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Platelet-activating factor (PAF) is a broadly bioactive family of 

phospholipids which contribute to the pathogenesis of numerous 

diseases as well as to many normal physiologic processes. The 

pleiotropic nature of PAFs actions may be due to the activation of 

several intracellular signaling pathways or the presence of PAF 

receptor subtypes. Therefore, to begin to understand the complex 

mechanisms by which PAF molecules induce cellular responses, a 

molecular approach was initiated to provide tools to investigate 

many of the issues surrounding PAF receptors. 

Using a strategy based upon homology cross hybridization, a 

coding sequence homologous to that of the guinea pig PAF receptor 

cDNA was identified in a 20 kb insert obtained from human genomic 

DNA. A portion of the insert was sequenced and appears to be the 

human homolog of the cloned guinea pig receptor. Although the 

sequence identity shows that the gene for the human PAF receptor 

does not contain introns in the coding region, the 5'-untranslated 

sequence deviates from previously reported cDNA sequences 

suggesting that at least one intron is present in the untranslated 

region and represents evidence for alternative mRNA splicing. The 

20 kb human genomic fragment also allowed for regional mapping of 

the PAF receptor gene by fluorescence in situ hybridization and 

found to localize to chromosome 1 (Ip35->p34.3). Specific 

localization of the PAF receptor gene to the distal portion of 
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chromosome 1 may assist in understanding the genetic 

predisposition of certain patients to inflammatory diseases. 

To examine the second messenger coupling of the cloned PAF 

receptor and adenylyl cyclase, a cAMP-responsive reporter gene has 

been used in transiently transfected human choriocarcinoma cells. 

Preliminary data suggests that PAF receptor signal transduction does 

result in inhibition of basal and agonist-stimulated adenylyl cyclase 

activity.  

PAF receptor specific antibodies could assist in tissue 

localization of the cloned PAF receptor as well as provide evidence 

for PAF receptor subtypes. Antibodies were produced against fusion 

protein consisting of glutathione-S-transferase and a peptide from 

the purported 2nd extracellular region of the cloned PAF receptor 

which recognized the native protein in transfected COS-7 cells. 



1 9  

CHAPTER 1 

INTRODUCTION 

1.1 PLATELET ACTIVATING FACTOR 

Platelet-activating factor (PAF) is a broadly bioactive family of 

phospholipids which are best known for contributing to the 

inflammatory response. The role that PAF plays is far more complex 

however than simply being inflammatomimetic albeit its 

involvement in the pathogenesis of tissue injury also remains 

unclear. Part of the difficulty limiting our understanding of the 

variety of biologic activities with which PAF is associated lies with 

the heterogeneity of PAF molecules and the potential diversity of 

actions generated by such a family of autacoids. It is currently not 

known whether the family of PAF molecules are all active molecules 

acting through the same or different receptors. 

Another problem intrinsic to working with phospholipids is the 

metabolic lability and hydrophobicity of the lipid mediators making 

experimentation difficult. Because PAF is a lipid, it is readily taken 

up by cells in a receptor-independent manner. The high degree of 

nonspecific surface binding exhibited by PAF molecules contributes 

to difficulties in receptor characterization. In addition, there exists 

sufficient pharmacological evidence to support the premise that 

multiplicity of PAF receptor subtypes might explain some of the 
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biologic diversity. The lack of clarity regarding the presence or 

absence of PAF receptor subtypes appears to be compounded by the 

large number of intracellular 2nd messenger pathways activated by 

PAF which may obfuscate differences regarding true receptor 

heterogeneity vs receptor heterogeneity mimicry. 

Therefore, to begin to understand the complex mechanisms by 

which PAF molecules induce cellular responses, to elucidate the 

distribution of target sites, and to assist in attempting to clarify the 

controversy regarding the existence PAF receptor subtypes, a 

molecular approach was initiated to provide tools to investigate 

many of the issues surrounding PAF receptors. 

1 . 1 . 1  T h e  S y n t h e s i s ,  D e g r a d a t i o n ,  a n d  M o l e c u l a r  
Structure of Platelet-Activating Factor 

Platelet activating factor (PAF) is defined not as a single entity 

but as a family of autacoids derived primarily from the hydrolysis of 

precursor cell membrane phospholipids in response to an 

inflammatory provocation. There is an additional constitutively 

active {de novo) pathway that exists for the basal physiologic 

synthesis of PAF. There are over 20 different molecular species of 

PAF molecules (Pinckard, 1989) many of which are known to be 

biologically active (O'Flaherty et al., 1994). The chemical name for the 

prototypical  molecule is  l -0-alkyl-2-acetyl-5n-glycerol-3-

phosphocholine with the alkyl group (jn-1) most commonly being 16 

or 18 carbons in length (Hanahan, 1986) (see figure 1). In the sn-2 

position, an acetate group appears important for activity since 
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increasing the chain length varies the potency as does altering the 

polar head group in the sn-3 position (Pinckard et al., 1988). 

PAF is not known to be stored and cells commonly synthesize it 

from the resident jn-glycerophosphocholine (GPC) which is a 

structural component in many intracellular membranes. The 

biosynthesis of PAF in inflammatory cells or cells associated with 

allergy involves structural modification of a preexisting ether-linked 

phospholipid through a degradative or remodeling pathway by 

activating phospholipase A2 (figure 1.1) (Prescott et al., 1990). 

Phospholipase A2 catalyzes the hydrolysis of a long chain hydroxy 

acid from membrane phospholipids in which the phospholipase A2 

preferentially selects those with arachidonic acid at the sn-2 position 

(Chilton et al., 1984) to yield an inactive lyso-PAF intermediate (1-0-

alkyl-5n-glycerol-3-phosphocholine) and a free fatty acid. 

Consequently, the initial step in the remodeling pathway for many 

cells is associated with the production of two precursors of bioactive 

lipids. The production of the other lipid precursor, arachidonate, has 

also contributed to the confusion surrounding the existence of PAF 

receptor subtypes. The second step in the remodeling pathway for 

generating PAF involves the addition of an acetate group at the sn-2 

position, catalyzed by a specific acetyl coenzyme A:lyso-PAF 

acetyltransferase (Wykle et al., 1980). PAF has a very short half-life 

(1-2 minutes) in vivo because of the rapid degradation catalyzed by 

PAF-specific intra and extra-cellular acetylhydrolases (Blank et al., 

1981). 
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FIGURE 1.1 

Platelet-activating factor (FAF) can be synthesized by a metabolic 

pathway involving the remodeling of a lipid membrane constituent 

(alkyl ether glycerophophosphocholine) during an inflammatory or 

hypersensitivity response. The enzymes responsible for this 

sequence of reactions involve a deacylation (cleaving site shown) of 

the membrane precursor molecule and an acetylation step of lyso-

FAF (chemical structure not shown). The reaction can be catalyzed 

by the action of phospholipase A2 (PLA2) which prefers a long chain 

acyl moiety (arachidonate) on the second carbon designated by the 

stereospecific numbering (sn) system for the glycerol backbone with 

the subsequent formation of FAF via acetyltransferase. In the 

process of generating FAF, a second bioactive lipid precursor is 

produced (arachidonic acid). 
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A second pathway is also known to produce PAF but much less 

is known regarding this de novo pathway. Both the degradative and 

de novo pathways utilize distinctly different enzyme systems that 

may allow for pharmacological targeting of the inflammatory or 

degradative pathway (Zimmerman et al., 1992) and the potential for 

doing so has recently been investigated (Tramposch et al., 1994). The 

de novo pathway is thought to be important for the production of 

basal levels of PAF for the maintenance of cell membranes and for 

embryo implantation (Archer, 1993). The de novo synthesis of PAF 

also appear to have a homeostatic function in the brain (Yue and 

Feurerstein, 1994), kidney (Woodard et al., 1987), and gastric mucosa 

(Femandez-Gallardo et al., 1988). Biosynthesis of PAF by this route is 

catalyzed by the enzyme cholinephosphotransferase, the activity of 

which appears to be independent of cell stimulation (Snyder et al., 

1986).  

Some researchers hypothesize that the de novo pathway of 

making PAF is the principal source for meeting the body's 

physiological needs while most of the pathological conditions induced 

by PAF result from stimuli that activate the remodeling pathway of 

PAF biosynthesis (Snyder, 1990; Travis and Jewell, 1994). 

Recently PAF-like oxidized phospholipids have been shown to 

be generated by a mechanism different from the regulated 

enzymatic pathways described above. Curiously, these PAF-like 

lipids (eg., l-palmitoyl-2-[5-oxovaleroyl]-5n-glycero-3-
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phosphocholine) are generated by oxidative injury to membranes, 

mimic previously known PAF receptor agonists, and they are 

inactivated by PAF acetylhydrolases (Smiley et al., 1991; Stremler et 

al., 1991). Therefore, oxidatively-fragmented phospholipids are 

generated non-enzymatically by highly uncontrolled free-radical 

reactions and have been implicated in ischemia/reperfusion injury 

and atherosclerotic diseases (Imaizumi et al., 1995; Zimmerman et al., 

1995). 

1 . 1 . 2  T h e  P h y s i o l o g i c  a n d  P a t h o l o g i c  S i g n i f i c a n c e  o f  
P A F  

A full description of the role for PAF in physiologic events has 

been slow to surface partly because it was initially described in 

association with IgE-sensitized rabbit basophils which when exposed 

to antigen degranulated and released a soluble factor (PAF) that was 

found to be an inducer of platelet aggregation (Benveniste et al., 1972). 

Human basophils did not show the same activity under the same 

conditions and the cellular changes induced by PAF was not limited 

to platelet effects. PAF is now known to have a wider range of 

biologic activities despite a tradition of being considered primarily a 

mediator of inflammation and allergy. 

Platelet activation is one response known to be induced by PAF 

(Snyder, 1990). In hemostasis, platelets adhere to the 

subendothelium and release PAF and other materials which cause 

platelets to activate, aggregate, degranulate, and undergo structural 

changes during the formation of a hemostatic plug. Although the 
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overall importance of PAF for platelet activation is not understood, 

PAF has its own intrinsic effect on platelets since neither aspirin nor 

ADP-deprivation inhibits PAF-induced platelet aggregation (Fouque 

and Vargaftig, 1984). Paradoxically, PAF also assists in containing 

blood coagulation to the local site of tissue injury by promoting 

fibrinolysis. PAF is a potent inducer for the release of tissue 

plasminogen activator (t-PA) from endothelial cells which activates 

proteases (plasmin) to degrade fibrin (Klocking and Markwardt, 1994), 

The central nervous system (CNS) is abundant in phospholipids 

and contains high levels of enzymes for the synthesis and 

metabolism of alkyl-ether phospholipids (Blank et al., 1981). Both the 

degradative and de novo routes of generating PAF are present in 

brain tissue (Yue and Feurerstein, 1994) with the enzymatic machinery 

for the de novo route being higher in neuronal cells than in glial cells 

(Binaglia et al., 1973), the significance of which remains uncertain. 

The role that PAF has in neuronal functions is a major focus of 

research in some laboratories (Bito et al., 1992). There are several 

lines of evidence to suggest that PAF may be an essential mediator 

for CNS function. PAF has been shown to inhibit depolarization-

induced acetylcholine release indicating that it may serve as a 

neuromodulator of the brain cholinergic system (Wang et al., 1994). 

Evidence has surfaced that PAF may serve as a retrograde 

neurotransmitter in establishing long-term potentiation (LTP) by 

modulating the intracellular calcium concentration (Goda, 1994; Kate 

et al., 1994). LTP is a synapse-specific enhancement of post synaptic 
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responses (excitatory) that is induced in seconds, lasts for hours or 

weeks, and is considered to be a form of memory at the synaptic 

level (Bliss and CoUingridge, 1993). Bito and colleagues have shown 

that PAF receptors are distributed in the rat CNS with an emphasis 

on the hypothalamus, cerebral cortex, and the olfactory bulb (Bito et 

al., 1993). PAF receptors are also ubiquitously present in the 

hippocampus where LTP has been observed (Bito et al., 1992). There 

is also evidence of multiple PAF receptors in rat cerebral cortex with 

two different binding sites emanating from cellular surfaces with an 

additional 3rd binding site located within the cell (Marcheselli et al., 

1990). 

PAF also has an important role in the area of reproductive 

biology. Many reproductive tissues appear to produce and/or 

secrete PAF including the embryo, ovary, uterus, and spermatozoa 

suggesting that PAF may be critical during early pregnancy (Ryan et 

al., 1992). The first chemically defined signal produced and secreted 

by a fertilized egg in a number of species including humans is PAF 

(O'Neill et al., 1990). What impact PAF is having on the embryo and 

surrounding tissue is not known but PAF is thought to stimulate PGE2 

release from the endometrium and both PAF and PGE2 have been 

implicated in enhancing vascular permeability at the implantation 

site (van der Weiden et al., 1991). Specific receptors for PAF have 

been shown to be present in rabbit endometrium, peaking during the 

implantation period (Kudolo et al., 1991). Yet another physiological 

action of PAF may be to initiate parturition (Maki et al., 1988). 
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PAF has traditionally been known as a potent mediator of 

inflammation, allergy and shock (Braquet et al., 1987). Central to the 

onset of inflammation is the accumulation of leukocytes such as 

polymorphonuclear leukocytes (PMNs) or eosinophils, dilation of 

capillary networks with increased permeability and blood flow, and 

exudation of fluids and plasma proteins (Gallin et al., 1992). 

Eosinophils, another type of leukocyte intimately involved with 

allergic inflammation, may contribute to yet an additional 

characteristic involving bronchial smooth muscle contraction as seen 

in asthma (Rabe et al., 1994; Resnick and Weller, 1993). Most other 

cells involved in inflammation also appear capable of synthesizing 

and responding to PAF including, monocytes, macrophages, 

lymphocytes, basophils, endothelial cells and mast cells. Although 

normally a localized and protective response to infection or tissue 

injury, inflammation when unchecked or unabated can result in 

debilitating tissue injury and disease. 

There are numerous humoral and tissue-derived mediators of 

inflammation (Harvath, 1991; Oppenheim et al., 1991) and there is 

some risk in overstating the role of PAF. Having said that, PAF is 

somewhat unique as a mediator of inflammation in its multifaceted 

ability to directly cause microvascular dysfunction (Bussolino et al., 

1987), PMN and eosinophil chemotaxis (Kroegel et al., 1992a; Shaw et 

al., 1981) which appears to be PAF gradient independent (Kubes et al., 

1990), and up regulation of P2 integrin (CD11/CD18) molecules on 

leukocytes and selectin (intercellular adhesion molecules) on 
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endothelium which promotes leukocyte adhesion (Albelda et al., 1994; 

Horic and Hirohito, 1994; Resnick and Weller, 1993; Zimmerman et al., 

1994) to vascular endothelium in preparation for transmigration. 

Leukocytes are also "primed" for enhanced oxidative responses by 

PAF as well as activated for oxygen radical generation and 

degranulation (Gay, 1993; Horie and Hirohito, 1994; Iterant et al., 1993). 

In certain diseases, such as asthma, most of the pathophysiology 

would initially appear to be explained predominantly by the actions 

of PAF including airway edema, damage of airway epithelium 

secondary to the accumulation of eosinophils in the walls of the 

airway, and bronchial hyperresponsiveness (Chung and Barnes, 1991). 

The role that PAF plays in mediating asthma however is 

controversial given the unsuccessful clinical trials with a PAF 

antagonist (Freitag et al., 1993; Kuitert et al., 1993). There is recent 

evidence to suggest that PAF may have other actions on human 

airway epithelial cells that are independent of PAF cell surface 

receptors (Stoll et al., 1994) and therefore not effectively treated with 

PAF receptor antagonists. Perhaps the more likely explanation 

however is that PAF should be viewed as only one component of a 

very complex inflammatory disease. Regardless, other clinical trials 

for which PAF antagonists have shown to be efficacious include 

patients suffering from septic shock (Thompson et al., 1994) and renal 

transplant patients (Grino, 1994). 

The mechanism by which PAF leads to microvascular and 

tissue damage is not fully understood but is believed to be due in 
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large part to degranulation of leukocytes Including PMNs, eosinophils, 

and basophils. Degranulation of PMNs results in the release of 

elastases (Pipoly and Couch, 1987), myeloperoxidaes (Kubes et al., 

1991) and superoxide anions by the membrane associated enzyme 

NADPH oxidase (Rossi, 1986). Elastases can degrade collagen while 

myeloperoxidases and hydrogen peroxide formed by the dismutation 

of superoxide can result in the potent oxidizing and chlorinating 

agent hypochlorous acid which can degrade cell membranes. 

Superoxide anions are also capable of promoting lipid peroxidation 

thereby contributing to synovitis frequently found in arthritis (Blake 

et al., 1994). Eosinophils contain highly toxic granule proteins such as 

major basic protein, eosinophil cationic protein, eosinophil-derived 

neurotoxin, and eosinophil peroxidase, all of which contribute to 

tissue damage in a dose-related manner (Gleich et al., 1992; Kroegel et 

al., 1992a). The properties of these four highly cationic proteins that 

contribute to cytotoxicity may lie in their ability to interact with lipid 

membranes and disrupt function (WeUer, 1994). Leukocytes also 

contain varying amounts of PAF, eicosanoids, and histamine and are 

able to elaborate a range of cytokines that have autocrine and 

paracrine effects which may contribute to even greater amounts of 

inflammation. The increase in microvascular permeability thought to 

be directly caused by PAF is yet to be fully understood but is 

believed to result from gap formation as a consequence of 

endothelial cell contraction (Humphrey et al., 1984). 
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PAF has been implicated in the pathogenesis of a wide variety 

of immunological and inflammatory disorders, particularly those 

affecting the gastrointestinal tract (Travis and Jewell, 1994), the 

airway (Manzini et al., 1993), skin (Archer, 1993), kidney (Gomez-

Chiarri et al., 1994), neural tissue (Doucet and Bazan, 1992), eye (Bazan 

et al., 1994a), vasculature (Evangelou, 1994), cartilage/joints (Sharma, 

1991), and brain (Yue and Feurerstein, 1994). Also, PAF appears to be 

one of the mediators in endotoxic or anaphylactic shock (Amorim et 

al., 1993; Thompson et al., 1994). Recent evidence suggests that PAF 

contributes to the induction of nitric oxide synthase which ultimately 

blunts the cardiovascular response during endotoxic shock (Szabo, 

1995). 

In contrast, there is substantial evidence that supports a role 

for PAF in homeostatic physiological events as previously discussed. 

One implication of such findings is that pathological conditions in 

which PAF is involved may be due to excessive or inappropriate 

production, lack of degradation, or some escape from normal PAF 

regulatory conditions (Venable et al., 1993). This is supported by 

noting that in Japan, deficiency in serum PAF acetylhydrolase, which 

appears to be transmitted by autosomal recessive heredity, was 

found to be associated with severe respiratory symptoms in 

asthmatic children (Miwa et al., 1988). Decreases in plasma PAF 

acetylhydrolases has also been noted in patients with active systemic 

lupus erythematosus (Tetta et al., 1990) and in those with clinical 

sepsis (Graham et al., 1994). 
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1 . 1 . 3  E v i d e n c e  f o r  a  G  P r o t e i n - C o u p i e d  P A F  R e c e p t o r  
and Subtypes 

PAF is a autacoid family of lipid mediators known to exist as 

distinct molecular species. The spectrum of biologic activity that PAF 

encompasses is quite extraordinary. Many of the actions of PAF are 

thought to be receptor mediated based on studies showing antagonist 

competition and agonist-specific desensitization. There is also debate 

as to whether one or more receptors are involved. 

Perhaps the earliest study to indicate PAF mediated its effect 

through binding to receptors was performed by Shaw and Henson 

where specific PAF receptor binding appeared to occur on rabbit 

platelets (Shaw and Henson, 1980). The receptor binding was 

saturable and correlated to a physiologic response (release of 

serotonin). Desensitization of human neutrophils was demonstrated 

by O'Flaherty and colleagues when the same agonist (PAF) was 

unable to elicit the same response over time (O'Flaherty et al., 1981). 

Work by Wykle and associates demonstrated that only the naturally 

occurring R sterioisomer of PAF (hexadecyl) had biologic affects 

indicating specific steric requirements of the receptor (Wykle et al., 

1981). Valone and coworkers were later able to confirm that [^H]-

PAF bound selectively to human platelets in a saturable and 

stereospecific manner, and that the binding was reversible when 

[3H]-PAF was displaced competitively by unlabeled PAF (Valone et al., 

1982). The authors also noted that Scatchard plot analysis indicated 

two distinct PAF binding sites or binding states were likely. Studies 
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by Hwang et al., also demonstrated specific receptor sites for PAF on 

rabbit and human platelets and bovine neutrophils (Hwang et al., 

1983). The laboratory also noted that receptor occupancy correlated 

to platelet aggregation. Another characteristic of the receptor was 

that GTP specifically inhibited [3H]-PAF binding to platelets (Hwang et 

al., 1986). Similar implications for the PAF receptor being coupled to 

G protein were identified when pertussis toxin was found to inhibit 

PAF mediated chemotaxis, superoxide generation, aggregation and 

lysozyme release in human neutrophils (Lad et al., 1985). Since then, 

other groups have identified specific binding sites for PAF (Hwang, 

1990). 

Nevertheless, evidence for specific PAF binding sites remained 

equivocal due to high non-specific binding, PAF uptake and 

metabolism of the phospholipid, until the availability of a PAF 

antagonists. One such antagonist, WEB 2086, was developed and 

found to show a binding site profile very similar to that for PAF 

(Dent et al., 1989). WEB 2086 and other specific PAF receptor 

antagonists have been shown to inhibit cellular processes induced by 

PAF. 

Although it is abundantly clear that PAF receptors are present 

in cells responsive to PAF, the presence of a second PAF receptor 

subtype has been suspected by Hwang (Hwang, 1988) and many 

others (Lambrecht and Pamham, 1986; Naccache et al., 1985). The 

existence of PAF receptor heterogeneity is suggested by several 

observations. The rank order of potencies, as determined by Schild 
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analysis (pA2), for several antagonists is different for guinea-pig 

macrophages vs guinea-pig platelets (Stewart and Dusting, 1988), 

human neutrophils vs human platelets (Hwang, 1988), and rat 

neutrophils vs liver tissue (Hwang, 1991b). Guinea-pig eosinophils 

show a functional dissociation between PAF-induced degranulation 

and superoxide anion generation when inhibited by WEB 2086 

(Kroegel et al., 1989). The antagonist affinity constant of WEB 2086 

for these two responses differs by more than two orders of 

magnitude (pA2 for degranulation is 8.5, pA2 for superoxide 

generation is 5.8). Hwang has indicated that PAF receptor 

heterogeneity most likely exists in platelets, neutrophils and 

eosinophils (Hwang, 1990). A low and high affinity site has been 

demonstrated for human neutrophils (Hwang, 1988), human 

eosinophils (Kroegel et al., 1992b), and in a human endometrial 

adenocarcinoma cell line (Maggi et al., 1994). Interestingly, Hwang 

found differences in binding affinities in human neutrophils that 

were distinguishable only with antagonists and not when using C-16 

alkyl-PAF (Hwang, 1988). 

The affinity of PAF binding to target cells is controlled by a 

number of factors including divalent (magnesium, calcium, and 

manganese) and monovalent cations (potassium, cesium, sodium and 

rubidium) (Hwang et al., 1986). Although magnesium, calcium and 

potassium enhance [3H]-PAF binding in rabbit and human platelets 

and neutrophils, sodium inhibits binding to rabbit and human 

platelets but not to neutrophils for either species (Hwang, 1988). 
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PAF is known to exist as a family of autacoids and there is the 

possibility that PAF receptor subtypes differ in binding 

characteristics for alkyl-PAF homologs and acyl-PAF analogs. 

Research by Pinckard and coworkers showed that alkyl- and acyl-

PAF had varying effects and rank order of potencies that were 

dependent upon the functional neutrophil responses being measured 

(Pinckard et al., 1992). Further support of PAF receptor heterogeneity 

is shown by potency differences between PAF antagonists at blocking 

PAF-induced arteriolar vasoconstriction vs PAF-evoked 

macromolecular clearance from postcapillary venules in a hamster 

cheek pouch model (Tomeo and Duran, 1991). The possibility of PAF 

receptor subtypes were also viewed as likely in explaining differing 

PAF effects on vasoconstriction and vasodilation in a rat perfused 

heart model (Hu and Man, 1991). 

1 . 2  S U M M A R Y  O F  T H E  P R O B L E M  A N D  
INTRODUCTION TO THE NEXT CHAPTERS 

The molecular mechanisms underlying the pathophysiology of 

atopic diseases such as asthma and many other inflammatory 

diseases are undoubtedly very complex. Presently there is a growing 

awareness of the intricacy and diversity of the inflammatory 

response which involves the release of lipid mediators such as 

platelet-activating factor (PAF), the orchestral release of various 

cytokines, the activation of cell adhesion molecules with the 

emigration of a whole array of cells and finally the destruction of the 

antigenic substance. Because of the complexity of the inflammatory 
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process, it has become increasingly important to understand the 

molecular processes at the gene level. Furthermore, the timely 

manner by which genes are turned on and off and the appreciation 

that inflammation varies among tissue and disease states implies a 

differential regulatory network. Because other mediators, in 

particular those having arachidonic acid as a precursor molecule 

(known collectively as eicosanoids) may produce similar 

inflammatory effects, the specific role of PAF has been difficult to 

discern. Cloning of genes such as the PAF receptor permits the 

examination of a homogeneous population of receptors without the 

confounding presence of other receptors. Similarly, it also allows for 

other techniques involving targeted inactivation of genes to gain a 

closer look at the overall impact of not having a particular protein 

using an animal model. Recently, the role of leukotrienes was 

revealed when the gene responsible for their biosynthesis (5-

lipoxygenase) was inactivated in embryonic stem cells of mice (Chen 

et al., 1994). Mice lacking the 5-lipoxygenase gene survived PAF-

induced shock. There was no survival advantage however for 

endotoxin-induced shock. These studies indicate that the mechanism 

by which PAF induces shock, which may be attributed to release of 

leukotrienes, is different from endotoxin-induced shock. 

Although PAF appears to be needed for normal physiological 

processes, it has also been implicated as a contributing factor in the 

pathogenesis of a variety of diseases. Despite the avalanche of 

proinflammatory agents whose effects on leukocytes and endothelial 
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cells appear redundant, there are subtle distinctions among various 

forms of inflammation that make understanding the family of PAF 

autacoids, its receptor, regulation of receptor expression, and 

knowledge of its specific chromosomal location important if 

pathogenesis of inflammatory diseases is to be understood. 

In Chapter 2, the cloning of human PAF receptor gene segment 

and its utility in transfecting the PAF receptor coding sequence into 

mammalian cells is discussed. Our hypothesis regarding cloning of 

the human PAF receptor gene was that sufficient similarity of the 

human PAF receptor coding sequence to that of the guinea pig PAF 

receptor cDNA sequence existed to allow for using polymerase chain 

reaction (PGR) to generate a PGR product from human genomic DNA. 

The PGR product would allow our laboratory to undertake an 

homology-screening approach to first isolate and then clone the 

human genomic homolog to the guinea pig PAF receptor cDNA, A 

very important corollary to the previous hypothesis was that the 

cloning of the human PAF receptor gene would allow for successful 

pharmacological characterization of this receptor in transiently 

transfected GOS-7 cells. Isolating the PAF receptor gene using 

techniques such as this may help in understanding PAF receptor 

gene regulation, in searching for specific antagonists that may be 

useful in therapy and in determining the presence of PAF receptor 

subtypes. 

Ghapter 3 describes the mapping of a fragment of human DNA 

containing the coding sequence for the human PAF receptor and the 
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use of the genomic fragment as a probe to identify the specific region 

of a chromosome where the gene is located. Our hypothesis was that 

the human genomic insert containing the PAF receptor coding 

sequence isolated from the Lambda phage clone would be of 

sufficient size to allow for chromosomal localization when used as a 

probe. Specific localization of the PAF receptor gene to a particular 

chromosomal region may assist in understanding the genetic 

predisposition of certain patients to inflammatory diseases. 

Chapter 4 elaborates on the numerous post receptor signal 

transduction pathways for the PAF receptor and investigates one 

second messenger pathway and its relation to the activation of the 

receptor. In particular, the cloned human PAF receptor was 

hypothesized to interact with adenylyl cyclase in a transiently 

transfected cell line when the receptor was bound with agonist 

resulting in the inhibition of cAMP production. By utilizing a 

transient transfection technique with recombinant DNA encoding the 

PAF receptor, questions regarding the ability of the receptor to 

interact with signal transduction pathways can be addressed over a 

shorter time period than is required for the development of a stable 

cell line. 

Chapter 5 describes the utilization of specific regions of the 

receptor in constructing fusion proteins for generating antibodies. 

Chickens were inoculated with the fusion proteins and the antibodies 

obtained from the eggs were used to demonstrate specific binding to 

PAF receptors in transfected cells. Our hypothesis was that 
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antibodies generated against recombinant or fusion protein 

containing various regions of the human PAF receptor and produced 

in chickens would recognize the native PAF receptor protein in 

transfected COS cells. Antibodies to the cloned human PAF receptor 

would enable tissue identification and possibly assist in determining 

the presence of PAF receptor subtypes to name but a few possible 

applications for PAF receptor specific antibodies. 

Chapter 6 briefly summarizes what has been learned about the 

human PAF receptor from the work performed in the previous 

chapters. 
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CHAPTER 2 

THE ISOLATION, CLONING, AND EXPRESSION OF 
A GENE THAT ENCODES A HUMAN PLATELET-
ACTIVATING FACTOR RECEPTOR 

2.1 INTRODUCTION 

Many of the actions of PAF are thought to be receptor 

mediated, based on studies showing antagonist competition and 

agonist specific desensitization as discussed in Chapter 1. There is 

also debate as to whether one or more receptors are involved. The 

identity of one PAF receptor has been clearly established based on 

the recent work of Honda et al. (Honda et al., 1991). These 

investigators cloned and sequenced a cDNA encoding a PAF receptor 

from guinea pig lung. Prior to the work of Honda and co-workers 

(Honda et al., 1991), characteristics of the PAF receptor had been 

limited to radioligand binding and functional studies. Attempts at 

molecular characterization of the receptor were hampered by 

difficulties in receptor purification due to the receptor being a 

highly-integrated membrane protein of unknown molecular weight 

and whose ligand was a phospholipid (Shukla, 1992). Any attempt at 

homology-screening genomic or cDNA libraries using polymerase 

chain reaction was thought to be futile due to the lack of molecular 

knowledge regarding any lipid autacoid receptors. 
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The guinea pig PAF receptor coding sequence was finally 

cloned by functional expression of size-fractionated guinea pig lung 

poly (A+) mRNA in Xenopus laevis oocytes (Honda et al., 1991). It was 

surprising to ieam that the deduced amino acid sequence of this 

receptor placed it in the superfamily of G-protein-coupled receptors 

with an apparent strong structural similarity including seven 

transmembrane regions with amino and carboxy termini located 

extra and intracellularly respectively. Nevertheless this structure is 

consistent with functional evidence supporting a role for G-proteins 

in the receptor-mediated actions of PAF (Hwang, 1990). During the 

time period of the studies reported here, the human homolog of this 

guinea pig receptor was cloned from leukocyte (Kunz et al., 1992; 

Nakamura et al., 1991; Ye et al., 1991) and heart ventricle (Sugimoto et 

al., 1992) cDNA libraries. The deduced amino acid sequences of the 

receptor clones all had identical nucleotide sequences and showed 

83% homology to the guinea pig PAF receptor. Both the human and 

guinea pig PAF receptors have been expressed using both transient 

and stable transfection techniques and have been shown to have 

binding affinities for PAF similar to previous reports for the 

endogenous receptor (Nakamura et al., 1991; Ye et al., 1991). 

Additionally, the human PAF receptor has been shown to mobilize 

intracellular calcium upon agonist stimulation when expressed in 

mouse L cells (Ye et al., 1991). 

Although discrepancies do not exist in the nucleotide sequences 

of the coding region of the human PAF receptor cDNAs reported to 
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date, there are differences in the 5'-untranslated regions reported by 

Ye et al. (Ye et al., 1991), Nakamura et al. (Nakamura et al., 1991) and 

Sugimoto et al (Sugimoto et al., 1992). The differences suggest the 

possibility of introns although transcriptional artifacts introduced 

during the preparation of the cDNA must be considered also. This 

chapter describes the initial cloning and sequencing of a gene 

segment from human genomic DNA that includes the full coding 

sequence for a human PAF receptor as well as expression data 

indicating that the cloned human PAF receptor is able to bind ligand 

in a manner consistent with known endogenous receptor-ligand 

interactions. 

2.2 MATERIALS AND METHODS 

2.2.1 Experimental Design 

The cloning of the guinea pig PAF receptor cDNA allowed our 

laboratory to undertake an homology-screening approach to first 

isolate and then clone the human genomic homolog to the guinea pig 

PAF receptor cDNA. This approach permitted the use of the 

published guinea pig PAF receptor coding sequence, to design 

primers that could be used to generate PGR products from genomic 

DNA of several species. PGR products encoding partial or full coding 

sequences could then be used as probes to screen a human genomic 

library from which clones could be isolated and sequenced. An 

expression vector could then be constructed so as to transfect 

mammalian cells in order to characterize the expressed PAF receptor. 
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2 . 2 . 2  P o l y m e r a s e  C h a i n  R e a c t i o n  ( P G R )  A m p l i f i c a t i o n  o f  
the PAF Receptor From Guinea Pig, Rabbit, Rat, 
and Human Genomic DNA Using Non-degenerate 
and Degenerate Oligonucleotide Primers 

Non-degenerate oligonucleotide primers that are identical with 

cDNA encoding the amino and carboxy ends of the guinea pig lung 

PAF receptor were designed for PCR. The Macromolecular Structures 

Facility (Division of Biotechnology) at the University of Arizona 

synthesized all primers listed in this and all other chapters of this 

dissertation. The sense primer (38 base oligonucleotide) 

corresponding to nt. 111-138 of the guinea pig cDNA, (Honda et al., 

1991), had the sequence S'-TCTTGGATCCCAGAGCCATGGAGTTA 

AACAGCTCTTCC-3'. The underlined region indicates a BamH 1 

restriction site with a four base extension. The antisense primer (40 

base oligonucleotide) corresponding to nt. 1120-1149 of the guinea 

pig cDNA, (Honda et al., 1991), had the sequence 5'-

AAGCGAATTCGAACTAATTnTGATGGGATTGACAGGAGT-3'. The 

underlined region indicates an EcoR 1 site with a four base extension. 

PCR was carried out as a 50 ^.1 reaction with Taq buffer, 0.2 mM each 

of dATP, dTTP, dCTP, and dGTP (see Appendix A for details). DMSO 

(5 jil) was also added with 10 nM of each degenerate primer, 0.5 \Lg 

of guinea pig, rabbit, rat, or human genomic DNA, and approximately 

5 U of Taq DNA polymerase. The guinea pig genomic DNA was 

obtained from brain tissue that was excised, immediately frozen in 

liquid nitrogen, digested in a proteinase K buffer, and then taken 
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through a series of phenol/chloroform extractions and ethanol 

precipitations (see Appendix B). 

Degenerate oligonucleotide primers that are homologous with 

cDNA encoding the 3rd and 7th transmembrane domains of the 

guinea pig lung PAF receptor were also designed for PCR and 

prepared by Macromolecular Structures Facility, Division of 

Biotechnology, University of Arizona. The sense primer (64-fold 

degenerate and corresponding to nt. 310-326 of guinea pig cDNA, 

(Honda at al., 1991), had the sequence 5-CACCGGATCCTCT 

GTGGCC(G,A,T)TTC(T)C(T)TG(C,A,T)GG-3'. The underlined region 

indicates a BamH 1 restriction site with a four base extension. The 

antisense primer (48-fold degenerate and corresponding to nt. 866-

888 of guinea pig cDNA, (Honda et al., 1991)) had the sequence 5'-

A£nQAAIICGAGGAAACAGTAGATG(T,A,C)AC(T)A(T,G)GGG(A)T-3'. 

The underlined region indicates an EcoR 1 site with a four base 

extension. PCR was carried out as before (see Appendix A) but with 

degenerate primers and human, rabbit, and rat genomic DNA (0.5 |j.g) 

as templates instead of guinea pig genomic DNA. The rabbit, rat, and 

human genomic DNA were purchased from Clontech (Clontech 

Laboratories Inc., Palo Alto, Ca.). 

2 . 2 . 3  C l o n i n g  a n d  A n a l y s i s  o f  P C R  P r o d u c t s  

Both the human and guinea pig PCR products were first isolated 

from separate gels (and assessed separately throughout) following 



1.3% agarose gel electrophoresis by cutting the gels with a scapel 

blade (see Appendix C and D) and then purified with Gene Clean, (Bio 

101 Inc., LaJolla, CA.) (see appendix E). The human and guinea pig 

PCR products were digested for one hour at 37®C with EcoR 1 and 

BamH 1 and were ligated to sk:+ pBluescript (Stratagene, LaJolla, CA.) 

that had been digested with the same enzymes (see Appendix D). The 

ligation was done using the solid phase technique overnight (9) 

following electrophoresis of the PCR product and plasmid in 0.8% low 

melting point agarose (see Appendix D). Clones were selected by 

resistance to ampicillin and by blue/white color selection following 

transformation of competent E. coli (strains NM522 and XL-1 Blue, 

Stratagene) (see Appendix F). Cells were transformed with ~10 ng of 

DNA and the cells were spread on agar plates containing X-gal, IPTG, 

and ampicillin. Clones were analyzed by restriction enzyme analysis 

with the following expectations: clones from the human PCR product 

ligation should contain two restriction fragments, the restricted 

plasmid at ~ 3 Kb and the PCR product at 0.6 Kb. Clones from the 

guinea pig PCR product which were restricted with the same 

enzymes should contain the same size restricted plasmid (~ 3 Kb) as 

well as a 1.056 Kb fragment (see Appendix G). For the human clones, 

nucleotide sequencing was performed on the 0.6 Kb human PCR 

fragment clone by the Sanger dideoxy method (Fmol DNA Sequencing 

System, Promega, Madison, WI.). Based on the guinea pig PAF 

receptor coding sequence as previously reported (Honda et al., 1991), 

a purported restriction map was generated for single cutting 
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restriction enzymes and the identity of the guinea pig single PGR 

product (1.056 Kb) was verified by yielding restriction fragments of 

predicted sizes. 

2 . 2 . 4  S c r e e n i n g  a  H u m a n  G e n o m i c  L i b r a r y ,  S o u t h e r n  
Analysis of Human Genomic DNA, and Subcloning 
Human Genomic DNA Fragments Containing the 
PAF Receptor Coding Sequence 

Using the techniques above, clones containing a 0.6 Kb insert 

(pPC-l)(human) and a 1.056 Kb insert (pPC-2)(guinea pig) were 

obtained and their identity verified. Both the human clone (pPC-1) 

and guinea pig clone (pPC-2) were then used (together) as a probe to 

screen a human genomic library prepared from placental DNA 

(Lambda Fix II, Stratagene). A Southern analysis of human genomic 

DNA using only the pPC-1 clone as a probe was also performed (see 

Appendix H) to determine whether one or more gene copies could be 

identified. 

For screening the human genomic library, pPC-1 and pPC-2 

were digested with EcoR 1 and BamH 1 and the 600 bp and 1056 bp 

inserts were purified (Gene Clean, Bio 101) following agarose gel 

electrophoresis. The inserts were radiolabelled by nick translation 

(Nick Translation System, BRL, Gaithersburg, MD.) (see Appendix I) 

with [32p] dCTP and were used to screen a total of 400,000 

recombinants. NZY plates, seeded with P2392 cells (Stratagene), 

contained approximately 20,000 plaques each from which duplicate 

nitrocellulose lifts were taken (see Appendix J). Hybridization of 
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these plaques on the nitrocellulose filters was done overnight at 37°C 

in a solution containing the radiolabelled probe (lO^cpm/ml) and 

50% formamide, 1% SDS, 1 M NaCl, and 0.12 mg/ml Herring sperm 

(see Appendix K). Filters were washed in 2 x SSC (3M sodium 

chloride and 0.3 M sodium citrate)/0.1% SDS (sodium dodecyl sulfate) 

for 20 minutes at 23®C followed by 0.5 x SSC/0.1% SDS for 30 

minutes at 23®C and finally 0.1 x SSC/0.1% SDS for 30 minutes at 

42°C. Autoradiographs were obtained by exposure of the washed 

filters for 24 hours at -70°C using an image intensifying screen 

(Dupont Cronex Plus). Areas corresponding to positive signals were 

cored and clonal populations of phage were obtained through several 

rounds of isolating colonies, regrowth, and rescreening. DNA from the 

purified phage was obtained from plate lysates using a PEG 

(polyethylene glycol) precipitation technique (see Appendix L). 

One of the purified clones had a 20 kb insert which, on the 

basis of Southern Blot analysis, contained a 6 kb Hind HI fragment 

that hybridized with the original probe (see Appendix M). This Hind 

HI fragment was cloned into pBluescript (see Appendix N) and both 

this fragment and the 20 kb insert were analyzed by restriction 

enzyme mapping (see chapter 3). Dideoxy sequencing of the 6 kb 

Hind in fragment was done on both strands initially using a T7 

primer and PGR primers internal to the coding sequence and then by 

primer extension. This strategy was chosen in order to determine if 

the genomic coding sequence for the human PAF receptor was indeed 

without introns, to confirm the location of the plasmid DNA and to 



4 8  

attempt to identify promoter regions for the human PAF receptor 

gene. A PAF receptor expression construct was made using the 

expression vector (pBC12BI) (see Appendix N) so that the coding 

sequence of the cloned human PAF receptor could be inserted into 

COS-7 cells (African green monkey kidney cells). Following the 

construction of the expression vector, COS-7 cells were transfected 

using DEAE/dextran (see Appendix O) and allowed to express the 

PAF receptor protein for approximately 3 days. The cells were then 

harvested and membranes prepared for radioligand binding studies. 

2.3 RESULTS 

2.3.1 Cloning a Human PAF Receptor Gene From a 
Genomic Library 

Based on the guinea pig lung PAF receptor cDNA sequence 

reported by Honda, oligonucleotide primers that were an exact match 

to the 5' and 3' sequences flanking the entire coding region of the 

guinea pig PAF receptor were used in PCR. The single product 

obtained in lane 2 of figure 2.1 was the size expected of a coding 

region that did not contain introns. A restriction map for single 
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FIGURE 2.1 Agarose gel electrophoresis showing results of PCR using 

guinea pig genomic DNA and non-degenerate oligonucleotide primers 

that were an exact match to the 5' and 3' sequences flanking the 

entire coding region of the guinea pig PAF receptor cDNA (Honda et 

al., 1991). Lane 1 contains DNA size calibration standards with three 

of the fragment sizes indicated in bp. Lane 2 shows the expected size 

PCR product of 1056 bp (1029 bp for the coding sequence plus the 

primer extensions) which when restricted with Acc 1 resulted in two 

predicted products (815 and 241 bp) shown in lane 3. Lane 4 shows 

the results of restricting the PCR product shown in lane 2 with Esp 1 

and generating the expected products (790 and 276 bp). 
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cutting restriction enzymes was generated based upon the published 

guinea pig cDNA sequence for the PAF receptor by Honda and co

workers. To verify further the identity of this product, two 

restriction enzymes, Acc 1 and Esp 1, were used to generate 

fragments of predicted sizes shown in figure 2.2. Figure 2.1 shows 

the agarose gel electrophoresis of the PAF receptor PGR product from 

guinea pig DNA before and after digestion with the restriction 

enzymes. The sizes of the fragments predicted from the map 

matched those actually obtained from gel electrophoresis and 

therefore indicated that the guinea pig genomic DNA contained 

coding sequence which was not interrupted by introns. 

Using a strategy based upon homology cross-hybridization, a 

coding sequence homologous to that of the guinea pig PAF receptor 

cDNA (Honda et al., 1991) was identified in human genomic DNA. 

Nondegenerate primers homologous to the beginning and ending of 

the coding sequence and degenerate primers homologous to the cDNA 

encoding portions of the third and seventh putative transmembrane 

domains of the guinea pig lung PAF receptor were used in the PGR. 

The non-degenerate primers yielded a single PGR product of the 

expected size (1056 bp) only when guinea pig genomic DNA was used 

as template (figure 2.3). The degenerate primers yielded two 

products in the expected range of 600-650 bp using human, rabbit, 

rat, and guinea pig genomic DNA as template (figures 2.3 and 2.4). 



