt 669 - l&3 of the CG-l cDNA was labelled *i6 32p-6g1p by random priming, and
bybridised to the DNA on the membrane. The membrane was then washed at higb suingency (0.1 x
SSC, 55oC) and autoradiographed. Sizes, in bp, of hybridising resriction fragments are indicated in the
right margin.
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Tahte 6 Chromosome content of the 24 hnman-rndent hyhridq. Fifteen hybrids contain a single

complete human cbromosome. Tbe human chromosomal content of the other hybrids is as follows

Hybrid GMll2ggcontains complete chromosomes I and x.; MCP,BRA contains cbrmroSomes 6p21'

6qter and Xqter-Xql3; 762-fucontains complete chromoscsres 10 and Y; laA9fr2+ contains complete

cbromosomes 12,21 andx;2gg contains complete ciromosome 13, plus fragments of chromosomes

g, 11 and 12; GMl0479 conteins complete chromosome 14 plus a fragment of chromosome 16;

HORLI contains complete chromosome 15 plus llq and parts of Xp and proximal Xq; GMI0478

contains complete chfomosomes 20,4 andX; and PgME2SNUcontains complete chromosome 22 plus

part of Xp. A complete htrslan chromosome is designated bI "*", while a chromosome fragment is

designatedby'7'. Kelsell et al. (1995).

Hybrid

cM07299
GM108258
cMl-0253
HHI^14L6
cML011-4
MCP6BRA
CLONEzlE
c4A
cMl-0611-
7 62-Ba
JICL4
LaA9 602+
289
cM1047 9
HORLI
2850H7
PCTBAI-.8
DL18TS
c[4106].2
cM10478
firYBl.3
PgME25NU
HORL9X
8s3
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Fig- ^o (Previolts nage) Assignment of the CG-l gene tn htrnan chromosome 14 Genomic DNA

(20pg) was extracted ftom each of 24 human-rodent hybrid cell lines, digested with PstI' rcsolved by

elecuophoresis on 0.8% agarose gels and transferred o nylon membranes. A 9?9bp IlindII[ resricion

fragment enconpassing nt 669 - l&3 of the CG-I cDNA was labelled q'i15 32p-691p by random

priming, and hybrridised to tbe metxlbranes. Tbe meurbranes wef€ 6en washed at high sringency (0'l x

SSC, 55rc) and autoradiographed. Sizes, in kb, of hybridising resriction ftagments are indicated in the

right margins.

snreads. This experiment was perfonnetl by Dr Christine Morris, christchurch schml of Medicine'

Christchurch, New Zealand. Metaphase spreads wefe prepared from PHA-activated PBM of a 46'XY

malg d6161. Two representative partial metaphase cells (A and B) are shown' The 4'1kb cDNA insen

of h'rnan pCG-2 was labelled with biotin-l4 dCTP using a BioPrime random priming kit (BRL / Life

Technologies), hybridised to meiaphase cells on slides, and detected by FlTC-conjugated avidin (left

panel). The rigbt panel represents G-band patterns of the same two cells' Conditions for hybridisation

and immunodetection were essentially as described previously (Monis et al" 1993)' except that CoT I

suppression was not required, and an additional amplification step was necessary because of the small

size of the Probe.
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3.10 Expression of CG-l nRNA transcripts

Northern analysis with a membrane containing multiple human tissue RNAs

was carried out at high sringency with the insert of clone pCG-2 in order to assess the

expression of mRNA transcripts encoding the cG-l protein. A single cG'I mRNA

transcript of 4.5 kb was detected at low levels in spleen, thymus, prostate' small

intestine, and colon, and at higher levels in unactivated PBM, testis, and ovary (pig'

3l).

Expression of cG-I transcripts in PBM was greatly enhanced after PHA

activation. Total RNA exUacted from unactivated PBM, and from PBM activated for 3d

with PHA was transferred to nylon membrane, and hybridised at high stringency with

the insert of clone pcG-2. A single 4.5kb message was detected at very low levels in

unactivated PBM, but at higher levels in PBM activated with PHA (Ftg. 32)'

CG-I RNA rranscripu were differentially expressed in the PBM of patients

with various leukaemias. Total RNA was extracted from fresh unactivated PBM

collected from patients with chronic lymphocytic leukaemia, acute myeloblastic

leukaemia and common acute lymphoblastic leukaemia- A 4.5kb transcript which

hybridised at high stringency to the insert of clone pCG-Z appeared to be more

abundant in PBM of a patient with common acute lymphoblastic leukaemia, than in the

pBM of patients suffering from the other leukaemias (Fig. 33). In fact, cG-l

transcripts could not be detected in PBM from the latter patients.
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Fig 31. Expression of CG-l mRNA transcripts in human tissues' A multiple human tissue Nortbern

membrane (lvfTMI) containing 2pg mRNA per lane was hybridised at high stringency with the pcG-2

CDNA insert (upper panel). To compare RNA loading between lanes, the membrane was stripped and

re-hybridised at high stringency with a 2kb p-actin cDNA probe (lower panel; Cleveland et al" 1980)'
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3.11 Expression of CG-l protein in leucocytes

The l,gtll clone from which pCG-l was derived was used to prepare a )'-

lysogen in the E.coli Y1090 strain so that an anti-CG-l antibody could be made to

analyse the expression of the CG-l protein. After induction with IPTG the lysogen

expressed a cytoplasmic protein of 150kDa (reduced), the expected size for a fusion

prorein of p-galactosidase and the truncated CG-l protein containing aa residues 487-

Il2l. The fusion protein was purified by SDS-PAGE from bacterial lysates on the

basis of its unique size (Fig. 34). The fusion protein was used to raise two polyclonal

antisera (designated "D" and "P") in outbred New Zealand White rabbia (refer to

methods). Both antisera Western blotted the l50kDa (reduced) p-galactosidase-CG-1

fusion protein when used at a titer of l:50. In addition other bacterial proteins were

detected which corresponded to a subset of the major proteins present in the l-lysogen

cyroplasm (Fig 35A). The "D" antiserum recognised prominent proteins of 45kDa

(reduced) and 150-180 kDa (non-reduced) in Western blots of 3d PHA-activated PBM

(Fig. 35B). The identity of the bands above 180kDa is unclear. The "P" antiserum

failed to recognise any specific protein in Western blots of PBM lysates.

The anti-Cc-1 "D" and "P" antisera each immunoprecipitated different patterns

of disulphide-linked proteins from the surface of 3d PHA-activated human PBM (Fig.

36). The "P" antiserum immunoprecipitates a 200kDa (non-reduced) protein, which

disappears on reduction, whereas the "D" antiserum precipitates a 300kDa (non-

reduced) protein, which is replaced with a 150 kDa protein following reduction of

disulphide bonds. In some experiments the "D" antiserum also weakly precipitated a

200 kDa (non-reduced) protein (data not shown). The 300kDa (non-reduced) CG-1

protein resolved as a single acidic, pI5.0, species on two-dimensional NEPHGE/SDS-

PAGE gels. In addition three proteins approximately 20kDa in size with a pI between

5.7 and 6.2were observed on the ZD-gel (Fig.37).
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Fig. 34. Purification of a F-galactosidase-CG-l fusion motein by SDS-PAGE. An E. coli lJysogen

was ootrstructed from a lgtll clone conlaining nt 1500 - 3401of the CG-J cDNA. After induction

with IPTG for 30min, the l,Jysogen expressed a 150lcDa (reduced) firsion protein of p-gafacosidase and

CG-! aa 487 - 1l2l (lane 1), whereas little specific p,rotein.was detectable after 5mins (lane 2).

Proteins extracted from the induced XJysogen cytoplasrr were separated by electrophoresis on an SDS-

s%-PLgel, and stained with Coomassie blue. Tbe 150tDa (re<luced) fusion protein is marked with an

arrow. Molecular weigbts of marker proteins are shown in tbe bft hand margin in kDa.
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Fig 35 The anti-CG-l "D" antiserum recognises the immunising F-galactosidase-CG- l fusion nrotein

and PBM frroteins in Western blots .(A) E. coli l.-lysogens which were not induced with IPTG (lane

1) were compared with E. coli L-lysogens induced with IPTG for 30min which express the p-

galacrosidase-CG-1 fusion protein (lane 2). Proteins extracted from the l,-lysogen cytoplasm were

separated by electrophoresis on a SDS-7.57r-PA gel, transferred to nitrocellulose, and Western blotted

with the anri-CG-l "D" antiserum at a titer of 1:50. The p-galactosidase-Cc-1 fusion protein is

marked with an arrow. Molecular weights of marker proleins are shown in the left hand margin in kDa.

(B) Whole cell lysates were prepared from PBM (2 x 107) activated for 3d with PHA. Proteins were

separated by elecrophoresis on an SDS-7.57o-PA gel under reducing (lane l) and nonreducing (lane 2)

conditions, and transferred to nirocellulose membrane. The specific proteins recognised by the anti-CG-

1 "D" antiserum used at a titer of l:50 are designated *. The bands designated $ probably represent

contaminants in the B-mercaptoethanol of the gel loading solution (Iasheva and Dessev, 1983).
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Fig. 36. Anti-CG-l "P" and "D' antisera immunoDrecipitate distinct proteins from activated PBM.

PBM (l x lOg) acrivared for 3d witb PHA were surface-labelled witb 1251 46 lysed in NP-4O lysis

buffer. Proteins qrithin tbe cell lysarcs were immunoprecipitated with normal rabbit serum (conrol;

lane 1), anti-CG-l "P" atrtissun (lanes 2 and 4) and anti-CG-l nD" 
antis€trum Qmes 3 and 5). Proteins

were analysed on SDS-6%-PA gels underreducing (lanes l, 2 and 3) md nonreducing 0ottes 4 aDd 5)

conditions. Molecnlr weights of ma*er FoEins arc shown in tDa in the right hmd margin.
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Fis. 37. Anti-CG-l "D" andserum immunoprscipitates an acidicprotsin fum activar€d PBM. FtsM (1

x 108) acrivated for 3d wirh PIIA wer,e surface-tabened a46 f251 ail lysod witb NP-4O lysis butrcr.

