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ABSTRACT 

The three ai-adrenergic receptors (a2-ARs) were studied in both recombinant and 

endogenous systems. It was my general hypothesis that the three a2-adrenergic receptor 

(AR) subtypes exhibit differential tissue and subcellular localization and couple to 

physiological pathways to directly elicit functional responses. It was our hope, that in 

identifying differences between the ai-ARs we may elucidate their physiological roles 

and provide a potential means for the rational development of therapeutic drugs or 

models of such pathologies as atherosclerosis, hypertension and glaucoma. Subtype 

selective antibodies have been generated and these have provided a tool with which to 

smdy the receptors on a molecular and cellular level. Utilizing a number of biochemical, 

pharmacological, molecular and cellular techniques, I have identified differences between 

the three receptors with respect to the tissues in which they are expressed, the subcellular 

domains in which they localize and their patterns of sequestration and down-regulation. 

In addition, I have demonstrated the expression and co-localization of the aa-ARs in a 

variety of native tissues, and a number of functional responses these receptors mediate. 

These functional responses may have ramifications relevant to tissue healing mechanisms 

as well as may play a role in a niunber of pathologies. 

s 
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CHAPTER 1 

Introduction, Hypothesis and Aims 

1.1 SYMPATHETIC NERVOUS SYSTEM 

Norepinephrine and epinephrine (also known as noradrenaline and adrenaline) are the 

chemical messengers that mediate the "fight or flight" responses of the peripheral, 

autonomic nervous system. These responses are known as sympathetic and are 

contrasted to the parasympathetic or "rest and digest" responses typically mediated by the 

neurotransmitter acetylcholine. The sympathetic responses include: dilation of the pupil, 

increased saliva viscosity, increased respiration and heart rate, constriction of large 

vessels (arteries and veins) with a concomitant dilation of selective small vessels 

(arterioles, capillaries and venules of skeletal and cardiac muscle), inhibition of insulin 

secretion and a decrease in digestive and renal functions. As the release of these 

chemicals mediates such a diverse number of responses, all intended to better enable an 

animal to deal with a stressful situation, it is not surprising that they are driven by a 

number of diverse stimuli (from physical activity to psychological stress, to excessive 

blood loss). 

The endogenous catecholamines are metabolites of tyrosine and include 

dopamine, epinephrine and norepinephrine (the "nor" indicating it is less one methyl 

group; Figure 1.1). In the peripheral nervous system, norepinephrine is the primary 

transmitter modulating the sympathetic nervous system responses at post-ganglionic 

effector organ junctions, while epinephrine acts as a hormone released into systemic 
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circulation by the adrenal medulla (hence the original derivation of the name adrenaline). 

In the C!NS, norepinephrine has been identified as playing a role in sedation, and the 

modulation of pain and affective state. 

Figure 1.1 - Nervous system hierarchy. 
Nervous system 

Central (CNS) Peripheral (PNS) 

i 
Brainstem & Spinal cord 

Autonomic Somatic Enteric 

Sympathetic 

OH 

HO-^^-CHCHjN^ 

HO Noradrenaline H 
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,H 

,H OH 

CHCHiN^ 

HO Adrenaline 
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The actions of these biogenic amines (norepinephrine and epinephrine) are 

mediated by binding to adrenergic receptors (ARs) which have been defined based on 

pharmacological and molecular studies. These receptors are broken down into three 

types, tti-, o-z- and p-ARs, and these types are further broken down into subtypes; aiA, 

ttiB, ttiD, a.2A, a2B, a2c, Pi, P2 and P3. The ARs are able to mediate a wide, often 

divergent, variety of physiologic functions due to the differences inherent in molecular 

structure, their distinctive tissue expression, and concomitant pharmacological properties. 

It is often the hope of research in the adrenergic field, to identify and exploit these 

differences (by producing selective agonists and antagonists, by targeting specific organs, 

etc.) in order to better treat pathologies resulting from disorders of the adrenergic system. 

Such pathologies include hypertension (7,29,48,53), affective disorders (55), scleroderma 

(87), asthma, nasal congestion, glaucoma, and many more (29). Because specific 

modulation of the ARs has a large pharmacological potential and because a better 

understanding of the diverse nature of this system will lead to a greater understanding of 

human physiology, a large amount of characterization has gone into the study of these 

receptors. 

As a result of the intense interest in the AR field, primarily with respect to 

potential contributions to therapeutics, a lot of information has been gained regarding 

their molecular and cellular attributes. These receptors are members of the superfamily 

of integral membrane G protein-coupled receptors, characterized by their distinct seven 

transmembrane spanning alpha-helical domains, connected by three intracellular and 

three extracellular loops, and their ability to activate members of the hetero-trimeric G 

i 
1 
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protein family following the binding of an agonist to the receptor. Upon binding to an 

agonist, a conformational change takes place leading to the exchange of GTP for GDP on 

the G protein a-subimit and the dissociation of the G protein a and Py subunits from the 

receptor and from each other. There are also subtypes of G proteins and both the a-GTP 

and Py subunits, once released, activate and/or inhibit intracellular effector enzymes such 

as adenylyl cyclase, tyrosine kinases, phospholipase Cp, ion channels and many more 

(86). Hence, an extracellular signal is "transduced" into an intracellular response. The 

nature of the response, is therefore, very dynamic and a frmction of which receptor 

subtype is activated, which G protein subtypes the receptor couples to and what 

intracellular machinery is present (86). Table I illustrates the presently cloned ARs, the 

tissues in which they are known to mediate specific actions, the G protein they are 

traditionally known to couple to and a few of their conventionally identifying ligands. 

1.2 a2-ADRENERGIC RECEPTORS 

While it is understood that the adrenergic receptor types mediate a wide variety of 

physiological fimctions by way of a number of diverse pathways, it is still dogmatically 

accepted and taught that the a2-ARs are auto- or hetero-receptors. That is, they are 

primarily responsible for modulating the release of norepinephrine and acetylcholine 

from vesicular stores in the presynaptic nerve terminal by inhibiting adenylyl cyclase and 

desensitizing the machinery necessary for vesicular transmission or by hyperpolarizing 

the presynaptic cell (Figure 1.2). This was in fact the way the ai-ARs were originally 

distinguished from ai-ARs. That is, one concentration of the a antagonist. 
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Table 1 

AR Tissue Subtype / 
type Localization Chromosome* G protein Agonists* Antagonists* 

ai VSM, GUSM, ISM OCIA/ 8 G, Met, Phe Pra. 5-MU 
Liver, Heart t t i e /  5  Go Met. Phe Pra, WB4101 

(XtD / 20 Ga Met, Phe Pra 

"2 Platelets (oza). VSM, Ct2A / 10 Gi/Go, Gs' Dex>Oxy*>pAC Rw=Yo»Pra 
Pancreatic p cells. 0t2B / 2 Gj/Go, Gs* Dex>pAC»Oxy'' Rw>Pra>Yo 
Nerve terminals, CNS (X2C / 4 Gi' Dex>Oxy*=pAC Rw>Yo>Pra 

3i Heart kidney N/A G, lso>Epi=NE, Dob Metoprolol 

P2 VSM, BSM, GUSM, ISM N/A G, lso>Epi»NE, Ter ICI 118551 

P3 Adipose tissue N/A G, lso=NE>Epi. BRL CGP20712A 

Abbreviations are: VSM, vascular smooth muscle; GUSM, genitourinary smooth muscle; ISM, intestinal smooth 

muscle; CNS, central nervous system; BSM, bronchiolar smooth muscle; Met, methoxamine; Phe, 

phenylephrine; Dex, dexmedetomidine; Oxy, oxymetazoline; pAC, p-aminodonidine; 5-MU, 5-methylurapidil; 
RW, rauwoisdne; Yo, yohimbine; Pra, prazosin; Iso. isoproterenol; Epi, epinephrine; NE, norepinephrine; 

Dob, dobutamine; Ter, terbutaline; BRL, BRL 37344. 

* The rank order of potency of the ligands has been indicated for the ar-AR agonists and antagonists and the p-

AR agonists based on (29,65). 

# In Vitro, the ajA-AR has been shown to respond to low concentration of agonist with an inhibition of cAMP 

production, while higher concentrations result in a stimulated cAMP production. The ajs-AR has been shown 
to have a stimulatory effect on cAMP production. In addition, there is evidence that the ai-AR subtypes may 

mediate a number of responses through the G protein Py subunit complex. 
+ Oxymetazoline is a partial agonist at the arARs. 
t Chromosome locations are for the human receptor clones when available. 



Figure 1.2 - Classical auto-receptor model of a7-adrenergic receptors. ai-ARs 
are present on the pre-synaptic nerve terminal. When stimulated, these 
receptors hyperpolarize the nerve terminal inhibiting the further release of 
transmitter and hence, decreasing the effect at the postsynaptic effector organ. 

Wch-CHi-N' 

Norepinephrine 

Eniector Organ 

Presynaptic Nerve 

Re-uptake 
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phenoxybenzamine, either reversed the pre-synaptic inhibition of norepinephrine release 

(defined as an aa response) or another concentration inhibited the post-synaptic response 

(defined as an at response). With the increasing popularity of molecular biology, more 

evidence is surfacing to indicate that the az-ARs are expressed in a number of tissues 

distinct from preganglionic neurons (31,32,39,51,57,68). It is unclear, however, the 

relevance of having three receptor subtypes that behave similarly; namely, by inhibiting 

the production of the second messenger cyclic adenosine mono-phosphate (cAMP) with 

relatively similar affinities for norepinephrine and epinephrine (65). 

In order to identify and exploit potential differences between ai-AR subtypes, 

research has been focused on the tissue distribution and physioiogical effects mediated by 

different subtypes as well as differences in subtype subcellular distribution, in receptor 

desensitization and down-regulation, and in the signal transduction pathways the 

receptors mediate. Due to the limited availability of subtype selective ligands, it is often a 

difficult task to identify or distinguish between receptor subtypes in native tissues. For 

this reason, research has leaned toward the use of molecular biological tools to study the 

receptors exogenously expressed in isolated systems, or endogenously expressed in 

native tissues. Table 2 lists a niunber of az-AR agonists and antagonists and their 

subtype affinities. 

The ttzA-AR was the first of the a2-ARs cloned, and was isolated from a human 

genomic DNA library. The cloning method used was plaque hybridization with 

degenerate oligonucleotide probes, synthesized based on the amino acid sequence of a 
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Table 2 

KdTi Values for az-adrenoceptors (nM): 

Aeonist ajA a2B ttiC 
Clonidine 9.5 (8.9-102) 35(31-40) 95 (87-103) 
Dexmedetomidine 0.55 (0.44-0.65) 0.83 (0.52-1.14) 4.6 (3.8-5.4) 
Norepinephrine (49,65) 2400-3677 1265-1300 240-605 
(-)-Epinephrine (49,65) 1000-1671 1800 170-318 
Oxymetazoline (10,49) 5.6(± I.9)/I32 350(±9l)/I506 72(±23)/125 
UK 14,304 (13) 670 
p-aminoclonidine (49) 31 120 97 

Antaeonists aiA azB ttiC 
Atipamezole 1.8(1.5-22) 0.6 (0.5-0.7) 
Chlorpromazine 50 (7-94) 
Prazosin (49,65) 1800-2237 41-67.7 152(27-293) 
Rauwolscine (10,39) 3.7 (±1.6) 1.2 (±0.5) 0.18 (±0.03) 
SKF 104,078 (65) 86 100 132(33-183) 
Yohimbine (39) 2.5 81 (75-86) 3.4 (32-3.6) 
Oxymetazoline (41,65) 11 610-1500 62 
Corynanthine (49) 1188 1002 182 
Phentolamtne (49) 62 92 14.4 
WB4101 (49) 47 132 13 

I 
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partially purified ai-AR from human platelets (39). The ajC-AR was the second 

receptor to be cloned, this time from a human kidney cDNA library; while the aiB-AR 

was the last subtype cloned (from a human genomic library); both by way of homology 

screening based on the a2A-AR or both the A and the C gene sequences respectively 

(49,66). These genes were mapped to three distinct chromosomal locations with the a^A 

on human chromosome 10, the aiB on chromosome 2 and the C on chromosome 4. 

The molecular cloning of the three aa-AR subtypes fostered the ability to study 

these receptors in isolated systems allowing for meticulous pharmacological analysis. 

Over the last ten years there has been an explosion of information regarding all aspects of 

the tti-ARs. The number of physiological functions that these receptors mediate has 

grown steadily and many of these fimctions are discussed below. In addition, the a2-ARs 

have been identified as playing a part in a variety of pathological conditions, such as 

hypertension (7,29,47,48,50), affective disorders (14), attention deficit disorder (4) and 

psychosis (38). 

The fact that the azA- and aaC-ARs were isolated from the platelet and kidney 

respectively, implicates their potential for mediating physiological functions in these 

tissues. It does not however, preclude the possibility of receptor co-expression. The az-

ARs elicit dense granule release from platelets as well as effecting platelet aggregation 

(44), and the release of EDRP (endothelial derived relaxing factor; most likely NO) from 

the endothelium (6,64). Typically however, the ai-ARs have an inhibitory effect on 

secretion (45). Additionally, the aaA-AR in the kidney nephron enhances the activity of 

3 
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the Na^/H^-counterport, promoting the reabsorption of Na^ in the proximal tubule (37). 

The a2B-AR has been shown to be present in the rat lung (58,68). The ai-ARs have also 

been found in a number of places in the brain (85), where they mediate conscious states, 

affect and a number of homeostatic fimctions. Finally, the a2-ARs have been found 

expressed in the liver and the adipose tissues (8) where they play a role in the regulation 

of energy mobilization, and metabolism (29,45,52). 