FIGURE 2.2. A restriction map of the guinea pig PAF receptor coding 

sequence for single cutting restriction enzymes. The map above was 

generated based upon the published guinea pig cDNA sequence for 

the PAF receptor by Honda and co-workers (Honda et al., 1991). 
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FIGURE 2.3. Agarose gel electrophoresis containing PCR products 

obtained by using non-degenerate primers (lanes 1) homologous to 

the beginning and ending of the coding sequence to the guinea pig 

PAF receptor and DNA template from guinea pig (GP), human (Hu), 

rabbit (Rab), and rat (Rat) as indicated above. Degenerate 

oligonucleotide primers to the 3rd and 7th transmembrane region of 

the PAF receptor were also used with the same genomic DNA listed 

above to produce the PCR products shown in lanes 2. Only when 

guinea pig genomic DNA was used as template did the nondegenerate 

PCR primers result in a product (1056) as seen in lane 1 of guinea 

pig. The degenerate primers yielded at least two products in the 

expected range of 600-650 bp for each species. 
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FIGURE 2.4. Agarose gel electrophoresis showing PCR products using 

degenerate oligonucleotide primers and guinea pig (lanes 2, 3, and 4) 

or human genomic DNA (lanes 6, 7, and 8) as templates. The sense 

primer (64 fold degenerate) was designed to anneal to the DNA 

coding region of the 3rd transmembrane (TM) region of the PAF 

receptor while the antisense primer (48 fold degenerate) was to 

anneal to the 7th TM domain of the DNA coding region for the same 

receptor. The expected product was to be 603 bp in size. Lane 5 

shows the result of restricting the pPC-1 clone containing the DNA 

coding sequence for the human PAF receptor from the 3rd to the 7th 

TM region (603 bp). 
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One of the PCR products generated from human genomic DNA (~600 

bp) was cloned and its DNA sequence showed 100% homology with 

the corresponding portion of the human leukocyte PAF receptor 

cDNA (Kunz et al., 1992; Nakamura et al., 1991; Ye et al., 1991) and 82% 

homology with the corresponding portion of the guinea pig PAF 

receptor cDNA (Honda et al., 1991). Attempts were made to clone the 

other PCR band of slightly larger size (~650 bp) generated from 

human genomic DNA, but no additional clones were obtained. 

Southern analysis of a gel similar to that shown in figure 2.3, using 

the partial PAF receptor coding sequence of the human (pPC-1) as a 

probe, indicated two hybridizing bands (600-650 bp in size) for all 

four species (see figure 2.5). However, attempts at washing the 

nitrocellulose at high stringency (0.1 x SSC, 0.1% SDS, for 30 minutes 

at 70°C) to differentially strip the probe from the less homologous 

upper band were not successful. These results suggest that the 

second band is highly homologous and thus a second receptor 

subtype or PCR artifact remain as possible explanations for the 

second band. 

The pPC-1 clone containing the partial human PAF receptor 

coding sequence showed 82% overall nucleotide homology to the 

guinea pig PAF receptor cDNA. The pPC-2 clone contained a 1056 bp 

fragment (1029 bp of the full PAF coding sequence for the guinea pig 

plus primer extensions for cloning purposes) which when restricted 

with single cutting enzymes (Acc 1 and Esp 1) yielded two products 

each of predicted sizes (figure 2.1). Therefore, evidence was 
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FIGURE 2.5. Southern analysis of an agarose gel after electrophoresis 

of PGR products generated by using DNA genomic templates from 

guinea pig (GP), human (HU), rabbit (RAB), and rat (RAT). The 

degenerate oligonucleotide primers used in this experiment were 

homologous with cDNA encoding the 3rd and 7 th transmembrane 

domains of the guinea pig lung PAF receptor and were identical to 

those used in FIGURE 2.3. The partial PAF receptor coding sequence 

of the human (pPC-1) was used as a probe after being radiolabelled 

(32p dCTP) by nick translation. After blotting, the nitrocellulose 

containing the PGR products was incubated with prehybridization 

fluid (50% formamide, 1% SDS, 1 M NaCl, O.Img/ml herring sperm) 

for two hours after which the radiolabelled probe was added and 

allowed to incubate overnight (37° G), The blot was washed in O.lx 

SSG, 0.1% SDS for 30 minutes at 70 ° G prior to being placed on 

radiographic film for eight minutes. 
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obtained that the pPC-2 clone contained the genomic counterpart of 

the PAF receptor guinea pig cDNA. Using both cloned PCR products 

(combined) as a probe, a human genomic library derived from 

placenta (Stratagene) was screened and a positive clone was isolated 

and shown to contain a 20 kB insert. The 20 kb insert was subjected 

to restriction enzyme mapping (see Chapter 3) and Southern blot 

analysis using the cloned human PCR product as a probe. A 6 kb 

Hind III fragment found to contain a region homologous to that used 

as the human probe was subcloned into pBluescript (see Chapter 3). 

2 . 3 . 2  N u c l e o t i d e  S e q u e n c e  o f  a  G e n e  E n c o d i n g  a  H u m a n  
PAF Receptor 

The 6 kb Hind III fragment was then sequenced initially from 

the 3' end (7th transmembrane region of the coding sequence using 

oligonucleotide primers designed for PCR) through the coding region 

and into a portion of the 5'-untranslated region using the dideoxy 

chain termination method and primer extension. The remaining 3' 

end of the coding region for the receptor and all of the 3' 

untranslated sequence contained within the Hind III clone (~350 bp) 

including the Hind III restriction site of the multiple cloning region 

of pBluescript were sequenced as well. 

Figure 2.6 shows the nucleotide and deduced amino acid 

sequences for this genomic clone including bases of the receptor 

protein coding sequence, 180 bases of the 5'-untranslated region and 

51 bases of the 3'-untranslated region. For additional 5' and 3' 

untranslated but sequenced bases, see figure 2.7). The nucleotide 
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FIGURE 2.6. The nucleotide and deduced amino acid sequence for the 

cloned human PAF receptor including 180 bases of the 5'-

untranslated region and 51 bases of the 3'-untranslated regon. The 

seven transmembrane regions are underlined and labelled. 
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FIGURE 2.7. 5' and 3' untranslated bases in addition to the nucleotide 

sequence shown in Figure 6 that flank the DNA coding region of the 

human PAF receptor obtained from the Hind III clone containing 

human genomic DNA. For purposes of orientation, the sequence that 

is underlined and in bold type is identical to that found in Figure 6. 

The six underlined nucleotides beginning at 1380 in the 3'-

untranslated region is the Hind HI restriction site contained in 

pBluescript plasmid (Stratagene). 
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sequence in the proposed coding region is identical to that reported 

for a human PAF receptor isolated from leukocyte cDNA libraries 

(Kunz et al., 1992; Nakamura et al., 1991; Ye et al., 1991), a heart 

ventricle cDNA library (Sugimoto et al., 1992) and a human genomic 

library (Seyfried et al., 1992). The open reading frame begins with 

the ATG start codon which is contained within a consensus sequence 

(ACAGCAATGG. see figure 2.6) that is in good agreement with the 

Kozak sequence (GCCA/GCCATQ.G) thought to be optimal for initiation 

of translation (Kozak, 1991). The coding sequence for the human PAF 

receptor obtained from genomic DNA shows that the gene for the 

human PAF receptor does not contain introns in the coding region 

but does contain an open reading frame of 1029 nucleotides that 

encodes a 342 amino acid protein with a calculated molecular weight 

of 39,226 daltons. 

Figure 2.8 shows the distribution of conserved amino acids 

(single letter abbreviation within darkened circle) coded for by the 

genomic DNA for the human PAF receptor when compared to the 

guinea pig PAF receptor. The light or open circles indicate a total of 

58 different amino acids to that encoded by the guinea pig lung 

cDNA. The results of the hydropathy analysis contained in the same 

figure indicate that the cloned human PAF receptor appears to have 

seven putative transmembrane spanning domains connected in 

series by hydrophilic loops with the amino and carboxy terminus 

located respectively in the extracellular and intracellular milieux. 

Sequencing upstream from the start codon revealed that the 5'-
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FIGURE 2.8. Distribution of conserved amino acids (single letter 

abbreviation within darkened circle) coded for by the genomic DNA 

for the human PAF receptor when compared to the guinea pig PAP 

receptor. The results of the hydropathy analysis contained in the 

this same figure indicate that the cloned human PAF receptor has 

seven putative transmembrane spanning domains connected in 

series by hydrophilic loops. 
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untranslated sequence of the human genomic clone deviated from 

the previously reported cDNA sequences (Figure 2.9). Starting at base 

-39, the upstream sequence obtained from our 6 kb Hind III clone is 

completely different from that of three cDNA sequences reported by 

Ye et al. (Ye et al., 1991), Nakamura et al. (Nakamura et al., 1991) and 

Sugimoto et al. (Sugimoto et al., 1992). It was also noted that the 5'-

untranslated cDNA sequence not present in the genomic sequence 

contained a region of approximately 40 bp (nt. -39 to -81) which was 

common to Ye et al. (Ye et al., 1991) and Nakamura et al. (Nakamura et 

al., 1991) prior to the point at which the upstream sequences of these 

two clones diverged. 

Further sequence analysis of 360 base pairs upstream from the 

start codon contained in the genomic clone revealed none of the 

consensus features that define a classical promoter region (TATA or 

CAAT box)(Breathnach and (Hhambon, 1981). However, several 

examples of "unconventional " TATA boxes have been described 

(TTAAGAA, TAAAAAA, CATAAAA)(Innis et al., 1991; Xu et al., 1991) 

including the sequence 5'- TTATT-3' which is 5' to the PAF start 

codon (position -69 to -65, see figure 2.6). We think this is not the 

promoter region however, for reasons relating to the size of an intron 

(see discussion). 

Sequencing downstream from the stop codon of the Hind HI 

clone (see figures 2,6 and 2.7) showed sequence which was in 

general agreement with the sequences published (Nakamura et al., 
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FIGURE 2.9. The 5'-untranslated regions of a human PAF receptor 

nucleotide sequence comparing genomic DNA with the reported 

cDNAs. The cDNA sequences are those reported by Ye and associates 

(Ye et al., 1991), Nakamura and co-workers (Nakamura et al., 1991), 

and Sugimoto and colleagues (Sugimoto et al., 1992). The vertical 

rectangle marks the point that genomic DNA diverges from cDNA 

(reading from 3' to 5'). Two of the three published cDNAs also 

diverge from each other at position -81. 
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1991; Seyfried et al., 1992; Sugimoto et al., 1992; Ye et al., 1991). Our 

Hind ni clone was found to contain 350 bp of untranslated 3' DNA 

but did not contain the sequence AATAAA which is necessary for 

cleavage to generate a 3' end for polyadenylation during RNA 

processing (Lewin, 1990). Differences in sequence of the Hind III 

clone from the reported cDNA sequences correspond to single base 

additions or deletions and thus do not appear to represent introns. 

Polymorphic variation is thought to occur in noncoding sequence as 

frequently as 1% (1 per every 100 base pairs)(Chakravarti et al., 1986; 

Orkin et al., 1982) and may be the explanation for the differences 

between genomic and cDNA sequences noted in the transcribed 3' 

untranslated region(Levitt, 1991). No intron-exon boundary 

consensus sequences could be identified in this region. 

2.3.3 Location of a Splice Site in the 5'-Untranslated 
Region 

The possibility of an intron in the 5'-untranslated region of 

genomic DNA was strengthened by locating an apparent consensus 

sequence in the genomic DNA indicating the junction of an intron and 

an exon (Figure 2.10). This consensus sequence (CCAG) is located 

precisely at the location at which our genomic DNA clone deviates 

from the reported cDNA sequences. Also, just upstream from the 3' 

end of the proposed intron (Figure 2.10), there is a pyrimidine rich 

region in positions -42 to -56 in the genomic sequence, typical of 

introns (Padgett et al., 1986). Located 25 bp upstream from the 3' 
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FIGURE 2.10. Concensus sequences marking the 3* end of an intron in 

the 5'-untranslated region of the PAF receptor gene. These 

sequences include a 3' splice junction site (splice jt) at positions -38 

to -41, a pyrimidine-rich (pyr-rich) region in positions -42 to -56 

(73% pyrimidines), and a branch site for the formation of lariat 

intermediates at positions -62 to -68. 
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splice site is the sequence TATTAAC, consistent with an internal 

branch site common to many introns (Smith et al., 1989). 

To determine if the 5'-untranslated sequence common to both 

leukocyte cDNAs could be identified upstream in our 20 kb human 

genomic insert, the insert was screened using the 20 bp radiolabeled 

probe ([y-^^P] ATP, DNA 5' End Labelling System, Promega Corp., 

Madison, Wisconsin) designed to hybridize with the 5*-untranslated 

sequence in question from both leukocyte cDNAs. (Although not 

shown in its entirety in Figure 2.9, the nucleotide sequence 5'-GTCA 

CTGCAGCTGAAGCCGC-3' corresponding to nt. -53 to -72 in leukocyte 

cDNA was radiolabelled and used as a probe). No hybridization 

signal was obtained under low stringency conditions indicating that 

the 20 kb human genomic insert (from which the Hind III clone was 

derived) did not contain this upstream region that was present in the 

leukocyte derived cDNAs. As a positive control, a second probe based 

on the coding region of the PAF receptor (nt. 210 to 229 in Figure 

2.6, 5'-GTCTTTGCCCGCCTGTACCC-3') yielded a strong signal under the 

same conditions and using the same Southern blot as was used to 

screen for leukocyte cDNA above (see Figure 2.11). 

2.3.4 Southern Analysis of Human Genomic DNA 

To determine if the PAF receptor gene was present in more 

than one copy or if other closely homologous genes could be 

identified, samples of human genomic DNA were electrophoresed 

following restriction enzyme digestion with BamH I, EcoR I, Hind III, 



FIGURE 2.11. A Southern analysis was performed on the above 1.0% 

agarose gel after restricting the Lambda FIX II vector which 

contained the coding sequence for the human PAF receptor with Hind 

in (lane 3), Pst I (lane 5), Sac I (lane 6), Not I (lane 7), and Xba I 

(lane 8) followed by electrophoresis. Contained in lane 2 is the Hind 

ni clone restricted with Hind HI and in lane 4 is the Pst I clone 

restricted with Pst I. Electrophoresis was run overnight and blotting 

to nitrocellulose occured the next day. Prehybridization was 

performed for 3 hours at 40°C (50% formamide, 1% SDS, IM NaCl, 0.1 

mg/ml of herring spem) afterwhich 67 mg of end-labelled 20 bp 

probe (3^P-g ATP) was added in attempt to locate the 5' 

untranslated region common to both leukocyte cDNAs but lacking 

from sequence derived from the Hind HI genomic clone. No 

hybridization signal was obtained indicating that the 19.5 Kb 

genomic clone did not contain the desired 5' sequence. As a positive 

control (shown below), 20 bp of sequence (67 mg) (nt. 210-229, see 

Figure 2.6) contained within the coding sequence of the human PAF 

receptor was end-labelled in a similar manner and hybridization 

allowed to occur overnight using the same Southern blot that failled 

to hybridize to the 5'-untranslated cDNA sequence obtained from 

leukocytes. The blot was washed at room temperature for 15 

minutes in 2x SSC, 0,1% SDS prior to being exposed to radiographic 

film for 80 minutes. 
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FIGURE 2.12. The upper figure is that of an agarose gel after 

electrophoresis of human genomic DNA restricted with BamH I, EcoR 

I, Hind m, and Pst I as indicated by the lanes A, B, C, and D 

respectively. A plasmid (Hind in clone) containing the complete 

coding sequence for the human PAF receptor was restricted with 

Hind III and loaded in the right-most lane. A Southern analysis was 

performed on the agarose gel with the results shown in the lower 

figure. The pPC-1 clone containing a partial coding sequence for the 

human PAF receptor from the 3rd to the 7th transmembrane region 

was radiolabelled and used as a probe. The nitrocellulose was 

washed with O.IX SSC and 0.1% SDS at 54 °C for two hours and placed 

on radiographic film for one hour. 
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and Pst I. Figure 2.12 shows a picture of the gel with the 

corresponding Southern analysis below (see Appendix for methods). 

Lane 1 contains Lambda DNA/Hind III and phiX174 RF DNA/Hae ni 

fragments as size standards with lanes 3-6 being the four enzyme 

digestions as indicated. As a positive control, ~100 ng of the Hind III 

clone containing the full human PAP coding sequence was run in lane 

9 which was expected to give an intense signal after hybridizing with 

the radiolabelled probe (pPC-1). As depicted in the autoradiograph, 

single hybridization signals were obtained from each of the four 

digests suggesting that the cloned PAP receptor coding sequence 

exists as a single copy gene and that no closely homologous genes for 

receptor subtypes could be identified. The intensely labelled region 

in the far upper right of the autoradiograph was expected as 

previously stated. 

2.3.5 Expression of Cloned FAF Receptor in COS-7 Cells 

To determine the pharmacological characterization of the PAF 

receptor encoded by our genomic clone, COS-7 cells were transiently 

transfected with the receptor (Dow et al., 1993; LeVan et al., 1995). 

COS-7 cell membranes prepared 48-72 hours after transfection 

showed dose-dependent and saturable binding. The binding profile 

of [3H]-WEB 2086 on the transfected COS-7 cell membranes yielded a 

geometric mean Kd of 7.2 nM (geometric SD 1.3, n=6) and a Hill slope 

not different from 1.0 (p>0.05). Membranes prepared from 
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untransfected COS-7 cells displayed no [3H]WEB 2086 detectable 

binding. 

2.4 DISCUSSION 

2 . 4 . 1  P A F  R e c e p t o r  B e l o n g s  t o  t h e  S u p e r f a m i l y  o f  G  
Protein-Coupled Receptors 

We have identified, cloned, sequenced and expressed a gene 

segment from human genomic DNA (Chase et al., 1993; Dow et al., 

1993) which has a full coding sequence identical to that reported for 

human PAF receptor cDNAs by other investigators (Kunz et al., 1992; 

Nakamura et al., 1991; Sugimoto et al., 1992; Ye et al., 1991). The 

genomic sequence thus demonstrated that this PAF receptor gene is 

present in the genome without introns in the coding sequence. 

During the preparation of our manuscript (Chase et al., 1993) a report 

by Seyfried et al. (Seyfried et al., 1992) simiarly reported this finding. 

The open reading frames for numerous other G-protein coupled 

receptors have been shown to be without introns such as the human 

adrenergic and muscarinic receptors (Probst et al., 1992) (Ps 

adrenergic receptor is an exception). Other human G protein-coupled 

receptors, however, do have introns in the coding region such as 

prostaglandins (Coleman et al., 1994), dopamine (D2 D3 and D4) 

(Gingrich and Caron, 1993), serotonin (5HIc and 5HT2) (Julius, 1991) 

and glutamate (metabotropic) (HoUmann and Heinemann, 1994). 

The cloned 342 amino acid PAF cell surface receptor (39 kDa) is 

significantly smaller than what had been predicted in earlier studies 
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of PAF receptors solubilized from rabbit or human platelets. 

Estimates of the "purified" PAF receptor protein complex had been 

160 to > 350 kDa (Chau and Jii, 1988; Nishihira et al., 1985; Rogers et al., 

1991; Valone, 1984). The additional mass associated with the PAF 

receptor protein complex was suggested to be regulatory components 

such as GTP binding proteins when Na+ and GTP were observed to 

displace [3H]PAF from the solubilized receptor (Chau and Jii, 1988). 

Subsequent work by the same investigators estimated the PAF 

binding protein to be 52 kDa by using SDS gel electrophoresis for size 

separation of protein and a photoreactive, radioiodinated derivative 

of PAF to label platelet membranes (Chau et al., 1989). The authors 

further suggested that the 52 kDa proteins which migrated as a 

broad diffuse band is consistant with a glycoprotein. Work by Rogers 

and associates confirmed that solubilization of the receptor resulted 

in a protein-containing complex of high molecular mass (>350 kDa) 

but suggested that the receptor was not glycosylated becaused it was 

unable to bind several diferent lectin affinity columns (Rogers et al., 

1991). Since the the cloning of a cDNA encoding the PAF receptor 

from guinea pig by Honda (Honda et al., 1991), it is now known that 

the human homolog to this guinea pig receptor is indeed glycosylated 

at the 2nd extracellular loop (Rodriguez et al., 1995). 

The identity of the additonal proteins associated with the PAF 

receptor complex remain to be characterized. It may be that the 

additional protein is GTP binding protein or perhaps nothing more 

than detergent micelles. It may be important to note however that 
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the four solubilization studies discussed above were all performed on 

rabbit or human platelets. The binding of PAF to its receptor in 

platelets unmasks the glycoprotein Ilb-IIIa complex (Kloprogge et 

al., 1986) which are binding sites for fibrinogen during platelet-

platelet interaction. Perhaps the solubilized PAF receptor complex is 

unique to platelets and represents some state of tightly-bound or 

common protein machinery. Yet another aspect to consider 

regarding the solubilized receptor complex having a higher molecular 

mass than expected is the potential association with protein-tyrosine 

kinases. In platelets, PAF stimulates tyrosine phosphorylation of 

several proteins (Rogers et al., 1991; Shukla, 1992) and yet G protein-

coupled receptors (with 7 transmembranes) are not known to 

stimulate tyrosine phosphorylation (Rogers et al., 1991). 

Expression of the cloned PAF receptor in COS-7 mammalian 

cells permits the study of a homogeneous population of PAF 

receptors without the possible confounding presence of other PAF 

receptor subtypes. The binding data showed a single binding site 

was present on the transfected COS-7 cell membranes using 

antagonist [3H]WEB 2086. An equilibrium dissociation constant (Kd) 

of 7.2 nM was obtained and compares favorably with other Kd values 

of 9.1 nM also obtained from transfected COS-7 cells (Nakamura et al., 

1991) or 8.7 nM observed in transfected RBL-2H3 cells (Ali et al., 

1994). All three Kd values fit reasonably well with Kds for high 

affinity sites obtained from human platelets (Hwang, 1988) and 
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neutrophils (Kunz et al., 1992) although evidence for receptor 

heterogeneity continues (Hwang, 1991a). 

The human amino acid sequence for the PAF receptor is 83% 

identical to that of the cloned guinea pig homolog with both being 

composed of 342 amino acids. The relatively small size of this single 

polypeptide chain makes it one of the smallest G protein-coupled 

receptors cloned and compares to the longest sequence thus far 

reported for the human thyroid-stimulating hormone receptor (744 

amino acids) (Probst et al., 1992). The short length of the PAF 

receptor peptide is largely due to its predicted short amino and 

carboxy terminus as well as its small 3rd intracellular loop. While 

more than 90% homology is present in the transmembrane regions, 

the degree of similarity for the amino acid loops connecting the 

transmembrane spanning domains is 77%. These findings indicate 

the basis for success for our use of the guinea pig transmembrane 

regions as templates to be used for synthesizing degenerate 

oligonucleotide primers for PCR. In fact the cDNA which codes for 

the third and the seventh transmembrane regions of the guinea pig 

PAF receptor are 95% identical to the same region of genomic DNA 

sequence for the cloned human PAF receptor. The high degree of 

identity for the transmembrane domains among species is extended 

to the rat PAF receptor coding sequence (Bito et al., 1994). However, 

Bito and colleagues found that the overall rat PAF receptor coding 

sequence appeared phylogenetically more distant (79%) than did the 

guinea pig sequence (82%) when compared to human. In addition, 
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the rat species had one fewer amino acid in the 3rd extracellular loop 

making the PAF membrane receptor for the rat 341 amino acids in 

length. Similarity of the transmembrane regions among species may 

suggest the importance that these regions may play in ligand 

binding. Bito et al. suggested that the 79% and 82% identity to the 

human PAF receptor, for the rat and guinea pig species respectively, 

is somewhat lower than might be expected for other comparable 

species differences in other G-protein coupled receptors: pi and ^2 

adrenergic receptors (88%) (Gocayne et al., 1987), D2 dopamine 

receptors (85%) (Gingrich and Caron, 1993), or muscarinic M1-M5 

receptors (89%-98%) (Bonner, 1989) and alluded to the possibility of 

receptor subtypes for PAF receptor. 

The results of the PCR shown in figure 2.3 indicate more than 

one PCR product was obtained when the degenerate oligonucleotide 

primers for the third and seventh transmembrane region of the 

guinea pig PAF receptor were used together with human genomic 

DNA as template. This observation led to the hypothesis that 

different coding regions between the third and seventh 

transmembrane regions existed for the human PAF receptor and 

thereby provided possible evidence for human PAF receptor 

subtypes. However, attempts made in our laboratory and others 

(verbal communication with San-Bao Hwang, Ph. D., Merck and Co., 

Rahway, N.J.) were not successful in cloning these other products. 

Unsuccessful attempts were also made to differentiate the PCR bands 

by performing a Southern and washing under conditions of high 
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stringency with the objective of identifying less homologous bands 

(see figure 2.5). Reasons for the lack of success are unknov/n but the 

other products being PGR artifacts is a strong possibility since 

Southern blot analysis of human genomic DNA by our laboratory (see 

figure 2.12) suggested that the cloned human PAF receptor coding 

sequence exists as a single copy gene. Southern analysis performed 

by two other independent laboratories also suggested that if human 

PAP receptor subtypes exist, they are most likely not very 

homologous (Kunz et al., 1992; Sugimoto et al., 1992). It is also worth 

noting that the relative positions (sizes) of the hybridization signals 

for the Southern analyses from human genomic DNA (figure 2.12) 

and lambda FIX 11 vector containing a human genomic fragment 

(figure 3.2, in Chapter 3) are similar when restricted with identical 

enzymes. 

The lack of strong homology among PAF receptor subtypes, 

should they exist, would not be anomalous among G protein-coupled 

receptor subtypes. Both Mi and M2 muscarinic receptor subtypes 

bind acetylcholine yet are only 43% identical (Bomier et al., 1988). 

The ability of catecholamines to bind Pi and P2 adrenergic receptors 

is well conserved despite the low amino acid sequence homology of 

54% (Frielle et al., 1987). The lack of homology among subtypes 

becomes even more striking when one considers the human PGE2 

prostaglandin receptor subtypes where the overall sequence identity 

is only on the order of 30% (Regan et al., 1994b). 
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2.4.2 Structural Simiiarities and Differences Among the 
Cloned Human PAF Receptor and Other G Protein-
Coupled Receptors 

The seven purported transmembrane regions of the cloned 

human PAF receptor (figure 2.8) is the sine qua non of G-protein 

coupled receptors. Evidence for the generic structure for this 

receptor family comes primarily from the basic secondary and 

tertiary features of bacteriorhodopsin as initially put forth by 

Henderson and Unwin (Henderson and Unwin, 1975). The receptor 

core consists of seven hydrophobic alpha helices each of similar size 

(20-22 amino acids) and sufficient to form membrane-spanning 

segments (Jackson, 1991). The intervening amino acid sequences are 

far more hydrophilic and are thought to be exposed to the 

intracellular and extracellular environment (Savarese and Eraser, 

1992). Noteworthy is the appearance that greater than three/fourths 

of the receptor lies in the cytoplasm or transmembrane regions 

leaving little distributed in the extracellular domain. Some scientists 

have suggested that the ligand binding region of the receptor may be 

at the inner surface of the plasma membrane (Braquet et al., 1987; 

Dent, 1995; Duronio et al., 1990; Rogers et al., 1991) which may 

minimize or perhaps even eliminate the proposed extracellular 

regions of the receptor. A 4th cytosolic loop may be present due to 

the possible palmitoylation of the carboxy-terminal cysteine thereby 

inserting a portion of the carboxy tail into the membrane (Findlay and 

Eliopoulos, 1990). A single cysteine residue of the carboxy tail of the 
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human P2-adrenergic receptor has been shown to be palmitoylated 

(O'Dowd et al., 1989). 

The human PAF receptor is made of ~52% nonpolar or 

hydrophobic amino acids which may be unusual for G protein-

coupled receptors. However, the relatively high % may also be 

explained because of its very small amino terminus and 3rd 

intracellular loop which would tend to lessen the overall % of 

hydrophobic amino acids. The hydrophobic nature of the receptor 

would appear to agree with the structural requirements for the 

agonist which necessitates a strong hydrophobic interaction with a 

long alkyl group of 16-18 carbons in position jn-1 of the glycerol 

backbone (see Chapter 1) for maximum activity (Godfroid et al., 

1991). As expected, most of the charged amino acids (91%, acidic or 

basic) are purported to be located extra-membrane. 

Other similarities among G protein coupled receptors and the 

human PAF receptor include several invariant amino acids: a glycine 

and asparagine followed by a hydrophobic tryptophan in the 1st 

transmembrane region, three prolines in the 6th and 7th 

transmembrane regions (Chee et al., 1990), which may contribute to 

the ligand-binding pocket as in p-adrenergic receptors (Dohlman et 

al., 1987), and an aspartic acid in the 2nd transmembrane region 

(Shukla, 1992). Similarities in the hydophilic segments of the receptor 

also exist such as the cysteine residues in the 1st and 2nd 

extracellular loops thereby possibly forming a disulfide bond as 

shown in the rhodopsin (Kamik et al., 1988) and p2 adrenergic 
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receptor (Dixon et al., 1988). All but a few members of the G protein-

coupled receptor superfamily have a disulHde pair between the first 

and second extracellular loop (Gerard and Gerard, 1994b) which 

appears to be critical for ligand binding (Dohlman et al., 1989; Samanta 

et al., 1993). Similar to the thrombin and formyl peptide receptors, 

the human PAF receptor has a tyrosine residue in the short, second 

intracellular loop which may serve as a substrate for protein tyrosine 

kinases (Shukla, 1992). The small 3rd intracellular loop depicted in 

figure 2.8 appears to be a trademark of the classical chemoattractant 

G protein-coupled receptors found on leukocyte membranes (Murphy, 

1994). It is curious, although not entirely unexpected, that no 

significant sequence homology of the 3rd intracellular loop could be 

found among PAF, N-formyl peptide or C5a receptors when their 

respective sequences were aligned. All three of these 

chemoattractant receptors are coupled to pertussis toxin-sensitive G 

proteins and evidence existed, based on other G-protein coupled 

receptors, that some sequence homology might be possible (Strader et 

al., 1989b; Wess et al., 1990). The carboxy tail contains four serines 

and five threonines which are thought to be phosphorylated and may 

be involved in receptor desensitization (Savarese and Eraser, 1992). 

Somewhat unique to the human PAF receptor is the lack of a 

consensus sequence (N-X-S/T) for amino terminus glycosylation 

(Dohlman et al., 1991). The adenosine and the alpha-2B-adrenergic 

receptors also have short amino termini and do not contain amino-

terminus glycosylation sites (Probst et al., 1992). There is, however, a 
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asparagine glycosylation site (N-V-T) located in the second 

extracellular loop. Mutagenesis studies by Gerard et al. has shown 

that the 2nd extracellular loop is indeed glycosylated and that non-

glycosylated human PAF receptor mutants are expressed in COS cells 

at 30% compared to wild type (Rodriguez et al., 1995). Although a 

significant finding, the importance of PAF receptor glycosylation 

would appear to be in how it augments the virulence of streptococcus 

pneumonia. The bacteria's ability to invade a eukaryotic cell is 

greatly facilitated by pneumoccocal binding to the PAF receptor 

carbohydrate. In animal models, PAF receptor antagonists were 

shown to deter the progression of respiratory colonization to overt 

bacteremia and death (Cundell et al., 1995). 

Gerard and co-workers (Kunz et al., 1992) have noted another 

peculiarity for this G protein-coupled receptor in that over 50% of 

the eight transmembrane cysteine residues are located in the 6th 

and 7th transmembrane regions which may be important in ligand 

binding (Ng and Wong, 1988). Finally, another dramatic change in 

amino acid sequence (Kunz et al., 1992) that previously had been 

found in a prostaglandin receptor (thromboxane A2) (Hirata et al., 

1991) was a substitution of an asparagine with an aspartic acid in the 

7th transmembrane region (Hirata et al., 1991). The importance of 

this substitution in G protein-coupled receptors that have lipid 

ligands is uncertain. 

It would appear however, that the PAF receptor is really quite 

divergent from the phylogeny of human prostaglandin receptors 
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(Regan et al., 1994b). Even among the leukocyte chemoattractant 

family of receptors, of which there are over 20 currently known, the 

PAF receptor appears to be the most divergent having approximately 

20% identity to C5a, FMLP, and interleukin 8 (Murphy, 1994). The 

low sequence homology between the cloned PAF receptor and other 

G protein-coupled receptors (even among the leukocyte 

chemoattractant family of receptors) may place this receptor in a 

new class of G protein-coupled receptors. The lack of sequence 

homology emphasizes the importance of expression cloning approach 

in identifying new genes. 

PAF appears to be an evolutionarily preserved molecule since 

primitive eukaryotes such as the earthworm contains large amounts 

of the ether-containing phospholipid (Sugiura et al., 1995). 

Information about PAF receptors are not presently known in lower 

animals but PAF and its receptor(s) may be a very old and relatively 

unchanged mechanism of cell to cell communication. 

2 . 4 . 3  E v i d e n c e  f o r  a n  I n t r o n ( s )  i n  t h e  5 ' - U n t r a n s l a t e d  

R e g i o n  

While the coding sequence for the human PAF receptor gene is 

in agreement with that reported for human PAF receptor cDNA 

clones, the 5' untranslated region was found to differ beginning at 

base -39 (Figure 2.9) from the leukocyte cDNA sequences and the 

heart ventricle cDNA. We suggest this deviation in sequence 

represents an intron in genomic DNA. This suggestion was drawn 
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from several pieces of information. First, one of the most consistent 

features of the 3' end of any intron is the sequence motif NCAG 

where N represents any nucleotide, C occurs in 70% of introns, and 

the AG is universal (Padgett et al., 1986). At positions -41 to -38 in our 

genomic DNA clone is the sequence CCAG (figure 2.10). Second, splice 

sites typically have a pyrimidine-rich region of 15 bases preceding 

the invariant AG which is considered to be part of the recognition 

sequence near the 3' end of the intron-exon boundary (Penotti, 1991). 

Appropriately located in the genomic DNA sequence reported here is 

the pyrimidine-rich region immediately preceding (in positions -42 

to -56) the splice site recognition sequence of CCAG and is composed 

of 73% pyrimidines. Third, we have identified a region known as a 

branch site approximately 25 bases upstream from the splice 

junction site. Branch sites are sequences utilized in the formation of 

lariat intermediates during splicing of mRNA precursors (Sharp, 

1987). Lariat formation is thought to be involved in aligning RNA to 

allow the linking of the 3' end of one exon in a mRNA precursor to 

the 5' end of the downstream exon during the splicing event. Shown 

in figure 2.13 is a pictorial representation of the processing that we 

suggest occurs in which an intron is spliced out of the PAF 

heterologous mRNA precursor. The processing is thought to take 

place in a spliceosome and to yield the spliced product as shown in 

figure 2.13. 

The information provided above, including the sequence 

deviations in cDNA 5' to the start codon, suggests that an intron is 
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FIGURE 2.13. Proposed mechanism of splicing PAF messenger RNA 

precursor held together by a spliceosome. The 5' splice site 

undergoes electrophillic attack by the 2'-0H of the adenylate residue 

in the branch site forming a lariat. Lariat formation is thought to be 

involved in aligning hnRNA (heterologous nuclear messinger RNA) to 

allow the linking of the 3' end of one exon in the mRNA precursor to 

the 5' end of the downstream exon during the splicing event. During 

cleavage of the 3' end of the exon, a phosphodiester bond is formed 

by the 5' end of the intron as indicated by the PAF intermediate 

mRNA precursor. The 3'-0H end of the upstream exon then attacks 

the phosphodiester bond between the downstream exon and the 3' 

end of the intron. The exons are joined forming the spliced product 

containing the coding sequence for the PAF receptor and the lariat 

form of the intron. 
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present in the untranslated region of the human PAP receptor gene. 

Given that the cDNA sequences from Ye et al. (Ye et al., 1991) and 

Nakamura et al. (Nakamura et al., 1991) also diverge from one another 

further upstream in the 5' region at base -81 possibly represents 

alternative mRNA splicing and suggests that another intron may also 

be present. 

The restriction map of the cloned Hind ni fragment which 

contains the full length coding sequence for the human PAF receptor, 

shown in chapter 3, indicates that the coding sequence for the 

identified human PAF receptor gene is located in the 3' region of the 

Hind III genomic clone. The inability to locate the 5'-untranslated 

sequence common to the cDNAs of Ye et al. and Nakamura et al. by 

Southern blot analysis (see Figure 2.11) indicates that this sequence 

must reside in a location upstream from the 20 kb clone we isolated 

and thus the size of the intervening sequence is at least 16-17 kb in 

length. Further screening of the genomic library will be necessary to 

locate additional other non-coding exon(s). 

Function(s) for introns contained in genomic DNA have not 

been clearly established. Amazingly, however, estimates for the 

human genome have placed non-coding regions as a whole occupying 

approximately 97% of the entirety of genomic DNA (personal 

communication, Robert Erickson, PhD, University of Arizona). This 

would indicate that the remaining 3% of the human genome codes for 

all the proteins generated by an estimated 60,000 - 70,000 genes 

(Fields, 1994). Phillip Sharp, a recent Nobel laureate, has estimated 
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that the average cellular gene contains eight introns which can easily 

lead to nuclear pre-mRNA that is ten times larger than the final 

mRNA (Shaip, 1994). 

The role that introns may have in assisting in generating a 

functional product from the gene is emphasized by reports that 

mutations in such regions can lead to disease (e.g.,(Higuchi et al., 

1991)). Indeed, approximately 48% of all mutations underlying 

thalassemia, a blood disease, involve aberrant RNA splice site 

locations (Orkin and Kazazian, 1984). Mutations within splice sites 

contained in introns can impair mRNA processing by generating new 

splice site variants (cryptic splice site activation as seen in 

thalassemia) or by removing normally occurring splice sites (intron 

retention as in Tay-Sachs disease or in p53 protein inactivation 

frequently seen in small cell lung carcinoma)(Hodges and Bernstein, 

1994). Splice site mutations have also been shown to occur in 

muscular dystrophy resulting in exon skipping part of the coding 

sequence for the dystrophin gene (Hagiwara et al., 1994; Matsuo et al., 

1991; Wilton et al., 1993). Skipping of exons due to splice site variants 

that cause no additional change in the open reading &ames have 

been put forth as one explanation for the less severe form of Becker 

muscular dystrophy (Monaco et al., 1988). Although most Duchenne 

muscular dystrophy patients carry deletions or duplications 

apparently not involving aberrant splice site junctions, most 

deletions are associated with two large introns within the dsytrophy 

gene (Den Dunnen et al., 1989). As to why a deletion prone area 
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"which appears to consist of nothing more than an intron has not 

been lost in evolution"(Blonden et al., 1989), one can only speculate. 

The same laboratory suggests that large introns may harbor some 

indispensable functions, such as sites for chromosomal scaffold 

attachment or nuclear matrix association (Wapenaar et al., 1988). 

Further insight into the biological significance of introns has 

come from mutant genes from which introns have been removed 

(Brinster et al., 1988; Buchman and Berg, 1988; Grass and Khoury, 1980; 

Nesic et al., 1993). Presumably the deletion of the intron(s) has the 

potential to circumvent the need for splicing. However, the inability 

to accumulate mRNA in such matters indicates that elements 

contained within the introns are influencing some aspect of 

transcription or RNA splicing (Buchman and Berg, 1988). Evidence 

exists that introns contain essential enhancer elements which allow 

for increased transcriptional efficiency. In some instances, such as 

with the human B-globin gene (Brinster et al., 1988), the loss of an 

intron (while maintaining identical 5' and 3' exon/intron boundaries) 

dramatically lowered the expression of the gene. In other cases, 

polyadenylation is stimulated by the presence of an upstream intron 

(Nesic et al., 1993). These observations suggest that introns represent 

functional elements in the generation of stable mRNA. Introns also 

allow for generating variant proteins with slightly different 

properties by differential joining of exons during splicing (Leff and 

Rosenfeld, 1986; Regan et al., 1994a). 
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It would appear plausible that an additional function of introns 

may be to provide intervening sequence which allows for distancing 

different promoter sites that are alternatively spliced to the exon 

containing the protein coding sequence. Alternative promoters are 

generally associated with tissue specificity, developmental stage-

specificity, or differing states of cell activation and is thus a very 

efficient mechanism for regulating gene function (Schibler and Sierra, 

1987). It would seem that this mechanism of gene regulation can 

operate only in the presence of introns. Mutoh and colleagues 

suggest that the human PAF receptor gene contains introns upstream 

from the coding region which are associated with different promoters 

(most likely two different regions) and thereby distinct transcription 

initiation sites that could vary gene expression (Mutoh et al., 1993). 

Estimates as to the distance separating the two promoters for the 

human PAF receptor gene have been placed at greater than 14 Kb 

(Murphy, 1994). Indeed, distinct c/j-acting sequences were found by 

Mutoh and co-workers that were contained in two separate promoter 

regions obtained from a human genomic library. One promoter 

region (promoter 1) contained concensus sequence for transcription 

factors AP-1, AP-2, and Sp-1 but no TATA or CAAT boxes. The 

promoter region also contained the "missing" heart ventricle cDNA 

sequence (Sugimoto et al., 1992) which deviated upstream from the 

start codon found in the human genomic DNA sequence from our 

laboratory (Chase et al., 1993). 
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Sp-1 binding sites are commonly found in promoters that lack 

a TATA box (Kadonaga et al., 1986) and appear to be regulated during 

differentiation or development (Smale and Baltimore, 1989). Muller 

and co-workers have shown that differentiation of the promyeiocytic 

leukemia HL-60 cell line toward the macrophage lineage was 

associated the induction of PAF receptor transcripts (Muller et al., 

1991) and expression of the receptor protein on the cell surface 

(Muller et al., 1993). In addition, the same laboratory has provided 

evidence that inhibitory cAMP regulatory elements may exist in the 

5'-flanking region of the PAF receptor gene (Thivierge et al., 1993). 

Protein kinase A pathway is cAMP dependent and can lead to 

transactivating factors which interact with the AP-2 binding sites but 

are thought to mediate induction and not inhibition of transcription 

(Imagawa et al., 1987). Induction by protein kinase C pathways can 

also be mediated through AP-2 cis elements. 

Transcription factor activator protein-l (AP-1) binding sites 

interact with a family of transcriptional factors (fos and jun) which 

are thought to be normally expressed at low basal levels 

(Pennybacker et al., 1994). For inflanmiatory diseases, such as 

rheumatoid arthritis, activation of AP-1 responsive genes are 

thought to be involved in maintaining the inflammatory reaction 

(Blake et al., 1994). PAF has recently been shown to have a 

pathogenic role in joint inflammatory diseases such as rheumatoid 

arthritis (Sharma, 1991). 
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Of interest is yet another inflammatory G protein-coupled 

receptor the human thromboxane A2 receptor, the gene for which 

was recently cloned and also found to contain two promoter areas 

that are separated by an intron (Nusing et al., 1993). The promoter 

regions for the thromboxane A2 receptor also contain no typical 

TATA box but do have SP-1 and AP-2 binding sites. The human 

prostaglandin-endoperoxide synthase-2 gene which is responsible 

for initiating the first committed step of synthesizing prostanoid 

ligands which include thromboxanes, prostglandins and prostacyclin 

also has similar transcriptional regulatory sequences in its promoter 

region (Kosaka et al., 1994a; Tazawa et al., 1994). The gene contains 10 

exons and the canonical TATA box in addition to the regulatory 

elements NF-KB, Sp-1, AP-2, and a cAMP-response element perhaps 

indicating an iterate nature of the genes responsible for 

inflammatory receptors and their ligands. 

The other promoter region for the PAF receptor (promoter 2) 

has consensus sequence for transcription factors NF-KB, Sp-1, and the 

initiator sequence homologous to the murine terminal 

deoxynucleotidyl-transferase (TdT) gene. The murine TdT gene is 

highly regulated during differentiation of B and T lymphocytes 

(Smale and Baltimore, 1989). Receptors for PAF have been shown to 

be expressed on human activated B cells (Nguer et al., 1992b). 

Promoter regions which contain Sp-1 binding sites and high GC 

content have also been found to direct transcription of housekeeping 

genes and be associated with multiple transcription initiation sites 
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(Dynan, 1986). The GC content of the second promoter for the human 

PAF receptor gene is approximately 66% compared to 50% for the 

first promoter. 

Nuclear factor kappa B (NF-KB) has been shown to be an 

important transcriptional regulatory protein in many cell types 

including human lymphocytes (Smith and Shearer, 1994). It is an 

inducible transcription factor involved in many biological processes 

but in particular, the NF-KB-binding site has been shown to play a 

major role in the regulation of many pro-inflammatory mediator 

genes including TNF (CoUart et al., 1990), IL-6 (Shimizu et al., 1990), 

IL-8 (Mukaida et al., 1990), and presumably the PAF receptor gene. 