Protrins wirbin rhc cell lysaas were immunoprecipitated with anti{G-l "D" antiserum, and analyced

by twdimensional NEPHCTE-SDS-PAGE. kotdns wse resoh,ed under noureducing cotrditions on e

SDS-?.S%-PA gel in the second dimension. Mofecular weiglts of marker protcins are sbwn in fDa h
&e rig[t hand margin, and tb€ pH gradient is inilicated at the top of the frgue.
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3.12 CG-l is associated with a kinase(s)

To determine whether CG-l is associated with intracellular tyrosine kinases,

proteins from Brij 96 detergent lysates of unactivated PBM were immunoprecipitated

with the anti-Cc-l "D" and "P" antisera and subjected to an in vitro

phosphotransferase assay with .132p-ATP (Fig. 38). The anti-CG-l antisera "D" and

"P" both immunoprecipitated similar distinctive patterns of tyrosine phosphorylatable

proteins. PHA-activation of PBM for 12h to 3d progressively reduced the number of

tyrosine phosphoproteins associated with CG-l. When the "D" and'nP" antisera were

used to immunoprecipitate proteins from PBM lysed with the harsher detergent NP40,

only a small number of CG-l-associated tyrosine-phosphoproteins remained, including

a protein of a similar size to the l50kDa (reduced) form of CG-l. The pattern of

tyrosine phosphoproteins associated with CG-l is remarkably similar to the pattern of

phosphoproteins formed with two anti-CD3 mAb which recognise components of the

CD3/TCR signalling complex.

3.13 Histochemical analysis of CG-l in tissue sections

The anti-CG-l antisera "D" and "P" were used at titers ranging from 1:1000 to

1:50 for immunochemical staining of paraffin embedded sections of human spleen and

testis. Unfornrnately results were uninterpretable due to high non-specific background

staining. The background staining was not reduced by incubation of the antisera with

an acerone lysate of a cell line which does not exprcss CG-l (COS-I cells). In contrast

staining of both tissues with a control rat-anti-human CD3-e+hain polyclonal antisenrm

(Mason et al., 1988) produced specific staining of T-cells (data not shown).
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Fig. 38- CG.r a*soclates wtrh kifiFses and knnate srbstr4tf:r. PBM (l r 108) w@ isoliiled hom

peripheqal blood an l hryvsed eitber inunediately (hn€s I, g, 6,9, 12, 13 ud 15t &r 24h adration

wirh PHA 0ancs 4 7 and 10), or aftsr 3d activation with PIIA (hnes 2, 5, 8, ll, 14 and tO. Cells

wgf€ lysed wtth ly,sis buffs conr'ining either B.rij-96 (lanes 1 - fZ) or NP*{[) 0snes 13 - fo
toqqnaprecidtatss werc fumed witb lhe srdbodies @3485 (@d'@3 MAb; larrcs I md2), ang.

CG-l antisorun "P" 0anes 3 - 5, 13 and l4), OKT3 (anri-@3 mAb; hncs 6 30 8), anti-CG-l

antispr,um "D" 'Oanes 9 - 11, 15 anil 1O, and nor:ulal.rabbit seniEl 0ane 12). Protsinc within thp

funmuuoprecipitatos wero subjected to an in vino linaso a$ay, and analyscd on SDS-l0%-FA gels

under reduoiog conditioas. Molecularweighu of marker prcteins are shown in lJDa ia tbe rigbt hsnd

rmArgin"
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3.14 CG-l is phylogenetically conserved

Northern analysis demonstrated that a mouse homologue for CG-I exists. Total

RNAs extracted from 8W5147 mouse thymoma cells, and the mouse

monocyte/macrophage cell line J774werc hybridised at high stringency with tbe insert

of clone pCG-2. A single 4.5kb message was detected (Fre. 39).

The insert of clone pCG-2 was hybridised at low stringency to 400,000

recombinant clones of a l,gt10 mouse cDNA library constructed from phorbol ester-

and calcium ionophore-activated mouse spleen cells. Two positive clones were

identified, designated M5a and M20a, and on digestion of phage DNAwith EcoRI both

were found to contain an insert of approximately 1100bp in size (Frg. 40). The inserts

were cloned into pUC18. The nt sequences derived from the ends of the M5a cDNA

shared approximately 75Vo identity with the human CG-l cDNA sequence (Ftg. 4l).

I t <4skb

Fig. 30. A CG-I homologue exists in mouse. Total RNA (lOttg) was exracted from the mouse cell

lines 8W5147 (lane l) and 1774 (lme 2), resolved by agarose gel electrophoresis, and blotted onto

nylon membrane. The transferred RNA was hybridised at high sringency with the insert of pCG-2, and

artoradiographed.

2
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Fig. 40. Tsolation of cT\NA clones encnding the mouse homologue of CG-r. Phage DNA was prepared

from liquid lysates of clones M20a and M5a. (A) Dgestion with EcoRI and agarose gel elecrophoresis

revealed both clones contained inserts of approximately l.lkb in sizc. (B) Tbe DNA was transferred to

nylon membrane. High suingency hybridisation of tbe DNA with the labelled insert of pCG-2 revealed

that the inserts of both M20a and M5a were related to human CG-J.

B
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Mu M5aF

Hu cc-l

A

9 AATGAAATTAAGAGAATAGAAGTTAAATTAAAGGACAC@AGAGTGATGT 58
rillt I lllll llllll I llll ll I llllllllll I

2858 aatgaattgaagaggttagaagccatgctsaaaagagagggagagtgatct 29 07

TTCTAAGATGTCAGAGCTATTAAAGGAGGTACAAGAGGAAAATAMTTCC 1 O 8

il||t I ll llll lll llll llllllll lllll lllll
ttctagcaaaacacagctgttacaggatgtacaagatgaaaacaaattgt 2957

TTAAGTGC. . . . CAGCTCAGTCACCAGAAGCACCAACAGGCATCT 149

MSaF 59

cG-L 2908

M5aF 109

cG-1 2958

MSaR L67

cc-1 3938

M5aR 1l-8

cc-1 3988

il||| l |ilt I || ll ll llllllllllllll
tEaagtcccaaattgagcagcEtaaacaacaaaacCaccaacaggcatcE 3 007

B

GAGTGAAGTAATT. GGAAATTACTCGTTAGAAGTTAACAGAAGGCGTGTA 1 1.9

l|lililillll lllll I ll ll ll I lll | | I llll
gagE gaagEaat tgggaaactgtE cat Etgaggataaaaaaggcatt gta 3 9 87

TTATATTH€CCAi\,\1FI'AIU\GCCTTASTTATGTTTTACCCCTTT ? 5

il il r il lll|| || llil || llil | lllil llll llllll
ttataEEEEgccaaaEtaaagccUtatEtatgttEtcaccctstst 4031

Fig. 41. Alignment of the mouse M5a and human CG-I cDNA sequences. Tbe insert of the l,gt10

clone M5a was ligated into pUClS and sequenced with (A) the pUCl8 forward primer (sequence

designated Msan and (B) the pUC18 reverse primer (sequence designated MsaR). Tbe sequence

obtained when aligned with the human CG-l cDNA sequence reveals that the M5a and human CG-l

cDNA share approxinately 754o nt identity.
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3.15 CG-l is immunologically related to CD100

CD100 is a disulphide-linked homodimer of 150kDa chains, suggesting that it

might be related to CG-l. We obtained five mAb of the GR-3 cluster (F93-7C2, BBl8,

BD16, CBF.?8 and A8) in order to characterise the CD100 antigen. The four mAb

8818, F93-7G2,A8 and BDl6 either failed to stain or very weakly stained unactivated

PBM by cytofluorimetric analysis using indirect immunofluorcscence. However they

reacled strongly with 3d PHA-activated PBM. In contrast the mAb CBF.78 readily

stained the surface of resting PBM, and also reacted strongly with 3d-PHA-activated

PBM (Fig. 42).

Immunoprecipitates formed with ttre BB18 mAb from 3d PHA-activated PBM

confirmed that CDl00 is a 300kDa dimeric protein that shifts to a monomeric form of

120 to l5OkDa after reduction (Fig.43). We designated the reduced monomer the cr-

polypeptide. The HML-I mAb was used as a control to immunoprecipitate prot€ins

from the same lysate, and the aE and p7 chains were obtained. In this particular

experiment elecuophoresis was uneven across the gel, causing ttre p7 subunit to appear

to have a reduced mobility relative to the molecular weight standards. Native dimeric

CDl00 resolved as a single acidic, pI5.0, species on twc.dimensional NEPHGE/SDS-

PAGE, migrating to the same position as the 300kDa protein recognised by the anti-

CG-l "D" polyclonal antiserum (Fig.44).