Two papers published together in Science by MacMillan et ai, and Link et ai, 

illustrated the involvement of the ai-ARs in the regulation of blood pressure, indicating 

that activation of the a2A-AR leads to a hypotensive response (they conclude being a 

central response of the medulla but is most likely also a function of the release of NO 

from the vascular endothelium in response to aiA-AR stimulation) (47,50). The aiB-AR 

on the other hand, elicits a hypertensive response via constriction of arterial smooth 

muscle (47). In the pancreatic P cells, a2-ARs inhibit the release of insulin, leading to an 

elevation of circulating glucose (29). 

The a2-ARs typically couple to Gi (G inhibitory) G proteins and the inhibition of 

adenylyl cyclase (29,52). This pathway (the Gj/o pathway) is sensitive to the Bordatella 

pertussis bacteria released pertussis toxin (PTX), which ADP ribosylates the Ga subunit 

preventing its re-association with the receptor. These receptors typically have little effect 

on the basal cAMP levels within a cell, however, they prevent the stimulation of cAMP 

by Gs (G stimulatory) coupled-receptors or by forskolin. In both native tissues and in 

recombinant systems, the a2-ARs have been shown to inhibit forskolin and Gs coupled-

receptor stimulated cAMP accumulation. It has also been shown that the a2-ARs may 

i 
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differentially activate Gi and consequently inhibit adenylyl cyclase with differing 

efficiencies and in some cases in a biphasic manner (35,61). It should also be noted that 

a number of groups have shown that the aa-ARs are able to interact with multiple G 

proteins (13,52). 

A number of groups have recently shown that the ai-ARs display differential 

subcellular localization as well. Work in Dr. Lee Limbird's laboratory has demonstrated 

that the ai-ARs both differentially localize and are differentially retained on either the 

apical or basolateral faces of polarized kidney cells (36,37,72,89). It has also been shown 

by Eason, et ai, Wozniak et ai, and Daunt et ai, that the aa-ARs may be differentially 

targeted to, or retained within, subcellular domains under both basal and agonist 

stimulated conditions (15,19,20,89). The idea that a G protein-coupled receptor may be 

retained within the cell in the nuclear, perinuclear, or cytoplasmic space was novel, 

however, not unique to the a2-ARs; the cholecystokinin A receptor displayed an 

intracellularly localized population depending upon which cell type they were expressed 

in (79). 

As described above, the a2-ARs also undergo differential desensitization, 

sequestration and down-regulation. Desensitization is a decrease in measured response 

following repeated exposure to agonist. It is important in that it plays a significant role in 

tolerance of therapeutic drugs (leading to the need to take greater and greater doses to 

maintain a therapeutic effect) and in drug addiction. Sequestration is the internalization 

of the receptor to cytoplasmic vesicular compartments. This typically occurs following 

the administration of an agonist and may be tightly associated with desensitization. 

i 
9 
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Down-regulation is simply a decrease in receptor number and may result from the 

targeting of sequestered receptors to lysozomes for degradation, by a decreased 

transcription of receptor message or enhanced mRNA degradation. The current models 

of receptor cycling are illixstrated in Figure 1.3. 

I 



Figure U - Schematic representation of receptor cycling. 
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In a clinical sense, ai-adrenergic receptor agonists are given for the treatment of 

systemic hypertension. The finding that the agonist clonidine had an antihypertensive 

effect was initially surprising in light of the fact that the az-ARs seemed to help mediate 

vasoconstriction. In fact, it was initially used as a nasal decongestant (29). The 

vasodilatory effects of aui agonists stems from theu* stimulation of aiA-ARs located 

centrally in the medulla, where they activate the vagal nerve and suppress sympathetic 

outflow, as well as in the peripheral vascular endothelial cells, where they stimulate the 

release of nitric oxide. Unfortunately, clonidine has some adverse side-effects, namely, 

sedation and bradycardia and in addition cause dry mouth in about 50% of patients. If 

given intravenously, clonidine will cause a significant rise in blood pressiu'e via its 

actions at the ai-adrenergic receptors in arterial smooth muscle. This response is 

transient however, and followed by a net hypotensive response that is longer lasting. The 

initial hypertensive response is avoided by the oral administration of clonidine (29,50). 

1.3 GENERAL HYPOTHESIS AND AIMS 

It is my general hypothesis that the three human a2-adrenergic receptor (AR) 

subtypes exhibit differential tissue and subcellular localization and couple to divergent 

physiological pathways. It is my hope that in identifying differences between the ai-ARs 

we may elucidate their physiological roles and provide a potential means for the rational 

development of therapeutic drugs or models of such pathologies as atherosclerosis, 

hypertension and glaucoma. My first specific aim was therefore, to identify differences 

between the receptors on a molecular level. This work is presented in chapter two, and 
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was accomplished by comparing the peptide and DNA sequence of the three aa-AR 

subtypes and predicting what sequence regions may contribute to differences in receptor 

coupling. By performing chimeric mutagenesis it is possible to swap functions attributed 

to one receptor subtype, to another receptor subtype, thus identifying important 

fimctional regions. Site-directed mutagenesis can then be employed to narrow down the 

peptide region to the amino acid residue or residues responsible for receptor-function 

coupling or fimctional differences between the receptors. Chimeric mutagenesis of the 

aaB- and aaC-AR subtype carboxyl-termini was done to identify potential differences in 

the receptors' abilities to couple to adenylyl cyclase as well as in their ligand binding 

profile. 

My second specific aim and hypothesis, presented in chapter three, was with 

respect to identifying differences in receptor trafficking. It was my hypothesis that the 

three az-AR subtypes would differ in their capacity to sequester, in the degree to which 

they down-regulate or in their subcellular localization. In order to study receptor 

localization, a number of techniques were applied. A whole cell binding technique was 

utilized taking advantage of the differences in ligand lipophillicity to discriminate 

between membrane localized and intracellular binding sites. In addition, antibodies were 

generated against extracellular epitopes and used in immunofluorescent microscopy to 

visualize potential differences in receptor trafficking under both basal and agonist 

stimulated conditions. Much of the data presented in this chapter was presented at an a2-

AR symposium in Nashville, TN in October of 1995 and was published in a book chapter 

in Adrenergic Receptors (69). 

I 
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In chapters four and five I discuss my third hypothesis which is that the ai-ARs 

are present and mediate physiological functions within the arterial smooth muscle of the 

rat. My goal was to study the a2-ARs in an endogenous system. It was my third specific 

aim to identify which a2-AR subtype(s) is present in the medial smooth muscle of the 

aorta and to examine the ability of the Oi receptor-selective agonist dexmedetomidine, to 

elicit functional responses relevant to vascular maintenance and healing, or to pathologies 

such as atherosclerosis, restenosis or hypertension. The identification of the ai-AR 

subtypes present in the aortic smooth muscle cells (the topic of chapter four) was 

accomplished using the subtype-selective antibodies characterized in chapter three, as 

well as by using reverse-transcribed polymerase chain reactions (RT-PCR) to identify 

potential ai-AR messenger RNA. To identify functional responses mediated by the az 

receptors in the aortic smooth muscle, I performed MAP kinase assays, proliferation 

assays and migration assays. These results also lead me to look at changes in the 

cytoskeleton, namely the extent of f-actin polymerization. The results of the experiments 

described in chapter four resulted in the publication of a manuscript entitled ott-

Adrenergic Receptors Increase Cell Migration and Decrease f-Actin Labeling in Rat 

Aortic Smooth Muscle Cells. 

Chapter five examines the presence of and effects mediated by the a2-ARs in 

ocular tissues, specifically the cornea. My rationale for studying the eye was two-fold; 

first, I wanted to understand what regions and roles the ai-ARs may play in the eye; 

second, I hoped to show that the effects mediated by the a2-ARs in the vascular smooth 

muscle cells could be extrapolated to other tissues and was not unique to the rat aortic 

I 
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smooth muscle cells. Immunofluorescent labeling of human eye cryo-sections and 

cultured human corneal epithelial cells (HCECs) was used again to identify the presence 

of the a2-ARs in different tissue regions of the eye. In addition, a number of fimctional 

assays were performed, similar to those outlined in chapter 5. 

Chapter six summarizes the underlying findings of this dissertation project and 

identifies current on-going projects underway by our laboratory as well as others. It also 

discusses potential future studies and directions that may help in our better understanding 

of human physiology and pathology. Understanding the molecular and cellular functions 

of the a2-ARs will help to illuminate better treatments and preventions to enhance the 

quality and length of life. The protocols utilized throughout this dissertation are 

described in the chapter's "materials and methods" sections and have been included as 

generic protocols in appendix A. 
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CHAPTER 2 

Functional az-Adrenergic Receptor Carboxyl Terminus Differences 

2.1 INTRODUCTION 

In order to exploit differences between the three ai-AR subtypes a rigorous 

comparison of their primary DNA and corresponding peptide sequences was performed. 

As can be seen in Figure 2.1 there are a number of differences among the az-adrenergic 

Figure 2.1 - Alignment of the human a?-adrenergic receptor subtypes. The a^-AR 
peptide sequences are aligned for optimal fit a2A (top), a^B (middle), a^C (bonom). Stars indicate 
homology and the underlined regions are predicted transmembrane domains. 

MGS—LQPDAGNASWNGTEAPGGGARA TPYSLQVTLTLVCLAGLLMLLTVFGNVLVIIA 
MDHQ DPYSVQATAAIAAAITFLILFTIFGNALVILA 

MASPALAAALAVAAAAGPNASGAGERGSGGVANASGASWGPPRGQYSAGAVAGLAAWGFLIVFTWGNVLWIA 

VFTSRALKAPQNLFLVSLASADILVATLVIPFSLANEVMGYWYFGKTWCEIYLALDVXFCTSSIVHLCAISLDRY 
VLTSRSLRAPQNLFLVSLAAADILVATLIIPFSLANELLGYWYFRRTWCEVYLALDVLFCTSSIVHLCAISLDRY 
VLTSRALRAPQNLFLVSLASADILVATLVMPFSLANELMAYWYFGQVWCGVYLALDVLFCTSSIVHLCAISLDRY 

WSITQAIEYNLKRTPRRIBCAIIITCWVISAVISFPPLISIEBOCGGGGGPQPAEPRCEINDQBCWYVISSCIGSFFA 
WAVSRALEYNSKRTPRRIKCIILTVWLIAAVISLPPLI-YKGDQGPQPR-GRPQCKLNQEAWYILASSIGSFFA 
WSVTQAVEYNLKRTPRRVKATIVAVWLISAVISFPPLVSLYRQPDGA AYPQCGLNDETWYILSSCIGSFFA 
« * ^-k-k *•* + ***• * «• # * «•*•** *•** * * * • ** * «***«* 

PCLIMILVYVRIYQIAKRRTRVPPSRRGPDAVAAPPGGTERRPNGLGPERSAGPGGAEAEPLPTQLNGAPGEPAP 
PCLIMILVYLRIYLIAKRSNRRGPRAKGGPGQGESKQPRPDHGGALASABCLPALASVASAREVNGHSKSTGEKEE 
PCLIMGLVYARIYRVAKRRTRTLSEKRAPVG PDGASPTTENGLGAAAGEARTGTARPRPPTWSRTRAAQRPR 

AGPRD TDAL DLEESSSSDHAE RPPGPRRPERGPRGKGKARASQVKPGDSLRGAGRGRRGSGR 
GETPEDTGTRALPPSWAALPNSGQGQBCEGVCGASPEDEAEEEEEEEEEEEECEPQAVPVSPASACSPPLQQPQGS 
GGAPG PLRRGGR-RRAG AEGGAGGADGQGAGPGAAQSGALTASRSPGPGGRLSRASSR 

RL Q GRGRSASGLPRRRAGAGGQNLEKRFTFVLAWIGVFvA/CWFPFFFTYTLTAV GCSVPRTL 
RVLATLRGQVLLGRGVGAIGGQWWRRRAHV-TREKRFTFVLAWIGVFVLCWFPFFFSYSLGAICPECHCKVPHGL 
SV EFFLSRRRRARSSVCRRKVAQA—REKRFTFVLAWMGVFVLCWFPFFFIYSLYGICREACQVPGPL 

FKFFFWFGYCNSSLNPVIYTIFNHDFRRAFKKILCRGDRKRIV-
FQFFFWIGYCNSSLNPVIYTIFNQDFRRAFRRILCRPWTQTAW-
FKFFFWIGYCNSSLNPVIYTVFNQDFRPSFKHILFRRRRRGFRQ 
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receptor sequences. The predicted transmembrane domains (underlined in Figure 2.1) 

display the highest degree of homology, while the areas predicted to be intra- or 

extracellular are relatively divergent. There are a number of differences worth 

mentioning. While the OzA and C receptors each have two potential N-linked 

glycosylation sites (the consensus sequence for which is N-X-T/S) located in their amino-

termini, the aaB subtype has a very small amino-terminus and no asparagines. It is also 

apparent that there is a great deal of variation within the third intracellular loop of the aj-

ARs. Finally, the intracellular, carboxyl-terminus of the receptors has cysteine in the 02. 

A and ajB but not the aaC receptor subtypes. This cysteine is predicted to be post-

translationally modified by the thioester addition of a palmitic acid (CH3(CH2)i4COOH). 

The palmitylated receptors are then expected to be anchored to the cell's plasma 

membrane and may potentially be used as a targeting and/or retention signal. 

Recently, some flmctional differences have been identified between the a2-AR 

subtypes, in vivo and in vitro, that implicate the carboxyl-terminus as being potentially 

important. For example, a number of groups have found that the a2C-AR does not 

appear to undergo sequestration and is often found localized within intracellular 

compartments imder basal conditions (15,19,20,89). The 02A and B receptors on the 

other hand, localize diffusely on the plasma membrane and sequester or down-regulate 

upon exposure to agonist. Yang et ai, showed that the M3 muscarinic acetylcholine 

receptor internalized upon agonist exposure and that this internalization was dependant 

upon the presence of three threonine residues in the carboxyl-terminus (90). A similar 

phenomena is seen for the |3-adrenergic receptors and internalization appears to be a 
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functioa of receptor phosphorylation on both serine and threonine residues in the third 

intracellular loop and the carboxyl-terminus(l). 