Recently, PAF receptor activation was found to induce NF-KB 

activation (Kravchenko et al., 1995). Activation of NF-KB is known to 

regulate the expression of a variety of genes infolved in defense and 

immune reactions. Ye and associates have also obtained evidence 

that PAF up-regulates transcription for heparin-binding epidermal 

growth factor-like growth factor through NF-KB activation in 

monocytes (Pan et al., 1995). Proliferation of smooth muscle cells are 

in part stimulated by this growth factor and is implicated in the 

pathogenesis of atherosclerosis. NF-KB is also thought to work 

synergistically with AP-1 to produce a primary stimulus for 

proliferation or differentiation (Yasumoto et al., 1992). In addition, 

promoter 2 contained some of the "missing " cDNA sequence from 

Nakamura (Nakamura et al., 1991) and Ye (Ye et al., 1991) that was not 

found in the genomic DNA sequence of the 20 Kb genomic DNA 
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fragment described herein. However, none of the cDNA sequence 5' 

of the start codon that was unique to the clone reported by Ye and 

collegues could be found, indicating the possibility of yet another 

intron, perhaps different transcription initiation sites, or cDNA 

artifact. 

The functional importance of distinct promoter regions for the 

human PAF receptor gene was clearly evident in that different tissue 

distributions could be shown for the promoter sequences contained 

in mRNA. The different tissue distribution of the two transcripts 

suggests that their expression is differentially regulated by use of 

either a single complex or a two promoter system (Mutoh et al., 1993). 

The authors also indicate that the human PAF gene is at least 20 

kilobase pairs in length. Recently further evidence for the regulation 

of PAF gene expression in human monocytes was shown by 

interferon-gamma, a lymphocye-derived cytokine (Ouellet et al., 

1994) but the molecular pathway remains to be defined. 

Other genes besides that of the PAF and thromboxane A2 

receptors have been shown to be differentially controlled by 

multiple promoters. The gene involved in muscular dystophy 

(Duchenne Muscular Dystrophy gene) which extends in size over 2.3 

million basepairs (Den Dunnen et al., 1989), has dual promoters (Boyce 

et al., 1991). The gene is responsible for the protein product, 

dystrophin, thought to be an important membrane cytoskeletal 

protein related to the spectrin family. Dystrophin gene transcription 

requires sixteen hours for the polymerase to traverse the 2300 kb 
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dystrophin transcription unit in muscle! (Tennyson et al., 1995). 

Interestingly, the protein is under the control of a promoter active in 

muscle (skeletal, heart, and smooth) and a neuron-specific promoter 

found in the brain. The promoters are located over 90 kilobases 

from each other and deletion mutations are thought to result in 

muscular dystrophy and/or depression of IQ scores. The 

glucocorticoid receptor gene is also under the control of multiple 

promoters (Strahle et al., 1992). Similar to the PAF receptor and 

dystrophin gene, the glucocorticoid receptor gene utilizes different 

promoters depending upon the tissue which may also provide 

diversity of function. 

Within the family of pro-inflammatory leukocyte receptors are 

a number of chemoattractant receptors including the PAF receptor, 

interleukin 8, C5A (anaphylatoxin), and the bacterial formyl peptide 

receptors. A promoter some distance away from the single exon 

encoding the protein for each of these receptors is a feature common 

to most (Gerard and Gerard, 1994a). The promoter for the human C5a 

receptor is approximately 9 kb 5' from its receptor-encoding exon 

(Gerard et al., 1993) while the N-formyl peptide receptor gene also 

contains a single intron of 5 kb in size separating promotor region 

from the coding region (Haviland et al., 1993). The interleukin 8 

receptor gene appears to be a gene cluster containing three open 

reading frames with one being a nonfunctional or pseudogene 

(Murphy, 1994). The remaining open reading frames are two 

separate genes that code for two high affinity interleukin 8 receptors 
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both of which appear to contain at least two exons in the 5' 

untranslated region. The significance of having promoters separated 

from the coding sequences by large introns is unclear at present but 

may reflect a common structure which regulates receptor expression 

in leukocytes (Gerard and Gerard, 1994b) 

In summary, a PAF receptor gene segment has been cloned 

from human genomic DNA and shown to contain the full coding 

sequence for the 342 amino acid G-protein coupled receptor. The 

genomic sequence is not interrupted by introns. However multiple 

introns appear to exist in the 5' untranslated region of the gene and a 

consensus sequence for the 3' end of an intron/exon splice site for 

one of these introns has been located in this region. It would appear 

that mRNA containing the full coding sequence for the human PAF 

receptor is generated by initiating transcripts from multiple start 

sites contained within two different promoters and possibly also by 

alternative splicing of a given primary transcript. 
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CHAPTER 3 

RESTRICTION MAPPING OF A GENE ENCODING 
A HUMAN PLATELET-ACTIVATING FACTOR 
RECEPTOR AND ITS CHROMOSOMAL LOCATION 

3.1 INTRODUCTION 

As summarized in chapter 1, various investigators have 

implicated roles for PAF in numerous pathological processes 

including asthma. Not surprisingly, complex genetic and 

environmental factors have been identified which contribute to the 

manifestation of asthma and other atopic diseases (Cookson, 1994). 

There is recent information which suggests that asthmatic patients 

have an up regulation of PAF receptors (Shirasaki et al., 1994). It is 

uncertain as to what is causing an increased expression of PAF 

receptor mRNA but altered regulation of gene transcription is one 

possibility. Therefore the ability to identify and understand the 

regulatory regions for genes (e.g., PAF receptor) implicated in disease 

may be as important as the coding region which produces the 

protein. 

It is quite possible that other inflammatory diseases such as 

Crohns disease, ulcerative colitis, rheumatoid arthritis, and renal 

pathology where PAF is known to be released may also show 

complex patterns of inheritance that are likely not explained by 
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single gene defects. Indeed, it seems highly unlikely that the 

pathology of these complex inflammator>' syndromes could be 

attributed to any one agent. Therefore, it becomes important to 

identify and localize the genes coding for the active agents implicated 

in these diseases and/or the receptors of these agents. Such 

information sets the stage for identifying possible alleles and 

therefore possible linkage studies in hopes of gaining greater 

understanding of the pathogenesis and the modes of genetic 

inheritance of susceptibility. Therefore, the aims of this chapter are: 

1) To describe the process of generating a restriction map 

that includes both the Hind III clone containing the human PAF 

receptor coding sequence discussed in chapter 2 and the ~20 Kb 

human genomic insert (Lambda FIX II phage) from which the Hind 

HI clone originated and to show and discuss the results of the 

restriction map generated. The utility of such maps is to facilitate 

the manipulation of the DNA for the purposes of generating 

expression vectors (see chapter 2), fusion protein vectors (see 

chapter 4), and for identifying and locating promoters and/or 

enhancer regions relative to coding regions. 

2) To determine the chromosomal location of the cloned 

human PAF receptor gene. The utility of knowing the precise 

location of the gene provides the initial step in defining the genetic 

bases for many inflammatory diseases. 
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3.2 METHODS 

3 . 2 . 1  G e n e r a l  I n t r o d u c t i o n  

This section describes the methodology involved in generating 

a restriction map of the large (- 20 Kb) human genomic insert which 

contained the PAF receptor coding sequence isolated and cloned from 

a human genomic library as described in Chapter 2. The process 

involves subjecting the lambda FIX II vector, with its human 

genomic insert, to multiple restriction enzyme digests and then 

electrophoresing the fragments in ethidium containing agarose gels, 

photographing the gels, and determining which fragments contained 

the PAF receptor gene. Analysis required subcloning two fragments 

from the human genomic insert that contained the coding sequence, 

performing Southern blot hybridizations, and using a priori 

knowledge provided by Stratagene regarding the restriction sites 

within the lambda FIX II vector arms. 

The final section describes the use of the genomic DNA 

contained in the phage clone to determine the chromosomal location 

of the gene encoding the cloned human PAF receptor. 

3.2.2 Mapping of the Hind III and Lambda FIX II 
Vector Clones 

The Lambda FIX II phage that contained the coding sequence 

for the human PAF receptor was obtained by screening a human 
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genomic library using two clones as probes: one clone (pPC-1) 

contained a partial human PAF receptor coding sequence (third to 

seventh transmembrane region) obtained by PGR and the other clone 

(pPC-2) contained the full PAF receptor coding sequence for the 

guinea pig, also obtained by PGR (see chapter 2). The library was 

purchased from Stratagene (La Jolla, Galifomia) and consists of DNA 

prepared from a Gaucasian male placenta, cloned into lambda FIX II 

vector, and packaged with Gigapack II XL packaging extract which 

allows for making an infectious phage particle. E. coli are then 

infected with these particles and grown on agar plates (see Ghapter 

2), Areas corresponding to positive signals were cored, and clonal 

populations of phage were obtained through several rounds of 

replating and re-screening and DNA from purified phage was 

obtained from plate lysates as described in Ghapter 2. 

The Lambda FIX n vector containing the coding sequence for 

the human PAF receptor consists of a human genomic DNA insert and 

the right and left arms of the vector which contain 9 Kb and 20 Kb 

respectively of phage DNA. The human genomic DNA (so called 

stuffer fragment) is flanked by the two arms and may range in size 

from 9-22 Kb. The inserts are cloned into a multiple cloning region 

(specifically an Xho I site) in which the restriction site is lost in the 

process and therefore unavailable as a future restriction site. 

However, additional restriction sites are contained in the multiple 

cloning region and may be used to excise the insert: Sal I, Sac I, Not 

I, and Xba I. These sites are contained only in the multiple cloning 
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region and therefore do not exist anywhere else within the right or 

left arm. Also, for this vector the following three restriction sites are 

not contained within either arm: BamH I, EcoR I, and Hind HI. 

Initially, approximately 500 ng of phage DNA were incubated 

separately with restriction enzymes Esp I, Hind HI, Not I, and Pst I 

(Stratagene) in a 37® C water bath for 1 hour and 30 minutes. The 

restricted fragments were electrophoresed (50 Volts) on a 1.1% 

agarose-TAE gel and prepared for Southern analysis (See Appendix 

L) using the partial human PAF receptor coding sequence (pPC-1) as 

a probe. Based upon the results of the Southern analysis, two clones 

(Pst I and Hind HI) were identified as containing DNA sequence that 

hybridized to the radiolabeled pPC-1 probe. Because of what 

appeared to be incomplete cutting by the restriction enzymes, the 

duration of enzymatic digestion of the phage was increased to 

overnight and further restriction analysis performed. 

3 . 2 . 3  F l u o r e s c e n c e  L a b e l l i n g  a n d  C h r o m o s o m a l  In Situ 
H y b r i d i z a t i o n  

In situ hybridization is a widely used technique to localize and 

map mammalian genes and to detect chromosomal abnormalities 

(Kosaka et al., 1994b; Lichter et al., 1990), The technique involves the 

labeling of DNA probes which are then denatured and hybridized to 

denatured chromosomes on microscope slides. In order to prepare 

the DNA which serves as a template for generating fluoresceinated 

probe fragments, the DNA corresponding to the vector arms must be 

removed to diminish any nonspecific hybridization. Therefore, 
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restriction enzymes that cut the vector only in the multiple cloning 

region and not within the human genomic fragment arc considered 

ideal. 

SOO ng of Lambda FIX II vector containing genomic DNA that 

contained the human PAF receptor coding sequence was restricted 

with Not I, Sal I and Xba I, each in separate 1 ml microcentrifuge 

tubes, at 37° C overnight and electrophoresed in 0.3% agarose gel at 

15 volts for 48 hours. Restriction enzymes Xba I, Sal I and Not I are 

known to cut the left and right arms only in the multiple cloning 

regions of the vector. It was also known from prior restriction 

analysis that multiple restriction sites for Xba I existed within the 

human genomic insert (see Figures 3.7 and 3.13) and that none of 

these human genomic fragments generated from enzymatic 

restriction with Xba I were larger than the right arm of the Lambda 

FIX II vector (9 Kb). Restricting with Xba I would therefore assist in 

isolating the insert fragment from the 20 Kb left vector arm since 

restricting with Not I indicated that the human genomic insert 

fragment was approximately 20 Kb as well. By utilizing Xba I, the 

two largest bands produced during electrophoresis of the restricted 

Lambda FIX n vector would be the right (9 Kb) and left (20 Kb) 

arms. The 20 Kb left vector arm produced by Xba I can then be used 

for comparison for assisting in isolating the ~20 Kb Not I fragment 

away from the 20 Kb left vector arm produced by Not 1. Prior 

restriction analysis with Not I has indicated that no internal Not I 

restriction sites existed within the insert fragment. However, no 
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information was available as to whether any internal restriction sites 

were present for Sal I. 

After enzyme restriction and electrophoresis in the 0.3% 

agarose gel for 48 hours, single bands corresponding to a fragment 

estimated to be 19.5 Kb in size were cut out with a surgical blade and 

purified with the commercially available gene clean kit as before. 

Three tubes each containing an estimated 50 ng of human genomic 

DNA were then labelled with Prime-it Fluor Fluorescence Labelling 

Kit from Stratagene. The labelling kit generates fluoresceinated 

probes by incorporating fluorescein-linked dUTP into the probe 

fragments. The denatured human genomic DNA serves as a template 

that is primed with random 9-mer oligonucleotides and exonuclease-

free Klenow is used to extend the primers by incorporating a mix of 

modified nucleotides and fluor-12-dUTP (see Appendix P). 

Chromosomal in situ hybridization was performed using the 

fluoresceinated probe generated above and a chromosomal in situ 

hybridization kit provided as a gift by Stratagene. This technique 

involves the labelling of DNA probes with fluorescein using the 19.5 

Kb human genomic DNA insert containing the PAF receptor coding 

sequence as a template. The fluoresceinated DNA probes are 

denatured and allowed to hybridize to denatured human 

chromosomes on microscope slides (see Appendix Q). The 

chromosomal hybridization and photography involving a 

fluorescence microscope was performed by Dr. Jin-Ming Yang in the 
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Cytogenetic Laboratory located on the fourth floor of the University 

of Arizona Cancer Center. 

3.3 RESULTS 

3.3.1 Mapping Strategy 

Figure 3.1 shows the ethidium stained (0.5 ng/ml) TAE/agarose 

gel (1.1%) and corresponding Southern blot of the lambda FIX II 

vector containing the coding sequence for the human PAF receptor 

after being subjected to restriction enzyme digest. Four separate 

incubations were done with the following enzymes: Esp I, Hind HI, 

Not I, and Pst I. The digest reactions were subsequently loaded into 

wells and underwent electrophoresis for approximately 6 hours at 50 

volts. Shown in lane one of figure 3.1 are Lambda DNA/Hind III 

fragments and Phi X174 RF DNA/Hae III fragments with molecular 

sizes (in bp) as noted. These standard markers are used in all gels 

throughout the Results section. Also shown in the same figure are 

results from a Southern analysis corresponding to the gel above it 

(after exposing the blot to diagnostic film for 20 minutes). The pPC-1 

plasmid containing the partial coding sequence for a human PAF 

receptor (see Chapter 2) was used as the probe after being 

radiolabeled with 32p dCTP. 

Our mapping stratagy included choosing a set of restriction 

enzymes to identify one or more fragments that were smaller than 

the initial genomic insert but still large enough to likely include the 



1 1 3  

FIGURE 3.1. Restriction enzyme analysis of the lambda FIX II vector 

(upper figure) containing the coding sequence for the human PAF 

receptor. Four separate incubations were done using Esp I, Hind III, 

Not I, and Pst I with the digest reactions loaded into wells of a 1.1% 

agarose gel and subsequetly underwent electrophoresis. Pertinent 

standard weights (in Kb) are shown on the left of this and all other 

figures. The entire human genomic fragment containing the PAF 

coding sequence was estimated to be 20 Kb. A Southern blot was 

performed (lower figure) using pPC-1 plasmid containing the partial 

coding sequence for the human PAF receptor as a probe to locate 

fragments most likely containing the full PAF receptor coding 

sequence. The Southern blot was washed for 20 minutes at 53° C for 

one hour in O.IX SSC and 0.1% SDS. The blot was then exposed to 

radiographic film for twenty minutes. 



1 1 4  

FIGURE 3.1 
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full PAF coding sequence and optimally the 5' and 3' regulator^' 

regions. None of the restriction enzymes were predicted to cut 

within the PAF receptor coding sequence based on human PAF 

receptor cDNA described in Chapter 2. The restriction enzymes 

selected varied in their expected cutting frequency from very 

infrequent (Not I, BamH I, and EcoR I) to frequent (Pst I and Sac I) 

and two of the enzymes (Not I and Sac I) were known to have 

restriction sites in the vector arms only in the multiple cloning region 

while three other enzymes (Hind III, EcoR I, and BamH I) were 

predicted not to cut anywhere in the vector arms. Choosing 

restriction enzymes in this manner also assisted in providing an 

accurate estimation as to the size of the genomic insert. Not I 

incubation should completely excise the genomic insert from both 

vector arms. Additional Not I sites in the noncoding regions would 

determine the number of fragments produced from the genomic 

clone. After cloning a few fragments suspected to contain the 

receptor coding sequence and verifying by PCR and sequence 

analysis to ensure that the full coding sequence was present, 

additional restriction enzyme digests could be performed to provide 

information in order to map the fragment. A similar strategy would 

then allow mapping of the full genomic insert. 

At least three points should be noted after viewing figure 3.1 

that cause difficulties in interpretation. First, as will become more 

apparent later, there has been unusual and perhaps incomplete 
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cutting by the enzyme Hind III (due to excess DNA in the digest or 

star activity by the enzyme). The Southern analysis indicates 

incomplete cutting by the enzymes because multiple restriction 

fragments contained in the same lane are providing a strong 

hybridization signal with the labelled probe, particularly in the lanes 

labelled Esp I and Hind III. The restriction pattern produced by 

Hind ni in figure 3.1 is indeed unusual and was never repeated as 

shown in all additional figures contained in this dissertation which 

used Hind III enzyme and a similar substrate. Figure 3.1 remains 

useful however because of additional information contained in lanes 

2, 4, and 5. Second, the fragments are also too close together for the 

Southern to show conclusively which fragments are hybridizing to 

the probe, although an obvious signal is present for each digest. 

Finally, the enzymatic digestion with Not I should have permitted the 

complete excision of the genomic insert, thereby allowing an 

estimation of its size. Only three fragments were expected if the 

infrequent cutter Not I did not cut within the genomic insert, with 

two of the three fragments being the left (20 Kb) and right (9 Kb) 

arm of the vector. Therefore, these results suggest that the insert 

appears to be close in size to the 20 Kb right arm of the vector, 

although poor separation of the digested products has occurred. The 

decision was made to repeat the above experiment, making 

adjustments in the amount of vector DNA added to the digest as well 

as decreasing the percent agarose gel and increasing the 

electrophoresis time in order to permit better separation of the large 
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fragments. A successful attempt was also made to subclone the 6.5 

Kb Pst I fragment that appeared to hybridize with the radiolabeled 

probe. The results are shown in figure 3.2. 

Figure 3.2 provides a more accurate estimation as to the sizes 

of the restriction fragments that hybridize to the radiolabeled PAF 

receptor DNA probe (pPC-1) as shown in the bottom half of the 

figure. The top half shows a 1% agarose gel run at 50 volts for 8 

hours after digesting the lambda FIX n vector separately with BamH 

I, EcoR I, Hind III, Sac I, and Stu I. An earlier Southern (not shown) 

had indicated that the Lambda FIX II vector containing the PAF 

receptor gene, when digested with Stu I, appeared to give two 

fragments that hybridized to the pPC-1 radiolabeled probe. The 

question arose as to whether the two hybridizing fragments were the 

result of an incomplete digest or possibly an indication of tandem 

PAF receptor genes. Similar to the gel portrayed in figure 3.2 

however, it was uncertain as to which of three tightly grouped 

fragments like those in lane 6 (listed as Stu I), corresponded to the 

two that hybridized to the probe. Therefore the lambda phage vector 

was incubated with Stu I and the fragments electrophoresed in a 1% 

agarose (TAE) gel. The three fragments were then isolated from each 

other, purified (gene cleaned), and loaded in lanes 7, 8, and 9 listed 

as Stu I/bottom, Stu I/middle, and Stu I/upper in the gel shown in 

figure 3.2. As a positive control for the pPC-1 radiolabelled probe 

and to assist in fragment size determination, 500 ng of the Pst I clone 
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FIGURE 3.2. Restriction enzyme (upper figure) and Southern blot 

(lower figure) analysis of the lambda FIX n vector containing the 

coding sequence for the human PAF receptor. Lanes 2-6 are the 

result of separate restriction enzyme incubations of the lambda FIX 

n vector with Bam HI, EcoR I, Hind HI, Sac I, and Stu I respectively. 

Lanes 7-9 are the result of previous digests of lambda FIX IH vector 

with Stu I after fragment separation (see text) of the three closely 

associated bands shown in lane 6. Lane 10 is the Pst I clone (6.5 Kb 

Pst I fragment containing the full PAF coding sequence and ligated to 

pBluescript) after restricting with Pst I and served as a positive 

control for the pPC-1 plasmid probe used in Southern blot analysis of 

the 1.0% agarose gel shown above. The Southern blot was initially 

washed in 2X SSC and 0.1% SDS for 10 minutes at room temperature 

followed by O.IX SSC and 0.1% SDS for two hours at 53® C. The blot 

was subsequently placed upon radiographic film for 30 minutes. 

Indicated on the left of both the agarose gel and Southern analysis 

are 3 standard weights in Kb. 
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was loaded in lane 10 (Pst I) after enzymatic digestion with Pst I. 

The most likely explanation for the results of the two hybridizing 

bands shown in lane 6 is that of incomplete cutting by the enzyme, 

Stu I. This is supported by noting that restricting the lambda FIX II 

vector clone with other enzymes such as Sac I shown in figure 3.2 

and Pst I (Figure 3.1) does not result in multiple hybridization 

signals. Both Pst I and Sac I have recognition sequences for 

restriction enzymes located close to the PAF coding region (see Figure 

3.3). 

3 .3 .2  Construct ing  a  Restr ic t ion  Map of  the  Hind III  
Clone  

As evidenced by the results of the restriction digest and gel 

electrophoresis followed by the corresponding Southern shown in 

figure 3.2 of this Chapter, both EcoR I (lane 2, EcoR I) and BamH I 

(lane 3, BamH I) yielded single discemable fragments, neither of 

which hybridized to the probe. For this restriction pattern to occur, 

two restriction sites for each enzyme (BamH I and EcoR I) must be 

present within the genomic insert (but external to the coding 

sequence) since information provided earlier negated the possibility 

of either enzyme cutting within the two vector arms. As indicated 

earlier, the hybridization signals for both BamH I and EcoR I 

remained at the top of the gel indicating that the PAF receptor coding 

sequence remain in fragments too large (>20 Kb) to separate in the 

present gel. The Hind III restriction product (lane 4, figure 3.2) gave 
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a hybridization signal from a fragment of approximately 5.6 Kb in 

size. In contrast, digesting with Sac I (lane 5, Sac I) gave a 

hybridization signal from a fragment of 4 Kb. Enzymatic digestion 

with Stu I (lane 6, Stu I) appears to give two hybridization signals 

emanating from the bottom (lane 7, Stu I/bottom) and upper (lane 

9, Stu I/upper) fragments and are approximately 5 to 6 Kb in size. 

The hybridization signal in lane 8 (Stu I/middle) appears to be the 

same size as, and is most likely contamination from, the bottom Stu 1 

fragment. Lane 10 contains the Pst I clone which was digested with 

Pst I and gave a strong hybridization signal from a 6.5 Kb fragment 

indicating that the fragment contained PAF receptor coding sequence. 

The 5.6 Kb Hind III fragment was selected for subcloning as it 

was a larger hybridization fragment (and thus likely to contain the 

full coding sequence) yet amenable in size for ligating to pBluescript 

plasmid. The clone was partially sequenced and provided 

information on 1747 bp of which 1029 bp contained the full coding 

sequence for the human PAF receptor (see Chapter 2). Shown in 

figure 3.3 is the restriction map for the Hind III clone. The exact 

location of the Nco I site contained within the PAF receptor coding 

sequence and the 3' Stu I site were identified through sequencing 

and both restriction sites were used in generating the expression 

vector prepared from the Hind III fragment discussed in Chapter 2. 

In addition, human genomic DNA beyond the the 3' end of the coding 

sequence (357 bp) including the 3' Hind HI cloning site has been 

sequenced. When the 5.6 Kb Hind III fragment was digested with 
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FIGURE 3.3. Restriction map of the 5.6 Kb Hind HI fragment 

containing a human PAF receptor coding sequence. Note that the 

coding sequence is at the 3' end the fragment and is 1.029 Kb in 

length. ATG marks the beginning of the start codon while the 

asterisk indicates the end of the coding sequence. 
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FIGURE 3.4. The result of restricting the 5.6 Kb Hind III fragment 

with Sac I is shown in lane 2 after undergoing electrophoresis in a 

1.2% agarose gel. Although incomplete cutting of the Hind III 

fragment occurred, two additional fragments estimated to be 3.1 Kb 

and 2.5 Kb are shown. Lane 3 show the results of restricting the 10.4 

Kb Hind III fragment with Sac I. The arms of the lambda FIX II 

vector were designed such that Sac I and Not I restriction sites were 

located juxtaposed to each other and only within a single multiple 

cloning region for each arm. The 10.4 Kb Hind HI fragment was 

hypothesized to contain the right arm (9 Kb) of the lambda FIX II 

vector. After restricting with Sac I, two additional bands were 

obtained (~9 Kb and ~1.4 Kb) although the ability to resolve the 

larger of the two fragments from the original 10.4 Kb Hind III 

fragment is poor. Figure 22 also contains the results of restricting 

the 10.4 Kb Hind HI fragment with Not I which was expected to 

generate similar size fragments (9 Kb and 1.4 Kb) as shown in this 

figure. 



HGURE 3.4. 

STD 2 3 



1 2 6  

Sac I and then was followed by electrophoresis, two fragments 

approximately 3.1 Kb and 2.5 Kb in size were observed as evidenced 

by the gel in figure 3.4. The remaining Pst I and Stu I restriction 

sites shown at the 5' end of the Hind III clone were determined by 

noting the size of the fragments that resulted from their respective 

digestions. The 5.6 Hind HI fragment when digested with Pst I 

produced two fragments of 0.65 Kb and 4.95 Kb in size as shown in 

figure 3.5. It was predicted that digesting the 5.6 Kb Hind III 

fragment with Stu I would result in at least one fragment being 

exactly 343 bp in size because the DNA sequence in the 3' end of the 

Hind HI clone was known. Indeed, when the Stu I enzymatic 

digestion of the Hind III fragment were electrophoresed, three 

fragments ( ~100 bp, 343 bp and ~5.16 Kb) were observed as 

indicated by figure 3.6. Since the 3' end of the Hind III fragment is 

known in its entirety which places the 343 bp fragment within this 

region, the ~100 bp fragment must (by deduction) be at the 5' end of 

the Hind III fragment. 

3.3.3 Constructing a Restriction Map of the Cloned 20 
Kb Genomic Insert in the Lambda FIX II Vector 

Constructing a restriction map of the genomic insert contained 

within the cloned Lambda FIX II vector necessitated determining the 

size of the insert. Initially this proved to be difficult because of the 

evidence alluded to earlier that the insert approximated the same 

size (20 Kb) as the right arm of the vector. It would therefore be 
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FIGURE 3.5. The results of restricting the Lambda FIX II vector with 

different enzymes or re-digesting various fragments that originated 

from the Lambda FIX vector after first being isolated and gene 

cleaned are shown in this figure. Lane 2 indicates that restricting the 

Lambda FIX II vector with Hind III produces four fragments (> 20 

kb, 10.4 kb, 5.6 kb, and 0.35 kb). PAF receptor coding sequence is 

found in the 5.6 kb fragment which can be isolated and subjected to 

further enzyme restriction analysis. The result of restricting the 5.6 

Kb Hind HI fragment with Pst I is shown in lane 8 above. The 5.6 Kb 

Hind III fragments were obtained by isolating and collecting the 

fragments (gene cleaning) after restricting the lambda FIX II phage 

genomic insert with Hind III. Both agarose gels (1.2 %) are identical 

with the exception of the bottom gel has undergone electrophoresis 

for a longer period of time. The two fragments that were generated 

were estimated to be 4.95 Kb and 0.65 Kb in size. Also shown in lane 

eight is a faint 5.6 Kb band which remains after undergoing one hour 

of restriction with Pst I. 
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FIGURE 3.6. The result of enzymatic digestion of the 5.6 Kb Hind III 

fragment with Stu I is shown in lane 2 above with lane 3 showing a 

non-restricted 5.6 Kb Hind III fragment as a control. The two 1.2% 

agarose gels shown above are identical with the exception of the 

lower-most gel undergoing electrophoresis for a longer time period. 

The standard molecular weights are shown on the left with the 

pertinent sizes indicated. Restricting the Hind III fragment with Stu 

I resulted in three fragments (~5.16 Kb, 0.343 Kb and ~0.100 Kb) 

with their molecular sizes shown on the right. The upper-most gel 

depicts the smaller fragments with better resolution while the 5.16 

Kb and 5.6 Kb fragments reguired a longer period of electrophoresis 

for band separation and are shown more clearly in the bottom-most 

gel. 
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difficult to isolate the insert DNA independent of the vector DNA 

without first cutting internal to the vector. Therefore the restriction 

map was generated without a priori knowledge of the size of the 

intact insert. Not knowing the size of the intact genomic insert added 

complexities and concerns of unknowingly including portion of the 

vector arms in the restriction map. Eventually we were able to 

verify the size of the insert by electrophoresing a restriction 

incubation using either Not I or Sal I in an extremely low percent 

agarose gel over 2 days that allowed for adequate fragment 

separation (see Figure 3,13). To expedite generating a restriction 

map for the approximated 20 Kb stuffer fragment containing the 

Hind III fragment, a partial restriction map of the Pst I clone 

(incompletely shown in figure 3.3) which also contained the PAF 

receptor coding sequence was performed. Based upon the Southern 

analysis and the Hind III clone restriction map shown in figures 3.2 

and 3.3, it was known that the Pst I clone and the Hind III clone had 

overlapping sequence with the Pst I clone being larger by ~0.9 Kb. 

Shown in figure 3.7 are the results of a restriction digest with 

multiple enzymes after electrophoresis in a 1.2% agarose gel. Lanes 

2 and 3 show the results of digesting purified (gene clean) Pst I and 

Hind III fragments (from Pst I and Hind III clones) respectively with 

Hind III and Pst I enzymes respectively. Lane 2 (Pst I fragment 

digested with Hind HI) contains 3 fragments of ~5 Kb, ~1.2 Kb, and 

-0.35 Kb while lane 3 (Hind III fragment digested with Pst I) 

contains 2 fragments of ~5 Kb and ~0.65 Kb. The ~5 Kb fragment 
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FIGURE 3.7. The results of restricting the Pst I clone (lanes 2 and 3) 

and Hind III clone (lanes 4 and 5) with Pst I and Hind III enzymes 

respectively are shown in the upper-most 1.1% agarose gel after 

undergoing electrophoresis for approximately one hour. The 

standard molecular weights are indicated on the left of the gel while 

the expected sizes after digestion are shown on the right. The Pst I 

fragment is 6.5 Kd in size while the Hind III fragment is 5.6 Kd. The 

band beneath both the Pst I and Hind III fragments is the 

pBluescript plasmid (2.96 Kd) which was used to clone both 

fragments. Both the Pst I and Hind III fragments were isolated 

(Gene Clean) and underwent digestion in Hind III and Pst I 

respectively with the results shown in the lower-most 1.2% agarose 

gel. Lane 2 indicates that the Pst I fragment contains two Hind III 

sites resulting in three fragments (~5.0 Kb, ~1.2 Kb and ~0.35 Kb). A 

control Pst I fragment is shown in lane 6. The Hind III fragment has 

one Pst I site and is 0.65 Kd from the 5' end since the 3' end of the 

fragment has been sequenced and no Pst I restriction site was found. 

An additional ~5.0 Kd fragment was also produced when the Hind III 

fragment was restricted with Pst I which is the same size as a band 

produced when the Pst I fragment was restricted with Hind III. The 

faint bands under both the 5.0 Kd fragments in lanes 2 and 3 in the 
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contained in both lanes appear identical in size and should be 

identical in sequence and location as was based upon the restriction 

map. As was indicated earlier regarding the Hind III clone, the PAF 

lower-most gel is the 2,96 Kd pBluescript vector. Lane 9 contains 

multiple fragments after restricting Lambda FIX II vector with Xba 1. 

receptor coding sequence is located in the 3' end of the 5.6 Kb 

fragment and the location of the 3' Hind III restriction site is exactly 

known because of sequencing. Thus, the single Pst I site contained 

within the Hind III fragment must be located at the 5' end of the 

Hind ni fragment and is estimated to be 0.65 Kb 3' of the 5' Hind III 

site. The 6.5 Kb Pst I fragment when digested with Hind III was 

shown to contain 2 Hind III sites that were 0.35 Kb in distance from 

each other. The relative positions of the cloned Pst I (6.5 Kb) and 

Hind in (5.6 Kb) fragments are shown in a diagram in figure 3.8 

which also represents the overall restriction map of the ~20 Kb 

stuffer fragment. The Hind III and Pst I fragments which contain 

the PAF receptor coding sequence are shown to be located near the 3' 

end of the 20 Kb stuffer fragment. 

The placement of the overlapping Hind III and Pst I fragments 

relatively close to the 3' end of the 20 Kb stuffer fragment appeared 

to be warranted for a number of reasons. When the 10.4 Kb Hind III 

fragment which is shown in figures 3.2 and 3.5 (lanes 4 and 2 

respectively) is further restricted with Sac I or Not I, two fragments 

of -9 Kb and ~1.4 Kb were generated as indicated in both figures 3.4 
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FIGURE 3.8. Restriction map of the human genomic DNA clone 

containing a PAF receptor coding sequence. A clone containing a 20-

kb insert was identified by plaque hybridization analysis of a 

genomic library prepared from human placenta using the vector 

Lambda FIX 11 (Stratagene). The restriction sites were determined 

by multiple enzymatic digestions of the purified DNA insert followed 

by electrophoresis in agarose gel. (An XBA I site may also be present 

at position -1.9 kb.) The hatched area represents the human PAF 

receptor coding region. The initiating codon for the methionine is 

indicated by ATG, and the end of the open reading frame by an 

asterisk. 
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FIGURE 3.9. Restriction of the 10.4 kb Hind III fragment which was 

isolated from the Lambda FIX II vector after undergoing enzymatic 

digestion with Hind III. The results of re-digesting the 10.4 kb 

fragment with Not I is shown in lane 3 of this figure. The two 1.2% 

agarose gels are identical with the exception of the lower-most gel 

undergoing electrophoresis for a longer period of time. Re-digesting 

the 10.4 kb Hind III fragment with Not I produced fragments 

estimated in size to be 9.0 kb and 1.4 kb as shown in lane 3 and 

appear to be the same sized fragments as those shown in figure 3.4. 
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and 3.9. The 9 Kb fragment is believed to the right arm of the 

Lambda FIX n vector and is similar to the 9 Kb fragment which was 

also generated in figure 3.2 when the lambda FIX II vector was 

restricted with Sac I alone. Other than the multiple cloning site. Sac I 

and Not I restriction sites do not exist within either of the vector 

arms. The 1.4 Kb fragment is the remaining 3' end of the ~20 Kb 

insert that adjoins the right arm of the vector and is just 3' to the 

0.35 Kb Hind III fragment shown in figure 3.8. Information 

consistent with the restriction map shown in figure 3.8 and thereby 

accounts for the remainder of the genomic insert is shown in figure 

3.10. Figure 3.10 shows a 1.2% agarose gel with 6 fragments 

generated in lane 3 from a Sac I re-digestion of the upper most 

fragment (>20 Kb) of a previous Hind III digestion. The 6 fragments 

(20 Kb-left arm of the vector, 6.6 Kb, 2.5 Kb, 1.275 Kb, 1.1 Kb, and 

0.9 Kb) add to ~12.375 Kb excluding the left arm of the vector, which 

is the approximate length of the remaining fragment between the 

left arm of vector and the most 5' Hind III site. 

Restricting the Lambda FIX 11 vector containing the insert with 

either BamH I or EcoR I results in only one fragment for each 

digestion which is under 20 Kb in size. Figure 3.2 indicates that the 

single BamH I fragment (5 Kb) and EcoR I fragment (4.7 Kb) do not 

contain PAF receptor coding sequence nor does either fragment 

change in size when restricted with Hind III indicating that no Hind 

III restriction sites are present. Furthermore, restricting the vector 

containing the 20 Kb insert with both BamH I and Hind HI or EcoR I 
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FIGURE 3,10. The upper-most band (> 20kb, shown in Figure 3.2) 

obtained after restricting the Lambda FIX n vector with Hind III 

was re-digested with Sac I and the results are shown in lane 3 of this 

1,2% agarose gel. Six fragments were generated which includes the 

left arm of the Lambda FIX II vector (20 kb) and five other 

fragments estimated to be 6.6, 2.5, 1,275, 1.1, and 0.9 kb in size. 
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FIGURE 3.11. Results of digesting the Lambda FIX n vector 

containing the human genomic insert with BamH I and Hind III 

(lanes 2-4), EcoR I and Hind III (lanes 6-8), or Hind III alone (lane 5) 

are shown above in a 1.0% agarose gel. Restricting with Hind HI 

alone produced the typical restriction fragment pattern shown before 

of bands >20 Kb, 10.4 Kb, 5.6 Kb and 0.35 Kb (not shown). Restricting 

with BamH I and Hind III produced the same bands as Hind ni alone 

as well as two additional bands of 5.0 Kb and 6.0 Kb. The 5.0 Kb 

band was shown earlier in figure 15 when restricting the Lambda 

FIX II vector with BamH I alone. Lanes 6-8 above show fragments 

produced by restricting with EcoR I and Hind III which include the 

fragments produced by Hind HI alone in addition to a 4.7 Kb 

fragment. The 4.7 Kb fragment is similar in size to that shown in 

Figure 3.2 after restricting the Lambda FIX 11 vector with EcoR I 

alone. 
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FIGURE 3.12. Results of restricting Lambda FIX II vector containing 

the human genomic insert indicates that the EcorR I and BamH I 

fragments contain overlapping sequence. Lanes 2 and 6 are the 

results of restricting the Lambda FIX II vector-containing insert with 

BamH I and EcoR I respectively after electrophoresis in a 1.0% 

agarose gel. The 5.0 Kb BamH I fragment from a previous gel was 

isolated (gene clean) and underwent re-digestion with EcoR I and 

Hind III restriction enzymes with the results shown in lanes 3 and 4 

respectively. An EcoR I band (4.5 Kb) simmilar to the one shown in 

lane 6 was isolated (gene clean) and underwent re-digestion with 

BamH I and Hind ni and the results are shown in lanes 7 and 8 

respectively. Lanes 5 and 9 show the results of re-digesting the 

upper-most band contained in figure 24, lane 5 (> 20 Kb band 

resulting from restricting the Lambda FIX II vector with Hind III) 

with BamH I and EcoR I respectively. Lane 10 is the result of 

restricing the >20 Kb Hind HI fragment (also used in lanes 5 and 9) 

with Sac I which is known to cut in the multiple cloning region of 

Lambda FIX 11 vector and no where else within the vector arms. 

Multiple Sac I restriction sites are known to exist within the human 

genomic fragment containing the PAF receptor coding sequence as 

indicated in figure 3.2. 
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and Hind 111 generate new discemable fragments not seen before 

(see figure 3.11) as well as the expected fragments seen by digesting 

with only single enzymes. The above information indicated that 

digesting the vector containing insert with BamH I or EcoR I 

generates fragments from a region of the insert that is further 

upstream than the 5.6 Kb Hind III fragment. Figure 3.12 indicates 

that the BamH I (5.0 Kb) and EcoR I (4.7 Kb) fragments have 

sequence in common since the 5.0 Kb fragment generated by BamH I 

is cut by EcoR I and the 4.7 Kb EcoR I fragment can be restricted by 

BamH I. 

Occasionally, more information can be generated from 

fragments that were initially produced by a particular enzyme by 

purifying them and then re-digesting the fragment(s) with a 

different enzyme. This was shown earlier when the 10.4 Kb Hind III 

fragment was re-digested with Sac I or Not I to isolate the right arm 

of the vector (9 Kb) from and an additional 3' 1.4 Kb piece of stuffer 

fragment (see figures 3.4 and 3.9). The same technique can be used 

to isolate what is believed to be the 20 Kb left arm of the vector from 

any additional 5' stuffer fragments. Additional information 

pertaining to the positions of both the 5.0 Kb BamH I and 4.7 Kb EcoR 

I fragments relative to each other and to the vector-containing insert 

was obtained by utilizing that same technique. The upper most and 

largest fragment (> 20 Kb band shown in lane 4 of figure 3.2) which 

was generated by digesting the vector-containing insert with Hind 
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in was purified and re-digested with either BamH I or EcoR I 

enzymes. The results of such an enzyme incubation is shown in 

figure 3.12. Re-digesting the upper most Hind HI fragment (>20 Kb) 

with BamH I gives three fragments: a 5.0 Kb fragment, a 6.0 Kb 

fragment and a fragment that is at least 20 Kb in size. The 5.0 Kb 

fragment generated by re-digesting the largest Hind III fragment is 

identical to that obtained by digesting the entire vector containing 

insert with BamH I alone. Similarly, re-digesting the upper most 

Hind in fragment with EcoR I gives three fragments: a 4.7 Kb 

fragment, a 4.0 Kb fragment, and a fragment that is at least 20 Kb in 

size. Again, the 4.7 Kb fragment generated by re-digesting the upper 

most and largest Hind HI fragment is identical to that obtained by 

restricting the entire vector-containing insert with EcoR I alone. As 

indicated by the results shown in figure 3.12, the 5.0 Kb BamH I and 

4.7 Kb EcoR I fragments overlap by 2.0 Kb and is shown in the 

restriction map (figure 3.8). The additional 6.0 Kb and 4.0 Kb 

fragments generated by re-restricting the upper-most Hind III 

fragment (>20 Kb) with BamH I and EcoR I respectively are 2.0 Kb 

different in size as well and it was hypothesized that an EcoR 1 site is 

downstream from a BamH I site by 2.0 Kb. Furthermore, the 3' EcoR 

I site is considered to be upstream from the 5' Hind HI site by 4.0 

Kb. The 5' BamH I site was shown to be a distance of 1.3 Kb from the 

multiple cloning site contained in the 20 Kb left vector arm by re-

digesting the remaining >20 Kb fragment with Sac I. The remaining 

Xba I sites were generated by similar restriction methods and by 
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Southern blot analysis as shown in figure 3.1. After generating the 

restriction map of the entire human genomic stuffer fragment within 

the vector, the vector-containing insert was digested separately with 

Not I, Sal I, and Xba I and the digestion electrophoresed in a 0.3% 

agarose gel over a two day period. All three enzymes are capable of 

cutting the right and left arms of the vector only within the multiple 

cloning region. However, while Not I was expected to cut only within 

the multiple cloning region and not internal to the insert, Xba I was 

expected to cut the multiple cloning region and internal to the insert 

numerous times. Having a restriction enzyme that cuts within the 

multiple cloning region as well as internal to the stuffer fragment 

when compared to that enzyme that cuts only within the multiple 

cloning region should provide adequate information relative to the 

size of the insert when electrophoresed in a low percent agarose gel. 

Electrophoresing in a much lower percent agarose gel allowed for 

separation of the insert from the two vector arms which was not 

obtainable before. The results, shown in figure 3.13, reveals that the 

insert is just under 20 Kb in size (19.5 Kb) and that electrophoresing 

at 15 volts for 2 days in a 0.3% agarose gel provided adequate 

separation of the insert from both the left and right arms. The insert 

was in turn purified and labelled for use in flourescent in situ 

hybridization (see Appendix P). 
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FIGURE 3.13. Results of restricting the Lambda FIX II vector-

containing genomic insert with Xba I (lane 2), Not I (lanes 3 and 4), 

and Sal I (lanes 6 and 7). Electrophoresis was performed for 48 

hours in a 0.3% agarose gel. The two gels are identical with the 

exception of the lower gel undergoing electrophoresis for a longer 

period of time. The 20 Kb left arm contained in lane 2 (Xba I) 

proved to be helpful in isolating the estimated 19.5 Kb genomic 

insert contained in lanes 3 and 4 which were used for flourescent 

insitu hybridization. Standard weights are shown on the left while 

designations for the left and right arm of the vector and genomic 

insert are shown on the right. 
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3 . 3 . 4  C h r o m c s o m a i  In Situ H y b r i d i z a t i o n  

The results of the chromosomal in situ hybridization with the 

fluorescein labelled 19.5 Kb human genomic DNA consistently 

showed that the cloned human PAF receptor is located on 

chromosome 1 at Ip35-lp34.3. Shown in figure 3.14 are human 

metaphase spreads prepared from PHA-stimulated peripheral blood 

lymphocytes after in situ hybridization with directly labelled 

fluoresceinated DNA probes. 