Fig. 42 fNext page\. Cytoflnorimetric analysis of resting and PHA-activated PRM with GR? cluster

mAh. Fresbly isolated enU 1t061 and PBM cultured fu 3d in tbe presence of PHA (106) were stained

by indirect immunofluorescence with the primary mAb indicate4 and a PE-labelled horse anti-mouse

IgG (H+L) secondary antibody. Labelled cells were analysed using a Becton Dickinson FACScan

cytofluorimeter, and tbe results displayed as single parameter histograms of gated lymphocyte

populations. The fluorescerrce profile of the second antibody alone fleft peak in each panel) is given as

a mea$ure of backgromd surining.
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Fig;43- SDS-PAGF,analysis of the CTrlfl)protein conrple- isoland wlth the mAb 8818. mM tlOZ;

wse acivated for 3d in the prescnce of PHA, surface-tab€ll€d 66 1254 and lysed in M.40 lyeis

buffer. Prcreins h cell lysatcs q,erE inmunopr€cipitat€d wilt th md.cE htegdn nAb Hl\fl,-l (laDe

l) and sirb the mti-@l00 mAb BB18 (Ianes 2 and 3). Proteim werc malysed ur SDSJS%-PA gels

uudel nonrcduchg (tanes I and ?) and rreducing (lane 3) conditions. I\4otecular weigbts of prorcin

nartqs se shown in kDa in the rigbt band margin.
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Fig. 44. Conrparison of Droteins immunoprecipitated hv anti-CDl0O mAb and anti-CG-l "D"

antisenm by NEPHGE.SDS-P.{GE. PBM 007) activated for 3d with PHA were surface-labeld with

1251, xa6lysed with I{P40lysis buffer. korcins in cell lysates werc immunopmecipitated with (A)

anti-CG-l "Dn antisenrul, and (B) anti-CDlO0 BBIS mAb, and analysed by twodimensional

NEPHGF'SDS-PAGE. Proteins were resolved under nonreducing conditions on a SDS-?.S%-PA gel in

the second dimensioh. ldolecular weights of marker proteins are shown in kDa in the rigbt hand

margins, and the pH gradiens are indicateil at tbe top of the figures.

A

B
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The mAb 8D16, A8 and W3-7G2 also immunoprecipitated the 300kDa u-

polypeptide dimer from 3d PHA-activated PBM (Fig. a5). In addition BD16 and F93-

7G2 precipitated a band of 150kDa (non-reduced) which was designated the p-

polypeptide. The p-polypeptide was consistently absent from immunoprecipitates

formed with the mAb A8 (Fie. a5). When reduced the chains of the CD100 dimer co-

migrate with the 150lOa p-polypeptide. Minor bands of 200kDa (non-reduced)

sometimes appear in all GR-3 mAb immunoprecipitations. None of the anti-CDl00

mAb were capable of recognising CDl00 in Western blot analysis of PBM lysates (data

not shown).

The mAb CBF.78 is also provisionally listed in the GR3 cluster. The CBF.78

mAb tailed to immunoprecipitate the major 300kDa CD100 complex. Additional

experiments revealed that the only specific band immunoprecipitated with CBF.78 is a

band of 120kDa which is very weakly represented in Fig.45.

The CDl00 forms expressed on resting PBM were analysed to determine

whether they differed from CDl00 structures expressed on 3d PHA-activated PBM

Gig. a6). The 8D16, A8 and F93-7G2 mAb precipitated intense bands similar in size

to those precipitated from 3d PHA-activated PBM. The BBlS mAb initially failed to

precipitate CDl00 (Fig. 46), however in a subsequent experiment a different batch of

BB18 mAb was able to precipitate the 300kDa CD100 q,-dimer from unactivated cells

(data not shown). The major 300kDa CD100 protein consistently appeared as a

doublet. The CBF.78 mAb immunoprecipitated a strong band of l2OkDa (non-

reduced), designated in Fig.46 with an asterisk, but again failed to recognise the major

300kDa (non-reduced) a protein.

Since CDl00 is a T cell costimulatory molecule we sought o determine whether

CD100 was associated with a tyrosine kinase(s). Immunoprecipitates formed with the

BB l8 mAb from Brij 96 detergent lysates were subjected to an in vitro ryrosine kinase
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Fig. 45. SDS-PAGF anal]rsis of the CD1OO Drotein comnlex on activeted PRM. PBM (108) were

activated for 3d in the presence of PHA, surface-labelled with 1251 sn6 lysed in NP-4O lysis buffer.

Proteins in cell lysates were immunoprecipitated with normal rabbit serum (lanes 1 and 7); a control

anti-p7 integrin mAb (lanes 2 and 8); and the anti-CDlO0 mAb BDl6 (lanes 3 and 9), A8 0anes 4 and

l0), F93-7G2 (lanes 5 and ll) and CBF.78 (lanes 6 and 12). Proteins were analysed on SDS-7.5%-PA

gels under nonreducing (lanes I to 6), and reducing (lanes 7 to 12) conditions. The positions of the o

and p polypeptides are indicated. Molecular weights of protein markers are shown in kDa in the rigbt

band margin.
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assay wirh ^/32P-ATP (Fig. 47). T\e immunoprecipitation pattern derived from 12h

PHA-activated PBM with the BBlS mAb was remarkably similar to the pattern of

phosphoproteins formed with the anti-CG-l "D" and'?'antisera, and the anti-CD2,

-CD3, -CD4, and -CD8 mAb which recognise components of the CD3/TCR signalling

complex. In contrast the other anti-CD100 mAb, along with most mAb submitted to the

5th International Conference on Human Leucocyte Differentiation Antigens failed to

precipitate kinase activity capable of phosphorylating antigen-associated proteins in the

tyrosine kinase assay.

Chemical cleavage of CD100 and of the protein immunoprecipitated with the

anti-CG-l antisera reveals that the two proteins are structurally similar or identical.

Human transferrin and the anti{G-l "D" antiserum were immobilised onto Sepharose

beads. Proteins precipitated with these reagents and the anti-CDlO0 BBlS mAb were

cleaved with formic acid and cyanogen bromide, and resolved by reducing SDS-PAGE

(Frg. 48). Cleavage products derived from the CG-l "D" and BBlS precipitates were

similar, differing from those derived from the transferrin receptor which was

precipitated by its ligand. Unfortunately the cleaved products were not well resolved,

possibly due to extensive cleavage, since in the case of CG-l there are a large number

of methionine residues contained in the deduced aa sequence. Nevertheless the results

were supportive of the notion that anti-CG-l antisera recognise the CD100 antigen.

Immunodepletion experiments indicated that CG-l and CD100 are related

immunologically. Preclearing with the anti-CDl00 mAb BB18 removes the proteins

recognised by the anti-Cc-l "D" antiserum from 3d PHA-activated human PBM

lysates. [n two separate experiments, multiple rounds of immunoprecipitation of

CD100 with the BBl8 mAb were shown to remove the CG-l 300kDa (non-reduced)

and 150kDa (reduced) a-polypeptides from PBM lysates (Fig. a9). In each case

general degradation of PBM lysate proteins was ruled out by immunoprecipitation with

anti-p2 or HML-I mAb immediately after or before the sequential immunoprecipitation,

yielding the respective p2 and p7 integrins.
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Fia. 4?. (heviously gage). CDlfi) ascociates with a grotein kinase(s). PBM (2 x tOB) were actirated

with PHA for l2b, lysed in a Brij-96 lysis buffer, md labelled n an in-vitro kinase assay. lvlAb used

are ftom the 5rb Intemational Conference on Human Leucocyte Differcntiation futigens: BBl8 Qane

1), BB27 0ane 2), Hn10 0ane 3), STA 0arc4), S6Fl Oane 5), 10Dl (lane 6), Fl0-3 0ane 7)' Cf .7.1

(lane 8), UN2 (tane 9), UNI flans l0), 152-2810 Qane ll), llDt (lane l2'),WS (mti$2; lfle l3),

CD3-485 (anri-CD3; lane 14), RPa-T4 (anti-CDl; lane 15) and BB29 (anti-CD8; lane t6).

Immunopecipitates rver€ analyscd m SDS-IO%-PA gels under tducing conditims. Moleoilar wtigbts

of mater probins de sbocm in kDa in the right band nargin.
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Fig. 48. Chemical cleavage of proteins immunoprecinitated by the anti-CDl0O and anti-CG-l

antibodies. PBM (4 x t08) were activared witb PHA for 34 lysed witb NP4O lysis buffer, and surface.

labeUed *i6 1251. Proteins in cell lysates were immunoprecipitated with anti-CG-l antiserum oDo

$anes 1 and 5) and anti-CDl00 mAb BBtr8 (lanes 2 n64).In addition th€ transferin reccptor was

precipirated with humu ransferrin-sepharose (lanes 3 ud 6). Proteins were cleaved with cymogen

broniito and formic acid Qanes 4 o 6), while undigcsted surples are shown in hnes 1 o 3. Proteins

wue separated by electnophmesis on a SDS-7,S%-PLgel rmderreducing conditions. Molecular weights

of narker proteins are shorryn in kDa in the rigbt band margin.
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Fig. 49. Imrnunodenletion experiments reveal that CG-l is immunologically related to C|-t100. PBM

(2 x 108) were acrivared for 3d in the presence of PHA, surface-labelled with 1251, 46 lysed in NP40

lysis buffer. Proteins in an aliquot of the cell lysate were immunoprecipitated with anti-CG-l

antiserum "D" (lane 1). Proains in a different aliquot of the same lysate were then immunoprecipitated

4 successive times with anti-CDlO0 mAb BB18 (lanes 2 to 5), before sequentiel imnunoprecipitation

wirh anti-CG-l antiserum "D" (lane 6) and anti-F2 integrin mAb (lane 7). Irrmunoprecipitated proteins

were analysed on a SDS-7.57o-PA gel under nonreducing conditions. Proteins within a second PHA-

activated PBM lysate (2 x 198; were immunoprecipitated with norrral rabbit serum (lane 8) before

precipitation witb anti-CG-l antiserum "D" (lane 9). Proteins in a different aliquot of the same lysate

were then immunoprecipitated 3 successive times with the anti-CDl00 mAb BB18 (lanes 10 to l2),

before sequential immunoprecipitation with the anti-oE integrin mAb HML-I (lane 13), and the anti-

CG-l antiserum "D" (lane 14). lmmunoprecipitated proteins were analysed on a SDS-7.57o-PA gel

under reducing conditions. Molecular weights of protein markers are shown in kDa in the right hand

margin.
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Section 4 - Discussion

4.1 Tissue distribution of p7 subunit mRNA transcripts

As mentioned earlier, the expression of integrin subunits tends to be strictly

regulated, as evidenced in previous studies which indicated that the expression of p7

RNA transcripts is restricted to leucocytes (Yuan et al., 1990; Yuan et al., 1992a).In

the current study Northern analysis revealed an abundant 3.5kb p7 transcript in

unactivated PBM, and less abundant p7 transcripts of the same size in spleen, thymus

and small intestine. These results are consistent with the notion that p7 RNA

expression is restricted to leucocytes, ils all the tissues in which B7 was detected are

lymphoid tissues or have a large lymphoid component. Conversely those tissues which

contain negligible numbers of lymphoid cells, such as prostate, testis, and ovary, had

no detectable p7 transcripts.