Work done in our laboratory revealed that the az-ARs displayed divergent cyclic 

AMP (cAMP) signaling in a subtype dependent manner (61). The aiA elicited a 

biphasic, first inhibition then stimulation of cAMP; the aiB receptor displayed only an 

increase in cAMP; and stimulation of the aaC subtype lead to a direct inhibition of cAMP 

(Figure 2.2 adapted from (61)). Similar results were obtained by Namba et al., working 

with the EP3 receptor splice variants (56). They found that the EP3A receptor variant 

couples to a Gi/Go pathway leading to the inhibition of cAMP production and the EP3B 

and EPsc variants couple to a Gs pathway leading to the stimulation of cAMP production. 

In light of the fact that these variants differ only in the length of the carboxyl-termini, it 

may be hypothesized that this is the site for G protein recognition. It was therefore our 

hypothesis that differences in the carboxyl-termini of the aa-ARs allow for divergent G 

protein-coupling and therefore divergent intracellular signaling. 

Over the last ten years, hundreds of G protein-coupled receptors have been cloned 

and their sequences are available and easily accessible. The knowledge of a receptor's 

peptide and gene sequence lends itself to the possibility of mutagenesis - the systematic 

and purposeful changing of a gene. There are primarily two forms of mutagenesis, 

chimeric and site-directed. Chimeric mutagenesis get its name from the Chimera of myth 

which was a monster with a lion's head, a goat's body and a serpent's tail. 

Correspondingly, chimeric mutagenesis involves the swapping of parts of one gene for 

those of another. It is generally the hope that in swapping the parts, the investigator will 

ii 
i 
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be able to reveal some aspect of the receptor's structure-activity relationship. It is 

important when possible, to swap portions of receptors that will potentially swap 

functional responses, and to avoid making changes to the receptor that will result in a loss 

of receptor function that will be difficult to interpret. 

Figure 2.2 - Effects of a?-AR stimulation on forskolin stimulated CAT 
activity. Transiently transfected JEG-3 cells were stimulated by increasing 
concentrations of epinephrine and the consequent inhibition of forskolin 
stimulated cAMP (measured by CAT activity) was measured. Adapted from 
("61). 
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Once a region of interest has been identified within the gene or peptide sequence, 

the exact peptide residues responsible for interactions leading to the observed fimction of 

interest can be identified using site-directed mutagenesis. There are many techniques of 

site-directed mutagenesis and they typically involve incorporating an oligonucleotide, 

containing the desired change, into the wild-type gene. This process allows the change of 

only one nucleotide or one amino acid residue. Again, assays of this sort should have a 

measiuable end-point. 

In order to identify differences between the three a2-adrenergic receptor subtypes, 

chimeric mutagenesis was performed on the ajB- and aiC-ARs. We chose to begin our 

study with these two receptors because they displayed divergent signaling (the aaB 

stimulating cAMP and the C inhibiting) and because the aiC receptor does not contain a 

palmitylation site, while the aaB subtype does. Our specific aim was to swap the 

receptor sequence from the middle of the seventh transmembrane domain to the end of 

the carboxyl-terminus of the aaB- and aiC-ARs. Once swapped, we could identify that 

the chimeric receptors were expressed, able to bind ligand, using immunofluorescent 

microscopy and radioligand binding. They could then be transiently expressed in JEG-3 

cells and CAT reporter gene activity assays could be performed as per Pepperl et ai, 

(61). It was my hypothesis that placing the carboxyl-terminus of the a2C-AR onto the 

a2B-AR, we would change the signaling characteristics of the B receptor from 

stimulatory to inhibitory. Conversely, we expected that by placing the carboxyl-terminus 

of the aiB-AR onto the aiC-AR, we would change the inhibitory pathway of the C 

receptor to a stimulatory one. 



2.2 MATERIALS AND METHODS 

2.2.1 Generation of Chimeric 028- and a^C-Adrenergic Receptor Carboxyl-Termini 

Mutant primers were designed to flank the himian aiB- and aiC-adrenergic 

receptors from nucleotide 1237 (the seventh transmembrane domain) through the stop 

codon to a common region on the pBCl2BI vector, as well as flanking the region from 

nucleotides 546 to 1272. The mutant sense and anti-sense primers had to be designed to 

incorporate a restriction site into a corresponding PGR product, while maintaining the 

original peptide sequence. This was accomplished by taking advantage of the degenerate 

nature of the genetic code. As depicted in Figure 2.3, an Xhol site (CTCGAG) was 

engineered into the mutant sense and anti-sense primers. The synthesized primers were 

as follows below, and the reactions were carried out as depicted in Figure 2.4. 

Mutant sense primers: 
aaBXhoS = 5'- CTG CAA CTC GAG TCT GAA CCC TGT T -3' 
aiCXhoS = 5'- TGG ATC GGC TAG TGC AAG TGG AGT GTG AAG -3' 

Mutant anti-sense primers: 
aiBXhoA = 5'- AAG AGG GTT GAG AGT GGA GTT GGA G -3' 
azCXhoA = 5'- GTT GAG AGT GGA GTT GGA GTA GGG GAT GGA -3' 

Gommon pBG12BI anti-sense primer. 
SallA = 5'- GGA GGG ATT TGA GGG AGG CTG TG -3' 

Wild-type sense primers: 
a2B958 = 5'- GGA GAG AGG TGA AGG GAG AGT GG -3' 
a2C958 = 5'- GGG GGG GGG GTA GGG GGA GTG GGG GGT -3' 

Products were generated using the above primers in polymerase chain reactions (PGR) 

containing 20 mM Tris-HGl (pH 8.4), 50 mM KGl, 50 mM MgGb, 10 mM dNTP mix, 10 

(iM of each sense and anti-sense primer, 0.5 |il (2.5 units) Tag Polymerase (Perkin-



Elmer; Norwalk, CT), 10% DMSO and 0.1 |ig template DNA in a final volume of 50 |il 

(brought up in distilled H2O) and covered with 50 nl of mineral oil. The PGR reaction 

proceeded for 30 cycles, following an initial hot start at 96°C, with denaturation at 96°C 

for I min, annealing at 55°C for 2 min, extension at 72°C for 3 min and a final extension 

at 72°C for 10 min. Products were separated on a 1.4% agarose gel. Products were cut 

out of the agarose gel and purified using Geneclean as per the manufacturer's protocol. 

Digestions were performed with the enzyme in the recommended buffer at 37°C for >l 

hr. Sequencing was performed using a Sanger-dideoxy sequencing method (USB; see 

appendix A). 
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Figure 23 — Degenerate code permits restriction enzyme site-engineering 
in primers 

7*^ transmembrane domain Carboxyl-terminus 

I  ̂ ^1  ̂ 1 
GLFQFFFWIGYCNSSLNPVIYTIFNQDFRRAFRRILCRPWTQTAW- ttaB 

PLFKFFFWIGYCNSSLNPVIYTVFNQDFRPSFKHILFRRRRRGFRQ azC 

N S S L N P V a7C 
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Xho I = CTCGAG 

Figure 2.4 - Schematic representation of C/B-chimeric mutagenesis. PCR was used to generate 
mutant fragments which were digested with Xhol and ligated together. The resulting fragment (top 
right) was then cut with AccI and ligated into an AccI digested WT fragment. Orientation and 
sequence were verified by restriction and sequencing analysis. Bold=a2B sequence; Thin=a2C 
sequence. . , 
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2.2.2 Transient Transfections 

Cos-7 cells were seeded onto 15 cm culture plates at -60% confluence in 

Dulbecco's modified eagle medium (DMEM; Gibco) containing pen/strep (50 units/ml 

and 50 |ag/ml, respectively) and 5% FBS, and the plates were placed in a humidified 

incubator at 37°C with 5% COil95% air overnight. For immunofluorescence assays, cells 

were seeded imder identical conditions onto glass cover-slips in 15 cm plates. Cells were 

then transiently transfected by incubating in a 10 ml solution containing 9.5 ml phosphate 

buffered saline (PBS; 2.7 mM KCl, 1.5 mM KH2PO4,0.5 mM MgCh, 137 mM NaCl, 8.1 

mM Na2HP04, pH 7.4), LOG (il plasmid DNA (0.5 ng/^l) and 400 ^l of 10 ng/|il DEAE-

Dextran (Pharmacia) at 37°C for 30 min. The cells are then rinsed in PBS and 100 (iM 

chloroquine in DMEM with 5% FBS was added to inhibit the acidification of the 

endosomes. Cells were incubated in this solution for 2.5-3 hr at which time it was 

aspirated and the cells were shocked with 10% dimethylsulfoxide (DMSO) in DMEM 

with 5% FBS for 3 min at room temp. The cells were then rinsed and incubated at 37°C 

with 5% C02/95% air in DMEM with 5% FBS for 48-72 hr (see appendix A). 

2.2.3 Radioligand Binding 

Radioligand binding was performed on the transiently transfected COS-7 cell 

membranes (46). Cells were rinsed in cold TME buffer (50 mM Tris, 10 mM MgCb, 1 

mM EDTA, pH 7.4) and 10 ml TME added to each 15 cm plate. The cells were scraped 

using a rubber policeman and membranes isolated by centrifligation following three 

rounds of polytron and one dounce and re-suspended in 5 ml TME. Lowry-like protein 
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assays were performed as per manufacturer specifications (BioRad) using BSA (bovine 

serum albimiin) as a standard. Samples were run in triplicate with 25 and 50 ^g of 

protein for each condition. Non-transfected COS-7 cells membranes and wild-type 

receptor were always used as negative and positive controls respectively. Membrane 

samples were incubated with 10 nM [^H]rauwolscine (RW) in TME with or without 10 

|iM phentolamine. Incubations proceeded at room temperature for I hr at which time 

they were filtered onto Whatman GF/B disks using a Brandel Cell Harvester and rinsed 

with ~20 ml cold PBS. Filters were dried at 95°C for 20 min and radioactivity was 

determined by scintillation counting. Specific binding was determined by subtracting 

non-specific counts (in the presence of phentolamine) from the mean total counts (in the 

absence of the cold ligand, phentolamine). The specific binding was typically >90% of 

the total binding in the positive controls. 

2.2.4 Immunofluorescent Labeling 

For immunofluorescent labeling of the mutant or wild-type receptors the 

transiently transfected cells on glass cover-slips were rinsed with phosphate buffered 

saline (PBS) and fixed with 4% paraformaldehyde in PBS. Following an incubation with 

NaBKt (1 mg/ml) the cells were permeabilized in 0.05% saponin in PBS containing 10% 

goat serum and were incubated with the primary antibody for 2-4 hr at room temperature. 

Primary antibodies were polyclonal and generated against the third intracellular loop of 

each receptor subtype. The generation and characterization of these antibodies have been 

published elsewhere (32,80). Cells were then washed (3x15 min) in PBS under gentle 

\ 
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agitation. Incubation with the secondary antibody was for 40 min at room temperature in 

the same buffer in the dark. Cells were washed in PBS (3x10 min) with gentle agitation 

and mounted onto glass slides with 10 fil p-phenylenediamine, using Cytoseai™ 

(Stephens Scientific). 

2.3 RESULTS 

2.3.1 Chimeric Mutagenesis of Carboxyl Termini- aiC/B and UzB/C 

Chimeric mutants were generated by engineering an Xhol restriction site into the 

seventh transmembrane domain of both the a2B- and aiC-adrenergic receptor subtypes. 

The carboxyl termini were then switched, placing the a2B-carboxyl terminus onto the 

aiC-AR (C/B-receptor) and the aiC-carboxyl terminus onto the aaB-AR (B/C-receptor). 

Mutant DNA was sequenced, amplified and transfected into COS-7 cells for analysis. 

Restriction digestion and sequencing showed that the chimeric tail swaps were successful 

and there were no other changes to the DNA (Figures 2.5 and 2.6). Once identified, 

chimeric mutant DNA was amplified in DH5a and purified by CsCI gradients. The wild-

type and mutant receptor DNA was then transiently transfected into COS-7 cells for 

radioligand binding and immimofluorescent analysis. 

2.3.2 Radioligand Binding of Wild-Type Versus Mutant ay-Adrenergic Receptors 

The radioligand binding results are depicted in Figure 2.7. As expected, the wild-

type a2B- and a2C-AR membranes exhibited a significant amount of specific 

[^H]rauwolscine binding (29,000 and 35,000 specific counts for the wild-type a2B- and 
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ttiC-AR respectively). The chimeric mutants on the other hand displayed no significant 

difference between total and non-specific binding. 

Figure 2.5 - Restriction analysis of Wild-tvpe and mutant receptors. 
Restriction analysis using AccI and Xhol to verify the introduction of the 
mutant site. Expected band sizes are 4579 and 921 bp for wild-type (lane 
2); 4579 bp plasmid alone (lane 3); 4579, 610 and 311 bp for C/B-mutant 
(lanes 4-6). Lane 1 contains ladder standard with sizes indicated on the 
side. 

1 2  3  4  5  6  

4579 bp 

Figure 2.6 — Sequence of mutant restriction site and schematic of expected 
Mutant or Wild-tvpe gels. Scanned image of a sequencing gel (left) compared to 
cartoon schematic of the expected sequences for the mutant (middle) or wild-type 
(right) receptors. Dark bands in cartoons represent the region of interest for the 
Xhol site. 

Mutant 

G A T C  

Xho 1 = 3'- GAGCTC - 5' 
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Phentolamine + f^HlRauwolscine 
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C/B Mut B/C Mut aaB aaC 

Figure 2.7 - Radioligand Binding of Wild-tvoe and Chimeric Mutant Membranes. 
Radioligand binding of membranes derived from COS-7 cells transiently 
transfected with wild-type aiB-AR, aaC-AR, with chimeric mutant aaC- receptors 
with aaB-carboxyl termini (C/B Mut) or with chimeric mutant aiB-receptors with 
aiC-carboxyl termini (B/C Mut). Data is presented as the mean ± SEM (n=3). 