3.4 DISCUSSION 

Platelet-activating factor (PAF) is a family biologically active, 

structurally related phosphoglycerides with pro-inflammatory or 

chemoattractant potential (Snyder, 1990) that appear to occur through 

activation of receptor(s). The extremely pleiotropic nature of the 

actions of PAF due to the activation of multiple signal transduction 

pathways previously discussed and the number of inflammatory 

diseases that appear to involve PAF make cloning the PAF receptor 

gene attractive. Furthermore, isolation of a genomic clone allows: the 

promoter and regulatory cis elements controlling PAF receptor gene 

expression to be examined, the origin of the different PAF receptor 

transcripts between 3.5 and 6 Kb in size initially found by Murphy 

and colleagues (Murphy at al., 1990) to be 
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FIGURE 3.14. Chromosomal localization of the human PAF receptor 

gene by fluorescence in situ hybridization, (a-d) Details of 4 

different propidium iodide-stained chromosomal spreads exhibiting 

signals on the short arm of chromosome 1 and their corresponding G-

banding. The region of chromosome 1 with the specific signal was 

identified by G-banding as chromosome lp35-> lp34.3. (e) 

Propidium iodide-stained nulceus in interphase showing 

hybridization signal, (f) Hybridization of control cosmid DNA to the 

distal end of the long arm of chromosome 11 served as a positive 

control. (G) Ideogram of chromosome 1 with an arrow depicting the 

location of the hybridization signal. 
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investigated, and the determination of the chromosomal location of 

the PAF receptor gene. 

The utility of the genomic clone is very much dependent upon 

knowing the desired coding sequence of the PAF receptor and any 

intervening sequence or sequence flanking the PAF coding region so 

that restriction enzymes can be appropriately chosen. Knowledge 

about the sequence allowed for the construction of an expression 

vector so that the cloned human PAF receptor could be better 

characterized as indicated in Chapter 2. In Chapter 5, an expression 

vector is used for generating fusion proteins which requires 

knowledge of restriction sites within the coding sequence. 

Restriction mapping of the 20 Kb genomic clone is also important in 

determining the promoter region if regulation of the gene is to be 

understood. Once it was known that the 20 Kb human genomic 

fragment did not contain sequence identical to the 5' transcribed but 

untranslated region of the cDNA clones discussed in Chapter 2, it 

became important to determine how large the introns were that 

separated the various promoter regions from each other and from 

the open reading frame. As was indicated in the previous chapter, 

the human PAF receptor does not contain introns within the coding 

sequence but does contain introns within the 5' untranslated region 

which is generally thought to be uncommon for most eukaryotic 

genes including G protein-coupled receptors but is a general feature 

of the chemoattractant G protein-coupled receptors (Murphy et al., 

1993). 
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The restriction map of the Hind HI clone shown in figure 3.3 

indicates that the coding sequence for the PAF receptor is located in 

the 3' end of the 5.6 Kb fragment. The 5.6 Kb Hind III fragment is 

capable of being cloned in either direction into Hind III restricted 

pBluescript II (SK+/-), but restriction mapping of clones containing 

both orientations (not shown) and sequence analysis (Hind III 

restriction site sequence has been identified) indicates that the stop 

codon for the open reading frame (ORF) is located exactly 357 bp 

upstream from a 3' Hind III site contained in pBluescript II (SK+/-). 

The remainder of the restriction map for Hind HI clone shows two 

Stu I sites on either end of the fragment and the 3' Stu I site has 

been sequenced and its position relative to the ORF (14 bp 3' of the 

stop codon) and the 3' Hind III site (337 bp 5' of Hind III site) is 

exactly known. Digesting the cloned Hind III fragment with Pst I 

generated two fragments with the smallest one being 0.65 Kb in size 

(figure 3.7). Greater than 1700 bp of the 3' Hind III fragment has 

been sequenced including the Hind III site and no Pst I site was 

identified through sequencing. Therefore, the 0.65 Kb Pst I fragment 

generated from the Hind III fragment must have originated from the 

other end (5' end). 

The restriction map for the ~20 Kb human genomic stuffer 

fragment shown in figure 3.8, indicates that the PAF receptor coding 

sequence is located at the 3' end of the Hind III fragment which, in 

turn, is also found at the 3' end of the mother or stuffer fragment. 

This finding is based on a number of observations. 
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First, the relative positions of the restriction sites (Hind III, Pst 

I, Sac I, and Xba I) among the PAF coding sequence is consistent with 

what is found when a Southern blot analysis is performed using 

probes that hybridize to the coding sequence (see figures 3.2 and 

2.11). Analysis of the fragment sizes contained in these figures 

provided a partial reconstruction map of the general area flanking 

the coding region. It should be noted that Xba I inconsistently cut in 

this region of the 20 Kb insert as evidenced by 2 strong hybridizing 

signals from a Southern blot after enzymatic restriction with Xba I 

but no other enzyme as shown in figure 2.11 in Chapter 2. 

Second, digesting the entire-vector containing insert with BamH 

I or EcoR I resulted in only a single non-hybridizing fragment after 

electrophoresis from each restriction incubation that is essentially 

less than 20 Kb. None of the hybridizing fragments produced by the 

enzymes Pst I, Hind III, or Sac I contain any BamH I or EcoR I 

restriction sites. Given that EcoR I and BamH I do not cut the vector 

arms (9 and 20 Kb) but do restrict the genomic insert at two sites, 

each generating a single small fragment, then the two remaining 

large fragments that are produced by each enzyme must each be at 

least 20 Kb in size. Therefore, the right arm must still have attached 

to it at least 10-11 Kb of genomic insert which is very consistent 

with the restriction map of the human genomic insert (figure 3.8). 

This information also indicates that the PAF coding sequence and 

EcoR I or BamH I restriction sites must be at opposite ends of the 

genomic insert. Third, when the 10.4 Kb Hind III (nonhybridizing) 
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fragment is re-digested with Sac I or Xba I, a 9 Kb fragment is 

obtained indicating that it is most likely the right arm of the vector 

(see figures 3.4 and 3.9 in Chapter 3, and figure 2.11 in Chapter 2). 

Probably one of the most important questions addressed by the 

restriction map of the ~20 Kb human genomic fragment pertains to 

the location of the regulatory regions which control PAF gene 

expression. Promoter regions are generally 5' of the start codon and 

usually consist of a CAAT or TATA box as discussed in Chapter 2. 

However, based upon the comparison of 5' untranslated sequences of 

cDNA and genomic DNA, it was noted that an intron was most likely 

separating the promotor region from the ORF because of diverging 

sequence 39 bp upstream from the start codon and the identification 

of a 3' splice junction at the point of DNA divergence. Therefore, an 

attempt was made to locate the 5' splice junction site within the 20 

Kb genomic insert since the restriction map indicated that the insert 

contained at least 16 Kb of 5' untranslated sequence. An experiment 

was performed to determine if the 20 Kb genomic clone contained a 

20 bp sequence of 5' untranslated DNA that was common to the cDNA 

clones repoted by both Ye and associates (Ye et al., 1991) and 

Nakamura and co-workers (Nakamura et al., 1991) but was not 

represented in the sequence from the genomic clone. No hybridizing 

signal was obtained which indicated that the human PAF receptor 

gene contained at least one 5' intron of at least 16 Kb in size and that 

the genomic insert did not contain an upstream exon or promotor 

region (Chase et al., 1994). The structural organization of the PAF 
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receptor gene was recently reported to contain two promotor regions 

separated by an intron of at least 14 Kb with the closest promotor 

being greater than 20 Kb away from the ORF (Murphy, 1994) which is 

consistent with our results. 

There does appear, however, to be an inconsistency with the 

restriction map of the 19.5 Kb human genomic fragment that was 

generated in our lab (Chase et al., 1993) with the one that was 

published by Mutoh and colleagues (Mutoh et al., 1993). The figure of 

the restriction map (figure 3.8) shows there to be two Hind HI 

restriction sites at the 3' end of the PAF receptor coding sequence 

whereas the one published by Mutoh places the Hind HI sites 5' of 

the coding sequence with perhaps one of them within the coding 

sequence. We believe our map provides the correct placement since 

one of the Hind HI sites has absolutely been identified by 

sequencing and is located 357 bp 3' of the stop codon of the PAF 

receptor coding sequence. 

3 . 4 . 1  C h r o m o s o m e  L o c a l i z a t i o n  a n d  In Situ 
H y b r i d i z a t i o n  

The chromosome localization of the human PAF receptor gene 

was determined by in situ hybridization using fluoresceinated DNA 

probes. The probes were generated by incorporating fluor-12-dUTP 

directly into the fragments produced from the ~20 Kb human 

genomic insert which served as a template. The incorporation of the 

fluoresceinated nucleotide allows the probe which is hybridized to 
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chromosomes that are immobilized on slides to be viewed directly by 

a microscope when using appropriate excitation wavelength. 

Over 100 metaphase spreads of phytohemagglutinin-

stimulated human peripheral blood lymphocytes were viewed and 

fluorescent signals were considered specific only if they were 

consistently detected on each chromotid of a single chromosome. A 

prior human genomic Southern blot had indicated that the cloned 

PAF receptor existed as a single copy gene (see Chapter 2). 

Flourescent in situ hybridization (FISH) revealed specific binding to 

chromosome 1 (see figure 3.14). These results agree with a previous 

report that the human PAF receptor gene has been linked to 

chromosome 1 using Southern blots of human X hamster somatic cell 

hybrids (Seyfried et al., 1992). However, the FISH analysis we 

performed allows for further sublocalization of the gene to particular 

regions of the chromosome. Comparison of immunofluorescence 

micrographs with G banding patterns disclosed that the signal resides 

on locus Ip35-lp34.3 (Chase et al., 1996) which is shown on figure 

3.14. 

Recently, the PAF receptor has been shown to activate 

tyrosine kinase pathways leading to the phosphorylation of Src 

proteins (Dhar and Shukla, 1994; Gomez-Cambronero et al., 1993; Honda 

et al., 1994). Interestingly, lymphocyte-specific protein tyrosine 

kinase gene (LCK), which itself encodes a Src protein, has been 

mapped to the same region as the gene for the PAF receptor (Volpi et 

al., 1994). The LCK kinases play a role in T cell activation but B cells 
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also appear to express LCK. In addition, both activated B and T cells 

have been reported to express cell surface PAF receptors although 

neither cell exhibits PAF binding in the resting state (Calabresse et al., 

1992; Nguer et al., 1992a). A possible relationship to explore would be 

whether the expression or activation of the membrane-associated 

protein tyrosine kinase (p56'c'^) is in anyway related to the 

expression of PAF receptors. 

Also assigned to lp35-> lp34.3 is another gene which encodes 

a pro-inflammatory receptor, the granulocyte colony-stimulating 

factor receptor (CSF3R) expressed by neutrophilic granulocytes 

(Inazawa et al., 1991). These three genes, all mapped to the same 

region of chromosome 1, could act in concert as part of a general 

mechanism in the inflammation process. Other genes located in 

Ip34.3-lp35 have been reported (Dracopoli et al., 1994). 

Chemoattractant receptors, are a subgroup of G protein-coupled 

receptors found on the cell membranes of phagocytic leukocytes. 

The group consists of C5a anaphylatoxin, fMLP, PAF, leukotriene B4 

and a chemokine superfamily which includes interleukin-8 all of 

which have the ability to activate leukocytes and engage the 

inflammatory response (Baggiolini and Dahinden, 1994). Both C5a 

anaphylatoxin and fMLP receptor genes are clustered at a single 

locus on chromosome 19 at the interface of band 13.3 and 13.4 

(Gerard et al., 1993). Interleukin-8 receptors actually consist of two 

receptors, a high and a low affinity receptor, both of which originate 

from separate genes but co-localize on human chromosome 2q34-
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q34 (Ahuja et al., 1992). The reason behind clustering of genes is not 

known but may serve son;e function related to gene regulation. !t 

would appear however that clustering does not necessarily follow 

function as the highly conserved receptors for the neuropeptide 

tachykinins, substance P and neurkinin A, are located on 

chromosomes 2 and 8 respectively (Gerard et al., 1993). It has been 

estimated that hundreds of distinct cytokines probably regulate 

immunity and inflammation (Ahuja et al., 1994). Indeed the numbers 

are even greater when lipid mediators such as PAF are included in 

the list of activating molecules. As to whether the human PAF 

receptor gene may co-localize with other chemoattractant receptors 

remains to be demonstrated. 

Abnormalities in G protein-coupled receptors and their 

signalling pathways have been reported (Spiegel et al., 1993) and a 

mutation in a human B2 receptor identified (Reihsaus et al., 1993) 

which has been linked to an asthmatic condition. Allelic variations 

have also been reported for the human fMLP receptor gene (Boulay et 

al., 1990b; Haviland et al., 1993) but information is not available as to 

whether this is linked to any differences in receptor function. It 

would seem doubtful however, that mutations or allelic variations of 

a single gene would account for all the inflammatory diseases that 

appear to have a genetic basis among cohorts. 

PAF is an important proinflammatory autacoid that produces 

its actions via cell surface G-protein coupled receptor(s). Although 

PAF appears to be needed for normal physiological processes, it has 
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also been Implicated as a contributing factor in the pathogenesis of a 

variety of diseases. Despite the avalanche of proinflammatory agents 

whose effects on leukocytes and endothelial cells appear redundant, 

there are subtle distinctions among various forms of inflammation 

that make understanding the family of PAF autacoids, its receptor, 

regulation of receptor expression, and knowledge of its specific 

chromosomal location important if pathogenesis of inflammatory 

diseases is to be understood. 

In summary, a human PAF receptor partial gene has been 

cloned and a restriction map generated permitting potential 

manipulation strategies. Observations made of published cDNA 

clones of the human PAF receptor indicate identical coding sequence 

but differing 5' untranslated regions to that of the genomic clone 

obtained in our laboratory. The apparent discrepancies indicate at 

least one intron separating the coding sequence from a promoter 

region. The promoter region is not located within the human 

genomic fragment that has been cloned but evidence suggests that 

the intron located in the 5' untranslated region is at least 16 KB in 

size. Specific localization of the PAF receptor gene to the distal 

portion of chromosome 1 (Ip35-lp34.3) may eventually assist in 

understanding the genetic predisposition of certain patients to 

inflammatory diseases. 
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CHAPTER 4 

ADENYLYL CYCLASE AND OTHER 2ND MESSENGER 
SIGNALLING PATHWAYS ACTIVATED BY PAF 
RECEPTOR 

4.1 INTRODUCTION 

The PAF receptor is a member of the G protein-coupled super-

family of receptors and consists of a single polypeptide chain of 342 

amino acids with multiple transmembrane domains. The binding of 

PAF to its cell surface receptor initiates a variety of signal 

transduction systems, many of which had been identified prior to the 

cloning of the human PAF receptor. Although there is evidence 

which suggests the presence of an intracellular receptor (Bazan et al., 

1994b; Doucet and Bazan, 1992; Marcheselli et al., 1990; Stewart et al., 

1989; Stewart et al., 1990), the information regarding the intracellular 

signalling pathways are discussed as it pertains to the cell surface 

PAF receptor. Shown in figure 4,1 are some of the proposed 

signalling pathways that appear linked to the cell surface receptor 

via coupling to G proteins. 

The involvement of G proteins following receptor activation by 

PAF had been suggested by numerous investigators (Houslay et al., 

1986; Hwang, 1990; Shukla, 1991) and was directly demonstrated by 

Nakamura and co-workers by microinjection of the 
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FIGURE 4.1. The transmembrane signalling pathways acivated by 

the PAF receptor are varied and appear to involve numerous 

intracellular messengers. Shown in this figure are some of the 

pathways most of which if not all are coupled to G proteins with its 

subgroups (a,p, and y). Activation of the receptor may result in 

hydrolysis of phospholpase C (or D) with the generation of IP3 and 

diacylglycerol (DAG) with acivation of protein kinase C (PKC). The 

activation of phospholipase A2 cleaves phosphotidylcholine 

generating lyso-platelet-activating factor (PAF) and arachidonic acid 

(20:4) which intum is capable of itself generating numerous, active 

metabolites. Adenylyl cyclase is thought to be inhibited which would 

decrease cAMP formation. Tyrosine phosphorylation has also been 

shown to occur by yet to be determined pathways and activation of 

immediate early genes. Numerous ion channels are known to be 

activated upon agonist binding to the receptor. 
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inactive GTP analog (GDBBS) into Xenopus oocytes (Nakamura et al., 

1991). A Clone of the human PAF receptor was expressed in Xenopus 

oocytes and shown to mediate chloride current upon activation with 

PAF. The PAF elicited chloride current was effectively eliminated by 

microinjection of the inactive GTP anolog. Prior to cloning the coding 

sequence for the PAF receptor, PAF was known to stimulate GTPase 

activity with increasing amounts of GTP causing a shift in PAF 

binding (Hwang et al., 1986). 

Following the interaction of PAF with its receptor, several 

events are thought to occur including phospholipid turnover via 

phospholipase C, activation of phospholipase A2, stimulation of 

protein kinases, and regulation of adenylyl cyclase all of which are 

thought to involve G proteins. It has been suggested by Hwang 

(Hwang, 1990) and will be alluded to later in this chapter that G-

proteins coupled to the PAF receptor are structurally different in 

many human cells known to express PAF receptors. Despite the large 

family of G proteins and the multiple signal pathways known to be 

regulated by them, the current understanding regarding adenylyl 

cyclase activity is that the PAF receptor inhibits its activity resulting 

in a decrease in cyclic AMP levels (cAMP) (Shimizu et al., 1992; Shukla, 

1992). Direct evidence supporting this hypothesis however, has yet 

to be demonstrated. In fact, most PAF studies involving 

measurments of adenylyl cyclase activity have been performed using 

platelets and some controversial results have been found in other 

types of cells (Yue et al., 1992). Even in platelets, the inhibition of 
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adenylyl cyclase is demonstrated in human platelet membrane 

preparations but not in intact cells (Burgers and Akkerman, 1993). 

Historically Gs and Gi were among the first G proteins 

described, with both regulating cellular cAMP levels by, respectively, 

stimulating and inhibiting adenylyl cyclase (Brass et al., 1993). Many 

of the Gi proteins which inhibit adenylyl cyclase also appear to 

regulate phospholiplase C as well. Much of the initial work regarding 

inhibition of adenylyl cyclase activity upon PAF ligand binding was 

done by Haslam and Vanderwel (Haslam and Vanderwel, 1982), Hwang 

and co-workers (Hwang et al., 1986), and Brass and colleagues (Brass 

et al., 1988). The evidence that PAF inhibited adenylyl cyclase 

activity could be shown in human platelet membranes but not in 

whole platelets (Brass et al., 1988) suggesting that factors in addition 

to the G protein may be important. It is also possible that PAF 

receptor activation in human platelets couples to G proteins that is 

neither cholera (Gs) nor pertussis toxin (Gi) (Houslay et al., 1986) 

sensitive . 

Much of the early work on PAF receptors and inhibition of 

adenylyl cyclase was performed using rabbit or rat platelets (Hwang, 

1990). Data from Inarrea and co-workers (Inarrea et al., 1984) and 

Martins et al. (Martins et al., 1988) suggest that significant species 

(rabbit, rat, and human) and strain (Sprague-Dawley vs Wistar rats) 

differences may call into question early inferences made about the 

transductory mechanisms which follow PAF binding. Sprague-

Dawley rat  platelets do not have specific binding sites for \-0-
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octadecyl 1,2 acetyl-5n-gylceryl-3 phosphocholine while Wistar rats 

do and rabbit platelets possess many more (-lOx) PAF receptors that 

do human platelets (Inarrea et al., 1984). The greater number of PAF 

receptors in rabbit platelets has led one laboratory to suggest that 

only when a large number of receptors are occupied by a full agonist 

is Gi also activated (Williams et al., 1987). Williams' contends the 

difference in the total number of PAF receptors per platelet is why 

intact rabbit platelets show inhibition of adenylyl cyclase while 

intact human platelets do not. 

Numerous studies have indicated that other factors modulate 

cAMP levels. Protein kinase C has been shown in intact activated 

human platelets to inhibit cAMP formation (Williams et al., 1987). 

The results suggest that the predominant effects of activation of PKC 

on adenylyl cyclase are inhibitory, indicating yet another mechanism 

in addition to inactivation of adenylyl cyclase by Gi. 

The production of cyclic GMP (cGMP) may also plays a role in 

modifying cAMP production. The original work of Haslam and 

Vanderwel (Haslam and Vanderwel, 1982) showed a lack of inhibition 

of basal cAMP levels by PAF in human intact platelets. PAF has been 

shown to increase cGMP levels in kidney cells (Neant et al., 1994) and 

platelets are known to contain a cGMP-sensitive cAMP 

phosphodiesterase which could result in the inhibition of cAMP 

phosphodiesterase breakdown (Maurice and Haslam, 1990), 

Although many human cell types have shown decreases in 

cAMP levels upon PAF stimulation (Columbo et al., 1993; Renkonen et 
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al., 1990; Sato et al., 1990), the agreement is not uniform and the 

regulatory pathways are probably quite complex. PAF appeared to 

show no inhibition of adenylyl cyclase in intact human promonocytic 

cell line (Ventura et al., 1990). In fact there appeared to be a twofold 

increase in cAMP levels when agonist binding with PAF was 

performed. Since agents that elevate cAMP levels usually suppress 

many of the functions of macrophages and neutrophils (phagocytosis, 

cytotoxicity, lysozomal enzyme secretion, and oxygen free radical 

formation), the authors hypothesized that the increase in cAMP was 

due to the production of prostaglandins (PGEi, PGE2, or PGI2) which 

stimulated cAMP production through interacting with prostanoid 

receptors. 

Recently, alveolar macrophages from guinea pigs have shown 

to be differentially affected by high (M.M) and low (fM) 

concentrations of PAF in the production of cAMP (Beusenberg et al., 

1994). Low concentrations of PAF result in low amounts of eicosanoid 

release and correspondingly small rises in cAMP. High 

concentrations of PAF provides for greater eicosanoids released and 

apparently higher levels of cAMP. The results are reversed when 

activated alveolar macrophages are compared to naive macrophages 

due to the presumed shunting of arachidonic acid metabolism 

towards the lipoxygenase pathway promoting leukotriene generation 

(LTB4) leaving smaller amounts of arachidonic acid available for 

prostanoid production. 
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Recent evidence in neonatal rat cardiomyocytes suggest that 

PAF in fact may actually stimulate the formation of cAMP in 

controlling cardiac voltage-operated calcium channels (Church et al., 

1994). The PAF-induced cellular responses could be mimicked by the 

adenylyl cyclase activator, forskolin and the results greatly inhibited 

by a cAMP antagonist. 

Therefore, given the many different effector pathways that the 

PAF receptor governs, evidence that adenylyl cyclase activity may 

itself be modified by numerous pathways in different cell types, and 

the lack of consensus regarding PAFs effects on cAMP in different 

cell types, the need for examining PAF receptor regulation of 

adenylyl cyclase activity in isolation is apparent. Currently in our 

laboratory a heterologous gene transient expression system has been 

designed by Pepperl and colleagues (Pepperl and Regan, 1993) to 

examine the human a2 subtypes and their differing regulation of 

adenylyl cyclase. We thought it prudent to attempt to utilize the 

same heterologous gene expression system for the cloned human PAF 

receptor because similarities exist between the PAF and 0.2 receptors. 

Both receptors are capable of regulating inositol phosphate 

production and both may be able to transduce mitogenic signals 

(Johnson et al., 1994). Also, both the 0.2 and PAF receptors are G 

protein coupled and are known to be expressed in platelets. The 0.2 

adrenergic inhibition of adenylyl cyclase is mediated predominantly 

through Gi2 (Simonds et al., 1989) while very recent evidence for the 

PAF receptor in the rat brain suggests that PAF may inhibit adenylyl 
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cyclase by way of transduction pathways linked to either Gn or Gi2 

(Wang ct al., 1994). Therefore, the focus of this chapter is the signal 

transduction pathways coupled to PAF receptor activation and in 

particular, whether activation of the cloned human PAF receptor 

results in inhibition of adenylyl cyclase activity. 

4.2 METHODS 

A cAMP-responsive reporter gene has been used in transiently 

transfected human choriocarcinoma cells (JEG-3) to examine the 

second messenger coupling of the cloned human PAF receptor. The 

reporter gene consists of a cAMP response element linked to the 

gene for chloramphenicol acetyl transferase (CAT). A plasmid 

encoding the human PAF receptor was co-transfected with a plasmid 

containing the reporter gene and the ability of a PAF receptor 

agonists to influence forskolin-stimulated CAT expression was 

examined. 

4 . 2 . 1  C o n s t r u c t i o n  o f  E u k a r y o t i c  E x p r e s s i o n  V e c t o r s  
Containing the Coding Sequence for the Human 
PAF Receptor and cAMP Reporter Gene 

The construction of the eukaryotic expression vector, 

pBC12BI/PAF which contained the coding sequence for the cloned 

human PAF receptor, was performed as indicated in chapter 2 (see 

Appendix N). 
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The reporter plasmid, TESBgniCRE(+)ANHSE, was generously 

provided by £)r. Pamela Mellon (Salk Institute, LaJolla, CA.) This 

plasmid contains an 18-base cAMP responsive element (CRE), from 

the promoter of the alpha-subunit gene for the human glycoprotein 

hormones, which has been linked to the herpes simplex virus 

thymidine kinase promoter, which in turn is linked to DNA encoding 

bacterial chloramphenicol acetyltransferase (CAT). In JEG-3 cells 

transfected with this plasmid, increases in intracellular cAMP will 

stimulate the expression of CAT by a cyclic AMP signal transduction 

cascade. The potential of using this as a reporter for receptors that 

are coupled to adenylyl cyclase has been shown in a study with 

dopamine receptors and ai receptors (Montmayer and Borrelli, 1991; 

Pepperl and Regan, 1993). 

4.2.2 Cell Culture and Transfection Technique 

Human choriocarcinoma cells (JEG-3) cells were obtained from 

the American Type Culture Collection (#HTB 36) and cultured in 

DMEM supplemented with 10% fetal bovine serum (FBS), 1(X) 

units/ml penicillin, 100 mg/ml streptomycin in 5% cabon dioxide at 

37 °C. Cells were plated in 10 cm dishes for 2 days prior to 

transfection. JEG-3 cells were transfected with 10 fxg of reporter 

plasmid and 10 \Lg of PAF receptor plasmid using the calcium 

phosphate precipitation technique (Grahm and Eb, 1973) (see 

Appendix R for details). The cells were rinsed twice with 

DMEM/0.5% BSA and forskolin and/or C-16 PAF were added to 9 ml 
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of DMEM/0.5% BSA. The cells were incubated for 4 hours at 37°C and 

then harvested. 

4.2.3 Cell Harvest and CAT Assay 

Immediately after the drug incubations, the cells were rinsed 

with cold PBS and scraped into 1 ml of 40 mM Tris/1 mM EDTA/150 

mM NaCl (see Appendix T). Cells were centrifuged and lysed by 3 

cycles of freeze-thaw in 200 ul of 250 mM Tris. [^H] CAT assays 

were performed using 50 ul of cytosol, 200 nCi [^H] chloramphenicol 

and 300 uM butyryl CoA. CAT is a bacterial enzyme which is not 

present is mammalian tissues and but is commonly used to 

determine promoter activity (Alam and Cook, 1990). Although this 

method does not determine cAMP directly, the CAT assay should 

provide an indirect measure of cAMP. As the intracellular 

concentration of cAMP changes, so should the amount of CAT that is 

transcribed and ultimately translated into protein which allows for 

the enzymatic butyrylation of [3H] chloramphenicol. The addition of 

a butyl group to the [3H] chloramphenicol makes the entire structure 

more lipophilic separable by extraction into the mixed xylene phase. 

Assays were for 1 hour at 37°C, and were stopped by the addition of 

200 ul of mixed xylenes. Butyrylated chloramphenicol was extracted 

into the xylenes which were back extracted twice with 200 ul of 10 

mM tris/1 mM EDTA to remove any hydrophilic contamination. 

Radiolabelled product was measured by liquid scintillation counting 

using a Packard Tri-Carb 460C at 59-52% efficiency. 
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4.3 RESULTS 

Dose-response relationship between incremental amounts of C-

16 PAF and % maximal stimulation of adenylyl cyclase by forskolin, 

as measured as counts per minute of butyrylated [^H] 

chloramphenicol, is shown in figure 4.2. The amount of forskolin 

used to directly stimulate adenylyl cyclase was 1 p.M which was 

found to be optimal in studying the inhibition of CAT activity by co-

incubation with a2 agonists (Pepperl and Regan, 1993). The maximal 

inhibitory response (as determined by % reduction of maximal 

stimulation) obtained by incubating 0.3 jxM of C-16 PAF with 1 nM 

forskolin was -40% although the results were variable. The 

remaining log decrements in C-16 PAF during forskolin stimulation 

resulted in somewhat incremental increases in cAMP indirect 

measurements. 

Figure 4.3 summarizes the results of experiments involving 0.3 

p.M PAF and a PAF antagonist WEB 2086. Forskolin stimulation 

increased CAT activity approximately 4 fold over basal levels. Basal 

levels of CAT activity also appeared to be slightly decreased with the 

addition of 0.3 m.M PAF. As indicated in figure 4.2, the addition of 

PAF inhibited forskolin stimulated CAT activity by 30%. However, 

the addition of WEB 2086 (lO-'^M) also appeared to inhibit forskolin 

stimulated CAT activity by similar amounts. Other PAF antagonists 
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FIGURE 4.2. Dose response bar graph (n=4) shows that 1 ^.M 

forskolin (fsk) increases chloramphenical acetyl transferase (CAT) 

activity in JEG-3 cells approximately 4 fold above basal levels while 

C-16 platelet-activating factor (PAF) decreases fsk-stimulated CAT 

activity. Decreasing amounts of the agonist, C-16 PAF, resulted in 

somewhat incremental increases in CAT activity as evidenced by the 

gradual return to 100% CAT activity. JEG-3 cells were transfected 

with both a cAMP-dependent reporter plasmid and PAF receptor 

plasmid using calcium phosphate precipitation technique and 

maintained in DMEM/5% FBS for ~36 hours prior to a four hour drug 

incubation period. 
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FIGURE 4.3. Bar graph summarizing chloramphenical acetyl 

transferase (CAT) activity stimulated by 1 |j.M forskolin (fsk) and 

inhibited by 0.3 C-16 platelet-activating factor (PAF) agonist or 

10-^M WEB 2086 (w) antagonist. Basal CAT activity was determined 

without the addition of forskolin. The antagonist was added 15 

minutes prior to the addition of PAF agonist. JEG-3 cells were 

transfected with a cAMP-dependent reporter plasmid and PAF 

receptor plasmid and underwent a 4 hour drug incubation period as 

previously described. 
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FIGURE 4.4. Bar graph summarizing chloramphenical acetyl 

transferase (CAT) activity stimulated by 1 ^.M forskolin (fsk) and 

inhibited by 0.3 nM C-16 platelet-activating factor (PAF) agonist or 

10-4 M antagonists including WEB 2086 (w2086), WEB 2170 

(w2170), and CV3988 (cv3988). Basal activity was determined 

without the addition of forskolin. JEG-3 cells were transfected 

with a cAMP-dependent reporter plasmid and PAF receptor plasmid 

and underwent a 4 hour drug incubation period as previoulsy 

described. 
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were used in similarly performed experiments, the results of which 

arc shown in figure 4.4. Forskolin stimulated CAT activity also 

appeared to be inhibited by the addition of other PAF antagonists. 

4.4 DISCUSSION 

By utilizing a transient transfection technique with 

recombinant DNA encoding the PAF receptor, questions regarding the 

ability of the receptor to interact with signal transduction pathways 

(e.g., adenylyl cyclase) can be addressed over a shorter time period 

than is required for the development of stable cell lines. Another 

example for the potential use of transiently transfected cells involve 

structure-function analysis of the receptor after deletion or 

substitution mutations have been constructed. In the application 

utilized here, the ability to indirectly measure changes in cAMP 

levels by directly measuring cAMP-driven CAT activity provides 

evidence as to whether a cloned receptor is coupled to adenylyl 

cyclase by changing cAMP levels which then serve as a second 

messenger driving the cAMP responsive gene. 

Transient expression systems transfected using the calcium 

phosphate technique generally result in only a small fraction of cells 

actually taking up the plasmid. The experiment using the responsive 

JEG-3 cell system, which had been transfected with plasmids 

containing the PAF receptor coding sequence and cAMP-dependent 

reporter gene, was hypothesized to inhibit adenylyl cyclase. 
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However, since only 5-10% of the cells would be expected to contain 

and express the genes, direct measurement of cAMP is not plausible 

since all cells would be stimulated with forskolin but only those 

transfected would show inhibition. Therefore, an indirect method 

that would reflect changes in cAMP for those cell transfected was 

sought.. A cAMP-dependent reporter plasmid which contains the 

DNA for encoding the bacterial chloramphenicol acetyltransferase 

(CAT) enzyme, increases its transcriptional rate with increasing 

cAMP levels and would appear to be a sensitive reflection of PAF 

induced cAMP changes. 

The indirect measurements of cAMP as determined by the CAT 

assay did not appear to be as robust or perhaps as responsive as it 

did for the pharmacologically distinct subtypes of the human 0.2 

receptor. In Pepperl's work (Pepperl and Regan, 1993), maximum 

reduction in a 2 agonists was determined to be approximately 60%. 

The maximal reduction in CAT activity for the PAF receptor using 

this expression system was 25-35%. The sumarized data shown in 

figure 4.2 appears to indicate that this system could be adapted to 

our intended use. However, there was a tendency for large 

variability that led us to conclude a consistant inhibition could not be 

demonstrated. Furthermore, no inibition of the PAF activity was 

obtained with any of the 3 different PAF antagonists, WEB 2086, 

WEB 2170, or CV 3988 (all at 10-^ M). We thus conclude that 

inhibition of adenyl cyclase does appear to occurr upon PAF receptor 

activation but that it could not be consistently demonstrated in this 



1 8 1  

system under conditions that show strong and consistent inhibition 

of adenylyl cyclase for cells transfected with the a 2 adrenergic 

receptor (Pepperl and Regan, 1993). 

Potentially, there could be a number of reasons for this. 

Assuming that there are no differences in transfection efficiencies, 

receptor expression, or researcher's skills that led to the lower % 

maximum reduction in CAT activity, then there may be inherent 

differences in PAF receptor coupling to Gi found in JEG-3 cells. The 

presumed third intracellular loop of the PAF receptor is estimated to 

be quite small at only 28 amino acids and has been implicated, along 

with the carboxy tail region, in interactions with G proteins (Kunz et 

al., 1992). Recently however, mutagenesis studies have shed doubt 

on the carboxy region of the PAF receptor as being important in 

influencing G protein interactions (Takano et al., 1994). The a2 has a 

far larger third intracellular loop which might play a role in 

interacting more effectively with G proteins. 

.TEG-3 cells have been shown to express Gia-1 and Gia-3 but not 

Gia-2 subunits (Migeon and Nathanson, 1994; Montmayeur et al., 1993). 

Perhaps the Gi protein that PAF and a 2 interact with are different 

although strangely enough 02 has been shown to interact with Gia-2 

in platelets (Simonds et al., 1989). Currentiy there is evidence 

obtained in rat brain that PAF receptor interacts with either Gia-I or 

Gia-2 (Wang et al., 1994). In COS cells, transfected with the same PAF 

receptor as in leukocytes, the PAF receptor signalling was not 

blocked by pertussis toxin (Amatruda DI et al., 1993). Two G proteins 
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subunits, Gaq, and Gan are known to be expressed in COS cells 

(Amatruda III et al., 1993; Wu ct al., 1992) while Gai6, another G 

protein subunit thought to be involved in mediating transduction in 

inflammatory cells, is not expressed in COS cells. All three are 

insensitive to pertussis toxin. It may be that COS cells and not JEG-3 

cells are the cells of choice for investigating adenylyl cyclase activity 

for the PAF receptors. Although the steps are presumed to be few 

between the PAF agonist interacting with its receptor and the 

inhibition of adenylyl cyclase, perhaps JEG-3 cells lack one or more 

components of the signal transduction system. One final comment 

regarding COS-7 cells transfected with the cloned PAF receptor. PAF 

desensitization and internalization occurs quickly, as shown by 

Gerard (Gerard and Gerard, 1994c). Incubation of transfected COS-7 

cells with 2 nM PAF show a 20% reduction in cell-surface receptors 

within 10 minutes suggesting that internalization of ligand-receptor 

complex pobably contributes to a lower than expected maximal 

reduction in CAT activity in this expression system. 

A final reason for less than maximal reduction in adenylyl 

cyclase activity is related to boths forskolin's effect on PAF receptor 

binding and its indirect effect on modulation PAF receptor gene 

expression. Wong and co-workers have found that forskolin and its 

inactive anolog, dideoxyforskolin, both appear to inhibit PAF binding 

on rabbit platelet membranes that can not be explained by receptor 

desensitization (Wong et al., 1993). Dideoxyforskolin does not activate 

adenylyl cyclase and therefore should not cause a GTPase shift in 
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PAF iigand binding or promote receptor desensitization. The authors 

contend that the lipophilicity of forskolin and its anologue may 

interfere with protein/lipid bilayer much like general anesthetics. 

Since both PAF and forskolin are lipophillic, another possible 

explanation might be competitive inhibition at the receptor level. 

Rola-Pleszczynski's laboratory has investigated what role cAMP 

levels play in transcriptional modulation of PAF receptor gene 

expression. Based upon their findings, increased cAMP levels will 

down regulate PAF receptor mRNA expression within 1 hour as well 

as alter mRNA stability leading to a diminished cell surface 

expression of the receptor (Thivierge et al., 1993), 

The appearance that PAF antagonists inhibited forskolin 

stimulated CAT activity is difficult to explain. Certainly one 

explanation is that these antagonists are indeed partial agonists 

given each has already been described as having specific PAF 

receptor antagonist effects. Both WEB 2086 and WEB 2170 are 

hetrazepine derivatives that were shown to inhibit invitro receptor 

binding while CV-3988 is a structural analog of PAF (alkylether) and 

was found to inhibit invitro platelet aggregation (Koltai et al., 1994). 

At the molecular level, WEB 2086 has been shown to inhibit PAF 

induced electrophysiological response in transfected oocytes 

(Nakamura et al., 1991). 

Receptor activation by PAF influences several intracellular 

signalling pathways some of which may be dependent upon the 

specific conformational state of the receptor (Hwang, 1987), WEB 
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2086 and other PAF antagonists have been shown to have both 

reversible and irreversible actions on receptor interactions with PAF 

which were different for each antagonist (Domingo et al., 1992). It 

would therefore seem plausible that the PAF receptor binding site 

could be altered or modified by the antagonist to a different, perhaps 

"hypoactive" conformational state or a conformational state that 

allows interaction with a specific G protein. Of interest, WEB 2086 

was one of three PAF antagonists administered in human clinical 

trials to determine if the antagonist would be effective in bronchial 

hyper-responsiveness seen in asthma (Freitag et al., 1993). The 

results of all three antagonists were disappointing and new PAF 

antagonists should be explored, perhaps developed based upon 

inhibition of signal transduction parameters in a heterologous 

expression system and not just on ligand binding/inhibition studies. 

Regardless, further work is necessary to confirm the above finding 

such as dose response for each antagonist. 

The remainder of the discussion pertains to other PAF receptor 

effector pathways. This information is presented for possible future 

studies of the cloned PAF receptor. It is also essential information to 

provide a context for the discussion of possible receptor subtypes in 

Chapter 5. 

4.4.1 PAF Transduction Pathways 

The G proteins which mediate endogenous PAF receptor 

activation appear to be multiple and differ from cell to cell (Hwang, 
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1990; Shukla, 1992). Hwang found that islet-activating protein 

(cholera or pertusis toxin) can abolish PAF stimulated GTPase activity 

in human leukocytes while PAF generated GTPase activity in human 

platelets appears insensitive to either pertussis or cholera toxin 

(Hwang, 1988). Human neutrophils have pertussis toxin sensitive G 

proteins which are directly involved in the PAF stimulated release of 

PAF and arachidonic acid (Axelrod et al., 1988; Gomez-Cambronero et 

al., 1989). Both pertussis and cholera toxin-sensitive G proteins are 

known to exist in human platelets (Brass et al., 1993) which suggests 

that PAF receptors not only interact with cholera and pertussis toxin 

sensitive and insensitive G proteins but that multiple forms of the 

PAF receptor may exist (Hwang, 1990; Shukla, 1991). Other 

interpretations are possible however and recent evidence for a single 

PAF receptor population interacting with multiple G proteins in a 

stably transfected cell line has been demonstrated (Ali et al., 1994). 

The PAF receptor also is expressed in human eosinophils and 

appears to be coupled to pertussis toxin-sensitive G proteins 

(Agrawal et al., 1992). Pretreatment of eosinophils with pertussis 

toxin will attenuate cytosolic free calcium change, exocytosis of 

eosinophil peroxidase and shape change normally elicited by PAF 

(Kemen et al., 1991). There is evidence that binding of PAF to its cell 

surface receptors in eosinophils may promote the expression of IgG 

and IgE receptors (Shute, 1993), thereby linking PAF to various 

immune diseases. 
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In human endothelial cells, which appear to synthesize PAF 

and retain most of it (Zimmerman et al., 1992), G proteins also play a 

role in the transduction mechanisms (Whatley et al., 1990). Neither 

cholera nor pertussis toxin however inactivate the process despite 

the presence of substrate for ADP-ribosylation in these cells. Other 

human cells have also implicated G proteins that are neither 

pertussis or cholera toxin sensitive as indicated above. 

Indirect evidence is available that only activated human B and 

T lymphocytes express PAF receptors (Calabresse et al., 1992; Nguer et 

al., 1992a). The majority of studies involving PAF-mediated G 

protein-coupling and lymphocytes have been performed using 

lymphoblastoid cell lines. The ability of PAF to elevate intracellular 

calcium and release inositol phosphates after receptor ligand 

interaction has been shown in human B lymphoblastoid cells (Mazer 

et al., 1992; Schulam et al., 1991). Unlike human platelets, the signal 

transduction pathway activated by PAF receptors appears coupled in 

B lymphblastoid cells to both pertussis and cholera toxin sensitive G 

proteins. Therefore, the PAF receptor transduction mechanisms 

found in B lymphoblastoid cells may have similar characteristics to 

those found in human polymorphonuclear leukocytes since PAF 

receptor G protein-coupling in both cell types appear sensitive to 

cholera and pertussis toxin. A word of caution is necessary however 

regarding interpretation of data from B lymphoblastoid cells because 

a very recent report suggests that human B and T cells do not 
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express PAF receptors regardless of whether they are resting or 

stimulated (Simon et al., 1994). 

The existence of a family of G proteins is well established and it 

is generally accepted that G protein-coupled receptors mediate 

responses through coupling with G proteins. This widely held tenet 

undoubtedly does have exceptions however. One exception is the 

high affinity immunoglobulin E receptor (FCERI) which is a G protein-

coupled receptor but appears capable of activating tyrosine kinase 

independently of G protein coupling (Stephan et al., 1992). Recent 

evidence exists for the PAF receptor mediating some of its effects 

through mechanisms independent of G protein-coupling as well 

(Thurston et al., 1993). Experimental evidence from Shukla's 

laboratory suggests that activation of PLC by PAF receptor ligand 

binding can occur independently of G protein coupling and involves 

tyrosine kinase. Further discussion of tyrosine kinase pathways that 

pertain to the PAF receptor can be found below. 

4 . 4 . 2  P o t e n t i a l  R o l e s  o f  P h o s p h o l i p a s e s ,  P r o t e i n  K i n a s e  
C, and Calcium During PAF Receptor Activation 

The interaction of PAF with its receptor is apparently capable 

of activating several transmembrane signalling pathways, many of 

which are shown in figure 4.1. One of the key events in PAF 

receptor-mediated signalling mechanisms is the hydrolysis of 

phosphatidylinositol 4, 5 bisphosphate (PIP2) by phospholipase C 

(PLC), which directly yields two second messengers, diacylglycerol 

(DAG) and inositol 1, 4, 5-trisphosphate (IP3) (Chao and Olson, 1993). 
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DAG then activates protein kinase C(PKC). The IP3 binds to an IP3-

gated calcium channel on the endoplasmic reticulum, causing a 

release of stored calcium (Krause and Lew, 1987). A G protein that is 

distinct from islet activating protein has been suggested to be 

involved in PAF receptor mediated phosphoinositide metabolism 

(Houslay et al., 1986), and may be Gq or Gn (Wojcikiewicz et al., 1993). 

The increase in free calcium may stimulate other enzymes that are 

dependent on calcium (calmodulin regulatory proteins) as well as 

enhancing the action of PKC which is thought to phosphorylate 

intracellular proteins. Because PLC is rapidly activated upon 

stimulation, the pathways connected to PLC, namely intracellular 

calcium and DAG, are undoubtedly important. But as the tools of 

molecular biology begin to unfold the various pathways, so will the 

complexity of the receptor signalling pathways also unfold; perhaps 

exceeding my ability to understand them. 