Autoradiographic overexposure of the Northern blot revealed a second p7

transcript of approximately 4.5kb in size which is seen predominantly in spleen. While

a 2kb transcript has been detected in mouse cells, (Yuan et al., 1992a), this 4.5kb

human transcript has not been previously reported, and may represent a larger

alternatively spliced B7 RNA.

4.2 Structural and immunological relatedness of ^ P7 integrin and the

HML-I complex

Proteins immunoprecipitated with the GKPS anti-p7 antiserum were typical of

an integrin heterodimer consisting of noncovalently associated cr and P subunits. After

reduction of disulphide bonds the 1l6kDa (non-reduced) B7 subunit did not change

size, whereas the 180kDa (non-reduced) ag protein shifted in size to 150kDa. The

change in mobility of the cE subunit is typical of integrin cr subunits that are post-

translationally cleaved into heavy and light chains which remain disulphide-linked
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(Hemler et al., 1990). The fact that no labelled light chain derived from the l8OkDa

(non-reduced) crE protein was resolved on reduction suggests that the light chain is

primarily intracellular and hence not labelled, or that it lacks tyrosine residue(s)

accessible for lactoperoxidase labelling.

Proteins immunoprecipitated with the HML-I mAb (Cerf-Bensussan et al.,

1987) shared an identical structure with those immunoprecipitated with the GKPS

antiserum, including minor bands of 150 and l70kDa (non-reduced), which may

represent either proteolytic degradation products of the aE subunit or mone likely aE

subunits lacking their disulphide-linked light chains. Different profiles of proteins were

immunoprecipitated with the anti-VnR and anti-c4 subunit control antibodies. The a4

subunit appeared to be processed to ia cr4l80 cleaved form as reported previously

(Hemler et al., 1987; Ruegg et al., 1992; Parker et d., 1992).

Immunodepletion experiments where cell lysates were precleared with the

HML-I mAb indicated the B7 subunit was part of the HML-I heterodimer, or that the

aHML-l-associated p subunit is immunologically related to the p7 subunit. The anti-

p7 antiserum recognised the aHML-1-associated p subunit in a Western blot,

confirming this relationship. These results are consistent with those of Micklem et al,

1991 and Parker et al., 1992, who reported that the N-terminus of the F subunit of

HML-I isolated from hairy cells is identical to the N-terminus of p7 deduced from our

p7 cDNA.

In addition to the mature ll6kDa p7 protein, the anti-p7 antiserum also Western

blotted a minor 90-100kDa (reduced) protein contained in the HML-I precipitate. This

protein may represent a partially processed intracellular form of p7, as it was not

labelled on the cell surface. In the absence of Ca#, no p7 subunit was co-precipitated

by the anti-cr4 mAb, and no cr4 subunit was co-precipitated with the anti-p7 antiserum.

This finding is in accord with studies which demonstrated that association of the cl4
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and p7 subunits of LPAM-I requires the constant presence of divalent cations

(Holzrnann et al., 1989).

On unactivated mouse lymph node lymphocytes p7 associates almost

exclusively with a4. However after activation with anti-CD3 mAb and TGF-p, these

cells express the un subunit de novo (Kilshaw and Murant, 1991). On activated cells

the association of aE with p7 appears to predominate over the association of cr4 with

p7, althougho4$7 is still present (Krissansen and Print, unpublished data). This may

be due to the relatively greater thermodynamic stability of the crnpT association, as

reflected in the ability of crfpT but not aa$7 complexes to withstand the chelation of

divalent cations (Holzmann et al., 1989; Kilshaw and Murant; 1991).

As mentioned previously, u4p7 (LPAM-l) contributes to leucocyte homing to

the gut (Holzmann and Weissman, 1989; Hu et 
^1., 

t992). Upon entering the TGF-p-

rich gut intraepithelial compartment, newly expressed leucocyte qEpT will bind to E-

cadherin expressed on enterocytes, thus providing one mechanism for retention of IEL

at mucosal surfaces (Kilshaw and Murant, 1991; Parker et al., 1992; Cepek et al.,

1993; Cepek et al., 1994).

4.3 Isolation of novel disulphide-linked leucocyte glycoproteins

The shift on reduction exhibited by disulphide-linked proteins was exploited to

search for novel leucocyte surface molecules, in particular novel integrin cr-subunits

such as crE. Two dimensional NR/R-SDS-PAGE analysis of the glycosylated fraction

of activated human PBM revealed a small number of disulphide-linked proteins- One or

more prominent non-reduced proteins of 150-200kDa appeared to give rise to light

chains or proteolytic fragmens of 9G95kDa (a doublet) and 45kDa.

At the time it seemed possible that the 90-95kDa and 45kDa polypeptides were

degradation products or light chains derived from oE, as proteins of similar size were

immunoprecipitated with an anti-p7 antibody when only PMSF and STI were included



t77

as prot€ase inhibitors (Krissansen and Print, unpublished results). We found HML-I to

be extremely labile, such that a large number of protease inhibitors had to be included in

the cell tysis buffer, and immunoprecipitations had to be carried out within 10h to

ensure that proteins were not degraded. In contrast other integrins such as the VnR, and

T cell protehs including the transfenin receptor were perfectly stable.

As only a few disulphide-linked glycoproteins were detected by two

dimensional NR/R-SDS-PAGE analysis, this technique may be relatively insensitive.

The absence of a polypeptide of the size of ctE, namely 180kDa (non-reduced) /

150kDa (reduced) may indicate that sE is not sufficiently abundant to be detected by

this technique. The 90-95kDa and 45kDa polypeptides may represent PBM proteins

which are relatively more abundant than uE. For instance one member of the 90-95l0a

(reduced) doublet may represent the transferrin receptor, a disulphide-linked

homodimer of 90kDa polypeptides which is expressed on all metabolically active cells

(Schneider et al., 1984). The 45kDa (reduced) polypeptide could have represented

surface immunoglobulin heavy chain (Roitt et a1., 1989), although such chains usually

have molecular weights ranging from 50 - 60 kDa-

4.4 CG-l polypeptides are recognised by polyclonal antisera

Mouse polyclonal antiserum raised against the 45kDa fragment isolated by

NR/R-SDS-PAGE recognised a high molecular weight non-reduced protein in lysates

of activated PBM, suggesting that the 45kDa protein was indeed part of a larger

complex. Fortunately the sera identified several identical clones in a l,gtl l cDNA

expression library. The clones encoded a novel protein designated CG-I, which did not

share high homology with protein sequences in various databases.

Unfortunately the mouse antiserum was exhausted during the library screening.

Therefore a CG-1 polypeptide produced by a l.gtll lysogen was used to raise two

rabbit polyclonal antisera designated "D" and "P'. The rabbit antiserum 'D" Western
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blotted a 150-180kDa (non-reduced) PBM protein which shifted to 45kDa after

reduction. Higher molecular weight proteins of approximately 200kDa and 300kDa

(non-reduced) were also detected. They either represent CG-l dimeric forms or are

non-specific proteins. The 45kDa (reduced) PBM polypeptide Western blotted by the

anti-CG-l "D" andserum is similar in size to the protein used to raise the mouse anti-

CG-1 antiserum. The 150 - 180kDa (nonreduced) PBM protein Western blotted by the

anti-CG-l "D" antiserum is similar in size to the protein from which the immunising

45kDa polypeptide was derived, and in addition is similar in size to the protein encoded

by the CG-l cDNA.

The anti-Cc-l "D" antiserum immunoprecipitated a 300kDa (non-reduced)

prorein from the surface of PBM which shifted to l5OkDa on reduction. A faint band of

200kDa (non-reduced) was also often observed. The fact that the 300kDa (non-

reduced) protein resolved to a single l5OkDa protein on reduction suggests that two

150liDa monomers may associate to form a disulphide-linked dimer.

We have not yet fully investigated the relationship between the CG-l surface

proteins detected by immunoprccipitation and those detected by Western blotting. There

are several possibilities: (i) It is possible that the proteins Western blotted by the anti-

CG-l "D" antiserum and the proteins immunoprecipitated by the anti-Cc-l "D"

antiserum are identical or represent variant forms of the same protein, such as may arise

by alternative mRNA splicing. For instance the non-reduced 150 - 180kDa polypeptide

detected by Western blotting may be an intracellular monomeric form of CG-l, which

predominates over the cell-surface dimeric form, and which would not be detected by

immunoprecipitation og 1251-1a6elled cell-surface proteins. (ii) Alternatively the anti-

CG-1 "D" antisera may react with two unrelated proteins - one inside the cell and one

on the cell surface. One of these proteins may be authentic CG-1, while the other may

represent an unrelated cross-reactive species. The rabbit antisera appeared to cross-react

with several bacterial proteins, and we arc not yet able to unequivocally rule out cross-
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reacrivity with unrelated human PBM proteins. (iii) It is also possible that the anti-CG-l

"D" antiserum recognises an intracellular protein of 150 - 180kDa (nonreduced) | 45

kDa (reduced), which is associated at high stoichiometry with a distinct cell-surface

protein of 300 kDa (nonreduced) / 150kDa (reduced).