I 
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2.3.3 Immunofluorescent Staining of Wild-type and Mutant ay-Adrenergic Receptors 

Immimofluorescent microscopy was done on COS-7 cells transiently transfected 

with wild-type 028- or aiC-AR, with mutant C/B- or with mutant B/C-receptor. As can 

be seen for the C/B-receptor mutant in Figure 2.8, the mutant receptors appear to be 

expressed, based on the fact that these cells exhibit similar immunoreactivity to wild-

type aiC-AR transfected cells (similar results were obtained for the B/C-receptor 

mutant). In addition, they do not exhibit any significant differences in terms of 

subcellular immimoreactivity localization. 

2.4 DISCUSSION 

Chimeric mutants were constructed by swapping the carboxyl-termini of the aiB-

and ttiC-AR subtypes. PCR was used to amplify the regions from either the amino-

terminus to the seventh transmembrane domain or from the seventh transmembrane 

domain through the carboxyl-terminus. It was our hypothesis that by swapping this 

region, we would change the signaling characteristics of the a^B- or the aiC-ARs. The 

mutants were generated and their sequence verified first, by restriction analysis and later 

by sequencing (Figs. 2.5 and 2.6). The results of the radioligand binding assays appear to 

indicate that the receptors are non-functional however, and appear therefore to disprove 

our hypothesis. To verify that the receptors were transcribed and translated, 

immunofluorescence microscopy was done on COS-7 cells transiently transfected with 

the given mutant receptors and compared to cells transfected with the wild-type 

receptors. As shown in Figure 2.8 the mutant receptor transfected cells exhibited a 

i 
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Transfected Receptor 

ajC-WT 

C/B-Chimeric 
Mutant 

Sham-transfected 

B 

C 

I 

Figure 2.8 - rmmunnfluorescent Labeling of COS-7 Cells Expressing 
Wild-Type and Mutant Receptor. COS-7 cells were transiently transfected 
with the wild-type a2C-AR (A), the chimeric C/B-receptor mutant (B), or 
were sham transfected (C). Primary antibody was anti-aiC-AR third 
intracellular loop (dil=l:1000) and secondary antibody was FITC labeled 
rabbit-anti-chicken (dil=l:1000). 
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significant degree of immunoreactivity. This immunoreactivity was similar to that of the 

wild-type receptors in both intensity and cellular localization. 

Work published by Okamoto et ai, on the endotheline receptor, indicated an 

important role of the cysteine residues in the carboxyl-terminus (60). In these 

experiments, deleting all three of the cysteine residues in this region lead to a receptor 

that could bind ligand but, could not elicit a second messenger pathway effect (i.e. neither 

the inhibition of adenylyl cyclase, nor the stimulation of phospholipase C (PLC)). It may 

be hypothesized that switching such a large number of amino acids, as was the case in 

our chimeric mutagenesis studies, has too dramatic of an effect on the tertiary structure of 

the receptor. For example, perhaps the stretch of positively charged arginines in the 

seventh transmembrane domain of the aiC-AR interact with the long stretch of glutamic 

acid residues in the third intracellular loop of the aiB-AR. 

Shortly after the generation of the chimeric mutants, Eason et ai, published a 

manuscript in PNAS demonstrating by site-directed mutagenesis, that changing cysteine 

residue 442 in the carboxyl-terminus of the a2A-AR, had no effect on ligand binding, 

sequestration or desensitization. It did however, prevent the down-regulation of the 

receptor, thus resembling the characteristic lack of down-regulation exhibited by the aiC-

AR subtype (21). Perhaps the palmitoylation site promotes the interaction of the receptor 

with cellular machinery responsible for targeting to a degrading pathway. 

It is interesting to note that while the pahnitoylation site is required for 

desensitization in the P2-AR and the rhodopsin receptor, it does not play this role in the 

aiB-AR. In addition, it has been shown that the a2-ARs internalize into or are found at 

i 
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rest within distinct intracellular compartments. That is, the azB-AR internalizes 

following incubation with agonist to the same endosomal population as the Pi-AR, while 

the ttiC-AR maintains what appears to be a predominantly endoplasmic reticulum 

localization, and the receptors that are on the plasma membrane do not appear to 

sequester to endosomes upon agonist treatment. Therefore it is odd that changing the 

cysteine of the aiB-AR does not alter its desensitization or sequestration patterns as it 

does the P2-AR (15,21,82). 

i 
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CHAPTERS 

a2-Adrenergic Receptor Subcellular Localization, Sequestration and Down-

Regulation 

Much of the work presented in this chapter has been published in a manuscript (69). 

3.1 INTRODUCTION 

The study of G protein-coupled receptors at a molecular and cellular level has 

increased dramatically over the last five years due primarily to the availability of 

recombinant gene transcripts. As a result, a number of paradigms have arisen to provide 

a means for the study of receptor trafficking and localization. For example, a technique 

of whole-cell binding has been recently used to elucidate potential differences in receptor 

subcellular localization (19,67). In addition, immimofluorescence microscopy is a 

technique that has been extensively applied to the study of G protein-coupled receptors, 

such as the a- and p-ARs, the 5-OR, the CCK(25,31,42,79,82). The use of these 

molecular pharmacological and immtmological tools has helped to identify the location 

of and changes in receptor populations imder resting or treated conditions. 

Although a powerful technique for monitoring receptor trafficking, whole-cell 

binding is limited by a number of assumptions including the permeability of the ligands 

involved and the availability of subtype-selective ligands. To empirically determine the 

relative permeability of a chemical, chemists may measure the partition coefficient, 

expressed as the log of the ratio of chemical concentration found in an organic phase 

versus an aqueous phase, called the log P. A chemical with a large, positive log P is 

lipophilic, and a chemical with a large, negative log P is hydrophilic. Figure 3.1 shows a 
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number of ai-AR Ugands and their measured or predicted log P values. One of the 

drawbacks of using radioligand or whole-cell binding to study the ai-ARs is the lack of 

subtype-selective ligands. Thus, while whole cell binding may be a useful technique for 

the study of the ai-ARs in a recombinant setting, one is unable to discriminate between 

subtypes endogenously expressed in tissues. 

Rauwolscine Dexmedetomidine (-)Norepinephrine 
Log P > +2.0 Log P = +2.80 Log P = - L24 

CHiGiC 

MW = 354-4 MW = 200 

Figure 3.1 - a?-Adrenergic Receptor Ligands. Chemical structure, Log P 
value and molecular weight of ai-selective antagonist rauwolscine (RW) and 
agonists dexmedetomidine (Dex) and norepinephrine (NE). 

Immunohistochemistry is an alternative technique that has the potential advantage 

of being highly selective for individual receptor subtypes. Recently, immuno-

cytochemical localization has been utilized to visualize potential subtype differences in 

the aa-ARs (25,82-84). These studies utilized epitope-tagged receptors to monitor the 

trafficking of receptors. Therefore while they were able to study the receptors using a 

very sensitive technique, they were limited to the study of receptors in recombinant 

systems. 
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To further elucidate potential differences among the ai-AR subtypes with respect 

to both their subcellular distribution and response to agonist, I utilized the techniques of 

whole cell binding and immimofluorescent microscopy. In addition, I developed 

polyclonal antibodies specific to extracellular domains of the individual receptor subtypes 

(69,70). It was my hypothesis that differences may exist in ai-AR subtype-specific, 

subcellular distribution, and response to agonist. To study endogenous receptors in our 

laboratory, we chose to investigate cells and tissues in which ai-adrenergic responses are 

known to mediate physiological effects, including spinal cord neurons, corneal epithelial 

cells and aortic smooth muscle cells. The results of the primary cultiu'e and tissue studies 

will be presented in chapters four and five. In addition, in an attempt to increase the 

efficiency of cell transfection, an adenovirus transfection procedure was adapted and 

characterized. 

3.2 MATERIALS AND METHODS 

3.2.1 Transient Transfections 

Cos-7 cells were seeded onto 15 cm culture plates at -60% confluence in 

Dulbecco's modified eagle medium (DMEM; Gibco) containing pen/strep (50 units/ml 

and 50 ng/ml, respectively) and 5% FBS, and the plates were placed in a humidified 

incubator at 37°C with 5% C02/95% air overnight. For immunofluorescence assays, cells 

were seeded under identical conditions onto glass cover-slips in 15 cm plates. Cells were 

then transiently transfected by incubating in a 10 ml solution containing 9.5 ml phosphate 

buffered saline (PBS; 2.7 mM KCl, 1.5 mM KH2PO4, 0.5 mM MgCb, 137 mM NaCl, 8.1 

i 
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mM Na2HP04, pH 7.4), 100 nl plasmid DNA (0.5 |xg/|il) and 400 (il of 10 |ig/(il DEAE-

Dextran (Pharmacia) at 37°C for 30 min. The cells are then rinsed in PBS and 100 ^iM 

chloroquine in DMEM with 5% FBS was added to inhibit the acidification of the 

endosomes. Cells were incubated in this solution for 2.5-3 hr at which time it was 

aspirated and the cells were shocked with 10% dimethylsulfoxide (DMSO) in DMEM 

with 5% FBS for 3 min at room temp. The cells were then rinsed and incubated at 37°C 

with 5% C02/95% air in DMEM with 5% FBS for 48-72 hr (see appendix A). 

Alternatively, cells were trzmsfected using an attenuated-adenovirus protocol 

adapted from the Borne laboratory at UCSF (23,26). Briefly, cells were cultured under 

identical conditions as above, except they were seeded onto a 10 cm plate. The cells 

were then incubated in 5 ml serum free DMEM containing 3 jag DNA, 1:50 - 1:30 

dilution of attenuated adenovirus (the optimal transfection titer for each batch of virus 

had to be empirically determined) and 0.08 ^ig/^il DEAE-Dextran for 2.5-3 hr. The cells 

were shocked in 2 ml 10% DMSO in PBS for 0.5-1.5 min, rinsed in DMEM w/ 10% FBS 

+ penn/strep and incubated in the same mediirai for 24-48 hr before they were used (see 

appendix A). 

3.2.2 Whole Cell Binding 

Transfected cells were seeded in wells of a 24-weIl plate and equilibrated 

ovemight in the incubator (humidified at 37*'C with 5% C02/95% air). The cells were 

rinsed in TME buffer (50 mM Tris, 10 mM MgCh, I mM EDTA, pH 7.4) and 400 |il 

TME was added to each well. For Total samples, 50 |il cold TME was added to the well 
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and for non-specific samples 50 ^1 cold ligand was added. The cold ligand was either 

hydrophobic (100 jiM Dex; Figure 3.1) or hydrophilic (I mM NE; Figure 3.1). Next, 50 

^1 of radioligand was added to each sample well (5 nM [^H]rauwolscine ([^H]RW); 

Figure 3.1) and incubated at room temperature for one hr. Each well was then rinsed 

gently four times with 1 ml cold TME and lysed with 250 jal 2N NaOH / 0.1% SDS for 

>5 min. Well contents were transferred to scintillation vials, shaken thoroughly and 

allowed to sit for 30 min. Samples were counted using liquid scintillation. Total-specific 

counts were determined by subtracting the total counts (in the presence of [^H]RW alone) 

from non-specific counts (in the presence of both [^H]RW and Dex). Surface-specific 

counts were determined by subtracting coimts in the presence of NE and [^H]RW from 

the total counts (in the presence of [^EI]RW alone). From these values intracellular 

specific labeling could be calculated by subtracting surface-specific counts from total-

specific counts. All experimental conditions were performed in triplicate on at least three 

separate occasions. 

3.2.3 Generation of Subtype Selective Antibodies 

Antibodies were raised in chickens to glutathione-S-transferase (GST) fusion 

proteins containing unique extracellular domains of each of the ai-AR subtypes. 

Methods for the preparation of the fusion proteins and antibody purification were as 

previously described (32,80). The primers used for the initial PCR reactions and the 

regions amplified for each of the a2-AR subtypes were as follows: 

a2A amino terminus (amino acids 4-26); 

i 
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Sense primer - 5'-CCCATGGGATCCCTGCAGCCGGACGCGGGC-3' 

Antisense primer - 5'-CAGGGAGAATTCGGTGGCCCGGGCGCCGCC-3' 

oiB second extracellular loop (amino acids 150-177); 

aiB Sense primer - 5'-CCGCCCGGATCCTACAAGGGCGACCAGGGC-3' 

a2B Antisense primer - 5'-GAAAGAGAATTCGCTGGAGGCCAGGATGTACCA-3' 

a2C amino terminus (amino acids 3-45); 

aiC Sense primer - 5'-ACCATGGGATCCCCGGCGCTGGCGGCGGCG-3' 

aiC Antisense primer - 5'-GCCCGCGAATTCCTGGCCGCGCGGCGGC-3'. 

PGR products were initially ligated in frame behind the flatworm GST gene of 

pGEX2T (Pharmacia) and were cloned in E coli DH5a. Fusion proteins were soluble 

and were purified over glutathione-coupled agarose. It was discovered that the fusion 

proteins were easily degraded (most likely via contaminating thrombin enzyme cleavage 

at the pGEX2T thrombin cleavage site) and their corresponding genes were therefore 

cloned into the pGEXlN fusion vector. 

Chickens were inoculated with the purified fusion proteins by Covance (Denver, 

PA), and antibodies were purified from eggs as the chickens' plasma began to show 

immunoreactivity to fusion proteins in dot blot assays. Antibodies were purified by 

immuno-affinity chromatography using the corresponding fusion proteins covalently 

coupled to agarose (AminoLink, Pierce). Anti-GST antibodies were removed using a 

GST coupled subtraction column (see appendix A for all specific protocols). Elution 

profiles of the crude antibody preparations were generated spectrophotometrically to 
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monitor the elution of the antibodies from both the affinity and subtraction columns, and 

to determine the antibody concentration. 