In response to PAF binding to its receptor, activation of the 

PKC pathways appears necessary for the biosynthesis of PAF and 

arachidonic acid (AA) (Venable et al., 1993) by activation 

(phosphorylation) of at least 2 critical enzymes: cytosolic 

phospholipase A2 (CPLA2) and PAF acetyl transferase. It is generally 

agreed that CPLA2 mediates the production of agonist-induced 

arachidonic acid and PAF release (Lin et al., 1993). The activation of 

CPLA2 results in the production of arachidonic acid and lyso PAF, 

both of which can undergo further conversion to form two different 

types of biologically active mediators (PAF and eicosanoid 



1 8 9  

metabolites). Many cells, including neutrophils, release arachidonic 

acid and PAF in response to stimulation (Durstin et al., 1994). The 

release of arachidonic acid and its metabolites is believed to play an 

important role in many physiological and pathophysiologic processes. 

However, none of the PLC/PKC activation is believed to be due to 

secondary production of cyclooxygenase metabolites since 

indomethacin had little effect on PAF response (Lapentina, 1988). 

The rises in DAG, inositol phosphates, and cytoplasmic calcium 

levels generated by G protein-coupled receptors are considered 

linked to the activation of PKC (Nishizuka, 1988). Although the 

turnover of phosphoinositides by PAF-receptor G protein-coupling 

appears to be independent of extracellular calcium (Chao and Olson, 

1993; Shukla, 1991), no concensus exists regarding the requirement of 

extracellular calcium and the biosynthesis of PAF. The activation of 

cPLA2 which can hydrolyze phospholipids generating PAF and AA 

appears to require both calcium and PKC (Chao et al., 1992a; Whately 

et al., 1989) but the relationship is indeed complicated. Lack of 

calcium or PKC is thought to attenuate or abolish the occurrence of a 

given cellular event. It has been proposed that PKC phosphorylates 

cPLAi but PKC activation alone is not sufficient (Bonventre and 

Swidler, 1988) nor apparently is calcium alone(Gomez-Cambronero et 

al., 1989). In pathological conditions, ischemia reperfusion injuries 

have implicated only calcium (Yue and Feurerstein, 1994). The 

indication that calcium alone may activate PLA2 during pathological 
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conditions could be one mechanism responsible for uncontrolled 

production of PAF in disease. 

PKC is known to phosphorylate cellular proteins at serine or 

threonine residues in the presence of calcium and thereby control a 

host of cellular processes (Nishizuka, 1988). One area undergoing 

intense research is whether PKC activated pathways or other 

signalling networks associated with phospholipase C activation are 

involved in desensitization of PAF receptors (Wojcikiewicz at al., 

1993). Desensitization for many G protein-coupled receptors 

(adrenergic and muscarinic cholinergic) is thought to occur when G 

proteins stimulate adenylyl cyclase which increases levels of cAMP. 

The enhanced levels of cAMP activate protein kinase A (PKA) and/or 

B-adrenergic receptor kinase (BARK) which, in turn, phosporylate 

serine or threonine residues in the carboxy tail (Chuang et al., 1992; 

Hausdorff et al., 1991). The cloned human PAF receptor possesses the 

appropriate concensus sequence in the predicted cytoplasmic tail for 

potential phosphorylation by both PKC [(R/K)XX(S/T)X(R/K)X] and 

PKA [R(R/K)XS] (Kennelly and Krebs, 1991). PAF receptor activation of 

phospholipid turnover appears to couple to different G protein from 

that which stimulates adenylyl cyclase (Shukla, 1992) although BARK 

has been implicated in PAF receptor desensitization (Chuang et al., 

1992). PKC has been thought to contribute to PAF receptor 

desensitization (Crouch and Lapetina, 1989) but very recent evidence 

from 2 independent laboratories provides conflicting evidence 

regarding whether or not PKC activation is necessary for receptor 
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desensitization (Ali et al., 1994; Takano et al., 1994). It does appear 

however, that during desensitization of stably transfected cells, the 

carboxy tail of the cloned human PAF receptor is strongly 

phosphorylated by recombinant BARK (Tomoko et al., 1994). 

Recently the actions of PKC have been linked to PAF-stimulated 

increase in macromolecular transport and thereby alterations in 

microvascular permeability (Kobayashi et al., 1994). The 

phosphorylation of proteins such as vinculin, myosin, and actin may 

result in endothelial gap formations. In human macrophages, the 

PKC pathway is thought to be responsible for the increased 

production of reactive oxygen species by activation of the NADPH 

oxidase when stimulated by PAF G protein-coupled receptors (Huang 

et al., 1988). Gay has confirmed the PKC pathway's role in superoxide 

ion production and this pathway appears to govern the "pnming" of 

neutrophils for enhanced oxidation responces to other chemotactic 

mediators (Gay, 1993). Finally, PKC pathways appear essential for 

cell differentiation, and for controlling cellular functions such as 

release reactions and exocytosis as disscussed earlier. In the 

differentiation of mesechymal cells into macrophages, sustained 

activation of PKC is necessary for gene expression (Aihara et al., 1991) 

which possibly includes a role for immediate early genes such as c-

fos and c-jun. 

Phospholipases play a key role in PAF receptor G protein 

coupling. Besides cPLAa and PLC, phospholipase D (PLD) is also 

known to be activated by PAF receptor binding (Kanaho et al., 1991). 
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The activation of PLD appears to be by way of a pertussis toxin-

sensitve G protein and may assist in mediating degranulation of 

neutrophils. There is also evidence however that PKC can activate 

PLD directly which would provide enhanced phosphatidylcholine 

hydrolysis (Nishizuka, 1992). 

PLD production of phosphaditic acid (PA) may serve as a lipid 

signal thereby enhancing PAF signal transduction. By converting 

phosphatidylcholine to choline and phosphatidic acid, the latter may 

be processed further to diacylglycerol which can promote activation 

of protein kinase C (Meats et al., 1993). Tou and colleagues have 

suggested that PA may serve to replenish phosphatidyl inositol-4,5-

bisphosphate that is hydrolyzed by PLC and CPLA2 (Tou et al., 1991). 

It is also possible that PA can serve as another source of 

arachidonate and maintain PAF stimulated eicosanoid synthesis 

(Billah et al., 1981). 

In most if not all cells which contain cell surface PAF receptors, 

PAF triggers a biphasic rise in intracellular calcium (Kendo et al., 

1994). The transient or first phase of a calcium spike reaches its 

peak within 15 seconds and is due to the formation of IP3 which 

triggers the release of calcium from intracellular stores. The second 

phase is a long, slower influx of extracellular calcium which lasts 

about 10-15 minutes (Asmis et al., 1994). The increase in cytoplasmic 

calcium serves as a messenger during both phases of the cellular 

response as changes in intracellular calcium occur in both a spatial 

and temporal context (ALkin and Rasmussen, 1988). 
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The relative contributions to the cytoplasmic calcium response 

arising from intracellular stores and extracellular sources may vary 

from cell to cell (Selak and Smith, 1989) but it is generally thought that 

~25% of the total increase (|im) in cellular calcium is IPs-induced 

while the remainder is predominantly from the influx of calcium 

(Shukla, 1992). Recent evidence suggests that the second phase of 

calcium is not mediated by a change in intracellular calcium (Asmis et 

al., 1994). The transmembrane influx of calcium is thought to occur 

via receptor operated calcium channel with the PAF receptor closely 

linked to the calcium channel (Burgers and Akkerman, 1993). Recent 

evidence suggests however, that the PAF receptor may also promote 

voltage-operated calcium channel influx in rat cardiomyocytes 

(Church et al., 1994). Verapamil, a calcium channel blocker, has been 

shown to inhibit binding of PAF to its receptor on both platelets 

(Valone, 1987) and neutrophils (Filep and Foldes-filep, 1990) but the 

cloned PAF receptor from guinea pig lung does not contain calcium 

binding sites (Honda et al., 1991). There is clear evidence however, 

for a PAF-induced opening of plasmalemmal calcium channels that is 

either gated by voltage changes mediated by release of intracellular 

calcium or by other intracellular pathways. 

The role of calcium influx in response to PAF receptor 

activation is not fully understood and there is presently inconsistent 

results as to the importance of extracellular calcium. However, some 

actions of PAF receptor activation appear to be independent of 

extracellular calcium and the differences may rest with differing cell 
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types or the variables being measured since many cellular reponses 

may have different calcium thresholds (Jaffe et al., 1987). Another 

consideration is that the number of PAF receptors expressed on 

responsive cells may vary greatly from a few hundred (platelets) to 

many thousand (Kupffer cells) (Chao et al., 1989). 

Prescott and co-workers investigated the regulatory role that 

extracellular calcium had in bovine endothelial cells and found that 

the intracellular production of PAF was dependent upon extracellular 

calcium (Whately et al., 1989). The regulatory effect of this divalent 

cation is on the CPLA2 mediated production of PAF. Similar results 

were found for the mouse macrophage (Fernandez and Balsinde, 1991) 

and the human neutrophil although phagocytosis or degranulation 

were not affected by extracellular calcium (Betz and Henson, 1980; 

Ludwig et al., 1984). This is in contrast to the results of Dennis and 

colleagues who showed that PAF production required only calcium 

from internal stores (Asmis et al., 1994). CPLA2 is a calcium 

dependent enzyme which initially forms a reversible and labile 

complex with calcium while translocating to a membrane. The 

authors' hypothesis states that slow activation of the calcium-cPLA2 

complex occurs without further need for calcium but that 

extracellular calcium accelerates the process. Observations not 

supporting the need of extracellular calcium are also available for 

human neutrophils (Nakashima et al., 1989). Studies involving smooth 

muscle from guinea pig also appear contradictory as to the 

importance of extracellular calcium (Jeaiineton et al., 1993; Murphy and 
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Makhlouf, 1991). Thus, PAF has been reported to stimulate by its G 

protein-coupied receptor, the activation of CPLA2 in a wide spectrum 

of cells, both in the presence and absence of extracellular calcium. 

4 . 4 . 3  T y r o s i n e  K i n a s e  a n d  M i t o g e n  A c t i v a t e d  P r o t e i n  
(MAP) kinase 

Recent studies have shown that PAF stimulates tyrosine 

phosphorylation of many cellular proteins in platelets, neutrophils, 

kupffer cells, and B lymphoblastoid cells (Chao and Olson, 1993; Simon 

et al., 1994). Protein phosphorylation by tyrosine kinases plays a 

crucial role in a number of signal transduction pathways involving 

cell proliferation, although nonproliferative, terminally differentiated 

cells such as platelets also contain high protein tyrosine kinase 

activity (Bolen et al., 1992), The transduction pathways by which PAF 

receptors activate tyrosine kinase are presently not known. The 

cloned human PAF receptor does contain 2 tyrosine residues but 

whether these residues are phosphorylated or whether PAF 

receptors have tyrosine kinase activity is not known. Evidence 

pertaining to the PAF receptors in rat kupffer cells indicate that 

tyrosine phosphorylation does regulate, directly or indirectly, the 

surface expression of PAF receptors (Chao et al., 1992b). 

PAF receptors have generally been thought to signal by way of 

G protein-coupling that activates PLC, which in turn, initiates two 

signalling pathways: IP3 stimulated intracellular calcium mobilization 

and DAG activation of PKC. Evidence suggesting that tyrosine kinase 

phosphorylation is involved in PLC activation during PAF receptor 
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ligand binding (Kumvilla et al., 1993; Thurston et al., 1993) suggests 

that the signalling pathways induced by the lipid autocoid family are 

very complex and far from clear. 

Studies performed by Shukla and co-workers (Dhar et al., 1990; 

Dhar and Shukla, 1991; Thurston et al., 1993) and many other 

investigators (Chao et al., 1992a; Gomez-Cambronero et al., 1991; 

Kumvilla et al., 1993) indicate that PAF activates tyrosine kinase 

which phosphorylates several proteins in human platelets, 

neutrophils, kupffer cells, and in B lymphoblastoid cells and that this 

effect is mediated through its receptor (Chao et al., 1992a; Dhar and 

Shukla, 1991; Gomez-Cambronero et al., 1991; Kumvilla et al., 1993). In 

both platelets and neutrophils, phosphorylation of a subset of 

proteins is mediated by a different set of tyrosine kinases from those 

responsible for the phosphorylation of the remaining protein. This is 

evident by tyrosine phosphorylation of one group that is G protein 

independent while the other group is G protein dependent (pertussis 

toxin sensitive). In platelets, the G protein-independent protein has 

been identified as pp60c-src (Dhar and Shukla, 1991), a member of the 

Src family of tyrosine protein kinases (Bolen et al., 1992). In 

neutrophils, a 41 kD protein that was tyrosine phosphorylated by 

PAF receptor activation independent of G proteins has been 

identified as mitogen-activated protein (MAP) kinase (Gomez-

Cambronero et al., 1992; Gomez-Cambronero et al., 1991). 

Electroinjection of antibodies to pp60c-s'^c in platelets was able 

to inhibit platelet aggregation and inhibit PLC (Dhar and Shukla, 1994). 
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The tyrosine protein kinase pp60c-src is thought to phosphorylate 

PLCyl, an isozyme of a larger family of PLC, resulting in activation of 

PLC. Tyrosine phosphorylation of PLCyl has been documented in 

response to the activation of several receptors linked to cell 

proliferation (Carpenter, 1992). Shukla and co-workers (Thurston et 

al., 1993) as well as others (Kuruvilla et al., 1993) have put forth a 

model involving PLC activation that occurs by way of 2 simultaneous 

pathways of signal transmission through the same PAF receptor. One 

pathway involves G protein and activation of PLC-P, PLC-6, and 

perhaps PLA2 while the other pathway is also PAF receptor mediated 

but independent of G protein and involves activation of PLCyl. Either 

pathway of PLC activation appears to have tyrosine kinases playing a 

significant role. It is also possible that G proteins can regulate 

tyrosine kinase activity (Nasmith et al., 1989). 

The addition of PAF to human neutrophils has been found to 

increase tyrosine phosphorylation of several proteins, one of which 

has been identified as MAP kinase, p42^APK (Xhg authors' initially 

called it p41; it has been determined that p41 is the same as 

p42)(Gomez-Cambronero et al., 1992). MAP kinases are protein 

kinases that have demonstrable multiple specificity in that they can 

potentially phosphorylate serine and threonine residues (Nishida and 

Gotoh, 1993). Activation of MAP kinases requires phosphorylation at 

both tyrosine and threonine residues (Anderson et al., 1990). The 

functions of MAP kinase are in signalling processes stimulated by 

growth factors and differentiating factors. Most of the notoriety 
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associated with MAP kinase centers around their role in two cell 

cycle control points: transition &om a resting to an active cell (Go-Gi), 

and passage of cells into meiosis or mitosis (Thomas, 1992). 

In proliferating ceils, many substrates for MAP kinase have 

been identitied (Thomas, 1992) but their role in differentiated cells 

such as neutrophils is unkown (Gomez-Cambronero et al., 1993). 

Clearly, with the finding of MAP kinase in non-differentiating cells, 

the role considered for MAP kinase needs to be broadened to include 

other cell growth-related mechanisms. A potential substrate for 

MAP kinase in neutrophils has recently been identified as CPLA2 

(Durstin et al., 1994). The authors provide a working hypothesis 

whereby CPLA2 is phosphorylated and translocates to the membrane 

by a cascade of MAP kinases. Shukla's laboratory has provided 

evidence that a 60 kDa protein (pp60c-src) in rabbit platelets is 

phosphorylated at tyrosine residues which, in turn, appear to 

activate PLCY(Dhar and Shukla, 1994). Work by Honda and colleagues 

using the cloned PAF receptor in Chinese hamster ovary cells have 

provided evidence that MAP kinase can be activated by MAP kinase 

kinase by PAF receptors (Honda et al., 1994). The apparent 

mechanism is partially inhibited by pertussis toxin while other 

pathways (IP3 production) remained relatively unchanged possibly 

indicating multiple G protein-coupling or G protein independent 

mechanisms. 

While it is true that PAF is a potent mediator of inflanmiation, 

other non-inflammatory cells appear to be stimulated by PAF. One 
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possible mechanism to explain this may be by activating MAP kinase 

pathways. Nervous tissue appears to contain high levels of PAF 

precursor molecules (alkyl-ether phospholipids) and the evidence is 

growing that PAF may play a role in neuronal development and 

neurotransmission. Komecki and Ehrich found that PAF induced 

calcium fluxes, ATP secretion and ultimately neuronal differentiation 

in pheochromocytoma cells (Komecki and Ehrlich, 1988). One 

mechanism may be related to the expression of growth-related 

immediate early genes c-fos and c-jun which were found to be 

elicited by PAF cell surface receptors in human neuroblastoma cells 

(Squinto et al., 1989). 

The recent information that PAF receptor activation has 

intracellular pathways linked to cell proliferation, such as tyrosine 

phosphorylation and mRNA transcription for c-fos and c-jun 

protooncogenes, has also resulted in interest from those involved in 

cancer therapy (Berdel, 1991; Danhauser-Riedl et al., 1991). Evidence 

has surfaced that PAF receptors support an autocrine proliferative 

loop in a endometrial cancer cell line (Maggi et al., 1994). PAF 

appeared to have a dose dependent effect upon DNA synthesis and c-

fos mRNA production which was inhibited with PAF receptor 

antagonists. The mitogenic or cell proliferative effects of PAF were 

also shown to be dramatically diminished with PAF antagonist 

L659,989. Understanding PAF receptor activation of MAP kinase 

cascade may assist in explaining the role that PAF has in non 

inflammatory cells. 
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4 . 4 . 4  P A F - i n d u c e d  G e n e  E x p r e s s i o n  

The expression of immediate-early response genes such as c-

fos, TIS-1, and c-jun have been noted upon receptor stimulation with 

PAF (Squinto et al., 1989; Tripathi et al., 1991). Seven transmembrane 

receptors are believed to induce immediate-early response genes 

through coupling with G proteins (Gi2 or Gq) (Johnson and Vaillancourt, 

1994). Rapid activation of immediate-early genes give rise to proteins 

that are regulators of transcription of other genes. The expression of 

c-fos^ TIS-1, and c-jun is related to cell proliferation and 

differentiation (Herschman, 1991), although PAF induces expression of 

early response genes in differentiated cells such as primed 

leukocytes (Doucet and Bazan, 1992), platelets and neurons (Dhar and 

Shukla, 1994). Other human cells which have shown PAF induced c-

fos expression include monocytes (Ho, 1987), neuroblastoma cells 

(Squinto et al., 1989), B-lymphoblastoid cells (Mazan, 1991), and T 

cells (Bazan et al., 1991). Just how these immediate-early response 

genes influence the PAF responses remain to be studied. Recently, 

Bazan and colleagues have shown that PAF transiently activates c-fos 

and c-jun expression and subsequently leads to the expression of 

collagenase type I mRNA in the epithelial cells of corneas (Bazan et 

al., 1993). The implication is that PAF may turn on genes that 

enhance the breakdown of the extracellular matrix as part of the 

remodelling process during corneal wound healing after injury (Bazan 

et al., 1994a). 
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In the nervous system, immediate-early response genes are 

elicited by physiological and pathological conditions (Morgan and 

Curran, 1991). Some of these conditions include ischemia-reperfusion 

and seizure injuries as well as establishing long-term potentiation 

(Doucet and Bazan, 1992). 

The signal-transduction mechanisms involved in stimulating 

primary response gene expression is currently under study but the 

pathways stimulated by PAF are probably mediated by both PKC and 

tyrosine kinase (Tripathi et al., 1992) and not cyclic AMP (cAMP) 

(Tripathi et al., 1992). Honda and co-workers have found that 

transfected PAF receptors activate mitogen-activated protein (MAP) 

kinase and MAP kinase kinase in Chinese hamster ovary cells (Honda 

et al., 1994). MAP kinases have been found to transmit mitogen 

signals by phosphorylating downstream components such as 

transcription factors (Johnson and Vaillancourt, 1994), 

PAF and TNF have recently been found to induce the 

formation of a subunit (p50) of the NF-KB transcription factor (Tan et 

al., 1994). NF-KB is a heterodimer with two subunits, p50 and p65, 

which have been shown to help mediate the induction of many pro-

inflammator genes. The anti-inflammatory and immunosupressive 

effects of glucocorticoids are thought to act, in part, by inhibition of 

NF-KB activity (Auphan et al., 1995). 
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4 . 4 . 5  P o t a s s i u m  a n d  C h l o r i d e  C h a n n e l s  

Besides calcium channels, there is also evidence that PAF 

receptor is involved in the regulation of potassium and chloride 

channels. PAF receptors have been shown to activate cardiac 

potassium channels by production of arachidonic acid metabolites 

(leukotrienes) (Nakajima et al., 1991). The cardiac arrhythmias or 

depressed cardiac function seen during PAF induced anaphylaxis 

may be related to the ability, of PAF to alter the activity of potassium 

channels which can have a profound effect on the resting potential of 

cardiac cells (Wahler et al., 1990). 

Potassium channels are also important for macrophage function 

and PAF has been noted to activate these channels but in a calcium 

dependent manner (Haslberger et al., 1992; Ichinase et al., 1992). 

Presently there are several known potassium channels with different 

regulators reported to occur on macrophages (Haslberger et al., 1992). 

PAF activation of its cell surface receptor may also play a role 

in the active transport of chloride through channels. There is 

evidence that PAF mediates chloride transport into the lumens of the 

respiratory (Tamaoki et al., 1991) and gastrointestinal tract 

(MacNaughton and GaU, 1991) during inflammation which is correlated 

to the movement of fluid. The mechanism is currently not known 

but arachidonic acid metabolites are strongly suspected to be 

involved. 

In summary, agonist binding to the cloned human PAF receptor 

does lower cAMP levels as determined indirectly by a heterologous 
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gene transient expression system. The decrease in forskolin 

stimulated butyrylated ^[H] chloramphenicol measured on most 

occasions in this expression system as an indicator of cAMP levels in 

JEG-3 cells, would support PAF receptor inhibition of adenylyl 

cyclase. Given the variability and the partial nature of the inhibition 

further investigation into the mechanism of PAF receptor regulation 

of adenylyl cyclase, will likely require a different expression system 

and/or a change from forskolin as an activator of adenylyl cyclase. 

The pleiotropic nature of the actions of PAF which include 

intracellular pathways linked to cellular activation and proliferation 

are due to the multiple signal transduction pathways activated upon 

receptor binding or possibly to the presence of PAF receptor 

subtypes. 
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CHAPTER 5 

GENERATING IgY POLYCLONAL ANTIBODIES TO 
VARIOUS REGIONS OF THE HUMAN PAF 
RECEPTOR 

5.1 INTRODUCTION 

PAF has complex and clinically important actions which 

contribute to the pathogenesis of numerous diseases as well as to 

many normal physiologic processes. The pleiotropic nature of its 

actions may be due to its multiple signal transduction pathways as 

discussed in the previous chapter or to the presence of PAF receptor 

subtypes. The existence of PAF receptor subtypes was suggested 

initially by Shaw and colleagues when nanomolar concentrations of 

PAF were required for neutrophil aggregation and chemotaxis yet 

micromolar concentrations were needed for superoxide production 

(Shaw et al., 1981). Hwang later showed evidence for PAF receptor 

heterogeneity in neutrophils, platelets, and eosinophils (Hwang, 1990). 

Recently, information from Pinckard's laboratory also hinted at the 

possibility of receptor subtypes when it was demonstrated that 

analogs of PAF had varying effects and rank order of potencies that 

were dependent upon the neutrophil response studied (Pinckard et 

al., 1992). Very recendy, evidence from our laboratory further 

strengthened the possibility of PAF receptor subtypes when ligand-
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binding characteristics of the cloned human PAF receptor in 

transfected COS cells compared to human PMNs suggested an 

additional PAF receptor site in PMNs (LeVan et al., 1995). Although 

the indirect evidence for PAF receptor heterogeneity is strong, it is 

not clear at this time whether these observations represent different 

affinity states of the same receptor or whether multiple proteins 

exist. 

The importance of determining the presence or absence of 

multiple PAF receptor proteins is heightened when considering that 

current pharmacological tools are inadequate and will likely remain 

so since there are often more clearly distinct receptor subtypes than 

can be easily be distinguished by pharmacology (Hersch et al., 1994; 

Levey et al., 1993). In addition, many questions remain regarding 

tissue localization and levels of expression of PAF receptors. 

Conventional autoradiographic binding studies for localization of 

receptors lack precision and resolution necessary to distinguish 

cellular and subcellular localization of receptor proteins (Levey et al., 

1993). Determining the occurrence or levels of PAF receptor mRNA 

may suggest the expression of receptor protein but protein levels 

and distribution may not match mRNA (Mansour et al., 1990; Mansour 

et al., 1992). In nervous tissue, receptor protein may also be 

transported and PAF receptors have been found in brain tissue. 

With the recent suggestion that PAF is a leading candidate to be the 

retrograde messenger for long term potentiation of synaptic 
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transmissions (Goda, 1994), the location of PAF receptors may 

become the key to understanding many of its actions. 

To enable tissue identification of the cloned human PAF 

receptor protein as well as to potentially address questions 

regarding receptor structure-function relationships, coupling to 

second messenger systems and receptor desensitization, an 

immunological approach was used to generate site specific antibodies 

to the cloned human PAF receptor. Specific antibodies directed 

against the PAF receptor may also assist in discerning if PAF 

subtypes are present by selectively inhibiting actions of the cloned 

PAF receptor and not the function(s) mediated by the receptor 

subtype. In addition, antibodies directed against the receptor can 

selectively immunoprecipitate the cloned PAF receptor leaving 

behind and effectively isolating any additional native protein which 

may bind to ligand. 

Our strategy has been to use recombinant proteins, consisting 

of unique regions of the cloned human PAF receptor for 

immunization of chickens and purification of the antibodies. Our 

hypothesis is that antibodies produced against each fusion protein 

will react with the native protein in a site specific manner. Multiple 

regions of the PAF receptor were chosen because the extra-

membrane domains of the receptor are relatively small and many of 

the polyclonal antibodies directed against the fusion protein may not 

recognize the corresponding segment of native protein. There is also 

a wide spectrum of the number of PAF receptors expressed in any 
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given cell and some cells may contain only a few hundred 

transmembrane receptors. Therefore a panel of polyclonal 

antibodies directed toward many regions of the PAF receptor should 

ensure localization of the receptor by fluorescence microscopy and 

promote receptor/antibody immunoprecipitation. 

This chapter describes the preparation and partial 

characterization of polyclonal antibodies to the human PAF receptor. 

The region specific antibodies were obtained by the immunization of 

chickens with fusion proteins consisting of glutathione-S-transferase 

(GST) and portions of the human PAF receptor fused at their amino 

terminus to the GST gene. The plasmid used for generating fusion 

protein is the pGEX2t (Smith and Johnson, 1988) and consists of tac 

promoter which when dis-inhibited by the presence of IPTG, can 

result in high expression rates of fusion protein. A glutathione site 

present on the GST portion of the fusion protein allows for its 

purification. The same approach has been used by our laboratory 

and others to identify several native receptors although the size of 

peptides have generally been much larger (Levey et al., 1993; Li at al., 

1991; Vanscheeuwijick et al., 1993). Each recombinant protein was 

produced in bacteria {Escherichia coli), purified and the immunogen 

injected into a separate chicken. The antibodies were obtained from 

chicken egg yolks and were purified by immunoaffinity 

chromatography. The purified antibodies were then characterized by 

their ability to recognize the receptor in transiently transfected COS-

7 cells by indirect immunofluorescent microscopy. 



5.2 METHODS 

5 . 2 . 1  P G R  A m p l i f i c a t i o n  o f  S p e c i H c  R e g i o n s  o f  t h e  
Human PAF Receptor 

The following primers were designed for use in PGR reactions 

to amplify specific nucleotide regions of the human PAF receptor 

coding sequence. The initial nucleotide (nt.) of each primer 

(underlined) that corresponds to an initial 5' coding number of the 

sense sequence in the translated region of the PAF receptor (Figure 

2.6) is shown in parentheses immediately below the primer. The 

region of the sense and antisense primers shown in bold face type 

are BamH I and EcoR I restriction sites respectively that are used to 

ligate the desired PAF receptor coding sequence in-frame with the 

pGEX-2T vector. 

#3506 (sense) 5'-AGGGGATG£AGCAAGAAGTTCCGCAAGCAGCTC-3' 

(nt. 888) 

#3507 (sense) 5'-ACGGGATCGaACTCCACCAACACAGTGCCCGAC-3' 

(nt. 466) 
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#3508 (antisense) 5'-ACGGAATTCCATTTTTGAGGGAATTGCCAGfi-3' 

(nt. 1006) 

#3783 (antisense) 5'-ACGGAATTCCATGTGCATCATTAATGa-3' 

(nt. 809) 

#3784 (sense) 5*- ACGGGATCCAACCTGGTCATCATCCGTACC-3' 

(nt. 616) 

#3785 (antisense) 5'-ACGGAATTCCCATCCACAGCGCCCGGCGCl-3' 

(nt. 680) 

#4079 (antisense) 5'-ACGGAATTCCTGGCACGCTGCCCTTCTCGT-3' 

(nt. 530) 

#5886 (antisense) 5'-ACGGAATTCCGAAAAGGCAGCCAGCCAC-

(nt. 268) GTTGCA-3' 

#5887 (sense) 5'-ACGGGATC£GTGGTGCAGCTGCCCTGGACC-3' 

(nt. 747) 

#5888 (antisense) 5'-ACGGAATTCCGAGGCAGAGGGTGACCTGA-

(nt. 820) TGTGC-3' 
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#5889 (sense) 5'-ACGGGATCCCTGCCACTTTGGATTGTCTACTAC-3' 

(nt. 206) 

The following nucleotide coding regions of the PAF receptor 

were amplified and cloned in-frame downstream from DNA encoding 

the gene for glutathione-S-transferase (GST) using the pGEX2T 

plasmid. 

The coding sequence for the 1st extracellular loop (nt. 226-

273) of the human PAF receptor was amplified using PGR sense 

p r i m e r  #  5 8 8 9  a n d  a n t i s e n s e  p r i m e r  #  5 8 8 6 .  T h e  2 n d  

extracellular loop (nt. 466-555) of the PAF receptor was also 

amplified using primer #3507 and primer #4079 while the coding 

sequence for the 3rd extracellular loop (nt. 766-825) was 

amplified using primers #5887 and #5888. 

The coding sequence for the 3rd intracellular loop (nt. 617-

699) was amplified using primers #3784 and #3785. 

The nucleotide coding region for the carboxy tail (nt. 888-

1026) of the human PAF receptor was amplified using primers 

#3506 and #3508. 

The following large PAF receptor coding areas including the 

proposed transmembrane locations were amplified (primers in 

parentheses) and cloned into the PGEX2T plasmid: 
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1) 2nd extracellular loop - carboxy tail (nt. 466-

1026) (primers #3507 and #3508). 

2) 2nd extracellular loop - 3rd intracellular loop 

(nt. 466-699) (primers #3507 and #3785). 

3) 3rd intracellular loop - 3rd extracellular loop 

(nt. 617-825) (primers #3783 and #3784). 

The primers were used at a final concentration of ImM along 

with 10% DMSO, 200 mM dNTP's, 50 ng of 6 Kb Hind HI cloned 

fragment containing PAF receptor coding sequence, 1.5 mM Mg Ch, 

and 5 U of Taq polymerase (Cetus). The PCR conditions were the 

same as for generating the pBC12BI PAF expression vector (see 

Appendix A) and briefly consisted of 1 min. of denaturing at 94® C, 1 

min. of annealing at 50® C, and 1 min. of primer extension at 72° C 

for 34 cycles. 

5 . 2 . 2  C o n s t r u c t i o n  o f  M u l t i p l e  p G E X 2 T - P A F  R e c e p t o r  
Segment Expression Vectors 

The different PCR products of the above reactions were each 

subcloned into the BamH I-EcoR I sites in the pGEX2T expression 

vector and used to transform E. coli (XLl-Blue, Stratagene) using 

standard procedures (Sambrook et al., 1989) as previously discussed 

in Chapter 2. All PCR products were isolated by agarose gel (1,2-

1.6%) electrophoresis but because some PCR fragments were too 
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small to be purified by silicon beads (Geneclean, BiolOl), many of 

the PGR bands were precipitated in wells containing 100 mM 

ammonium acetate, removed by glass pipet and ethanol precipitated 

as previously discussed. Purified PGR fragments (~200 ng) and 

pGEX2T (~100 ng) vector underwent restriction digest with BamH I 

and EcoR I and restricted vector/PGR fragment ligation occurred by 

way of low melt agarose procedure. This positioned the PGR 

generated PAF receptor gene segments downstream from the gene 

encoding a 26 KDa GST protein. The orientation and nucleotide 

sequence of the DNA fragments were not confirmed by DNA 

sequencing; however orientation was dictated by restriction sites 

since the PGR inserts can only be ligated in one direction. 

5.2.3 Expression of the GST/PAF Receptor Segment 
Fusion Protein 

Each clone containing a desired segment of PAF receptor coding 

sequence was selected by resistance to ampicillin (50-100 mg/ml) 

and was characterized by insert size and restriction mapping. One 

positive clone containing the recombinant plasmid was used to 

inoculate 25-50 ml of Luria Broth containing ampicillin and allowed 

to incubate overnight at 37°G and shaking at 250 rpm. An aliquot 

(25 ml) of the preceding overnight culture was used to inoculate, 

under sterile conditions, 500 ml of broth containing no ampicillin 

(Gircle Grow, BiolOl,) and the innoculum allowed to incubate for 4-6 

hours. The final incubation period consisted of inducing 

transcription of the fusion sequences by adding isopropyl-b-D-
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thiogalactopyranoside (IPTG, 1 mM final). The induction of fusion 

protein continued for an additional 4-6 hours. The culture was then 

centrifuged (Beckman, JA 14 rotor) for IS min. at 8000 rpm and the 

supernatant discarded leaving a pellet behind. 

5 . 2 . 4  P u r i f i c a t i o n  o f  F u s i o n  P r o t e i n  

The pellet was resuspended in 100 mM tris-HCl (pH 8.0) with 

1% triton (5 n[J/250 ml of culture). The suspension was sonicated, 

frozen in a dry-ice/ethanol bath, and thawed at 30°C while gently 

shaking. The sonication and freeze/thaw steps were repeated 3 

more times and then the suspension was centrifuged for 15 min. at 

18,000 rpm (Beckman, JA 20 rotor) with the supernatant containing 

soluble proteins saved (Si and S2). The suspension can be stored at 

-70°C after the final freeze step prior to the final thawing. The SI 

fraction would normally be obtained independent of 82 by 

resuspending the pellet obtained from culture in lOOmM tris-HCl (pH 

8.0) with 0.001% lysozyme and 1% Triton X-100 followed by 

incubation at 4°C for 30 minutes. After centrifugation for 15 minutes 

at 18,000 rpm, the supernatant (SI) was saved and the pellet 

resuspended in lOOmM tris-HCl (pH 8.0) with 1% Triton X-100. The 

suspension was then put through a series of 4 sonications and freeze-

thaws in dry-ice/ethanol and 30°C followed by centrifugation for 15 

minutes at 18,000 rpm. The supernatant (S2) was be saved. For 

most of the fusion proteins, SI and S2 fractions were obtained 

together to save time since no advantage was gained by collecting 
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them independently. After obtaining the soluble supematants Si 

and S2 (GST is normally found in this fraction), the pellet was 

resuspended in either 100 mM tris-HCl (pH 8.0) with 0.5% SDS or 

1.5% sarkosyl. The 1.5% sarkosyl with 100 mM tris-HCl also contains 

10 mM EDTA, 1% triton, and 5 mM dithiothreitol to maintain the 

glutathione-agarose beads in the reduced state to enhance GST 

binding (Frangioni and Neel, 1993). Either solution with sarkosyl or 

SDS has proven to solubilize the remaining insoluble proteins but the 

solution with 0.5% SDS interfered with affinity column purification 

which uses reduced glutathione-agarose beads. Therefore, when 

using 0.5% SDS/lOOmM tris-HCl to solubilize protein, a large 

preparatory SDS-PAGE and electroelution was required to purify and 

isolate the desired protein (see appendix U). 

The soluble protein (including GST), found in 100 mM tris-

HCl/1% triton (Si and S2) or the insoluble protein solubilized in 1.5% 

sarkosyl was affinity purified in columns from the cell supernatant 

fraction by absorption (substrate binding) to reduced glutathione-

beads (Sigma, 150 mg of glutathione insolubilized on 4% beaded 

agarose in 2-3 ml slurry equilibrated in 100 mM tris-HCl, pH 8.0. 

Columns were washed with 100 mM tris-HCl prior to adding 3-5 ml 

of supernatant and allowed to mix, end over end, for 15 minutes. 

The pass through was collected and saved for repeated purification 

efforts and the column washed with 15-20 mis of 0.2 N NaCl/100 

mM tris-HCl. The column was rinsed with 10-15 mis of 100 mM tris-

HCl prior to adding 2 mis 10 mM glutathione (50 mM tris-HCl). The 
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column was then mixed, end over end, for 10 minutes and the 

clution collected and saved. The column was restored for future use 

by rinsing with 20 ml of 0.2 N NaCl/tris-HCl and the column stored 

with 0.2 N NaCl/tris-HCl with 0.01% sodium azide. A sample of 

purified protein was checked for size and purity by 12% SDS-PAGE. 

When purifying protein solubilized with 1.5% Sarkosyl solution, 

protein-bound agarose columns were washed with the 5 ml of 1.5% 

sarkosyl solution prior to elution with 10 mM glutathione/50 mM 

tris-HCl. 

5.2.5 Immunization of Chickens 

Following the collection of approximately 1 week of pre-

immune eggs, mature hens were injected in the breast muscle with 

purified fusion protein (50-100 mg) emulsified in 0.5 ml of complete 

Freund's adjuvant and 0.6 ml of arlocella. On a few occasions, 

insoluble protein which was injected was not purified. Subsequent 

injections (intramuscular) were made every 4 weeks with similar 

amounts of protein, arlocella and Freund's incomplete adjuvant. All 

chickens were housed and maintained at the University of Arizona, 

Animal Care Facility Unit and were observed and inspected on a 

weekly basis by University veterinarians. Eggs were collected, 

identified, and dated on a daily basis by University Animal Care 

Facility personnel and stored at 4-10°C. 
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5 . 2 . 6  W e s t e r n  B i o t  P r o c e d u r e s  

Aliquots of fusion protein were transferred electrophoretically 

onto nitrocellulose membranes (Towbin and Gordon, 1984). The 

membranes were blocked with Tris-HCl, pH 8.0 (TBS) containing 5% 

powdered nonfat milk and 0.2% Tween 20 for one hour and then 

incubated for one hour with the primary antibody (both crude 

antibodies or affinity-purified antibodies at a concentration of 1-5 

p.g/ml were used here). Antibody dilutions were made with TBS/5% 

milk/0.2% Tween 20. Nitrocellulose blots were washed three times 

with TBS/5% milk/0.2% Tween 20 and incubated for one hour with 

peroxidase conjugated rabbit antichicken IgY antibodies (Sigma) 

diluted 1:2000 in TBS/5%/0.2% Tween 20. Blots were then washed 

extensively with TBS/0.2% Tween 20 and then reacted with 

chemiluminescent substrate (ECL Detection Reagents, Amersham), 

and immunoreactivity was detected by exposing the blots to X-ray 

film (XAR, Kodak) at room temperature for a period of 1 second to 2 

minutes. 

5 . 2 . 7  A n t i b o d y  P u r i f i c a t i o n  

Chicken antibodies (IgY) were isolated from egg yolks by the 

procedure developed by Poison and and von Wechmar (Poison and 

Wechmar, 1980). The method entails the initial physical separation of 

the egg yolks from whites (albumin) while decanting the yolk back 

and forth from egg shell to egg shell attempting to rid the yolk from 
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as much egg white as possible. The pooled yolk volume was 

measured and subsequently diluted with 4 volumes of phosphate 

buffer (see appendix V). Three successive precipitations with 

increasing amounts (3.5%, 8.5%, and 12%) of polyethylene glycol (PEG 

80(X)) was performed with each precipitation followed by 

centrifugation. The final pellet, after precipitation with 12% PEG, was 

brought up in -100 ml of phosphate buffer. 

Further antibody purification was performed in order to 

remove IgY antibodies that recognize solely the GST portion of the 

fusion protein by using a subtraction column. Crude IgY antibodies 

were passed through a column of immobilized GST (Aminolink, 

Pierce) to remove anti-GST antibodies, allowing all other antibodies 

to pass through. 

With most of the anti-GST antibodies removed, 

immunofluorescence microscopy required that the crude antibodies 

be passed through an additional column. The final purification step 

required that homologous fusion protein which had been injected 

into the chicken months earlier, now be immobilized on a purification 

column. For each new column that was prepared, fresh cultures 

were grown from frozen glycerol stocks and fusion protein was 

induced by methods described earlier. Where possible, purification 

of the fusion protein was performed using GST-beaded agarose 

columns followed by immobilization of the purified protein 

(AminoLink, Pierce). The phosphate solution containing the 

antibodies was then concentrated 10 fold (Centricon 30, Amicon) and 
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2 ml of the concentrated antibody solution was allowed to incubate 

with the column rotating end over end for 10 minutes. In certain 

situations, less incubation time was used. After which, the column 

was washed with 0.2 N NaCl/100 mM tris and further rinsed with 

working phosphate buffer (10 mM sodium phosphate and 5 mM 

sodium chloride). Fusion protein specific antibodies were eluted off 

with 0.1 M glycine (pH 2.8) in small (1 ml) aliquots and neutralized 

with 0.1 ml of 1 M tris (pH 9.0) per 1 ml eluent collected. Protein 

concentration of each 1 ml eluent was determined on a 

spectrophotometer (OD 280) with 3-4 ml of eluent being pooled and 

dialyzed against PBS. 

For those fusion proteins in which bacteria packaged the fusion 

protein in inclusion bodies, different methods of purification and 

immobilzation were attempted. Solubilization and purification of 

insoluble protein was initially performed using 0.5% SDS and lOOmM 

tris-HCl followed by a preparative SDS-PAGE with the fusion protein 

excised from the gel and isolated by electroelution. Later, when 

solubilization of insoluble fusion protein with 1.5% sarkosyi was 

found not to interfere with purification by glutathione-beaded 

agarose columns, purification using preparative gels and 

electroelution was discontinued. 

Numerous attempts were made to immobilize the insoluble 

protein but most appeared to be unsuccessful. The 0.5% SDS and 

1.5% sarkosyi interfered with coupling the protein to the gel 

(Aminolink) and attempts to dialyze both or precipitate the SDS were 
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unsuccessful. There were also problems attempting to immobilize 

the insoluble protein using cyanogen bromide activated Sepharose 

4B. In certain situations where immobilization of protein had 

occurred, problems arose with eluting the IgY antibodies. 

5 . 2 . 8  E x p r e s s i o n  o f  P A F  r e c e p t o r s  a n d  
Immunofluorescence Microscopy 

Cos-7 cells were transfected with pBC12BI containing the 

coding sequence for the human PAF receptor using DEAE-dextran 

procedure as discussed in chapter 2. However, for the purposes of 

immunofluorescence microscopy, cells were grown on glass 

coverslips and were transfected with plasmid DNA encoding the 

human PAF receptor or the human a 2-CIO adrenergic receptor 

(Vanscheeuwijick et al., 1993) as a negative control. Sham transfected 

(untransfected) Cos-7 cells were also used at times as a control. Cells 

were transfected with 25 mg of plasmid and harvested after 2-3 

days. Cells were fixed with 4% paraformaldehyde (PBS) at room 

temperature for 15 minutes followed by paraformaldehyde 

quenching twice with 100 mM glycine (pH 7.4) for 5 min each (see 

appendix X). Cells were incubated in 0.1% Triton-100/2 x SSC to 

further permeabilize the membranes for 15 minutes at room 

temperature. The permeabilized Cos-7 cells were subsequently 

treated with affinity-purified IgY for 1. hour followed by three 

washes of 5 minutes each with 0.5% Triton-XlCX)/ 2 x SSC. A 

fluorescein-conjugated rabbit anti-chicken IgY secondary antibody 



2 2 0  

(Pierce) was added and allowed to incubate in the dark for 1 

additional hour. A similar antibody wash as before followed with 

0.5% Triton-XlOO/ 2 x SSC and the coverslips were then mounted 

cell-side down with p-phenylene diamine onto a microscope slide. 

Microscopy was done using an Olympus INT-2 (excitation, 475 nm; 

emmission, 525 nm). 