The anti-Cc-l "P' antiserum immunoprecipitated a 200kDa (non-reduced)

protein of similar size to a minor protein present in immunoprecipitates formed with the

anti-Cc-l "D" antiserum. The proteins immunoprecipitated by the anti-CG-l "F'

anrisenrm disappeared on reduction, suggesting that the labelled portion may be

disulphide-linked, and of low molecular weight. While it is possible that the "P'

antiserum recognises an alternative 200kDa (reduced) isoform of CG-l, we cannot

exclude ttre possibility that the "F'antiserum reacts with an unrelated non-specific PBM

protein.

No proteins of 90-95kDa (reduced) were Western blotted or

immunoprecipitated by either anti-Cc-l rabbit antisera, supponing the notion that the

90-95kDa (reduced) fragments isolated by NR/R-SDS-PAGE represent either CG-l

degradation products or proteins unrelated to CG-l such as the transfenin receptor.

4.5 Expression of CG-I RNA transcripts

Low levels of 4.5kb RNA transcripts encoding the CG-l protein were

expressed in all human tissues examined, with higher levels expressed in testis, ovary

and unactivated PBM. The high level of expression in reproductive tissues suggests

CG-l may play a role in gametogenesis or steroid hormone biosynthesis. Alternatively

CG-l may be one of the many genes that is highly expressed in reproductive tissues.

Activation of PBM with a polyclonal mitogen dramatically increased expression of the

CG-I RNA, suggesting CG-I expression is up-regulated following lymphocyte

activation. CG-l RNA was expressed at higher levels in the PBM of patients with acute
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lymphoblastic leukaemia than in PBM from patients with other leukaemia types. This

suggests CG-l is a potential tumour marker.

4.6 CG-I RNA splice variants

The alternauveZ2?Sll CG-I cDNA sequence submitted by Kmppa et al. to the

GenBank database encodes a protein that differs from our deduced CG-l aa sequence

by the insertion of two sequences of 29 and 28 aa between CG-l aa 1030-1031 and

I20O-I2OL, respectively. This indicates that CG-l mRNA is altematively spliced,

giving rise to CG-I variants of various sizes. However only a single CG-I mRNA

transcript was detected by Northern hybridisation, which suggests that any alternatively

spliced RNA's with large insertions or deletions must be relatively rare in the tissues

studied. The inserted sequences in clone 22255L both contain heptad repeats which are

continuous with heptad repeats on either side of the insertion sites.

4.7 The location of the human CG-| gene

The human CG-I gene was assigned to chromosome 149.22 by Southern

analysis of human-rodent hybrids and fluorescence in sin hybridisation. The

assignmentof thehuman CG-1 gene tochromosomel4q22isinteresting,asadeletion

of 14q1 l-q32 has been described in a number of patients with acute lymphoblastoid

leukaemia, chronic lympho-proliferative disorders and non-Hodgkin's lymphoma

(Mitelman et al., 1991). Whether absence of the CG-l protein from leucocytes of

patients wittr this deletion plays a role in the pathogenesis of their disease remains to be

determined. Consistent breakpoints in the region 14922-q24 have also been described

in benign uterine leiomyomas (furc-Carel et al, 1988: Mark et al, 1990).

Several human genes have been mapped to the region q22 on chromosome 14,

including the coiled-coil proteins p-spectrin (Fukushima et al, 1990) and c-actinin

(Youssoufian et al, 1990). The C-terminal region of the deduced CG-l aa sequence
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shares 157o identity with these proteins, a low level of similarity which suggests CG-l

and the chromosome 14 coiled-coil proteins are unrelated yet share a common coiled-

coil structure. Other genes mapped to the q22 region of chromosome 14 include liver

glycogen phosphorylase (Billingsley et al., 1994), heat shock protein A2 (Roux et al.,

L994) and the Max transcription factor (Gilladoga et aL, 1992).

Unfornrnately resriction endonuclease analysis of human genomic DNA did not

provide enough information to unequivocally determine whether CG-I is a single copy

gene, although low stringency screening of Southern blots indicated that CG-I was not

a member of a closely related gene family. FISH analysis with a CG-1 cDNA probe

detected only a single hybridising sequence on chromosome 14.

4.8 Predicted structural features of the CG-l protein

(a) CG-l contains a potential NLS motif

The deduced aa sequences of integrin ct subunits share several common

features, including conserved cysteine residues and several distinct motifs (fakada et

al., 1989). As the CG-1 deduced aa sequence lacked these features and shared no

similarity with integrin cr-subunits, it was clear that CG-l was not a member or even a

distant relative of the integrin ct subunit superfamily.

Computer analysis of the CG-1 deduced aa sequence identified a number of

known structural motifs within the CG-l protein. The N-terminus contains several

basic regions, with one incorporating a potential bipartite NLS motif at aa 42-56. This

motif is distinct from those present in nucleoplasmin, erb-A, p53, and steroid hormone

receptors (Robbins et al., 1991; Silver, 1991; Fig. 50). The role played by the bipartite

NLS motif in CG-l is uncertain. As this motif consists solely of basic residues, its

presence may be an undesigned occurrence in an extremely basic domain. For this

motif to be active, the NLS must be positioned inside the cell, or alternatively cell-

surface CG-l may be internalised once it has bound a ligand.
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CG-1 is not the only protein possessing both a potential transmembrane region

and a potential NLS. Sterol regulatory element binding protein-l (SREBP-l) contains

both hydrophobic transmembrane segments and a NLS motif (TVang et al., L994;

Gasic, 1994). SREBP-I is synthesised as a 125 kDa precursor that is inserted

into the ER membrane. Upon lowering of cholesterol concentration, a 68lDa

cc-1 (Hu); 42
ES/130 (Chicken); t29
Nucleoplasmin (Xenopus); 155
p53 wild type (Hu); 305
erb-A (Hu) ; L79
c GlutocorEicoid recep. 1Uu); 479
Androgen recep. (Hu); 432

KRALPNNTSSSPQPKKK
KRLAIGKLIEE}TRH(RR
RKCLQAGMNI,EARKTKK
RKCYEAGI4TLGARKLKK

Fig. 50. Alignment of tbe CG-l and ES/130 NLS motifs with those of nuclear targeted Droteins.

Potential NLS motifs in CG- 1 (aa 42 - 58) and ES/130 (n 129 to 143) are aligned witb l$own nuclear

targeting sequences. The position of the first aa of the NLS in eacb protein is numbered. Residues at

eiths end of the nucleoplasmin NLS wbich are conserved in CG-l and ES/130 are boxed.

fragment of SREBP-l appears to be proteolytically cleaved from the l25kDa precursor

molecule by an unknown mechanism. The nuclear localisation signal contained within

this fragment directs its transport to the nucleus. The helix-loop-helix leucine-zipper

motif contained within the 68 kDa fragment is thought to bind to the sterol regulatory

elements of genes such as the LDL receptor and HMG CoA reductase, upregulating

Eanscription of these genes and increasing cholesterol synthesis and endocytosis.
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(b) CG-l contains 
^ 

LZ motif

There is a perfect I.7. motif encompassing CG-l n935-963, but CG- I lacks the

N-terminal basic region immediately preceding the zipper motif which is common to

proteins of the b-ZIP family. This indicates CG-l is probably not a DNA-binding

protein of the b-ZIP family, however the presence of both a LZ and a nuclear

localisation signal motif suggests the cellular localisation of CG-l should receive

further study.

(c) CG-l is a coiled-coil Protein

Several lines of evidence suggest the C-terminal 1000 aa of CG-l assumes a

coiled-coil conformation. This region is composed largely of heptad repeats, and

analysis using the COILS2 algorithm predicts that it forms a coiled-coil structure.

Critical residues within the heptad repeat structures iue conserved with other coiled-coil

proteins. However the overall aa similarity between these proteins and CG-l is low, at

most 187o. This observation suggests the overall secondary stnrcture of CG-l is

conserved with coiled-coil proteins, but that the proteins may not necessarily have

arisen by divergent evolution from a common ancestor. The extended coiled-coil

srnrcture of this region appears to be intemrpted between aa 1051 - 1086 and aa 1245 -

L271. These two regions do not contain specific structural motifs, but do contain

proline residues which are commonly found in flexible domains such as the hinge

region of Ig, but which are rare within cr-helices (Branden and Tooze, I99l). The

relative disposition of isoleucine to valine residues at heptad positions a and 4 and the

ratio of charged to apolar residues within the C-terminal 1000aa of CG-l, are

characteristic of a two-stranded coiled-coil structure.

As described previously it is possible that some forms of CG-l are expressed

on the cell-surface as a homodimer which is stabilised by disulphide bonding. While

there is no evidence of naturally occurring inter-chain disulphide bonds within coiled-
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coil structures, disulphide bonds do occur outside coiled-coil domains close to the coil

ends (eg. fibrinogen), and can be chemically induced within coiled-coil domains (eg.

tropomyosin). Of the cysteine residues in CG-l at aa positions 303, 355,736,1076

and 110?, those at positions 355 and ll07 would be accessible to form inter-chain

disulphide bonds, if CG-l is assumed to have a parallel in-register nvo-sranded coiled-

coil structure.

The linear distribution of acidic and basic residues within CG-l has a common

periodicity of 9.3aa. This is the same as that found in IF, myosins, paramyosins, and

the C-terminal domain of desmoplakin, plectin, and bullous pemphigoid antigen (Green

et al., L992\. The IF molecules, myosins, and paramyosins form filaments, and it is

believed that the other proteins listed above can form filaments or networks under some

conditions. It is unlikely that CG-l forms disulphide-linked filaments or networks,

since no structures of very high molecular weight were resolved by SDS-PAGE,

although it remains possible that they were excluded from entering the gel.