3.2.4 Characterization of Subtype Selective Antibodies 

Antibodies were characterized as before, using COS-7 cells transiently transfected 

with each of the ai-AR subtypes (32). It was determined that each antibody was specific 

for its respective a2-AR subtype and did not cross react with the other subtypes (Figure 

3.6). Fiuthermore, specific immimo-labeling could be blocked by preincubation of each 

antibody with its corresponding fusion protein, but not with GST or the other fusion 

proteins. In addition, it was determined that the antibodies were able to recognize their 

cognate receptor subtype of a variety of species including rat, porcine and bovine. 

3.2.5 Immunofluorescent Labeling 

For immunofluorescent labeling of receptors the cells on glass cover-slips were 

rinsed with phosphate buffered saline (PBS) and fixed with 4% paraformaldehyde in 

PBS. Following an incubation with NaBKj (I mg/ml) or glycine (100 mM) to quench 

auto-fluorescence, the cells were permeabilized in 0.1% Triton X-100 in PBS containing 

10% goat serum and 1% bovine serum albumin (BSA), and were incubated with the 

primary antibody for 2-4 hr at room temperature. Primary antibodies were polyclonal 

and generated against the amino-terminus of the a2A- and aiC-AR or the second 

extracellular loop of the a2B-AR subtype. Cells were then washed (2 x 15 min) in 

antibody wash buffer (60 mM NaCI, 7 mM NaCitrate, 0.01% Triton X-lOO) and then in 
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(1x15 min) PBS under gentle agitation. Incubation with the secondary antibody was for 

30 min at room temperature in 0.01% Triton X-100 in PBS containing 10% goat serum in 

the dark. Cells were washed again as above and mounted onto glass slides with 10 |al p-

phenylenediamine, using Cytoseal™ (Stephens Scientific). 

3.2.6 Live Cell Labeling 

Live cell labeling was performed on transiently transfected COS-7 cells. Cells 

were transfected onto glass cover-slips, as described previously. They were then 

incubated for various times with primary antibody alone, in the presence of 

dexmedetomidine (100 nM) or in the presence of dexmedetomidine and rauwolscine (100 

nM each). Cells were then rinsed in PBS and fixed in 4% paraformaldehyde. Quenching 

of auto-fluorescence was accomplished by two washes with antibody wash buffer (60 

mM NaCl, 7 mM Na Citrate, 0.01% Triton X-100), one wash in (I x 15 min) PBS under 

gentle agitation, followed by three 5 min washes in NaBfLi (I mg/ml) or glycine (100 

mM). Incubation with the secondary antibody was for 30 min at room temperature in 

0.01% Triton X-lOO in PBS containing 10% goat serum and 1% BSA. 

3.2.7 Receptor Sequestration and Down-regulation 

Cover-slips could be transferred to wells of six well plates 18-24 hr following 

transfection. They could then be individually treated with various ligands. The cover-

slips were transferred in such a way for the sequestration and down-regulation assays. 

Immunofluorescent microscopy was done to visualize and monitor the location of 
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immunoreactivity following treatment with agonist (1 (iM dexmedetomidine or 100 joM 

norepinephrine). The antibodies used for these experiments were either the extracellular 

specific antibodies discussed herein, or alternatively, cells were labeled using anti-ai-

AR-third intracellular loop specific antibodies as the primary antibody. These antibodies 

were previously characterized by Vanscheeuwijck and Huang et al. (32,69,80). 

Explant-derived bovine aortic smooth muscle (BASM) cells were obtained from 

Dr. Ronald Heimark. These cells stained positive for all three of the aa-AR subtypes and 

were consequently used to study receptor trafficking and down-regulation. BASM cells 

were seeded onto glass cover-slips and exposed to ligand as described above. 

3.2.8 Epifluorescent Microscopy 

For visualization of fluorescent labeling, epifluorescent microscopy was 

performed using an Olympus BH-2 microscope with a 40x or 60x oil objective (1.4 

N.A.), with a 100 W mercury bulb, through a dichroic FITC filter cube. All conditions 

were performed in duplicate or triplicate and replicated at least three times. A minimum 

of five fields was randomly sampled per cover-slip. Images were captured either by an 

Olympus camera onto 400 ASA, 35 mm slide fihn, shot and developed at 1600 ASA {i.e. 

pushed two F-stops) or were taken by firame capture through a Cohu CCD camera on a 

PowerMac 8600/250 computer using Signal Analytic software. All images chosen for 

comparison were taken under identical conditions (exposure time, voltage intensity, 

pinhole size, etc.), and were representative of each condition. 

i  



3.3 RESULTS 

3.3.1 Transient Transfections 

The success of transient transfections was determined by counting the niunber of 

cells labeled in a field versus the total niunber of cells in that field. This was repeated for 

a number of fields on each cover-slip and was presented as a mean number of labeled 

cells per feild. Traditional DEAE-Dextran transfections, using chloroquine to prevent the 

acidification of the endosome (protecting the DNA fi-om degradation), typically yielded a 

10-20% transfection efficiency. In contrast, DEAE-Dextran transfections, using the 

adenovirus mediated lysis of the endosome, typically yielded a better transfection 

efficiency of 65-90%. A direct comparison of the two transfection protocols is presented 

in Figure 3.2. 

Figure 3.2 — Adenovirus versus Chloroquine Transfections. COS-
7 cells were transiently transfected with the azA- or the azC-AR 
and labeled with antibodies. The number of labeled cells were 
coimted for a number of random fields on each cover-slip. Data 
is mean cells/field ± SEM. 

14 1 



54 

3.3.2 Whole Cell Binding 

The specific surface (plasma membrane) binding was determined using the 

hydrophilic ligand norepinephrine (I mM) to displace total [^H]rauwolscine ([^H]RW) 

binding. Total specific receptor binding was determined using the hydrophobic agonist 

dexmedetomidine (Dex; 100 jiM) to displace total [^H]RW binding. Figure 3.3 shows the 

results of the whole cell binding of transiently transfected COS-7 cells. As can be seen 

the >90% of the aiA- and aaB-ARs are accessible to NE and therefore present on the 

cell's plasma membrane. On the other hand, approximately 40% of the a2C-AR total 

specific binding is inaccessible to NE and therefore in an intracellular compartment. 

Figure 3 J - Whole Cell Binding of Transiently Transfected COS-7 Cells. COS-7 cells 
were transiently transfected with the aiA-, aaB- or azC-AR. Whole-cell binding was 
performed using [^HJrauwolscine as described. Specific total binding was determined 
in the presence of dexmedetomidine and specific membrane binding was determined in 
the presence of NE (black bars). Specific intracellular binding was calculated by 
subtracting specific membrane from specific total binding (gray). The relative 
percentage of membrane and intracellular binding sites are presented above their 
respective bars. Experiments were performed in triplicate on three separate occasions. 
Values presented below are mean ± standard deviation of one representative 
experiment. (n=3). 

00 

® f 
S £ 

a 

70000 
60000 
50000 
40000 
30000 
20000 
10000 

0 

98% 
180001 

14000< 

10000 

60000 

20000 
0 

40000 

30000 

20000 

lOOOO 

62% 

t 



3.3.3 Generation of Subtype Selective Antibodies 

PCR was used to amplify unique, extracellular regions of each of the az-

adrenergic receptor subtypes (amino terminus of the aiA-, second extracellular loop of 

the aiB- and amino-terminus of the aiC-AR). The sequences of these regions were 

submitted to the BLAST program at the National Center for Biotechnology Information 

to verify that they match no other submitted peptides (2). A schematic representing the 

polyclonal antibody generation is depicted in Figure 3.4. Fusion plasmids were 

charactenzed by restriction enzyme analysis and sequencing, and transformed into 

DH5a e. Coli for inducible expression. Polyacrylamide gel electrophoresis was 

performed to verify the expression of the expected 27-29 kDa fusion proteins, which 

were subsequently purified on glutathione (GSH) columns. Chickens were initially 

inoculated with 100 (ig of fusion protein followed by 50 |ig boosters every 10-14 days by 

Covance. 

Chicken plasma was monitored for immimoreactivity after three or more boosters 

and in all three cases, chickens exhibited a significant increase in reactivity for their 

corresponding fusion protein in dot blots. Figure 3.5a is a scan of the initial protein dot 

blots. As can be seen prior to inoculation, the antibodies recognize only protein blotted 

in I mg concentrated spots. Following inoculation and boosters, the chickens exhibited 

immunoreactive responses to fusion protein blotted down to 100 ng spots 

Figure 3.4 - The Generation of GST/a^-Adrenereic Receptor Fusion Proteins. PCR 
was used to amplify the regions of the ai-AR subtypes (a2A-NH2, a2B-2ECL and 
a2C-NH2). Products were ligated in frame behind GST, verified by restriction 
digestion, sequenced and expressed in E. coli. SDS-PAGE gels indicated that 
proteins (~29 kDa) were induced in the soluble, S2 and/or the insoluble S3 firaction. 
Fusion proteins were purified on GSH columns and used to inoculate chickens. 
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Figure 3.5a - Protein Dot Blots to Compare Pre- versus Post-immunized Chickens. 
Fusion proteins corresponding to the a2A-, 028- or a2C-ARs were blotted onto 
nitrocellulose membranes in the amoimts indicated. Whole plasma was incubated 
with each strip and secondary alkaline phosphatase labeled rabbit anti-chicken 
antibodies were added. Chemical substrate (NBT/BCIP) was added to generate 
color-metric detection and reactions were stopped by thorough rising with water 

(see appendix A). Pre-immunized Post-immunized 

Fsp (mg): I -1 .01 .001 .0001 I .1 .0! .001 .0001 

I 

Figure 3.5b - Antibody Elution Profiles. Antibodies were purified firom 
concentrated crude IgY by immimo-affinity chromatography, and anti-GST 
antibodies were remove on a subtraction colunm. UV (O.D.2go) spectrometry was 
used to monitor the protein content of the column eluent (Appendix A). A, Affinity 
column for the anti-a2A-NH2 antibodies (Ab). B, GST subtraction column for the 
anti-a2A-NH2 Abs. C, Affinity column for the anti-aiB-ZECL Abs. D, GST 
subtraction colunm for the anti-a2B-2ECL Abs. E, Affinity column for the anti-
a2C-NH2 Abs. F, GST subtraction column for the anti-a2C-NH2 Abs. Dashed 
arrows indicate the firaction kept for application to the subtraction column and solid 
arrows indicate pure antibody fractions kept for experiments. 
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3.3.4 Immunqfluorescent Labeling 

Following purification of the antibodies (see elution profiles in Figure 3.5b), the 

relative specificity and lack of cross-reactivity of the individual ai-AR specific 

antibodies was determined (Figure 3.6). COS-7 cells were transiently transfected with the 

aiA- (panels A-C), aiB- (panels D-F) or (XtC- (panels G-I) ARs. Immimofluorescent 

microscopy was then done using the individual antibodies. Panels A, D & G show 

fluorescence of cells after incubation with anti-aiA-NHi polyclonal antibodies. Panels B, 

E & H show fluorescence of cells after incubation with anti-aiB-IECL polyclonal 

antibodies. Panels C, F & I show fluorescence of cells after incubation with anti-aiC-

NH2 polyclonal antibodies. The antibodies appear to be specific for their individual 

receptor subtype and do not present any immunoreactivity to cells transfected with a 

different receptor subtype. 

Experiments have also been repeated several times in which the antibodies are 

pre-incubated with their corresponding fiision protein (blocking) or fusion protein 

corresponding to a different epitope. Preincubation of the antibodies with their 

corresponding fusion protein blocked specific immunoreactivity, while incubation with a 

different fusion protein (e.g. incubation of the a2A-NH2 antibodies with the GST/a2B-

2ECL fusion protein) failed to block immunoreactivity. Examples of blocking 

experiments will be presented in chapters four and five. 



Figure 3.6 - Characterization of a?-AR subtype-selective antibodies. COS-7 cells were transfected with the a2A- (panels A-
C), a2B- (panels D-F) or a2C- (panels G-I) ARs. Immunofluorescent microscopy was then done as described. Panels A, D 
& G show fluorescence of cells after incubation with anti-a2A-NH2 antibodies. Panels B, E & H show fluorescence of cells 
after incubation with anti-a2B-2ECL antibodies. Panels C, F & 1 show fluorescence of cells after incubation with anti-a2C-
NH2 antibodies. Secondary antibody was an FITC-rabbit anti-chicken IgG. Images are representative of at least three cover-
slips and five random fieids/cover-slip. Experiments were repeated at least four times with similar results. 
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3.3.5 Live Cell Labeling 

Live cell labeling was performed on transiently transfected COS-7 cells to 

illustrate the utility of the extracellular specific antibodies, as well as to provide a means 

for monitoring receptor internalization in response to agonist exposure. Transiently 

transfected COS-7 cells were incubated with the individual antibodies for six hr in 

culture, followed by fixation and secondary antibody labeling. The presence of the 

antibody alone was not sufficient to elicit receptor internalization, as incubation of the 

cells with the antibodies for six hr in the absence of stimulation did not promote any 

significant changes in immimoreactivity. On the other hand, as can be seen in Figures 3.7 

and 3.8, upon the addition of agonist to either the aiA- or aiC-AR transfected cells, 

immimoreactivity appears to internalize and to sequester. 

Figure 3.7 - Live Cell 
Labeling of a?A-AR. 
COS-7 cells were 
transiently transfected 
with the aaA-AR and 
labeled in culture with 
anti-a2A-NH2 antibodies 
alone (A-C) or in the 
presence of 100 nM Dex 
(D-F). 