5.3 RESULTS 

5 . 3 . 1  A m p l i f i c a t i o n  o f  S p e c i H c  C o d i n g  R e g i o n s  o f  t h e  
Human PAF Receptor By PGR and Subcloning 
These Regions Into the GST Expression Vector 
(pGEX2T) 

Oligonucleotide primers were designed to amplify specific 

coding regions of the cloned human PAF receptor gene by PGR and 

the PGR products were subcloned into the pGEX2T vector. Various 

fragments ranging in size from 97 bp (1st extracellular loop) to 579 

bp (2nd extracellular loop to carboxy tail) were positioned 

downstream and in-frame with the gene encoding a 26 kDa GST 

protein. When this recombinant DNA is expressed in bacteria, a 

fusion protein which is part GST and part PAF receptor is produced. 

Shown in figure 5.1 are the results of the PGR reactions 

involving primers #3507 and #3508 (encodes the 5' end of the 2nd 

extracellular loop to and including the carboxy tail) and primers 

#3506 and #3508 (encodes the carboxy tail). The expected size of 

the fragment encoding the 2nd extracellular loop through the 
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FIGURE 5.1. Results of a PCR reaction involving two sets of primers 

and the cloned Hind III fragment as the DNA template after 

undergoing electrophoresis in a 1.2% agarose gel. Lanes 2-5 show 

identical PCR fagments of the expected size 579 bp using primers 

#3507 and #3508 as indicated above. The 579 bp PCR fragment 

encoded the 5' end of the 2nd extracellular loop to and including the 

carboxy tail of the human PAF receptor. Lanes 7-10 also show 

identical PCR fragments of an expected size of 156 bp but after using 

primers #3506 and #3508 as indicated above. The 156 bp PCR 

fragment encoded only the carboxy tail of the human PAF receptor. 

The two different sized PCR fragments were isolated by 

running the bands into wells containing 100 mM ammonium acetate. 

The solution from the wells was removed and the PCR products 

underwent ethanol precipitation in preparation for subcloning into 

pGEX2T vectors. 
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carboxy tail was 579 bp which include a 3 base overhang and a 6 

base restriction site (BamH I or Ecor I) on all primers. The size of the 

coding sequence for the carboxy tail was predicted to be 156 bp. The 

four identical PGR bands in lanes 2-5 are just under the 603 bp 

standard fragment (lane 1) which is consistent with the expected 579 

bp PGR product. The other 4 identical PGR bands in lanes 7-10 are 

beneath the 310 standard fragment shown in lane 1 and represent 

the carboxy tail coding sequence expected size of 156 bp. 

The two different size PGR bands discussed above and shown in 

figure 5.1 were isolated and were ligated into the BamH I/EcoR I 

sites of the vector and used to transform E. coli (XL 1-Blue, 

Stratagene). The results of a plasmid mini-prep restriction analysis 

is shown in the next figure (figure 5,2) following transformation of 

competent E coli with the pGEX2T vectors containing either the 156 

bp or 579 bp PGR product. The upper half of the figure indicates that 

all 9 clones had been transformed with the pGEX2T vector containing 

the 579 bp PGR product and the 4.9 kb plasmid. As revealed by 

digestion with BamH I and EcoR I the lower half of the figure 

indicates that all 9 clones have been transformed with the 156 bp 

PGR product and the pGEX2T plasmid following restriction digest with 

EcoR I and BamH I. 

The results of three more PGR experiments are shown in figure 

5.3. Amplification of the 3rd intracellular loop (primers #3784 and 

#3785), region of the 2nd extracellular loop through the 3rd 

intracellular loop (primers #3507 and #3785), and region of the 3rd 
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FIGURE 5.2. Results of a plasmid mini-prep restriction analysis 

following transformation of competent E. coli with the pGEX2T 

vectors containing either the 156 bp PGR product encoding the PAF 

receptor carboxy tail (primers #3506 and #3508) or the 579 bp PGR 

product encoding the 2nd extracellular loop to and encluding the 

carboxy tail of the PAF receptor (primers #3507 and #3508). The 

pGEX2T plasmids were isolated using the alkaline lysis method and 

underwent digestion with BamH I and EcoR I restriction enzymes 

followed by electrophoresis in a double loaded well 1.2 % agarose gel. 

The upper half of the gel reveals that all 9 clones contain the 

the 4.9 Kb pGEX2t plasmid with the 579 bp PGR product while the 

lower half indicates that 9 other clones had been successfully 

transformed with the pGEX2T plasmid containing the 156 bp PGR 

product (the 156 bp fragment is poorly shown due to the migration 

of ethidium bromide). 
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FIGURE 5.3. Results of a PGR reaction involving three sets of primers 

and the cloned Hind in fragment as the DNA template after 

undergoing electropporesis in a 1.2% agarose gel. Lanes 2-4 show 

PGR fragments of the expected sizes 252 bp, 101 bp,and 227 bp 

respectively. Lane 2 is generated by primers #3507 and #3785 and 

is the coding sequence for the region of the 2nd extracellular loop 

through and including the 3rd intracellular loop of the cloned PAF 

receptor. Shown in lane 3 are PGR fragments generated by primers 

#3784 and #3785 which encodes the 3rd intracellular loop while the 

PGR fragments in lane 4 are generated by primers #3783 and #3784 

and encodes the region of the 3rd intracellular loop through and 

including the 3rd extracellular loop of the cloned PAF receptor. 
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intracellular loop through the 3rd extracellular loop (primers #3783 

and #3784) were performed using standard PGR protocol (see 

appendix A). The first PGR product in lane 2 contains the PAF 

receptor coding sequence from the 5' end the presumed 2nd 

extracellular loop through to the 3' end of the 3rd intracellular loop. 

The expected size of this fragment was 252 bp. The size of the 2nd 

PGR product, shown in lane 3, was 101 bp and represents the coding 

sequence of the 3rd intracellular loop. The last PGR product in lane 4 

was that of the coding sequence for the 3rd intracellular loop 

through the 3rd extracellular loop including the 6th transmembrane 

region and was expected to be 227 bp. As indicated by the PGR 

products shown in the 3 lanes, all were of the expected size. 

Therefore, all PGR products were restricted with BamH I and EcoR I 

and ligated to identical restriction sites in the pGEX2T vector and 

used to transform E coli as before. Restriction analysis using BamH I 

and EcoR I following mini-preps of the transformed E coli are shown 

in figure 5.4. The results indicate that all three PGR fragments (252 

bp, 101 bp, and 227 bp) had been successfully cloned into the 

pGEX2T vectors. 

Amplification of the 2nd extracellular loop by PGR using 

primers #3507 and #4079 was performed and the predicted size 

band of 103 bp was obtained. Figure 5.5 indicates two bands were 

produced, the larger of the two is most likely PGR artifact since it 

appears to be twice the size of the expected band of 103 bp. In a 

similar manner to those cloned previously, the PGR band was cloned 
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FIGURE 5.4. The results of a piasmid mini-prep restriction analysis 

with BamH I and EcoR I after transforming E. coli with the pGEX2T 

vectors containing PGR fragments of three different regions of the 

PAF receptor cloned in-frame downstream from the gene for 

glutathione-S-transferase. Lanes 2-5 (upper gel) each contain the 

expected size fragment of 252 bp which encodes the region of the 

PAF receptor from the 2nd extracellular loop to and including the 

3rd intracellular loop. Lanes 6 and 7 (upper gel) and lanes 2 and 3 

(lower gel) contain fragments of 101 bp in size which was the 

expected size of the cloned region that encoded the 3rd intracellular 

loop of the PAF receptor. The 101 bp fragment is poorly shown in 

reproduced pictures. In the lower gel, lanes 4,5,6, and 7 contain 

fragments 227 bp in size which encodes the region of the PAF 

receptor from the 3rd intracellular loop to and including the 3rd 

extracellular loop. The -4.9 Kb fragment in all of the above lanes is 

the restricted pGEX2T piasmid. Lane 8 in the upper and lower gels 

represent unrestricted pGEX2T plasmids containing the coding region 

for the 3rd intracellular loop and the 3rd intracellular loop to and 

including the 3rd extracellular loop respectively. The results indicate 

that all three PGR fragments (252 bp, 101 bp, and 227 bp) have been 

successfully cloned into the pGEX2T vectors. 
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FIGURE 5.5. Results of a PCR reaction involving primers for the 2nd 

extracellular loop (#3507 and #4079) and the cloned Hind III 

fragment as the DNA template after undergoing electrophoresis in a 

1.2% agarose gel. Lanes 3-9 contain PCR fragments of identical and 

expected size (103 bp) as well as what appears to PCR artifact (dimer 

vs trimer) of ~ 200-300 bp in size. The 103 bp fragments were 

isolated by previously discussed methods (ammonium acetate) and 

prepared for subcloning into pGEX2T vectors. 
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FIGURE 5.6. Results of the plasmid mini-prep restriction digests 

using BamH I and EcoR I after transforming E. coli with the pGEX2T 

vectors containing the PAF coding region for the 2nd extracellular 

loop. Lanes 2-9 contain restriction fragments of 103 bp and ~4.9Kb 

corresponding to the expected sizes of the coding region for the 2nd 

extracellular loop and the PGEX2T plasmid respectively. Lane 10 is 

the unrestricted PGEX2T plasmid containing the 103 bp fragment. 
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into pGEX2T vector and used to transform E coli. Figure 5.6 show the 

results of 8 plasmid mini-prep restriction digests using BamH I and 

EcoR I, all of which contain the desired size fragments of 103 bp and 

~4.9 Kb (plasmid). 

The last two regions of the human PAF receptor that were 

amplified by PCR were the 1st and 3rd extracellular loops. Primers 

#5886 and #5889 were designed to amplify the 1st extracellular loop 

while primers #5887 and #5888 should amplify the 3rd extracellular 

loop. PCR protocol for this experiment was identical to those before 

it and generated primarily two fragments as indicated in figure 5.7. 

The principle PCR fragment in the 2nd lane was expected to be 102 

bp while the PCR fragment in lane 3 was to be 114 bp. Both 

fragments appeared to be the correct size and were subsequently 

restricted and ligated into BamH I and EcoR I sites in the pGEX2T 

vector and E coli were transformed. The results of the min-prep 

plasmid restriction analysis (Figure 5.8) indicated that E coli had 

been transformed and the PCR products for the 1st and 3rd 

extracellular loops had been cloned into the pGEX2T plasmid. 

5 . 3 . 2  I n d u c t i o n  o f  l a r g e r  F u s i o n  P r o t e i n s ,  M a n y  o f  
Which Contain Transmembrane Domains of the 
Human PAF receptor 

After confirmation that the E coli had been transformed with 

the pGEX2T vectors, cultures were grown and induced to synthesize 

fusion protein which was the first step in order to inoculate chickens 
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nOURE 5.7. Results the of PCR reactions requiring 2 sets of primers 

and the cloned Hind III fragment as the DNA template for amplifying 

the coding sequence of the 1st and 3rd extracellular loops of the 

cloned PAF receptor. After electrophoresis in a 1.2% agarose gel, the 

expected PCR fragments were 102 bp and 114 bp in lanes 2 and 3 

respectively. The PCR fragments for the 1st extracellular loop were 

generated using primers #5886 and #5889 while primers #5887 and 

#5888 were used to amplify the 3rd extracellular loop. 
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FIGURE 5.8 
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FIGURE 5.8. The results of the plasmid mini-prep restriction analysis 

with BamH I and EcoR I after transforming E. coli with the pGEX2T 

vectors containing PGR fragments encoding the 1st or 3rd 

extracellular regions of the coloned PAF receptor. Lanes 2-5 each 

contain fragments of 102 bp and ~4,9Kb which are the expected sizes 

of the coding region for the 1st extracellular loop and the restricted 

pGEX2T plasmid respectively. Lanes 6-9 each contain the expected 

size fragments of 114 bp and ~4.9Kb which encode the 3rd 

extracellular loop and the pGEX2T plasmid respectively. Lane 10 is 

the unrestricted pGEX2T plasmid that contains the coding region for 

the 3rd extracellular loop of the cloned PAF receptor. 
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to produce antibodies against various regions of the PAF receptor. 

Frequently, the overexpressed proteins accumulate in the bacterial 

cytoplasm in the form of insoluble inclusion bodies instead of the 

preferred soluble form. Therefore, protein localization was the first 

order of business after induction of protein synthesis had occurred. 

Surprisingly however, some fusion proteins did not appear to be 

synthesized, were synthesized poorly, or possibly were degraded 

quickly by proteases. 

Figure 9 is that of SDS-PAGE after induction of expression of a 

large fusion protein (~46 kDa of which 26 kDa is GST) which contains 

3 PAF receptor transmembrane domains. The coding region 

transcribed includes the 5' end of the 2nd extracellular loop through 

the 3' end of the carboxy tail. Samples of the culture were obtained 

at 0, 1, and 6 hours from both soluble (SI and S2) and less soluble 

(S3) fractions. The samples were solubilized with SDS-PAGE buffer 

and electrophoresed on a 12% gel and coomassie-stained. Two 

cultures were grown from two independent clones, both containing 

identical pGEX2T/PAF vectors and were induced with IPTG in exactly 

the same manner. None of the 3 fractions (SI, S2, or S3) from either 

clone contained appreciable protein of ~46 kDa in size. 

Induction of two other large fusion proteins were also 

attempted. Fusion protein containing the 5' end of the 2nd 

extracellular loop through to the 3' end of the 3rd intracellular loop 

of the PAF receptor did not appear to be expressed nor did fusion 

protein including another single transmembrane region of the PAF 
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FIGURE 5.9. Results after inducing a culture of transformed E. coli 

with IPTG (1 mM) to express a large recombinant protein (expected 

size "46 kDa) consisting of glutathione-S-transferase (26 kDa) fused 

at the carboxy tail to a large region of the cloned PAF receptor 

spanning 205 amino acids including the 2nd and 3rd extracellular 

loops, three transmembrane regions, the 3rd intracellular loop, and 

the carboxy tail of the receptor. Samples of the culture were 

obtained at 0, 1, and 6 hours from both soluble (SI and S2) and less 

soluble (S3) fractions with noninduced culture samples taken at 0 

and 1 hour to serve as controls (C). The samples were solublized 

with SDS-PAGE buffer and electrophoresed in a SDS-12% 

polyaacrilamide gel with size standards (STD) as shown and 

coomassie-stained. Two cultures (A and B) were grown from two 

independent clones containing identical vectors and induced with 

IPTG in the same manner. None of the 4 fractions (C, SI, S2, or S3) 

from either clone contained appreciable protein of the expected size. 
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FIGURE 5.10. Protein expression after inducing cultures of 

transformed £. coli with IPTG (1 mM) to express three recombinant 

proteins consisting of three different regions of the PAF receptor 

fused to the carboxy terminus of glutathione-S-transferase (GST). 

The regions of the PAF receptor chosen for recombinant protein 

were: 2nd extracellular loop and the 3rd intracellular loop with the 

intervening 5th transmembrane region (#52), the 3rd intracellular 

loop (#56), and the region encompasing the 3rd intracellular loop to 

and including the 3rd extracellular loop (#60). The expected sizes of 

the fusion proteins were 34.6 kDa (#52), 29.1 kDa (#56), and 33.7 

kDa (#60) respectively. Samples of the cultures were obtained at 0, 

1, and 4 hours from both soluble (A) and insoluble (B) fractions with 

noninduced samples taken from each culture prior to induction to 

serve as a control (C). Samples were solubilized with SDS-PAGE 

buffer and electrophoresed in a 12% polyacrilamide gel with size 

standards (STD), followed by coomassie-staining. The fusion protein 

consisting of the 3rd intracellular loop and the GST component (#56) 

was expressed as an insoluble protein (B) and appeared to be rapidly 

degraded. Although the fusion protein (#52) consisting of GST with 

the 3rd intracellular and 2nd extracellular loops and the intervening 

transmembrane region appeared to be expressed as an insoluble 

protein, similar inductions followed by SDS-PAGE (not shown) did not 

confirm that this protein (#52) is expressed to any appreciable 

amount. Similarly, the fusion protein with the 6th transmembrane 
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region of the PAF receptor (#60) was also not expressed as insoluble 

protein. No evidence was obtained that any of the above fusion 

proteins were expressed as soluble (A) proteins. 
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receptor (5' end of the 3rd intracellular loop through to the 3' end of 

the 3rd extracellular loop). Figure 10 is that of two 12% 

polyacrilamide gels after protein induction with ImM (60 mg/250 ml 

of culture) DPTG for 4 hours. Samples of culture were taken at 0, 1, 

and 4 hours and all three solubility fractions from each culture were 

loaded for SDS-PAGE. Beside induction attempts of the two fusion 

proteins containing a single transmembrane domain as noted above, 

fusion protein containing the 3rd intracellular loop (5' end through 

the 3' end of the 3rd intracellular loop) and no transmembrane 

regions of the PAF receptor was also attempted. The two 12% gels 

shown in figure 5.10 indicate that only induction of the fusion 

protein containing the 3rd intracellular loop and no transmembrane 

regions successfully led to the production of protein. The lower gel 

(B) in figure 5.10 show that lanes labelled #56 have fusion protein of 

the correct size of -29 kDa (26 kDa of GST and -3 kDa of i3). Lanes 

labelled #52 were to have heterologous protein consisting of the 5' 

end of the 2nd extracellular loop through the 3' end of the 3rd 

intracellular loop including the 5th transmembrane region with a 

molecular weight of -34.6 kDa (26 kDa of GST and ~8.6 kDa PAF 

receptor protein). Lanes labelled #60 were to have fusion protein 

containing the 5' end of the 3rd intracellular loop through the 3' end 

of the 3rd extracellular loop including the 6th transmembrane 

domain. The size of this -70 amino acid region of the human PAF 

receptor is -7.7 kDa and together with the 26 kDa GST protein 

produce -33.7 kDa fusion or heterologous protein. However, no 
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protein of that size appeared to be induced as indicated by the lack 

of the appropriate coomassie-stained protein in lane #60. 

5 . 3 . 3  I n d u c t i o n  o f  F u s i o n  P r o t e i n s  T h a t  C o n t a i n  S o l e l y  
Intracellular or Extracellular Domains of the 
Human PAF Receptor 

A fusion protein made of the entire 2nd extracellular loop and 

GST (GST-PAFe2) was found to be in the soluble fractions (SI and 

S2). Shown in figure 5.11 is a SDS-PAGE after induction of expression 

of an heterologous protein of ~29.1 kDa containing the largest 

presumed extracellular loop of the human PAF receptor (2nd 

extracellular loop of 28 amino acids) and the 26 kDa GST protein. As 

in many previous cultures that were induced to synthesize fusion 

protein, two separate cultures were inoculated with identical but 

independently derived clones containing pGEX2T-PAFe2 vector. 

Samples of both cultures were taken at 0, 1, and 4 hours after 

induction with IPTG. However, unlike previous sample fractions, 

both SI and S2 were obtained together for both cultures. Samples SI 

and S2 for both 101 and 107 (designated numbers for fusion protein 

generated by pGEX2T-PAFe2) have indications of induced protein as 

shown by a more intense coomassie-stained but similar sized protein 

at 4 hours than at 1 hour. 

The results of purifying 101 soluble protein by a glutathione 

agarose column is shown in figure 5.12. After eluting 101 fusion 

protein with 10 mM glutathione, the 29 kDa protein appeared as two 
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FIGURE 5.11. Expression of a fusion protein constructed with the 2nd 

extracellular loop of the cloned PAF receptor (PAFe2) fused to the 

carboxy tail of the glutathione-S-transferase (GST) protein. The 

expected size of the GST-PAFe2 recombinant protein was predicted 

to be ~29.1kDa. Samples of the cultures were taken at 0, 1, and 4 

hours with the noninduced samples taken from each culture prior to 

induction to serve as a control (C). Samples were solubilized with 

SDS-PAGE buffer and electrophoresed in a 12% polyacrilamide gel 

with size standards (STD), followed by coomassie-staining. Both 

cultures (101 and 107) contain transformed E. coli with identical but 

independently constructed pGEX2T plasmids that code for the GST-

PAFe2 fusion protein. After the incubation period indicated, samples 

from soluble (SI) and less soluble (S3) fractions from both cultures 

were loaded into lanes as indicated above. The majority of the 

expected size fusion protein (29.1kDa) was obtained from the soluble 

(SI) fraction. 
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FIGURE 5.12. Expression of two fusion proteins consisting of 

glutathione-S-transferase (GST) fused to the amino terminus of 

either the 2nd extracellular loop of the cloned PAF receptor (GST-

PAFe2, #101) or to the 3rd intracellular loop of the same receptor 

(GST-PAFi3, #56). Induction of the fusion protein and samples 

obtained as previously discussed (see methods) followed by 

electrophoresis in a 12% polyacrilamide gel. Size standards (STD) are 

as indicated with lanes 2 and 3 containing fusion protein (GST-

PAFe2) before (PRE) and after (POST) undergoing purification with 

glutathione agarose beads. After eluting #101 fusion protein with 10 

mM glutathione, the 29.1k:Da protein appeared as two bands. As an 

indication of size similarity, samples of fusion protein #56 (GST-

PAFi3, lanes 3 and 4) obtained from either SI (soluble) or S3 

(insoluble) fractions also underwent electrophoresis. GST-PAFi3 

fusion protein (29.1kDa) appears to be packaged as insoluble protein 

(S3) while GST-PAFe2 (29.1kDa) is soluble which allows purification 

with glutathione agarose beads. 
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bands. The larger of two bands may represent a different protein 

conformation secondary to bound glutathione. As an indication of 

size similarity, the insoluble protein #56, consisting of GST and the 

3rd intracellular loop of the human PAF receptor (GST-PAFi3) taken 

from S3, is also shown next to a sample of its soluble fractions (SI 

and S2). Both GST-PAFe2 and GST-PAFi3 are similar in size (~29.1 

kDa) due to presumed similar size extracellular and intracellular 

loops of 28 amino acids. 

Figure 5.13 is indicating the protein size difference between 

the purified #101 fusion protein (GST-PAFe2, 29.1 kDa) and the 26 

kDa GST protein which was also purifted using glutathione agarose 

column. Also shown are two purified fusion proteins consisting of 

GST protein and the third intracellular loop of the human a2C2 or 

a2C4 adrenergic receptor. 

Fusion proteins from the 1st extracellular loop (GST-PAFel) 

and the 3rd extracellular loop (GST-PAFe3) of the human PAF 

receptor were also generated and GST-PAFel (-27.8 kDa) was found 

to be insoluble (S3) while GST-PAFe3 (~28.2 kDa) was found to be in 

the combined soluble fractions SI and S2. Figure 5.14 is that of two 

12% acrylamide-SDS gel with samples taken from cultures containing 

transformed E-coli for the production of GST-PAFel and GST-PAFe3. 

After IPTG induction, samples of the cultures were taken at 0 and 4 

hours. Also shown in the lower gel in the same figure is purified 

fusion protein containing the carboxy tail of the human PAF receptor 
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FIGURE 5.13. Glutathione-S-transferase (GST) protein expressed as 

fusion protein (#101) and as nascent protein (GST) after undergoing 

purification by a glutathione agarose column followed by 

electrophoresis in a 12% polyacrilamide gel. The fusion protein 

consisted of GST fused to the amino terminus of the 2nd extracellular 

loop of the cloned PAF receptor (PAFe2) and was predicted to be 

29.1kDa in size (GST-PAFe2). The GST protein is 26kDa in size which 

is consistant with the relative size of the GST-PAFe2 fusion protein 

and size standards (STD) shown in the above gel. Prior to injecting 

the chicken with the innoculum for the production of antibodies, a 

sample of the antigen (GST-PAF62) was checked to ensure 

appropriate size and lack of degredation (#101). Also shown are 

purified fusion proteins of a2C2 and a2C4. 
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FIGURE 5.14. Polyacrilamide (12%)-SDS gels with samples taken 

after four hours of incubation (ImM IPTG) from three different 

cultures containing transformed E-coli which produce fusion 

proteins. The upper gel (A) indicates that recombinant protein 

consisting of glutathione-S-transferase (GST) fused to the 1st 

extracellular loop (GST-PAFel, I-IO) or 3rd extracellular loop (GST-

PAFe3, 1-13) of the cloned PAP receptor are produced primarily as 

insoluble (S3) and soluble (SI) protein respectively. Samples (SO) 

were also taken prior to the addition of IPTG as controls. The 

expected sizes of GST-PAFel (I-10) and GST-PAFe3 (1-13) were 

calculated to be 27.8 kDa and 28.2 kDa respectively with the GST 

protein protein being 26 kDa and is shown for comparison. Size 

standards (STD) are as indicated. 

The lower gel (B) contains GST protein and GST-PAFe3 fusion 

protein (1-13) after undergoing purification with glutathione beads. 

The predicted size of both proteins is consistant with their relative 

positions to the size standards. Also shown is purified fusion protein 

containing the carboxy tail of the cloned PAF receptor (GST-PAFct, 

#13). Although not shown, GST-PAFct fusion protein was found to be 

packaged as insoluble protein (S3) and required electroelution for 

purification as discussed in the methods. Lane 5 contains GST-PAFel 

(I-IO) obtained from insoluble fractions (S3) and was expected to be 

28.2 kDa in size. 
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(GST-PAFct, #13). Although not shown, the GST-PAFct fusion protein 

(-'Sl.l kDa) was found to be insoluble (S3) and purification of GST-

PAFct and GST-PAFel were initially performed using preparative 

SDS-PAGE with the fusion proteins excised and electroeluted as 

before. Later, purification of the insoluble fusion proteins were 

performed with the much less labor intensive protocol involving 

solubilization of the pellet in 1.5% sarkosyl. Solubilizing the fusion 

protein in sarkosyl did not interfere with purification using 

glutathione agarose beads and provided a much faster means of 

obtaining purified fusion protein. Figure 5.15 is that of another 12% 

acrylamide gel showing the purified proteins GST-PAFe3, GST-PAFe2, 

and GST. 

The fusion protein with the carboxy tail (GST-PAFct) was labile 

and subject to rapid degradation as indicated in figure 5.16. After 

initiating protein induction, same day GST-PAFct purification using 

1.5% sarkosyl resulted in rapid degradation of protein. The smallest 

of the three protein bands in figure 16 is the same size as just the 

GST protein alone. Attempts at inhibiting the degradation with 

protease inhibitors perhaps slowed but did not prevent the 

degradation as indicated in the bottom of figure 5.17. The following 

protease inhibitors (and their final concentrations) were added to the 

purified fusion protein: 1 mM PMSF, 1 mM Benzamidine, 10 mg/ml 

leupeptin, 2.5 mg/ml chymostatin, 5 mg/ml pepstatin, 1 mM EDTA 

and 2 mM EGTA. The top gel shown in figure 5.17 compares same 
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FIGURE 5.15 
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FIGURE 5.15. Polyacrilamide (12%) SDS gel with three highly soluble 

proteins (1-13, #101, and GST) after undergoing purification with 

glutathione beads. Both 1-13 and #101 are fusion proteins consisting 

of glutathione-S-transferase (GST) fused to the amino terminus of the 

3nd extracellular loop (GST-PAFe2) or to the 2nd extracellular loop 

(GST-PAFe2) of the human platelet-activating factor (FAF) receptor 

respectively. Size standards (STD) are as indicated with GST-PAFe3 

(1-13) expected to be 28.2 kDa and GST-PAFe2 (#101) predicted to 

be 29.1 kDa while the nascent GST protein alone was calculated to be 

26 kDa. After purification, all three proteins were loaded in two 

lanes each consisting of approximately 12 ^igm (IX) and 1.2 |igm 

(O.IX) of protein for purposes of Western blot analysis. 
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HGURE 5.16 
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Figure 5.16. Same day degredation of insoluble fusion protein (#13) 

is shown in this polyacrilamide (12%) SDS gel. Lanes 3-5 were 

loaded with identical fusion protein after first undergoing 

solubilization with 1.5% sarkosyl followed by purification with 

glutathione agarose beads. The insoluble fusion protein shown as the 

upper most band above, consists of glutathione-S-transferase (GST) 

fused to the amino terminus of the carboxy tail of the human 

platelet-activating factor resceptor (GST-PAFct). Size standards (STD) 

are as indicated with GST-PAFct (#13) expected to 31.1 kDa in size 

while GST alone was predicted to be 26 kDa. Degradation of the 

fusion protein (as indicated by the multiple bands) occurred 

regardless of whether the protein was isolated using the preparative 

SDS-PAGE followed by electroelution or by using sarkosyl. Protease 

inhibitors were also added to the purified protein in attempts to 

inhibit degradation. 



256 

FIGURE 5.17 
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FIGURE 5.17. Degradation of insoluble fusion protein (#13) is shown 

in this polyacrilamide (12%) SDS gel using fresh (same day) fusion 

protein (lane 3) or by addition of protease inhibitors and storing at -

70 °C ( lane 2) for less than 1 week. The insoluble fusion protein 

(#13, upper most band) consists of glutathione-S-transferase (GST) 

fused to the amino terminus of the carboxy tail of the human 

platelet-activating factor receptor (GST-PAFct) and was solubilized 

using sarkosyl followed by purification with glutathione agarose 

beads. For comparison, a purified, soluble fusion protein (1-13) also 

stored at -70 °C but with no protease inhibitors is shown in lane 4 

which consists of GST fused to the amino terminus of the 3rd 

extracellular loop of the human PAF receptor (GST-PAFe3). The 

expected size of GST-PAFct (#13) and GST-PAFe3 (1-13) are 31.1 kDa 

and 28.2 kDa respectively. Note the difference in the degree of 

degradation of the fusion proteins. 
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day purification of GST-PAFct with the frozen and purified GST-

PAFct with inhibitors. Also, as a comparison with another fusion 

protein, purified GST-PAFe3 is shown in the same figure. 

5.3.4 Western Blot Studies Using Chicken IgY 
A n t i b o d i e s  

Approximately three weeks after the initial inoculation of a 

chicken with fusion protein, a positive response to the fusion protein 

was obtained by immunoblotting. Approximately 10 mg, 1 mg and 

100 ng of fusion protein was allowed to dry on a strip of 

nitrocellulose and the blot was probed with a crude yolk extract for 

45 minutes followed by a rabbit anti-chicken IgY which was 

conjugated with alkaline phosphatase. Alkaline phosphatase staining 

was used as a marker to indicate whether a sufficient titer of anti-

fusion protein antibodies existed. 

Multiple PEG precipitations were used as the initial purification 

step to obtain the IgY antibodies from the egg yolks of each chicken 

that was injected (see appendix V). The resulting IgY antibodies 

were then subjected to an immobilized GST protein subtraction 

column to eliminate most of the antibodies that recognized the GST 

portion of the fusion proteins. The antibody solution was 

subsequently further purified by using an affinity column made by 

conjugating the same GST/PAF fusion protein that served as the 

immunogen for the chicken (see appendix W). 

Figure 5.18 is that of an autoradiograph of a Western blot in 

which 5 M-g, 0.5 |ig and 0.05 ^ig of GST-PAFe2 fusion protein and 
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FIGURE 5.18. Autoradiographs of two Western blots in which similar 

amounts of fusion protein (FP) and glutathione-S-transferase protein 

(GST) indicated above were transfered to nitrocellulose and 

incubated with two different concentrations of purified antibodies 

generated against the FP. The FP consisted of GST fused to the amino 

terminus of the 2nd extracellular loop of the human platelet-

activating factor receptor (GST-PAFe2). Antibodies to GST-PAFe2 

(FP) were generated by injecting FP in the breast muscle of a chicken 

and then purifying the antibodies contained in the eggs laid by the 

chicken. Each nitrocellulose was incubated with either a high or a 

low concentration of anti-GST-PAFe2 antibodies (A-1/2000 dilution, 

B-1/20,000 dilution) for 1 hour, washed and incubated with rabbit 

antichicken IgY antibodies for 1 hour and then reacted with 

chemiluminescent substrate for • 30 seconds. Each nitrocellulose was 

then exposed to x-ray film at room temperature for 30 seconds. Note 

that in both A and B above, the lanes containing GST protein show 

less intensely than do the lanes containing FP indicating specificity of 

the antibodies for carboxy end of the FP. The expected size of the FP 

(GST-PAFe2) is 29.1 kDa and the known size of GST is 26 kDa. Size 

standards (STD) were used and the approximate sizes are as 

indicated but the protein did not show radiographically. and then 

reacted with chemiluminescent substrate for 30 sec. The lower 

Western blot (Figure 5.18B) was incubated with a 10 fold dilution of 

antiGST-PAFe2 antibodies compared to the upper blot prior to 

incubation with rabbit antichicken IgY antibodies. Note that in the 
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lower Western blot for each concentration of protein, the GST-PAFe2 

fusion protein bands are more intensely labelled than the GST 

protein bands indicating specificity of antibodies to the amino acids 

of the 2nd extracelluar loop of the PAF receptor. 
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similar amounts of GST protein were transferred to nitrocellulose and 

incubated with purified anti-GST-PAFe2 antibodies for 1 hour, 

washed, incubated with rabbit antichicken IgY antibodies for 1 hour 

and then reacted with chemiluminescent substrate for 30 sec. The 

lower Western blot (Figure 5.18B) was incubated with a 10 fold 

dilution of antiGST-PAFe2 antibodies compared to the upper blot 

prior to incubation with rabbit antichicken IgY antibodies. Note that 

in the lower Western blot for each concentration of protein, the GST-

PAFe2 fusion protein bands are more intensely labelled than the GST 

protein bands indicating specificity of antibodies to the amino acids 

of the 2nd extracelluar loop of the FAF receptor. 

The antibodies to the 2nd extracellular loop of the human PAF 

receptor were then characterized by their ability to detect, by 

indirect immunofluorescent microscopy, COS-7 cells that had been 

transiently transfected with the human PAF receptor. As a control, 

COS-7 cells were also transiently transfected with the human alpha 

2-ClO adrenergic receptor to determine if cross reactivity with 

another G protein-coupled receptor would occur with the antibodies 

directed against the human PAF receptor. Figures 5.19 and 5.20 

show photomicrographs of COS-7 cells, grown on coverslips, that 

were transfected and exposed to the affinity-purified antibody 

(~1.7mg/ml) and to a fluoresceine-conjugated rabbit anti-chicken IgY 

(diluted 1:500). The specific immunolabelling with antiGST-PAFe2 

antibodies was blocked by preincubation of the antibodies with GST-

PAFe2 fusion protein. Two other forms of a controls were used 



262 

FIGURE 5.19. Immunofluorescence photomicrograph of COS-7 cells 

that were grown on coverslips and were transiently transfected with 

DNA (pBC12BI eukaryotic expression vector) encoding the human 

platelet-activating factor (PAF) receptor. The cells were fixed, 

quenched, permeabilized and treated with antibodies to the 2nd 

extracellular loop of the PAF receptors (PAFe2) followed by 

incubation with fluorescein isothiocyanate labelled rabbit anti-

chicken IgG antibodies. The upper photomicrograph shows 

transfected COS-7 cells that have been incubated with purified 

antibodies (~0.03 mg/ml) generated against fusion protein consisting 

of glutathione-S-transferase (GST) fused to the amino terminus of the 

2nd extracellular loop of the human PAF receptor (GST-PAFe2). One 

chicken was immunized with the fusion protein and the antibodies 

(IgY) isolated from the yolk of the eggs. The lower photomicrograph 

shows similarly transfected COS-7 cells after incubating with anti-

GST-PAFe2 antibodies that had been preincubated with GST-PAFe2 

fusion protein. (X 150) 
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PAF COS-7 cells and GST-PAFe2 antibodies 
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FIGURE 5.20. Immunofluorescence photomicrograph of COS-7 cells 

that were grown on coverslips and were transiently transfected with 

DNA (pBC12BI eukaryotic expression vector) encoding the human 

platelet-activating factor (PAF) receptor. The cells were fixed, 

quenched, permeabilized and treated with antibodies to the 2nd 

extracellular loop of the PAF receptor (PAFe2) followed by 

incubation with fluorescein isothiocyanate labelled rabbit anti-

chicken IgG antibodies. The upper photomicrograph (X 250) and 

lower photomicrograph (X 930) are similarly transfected COS-7 cells 

using identical antibodies but differ in magnification. 
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PAF COS-7 ceUs and PAFe2 antibodies. (X 250) 

PAF COS-7 cells and PAFe2 antibodies. (X 930) 
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regarding the imniunospecificity of antiGST-PAFe2 antibodies. First, 

incubation of fluoresceine-conjugated rabbit antichicken IgY 

antibodies only, without first incubating with antiGST-PAF 

antibodies, did not result in immunolabelling of PAF transfected COS 

cells. Second, using both PAF and a2-C10 transfected COS-7 cells, 

only those cells transfected with the human PAF receptor showed 

immunofluorescence characteristic of specific labeling. Successful 

labeling of the a2-C10 transfected cells with antibodies directed 

against the 3rd intracellular loop of the human a2-C10 receptor was 

possible, indicating that successful transfection of a2-C10 had 

occurred. Attempts at labeling human cells (eosinophils and 

neutrophils) with antiboldies directed against the 2nd extracellular 

loop of the human PAF receptor were unsuccessful. Also, successful 

labeling of transfected COS cells appeared to occur only after 

permeabilization of the cells. 

Similar antibody purification steps and Westerns blots were 

performed for IgY antibodies directed against the carboxy tail of the 

human PAF receptor. Figure 5.21 is an autoradiograph of an 

immunoblot showing recognition of the GST-PAFct fusion protein. 

Crude IgY antibodies isolated from yolk extracts obtained from a 

chicken immunized against the GST-PAFct fusion protein and 

purified only with the GST subtraction column were used as the 

primary antibodies in figure 5.21. Similar amounts of protein 

containing the 3rd extracellular loop of the PAF receptor (GST-



267 

FIGURE 5.21. Autoradiograph of a Western blot in which similar 

amounts (IX or O.IX) of fusion protein (#13 and 1-13) and 

glutathione-S-transferase (GST) were transfered to nitrocellulose and 

incubated with antibodies generated against fusion protein, #13. The 

fusion proteins consisted of GST fused to the amino terminus of 

either the carboxy tail (GST-PAFct, #13) or to the 3rd extracellular 

loop (GST-PAFe3, 1-13) of the hunan platelet-activating factor (PAF) 

receptor. Antibodies to GST-PAFct were generated by injecting GST-

PAFct into the breast muscle of a chicken and then purifying the 

antibodies contained in the eggs laid by the hen. The nitrocellulose 

was incubated with anti-GST-PAFct antibodies for 1 hour, washed 

and incubated with rabbit antichicken IgY antibodies for 1 hour and 

then reacted with chemiluminescent substrate for 30 seconds. The 

nitrocelullose was then exposed to x-ray film at room temperature 

for 30 seconds. Size standards (STD) were used and the approximate 

sizes are as indicated but the protein did not show radiographically. 

The predicted sizes of the fusion proteins were 31.1 kDa (GST-PAFct) 

and 28.2 kDa (GST-PAFe3) with the GST protein being 26 kDa in size. 
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PAFe3) and GST oniy protein were also transferred to the 

nitrocellulose. The results indicate that antibodies to the GST-PAFct 

have been generated but that a sufficient number of antibodies also 

recognize the fusion protein containing the 3rd extracellular loop. 

Attempts to further purify the GST-PAFct antibodies by repeatedly 

passing them through a subtraction column to remove more of the 

antibodies directed against the GST portion of the protein did not 

lessen the intensity of the GST-PAFe3 or GST bands after 

autoradiography. 

Further attempts to purify the GST-PAFct antibodies by passing 

them through a column made by conjugating GST-PAFct fusion 

protein to aminolink coupling gel (Pierce, Rockford, EL) or cyanogen 

bromide activated Sepharose gel (Pharmacia Biotech, Alameda, CA) 

were not successful. Immunofluorescence studies with the 

concentrated antibodies used in the western analysis in figure 5.21 

were also not successful. 

Figure 5.22 is that of an immunoblot of GST-PAFe3 fusion 

protein using primary antibodies obtained from yolk extract from a 

chicken inoculated with GST-PAFe3 fusion protein. These IgY 

antibodies against the 3rd extracellular loop of the PAF receptor 

were also purified using both the GST subtraction column and by 

passing the antibodies through a column of conjugated GST-

PAFe3/aminolink gel. The results were viewed as positive and 

immunofluorescence microscopy using transfected COS-7 cells were 
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FIGURE 5.22 
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FIGURE 5.22. Autoradiograph of a Western blot in which two 

different amounts (IX and O.IX) of 1-13 fusion protein (FP) were 

transfered to nitrocellulose and incubated with antibodies generated 

against the FP. The FP consisted of glutathione-S-transferase (GST) 

fused to the amino terminus of the 3rd extracellular loop of the 

human platelet-activating factor (GST-PAFe3) receptor. Antibodies 

to the FP (GST-PAFe3) were generated and purified in a manner 

similar to that of other antibodies. The nitrocellulose was incubated 

with anti-GST-PAFe3 antibodies for 1 hour, washed and incubated 

with rabbit antichicken IgY antibodies for 1 hour and then reacted 

with chemiluminescent substrate for 30 seconds. The nitrocellulose 

was then exposed to x-ray film at room temperature for 30 seconds. 

Size standards (STD) were used and an approximate size indicator is 

given but the protein did not show radiographically. The predicted 

size of GST-PAFe3 FP is 28.2 kDa and unfortunately GST protein was 

not included in the transfer gel. 
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attempted. Attempts were made to view fluorescence labeling of 

transfected COS-7 cells with antibodies to GST-PAFe3 but none were 

successful. 

Figure 5.23 is the result of an immunoblot of GST-PAFi3 fusion 

protein using crude primary antibodies precipitated from yolk 

extract from a chicken injected with GST-PAFi3 fusion protein as 

immunogen. The antibodies had not been purified but a very intense 

signal was achieved indicating that IgY antibodies developed against 

the GST-PAFi3 fusion protein recognize the homologous fusion 

protein. No attempts were made at immunofluorescence microscopy. 
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FIGURE S.23. Autoradiograph of a Western blot in which similar 

amounts (IX or O.IX) of unpuritied fusion protein (1-13 and #56) 

were transfered to nitrocellulose and incubated with antibodies 

generated against fusion protein, #56. The fusion proteins consisted 

of glutahione-S-transferase (GST) fused to the amino terminus of 

either the 3rd extracellular loop (GST-PAFe3, 1-13) or to the 3rd 

intracellular loop GST-PAFi3, #56) of the human platelet-activating 

factor (PAF) receptor. Antibodies to the GST-PAFi3 were generated 

in a manner similar to that of other antibodies. The nitrocellulose 

was incubated with anti-GST-PAFi3 antibodies (unpurified) for 1 

hour, washed and incubated with rabbit antichicken IgY antibodies 

for 1 hour and then reacted with chemiluminescent substrate for 30 

seconds. The nitrocellulose was then exposed to x-ray film at room 

temperature for 1 minute. Size standards (STD) were used and an 

approximate size indicator is given but the protein did not show 

radiographically. The predicted size of GST-PAFe3 and GST-PAFi3 is 

28.2 kDa and 29.1 kDa respectively. 



2 7 3  

FIGURE 5.23 
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The PAF receptor is a member of the family of G protein-

coupled receptors which suggests that regions of the receptor are 

extra-membrane. The hydrophilicity plot of the human PAF receptor 

shown in chapter 2 indicated that eight extra-membrane regions 

were predicted to exist, jutting out from the transmembrane regions 

into both the intracellular and extracellular environment. The 

regions of the receptor projecting out from the transmembrane 

domains are generally composed of more polar and charged amino 

acids and tend to be potential sites of major reactivity with a foreign 

immune system (Hopp, 1993). The best predictors of antigenicity 

(ability to bind with antibodies) are based upon properties such as 

hydrophilicity, surface accessibility, and segmental flexibility 

(Pellequre et al., 1991). Hydrophobic regions of the PAF receptor 

peptide chain are internal to the transmembrane and most likely 

would not serve as effective epitopes. We sought to identify those 

protein segments in the human PAF receptor that antibodies raised 

against would cross react antigenically with the intact, native PAF 

receptor protein. Therefore, specific DNA coding regions of the PAF 

receptor were chosen to be used for producing fusion protein 

through recombinant DNA techniques. Fusion protein, consisting of 

portions of the cloned human PAF receptor expressed as a hybrid 

with the complete GST protein from the parasitic helminth 

Schistosoma japonicum were injected into chickens. The fusion 
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proteins were predicted to be immunogenic (capable of inducing an 

immune response) given the molecular size and the complexity of the 

protein, and the phylogenetic differences between avian and the 

combined mammalian/helminth fusion protein. 

The result of the Western blots indicate that antibodies were 

developed against fusion proteins injected intramuscularly in 

chickens. Four fusion proteins consisting of four different segments 

of the human PAF receptor (2nd extracellular loop, 3rd extracellular 

loop, 3rd intracellular loop, and the carboxy tail) generated a 

significant immunogenic response resulting in the secretion of IgY 

antibodies presumably specific for each fusion protein into the 

developing yolk. Present evidence however suggests that only those 

IgY antibodies generated against fusion protein containing the 2nd 

extracellular loop recognize the native PAF receptor protein in 

transfected COS cells. 