(d) Transmembrane orientation of CG-l

The CG-l deduced aa sequence incorporates two regions which contain

relatively high numbers of hydrophobic residues and relatively low numbers of charged

residues: (i) The first (aa l-29) contains a potential consensus signal peptide cleavage

site between residues 19 and 20. However, unlike the majority of signal peptides this

region lacks a positively charged N-terminus (von Heijne, 1986). If aa l-19 represent a

signal peptide, the mature protein would retain a stretch of hydrophobic residues at its

N-terrninus following signal peptide cleavage. Altematively a region encompassing aa

7-29 of this hydrophobic segment may represent a transmembrane domain (Singer et

at., 1990). (ii) The second region encompasses the 23 aafrom 1267-1289. While this

region contains a relatively high number of hydrophobic residues, it is interspersed
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with several polar residues, reducing the probability that this region is inserted into a

membrane.

The above features support models where CG-l is inserted into the plasma

membrane or possibly into the endoplasmic reticulum or nuclear membranes. Models in

which CG-l is inserted into the plasma membrane are attractive since anti-CG-l

antisera immunoprecipitaa proteins from the cell surface. Models in which the largest

part of the CG-l molecule lies external to the plasma membrane are supported by the

fact that the immunising 45-kDa fragment was a disulphide-linked protein derived from

the glycosylated fraction of PBM. Very few cytoplasmic proteins contain disulphide

bonds or rue glycosylated. CG-l could be orientated as a type Ia molecule with a large

N-terminal extracellular domain that contains several conssnsus sites for asparagine-

linked glycosylation. It would also contain a truncated N-terminal hydrophobic segment

following cleavage of the signal peptide, a C-terminal transmembrane segment, and a

short C-terminal cytoplasmic domain (Fig. 51; Singer, 1990). Alternatively CG-l could

be orientated as a type tr molecule with a large C-terminal extracellular domain, the N-

terminal hydrophobic segment inserted into the plasma membrane, and a short N-

terminal cytoplasmic domain (Fig. 5l). CG-l is not likely to be GPl-linked to the

extracellular aspect of the plasma membrane, as hydrophobic segments are usually

found at the extreme C-termini of GPl-linked proteins. In conEast the C-terminal

hydrophobic segment of CG-l is separated from the extreme C-terminus of the

molecule by a potential cytoplasmic domain (Cross, 1990).

It is also possible that CG-l is orientated with a large intracellular domain

potenrially involved in signal transduction,leaving a small domain protruding into the

extracellular space. For example CG-1 could be orientated as a type Ib molecule where

the N-terminal hydrophobic segment is inserted into the plasma membrane (Fig. 51).
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Fig. 51. Speculative models of the transmemhrane orientation of CG-l. (A) CG-l as a tlAe Ia

molecule with the C-temrinal hydrophobic segment inserted ino the plasma membrane. (B) CG-l as a

t),pe tr molecule wirh N-tenninal bydrophobic segment inserted into the plasnamembrane. (C) CG-l

as a type Ib molecule wirh tbe N+enninal bydrophobic segment inserted into tbe plama membrane.

Tbe N- and C+ermini of CG-l potypeptides are dasignated "N" and "C" resp@tively. Hydrophobic

segmeuts are represented by solid boxes.

4.9 CG-l is associated with a kinase(s)

In vitro kinase assays suggest that the proteins immunoprecipitated by the anti-

CG-l antisera are associated with a kinase(s). As the in vito kinase assay is inherently

very sensitive, kinase substrates detected by this assay may not be detected when the

same antisera is used for immunoprecipitation of surface-labelled PBM proteins. In

addition the kinase substrates may be intracellular and hence not labelled. It is
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interesting that both the anti-CG-l "D" and "P" antisera precipitate similar profiles of

tyrosine phosphoproteins, despite the fact that they immunoprecipitate proteins of

different sizes from the cell surface. This supports the contention ttrat both the "D" and

"P' antisera recognise variants of the same PBM proteirl

The panerns of tyrosine phosphoproteins immunoprecipitated by ttre anti-CG-l

and antiCD3 antibodies are remarkably similar, implying either that these two

complexes are associated on the membrane, or that they activate overlapping tyrosine

kinase signalling cascades. Activation of PBM with PHA leads to diminished levels of

tyrosine phosphoproteins immunoprecipitated by anti-CG-l antisera, suggesting that

signal transduction by these proteins may be most important in the early stages of

leucocyte activation. In vitro kinase assays using the comparatively harsh detergent

NP-40 detected fewer phosphoproteins. These are presumably phosphoproteins

associated with the proteins immunoprecipitated by the anti-Cc-1 antisera at high

stoichiometry or with comparatively high affinity, and include a protein of similar

mobility ro the 150kDa (reduced) protein recognised by the anti-CG-l antiserum "D".

This is not unexpected as the deduced aa sequence of CG-l contains two potential

tyrosine phosphorylation sites.

4.10 Phylogenetic conservation of CG-l: CG-l is related to mouse and

chicken proteins

High stringency Northern analysis revealed that the human CG-l cDNA probe

could cross-hybridise to a 4.5kb mouse transcript, implying regions of at least TOVo nt

identity between the species homologues. This was confirmed by partial DNA sequence

analysis of a mouse CG-1 clone, which encoded a protein sharing approximately 757o

aa identity with the human homologue
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Shortly after the cDNA sequencing of CG-l was complete, a search of the

updated GenBank and EMBL databases revealed a sequence encoding a chicken protein

(ES/130) which was related to CG-l (Rezaee et al., 1993). CG-l and ES/130 are

expressed in totally different cellular compartments. The ES/130 protein is present in a

particulate fraction of "cardiac jelly", an extracellular matrix formed within the

myocardial basement membrane (MBM) that separates the two concentric cell layers of

the developing hearl consisting of an outer myocardium and inner endothelium (Rezaee

et al., 1993). An EDTA extract of MBM is able to activate the cardiac endothelium to

acquire a fibroblastic morphology and to invade the adjacent cardiac Flly, to conuibute

to the formation of the valvular and septal tissues of the mature heart (Mjaatvedt et al.,

1987; Mjaatvedt et al., 1991). This is an example of endothelial-mesenchymal

interconversion, a process central to embryogenesis and wound repair which involves

Human CGI

500

Fig. 52. A marri\ comnarison of the CG- l and Es/l ?0 deduced aa sequences. The deduced aa sequences

of human CG-l (Print et al., 1994) and chicken ES/130 (Rezaee et d., 1993) were compared as

marrices using the 'DNA strider' computer Fogram Marck 1988). Three mqior regions of similarity

are numbered I, tr and III.
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changing an endothelial state of differentiation into a mesenchymal phenotype (Boyer

and Thiery, 1993). An anti-ES/l3O antibody blocks the transformation of endothelium

to mesenchyme, indicating that the ES/130 protein is a functionally active component of

rhe MBM. Complementary DNA cloning and immunochemistry revealed that the

ES/130 protein is a 130kDa protein that appears to be packaged in secretory granules,

and is detected in the developing heart just prior to and during mesenchyme formation

(Rezaee et al., 1993).

Alignment of their deduced aa sequences revealed that CG-l and ES/130 are

structurally similar. A matrix comparison revealed three major regions (I,II, and Itr) of

similarity extending over almost the entire published ES/I30 protein sequence (Fig.

52). Region II is the most similar with 42Vo aa identity, increasin g to 65Vo when

conservative aa substitutions are included. Region III displayed 36Vo aa identity, and

507o similariry including conservative substitutions (Fig. 53).

As mentioned previously, comparison of the CG-l nucleotide sequence with the

almost identical sequence deposited in GenBank by Iftuppa et al. (accession number

222551) suggested that CG-I RNA was alternatively spliced. One splice site between

CG-1 aa 1030-1031 coincides with the insertion of a large sequence in human CG-l

separating regions II and III, that is absent in ES/130. The N-terminal regions of both

protein sequences are highly basic, containing potential bipartite nuclear localisation

signal motifs encompassing aa residues 42-57 and 129-144 in CG-1 and ES/130

respectively (Fig. 50). The Chou-Fasman algorithm predicts regions of cr-helical

structure throughout regions II and trI in both CG-l and ES/130. Regions II and III of

both CG-1 and ES/130 are interspersed with coiled-coil heptad repeats.

The ES/130 protein could be a chicken relative of CG-l. However the

degree of similarity benveen CG-l and ES/130 is not high compared to the degree of

similarity between many other human proteins and their chicken homologues. For
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erutmple the human TGFF-1, p-actin, prolactin and N-cadherin sequences share 85%,

83Vo,677o and 807o aa identity respectively with their chicken homologues. On this

basis it is conceivable that ES/130 and CG-1 are not species homologues, but rather

members of a diverse gene family which have evolved from a common ancestral gene.

It remains to be determined whether there are human proteins which :ue more

closely related to ES/130 than CG-1, and whether ES/l3Glike human proteins can

induce epithelial-mesenchymal transformation and play a role in development of the

heart. There are several examples where evolution has given rise to both membrane

bound and secreted or shed proteins which nonetheless retain a highly conserved

stmcture. Such proteins include the carcino-embryonic antigen / pregnancy-specific pl-

glycoprotein family (Rudert et al., 1989), VCAM-I (Terrl'et al., 1993) and CD44

(Haynes et al., 1989).

It has been speculated that T cells or their products might be directly responsible

for initiaring the transformation of vascular endothelium to a HEV form @uijvestijn et

al., 1987). It is interesting to speculate whether membrane-bound or soluble human

lymphocyte ES/l30-like proteins which can induce changes in the state of endothelial

cell differentiation may play such a role.