Figure 3.8 - Live Cell 
Labeling of a^C-AR. 
COS-7 cells were 
transiently transfected 
with the aiC-AR and 
labeled in culture with 
anti-a2C-NH2 antibodies 
alone (A-C) or in the 
presence of 100 nM Dex 
(D-F). 
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3.3.6 Receptor Sequestration and Down-regulation 

Immunofluorescent microscopy was used to monitor changes in ai-AR 

iocalization and relative intensity following treatment with agonist (dexmedetomidine) 

for various times. Under basal (unstimulated) conditions, the a2A- and aiB-AR subtypes 

appear to be expressed on the plasma membrane (Figures 3.9a and b). However, 

following exposiu-e to agonist (I (iM Dex) for 15 min, receptors begin to internalize and 

appear to sequester into punctate vesicles within the cytoplasmic space. Following a 

longer, 16 hr incubation with agonist (1 |iM Dex), the cellular immunoreactivity appears 

to be almost entirely with a cytoplasmic or perinuclear space. aaC-AR immimoreactivity 

is found, to a significant degree, within the cell, and does not appear to change in 

response to agonist treatment in these experiments. On the other hand, in the live cell 

labeling experiments, the aiC-AR did appear to exhibit a significant amount of plasma 

membrane labeling and internalized to punctate intracellular compartments in response to 

agonist stimulation (Figure 3.8). The aa-AR subtypes were also detected in explant-

derived bovine aortic smooth muscle cells. While short-term (<2 hr) agonist stimulation 

of these cells did not appear to promote any changes in aiA-receptor immunoreactivity, 

long-term exposure lead to a decrease in total immunoreactivity (Figure 3.10). 

i 
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Figure 3.9a - Internalization of a-»A-AR immxmoreactivitv. COS-7 cells transiently 
transfected with the hiunan a2A-AR and stained with polyclonal antibodies specific for 
the third intracellular loop of the human aiA-AR (1:1000 dilution); following exposure 
to agonist. Top panel; untreated control (basal); middle panel 15 min dexmedetomidine 
(I nM); Bottom panel, 16 hour dexmedetomidine (1 (oM). Adapted from (69). 

Untreated (basal) 

15 min Dexmedetomidine (l|iM) 

A 
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Figure 3.9b - Internalization of g^B-AR immunoreactivitv. COS-7 cells transiently 
transfected with the human a2B-AR and stained with polyclonal antibodies specific for 
the third intracellular loop of the human azB-AR (1:1000 dilution); Following 
exposure to agonist. Top panel; imtreated control (basal); Middle panel 15 min 
dexmedetomidine (I ^iM); Bottom panel, 16 hour dexmedetomidine (I (iM). Adapted 
from (69). 

Untreated (basal) 

15 min Dexmedetomidine (l^iM) 

16 hour Dexmedetomidine (1 nM) 



Figure 3.10 — BASM a^A-AR Down-Regulation. Bovine 
aortic smooth muscle cells were labeled with antibodies 
specific for the aaA-AR third intracellular loop. A, 
untreated cells; B, cells treated with 1 nM Dex for 16 hr. 
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3.4 DISCUSSION 

Until recently, the ability to study receptor localization and trafficking has been 

limited by methodological considerations. Initial receptor down-regulation studies of a^-

adrenergic receptors, utilized a technique of whole-cell binding to identify potential 

differences in receptor subcellular localization (19). It was found that while the human 

aiA and aaB-ARs appeared to undergo agonist-promoted sequestration and down-

regulation, the ttiC-AR did not. Furthermore, results seemed to indicate that untreated 

cells, stably transfected with the aiA- or aiC-adrenergic receptor subtypes exhibited a 

low level of intracellular expression (5.7 ± 0.7% or 0.6 ± 0.6% sequestration 

respectively), while the aiB-AR receptor subtype displays a higher intracellular 

population (18.8±2.4% sequestration). 

Using a technique of whole-cell binding, I was able to show that the aa-ARs 

display a differential subcellular localization as well (Figure 3.3). Our results indicated 

that the ajA- and aiB-ARs were expressed on the cell membrane, while the a2C-AR had 

a significant (-40%) population of intracellular binding sites. A potential rationale for 

the different findings from those presented by Eason et ai, is that the binding techniques 

differed. In our experiments, cells were not removed from the plate by enzymatic 

mechanisms prior to binding. Instead, the ligands are added to cells on the plate. 

Treatment of cells prior to the addition of the ligands could possibly alter receptor 

trafficking, in and of itself. 

As a technique for monitoring receptor trafficking and subcellular localization, 

however, whole-cell binding is limited by a number of assumptions including the 
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permeability of the ligands involved {i.e. their ability to move in and out of the cellular 

compartments) and the availability of subtype-selective ligands. Immunohistochemistry 

is an alternative technique that has the potential advantage of being highly selective for 

individual receptor subtypes. In contrast to the whole-cell binding results of Eason et al., 

using confocal immunofluorescence microscopy and antibodies specific to epitope-

tagged a2-ARs, Von Zastrow et al. (82) showed that in unstimulated COS-7 and HEK293 

cells, the mouse a2A-AR is found primarily on the plasma membrane, while the aaC-AR 

is, to a large extent, found in intracellular compartments. Interestingly, in contrast to the 

P2-ARS which undergo agonist promoted internalization, the aiA-AR did not internalize 

following exposure to agonist (100 |iM norepinephrine for 10 min). 

To further elucidate potential differences among the ai-AR subtypes with respect 

to both their subcellular distribution and response to agonist, we developed polyclonal 

antibodies specific to portions of the amino-terminus of the aiA- and the aiC-ARs, and 

the second extracellular loop of the aiB-AR subtype (Figures 3.4-3.6). These were the 

first such antibodies generated to the a2-ARs, all previous immunohistochemical studies 

used recombinant, epitope-tagged receptors or antibodies to intracellular domains. 

Because little homology exists within the primary sequence of these regions of the a2-

ARs, these antibodies are subtype-specific and do not cross-react with other receptors. 

Furthermore, because they recognize the native receptor, it is possible to do 

immunohistochemical staining of receptors on live cells, in primary cultures and in intact 

tissue. 

J 
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Using the antibodies in immunofluorescent microscopy, we performed similar 

experiments as those of Von Zastrow et ai, described above. Oxir findings confirmed 

theirs', as well as complimented the results of the whole-cell binding experiments. That 

is, using immunofluorescent microscopy we find that the aiA.- and ajB-ARs appear to 

localize on the plasma membrane, while the aiC-ARs exhibit a significant amoimt of 

intracellular labeling (Figures 3.6-3.9). This intracellular labeling may represent 

receptors held up in the golgi or endoplasmic reticulum or may be the product of a rapid 

receptor tumover (15). The fact that the aiC-ARs display similar labeling patterns in 

cells that endogenously express the aiC-AR, argues that it is not likely an artifact of 

receptor over-expression in a transiently transfected system (15,70). 

The sequestration and down-regulation results presented herein, differ fi*om those 

of Von Zastrow et ai in that both the aiA- and the aiB-ARs appear to undergo 

sequestration. In this case, the differences may be attributed to the fact that we utilized 

different receptor-specific antibodies (as opposed to antibodies against epitope tagged 

receptors) as well as that we expressed human receptors as opposed to mouse. In 

addition, because we were able to perform live cell labeling with the extracellular specific 

antibodies, we may have been able to see more subtle changes that would have been 

drowned out by the loss of resolution inherent in the fixation process and/or to 

intracellular labeling (Figure 3.7). We are the first group to show internalization of the 

a2C-AR. 

In contrast to the sequestration results in transfected COS-7 cells. Receptor 

immunoreactivity on smooth muscle cells derived from bovine aorta did not appear to 

•9 
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sequester in response to agonist stimulation. There did not appear to be any changes in 

a2A-, aiB- or a2C-AR immunoreactivity following exposure to 1 Dex for less than 2 

hr. On the other hand, following long-term (>2 hr) exposure to agonist, a2A- and a2B-

AR immunoreactivity significantly decreased (Figure 3.10) while a2C-AR 

immunoreactivity remained constant. 

In conclusion, we have shown that differences exist between a2-AR subtypes, 

with respect to their subcellular distribution, and response to agonist. In addition, 

polyclonal antibodies raised against extracellular domains of the a2-ARs have been 

produced, that are subtype selective and do not cross-react. These antibodies can be used 

to monitor the presence and subcellular localization of receptors in recombinant as well 

as endogenous systems and are able to label live cells. 

<s 
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CHAPTER 4 

aj-Adrenergic Receptors Increase Cell Migration and Decrease f-Actin Labeling in 

Rat Aortic Smooth Muscle Cells 

The work presented in this chapter has been accepted for publication in American 
Journal of Physiology (70). 

4.1 INTRODUCTION 

Damage of the intimal lining of arteries, as occurs during atherosclerosis, leads to 

changes in the phenotype of medial smooth muscle cells and to intimal thickening 

(12,74). The phenotypic changes that may be observed include the proliferation and 

migration of cells, a decrease in myosin filaments, an increase in organelle number, 

increased deposition of extracellular matrix material and increased protein synthesis. 

These phenotypic changes, which are characteristic of the transition fi-om a primarily 

contractile state to a proliferative one, can also be observed in primary cultures of cells 

that are derived enzymatically or by tissue explant (12,22,28). Cultured vascular smooth 

muscle cells have, therefore, been used as a model for a variety of pharmacological and 

physiological studies directed toward understanding the processes involved in vascular 

wound healing and atherogenesis. 

Three a2-ARs have been identified to date based on the pharmacological profile 

of ligand preference as well as on a molecular basis (10,39,49,66). In the rat, these 

receptors have been named aiA/D, ajB and ajC-AR. The ajD is a homologue of the 

himian aaA-AR. Traditionally, aa-ARs are known for their role in presynaptic inhibition 
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where their stimulation results in the activation of K'*'-channels, hyperpolarization and the 

inhibition of neurotransmitter release (17). In addition, ai-ARs are located 

postsynaptically and are involved with a variety of physiological effects, particularly in 

the cardiovascular system. 

Recent studies with transgenic mice in which genes encoding the individual 02-

AR subtypes have either been deleted (47) or mutated (50), show that the ozA subtype is 

involved in the central control of blood pressure, while the aiB subtype is involved with 

peripheral effects on blood pressure. These results compliment other studies that have 

shown the involvement of ai-AR activation in the contraction of vascular smooth muscle 

(47,63,64), as well as smdies indicating that a2-ARs mediate endothelial cell release of 

nitric oxide and consequently, vascular smooth muscle cell relaxation (6,64). 

Finally, catecholamines mediate a variety of other effects on the vasculature that 

are poorly understood, but certainly involve adrenergic receptor activation. For example, 

exposure of explant-derived, cultured smooth muscle cells from rat aorta to 

catecholamines leads to a dose- and time-dependent increase in cell number (5). 

Furthermore, primary risk factors for atherosclerosis include hypertension, smoking and 

stress, which are all associated with elevated plasma catecholamines and increased 

activation of adrenergic receptors. To further investigate the possible role(s) of ai-ARs 

in the cellular biology of vascular tissue, we characterized the ai-AR subtypes and their 

functional activity in primary cultures of RASM cells. We now report the presence of all 

three subtypes, and their involvement with cell migration and cytoskeletal changes. 
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4.2 MATERIALS AND METHODS 

4.2.1 Materials. 

Dulbecco's modified Eagle's medium (DMEM), penicillin-streptomycin 

(pen/strep), fetal bovine serum (FBS) and Ix trypsin with EDTA (0.05 and 0.02% wt/vol) 

were purchased from GibcoBRL (Grand Island, NY). Fluorescein isothiccyanate (FITC)-

labeled rabbit anti-chicken and Cy5 labeled rabbit anti-chicken IgG were from Jackson 

ImmunoResearch Laboratories, Inc. (West Grove, PA). Cell culture dishes were from 

Falcon (Lincoln Park, NJ). 

4.2.2 RASM Cell Isolation and Culture. 

RASM cells were prepared as adapted from Ross (71). Male rats (175-185 g; 

Harlan Sprague Dawley) were killed by CO2 asphyxiation and the thoracic aorta was 

removed along with the aortic arch. Vessels were stripped of adventitia, cut 

longitudinally and the endotheliiun was removed by scraping with scissors. Tissue was 

cut into pieces (3 mm^) and placed intima side down in 6-well culture plates (3-5 

pieces/well). DMEM was added containing pen/strep (50 units/ml and 50 |ig/ml, 

respectively) and 10% FBS, and the plates were placed in a humidified incubator at 37°C 

with 5% C02/95% air. After 7-10 days the cells began to migrate out from the tissue 

sections reaching confluence in approximately 20 days. Upon confluence, the cells were 

detached with 0.05% trypsin/0.02% EDTA and seeded on 100 mm plates at a density of 

3x10^ cells/plate (passage one). Cells were then split 1:3 approximately every three days 

;1 
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and were identified by the passage number and animal of origin (e.g. passage 2 from 

animal F would be labeled P2.F). 

4.2.3 Antibody Production and Characterization. 

Antibodies were raised in chickens to glutathione-S-transferase (GST) fusion 

proteins containing imique extracellular domains of each of the ai-AR subtypes. 

Methods for the preparation of the fusion proteins and antibody purification were as 

previously described in chapter three. Antibodies were characterized as before, using 

COS-7 cells transiently transfected with each of the ai-AR subtypes (Figure 3.6). 

Furthermore, specific immunolabeling could be blocked by preincubation of each 

antibody with its corresponding fusion protein, but not with GST or the other fusion 

proteins. 

4.2.4 Immunofluorescence Microscopy. 

Cells were seeded onto glass cover slips and after 24-48 hours, they were rinsed 

with phosphate buffered saline (PBS) and fixed with 4% paraformaldehyde in PBS. 

Following an incubation with NaBBit (I mg/ml) the cells were permeabilized in 0.05% 

saponin in PBS containing 10% goat serum and were incubated with the primary 

antibody for 2-4 hr at room temperature. Cells were then washed (3x15 min) in PBS 

under gentle agitation. Incubation with the secondary antibody was for 40 min at room 

temperature in the same buffer in the dark. Cells were washed in PBS (3x10 min) with 

gentle agitation and mounted onto glass slides with 10 |il /?-phenylenediamine, using 

i 
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Cytoseal™ (Stephens Scientific; Riverdale, NJ). For f-actin labeling, cells were 

incubated with Texas red isothiocyanate (TRITC)-labeled phalloidin (Pierce) for 2 hr at 

room temperature, washed (3x5 min) with PBS and mounted as before. 