In the immunofluorescence studies, antibody specific 

recognition of the 2nd extracellular loop of the human PAF receptor 

was concluded by the following evidence. First, only those COS cells 

transfected with expression plasmids containing the complete coding 

sequence for the human PAF receptor gave positive results as 

indicated by fluorescence microscopy. COS cells that were not 

transfected or transfected with the a2-C10 human adrenergic 

receptor did not provide fluorescent labeling, indicating that the 

antibodies recognize a specific epitope and do not cross-react with 

another G protein-coupled receptor. Secondly, antibodies pre-
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incubated with homologous fusion protein did not result in labeling 

of PAF transfected COS cells. Finally, the pattern of fluorescent 

labeling, when viewed with low power microscopy, was consistent 

with 10-15% of the COS cells being successfully transfected. 

Attempts at demonstrating IgY antibody recognition of the PAF 

receptor using immunoblot techniques on homogenized transfected 

COS cells and the ECL chemiluminescence detection kit (Amersham) 

were not successful. 

Studies with our antibody also differed from those performed 

in Rola-Pleszczynski's lab in which polyclonal antibodies developed 

against a synthetic peptide (encoding a region of the 2nd 

extracellular loop of the human PAF receptor, nt. 490-519) that had 

been linked to keyhole limpet hemocyanin and injected into rabbits 

were capable of activating the receptor and initiating calcium 

mobilization in differentiated HL-60 cells (Muller et al., 1993) The 

same antibodies, noted by the authors, showed no ability to compete 

with the PAF ligand binding although previous studies indicate that 

the ligand-binding domain of G protein-coupled receptors was 

located within the hydrophobic transmembrane core of the receptor 

protein, and that deletion of most of the extracellular regions of the 

receptor does not reduce ligand binding (Strader et al., 1989a). 

Therefore antibodies to the extracellular loop of the human PAF 

receptor might not be expected to alter ligand binding. The 

experiment by Muller et al., was performed using crude antiserum 

from rabbits in cells endogenously expressing PAF receptors and the 
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control was performed using undifferentiated HL-60 cells that don't 

express PAF receptors. Using the antibody described here Neal 

Pinckard (Professor of Pathology, University of Texas Health Science 

Center, San Antonio) determined that calcium mobilization in human 

neutrophils was not initiated by polyclonal antibodies to the 2nd 

extracellular loop of the PAF receptor. Nor did these antibodies to 

the second extracellular loop alter ligand-binding characteristics. 

It is not presently known what the differences might be 

regarding the conflicting results between the polyclonal antibodies 

developed against the 2nd extracellular loop of the PAF receptor and 

those of Muller et al.. Possibly decreased affinity of the IgY 

antibodies compared to those developed in rabbits could be one 

explanation. It is known that antibodies developed against linear or 

denatured forms of protein which in turn recognize the native form 

of the protein do so with markedly diminished affinities approaching 

4-5 fold lower orders of magnitude (Hirayama et al., 1985). Therefore, 

differing affinities between the antibodies for the 2nd extracellular 

loop of the PAF receptor could be possible. It is also possible that the 

crude antiserum used for the experiment by Rola-Pleszczynski's lab 

contained substances other than just the antibodies which could 

initiate the mobilization of intracellular calcium. 

Based upon Western blots, it would appear that IgY antibodies 

have also been generated against the 3rd extracellular loop, 3rd 

intracellular loop, and the carboxy tail of the human PAF receptor. 

Whether or not these antibodies that appear to recognize the short 
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primary amino acid sequences of the PAF receptor will translate into 

recognition of the native protein as it is expressed in membranes is 

yet to be determined. 

Antibodies best recognize the immunizing form of the antigen 

(Crumpton, 1974). Currently there is disagreement in the literature 

as to how successful simple, linear peptide models such as the 

heterologous fusion protein used in this study (Van Regenmortel and 

Pellequer, 1994) will be in developing antibodies against the PAF 

receptor. Most antibodies are dependent on the conformations of the 

polypeptide chains to which they bind and the native three-

dimensional structures can have a dramatic impact on the 

specificities of the antibodies formed. This is in contrast to T-cell 

responses which are directed to the unfolded protein, denatured or 

peptide fragments (Unanue, 1993) that have been processed and 

presented on a cell surface. Indeed, linear peptides which 

correspond to the appropriate epitopes have been more successful in 

stimulating T cell clones raised in response to native proteins than in 

binding anti-protein antibodies (Berzofsky, 1985). The implication is 

that epitopes recognized by T cells can vary quite dramatically from 

those of antibodies for the same protein. Both antigen-specific T cells 

and antibody producing B cells are necessary for eliciting an 

antibody response to proteins. The key however to evoking a 

relevant immune response is to ensure that the appropriate B-cell 

epitope is presented in a conformation identical to that which it 

adopts in the intact organism (Fasman, 1989). The humoral immune 
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response is a redundant one in the sense that multiple overlapping 

set of binding proteins are produced in a polyclonal antibody 

response (Hopp, 1994). However, work by Atassi (Atassi, 1975) 

approximately 20 years ago indicated that the redundancy of 

antibody coverage was not uniform but rather redundant in certain 

regions and may be correspondingly sparce in others. Hopp and 

Woods have continued the work initiated by Atassi and have 

hypothesized that the best determinants of antigenic residues are 

those with a combination of high exposure (maximum hydrophilicity 

peaks) and charged amino acid makeup (Hopp, 1994; Hopp and Woods, 

1981). 

One very important drawback of the unidimensional aspect of 

the primary amino acid sequence used in generating PAF fusion 

proteins is the assumption of a continuous epitope when in fact the 

epitope may be functionally discontinuous (Van Regenmortel, 1986). 

The work of Sela many years ago (Sela, 1966) noted that antibodies 

recognized "conformational determinants of the antigen," meaning 

determinants expressed in the normally folded protein, often 

involving areas normally separated in the unfolded molecule. It is 

difficult to know which amino acids are remote in sequence but close 

in three dimensional space. Van Regenmortel and colleague has 

suggested that attempts to mimic protein epitopes using short 

peptides may have limitations (Van Regenmortel and Pellequer, 1994). 

Certainly one limitation is that identical amino acid sequences for 

short segments in different proteins may have different 
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conformations (Jemmerson and Paterson, 1986). Shorter segments 

may also be more unable to adopt a conformation similar to that in 

the complete polypeptide due to the close proximity of the GST 

protein. Immunogenic oligopeptides less than 10-15 amino acids 

generally have a poor to fair probability of producing positive 

antiserum (Palfreyman et al., 1984). Although the fusion protein 

consisting of GST and a segment of the proposed 2nd extracellular 

loop of the PAF receptor (GST-PAFe2) has resulted in antibodies that 

do recognize the native protein in transfected COS cells, it can not be 

stated with certainty that antibodies to GST-PAFct, GST-PAFe3 or 

GST-PAFi3 will do the same. 

Generating antibodies to a peptide fragment encoding the 2nd 

extracellular loop as part of a fusion protein was chosen as the most 

likely extracellular region to cross-react antigenically to the native 

PAF receptor because it was the most highly antigenic extracellular 

loop in the human PAF receptor given that 54% of its 28 amino acids 

are considered to be either charged (22%, K, R, E, D) or polar (32%, N, 

Q, S, T). Charged amino acids are thought to be important because 

the immune response appears to rely on charge-charge interactions 

to create antigen-charge contact surfaces (Hopp, 1993). The polar 

amino acids ensure that this region is more likely to be exposed 

(acrophilic). Proline may also be important because of its ability to 

generate a "kink" in the polypeptide secondary structure (Palfreyman 

et al., 1984) and the predicted 2nd extracellular loop has 2 prolines in 

its primary sequence. Therefore the size of the loop, the relative 
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hydrophilicity of the loop structure, and the number of charged, 

polar and proline amino acids in the loop made it likely that the 2nd 

extracellular loop would be highly exposed and likely to be 

encountered by antibodies with greater frequency if antibodies were 

developed against it. Interestingly, the 2nd extracellular loop has 

the only predicted extracellular glycosylation site and what impact 

this has on antibody recognition is unknown although it is possible 

that the recognition site would be disrupted or sterically inaccessible. 

It should be noted however, that the tone of the literature is not 

optimistic as to researchers' ability to predict what peptide regions 

are more likely to translate into antibodies recognizing native 

protein. 

Curiously, antibodies directed against the 2nd extracellular 

region of the PAF receptor were capeable of labeling transfected COS 

cells but apparently not human eosinophils or neutrophils. The most 

likely explanation may simply be that more experimentation needed 

to be done to work out the optimum labeling conditions. 

Glycosylation differences would not appear to be a reason since 

glycosylation of the human PAF receptor has been shown to occur in 

transfected COS-7 cells (Rodriguez et al., 1995). It is doubtful if 

differences exist between COS-7 cells and human cells regarding 

intracellular trafficking, stability, or cell surface expression of 

glycosylated receptors. Important to note however was that labeling 

of COS cells was apparent only after permeabilization of the cells 

perhaps indicating difficulty in epitope identification by the 
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antibodies for extracellular loop segments. It has been suggested 

that the binding site for PAF is on the inner side of the plasma 

membrane perhaps making the existance of extracellular domains of 

the receptor less likely. Evidence for the receptor being on the 

cytoplasmic side of the membrane is based on two observations. 

First, binding requirements of various PAF analogs and agonists 

suggests that the PAF molecule enters the lipid bilayer (Braquet et ai., 

1987). Agonist activity decreases when the long fatty acid chain 

located in the snl position of the glycerol backbone is shortened 

indicating that PAF deeply enters the hydrophobic membrane. 

Secondly, PAF binding on whole platelets show no binding for PAF at 

temperatures less than 4°C while membrane preparations indicate 

fewer receptors at 4®C compared to room temperature (Duronio et al., 

1990; Rogers et al., 1991; Valone et al., 1982). This may indicate that 

agonist accessibility to the receptor requires a fluid lipid bilayer 

which is not present at low temperatures. Agonist binding would 

still be possible with membrane preparations at low temperature 

because of the accessibility of the cytoplasmic side of the membrane 

for PAF binding. 

The 3rd extracellular loop is predicted to be only 20 amino 

acids and 9 of them are considered to be polar (20%) or charged 

(25%). In addition, the 3rd extracellular loop has no proline amino 

acid. The 1st extracellular loop has the smallest predicted size (16 

amino acids) comprised of 7% charged and 25% polar but it has a 

single proline. Based upon this analysis, antibodies to the 1st 
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extracellular loop segment were viewed as the least likely to cross-

react with the native protein. Although overlooked as a likely region 

for generating antibodies, the amino terminal segment could have 

been chosen because of its flexibility as a segment (amino-terminus), 

~S0% of its amino acids are either charged or polar, and it contains a 

proline at its N terminus. Recently, rabbit antibodies to the amino 

terminus of the human PAF receptor were reported which were 

generated by a synthesized peptide fragment coupled to keyhole 

limpet hemocyanin (Simon at al., 1994). Successful labeling of 

antibodies to the amino-terminus may still be possible even in a 

receptor located on the cytoplasmic side of the membrane. 

As for the intracellular regions of the PAF receptor, antibodies 

to the carboxy tail may have the greatest probabilility of success due 

to its highly flexible form, a greater presumed accessibility, larger 

number of amino acids (46), and the greater number of charged (12 

amino acids, K, R, D, E), polar (12 amino acids, N, Q, S, T) or proline (2) 

amino acids. One potential concern is the possibility for the carboxy 

tail to be palmitylated at the cysteine amino acid and therefore 

anchored into the membrane. Further work in this area is required. 

In summary, eight recombinant expression vectors were 

designed and E-coli transformed in order to generate fusion protein 

which would serve as immunogens in chickens. Each vector 

incorporated a different portion of the coding sequence from the 

cloned human PAF receptor in-frame behind DNA encoding a 

helminth glutathione-s-transferase enzyme. All three constructs that 
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included at least one transmembrane domain of the PAF receptor did 

not generate any appreciable fusion protein. All the remaining 

constructs had regions of the PAF receptor coding sequence which 

were extra-membrane and all were capable of expressing fusion 

proteins of predicted sizes. Of the three constructs containing 

extracellular loop coding sequences, only the fusion protein that 

contained the 1st extracellular loop segment was determined to be 

insoluble while the other two extracellular loop fusion proteins were 

both soluble (2nd and 3rd extracellular loop). Both fusion proteins 

which contained intracellular segments (carboxy tail and 3rd 

intracellular loop) were insoluble. 

IgY antibodies were obtained from eggs after each chicken had 

been immunized with different fusion proteins containing one of 

following four segments of the PAF receptor: the 2nd extracellular 

loop, the 3rd extracellular loop, the 3rd intracellular loop and the 

carboxy tail. Western blots of all four fusion proteins indicate that 

antibodies most likely have been generated to each of the four fusion 

proteins. Antibodies to the 2nd extracellular loop of the human PAF 

receptor have been confirmed by indirect immunofluorescence 

microscopy to recognize the native form of the human PAF receptor 

when expressed in transient transfected COS-7 cells. 

Antibodies to the 3rd extracellular loop, 3rd intracellular loop, 

and to the carboxy tail of the human PAF receptor were most likely 

generated based upon results of the immunoblots. However, no 

confirmation as to the ability of the IgY antibodies to recognize 
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native protein has been made. A construct exists for generating an 

insoluble fusion protein which contains the 1st extracellular loop of 

the human PAF receptor. 
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CHAPTER 6 

SUMMARY AND FUTURE DIRECTIONS 

6 . 1  S u m m a r y  

The initial goal of this study was to clone the human homolog 

of the guinea pig lung PAF receptor and to generate antibodies 

against specific regions of the receptor for use in human tissue. A 

human genomic DNA library was screened using a strategy based 

upon homology cross-hybridization in hopes of obtaining the 

complete PAF receptor gene including the regulatory region(s). It 

was hypothesized that by screening human genomic DNA, further 

support for the existence, if not conclusive evidence of PAF receptor 

subtypes would be realized. The evidence for PAF receptor subtypes 

albeit indirect, is strong. Platelet-activating factor is a family of 

autacoids consisting of more than 20 different phospholipid 

molecules whose chemical structures have recently been determined 

while the function and significance of these PAF homologs and 

analogs remain a mystery (McManus et al., 1993). Given the wide 

range of cells that PAF stimulates, the numerous biological systems 

which respond, and the physiological and pathological processes in 

which PAF has been implicated as having a role, a multiplicity of PAF 

receptor subtypes would help explain this remarkable diversity. 

Consistent with multiplicity of receptors, various pharmacological 

data based on the order of potency of various antagonists (Hwang, 
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1990) and functional studies involving different agonists (Pinckard et 

al., 1992), suggest PAF reccptor heterogeneity. If PAF receptor 

subtypes do exist however, they are probably quite divergent in 

nucleotide sequence based upon the findings from this study and 

others (Shimizu et al., 1992). 

The results in Chapter 2 indicate that a gene for a human PAF 

receptor exists in the human genome which is intronless in the 

coding region but does contain intron(s) in the 5'-untranslated 

region. Analysis of the amino acid sequence for the receptor 

indicates seven hydrophobic sequences alternating with more polar 

regions which is the signature of G protein-coupled receptors. 

In Chapter 3, restriction mapping of the 20 kb human genomic 

DNA segment provided evidence that the 5'-untranslated intron was 

at least 16 kb in size which has been confirmed by others (Murphy, 

1994). Specific localization of the PAF receptor gene to the distal 

portion of chromosome 1 (Ip35->p34.3) has been determined by 

fluorescent in situ hybridization. 

Chapter 4 indicates that the signal transduction of the cloned 

PAF receptor leads to activation of numerous intracellular signaling 

pathways. In particular, agonist binding to the cloned human PAF 

receptor does lower cAMP levels as determined indirectly by a 

heterologous gene transient expression system used in this study. 

Chapter 5 discusses the use of recombinant proteins that 

include unique regions of the cloned human PAF receptor for 

immunization of chickens to generate polyclonal antibodies against 
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the fusion proteins. The hypothesis was that antibodies produced 

against each fusion protein would cross react antigenically with the 

intact native PAF receptor protein in a site specific manner. To date, 

only those antibodies generated against fusion protein containing the 

2nd extracellular loop recognize the native PAF receptor protein in 

transfected COS-7 cells. 

6.2 Future Directions 

There is ample evidence to raise the issue of PAF receptor 

heterogeneity. However, recent work out of Snyderman's laboratory 

suggests that the cloned PAF receptor is capable of mediating many 

of the biochemical and functional responses which have been 

attributed to multiple (two) PAF receptors in neutrophils (Ali et al., 

1994). Is it possible for a single receptor to have multiple 

conformational changes depending upon the type of G-protein 

coupling? Curiously, a similar question has been raised regarding the 

human N-formyl peptide receptor which is also a leukocyte 

chemoattractant receptor (Murphy et al., 1992). Work by Boulay has 

revealed both high and low affinity binding sites for N-formyl 

peptides that are interconvertible by guanine nucleotides indicating 

a cooperative mechanism of affinity conversion for a single receptor 

polypeptide (Boulay et al., 1990a; Boulay et al., 1990c). Perhaps there 

are G proteins unique to leukocytes that allow single polypeptide 

proteins to appear as receptor subtypes. Continued work in this area 

is obviously needed to determine the nature of the multiple G 
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proteins and effectors that couple PAF receptors and whether true 

PAF receptor heterogeneity exists YS receptor heterogeneity 

mimicry. In keeping with the above, future research should include 

isolating mRNA from human leukocytes since leukocytes appear to 

offer the best supporting evidence for PAF receptor subtypes. A 

cDNA library can be constructed for use in a functional expression 

system using xenopus laevis oocytes to determine the presence of 

other receptors which respond to PAF. RNAse protection assay may 

also be employed to determine if the cloned PAF receptor is present 

in the human leukocyte. Perhaps antisense olignucleotides 

recognizing the mRNA for the cloned PAF receptor can be employed 

prior to generating a cDNA library thereby eliminating that receptor. 

The development of antibodies to the human PAF receptor will 

prove to be beneficial in determining tissue localization of the 

receptor. Despite the purported involvement of the human PAF 

receptor in mediating asthma, PAF receptors have been 

demonstrated by radioligand binding only in crude human lung 

homogenates (Dent et al., 1989; Hwang et al., 1985; Schwinger at al., 

1992). Whether PAF receptors are present in epithelial cells which 

line the airway or are present on smooth muscle is still being 

investigated. Furthermore, PAF has been implicated in adult 

respiratory distress syndrome and persistent pulmonary 

hypertension of the newborn (Henson et al., 1992). Recent data 

suggest PAF may mediate both pulmonary artery relaxation and 

pulmonary vein contraction and yet no information has been 
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presented regarding the existence of PAF receptors in trachea, 

bronchi, or pulmonary vasculature. 

Finally, the finding that PAF induces NF-KB activation may 

generate extreme interest into how PAF receptor activation is 

involved in regulating target gene expression in health and disease. 

For example, evidence has been presented that atherosclerotic 

lesions may be mediated in part through PAF receptor activation of 

smooth muscle growth factors (Pan et al., 1995). Clearly, more work is 

needed in understanding the complexities and intricacies of the 

intracellular messengers activated by PAF receptor agonists. 

Given the numerous functions that PAF appears to play in both 

health and disease, a greater appreciation of its importance can be 

revealed or clarified by eliminating the gene for the PAF receptor 

polypeptide or by eradicating PAF acetylhydrolase through gene 

knockout mice. By integrating molecular biology into the whole-

animal physiology, the full impact of the link between the gene and 

its function may be more readily realized. It has been said that PAF 

is an actor in search of a role. Perhaps PAF is one of the few 

renaissance mediators in which its roles are many. 
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APPENDIX A 

PROTOCOL USED IN POLYMERASE CHAIN 
REACTION 

Reagents: 
Taq DNA polymerase (Perkin Elmer Cetus, Norwalk, CT.) 

Taq buffer (Perkin Elmer Cetus, Norwalk, CT.) 

Final concentration of 0.2 mM each of dATP, dTTP, dCTP, and 
dGTP 

Dimethyl sulfoxide (DMSO), 5 ml per 50 ml reaction 

Sense and antisense primers, 10 mM final concentration (due to 
the degeneracy of the primers, the final concentration was lOx 
what it would be with no degeneracy) 

Template, human genomic DNA (Promega) 

Mineral oil, 25 ml placed on top of reaction reagents (total/final 
volume of reaction reagents is 50 ml) in microfuge tube 

Procedure: 

1. Place 8 ml of 1.25 mM dNTP (containing equal amounts of 
dATP, dTTP, dCTP, and dGTP) in a microcentrifuge tube to be placed 
in the thermocontroler (MJ Research INC., Watertown, MA). 

2. Add to the above, 5 ml of lOx Taq buffer, 2.5 ml of 200 mM 
sense primer, 2.5 ml of 200 mM antisense primer, 5 ml of DMSO, 1 
ml of (0.5 mg) human genomic DNA, and 25 ml of 
distilled/autoclaved water. 

3. Gently mix the reagents, spin down and then place 25 ml of 
mineral oil on top. 
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4. Place 1 ml of Taq DNA polymerase (1:2 dillution of Taq is fine, 
wanting at least 2.5 U) on the inside of the microfuge tube just above 
the mineral oil layer. 

5. Start the thermocontroller so that the temperature is rising 
(note that the first step in the reaction conditions is 94 °C) 

6. Centrifuge the above reagents in step 4 above and place the 
microcentrifuge tubes in the heating block of the thermocontroller 
just as the temperature reaches 94 °C (or as close as possible). 

Reaction Conditions (Program) for Polymerase Chain Reacion 

STEP TEMPERATURE (®C) MINUTES PROCESS 

1 94 4 denature 

2 50 1 anneal 

3 72 1 extend 

4 94 1 denature 

5 50 1 anneal 

6 72 1 extend 

7 repeat steps 4-6, 34 times 

8 72 5 extend 

9 4 20 hours storage 

7. After the cycling of the thermocontroller is completed, remove 
the microfuge tubes and place them on ice. 
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APPENDIX B 

PREPARATION OF GUINEA PIG GENOMIC DNA 

Material/Reagents 
liquid nitrogen 
Digestion buffer: 100 mM NaCl, 10 mM tris-HCl (pH 8), 25 mM 
EDTA (pH 8), 0.5% SDS 0.1 mg/ml of proteinase K (BRL) 
Mortar and pestle 
Phenol/chloroform (1:1 v) 

Procedure: 
1. Adult guinea pig was euthanized (CO2 asphyxiation/dry ice) 
and brain tissue excised and placed in liquid nitrogen. 

2. Grind frozen brain (1.7 g) with mortar and pestle and suspend 
in 10 ml of digestion buffer (2-4 corex tubes). Incubate overnight at 
50^0 (12-16 hours). 

3. Perform phenol/chloroform extraction x3, followed by 
chloroform extraction, spin (JA 20)10 minutes at 10,000 rpm at 4°C. 

4. Ethanol precipitation with equal volume 5 M ammonium 
acetate (pH 7,5) and 2x volume 100% ethanol, incubate for 30 
minutes at -20°C. 

5. Spin 17,000 rpm for 15 minutes at 4®C. 

6. Remove supernatant, wash in 70% ethanol, spin 17,000 rpm for 
15 minutes at 4°C. 

7. Dry pellet in speed vac and hydrate in TE (tris-EDTA, pH 8.0) 
with RNASE (2 mg/ml). May add 0.1% SDS in addition. Incubate in 
waterbath 37®C for 30 minutes. 

8. Perform another phenol/chloroform/ethanol precipitation and 
rehydrate in TE. 
9. Perform optical density reading in spectrophotometer for 
260/280 ratio (DNA should be ~1.8) 
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APPENDIX C 

GEL ELECTROPHORESIS 

Material and Reagents: 
Agarose gel forming apparatus and power supply (IBI CPS 500, 
compact power supply. International Biotechnologies, New 
Haven, CT.) 

Agarose for electrophoresis (ultra Pure, GIBCO BRL, Life 
Technologies INC., Gaithersburg MD.) 

TAE buffer (10 mM Tris-HCl pH 8.0, 1 mM EDTA) 
Ethidium bromide (1,25 mg/ml) (Sigma Chemical, St Louis MO.) 

Procedure: 
1. Prepare of 1.3% agarose gel by the following procedure: weigh 
out 325 mg of agarose (ultra Pure, GIBCO BRL, Life Technologies INC., 
Gaithersburg MD.) in a 225 ml Ehrlenmyer flask. 

2. Add 25 ml of TAE buffer and tare the flask, and then bring the 
TAE buffer/agarose suspension to a boil in a microwave oven to 
dissolve the agarose. 

3. Re-weigh the flask and add the amount of distilled water 
necessary to regain what was lossed from boiling. Add 10 ml of 
ethidium bromide (1.25 mg/ml) and gently swirl. 

4. Pour the solution into a gel form apparatus of the appropriate 
size with the ends taped to prevent leakage and place the desired 
tooth comb in the gel to form the wells. Allow sufficient time for 
hardening and then remove the comb. 

5. Mix 10 ml of the PCR reaction with 5 ml of the loading dye 
(50% glycerol and water with bromophenol blue for color) and load 
into the gel wells after the gel apparatus has been placed in the TAE 
buffer containing electrophoresis unit. 
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6. Turn on the power supply and run at 50 to 100 volts for 
approximately 30 to 45 minutes. The location of the PCR fragments 
can be periodically checked by shining a UV light onto the gel. 
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APPENDIX D 

THE ISOLATION OF PGR PRODUCTS AND LIGATION 
PROCEDURES 

Material and Reagents: 
Agarose gel forming apparatus and power supply (IBI CPS 500, 
compact power supply, International Biotechnologies, New 
Haven, CT.) 

Low Melting Point (LMP) Agarose for electrophoresis (ultra 
Pure, GIBCO BRL, Life Technologies INC., Gaithersburg MD.) 

TAE buffer 

Ethidium bromide (1.25 mg/ml) 
T4 DNA ligase, 5x T4 ligase buffer, and lOmM ATP (GIBCO BRL) 

SK+ pBluescript plasmid (Stratgene, La Jolla, CA.) 

Eco RI and Bam HI restriction enzymes and buffers 
(Stratagene) 

Phenol/chloroform solution (30% phenol and 70% chloroform) 

Chloroform 

5M Ammonium Acetate solution 

Procedure: 
1. Prepare a 0.8% low melting point agarose gel (see appendix B) 

2. Restrict approximately 300 ng of sk:+ pBluescript plasmid with 
10 units each of Eco RI and Bam HI using their appropriate buffers. 
Enzyme restriction is to be performed for one hour at 37°C water 
bath. 
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3. Remove 35 ml of the PCR volume after completion of the PCR 
cycling (see Appendix A) involving the sense and antisense primers 
to the 3rd and 7th transmembrane regions respectively and human 
genomic DNA. Place the 25 ml in another microcentrifuge tube and 
perform two phenol/chldroform extractions followed by a chloroform 
extraction in order to remove the Taq polymerase. Add an equal 
volume of ammonium acetate to the recovered solution 
(approximately 100 ml) and gently mix. Add 100% ethanol (2.5x the 
previous volume) to the microcentrifuge tube, mix gently and set the 
tube aside for approximately 30 mintes at -20 ®C. Centrifuge the 
microcentrifuge tube in the cold room for 15 minutes, decant the 
ethanol and replace with 500 ml of 70% ethanol and repeat the 
centrifugation. Pour off the supernatant and let dry in the 
microcentrifuge vacuum. Redissolve in 16 ml of water, and add to 
this, 1 ml each (10 units) of Eco RI and Bam HI and 2 ml of the 
appropriate lOx buffer and incubate at in step 2 above. 

4. After sufficient time for restriction, load the restricted plasmid 
and PCR products (add loading dye) to separate wells and 
electrophorese for approximately 15 minutes at 50 volts. 

5. Using the assistance of UV light and a scalple blade, cut out the 
bands to be ligated from the LMP-agarose and transfer to separate 
microcentrifuge tube. 

6. Melt gel slices at 70 °C for 15 minutes and place in a 37°C 
waterbath. 

7. Aliquot appropriate volumes of DNA fragments to be ligated 
such that the volume (together) is 80 ml and keep at 37°C. Note that 
a different volume can be used but the amounts of reagents added in 
the steps below pertain to the 80 ml. 

8. Add 22 ml of 5x T4 DNA ligase buffer, 5 ml of 10 mM ATP, and 
3 ml of T4 DNA ligase. 

9. Gently mix and place at room temperature overnight. 
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APPENO!X E 

PURIFYING PCR PRODUCTS USING A COMMERCIALLY 
AVAILABLE KIT 

Materials/Reagents: 
Gene Clean Kit (Bio 101 INC., La Jolla CA.) 

Procedure: 
1. Cut out the desired band(s) with a scalpel blade from TAE 
agarose gel being carefull to minimize the amount of agarose and 
pool bands (if appropriate) in a previously tared microcentrifuge 
tube. 

2. Add to the microcentrifuge tube, 3x the weight (mg) of agarose 
band(s) in ml of the provided sodium iodide solution. Place at 50®C 
for 5 minutes while gently inverting the tube every minute. 

3. Add to the above solution, 5 ml of the provided glass milk and 
incubate at room temperature for 5 minutes while gently inverting 
the tube every minute. 

4. Spin microcentrifuge tube in a tabletop centrifuge for 5 sees 
and discard the supernatant leaving a white pellet. 

5. Resuspend the pellet three times with the provided 200 ml of 
New Wash (-20®C) being certain to spin and decant after each wash. 

6. After the final wash (carefully remove all of the wash) add 10-
15 ml of water and resuspend the pellet and incubate at 50°C for 3 
minutes. Centrifuge the tube and collect the supernatant and 
resuspend the pellet with fresh 10-15 ml of water and repeat. 
Combine the 20-30 ml of water containing the PCR products. 

7. If a restriction and ligation procedure is to be done with the 
gene cleaned PCR products, a phenol/chloroform and ethanol 
precipitation may be desirable to remove unwanted Taq polymerase 
(see Appendix C, step 3). 
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APPENDIX F 

GENERATING COMPETENT CELLS 

Material/Reagents 
Luria Broth Base (25 g/liter, pH 7.4) (GIBCO BRL) 

Culture of NM522 or XL-1 Blue (Stratagene) [Note, store 
bought competent cells are available that may enhance 
transformation efficiencies] 

Ice cold 50 mM CaCl2 

SOC Media (2 g Bactotryptone, 0.5 g yeast extract, 200 ml 5 N 
NaCl, 250 ml 1 M KCl, per 100 ml of water. Autoclave and then 
add 1 ml 1 M MgS04, 1 ml 1 M MgC12, and 1.8 ml 20% glucose, 
and filter sterilize) 

IPTG (isopropylthio-B-D-galactoside, GIBCO BRL, 95.2 mg per 
10 ml water for 40 mM IPTG) 

X-gal (5-Bromo-4-chloro-3-indolyl-B-D-galactoside, GIBCO BRL, 
100 mg per 5 ml of N,N-dimethyl-formamide, 2% w/v) 

Procedure: 
1. Innoculate 25 ml of Luria Base broth (no ampicilin) with 
NM522 or XL-1 blue from an overnight growth and grow at 37°C 
while shaking at 250 rpm until an optical density (600) is 0.35 to 0.4 
and then place on ice. 

2. Pour cells into a corex tube and spin at 4000 rpm (JA-20 rotor), 
4 ®C for 5 minutes. 

3. Discard supernatant and gently resuspend ceils in 1/2 original 
volume of ice cold 50 mM CaCl2 and place on ice for 30 minutes. 
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4. Centrifuge cells in J A 20 rotor for 5 minutes at 4000 rpm and 
at 4°C . 

5. Discard supernatant and resuspend cells gently in 1/10 of the 
original volume of ice cold SO mM CaCl2. Allow cells to sit on ice for 
30 minutes. Cells are now competent to take up DNA. 

6. Melt ligation reaction mixture (see Appendix C) at 70®C for 15 
minutes and dilute with 300 ml of sterile 37°C water. 

7. Place 100 ml of competent cells in a pre-cooled sterile 
polypropylene test tube (Falcon 2029) and add 25 ml of the diluted 
ligation reaction. 

8. Place on ice for 30 minutes, heat shock at 42°C for 2 minutes, 
place on ice for 2 minutes, and then add 1 ml of SOC media. 

9. Incubate while shaking at 37®C for 1 hour and then spread 20, 
50 and 200 ml of cell/DNA mixture on pre-warmed 10 cm LB-amp 
plates (50 ml amp/ml of Luria Broth/agar) using bent glass rod or 
cell spreader. 

10. Place in incubator at 37°C, agar side down for 30 minutes to 
allow for drying. Invert plates and allow colonies to grow overnight. 
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APPENDIX Q 

PLASMID MINI-PREP PROTOCOL (ALKALINE LYSIS 
METHOD) 

Material/Methods 
Luria Base Broth (25 g/liter, pH 7.4, 50-100 mg/ml ampicilin) 

TE buffer (10 mM Tris-HCl pH8.0, 1 mM EDTA) 

Solution I (ice cold and should be made fresh daily) 
50 mM glucose 450 ml of 20% glucose 
10 mM EDTA 400 ml of 250 mM EDTA 
25 mM Tris-HCX (pH 8.0) 250 ml of 1 M Tris 
4 mg/ml of lysozyme 40 mg 
sterile water 8.9 ml of water 

Solution II (room temperature and made fresh daily) 
0.2 N NaOH 400 ml of 5 N NaOH 
1.0% SDS 1 ml of 10% SDS 
sterile water 8.6 ml of water 

Solution III (ice cold but may be 
3 M KoAc 
0.115 M glacial acetic acid 
sterile water 

stored at 4°C) 
60 ml of 5 M KoAc 
11.5 ml of glacial acetic acid 
28.5 ml of water 

Procedure: 
1. Inoculate 5 ml of L-broth with 50-100 mg/ml of ampicilin and 
a single colony of the transformant. Incubate at 37°C overnight 
while shaking 250 rpm. 

2. Transfer 1.5 ml of each overnight into a microcentrifuge tube, 
centrifuge for 1 minute (table-top, room temperature), and then 
remove the supernatant by aspiration. 

3. Resuspend the pellet by vortexing in 100 ml of ice cold solution 
1 and place at room temperature for 5 minutes. 
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4. Add 200 ml of freshly prepared solution II (room temperature) 
and mix tubes by inversion and store on ice for S minutes (DO NOT 
VORTEX). 

5. Add 150 ml of ice cold solution III, gently invert a few times 
and then store on ice for 5 minutes followed by centrifugation for 15 
minutes at 4®C. 

6. Carefully transfer the supernatant to a fresh tube and add an 
equal volume of phenol/chloform, vortex and centrifuge for 2 
minutes (room temperature). Extract with chloroform and transfer 
to a fresh tube. 

7. Add 2x the volume of 100% ethanol (ice cold) to each tube, 
vortex well and let stand for 15 minutes (DNA can be stored at this 
step in the freezer). 

8. Centrifuge 10 minutes and decant the ethanol, add 1 ml of 70% 
ethanol and centrifuge or 5 minutes. Remove the ethanol and dry 
the pellet in a speed vacuum. 

9. Resuspend the pellet in 40 ml of TE (pH 8.0) containing 20 ml 
ml of DNAse-free RNAse (add 20 ml ofl mg/ml solution tol ml of 
TE). 

10. Remove 10-15 ml of each miniprep and place in a new tube for 
restriction analysis. Add the appropriate lOx buffer and enzyme 
(Bam HI and Eco RI) to each tube and restrict at 37°C (if appropriate) 
for 1-2 hours. 

11. Analyze the fragments by agarose gel electrophoresis. 
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APPENDIX H 

SOUTHERN ANALYSIS USING HUMAN GENOMIC 
DNA 

Material/Reagents: 
Human genomic DNA (Clontech) 

Restriction enzymes (50 Units each) and buffers: BamH I, EcoR 
I, Hind in, Pst I. 

Agarose gel (0.8%) and electrophoresis apparatus 

Nitrocellulose blotting sheet and Whatman paper 

Southern blot apparatus 

Denaturing solution: 1.5 M NaCl and 0.5 M NaOH at room 
temperature. 

Neutralizing solution: 1 M tris-HCL (pH 8.0) and 1.5 M NaCl 

Prehybridization fluid: 50% formamide, 1% SDS, 1 M NaCl, 0.1 
mg/ml herring sperm 

Radiolabeled human DNA probe (see following appendix) 

Procedure: 
1) Perform overnight restriction with BamH I, EcoR I, Hind III, 
and Pst I in 37°C water bath. 

2) Do phenol/chloroform extraction (equal volume) and ethanol 
precipitation (2.5 X volume) with equal volume ammonium acetate 
(5 M) and redissolve in 20 ml TE 

3) Electrophorese digested DNA in 0.8% agarose gel in TAE buffer 
at 25 volts for 12 hours. 
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4) Place the gel on UV short wave box for 5 minutes followed by 
denaturing for 1 hour (shaking in crystalline dish) and then 
neutralizing also for 1 hour. 

5) Place the gel in 2x SSC for 20 minutes and set up Southern 
transfer with lOx SSC in buffer resevoir. 

6) Wet nitrocellulose and whatman 3 mm paper with 2x SSC for 3 
minutes and blot for 10 hours putting well side of gel down. 

7) Wet blot with 6x SSC (check gel with UV light box first to be 
certain of transfer), preheat prehybridization solution to 37°C and 
then place blot in crysalline dish with 25 ml of prehybridization 
fluid. Incubate blot for 2-3 hours at 37''C while shaking. 

8) Add nick translated probe (pPC-1) and incubate overnight. 

9) Wash labelled nitrocellulose in O.lx SSC, 0.1% SDS for 2 hours at 
54°C and expose to diagnostic film with intensifying screen at -70°C. 
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APPENDIX I 

GENERATING A RADIOLABELED PROBE BY NICK 
TRANSLATION 

Material/Reagents: 
Nick Translation kit by GIBCO BRL (Life Technologies) 

Radiolabeled nucleotide 32p dCTP (Dupont Company, NEN 
Research Products, Boston, MA) 

DNA to be labeled 

Microcooler (Boekel Industries INC., Philadelphia PA) 

Procedure: 
1. Gene clean the restricted PCR fragment (full length guinea pig 
coding sequence for the PAF receptor) insert from plasmid 
(pBluescript). Bring up in no more than 20 ml of water (50-60 mg of 
DNA) in a microcentrifuge tube. 

2. Add 5 ml of A2 nick translation buffer (contains nucleotides 
minus dCTP BRL) and 20 ml of 32p dCTP. 

3. Pipet mix the above and then add 5 ml of solution C (nuclease 
and polymerase Nick translation Enzyme) and incubate at 15°C for 1 
hour in the microcooler 

4. After 1 hour, remove the tube from the microcooler and gene 
clean the probe to eliminate the unincorporated 32p dCTP. 

5. Hydrate the DNA with 200 ml of water and remove 2 ml for 
radiolabel counting (~106 cpm/ml) and store the remaining nick 
translated probe on ice. 

6. Prior to using, heat 32p dCTP probe to 98°C for 10 minutes, 
centrifuge for 15 seconds and add to hybridization fluid or place on 
ice. 
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APPENDIX J 

PREPARATION FOR SCREENING A HUMAN 
GENOMIC LIBRARY 

Material/Reagents: 
NZY Broth: (GIBCO BRL), 21 g/liter, pH 7.5) 

NZY plates; (small-Falcon 1029, 100x15 mm and large-Falcon 
1058, 150x15 mm) (21.98 g/liter, pH of 7.5, add 15 g of agar 
(Select, GIBCO BRL) and autoclave in (Fembach flask) and pour 
into plates 

NZY top agar (0.7 g of agarose gel per 1(X) ml of NZY broth and 
autoclave. 

P2392 cells (Stratagene) 

TB broth/mgSo4 with maltose ( 2.5 g NaCl, 5.0 g Select Peptone 
140-Gibco BRL, pH 7.4 per 500 ml and autoclave. Add 5 ml of 
1 M MgS04 and 5 ml of 20% Maltose 

Human Genomic Library prepared from placental DNA (Lambda 
FIX II, Stratagene) 

SM Buffer (2.9 g NaCl, 0.487 g MgS04-anhydrous, 25 ml IM 
Tris-HCl pH 8.0, 2.5 ml 2% gelatin per 500 ml and autoclave) 

Procedure: 
1. Titer the Lambda Fix II library, diluting with SM buffer. 
Stratagene's titer indicates 3 x 10^ phage/ml but actual PFUs (plaque 
forming units) can be expected to be less ~20%. Remove 5 ml 
Lambda FIX n library phage and dilute 1/200 with SM buffer. 
Continue serial dilution until 1000 expected PFUs per 1000 ml is 
obtained. It is suggested not to refreeze library but refreezing once 
may be expected with some loss of titer. Therefore, aloquate the 
remaining library and freeze 1-2 tubes while putting the remaining 
tubes at 4°C. 
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2. Grow P2392 cells over night in TB/mgS04/maltose broth at 
30°C and 200 RPM. The next morning inoculate 25 ml of fresh 
TB/mgS04/maltose broth and grow to OD (600) of 500 (dilute 
accordingly) at 37°C and shaking 250 rpm. 

3. Spin cells in JA 20 rotor at 4000 rpm (4®C) for 5 minutes and 
decant and bring cells back up in same volume of coldlO mM MgS04 
(no maltose). Store on ice until ready for use. 

4. Tare flask containg NZY top agar and autoclave for 20 minutes 
(add water to rehydrate) and place in 48 °C water bath (keep sterile 
aluminum foil cover on). 

5. Pre-incubate small NZY plates (37°C). Place 200 ml of P2392 
cells (OD of 500) from above in Falcon 2059 tubes and add 10 ul of 
diluted Lambda Fix II phage from each of the titering tubes so that 
an extremely wide range of phage per Falcon tubes are possible to 
ensure that an accurate count of PI^s is possible. Incubate the 
Falcon tubes for 30 minutes at 37°C while shaking at 120 rpm. 

6. Remove titering (small) NZY plates from incubator and place on 
foam rubber to insulate against cooling too quickly. Add 3 ml of top 
agar (take a 5 ml pipet and draw up and down the top agar to warm 
the pipet while the flask of top agar remains in the water bath) to 
each of the falcon tubes, swirl with the vortex on very low (1-2 
seconds) and pour onto plate, quickly tilting the plate so the top agar 
completely covers the bottom agar. Set aside for 10 minutes to cool 
and place in incubator agar side up overnight. The next day, take the 
plates that will allow accurate counting of the PFUs so that an 
accurate titering can be made. Make the necessary calculations so 
that 20,000 PFUs can be expected with the large NZY plates. 

7. Pour 10 large NZY plates to be used for primary screening. 
Prepare the top agar as above and use 7 ml of top agar per large 
plate with 600 ml of P2392 cells in MgS04 buffer. The volume of 
phage added will depend upon the titering that was determined 
earlier. Methods for pouring large NZY plates are essentially 
identical to that of the titering plates. After the plates solidify, place 
in incubator (37°C) overnight with agar side up. 



APPENDIX K 

SCREENING A HUMAN GENOMIC LIBRARY 

Material/Reagents: 
Hybridization Transfer Membranes (nylon)-137 mm (NEN 
Research Products, Boston MA). Handle with gloves and 
number them with a pencil close to the edge. 

Film (35x43 cm, Kodak Scientific Imaging Film, Eastman Kodak 
Company, Rochester, NY) 

20xSSC (175.3 g NaCl, 88.2 g Na Citrate per liter) 

10% SDS (sodium dodecyl sulfate) 

Denaturing solution (150 ml of 5N NaCl, 50 ml of 5N NaOH, 300 
ml of water per 500 ml of denaturing solution) 

First neutralizing solution (150 ml of 5 N NaCl, 250 ml of I M 
Tris- HCL pH 8.0, and 100 ml of water per 500 ml of 
neutralizing solution) 

Second neutralizing solution (150 ml of 5 N NaCl, 250 ml of 1 M 
Tris-HCL pH 8.0, and 100 ml of water per 5(X) ml of 
neutralizing solution) It is identical to the first neutralizing 
solution. 

First rinsing solution (1(X) ml of Tris-HCl pH 7.5, 50 ml of 20x 
SSC, and 350 ml of water per 500 ml of first rinsing solution) 

Second rinsing solution (50 ml of 20x SSC and 450 ml of water 
per 500 ml of second rinsing solution. 

Pre-hybridizing fluid: 50% formamide, 1% SDS, IM NaCl, and 
0.12 mg/ml of Herring sperm. 
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Procedure: 
1. Large NZY plates with 7 ml of top agarose should be used here 
with a PFU titer of 20,000 per plate. The plaques should appear 
confluent throughout (called a "lawn"). If the top agar appears as if 
nothing has grown (no lysis of cells, ie., no plaques) then the phage 
titer may have been to high. Take a transfer membrane and place 
an edge on the solidified top agar in such a way as to ensure the 
membrane will completely and smoothly (without air bubbles) cover 
the entire top agar when the transfer membrane is slowly lowered 
onto the agar. Allow the transfer membrane to remain in contact 
with the top agar for 2 minutes. During this time, take a 20 guage 
needle and poke 4 holes assymetrically around the edge of the 
membrane and into the agar so that when the membrane has been 
removed, it can be accuratelyrepositioned back onto the agar for the 
purpose of coring or removing the plaque. 