4.fl CG-l is immunologically related to CD100

While characterising mAb submitted to the Fifth International Workshop of

Leucocyte Differentiation Antigens, we noted a group of four antibodies which

recognised a disulphide-linked protein with a grossly similar structure to the protein

recognised by the anti-Cc-l antiserum "D". These mAb were later grouped together

from data obtained by blind analysis using flow cytometry as the "GR3" cluster, and

the common antigen they defined designated CDl00. An additional mAb CBF.78

which recognised a different structure was also grouped in the GR3 cluster, based on

ttre distibution pattern of the antigen it recognises.
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The four mAb BB18 ,F93-7c2, A8 and BDl6 either weakly stained or failed to

stain unactivated PBM by indirect immunofluorescence, yet were able to

immunoprecipitate CD100 proteins from the same cells. Either the CD100 antigen was

not suffrciently abundant to be detected by the relatively insensitive technique of indirect

immunofluorescence, or the CD100 epitopes on unactivated cells were not available

until after exposure by detergent lysis. A particular batch of the BBIS mAb which

appeared to be defective was unable o precipitate CD100 from unactivated PBM in the

expennent showu in Fig. 46. However a different barch of BB 18 precipitated CDl00

from unactivaled PBM in a subsequent experiment All GR3 mAb readily stained PHA-

activated PBM in indirect immunofluotescence analysis.

Immunoprecipitation data revealed that ttre most abundant form of CDl00 is an

acidic 300kDa (non-reduced) protein that shifts to a l5OkDa monomeric form,

designated the a polypeptide following the reduction of disulphide bonds. The acidic

300kDa (non-reduced) and 150kDa (reduced) proteins are reminiscent of the proteins

precipitated by the anti-CG-l "D" antiserum. The 300kDa (non-reduced) protein

sometimes appeared as a doublet which may be due to site-specific proteolysis, or the

upper band of the doublet may possess a disulphide-linked light chain. If the latter is

the case then the upper band might be expected to release a 40-50kDa protein; similar in

size to the 45kDa band (reduced) recognised by the CG-l "D" antiserum in Western

blots. In addition the F93-7GZ mAb precipitated a l5OkDa (non-reduced) B-

polypeptide, which may represent a non-reduced monomeric form of CDl00. As none

of the GR3 mAb were capable of detecting CDl00 in Western blots, experiments to

determine whether the p-polypeptide wi$ a CD100 monomer or an unrelat€d CD10G'

associated protein have not yet been performed.

The identity of minor bands of 200kDa (non-reduced) which sometimes appear

in immunoprecipitations with all GR3 mAb has not been established. Although they are

reminiscent of a polypeptide (200kDa; non-reduced) immunoprecipitated with the anti-

CG-l "P' antiserum , ttrey could represent traces of labelled serum Ig, or be the result
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of cross-reactivity with surface Ig since on reduction they co-migrated at 50kDa with

the Ig heavy chain. These bands were not always pr€sent.

When used for in vitro kinases assays, the BB18 mAb immunoprecipitated a

distinctive pattern of tyrosine phosphoproteins remarkably similar to those precipitated

with the CG-l "P' and "D" antisera- The pattern of phosphoproteins was also similar to

that formed by mAb to the CD3/TCR/CDUCD4ICDS complex. This further supports

the contention that the proteins immunoprecipiuted by anti-CG-l antisera are related to

CD100, and that they either loosely associate with the CD3/TCR complex or share

overlapping downstream tyrosine kinase signalling cascades. The CDl0O-associated

kinase(s) immunoprecipitated by the BB18 mAb could conceivably participate in the

BBl8-mediated costimulation of T-cells which have been sub-optimally activated with

PMA.

In conrrast to BBl8, BDl6 and other GR3 cluster mAb failed to precipitate any

detectable kinase activity from PBM. This is despite the fact ttrat BD16 has been shown

to augment PBM proliferation induced through CD2 and inhibit PBM proliferation

induced through CD3 (Herold et al., 1995). As BB18 and BDl6 recognise distinct

epitopes within an identical CD100 molecule, it is possible that the t'wo mAb mimic the

ligation of CD100 by two different ligands. This situation is not unique, as the two

anti-CD44 mAb A3D8 and212.3 augment and inhibit CD3-induced PBM proliferation

respectively @enning et al., 1990; Rothman et al., 1991).

Further evidence that proteins immunoprecipitated with the anti-CG-l and anti-

CD100 antibodies are related is provided by identical patterns of peptide fragments

derived by chemical cleavage. Additional evidence is provided by two separate

experiments in which immunodepletion with the BBl8 mAb appears to remove proteins

recognised by the anti-Cc-l antisera from PBM lysates.

While these experiments indicate that CD100 and proteins immunoprecipitated

by the anti-Cc-l antisera "D" are immunologically related, they do not completely
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exclude the possibility that the anti-CG-l antiserum "D" recognises a remarkably

similar but distinct cross-reacting CDl00 protein. It is also possible that inuacellular

CG-l associates strongly with a distinct CD100 protein located on the cell surface. This

may allow anti-CG-l antisera to co-immunoprecipirae labelled CD100 proteins with

unlabelled CG-1. Sequence data for CDl00 will be needed to unequivocally determine

the relationship betwecn CD100 and CG-l.

Section 5 - Epilogue

Shortly after this thesis was completed a chicken cDNA sequence (accession

number GGU156l7) was submitted to the GenBank sequence database by Yu et al.,

Duke University, North Carolina, USA. The GGUI5617 sequence encodes a 1364 aa

proreinwhichsharesanaverage of 67Vo aaidentirywiththeentirelengthof thededuced

human CG-l sequence. The chicken GGU156I7 protein contains two insertion

sequences at CG-1 aa 1030-1031 and 1200-1201 which correspond exactly with the

insertion sequences found in the human CG-l database homologue 2;22551. Lidrre

chicken ES/I30, the GGU15517 deduced aa sequence contains a nuclear localisation

signal motif and coiled-coil heptad repeats. As ES/130 and GGUI5617 have several

common features including shared splice site positions, it is likely that they are

members of a family which have evolved from a common ancestor. GGU15617 shares

more aa identity with human CG-l than does ESl130, and is likely to be the authentic

chicken homologue of CG-l.

While ES/130 and GGU15617 share a similar structure, these two proteins may

have quite different functions. The brief information accompanying the GGU15617

database submission suggests GGU15617 encodes the chicken kinectin protein.
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Chicken kinectin protein has been isolated from the cytoplasmic face of brain

microsomes (foyoshima et al. 1992), and its size of 160kDa corresponds exactly with

the expected size of the protein encoded by GGU15617. The region of GGU15617

which corresponds to the C-terminal hydrophobic region of human CG-l is intemrpted

by charges residues, suggesting it is not a transmembrane domain. However aZlaa

region (aa 9 - 29) of. GGUI5617 conesponding to the N-terminal hydrophobic region

of human CG- I is hydrophobic and uncharged, and is therefore a potential

ftansmembrane domain. In accord with this observation, kinectin is resistant to alkaline

washing, suggesting thatit is an integral membrane protein (Toyoshima et aL, 1992).

Kinectin is believed to couple the kinesin motor protein to organelles

transported by kinesin along the microtubule network; playing a similar role to that

played by the coupling between a railway locomotive and its carriages. The most

extensive studies of kinesin and kinectin have been in axons, where these proteins drive

the transport of organelles from the cell body toward the "plus" ends of microtubules at

the nerve termini (reviewed by Hirokawa 1993). Phosphorylation of both kinesin and

kinectin may regulate this process (Hollenbeck, 1993).

Until a paper describing the cloning of GGU15617 is published by Yu et al.,

we cannot assess the evidence that GGUI5617 encodes the authentic kinectin protein.

However, our results provide no firm evidence to refute the theory that CG-1 encodes

the human homologue of avian kinectin. The chicken kinectin molecule is

approximately the same size as CG-l (160kDa, reduced), and shares a similar

isoelectric point (pI5.0-5.5). While no disulphide-linked chicken kinectin dimer has

been described, it is possible to speculate that such a dimer exists, as in some brain

vesicles kinectin is present in a trvofold molar excess over kinesin (Toyoshima et al.,

L992)- As kinectin appears to be primarily localised to the endoplasmic reticulum and

other membranous organelles, it initially appezus unlikely that it would be labelled on

the cell surface in immunoprecipitation experiments. However it is possible that some
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of these organelles find their way to fuse with the plasma membrane, which would

allow kinectin to integrate into the plasma membrane, become labelled on the cell

surface, and be subsequently detected by immunoprecipiution. It is also possible that

cytoplasmic kinectin associates at high stoichiometry with the cytoplasmic tails of

distinct transmembrane proteins.

As mentioned previously, the kinesin/kinectin motor system has been

extensively studied in neural tissues, but the importance of this system in other tissues

such as leucocytes has not been widely addressed. However Ando et al. (1994)

describe the cloning of a human kinesin-related cDNA (HSET) which is abundantly

expressed in testis, ovary, B cells and T cells. It is possible that F/,IET or a similar

molecule is a ligand for kinectin, and that kinectin, HSET and other microtubule-

associated proteins mediate some of the changes which are observed in the micronrbule

system following T cell activation (Anand and Chou, 1992).

The role played by the NLS within kinectin is uncertain. A costimulatory

signalling molecule ppl9/cofilin which contains an NLS and binds to actin has been

isolated. Following T cell activation through the TCR and costimulatory receptors,

pp19/cofilin is dephosphorylated, and transports depolymerised actin to the nucleus.

Once in the nucleus depolymerised actin appears to influence the activity of RNA

polymerase tr and DNAse I (Samstag et al., 1994).It is interesting to speculate whether

lymphocyte kinectin acts in a similar manner to ppl9/cofilin, and mediates nuclear

localisation of microtubule-associated proteins such as HSET.

Toyoshima et al. (1992) suggest kinectin is one member of a larger family of

motor-binding proteins on membranous organelles. Further experiments are needed to

determine whether or not CG-1 and ES/l30 are related members of a family which

binds to microtubule-based motor proteins.
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Section 6 - Future directions

6.1 Investigation of the relationship between CG-l and CD100 using an

antisense CG-1 construct

FullJength forms of the CGl cDNA have been ligated into the pCDM8 vector

for expression in mammalian cells. The coding region and 3' untranslated region of the

pCG-3 insert was excised from pUCl8 with ffcol and EcoRI, and inserted into the

XhoI-digested cloning sites of the expression vector pCDM8, in both sense and

antisense orientations (Frg. 54).The pCDM8 plasmid containing tbe CG-l cDNA in the

sense orientation has been transfected into Cos-l cells, however no CG-l protein could

be detected on the surface of the transfected cells @rint" unpublished results). It is

possible that CG-l may require cell type-specific factors for surface expression.