For visualization of fluorescent labeling, epifluorescent microscopy was 

performed using an Olympus BH-2 microscope with a 60x oil objective (1.4 N.A.), with 

a 100 W mercury bulb, through a dichroic FITC filter cube. Alternatively, samples were 

visualized using a Leica-TCS confocal microscope (Deerfield, IL). All conditions were 

performed in duplicate or triplicate and replicated at least three times. A minimum of 

five fields was randomly sampled per coverslip. All images chosen for figures were 

taken under identical conditions (exposure time, voltage intensity, pinhole size, etc.), and 

were representative of each condition. 

4.2.5 Reverse Transcription-Polymerase Chain Reaction (RT-PCR). 

Total RNA was isolated from confluent plates (10 cm) of cultured RASM cells 

using TriZol (GibcoBRL) according to the manufacturer's instructions. The final pellets 

were resuspended in 100 jal of water and the concentration and relative purity of the RNA 

was determined by spectroscopy (O.D. 260/280 nm). Reverse transcription was done 

using superscript™ II (GibcoBRL) according to the manufacturer's specifications, using 

200 ng of Random primer mix (hexamers), 500 ng oligo dT (l2-l8-mer) and 3 ng of total 

RNA per reaction. To rule out amplification from genomic DNA, RT reactions were 

done in parallel with a preincubation with either RNase or RNase inhibitor for I hr at 

37°C. PGR reactions were performed using 2 (al of the RT reaction as template. The 
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reactions consisted of an initial hot start at 96°C and 40 cycles of 96°C for 1 min, 55°C 

for 2 min and 72°C for 3 min followed by a final incubation at 72°C for 10 min. Products 

were separated on 1.4% agarose gels and stained with ethidium bromide. a2-AR-specifc 

primers were chosen based on their uniqueness (determined by BLAST search at the 

National Center for Biotechnology Information), and analysis via the computer program 

Oligo (National Biosciences, Inc., Plymouth, MN). Primers were synthesized by NBl 

(Plymouth, MN) as follows: 

a2A Sense primer - 5'-CTCCCTGCAGCCGGATGCC-3' 

aiA Antisense primer - 5'-CCAGCGCCCTTCTTCTCTATG-3' 

aaA expected product size: 528 bp 

azB Sense primer - 5'-CGCCATCGCGTCGGCCATC-3' 

aaB Antisense primer - 5'-GAGACCTCTGCAGTGGCTG-3' 

a2B expected product size: 583 bp 

OLzC Sense primer - 5'-CTGGCGGCGGCGGCGGCTGA-3' 

a2C Antisense primer - 5'-TCGGGCCGGCGGTAGAAAG-3' 

azC expected product size: 582 bp. 

PCR products of the expected size were also isolated (Genclean; Bio 101) and digested 

with subtype selective restriction enzymes to further verify their identity (Bglll or HincII; 

data not shown). 

i 
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4.2.6 MAP Kinase Assays. 

Erk 1/2 MAP kinase assays were performed as described by Burkey and Regan 

(9) with the exception that immunoprecipitation was performed using a monoclonal anti-

Erkl (p44) MAP kinase antibody or a combination of both polyclonal anti-Erkl and Erk2 

MAP kinase antibodies (GibcoBRL and Santa Cruz Biotechnology, Inc., respectively). 

Cells were grown to confluence and then cultured overnight in serum free DMEM 

containing insulin, transferrin and seleniiun (ITS; GibcoBRL). They were then incubated 

in the same media containing drugs for 5-10 min at 37°C. Alternatively, some cells were 

incubated with drug following a 4 hr preincubation with 150 ng/ml pertussis toxin (PTX). 

Cells were washed with PBS (4°C) and scraped into lysis buffer (50 mM |3-

glycerophosphate, 1 mM EOTA, 2 mM MgCb, 100 pM NaVOs, 0.5% Triton X-lOO, 1 

mM DTT, I mM PMSF, 20 ^M pepstatin and 20 |iM leupeptin at pH 7.2 and 4°C). Cell 

debris was sedimented by centrifugation at 12,000 x g for 15 min at 4°C and 100 (ig 

aliquots of the lysate were used for the MAP kinase assay. Anti-MAP kinase antibodies 

(2 ng Erki/Erk2; Santa Cruz) were added to the lysate and incubated overnight with 

rotation at 4°C. Protein G agarose (20 |il; Calbiochem; La Jolla, CA) was then added, 

incubated for 2 hr at 4''C and spun at 12,000 x g. The pellet was washed twice in lysis 

buffer and once in kinase buffer (lysis buffer containing 12.5 (ag/ml MgCh and 25 |ag/ml 

protein kinase A inhibitor (PKI; Sigma)). The washed pellet was resuspended in kinase 

buffer with 1 mg/ml myelin basic protein (MBP; GibcoBRL) and 5 ^iM [^^P]-y-ATP 

(NEN; Boston, MA) in a final volume of 40 |il. Reactions proceeded for 15 min at 37°C 

and were terminated with the addition of 10 }il of 25% (w/v) trichloroacetic acid (TCA). 



77 

Aliquots (20 jil) were filtered onto Whatman GF/B filters through a Brandel Cell 

Harvester (Gaithersburg, MD) and washed with 75 mM phosphoric acid (10 ml each). 

Radioactivity was determined by liquid scintillation counting. Fold induction was 

calculated by dividing the sample values by the unstimulated control values (after 

subtracting background, e.g. absence of lysate). 

Alternatively, cells were grown and treated as described above, and the lysates 

incubated with an amino-terminal c-jun coupled to agarose beads in the presence of [^^P]-

y-ATP to measure the activity of c-Jun MAP kinase (Jnk). Specifically, cells were treated 

with nothing (negative control), 400 mM sorbitol (positive control), I fiM Dex or 1 ^M 

Dex plus I (iM RW. They were then lysed in 250 |il c-Jun kinase lysis buffer per well of 

a six-well plate (20 mM Tris, 0.5% NP-40, 250 mM NaCl, 3 mM EDTA, 3 mM EGTA, I 

mM DTT, I mM PMSF, 2 mM Na3V04, 21 ^g/ml Aprotinin and lOjxM Leupeptin, pH 

7.6 at 4°C). Cells were scraped off the wells and lysates transferred to a microcentrifuge 

tube on ice. Lysates were centrifliged at 12,000 rpm for 15 min at 4°C and protein assays 

were used to determine the protein content of each sample. 25 [ig of protein were 

allocated to labeled tubes and 5 ^l of c-Jun/GST sepharose bead slurry (obtained from Dr. 

Richard Vaillencourt) was added to each sample. Volumes were equalized with lysis 

buffer and rotated at 4°C for I hr. Beads were recovered by centrifligation at 2000 rpm, 

washed twice in lysis buffer and once in kinase assay buffer (20 mM HEPES pH 7.1, 20 

mM ^-glycerophosphate, 10 mM pNpp, 10 mM MgCb, I mM DTT and 50 ^iM Na3V04). 

40 |il of dilute [^^P]-y-ATP in kinase assay buffer (0.5 jaCi/ml) was added to each sample 

and incubated 20 min at 30°C. Reactions were terminated by the addition of 10 fil, 5X 

I 
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Laemmli sample buffer and boiling for 3 min. Samples were separated by 10% SDS-

P AGE and visualized by autoradiography with a Pakard Imager. 

4.2.7 Proliferation Assay. 

[^HJThymidine incorporation assays were performed as a marker of cell 

proliferation. Initially, primary culture aortic smooth muscle cells were plated at a 

density of 150 cells/mm^ in a 96 well plate (Coming) and grown >14 hours in DMEM(+), 

95% 5% CO2. The next day cells were washed with PBS (37°C) and incubated for 

24-48 hours in DMEM without FBS (the length of time was a function of the assay and a 

number of times were examined. Generally, a 24 hour serum starvation period was 

applied). Cells were then exposed to DMEM alone or containing 2% FBS (positive 

control), agonist (1 joM Dex), or agonist plus antagonist (1 jxM Dex plus I ^iM RW) and 

0.1 jiCi [^H]thymidine (Amersham; Arlington Heights, IL). Next, cells were incubated 

overnight, lysed in H2O and harvested onto Whatman GF/B filters, using a Brandel Cell 

Harvester. The filters were then washed repeatedly (-10 ml/well) with ice cold H2O, 

dried in an oven (55°C) and counted in Safety-Solve (RPI)- A number of parameters 

were examined including incubating with agonist in the presence of ITS, 0.1% FBS, 2% 

FBS and lower cell densities (1 X lO"* and 0.5 X lO"* cells/well). 

In addition, the assays were performed on cells seeded at 300% confluence (a 

density of 2000 cells/mm") in l2-well plates containing inserts designed to yield a 3 by 

20 mm rectangular cell reservoir in order to mimic the conditions of cell migration 

assays. Cells were allowed to adhere for 2.5 hr in DMEM containing 10% FBS and 

1 
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pen/strep, after which time the inserts were removed and the cell strips were washed and 

incubated overnight in DMEM containing ITS and pen/strep. Cells were next incubated 

in DMEM alone, containing 2% FBS (positive control) or with agonist (I (iM Dex), and 

O.l nCi [^H]thymidine was added to each for 48 hr. Cells were then lysed in H2O and 

harvested onto Whatman GF/B filters, using a Brandel Cell Harvester. The filters were 

washed repeatedly (~10 ml/well) with ice cold H2O, dried in an oven (55°C) and counted 

in Safety-Solve (RPI). 

4.2.8 Cell Migration Assay. 

The effects of drugs on the migration of RASM cells was determined using the 

linear migration assay described by Hoying and Stokes (30,78). Cells were seeded at 

300% confluence (~2000 cells/mm^) in 12 well plates containing inserts designed to yield 

a 3 by 20 mm rectangular cell reservoir firom which cell migration could occur. In the 

present study, inserts were made of Teflon. We found that inserts made out of Delrin, as 

used previously, were toxic to RASM cells. Cells were allowed to adhere for 2.5 hr in 

DMEM containing 10% FBS and pen/strep, after which time the inserts were removed 

and the cell strips were washed and incubated overnight in DMEM containing ITS and 

pen/strep. The cells were then incubated with or without drugs for 48 hr. The media was 

changed every 24 hr and drug was re-administered to the appropriate wells. The cells 

were then fixed for 30 min in PBS containing 4% paraformaldehyde, permeabilized for I 

min in PBS containing 0.2% Triton X-lOO at room temperature and rinsed in PBS. 

Nuclei were stained by incubating the cells for 5 min in PBS containing 5 |ag/ml 

i 
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bisbenzimide (Molecular Probes; Eugene, OR). The migration profile of each well was 

determined by counting fluorescent nuclei using Image I analysis software (Universal 

Imaging; West Chester, PA) mterfaced to a microscope with an automated stage (Nikon 

SCU-1). Random motility coefficients (n) were calculated by computer for both sides of 

the rectangular cell strip according to Hoying and Williams (30,78). 

4.2.9 Statistical Analysis. 

All experiments were done on at least three occasions. Independent experiments 

were defined as those performed on different days, with cells derived firom different 

animals or fi-om different passage numbers. ANOVA was used to evaluate statistical 

differences between means. Bonferonni tests were used to identify between-group 

differences when the ANOVA was significant (P<0.05). 

4.3 RESULTS 

4.3. / Identification of ay-Adrenergic Receptor Subtypes Present in RASM Cells. 

Primary cultures of rat aortic smooth muscle (RASM) cells were prepared firom 

explants and were initially charactenzed with respect to their morphology and the 

presence of smooth muscle specific a-actin. At confluence, cell cultures displayed the 

typical "hill and valley" growth, characteristic of vascular smooth muscle cells. 

Immunofluorescent labeling using a monoclonal anti-smooth muscle a-actin primary 

antibody showed positive labeling as expected of these cells (data not shown). 

Immunofluorescence microscopy was then used to determine the expression of the ai-
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ARs in RASM cells using antibodies that were selective for either the a2A-, a^B- or azC-

AR subtypes. As shown in Figure 4.1 (panel A), positive labeling of RASM cells was 

obtained with antibodies directed against the aiA-AR subtype, that was blocked when the 

antibodies were pre-incubated with the fusion protein used to generate these antibodies 

(panel D). Similarly, antibodies selective for the a2B- (panel B) and ajC- (panel C) AR 

subtypes showed specific labeling that was blocked by pre-incubation with the 

corresponding fiision proteins (panels E and F, respectively). Thus it appears that all 

three aj-AR subtypes are expressed in RASM cells. 

It should be noted, however, that with increasing passage number, a2-AR 

immunoreactivity decreased, such that by passage number 10-12 it was undetectable. For 

this reason all experiments were performed with RASM cells of passage 2-6. The cells 

that loose the expression of the a2-ARs after passage 12 still stain positive for the 

expression of smooth muscle specific a-actin. In addition, preliminary experiments 

revealed that, in early passages, neither the presence or absence of serum nor the cell 

density affected the expression of the receptors. 
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Figure 4.1 - Immiinofluorescent labeling of RASM cells with a?-AR antibodies. 
Immunofluorescent labeling of cultured rat aortic smooth muscle cells (RASM) with 
antibodies selective for the a2A- (panels A, D), aiB- (panels B, E) and ozC- (panels 
C, F) adrenergic receptor subtypes. RASM cells were cultured and prepared as 
described in Materials and Methods. Panels A, B and C show fluorescence after 
incubation of the RASM cells with 1-8 ng of primary antibody followed by a 
secondary antibody coupled with Cy5 (I ng). Panels D, E and F show the 
background fluorescence after incubation of the RASM cells with primary antibody 
that had been preincubated with a 10-fold excess of it corresponding fusion protein 
(10-80 ng) followed by the secondary Cy5 antibody (I ng). hnages are representative 
of at least three coverslips and five random fields/coverslip (n > 4). Scale bar in A = 
20 um. 