2. With forceps, carefully remove the transfer membrane by 
pulling up on the edge until the entire membrane is no longer in 
contact with the agar and then submerge the entire membrane 
(plaque side up and number side down) into the denaturing solution 
for 6 minutes. 

3. Next, remove the transfer membrane from the above solution 
and place the transfer membrane into the first neutralizing solution 
for 5 minutes and then repeat with the second neutralizing solution 
also for 5 minutes. Be certain that the plaque side always remains 
up throughout. 

4. Remove the membrane and place it in the first rinse solution 
followed by the second rinse solution, each rinsing steps taking 5 
minutes. 

5. Remove the membrane from the rinse solution and place it 
upon a large sheet of whatman paper to dry. Repeat steps with the 
other transfer membranes. Depending upon background, double lifts 
of each plate may be taken to minimize the false positive signals. 
After drying, place an equivalent size whatman paper on top, wrap 
in aluminum foil and bake for 2 hours at 80°C to physically link the 
DNA to the transfer membranes. 
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6. Transfer membranes are then placed one on top of the other in 
a incubation dish containing the pre-hybridizing solution (~100 ml) 
for 2.5 hours at 37®C while gently shaldng. 

7. The probe is boiled and cooled (see Appendix G) and then 
added to the pre-hybridizing fluid and incubated overnight at 37®C 
while shaking. 

8. Remove the transfer membranes after overnight hybridization 
and perform with the following washes at room temperature while 
gently shaking: 

1) 2xSSC and 0.1% SDS for 5 minutes 
2) 2xSSC and 0.1% SDS for 15 minutes 
3) O.SxSSC and 0.1% SDS for 15 minutes 
4) O.lxSSC and 0.1% SDS for 15 minutes 

9. The final wash is .IxSSC and .1% SDS for 30 minutes at 42°C. 

10. Remove the membranes and allow to dry on a large sheet of 
Whatman paper. The transfer membrane should be secured (taped) 
and the whatman paper of appropriate size to fit into a large film 
casset. 

11. Cover the transfer membranes/whatman paper with seran 
wrap and place on film for overnight at -70°C using an image 
intensifying screen. 

12. Develope the film and observe for positive signals ("comma" 
looking signals). Taking double lifts will eliminate many false 
positive signals. 

13. For each positive signal, align the corresponding NZY plate on 
the film (on top of a light box) using the 4 assy metrical pin holes. 

14. Core (using a scalpel blade or a glass pippet tip) the area 
corresponding to the positive signal to remove the DNA containing 
topagar and place it in a microcentrifuge tube with 1 ml of SM buffer 
and 50 ul of chloroform. Leach out the phage DNA overnight using a 
microcentrifuge mixer. 
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15. Perfonn titering with newly cored phage DNA with small NZY 
plates as before. Protocol remains identical regarding: taking new 
lifts, denaturing, neutralizing and rinsing solutions, hybridizing (old 
probe/hybridizing fluid may be reused) and taking autoradiographs. 

16. Look for clonal expansion of positive signals and recore phage 
DNA/topagar and retiter. Plaque formation should not be confluent 
so that when coring, pure phage DNA can be obtained. Multiple 
rounds of screening may be expected before pure clones are 
obtained. 
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APPENDIX L 

PLATE LYSATE FOR PURIFICATION OF CLONED 
PHAGE CONTAINING HUMAN GENOMIC DNA 

Materials/Reagents 
SM buffer 

Large NZY plates containing clonal expansion of desired phage 
DNA 

Polyethylene Glycol (PEG) United States Biochemical Corp, 
Cleveland, Ohio 

DNAse 1 (1 mg/ml) solution 

RNAse solution (2 mg/ml) 

Procedure: 
1. To each large NZY plate containing lysed cells/lawn with 
desired phage DNA, add 10 ml of SM buffer and sake for 4 hours at 
room temperature. 

2. Tilt plates and remove SM buffer/DNA solution and place in 
polycarbonate centrifuge tubes, spin at 8000 rpm, 4°C for 15 
minutes. 

3. Decant supernatant from small pellet to a 50 ml polycarbonate 
centrifuge tube and add 10 ml of DNAse soultion and 5 ml of RNAse 
solution, incubate 37®C for 30 minutes. 

4. Add equal volume of 20% PEG/8000-2.0 N NaCl solution to 
volume of supernatant, swirl to mix and put on ice overnight in cold 
room. 

5. Precipitate phage particles; spin at 10,500 rpm, 4°C for 30 
minutes. 
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6. Discard supernatant and drain all fluid from pellet. Add 700 
ml of SM buffer, resuspend the pellet and transfer to microcentrifuge 
tube. 

7. Spin tube 4°C for 2 minutes and transfer supernatant to fresh 
tube. 

8. Perform phenol/chloroform extraction x3 followed by 
chloroform extraction and then 100% ethanol precipitation and dry 
pellet in spin vacuum. (More phenol/chloroform extractions may be 
required). 

9. Wash pellet with 70% ethanol, spin 10,000 rpm, 4°C for 15 
minutes. Decant ethanol, speed vacuum dry, dissolve pellet in 100 
TE/RNAse (50 mg/ml), and incubate 37°C for 1 hour. Enzyme 
restrict with infrequent cutters (Not I, Hind III, Eco RI, and Bam HI) 

10. Load on 0.8% agarose gel (TAE buffer) to determine amount, 
size of DNA insert and to prepare for Southern Blot to determine 
which fragment contains the PAF coding sequence. 
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APPENDIX M 

SOUTHERN BLOT ANALYSIS OF LAMBDA FIXII 
PHAGE CONTAINING HUMAN GENOMIC INSERT 

Materials/Reagents 
For equipment needed for transfer of DNA from agarose gels to 
solid supports, see Molecular Cloning by Maniatis. 

Restriction enzymes and appropriate buffers, to include: Bam 
HI, Eco RI, Hind III, Pst I, Sac I, and Stu I. 

1% agarose gel (12,1 g Trizma base, 6.2 g Boric acid, 8 ml 250 
mMEDTA per 1 liter) 

Nitrocellulose for transfer blotting, 137 mm (Schleicher and 
Schuell, Keene, NH) 

Denaturation solution: 500 ml of 1.5 M NaCl, 0.5 M NaOH 

Neutralizing solution: 500 ml of 1 M Tris-HCL pH 8.0, 1.5 M 
NaQ. 

Pre-hybridizing fluid: 25 ml of deionized formamide, 5 ml of 
10% SDS, 10 ml of 5 M NaCl, 5 ml of Herring sperm (1 mg/ml), 
and 5 ml of sterile water. 

Procedure: 
1. Lambda phage clone (~500 ng) was restricted with the above 
enzymes and for 1-2 hours and loaded into the wells of the above gel 
and electrophoresed at 50 volts for 6 hours. 

2. The gel was photographed (with flourecent ruler) and then 
placed in denaturation solution at room temperature for 1 hour 
while gently shaking in a crystalizing dish. 

3. The denaturation solution was aspirated off and replaced with 
neutralizing solution at room temperature for 1 hour while gently 
shaking in a crystalizing dish. 
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4. The nitrocellulose transfer membrane was cut according to the 
dimentions of the gel and pre-soaked in 2xSSC for 3 minutes. 

5. The blotting apparatus (see Maniatis above) was set up, 
transfer membrane placed on the gel (well side down) with whatman 
paper/paper towels and 500 g weight for wicking. The crystalizing 
dish was filled with 800 ml of lOxSSC to serve as a resevoir for 
wicking. 

6. A skirt of 1 cm parafilm was added around gel base on top of 
whatman wick to insure apparatus does not short circuit when gel 
flattens. 

7. Southern blot was performed overnight and the gel checked on 
a UV light box to ensure successful transfer of DNA. 

8. Nitrocellulose transfer membrane was removed and soaked in 
6xSSC for 5 minutes, placed on whatman paper to dry, and then 
placed between two pieces of whatman paper, wrapped in aluminum 
foil and baked for 2 hours at 80°C. 

9. Nitrocellulose transfer membrane was then resoaked in 6xSSC 
for 3 minutes, and placed in 50 ml of pre-hybridizing fluid 
(crystalizing dish) for 2-3 hours at 37®C while shaking. 

10. A probe was radiolabeled with 32p dCTP (see Appendix G) by 
nick translation (entire pBluescript plasmid containing the cloned 
human PAF receptor coding sequence from the 3rd to the 7th 
transmembrane region was radiolabeled), gene cleaned, and 2 ul 
counted (>1.1x10^ CPM). 

11. Probe was then boiled, iced, spun down and then added to the 
pre-hybridizing fluid with the nitrocellulose membrane for 14 hours. 

12. Nitrocellulose membrane was then washed in .IxSSC and .1% 
SDS for 15 minutes at room temperature and then washed again in 
same concentration of solutions but at 53°C for 1 hour while shaking. 

13. Nitrocellulose membrane was wrapped in seran wrap and place 
on film overnight at -70°C. 
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APPENDIX N 

THE CLONING OF THE HIND III HUMAN GENOMIC DNA 
FRAGMENT AND THE EXPRESSION VECTOR CONSTRUCT 

Materials/Reagents: 
Expression plasmid pBC12BI (Stratagene) 

Hindlll clone containing the coding sequence of the human PAF 
receptor 

Restriction map of the coding sequence including the non-
coding sequence immediately 5' and 3' to the coding sequence. 

PCR thermocontroler, program, and reagents (see Appendix A) 

PGR sense primer for pBC 12BI construct which includes Xho I 
(5'-CTCGAG-3')/Hind III(5'-AAGCTT-3') restriction sites: 5'-
GATCCTCGAGAAGCnTGTGTGGTCTTCCAGCACC-S' (Division of 
Biotechnology, Macromoloecular Structures Facility, University 
of Arizona). The underlined region corresponds to human PAF 
receptor coding nt. sequence -53 to -34 see figure 2.6) 

PCR antisense primer #3 which is to the 7th transmembrane 
region of the guinea pig PAF receptor coding sequence and is 
48 fold degenerate: 5- ia(A)QaA(GT)£(T)AG(CAT) 
TAGATGACAAAGGAGCT TAAGTTCA-3' (underlined region 
corresponds to human PAF receptor coding nt. sequence 866 
to 888 (see figure 2.6). 
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Procedure: 
1. The expression vector, pBC12BI, requires that primarily PAF 
receptor coding sequence be translated into protein so as mimic the 
actual human receptor, when expressed in COS-7 cells, as closely as 
possible. Therefore, restriction sites internal to the Hind HI clone 
had to be generated by PCR as well as utilizing an existing Nco I site 
internal to the human PAF receptor coding sequence. Hind III clone 
(pBluescript) containing the human PAF receptor coding sequence 
was used as template for PCR using the above primers and PCR 
program. The expected PCR fragment of (53+888) 941 bp was 
obtained. When resticted with Xho I and Nco I, the size of the 
desired PCR fragment was 240 bp. 

2. Xho I and Nco I enzymes and appropriate buffers were next 
used to restrict both the PCR fragment generated above and the Hind 
III clone. There is only one Xho I site in the Hind III clone and that 
is 5' to the T7 promoter region contained within the multiple cloning 
site. The PCR fragment contains only one Xho I site which was 
constructed into the PCR primer. Only one Nco I site (5'-CCATGG-3) 
was contained within the PAF receptor coding sequence at nt. 540 
(see figure 2.6). Furthermore, sequencing information obtained from 
the Hind III clone revealed no other Nco I sites contained within the 
noncoding region 3' from the PAF receptor stop codon to the Hind III 
ligation site (~350 bp, ie., the PAF receptor coding region is located in 
the 3' end of the ~6 Kb human genomic insert contained in the Hind 
HI clone). Therefore, restricting the Hind III clone with Xho I and 
Nco I should linearize and truncate the plasmid by -4800 bp, leaving 
4161 bp of the pBluescript plasmid/3' end of the original Hind III 
clone. The restricted (Xho I and Nco I) PCR fragment was then 
ligated (solid phase) to the restricted Hind HI clone generating a 
modified Hind in clone of 4401 bp. 
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3. The pBC12BI plasmid (4070 bp) contains an ampicilin resistant 
gene, a T antigen binding site (SV 40 ori), a promoter sight (RSV-
LTR), and a mutliple cloning site containing a Hind III (5*) and Bam 
HI (3') restriction site. The plasmid (4 mg) was resticted first with 
Bam HI in a 20 ml reaction for 1 hour at 37°C. This was followed by 
1.5 ml of 0.5 mM dNTP's and 1 ml of Klenow (Stratagene) for 15 
minutes also at 37°C to generate blunt ends. The microcentrifuge 
tube was then heated to 70°C for 10 minutes and taken through a 
Phenol/ chloroform extraction. The aqueous phase (200 ml) was 
transfered to a new tube and 200 ml of 5 M ammonium acetate was 
added along with 1 ml of 100% cold ethanol. The solutions was 
mixed, centrifuged to pellet the DNA and the supernatant removed. 
The pellet was washed with 70% ethanol and dried in the speed-vac. 
The DNA was resuspended in 17 ml of water, 2 ml of Hind III buffer 
and restricted with 1 ml of Hind III enzyme for 1 hour at 37°C. The 
plasmid now contains a blunted Bam HI site and a Hind III "sticky" 
end. The plasmid is now ready to load in a low melt (TAE) gel for 
ligation purposes. 

4. The moditied Hind III clone of 4401 bp generated above was 
restricted with Hind III and Stu I (a blunt end restriction enzyme 
which cuts the plasmid 14 bp 3' to the PAF receptor coding stop 
codon) to produce the wanted fragment of ~1090 bp which contain 
all of the necessary 1029 bp (including the desirable ligation ends) 
that encodes for the human PAF receptor. This fragment was loaded 
onto a 0.8% low melt gel as was the restricted pBC12BI and a solid 
phase ligation was performed as before creating the pBC12BI/PAF 
receptor expression vector. 
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APPENDIX O 

THE TRANSFECTION OF (COS-7) CELLS WITH THE PAP 
EXPRESSION VECTOR 

Materials/Reagents 

COS-7 kidney epitheleal cells stock (frozen and stored at -70°C 
in 10% DMSG). 

Cell Preparation (taken from David Pepperl's Dissertation) 
1. Defrost cells quickly and bring them up in 25 ml of prewarmed 
DMEM with 10% FBS. Grow cells to 90% confluency (3-4 days) 

2. Aspirate media and wash cells with prewarmed PBS (10-20 ml) 
x2 to remove all media. 

3. Add 2 ml of 0.01% trypsin/EDTA, rock plate back and forth to 
spread enzyme and incubate plate for 1 minute. 

4. Add 10 ml of DMEM (10 % FBS) and suspend cells gently. 

5. Pour 20-25 ml of prewarmed DMEM (5% FBS) and add an 
aliquot (2 ml) of the trypsinized cells from above and mix gently. 
Allow to cells to grow to 80% confluency before transfecting. 

Transfection (large plates) 
1. Aspirate DMEM from petri-dishes, rinse twice with 10 ml of 
prewarmed PBS 

2. Add 10 ml of DNA/DEAE dextran mix. The DNA/DEAE dextran 
mix contains 50 mg of plasmid-DNA, 10 ml of PBS and 500 ml of 
DEAE/dextran. Incubate for 20 minutes at 37°C. 

3. Aspirate DEAE/dextran mixture and add 10 ml of Chloroquine 
mix (10 ml of 100 mM chloroquine/10 ml of 
DMEM/pen/strep/5%FBS). Incubate for 2.5 hours at 37°C. 
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4. Aspirate chloroquine mixture and add 10 ml of DMSO/DMEM-
solution (1 ml of DMSO plus 10 ml of DMEM/pen-strep/5% FBS). 
Incubate for 2.5 minutes at 37°C. 

5. Apirate DMSO-solution and add 25 ml of DMEM/pen-strep/5% 
raS. Grow cells for 48-72 hours. For membrane preparation, 
aspirate DMEM solution from dishes and rinse x2 with PBS. (10-20 
ml) and harvest cells. 
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APPENDIX P 

PROTOCOL FOR MAKING FLUORESCENT PROBES IN 
CHROMOSOMAL IN SITU HYBRIDIZATION 

Reagents: 
All reagents were provided by Stratagene Prime-it fluorescent 
labelling kit catalog # 300380 which includes; 

Random 9-mer primers 

5x nucleotide buffer 

Fluor-12-dUTP 

Exo-free Klenow 

Stop mix 

Control DNA (both labelled and unlabelled) that is a single copy 
gene which is to hybridize to to the end of the long arm of 
chromosome 11. Due to proprietary reasons, Stratagene does 
not release the name of the gene. 

Procedure: (taken from protocol written by Stratagene) 
1. Make 5x primer'buffer by mixing 8 ml of fluor-12-dUTP 
nucleotide with 92 ml of 5x nucleotide buffer in Mlcrofuge tube. 

2. In microfuge tube, mix 50 ng of human genomic DNA with 10 
ml of random 9-mer primers and bring final volume up to 39 ml 
with sterile water. A control solution of labelled and unlabelled 
cosmid DNA is provided by the company 

3. Heat the reaction tubes above to 95-l00°C for 5 minutes in 
boiling water, briefly centrifuge at room temperature and place 
tubes on ice. 
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4. Add 10 ml of Sx primer buffer and 1 ml (S units) of 
exonuciease-free Klenow, mix and incubate for 30 minutes at 37^C. 

5. Stop the reaction by adding 2 ml of stop mix to each tube and 
store at 4°C in the. dark. 

6. Add 6 ml of human competitor DNA to the fluorecently labeled 
probe DNA and precipitate with 100% ethanol and 3M sodium acetate 
(0.3 M final concentration. Store on ice for 30-60 minutes and 
centrifuge for 20 minutes at 14,000 x g. 

7. Rinse pellet with 70% ethanol and dry in a vacuum lyophilizer. 
Resuspend pellet in 30 ml of hybridization buffer, 

8. To denature and anneal the probe with human competitor DNA, 
incubate the DNA in 75°C for 15 minutes followed by 42®C for 30 
minutes. 

9. See PROTOCOL FOR CHROMOSOMAL EST SITU HYBRIDIZATION for 
further procedures. 
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APPENDIX Q 

CHROMOSOMAL IN SITU HYBRIDIZATION 

Reagents: 
Most reagents are provided by Stratagene Chromosomal In Situ 
Hybridization Kit, catalog # 200700 which includes: 

Rnase (2 mg/ml of RNase A) 

Fromamide 

20x SSC 

Hybridization buffer: 50% formamide(v/v), 10% dextran sulfate 
(v/v), 4x SSC 

Denaturation Solution: 35 ml of formamide, 5 ml of 20x SSC, 10 
ml of water 

Wash Solution I: 50 ml of formamide, 10 ml of 20x SSC, 40 ml 
of water and maitain in 45 degree C water bath (place in 3 
coplin jars) 

Wash Solution II: 0.5 ml of 20x SSC, 95.5 ml of water, and 
maintain in 60 degree C water bath (place in 3 coplin jars) 

Wash Solution III: 39.5 ml of water, 10 ml of 20x SSC, 0.5ml of 
10% tween-20 (place in single coplin jar) 

Antifade with propidium iodide (PI): 25 mg of 
triethylenediamine/ml of a 1:1 (v/v) glycerohPBS solution 200 
ng/ml of PI 

Antifade with 4,6-diamidino-2-phenylindole (DAPI): 25 mg of 
triethylenediamine/ml of a l:l(v/v) glycerol:PBS solution 20 
ng/ml of DAPI 

Human competitor DNA 



3 2 4  

10% Tween-20 

Coverslips, slides, coplin jars, ethanol and microsope are not 
provided 

Procedure: (taken from protocol written by Stratagene and modified 
by Dr. Jin-Ming Yang, Cytogenetic Oncology, Cancer Center, University 
of Arizona HSC) 
1. Collect several milliliters of human peripheral blood into a tube 
coated with sodium heparin. 

2. Transfer 0.5 ml of the human peripheral blood to a flask that 
contains 10 ml of chromosomal growth medium eith 
phytohemagglutinin to stimulate lymphocyte division. 

3. Incubate dthe flask for 72 hours and then add methotrexate to 
a final concentration 10'^M and incubate the flask for an additional 
16 hours in the dark at 37°C in order to synchronize the cells. 

4. Remove the methotrexate from the culture by collecting the 
cells by centrifugation (200 x g ) for 5 minutes and discard the 
supernatant. Resuspend the cells in fresh chromosomal medium and 
repeat this step. 

5. Recentrifuge the cells suspension and resuspend the cells once 
again in 10 ml of fresh chromosomal medium supplemented with 
thymidine at a final concentration of lO'^M to remove the mitotic 
block and begin incubatgion for 5 hours at 37®C. 

6. Arrest the cells in metaphase by adding colchicine to a final 
concentrationof 30 ng/ml and incubate at 37°C for 15 minutes. 

7. Cells are centrifuged for 5 minutes at 200 x g and the 
supernatant discarded. Gently resuspend the cells in 12 ml of 
hypotonic solution (0.075 M of potassium chloride) prewarmed to 
37®C and incubate the cells at 37°C for 30 minutes. 
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8. Centrifuge the cell suspension for 10 minutes at 200 x g to 
remove the supernatant and add 10 ml of methonal:acetic acid (3:1) 
fix while mixing gently. Incubate the cell suspenson for 25 minutes 
at room temperature. Recentrifuge and resuspend the cells in 8 ml 
of methanol:acetic acid fix. Repeat the fix process 3-6 times until the 
cell pellets turn white. The final resuspension should be done with 1 
ml of fix and subsequently diluted to give an appropriate number of 
metaphase spreads pre slide. Allow slides to air dry. 

9. After drying, add -150 ml of RNAse/SSC (100 ml of RNAse 
solution to 2 ml of 2x SSC) to slide and cover with large coverslip and 
incubate at 37®C for one hour. 

10. Set up three coplin jars containing 70%, 80%, and 100% ethanol 
solutions at room temperature with an additional coplin jar of 2x SSC. 

11. Rinse slides briefly in 2x SSC to remove coverslips and then 
dehydrate the chromosomes by immersing the slides in the 70, 80, 
and 100% ethanol series at room temperature for 2 minutes each and 
then allow to air dry. 

Denaturing and Dehydrating Chromosomes 

1. Warm denaturing solution in a coplin jar and warm to 75®C 

2. Cool 70, 80, 100% ethanol in coplin jars on ice . 

3. Warm the dehydrated, dried slides at 40-50°C on a slide 
warmer. 

4. Place slides in the warmed (75°C) denaturization solution for 3-
4 minutes. 

5. Immerse the slides immediately in the following ice-cold 
ethanol series: 2 minutes in 70% ice-cold ethanol, 2 minutes in 80% 
ice-cold ethanol, 1 minute in 100% ice-cold ethanol followed by a 1 
minute wash in 100% ethanol at room temperature. Drain slides on 
paper towels and allow to air dry. 
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Hybridizing Probe to Chromosomomes 
1. Incubate the DNA in a 75®C water bath for 10-15 minutes. 

2. Incubate the DNA in a 42®C. water bath for 10-30 minutes. 

3. Pipet the treated DNA onto a slide of denatured-dehydrated 
chromosomes that has been prewarmed to 37-42°C. 

4. Cover the slide with a small glass cover slip (no air bubbles) 

5. Seal the edges of the cover slip with rubber cement and incube 
the slide in a dark, moist chamber at 37°C for 48 hours. 

Washing Slides 

1. Remove the rubber cement and immerse the slides for 5 
minutes and agitate in each of the three foil-covered coplin jars 
containing wash solution I at 45°C. 

2. Immerse the slides for 5 minutes and agitate in each of the 
three foil-covered coplin jars containing wash solution II at 60°C. 

3. Rinse the slides briefly in wash solution III at room 
temperature. 

Mounting and Counterstaining Chromosomes 

1. Observe probes labeled with fluorescein by pipetting 25 ul of 
antifade containing PI onto the slides. 

2. Cover the slides with a large glass cover slip. Remove any 
bubbles from under the cover slip by pressing gently on the cover 
slip and by wiping the cover slipe with a cotton swab or paper tissue. 
Seal the edges of the cover slip with clear nail polish. Store slides in 
the dark at 4°C. 
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3. To view the slides, use a lOOx oil immersion objective, a 450 to 
490-nm excitation wavelength and a 520-nm emission wavelength 
filter for fluorescein. Examine chromosomal preparations under a 
Zeiss Universal microscope equipped with FITC and propidium iodide 
fluorescence filters and photograph. 
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APPENDIX R 

CALCIUM PHOSPHATE MEDIATED TRANSIENT 
TRANSFECTION OF HUMAN CHORIOCARCINOMA (JEG-3) 
CELLS 

Material/Reagents: 
250 mM calcium chloride: (3.678g CaCl2:2H20 in 100 ml water) 
and filter sterilize. Store at -20°C. 

2X HEPES-Buffered Saline: 5g HEPES, 8g NaCl, 0.37g KCl, 0.125g 
Na2HP04:2H20, Ig glucose, 425 ml water, pH to 7.05 with 
NaOH, add water to 500 ml, filter sterilize, and freeze at -20°C. 

DMEM/PS/5%FCS pH7.1 

DMEM/PS/5%FCS pH7.4 

DMSO(tissue culter grade) 

Phosphate buffered saline pH 7.4 

Transfection Procedure: 

1. Change media on 10 cm plates of cells. Add 9 ml DMEM (pH 
7.1) with 5% fetal bovine serum. 

2. Incubate at 37°C for 2-3 hours. 

3. While the cells from step 2 above incubate, prepare the calcium 
phosphate precipitates. For each plate to be transfected, use a single 
15 ml conical/sterile centrifuge tube. To each tube, add 10 ug of 
PAF receptor DNA (PBC12BI expression vector), 10 ug of CAT 
reporter plasmid (TESBginCRE(+)deltaNHSE, also known as pCRE+), 
and 0.5 ml of 2xHBS buffer. Vortex 3-5 seconds (briskly) during 
which 0.5 ml of 250 mM CaCl2 are slowly added at 1-2 drops per 
second. 
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4. Allow the precipitates to sit at room temperature for 20-30 
minutes. 

5. Add 1 ml of precipitate to a single plate of cells in a dropwise 
manner. Gently swirl the plate and place back in incubator for 4-5 
hours. During this time, the culture media should turn slightly 
cloudy and a little orange. 

6. Apirate media and to each plate add 3 ml of DMEM (pH 7.1)/5% 
FBS/10% DMSO. Leave at room temperature for 3 minutes. Aspirate 
off DMSO solution and add 10 ml of DMEM/PS/5% FBS pH 7.4. 

7. Place in incubator and harvest cells 2-3 days later. 



APPENDIX S 

DRUG DOSING OF TRANSIENTLY TRANSFECTED (PAF AND 
CAT REPORTER PLASMIDS) JEG CELLS 

Material/Reagents 

50 mM tris/BSA: 2.5 ml of 1 M tris (pH 7.2), 0.1106 g MgCl2 
(anhydrous), 1.744 g choline chloride, 0.25 g BSA, bring up in 
50 ml of water. 

WEB 2086 (mw. 456): lO'^M in 50 mM tris/BSA 

Forskolin: lO'^M in 1(X) ul of 100% ethanol (100 fold dilution 
will be made) to be added to 10 ml of DMEM 

0.5% BSA in DMEM 

C16-PAF: 10-5-5M, 10-6.5m, 10-7.5m, 10-8.5m, 10-9.5m in in 
1 ml of 50 mM tris/BSA (a 10 fold dilution will be made). 

The C-16 PAF is stored in chloroform at -20°C: the desired 
quantity and concentration was taken out and placed in a glass 
test tube, the chloroform allowed to dissipate by blowing 
nitrogen gas over it and the PAF brought back up in 1 ml of 50 
mM tris/BSA 

Procedure: 
1. Rinse each plate with serum free DMEM (no pen/strep) and add 
9 ml of serum free DMEM/0.5% BSA (if 1 ml each of web 2086 and 
PAF are to be added, then add only 8 ml of DMEM to allow for 
sufficient dillution) 

2. Add the desired drugs and incubate for 4 hours. 
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APPENDIX T 

CELL LYSIS AND [3H]CHL0RAMPHENIC0L 
ACETLY TRANSFERASE (CAT) ASSAY 

(taken from David Pepperl's dissertation, 1994) 

Material/Reagents: 

TEN: 40 mM tris pH 7.5, ImMEDTA, 150 mM NaCl 

Phosphate Buffered Saline (PBS) 

250 mM tris pH 7.5 (cold) 

Procedure: 
1. After transfection (36-48 hours) and drug incubation (4 hours), 
aspirate medium from the cells and rince each plate twice with 5 ml 
of PBS 

2. Aspirate off the PBS and add 1 ml of cold TEN, place plates in 
refridgerator and work with 1 or 2 plates at a time after this step. 

3. Scrape cells into the TEN and pipette into a microfuge tube. 
Place tubes on ice. When all plates have been scraped, spin down 
cells briefly (~1 min) in microfuge. 

4. Aspirate off TEN and resuspend cells in 200 ml cold 0.25 M tris 
solution. Resuspend by flicking tube several times. 

5. Freeze cell suspension in dry ice/ethanol bath for 5 minutes, 
then rapidly thaw at 37®C and repeat the freeze/thaw cycle 2 more 
times. 

6. After final thaw, vortex tubes for 1-2 seconds and spin down 
membranes in microfuge for 2-3 minutes. 
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7. Transfer supernatant to a fresh tube. CAT assays may be 
performed immediately or supematants can be frozen at -20°C for 
several days without losing activity. 

Material/Reagents for CAT assay 

l^H] chloramphenicol (CAM): New England Nuclear #NET-928 

5 mg/ml Butyryl Coenzyme A (Sigma #B-1508) 

2 M tris-HCL pH 8.0 (room temperature) 

10 mM tris/1 mM EDTA buffer, pH 8.0 (TE) 

Mixed xylenes (Aldrich) 

Procedure: 
1. Pre-extract chloramphenicol. Mix 20 ul [^H] CAM (1 mCi/ml), 
3.2 ml cold 100 mM C\L\ and 77 ml ethanol. Dilute to 1 ml with 
water. Divide into four-250 ml samples and to each add an 
additional 250 ml of water. To each 500 ml sample add 500 ml of 
mixed xylenes and vortex. Centrifuge samples briefly to separate 
phases. Remove the top xylene phase to liquid waste and repeat 
xylene extraction. Count 20 ml of final aqueous phase (should be 
about 150-200,000 CPM or 0.2 mCi). 

2. Prepare chloramphenicol assay mixture 50 ml/sample: 

20 ml [3h] cam (0.2 uCi) 
20 ml water 
5 ml 5mg/ml butyryl coenzyme A 
5 ml 2 M tris-HCL pH 8.0 

3. Aliquot 50 ml mixture into 1.5 ml mirocentrifuge tube, add 50 
mi cell cytosol. Mix by gently flicking tube, and incubate at 37°C for 
1 hour. 

4. Stop reaction by adding 200 ml mixed xylenes, vortex, 
centrifuge, and remove 180 ul xylenes to fresh tube. Back extract 
xylenes with 100 ml TE buffer, centrifuge, recover 160 ml xylenes. 
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transfer to another tube extract and again in a similar manner, 
recovering 140 ml xylene phase directly to a vial for scintillation 
counting. 
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APPENDIX U 

PREPARATIVE SDS-PAGE AND 
ELECTROELUTION OF INSOLUBLE PROTEIN 

Material/Reagents 

30% Acrylamide Solution: 58.4 g acrylamide (29.2 % final) 
1.6 g bisacrylamide (0.8% final) 
adjust final volume to 200 ml with 
water. 

36.3 g Tris base (1.5 M final) 
adjust volume to 200 ml with 
water and pH to 8.8 with conc. HCi. 
Cool to room temperature before 
adjusting to final volume and pH. 

12 g Tris base (0.5 M final) 
adjust Hnal volume to 200 ml with 
water. Adjust pH to 6.8 with conc. 
HCI. Cool to room temperature 
before adjusting to final volume 
and pH. 

10% Ammonium Persulfate 100 mg ammonium 
persulfate/lml water. 

Tank Buffer 6 g Tris base (25 mM final) 
28.8 g glycine (192 mM final) 
2 g SDS (0.1% final) 
adjust volume to 2 liters with 
water and pH to 8.3 

4x Separating Gel Buffer: 

4x Stacking Gel Buffer: 
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4x Loading Buffer 

Coomassie Stain 

10% SDS 

Destain I 

20% Glycerol 

9.8% Separating Gel 
(80 ml) 

4% Stacking Gel 
(20 ml) 

5 ml of 4x stacking buffer 
0.8 g of SDS 
4 ml of glycerol 
1 ml of water 
add spatula tip of bromophenol 
blue 

250 mg coomassie blue R-250 
400 ml methanol (40% final) 
70 ml glacial acetic acid (final 7%) 
add 530 ml of water. 

10 g SDS and adjust volume to 100 
mi 

500 ml methanol (50% final) 
100 ml glacial acetic acid (10% 
final) add 400 ml of water 

2(X) ml of glycerol 
800 ml water 

26 ml of 30% 
acrylamide/bisacrylamide 
20 ml of 4x separating gel 
800 Hi of 10% SDS 
32.8 ml of water 
26 p.1 of TEMED 
400 Hi of 10% APS 

12.2 ml of water 
5 ml of stacking buffer 
2.6 ml of 
acrylamide/bisacrylamide 
200 Hi of 10% SDS 
100 Hi of APS 
20 hI of TEMED 
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Procedure: (taken from JW Regan) 

1. Clamp together plates using hand lotion to grease the spacers 

2. Prepare the separating gel solution in two 50 ml conical 
centrifuge tubes, adding the APS last. Mix by inverting 5-10 times 
and pour to ~6 cM from the top of the smaller plate. 

3. Pipette 200-300 ml of n-butanol across the top of the gel and 
let polymerize at room temperature for > 1 hour (may be left for 24 
hours). 

4. Suck out butanol with 21 gauge syringe. 

5. Slide comb between plates, leaving 2 mm between the body of 
the comb and the top of the plate to allow for removal. 

6. Prepare the stacking gel solution and quickly mix and pour to 
the top of the smaller plate. 

7. Let polymerize for 60 min., remove the botttom spacer, and 
then clamp the platews into the gel apparatus. 

8. Remove the comb and add the tank buffer to the upper and 
lower reservoirs. The level in the upper reservoir should be 0.5-1 
cm over the top of the lower plate and the level in the lower 
reservoir should be above the bottom edge of the separating gel. 
Remove bubbles trapped below the bottom of the separating gel. 

9. Prepare samples by mixing 1.5 ml of 4x loading buffer and 4.5 
ml of protein solution. Rinse wells by pipetting the tank buffer in 
and out of the wells using a P-200 pipette. Load the samples and 
mark the level of the buffer in the top reservoir to check for leaking. 

10. Set voltage and current at max and run gel overnight at 10-15 
milliamps. 

11. Unclamp plates from the gel apparatus and using a spatula, 
remove the spacers and separate plates. 
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12. Cut off ~1 cm vertical strips of gel containing sample protein on 
both sides of the gel and transfer the 1 cm x 15 cm strips gel to the 
staining buffer and stain for ~ 1 hour. 

13. Soak the main gel in 10% acetic acid (No Staining !!) for 1 hour. 

14. After rinsing the two gel strips in water, soak both the strips 
and main gel in 20% glycerol to expand the gel and realign the 
strips and main gel to determine where the desired protein band is 
located. 

15. Cut out the desired band from the main gel using a straight 
edge and razor blade. Cut the strip of gel containing the protein 
into equal 6 or 12 sections and proceed to cut each section into tiny 
pieces for electroelution. 

ELECTROELUTION OF INSOLUBLE PROTEIN 

Material/Reagents: 

Electroelution buffer: 355 ml of b-mercaptol ethanol 
3 g of Tris base 
14.4 g of glycine 
1 g of SDS 
adjust to 1 liter with water 

Electroelution unit with buffer chamber and lid (Bio-rad) model 
422 

12 Frits (porous polypropylene) 

Glass tubes, silicone adapters, grommets and stoppers 

Dialysis membrane caps (if new, heat in buffer for 1 hour) 
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Procedure: 

1. Degas frits to eliminate bubbles by placing frits (disks) in 
electroelution buffer and degas under vacuum for IS minutes. 

2. Place one degased frits in the bottom of each frosted glass 
column while both are submerged under buffer solution and place 
into the electroeluter module. 

3. Put dialysis pre-wetted membrane cap in the bottom of each 
silicone adaptor and fill the adaptor with elution buffer. Pipet the 
buffer up and down to remove any bubbles around the membrane, 
slide the silicone adaptor with the membrane cap onto the bottom of 
the frosted glass tube with a frit. Do the same for as many 
membrane caps as needed and fill each glass tube with buffer 

4. Place entire electroeluter module in buffer tank with buffer 
and load the minced gel pieces into each column containing the 
frit/dialysis membrane caps. 

5. Pack the gel pieces with a wooden stick and ensure buffer is in 
both upper and lower reservoir. 

6. Use a stir bar to ensure propper mixing of buffer in lower 
reservoir and to prevent bubbles from collecting on the membrane 
cap. Run electroelution at 60 miliamps in cold room and change 
buffer at the end of 6 hours and repeat electroelution for an 
additional 6 hours. 

7. Suck out protein solution from above the dialysis membrane 
with a glass pipette, concentrate and change buffer if necessary. Run 
in a SDS-PAGE gel to determine size, purity and amount. 
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APPENDIX V 

PROTOCOL FOR CHICKEN ANTIBODY (IgY) 
ISOLATION 

Material/Reagents 

Polyethylene glycol (PEG 8000) 

Phosphate stock buffer (200 nM): 10.76 g monobasic 
sodium phosphate 

17.32 g dibasic sodium 
ph osphate 

adjust volume to 1 liter and 
pH 7.5 

Working phosphate buffer: dilute stock buffer 1:20 and add 
NaCl to 0.1 M and sodium azide to 
0.01%. 

Protocol: 

1. Collect the yolks (no whites) or 10-12 eggs and measure the 
volume in a graduaterd cylinder. Add four vol. of buffer and stir 
slowly to mix the yolk and break the yolk membranes prior to 
adding PEG. 

2. Add 0.175 x the pooled yolk volume (in ml), in grams of PEG 
and stir slowly for 5 min. 

3. Centrifuge, using a JA-14 rotor for 20 min. at 6000 rpm at 4®C. 
Save the supernatant, discard the yellow pellet and centrifuge the 
supernatant in fresh containers as before. 
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4. Filter the supernatant using 0.45 micron filters with suction. 
Measure the filtrate and add 0.085 x this volume (mi) in grams of 
PEG to filtrate while stiring slowly for 10 min. Repeat the 
centrifugation as before. 

5. Discard the supernatant and resuspend the white pellet in 2.5 x 
the original yolk volume, in working phosphate buffer. Sonication 
and swirling by hand is necesary. 

6. Add 0.12 X phosphate buffer volume in 5 above of PEG while 
stiring slowly for 10 minutes. Repeat the centrifugation as before. 

7. Resuspend the pellet in the original yolk volume by sonication 
and swirling by hand. Refrigerate the IgY which should be remain 
good for at least 6 months. 
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APPENDIX W 

ANTIGEN IMMOBILIZATION FOR ANTIBODY 
PURIFICATION 

Material/Reagents 

Disposable polypropylene columns (5 ml) 

AminoLink gel (Pierce) 

Sodium cyanoborohydride (aminolink reductant) 

Aminolink coupling buffer: 0.1 M phosphate buffer, dibasic, 
with 0.05% sodium azide 

Aminolink quenching buffer: 1 M Tris-HCl, pH 7.4 

Aminolink wash solution: 1 M NaCl solution 

Procedure: 

1. For the immobilization reaction to occur, all unwanted primary 
amines (tris base) must be eliminated. Therefore, the purified 
protein obtained via glutathione-beaded agarose columns must have 
its buffer changed to remove all tris base. The ideal buffer should be 
a 0.1 M phosphate buffer (pH 7.4) and dialyzing the buffer is the 
method of choice. 

2. Add 0.5 ml of 0.01 N NaOH to 32 mg of reducing agent per the 
number of columns of protein to be immobilized. Wait one hour 
prior to using. 

3. After resuspending the Aminolink gel by gently shaking, place 
1-2 ml of of gel in 5 ml disposable column and wash with 10 ml of 
coupling buffer. 
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4. Apply 2 ml of protein solution to equilibrated column and add 
0.2 ml of reducing agent, replace all caps, and gently invert until gel 
is resuspended. Mix, end over end, for 2 hours at room temperature. 

5. After 2 hours, stop mixing and allow the reaction to continue at 
room temperature for more 4 hours. 

6. Remove the bottom cap and allow effluent to drip (it may be 
collected to determine the coupling efficiency). Wash gel with 4 ml 
of coupling buffer, followed by 4 ml of quenching buffer to 
equilibrate the column. 

7. Add 2 ml of quenching buffer and 0.2 ml of reducing agent, 
resuspend and mix as before for 0.5 hours. 

8. Wash gel with 20 ml of wash solution and gel is ready to use. 

9. Coupling efficiency may be estimated by comparing 20 ml 
protein solution prior to adding it to the column and 20 ml of 
effluent collected after coupling procedure. 

10. Protein-coupled aminolink gel can be stored with 0.05% PBS. 
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APPENDIX X 

Fixation of Cells for Immunofluorescence 
Microscopy 

Material/Reagents: 

Antibody buffer for 
diluting antibodies: 10 ml of 20x SSC (pH 7.4) 

2 ml of goat serum 
1 g BSA 
50 ml Triton X-100 
0.02 g of sodium azide 
adjust volume to 100 ml with 
water 

Antibody wash: 50 ml of 20 X SSC 
250 ml of Triton X-100 
adjust volume to 500 ml with 
water 

Glycine buffer for quench
ing paraformaldehyde: 

Paraformaldehyde 
fixing 

for 

3.75 g of glycine in 500 ml of 
water (pH to 7.4) 

4 g of paraformaldehyde in 100 
ml of PBS, heat to 65°C while 
stiring for 5 minutes. Add one 
drop of NaOH to clarify and filter 
through Whatman #1 filter paper. 
Allow time to cool. 

p-phenylene diamine 18 ml of glycerol 
solution for mounting: 20 mg of p-phenylene diamine 

4 mg of sodium azide 
2 ml of 10 X PBS 
stir and adjust volume to 20 ml in 
the dark (p-phenylene is light 
sensitive) Aliquot in small 
volumes and store at -70°C 
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0.1% Triton X-100 for 
permeabilizing: 100 ml of Triton X-100 

Adjust volume to 100 ml of 2 x 
SSC 

Procedure: 

1. After cells have grown on cover slips for approximately 2-3 
days after transfection, place coverslips in ceramic holder and dip 
ceramic holder in beaker of 4% paraformaldehyde for IS minutes 
being certain that coverslips are completely covered. 

2. Transfer cell holder with coverslips to another beaker of 
glycine buffer for paraformaldehyde quenching for 5 minutes. 
Repeat this step with fresh glycine buffer. 

3. Transfer cell holder to beaker of 0.1% Trition solution for 
permeabilization of cells for 15 minutes. 

4. Cut parafilm to fit in the bottom of a large culture dish and be 
sure it lies flat. Dispense antibodies onto parafilm (40-50 ul) for 
each coverslip. Blot the edge of each coverslip to rid excess liquid 
and place coverslip cell side down on the parafilm. Be certain that no 
bubbles exist in the antibody solution under the coverslip. Incubate 
with the chamber covered for 45-60 minutes. 

5. Remove the coverslips from the parafilm and place each one 
into one well of a well culture plate (cell side up). Gently pipette 3 
ml of antibody wash solution into each well and incubate for 5 
minutes. Vacuum off the wash solution and repeat washing steps 2 
additional times. 

6. On a fresh piece of parafilm, dispense 40 ul of secondary 
antibody (fluorescein-conjugated rabbit anti-chicken IgY, Pierce) 
after diluting secondary antibody 1:100 with antibody dilution 
buffer. Place coverslip onto secondary antibody solution on parafilm 
(cell side down) and incubate for 45-60 minutes. Fluorescein is 
light sensitve so incubation should be done in the dark. 
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7. Wash coverslips as before in step 5 above. Again, be certain to 
incubate the coverslips in the dark. 

8. Pipet 7 ul of p-phenylene diamine onto the microscope slide 
and place coverslip (after blotting away additional liquid) cell side 
down onto the p-phenylene diamine. A kimwipe may be used to 
remove excess liquid, then seal with clear nail polish the circular 
edge of the coverslip on the slide. Allow time to dry (in the dark) 
and then view slide with a miroscope. 
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