Therefore the pCDMS plasmid containing the CG-l cDNA in the antisense orientation

will be transfected into LG-2 cells, an EBV-transformed human B cell line which

expresses CG-l and CDl00. Should the CG-l cDNA encode CD100, the antisense

CG-L RNA produced when the antisense CG-l plasmid is transcribed could be

expected to anneal to endogenous CD100 mRNA, and reduce CD100 translation. This

will be established by comparing the expression of CD100 on LG-2 cells transfected

with antisense CG-llpCDM8, sense CG-1/pCDM8 (control) and non-recombinant

pCDM8 (control) plasmids. Transfected cells will be surface 1251-66e11ed, and CD100

immunoprecipitated from cell lysates, or alternatively cells will be analysed for CD100

expression by FACS analysis. This approach does not address the possibility that CG-

I is associated with CD100, and required for the transport of CD100 to the cell

membrane. A similar antisense approach could also be useful for determining whether

CG-l serves an essential role for T cell and B cell activation and/or differentiation. An
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Fig. 54. Assembly of full-length CG-l cDNA constructs in tbe expression vector JrCDMS. (i) Tle

coding and 3' untranslated region of the CG-/ cDNA were excised from pCG-3 with lVcol and EcoRI,

and end hlled witb the Klenow fragment. (ii) Tbe stuffer sequence was removed from pCDMS by

digestion with Xhol, and the pCDMS XhoI sites end filled with the Klenow fragmenl (iii) The CG-I

cDNA was then ligated into pCDMS in both sense and antisense orientatims.
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alternative approach would be to use antisense oligonucleotides to reduce cytoplasmic

levels of CG-1 mRNA transcripts.

6.2 Investigation of the relationship between CG-l and CD100 using a

CG-l expression plasmid containing a c-myc epitope tag

Two recombinant CG-I cDNA's which contain c-myc epitope tags will be

constructed, using a strategy similar to that of Klar et al. (1992). Short synthetic

oligonucleotides encoding the c-myc epitope will be inserted into an Xlllr.lsits 
^tCG-I

nt242-245, and into a.SexAI site at CG-i nt 3888-3892 (Fig. 55). These modified

CG-llpCDMS expression vectors along with non-recombinant pCDMS will be each

transfected into LG-2 cells.Immunoprecipitates formed with the anti-c-myc mAb 9El0

(Evan et al., 1985) will help to distinguish whether CG-l and CD100 are identical, or

whether the anti-CG-1 "D" antiserum cross-reacts with CD100, an unrelated protein.

This approach does not address the possibility that cytoplasmic CG-l associates at high

stoichiometry with cell-surface CD 100.

6.3 N-terminal aa sequence of CD100

. CD100 will be purified from bulk cultures (5 x 109 ce[s) of LG-2 cells by

immunoaffinity purification on anti-CDl00 sepharose. The protein will be resolved by

SDS-PAGE, transferred to PVDF membrane and N-terminally sequenced. If the N-

rerminus is blocked the protein will be digested with trypsin, and sequence obtained

from the tryptic fragments separated by HPLC. This approach is dependent on

acquiring a hybridoma secreting one of the CD100 mAb. Requests to a previous

collaborator to obtain additional aliquots of the BBlS mAb have been unsuccessful.



200

briC lo -!drCO.l nlll t.-

I

V

-T
+ '/y'"ou'rt"F 

d

T

Fig 55- tnsertion of seguences enccrCins a c-myc enitone into frrllJength CG- I cfrNA. DNA sequ€nces

encoding c-myc epiopes will be inserted into full-length CG-l cDNA at two positions. (A) A DNA

fragment encoding the c-myc epitope flanked by paired Xhol5' overhangs witl be constructed by

annealing the synthetic oligonucleotides Cl and C2. The DNA fragment will be inserted into an XftoI

restriction endonuclease site between CG-I nt242-245. (B) A DNA fragment encoding tbe c-myc

epiope flanked by paired SexAI 5' overhangs will be constructed by annealing the oligonucleotides C3

and C4. The DNA fragment will be inserted into a Se:AI site between CG-| nt 3888-3892. This

constnrct would be expected to encode a CG-l protein possessing a c-myc epitope sited directly after the

most C-terminal CG-l M (M 1300). CG-l cDNA is represented by diagonally hatched boxes, while

sequences encoding the c-myc epitope are represented by solid boxes. The potential transurembrane

domains arc repres€nted by open boxes. The aa sequence inroduced ino the CG-l cDNA is rryresented

above the first nucleotide of eacb codon in bold rype. Design of the c-myc epitope is according to the

strategy of KIar et d., (1992).
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6.4 Relationship between CD100 polypeptides

The 150kDa (non-reduced) p polypeptide observed in CD100 precipitates will

be compared with the 150kDa c polypeptides which comprise the CD100 dimer.

CD100 precipitates will be subjected to NEPHGE/SDS-PAGE using reducing

conditions in the second (SDS-PAGE) dimension to determine whether proteins in the

150kDa region resolve into more than one p polypeptide species. The a and p

polypeptides will be peptide mapped. This involves running immunoprecipitates on

cylindrical gels under nonreducing conditions, treating the gels in sirz with cyanogen

bromide, and then resolving the peptide fragments on SDS-PAGE under reducing

conditions.

6.5 Investigation of the transmembrane orientation of the CG-l protein

The two expression vectors encoding CG-l proteins containing c-myc epitopes

which were described previously will be transfected into LG-? cells. Cytofluorimetry

experiments using indirect immunofluorescence will then be used to assess the

localisation of epitopes recognised by the anti-c-myc mAb 9E10 relative to the plasma

membrane.

6.6 Generation of anti-CG-l polyclonal antisera to synthetic peptides

designed from the CG-l protein sequence

Two synthetic peptides encompassing CG-l aa Il7-L32 and 1290-1300

(hydrophilic regions which have a high probability of residing on the surface of the

CG-l molecule) have been synthesised, and will be used to raise rabbit polyclonal

antisera. These antisera will be used to immunoprecipitate PBM cell-surface proleins in

a further attempt to distinguish whether CG-1 and CD100 are identical, or whether the

anti-CG-l rabbit antiserum "D" cross-reacts with CDl00, an unrelated protein. In

addition they will be used to stain sections of human tissues and cytospins of PBM to
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localise the expression of CG- I in tissues and within the cell. If these antisera cross-

react with the mouse CG-l protein, they will also be used to study the expression of

CG-l in the developing mouse heart and other organs such as ovary, testis, and brain.

6.7 Isolation of potential CG-l ligands and CG.l-associated proteins

The CG-l cDNA in pCDM8 described previously will be used to produce an

antibody-like CG-l-Fc fusion protein. The human IgGl Fc domain fused to CG-l will

facilitate purification of CG-l on Protein A-Sepharose. Kinesin will be affinity purified

from brain microsomes, and used in binding assays with the CG-1-Fc fusion prot€in.

The CG-l-Fc fusion protein will also be fluoresceinated and used to stain the surface of

cells. If it binds to cells it will be immobilised to a matrix and used to immunopurify

and characterise potential ligands. In addition the CG-l-Fc fusion protein will be used

to raise anti-CG-l mAb in mice.

6.E In vitro assays of the costimulatory potential of CG-l and CD100

Anti-CDl00 mAb will be coated onto 96-well plates at various concentrations.

When combined with submitogenic concentrations of OKT3 (anti-CD3) mAb, their

potential to costimulate purified CD4+ T-cells will be investigated. Proliferation

(incorporation of 3H-thymidine) and expression of activation antigens will be assayed.

Using this technique we have produced preliminary evidence that MAdCAM-1 can

costimulate T cell activation (Print and Krissansen, unpublished data). Therefore the

costimulatory potential of anti-CDl00 mAb will be compared to that of MAdCAM-1

and anti-CD28 mAb. If CG-l is confirmed to be a cell surface protein, anti-CG-l mAb

will be used in a similar assay.

If anti-CD100 or anti-CG-1 mAb prove capable of costimulating T cell

activation, reagents derived from the ligands of these T cell proteins could be harnessed

in an immunotherapy approach to cancer treatment in the future. As mentioned
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previously Townsend and Allison, 1993 and Chen et al., 1992 successfully induced

lasting CD8+ T cell-mediated rejection of transplanted murine melanoma cells by

transfecting a small sub-population of the melanoma cells with 87. Using a similar

approach ligands for CDl00, CG-l and other costimulatory receptors could be co-

transfected into tumour cells with B7-2 in the hope of inducing a lasting immune

response against tumow cell antigens,

6.9 Identification of human and mouse ES/130 homologues

Several synthetic oligonucleotide primer pairs will be designed to regions of

human CG-l which are conserved in mouse CG-l, chicken ES/130 and chicken

kinectin. These primers will be used in a strategy to amplify sequences homologous to

CG-l and ES/130 from mouse and human RNA extracted from a variety of adult and

foetal tissues. If mouse and./or human sequences encoding ES/130 homologues are

amplified, the PCR products will be used to probe cDNA libraries in order to clone the

mouse and human ES/130 homologues. If mouse or human s€quences encoding CG-l

are amplified, the products will be sequenced to determine the usage of CG-l splice

variane in different organs and in different stages of development

In summary, the work described in this thesis has led to the identification of a

new human gene encoding a potentially multi-functional molecule which may co-exist

in several different forms. The work has raised many questions which will keep a lab

full of researchers dutifully employed for many years to come.
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