4.3.2 Identification of a2-AR Subtypes by Reverse-Transcriptase PCR. 

To further verify the presence of the three ai-AR subtypes in RASM cells, 

subtype selective primers were designed and RT-PCR was performed using RNA isolated 

from these cells. The ai-ARs are very GC-rich and GC-clamping is often a problem. 

Consequently, 40 PCR cycles was what we used to amplify the potential ai-AR cDNA 

present. As shown in Figure 4.2, RT-PCR products of the predicted size were obtained 

for all three subtypes. These products were absent when reactions were done with RNA 

that had been treated with RNase, indicating that they arose from RNA and not from 

contaminating genomic DNA. Linearized plasmid DNA was also incubated with RNase 

to verify that there was no DNase present. 

Figure 4.2 - RT-PCR of RASM cell RNA. Ethidiimi stained gels with the products 
obtained from RT-PCR of RASM cell RNA using primers selective for the a2A-
(lanes I, 2), a2B- (lanes 3,4) and oiC- (lanes 5, 6) adrenergic receptor subtypes. For 
each subtype, reactions were done with RNA that was either treated with RNase 
inhibitor (lanes 2, 4, 6) or treated with RNase (lanes 1, 3, 5). Arrows on the left 
indicate sizes of standards. Expected product sizes were 528 bp, 582 bp and 583 bp 
for the aaA", ajB- and aiC-AR respectively. M; Molecular size marker (Haelll 
(t>xl74 and Hindll X). RNA isolation and RT-PCR has been repeated at least twice 
for each subtype. 
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4.3.3 Or-AR Stimulated MAP Kinase Activity. 

MAP kinase activity was measured in primary cultures of RASM cells following 

stimulation with the az-AR selective agonist Dexmedetomidine (Dex). Figure 4.3a 

shows the fold stimulation of £rkl/2 kinase activity, as determined by the incorporation 

of into myelin basic protein, following immunoprecipitation of enzyme with 

antibodies to both Erkl and Erk2. Incubation of RASM cells with Dex resulted in a 

statistically significant stimulation of Erkl/2-MAP kinase activity at a 100 nM 

concentration, that was blocked by co-incubation with the ai-selective antagonist 

rauwolscine (RW; 100 nM). The maximal stimulation, ~5 fold at l^iM Dex, was 

comparable to the stimulation obtained with 100 nM PMA. In addition, the Dex 

stimulated increase in Erkl/2-kinase activity was blocked following pretreatment of the 

cells with a Gi / Go selective inhibitor pertussis toxin (PTX). Dex was also able to 

stimulate c-jun kinase activity (Figure 4.3b) 

Figure 4.3a - a^-AR stimulation of Erkl/2-MAP kinase activity. RASM cell 
Erkl/2 kinase activity was measured as described in Materials and Methods under 
basal (unstimulated) conditions and following a 5 min incubation with either 
Dexmedetomidine (Dex) at the indicated concentrations; or with 100 nM Dex plus 
100 nM rauwolscine (Dex + RW) or 100 nM Dex following preincubation with 
150 ng/ml PTX (Dex + PTX). Cells were incubated for 10 min with 100 nM 
phorbol myristate acetate (PMA) following preincubation with 150 ng/ml PTX 
(PMA + PTX) as a positive control. Values are mean fold induction over basal ± 
SEM (n = 4). • indicates p < 0.05 vs Dex + RW treatment group. 

Figure 4.3b - a^-AR stimulation of c-/m/i-MAP kinase activity. RASM cell c-jun 
kinase activity was measured as described in Materials and Methods under basal 
(unstimulated) conditions and following a 5 min incubation with either 
Dexmedetomidine (Dex) at the indicated concentrations; or with 1 ^M Dex plus I 
|iM rauwolscine (Dex + RW). Cells were incubated for 10 min with 400 mM 
sorbitol as an osmotic stress (positive control). Values are mean fold induction over 
basal ± SEM (n = 3). 
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4.3.4 [^H] Thymidine Incorporation Assay. 

Since the stimulation of MAP kinase activity is frequently associated with cellular 

proliferation, we examined the effects of aa-AR stimulation on the incorporation of 

[^H]thymidine. Incubation of cultured RASM cells for 24 or 48 hr with l|aM Dex did not 

stimulate [^H]thymidine incorporation over basal levels (Figure 4.4). This was repeated 

under conditions (In Strip) that were identical to the cell migration assays described 

below and there was no stimulation of [^H]thymidine incorporation by Dex. Cells 

incubated with 2% FBS for 24 or 48 hr did, however, show a significant stimulation of 

[^H]thymidine incorporation. 

4.3.5 ay-AR Stimulation of RASM Cell Migration. 

Using automated video microscopy in a linear migration assay (30,78), random 

motility coefficients (^i) were calculated for either untreated RASM cells, RASM cells 

that had been incubated for 48 hr with I |aM Dex or with I |jM Dex plus 1 fiM RW. In 

Figure 4.5, the mean results of four independent experiments show that incubation with 

Dex produced an 11-fold increase in the migration of the RASM cells as compared to the 

untreated controls. Co-incubation of the RASM cells with Dex and RW blocked this 

increase and indicated that the effects of Dex on RASM cell migration were specific and 

mediated by the activation of a2-ARs. 

i 
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Figure 4.4 - Effects of a7-AR stimulation on F Hithvmidine incorporation. RASM 
cells were seeded in 96-well plates under subconfluent conditions (150 cells/mm^) in 
DMEM with 10% fetal bovine serum (FBS) and pen/strep. After 2.5 hr cells were 
rinsed with PBS and incubated in serum free DMEM with ITS and pen/strep 
overnight. Cells were then incubated for 24 hr alone (basal), or in the presence of 
increasing concentrations of dexmedetomidine (Dex) or 2% FBS. Next, cells were 
lysed in H2O and filtered onto Whatman GF/B filters using a Brandel cell harvester. 
The last two bars represent the fold>proliferation of cells seeded under the same 
conditions as used for the cell migration assays (In Strip) and treated for 48 hr with I 
(iM Dex or 2% fetal bovine serum. Values are mean fold [^H]thymidine 
incorporation over basal ± SEM (n = 6 for assays in 96-well plates and n = 3 for 
assays done from cell strips). * indicates p < 0.05 vs cells treated with I |aM Dex. 
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Figure 4.5 - a^-AR stimulation of RASM cell migration. Cell migration was 
determined as described in Materials and Methods and was expressed in terms of 
the fold increase in random motility coefficient (n) over the basal value. Cells were 
incubated for 48 hr under basal conditions (untreated), with 1 ^iM Dex (Dex) or 
with I (xM Dex plus 1 nM RW (Dex + RW). Values are the means ± SEM (n = 4). 
* indicates p < 0.05 vs Dex + RW treatment group. 
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4.3.6 Effects of Ut-AR Stimulation on f-Actin Polymerization. 

To investigate the possibility that the increase in cell motility might be associated 

with cytoskeletal changes, fluorescence microscopy was used to examine the extent of f-

actin polymerization in RASM cells that had been treated with Dex. Figure 4.6 shows 

the labeling of f-actin by TRITC-phalloidin in untreated RASM cells (panels A-C) and in 

cells that had been incubated either with 1 fxM Dex (panels D-F) or with 1 fiM Dex plus I 

|iM RW (panels G-I) for 6 hr. Treatment with agonist (panels D-F) caused a marked 

decrease in the intensity of f-actin labeling as compared with control (panels A-C). This 

effect can be blocked by co-incubation with antagonist (panels G-I)- Nearly identical 

results were obtained with RASM cells prepared from three different animals and from 

cells plated at both high and low density. As with the effects of Dex on cell migration, 

the effects of Dex on f-actin polymerization were consistent with the activation of CLy-

ARs. 

To see if a pulse of Dex would initiate a migratory response or a change in actin 

labeling, experiments were perforaied in which cells were incubated with Dex (O.l and 

1.0 ^M) for 5 min (as in the MAP kinase assays), rinsed and then 38 or 18 hours later 

monitored changes in migration and actin respectively. However, in both of these cases, 

there were no differences between the pulse treated cells and untreated cells. In addition, 

we looked for changes in actin inunediately after a 5 min Dex pulse and saw no 

differences. It appears that constant Dex exposure is necessary. 

S 
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Figure 4.6 - a?-AR inhibition of TRITC-phalloidin f-actin labeling in RASM cells. 
Fluorescence microscopy with TRITC-labeled phalloidin (1 mg/ml) was used to 
examine f-actin labeling either under basal conditions (panels A-C; No drug 
treatment) or following a six hr incubation with 1 |iM Dex (panels D-F) or with I 
joM Dex plus 1 fiM RW (panels G-I). Scale bar in D = 20 jim. All images were 
acquired under identical conditions (n = 3). 
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4.4 DISCUSSION 

a2-Adrenergic receptors (a2-ARs) are present in cultured rat aortic smooth muscle 

(RASM) cells as determined by immunofluorescence microscopy, RT-PCR and several 

measures of functional activation. The results of both the immunofluorescence 

microscopy and RT-PCR indicated that all three ai-AR subtypes were expressed in 

RASM cells, although with increasing passage number, expression was lost. 

Fimctionally, the activation of RASM cell az-ARs stimulated both ErkI/2- and c-Jun-

MAP kinase activity in a dose-dependent manner that was PTX-sensitive in the case of 

Erkl/2, increased cell migration, and decreased the intensity of f-actin labeling. These 

results are consistent with a possible role of ai-ARs in vascular wound healing as well as 

in pathologies such as atherosclerosis and restenosis. 

It was interesting to note the difference in immunofluorescent reactivity between 

the receptor subtypes. While all three receptors localize difftisely along the plasma 

membrane, the a2A-AR appears to also exhibit a nuclear staining pattern and the aiC-AR 

exhibits a prominent perinuclear staining pattern. The identification of differential 

receptor subcellular localization is not novel and may be explained a number of ways. 

For example, the receptors may exhibit different degrees of targeting, tumover and 

sequestration. Daunt et ai. and Keefer et ai. with a2-ARs and Tarasova et. al. with 

CCK receptors have shown that G protein-coupled receptors are able to both 

differentially localize to specific plasma membrane domains (e.^. apical v^. basolateral) 

as well as subcellular domains (15,36,79). In addition, differential subcellular 

localization may also be a function of cell type (15). 

f 
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Previous studies by Ping and Faber using RT-PCR identified only the presence of 

the ttiA-AR in both vascular tissue and cultured vascular smooth muscle cells from rat 

(63). Perhaps the differences in the results of the present study derive from the use of 

different methods of cell isolation (/.e. enzymatic dispersal vj. tissue explant) or 

differences in culture conditions, passage number or primers and RT-PCR conditions. In 

addition, studies with transgenic mice lacking the aiB-AR suggest that this subtype is 

normally expressed in vascular smooth muscle and that its activation produces 

vasoconstriction (47). The knockout studies are limited, however, in that they do not 

look at isolated arteries or veins and cannot rule out compensation by a non-targeted 

subtype. The present study is the first to indicate that the aiC-AR is also expressed in 

vascular smooth muscle. Interestingly, studies with transgenic mice lacking the ajC 

subtype showed no changes in hemodynamic parameters (47), which raises the question 

of their function in vascular tissues. 

Generally, the activation of ai-ARs is known to have effects on a number of 

cellular pathways. For example, it has been shown that the ai-ARs mediate release of 

Ca^^ from intracellular stores (43), stimulate the secretion of prostaglandins (most likely 

an aiB-AR response) (57), promote preadipocyte proliferation (8) and stimulate MAP 

kinase activation in stably transfected CHO cells (24). In the present studies, ai-AR 

activation was also found to stimulate MAP kinase activity, however, this did not appear 

to be associated with any proliferative effects on the RASM cells. Besides the 

association of MAP kinase with proliferation, the activation of this pathway has also been 

associated with effects on vascular contraction, cardiac hypertrophy and migration. To 

!• 

i 
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examine if there might be an effect of ai-AR activation on cell migration, we performed 

an assay which determines the linear dispersion of a cell population from a defined 

source and provides a stochastic measure of cell migration, known as the random motility 

coefficient, (30,78). We found that ai-AR activation, stimulated cell migration and 

that this was blocked in the presence of the az-AR antagonist RW. 

Previously, in wound-healing studies of the corneal endothelium, it has been 

found that the migration and spreading of cells is associated with a decrease in f-actin in 

the cortical region of the cells (33,62). We examined changes in RASM cell f-actin, and 

found that a2-AR activation produced a dramatic decrease in TRITC-phalloidin labeled f-

actin throughout the cell. 

These results illustrate that ARs mediate functions beyond vasoconstriction. The 

fact that a2-AR stimulation had an effect on cell migration implies that they may play a 

role in vascular wound healing and may potentially contribute to pathologies such as 

atherogenesis or hypertension. In this sense, a model may be developed in which under 

normal conditions aaA-ARs in the endothelium facilitate the release of nitric oxide to 

produce a net hypotensive response (in conjunction with a centrally-mediated decrease in 

sympathetic tone); whereas, the ai-ARs in the medial smooth muscle compete by 

modulating vasoconstriction. Additionally, following a lesion to the intima, 

catecholamines from the blood would have greater access to the medial smooth muscle 

a2-ARs which could cause cellular migration and thereby contribute to the wound 

healing process or, if uncontrolled, contribute to atherogenesis. An important question 

that still needs to be addressed is whether these effects on cell migration and cytoskeletal 

1 
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f-actin can be attributed to the activation of a specific az-AR subtype. This is particularly 

interesting in terms of the apparent differences in the desensitization and down-regulation 

of the receptor subtypes. In studies by Kobilka (82) and in our preliminary studies with 

RASM cells, it appears that there are differences between the subtypes with respect to the 

ability of agonists to cause receptor internalization, down-regulation and/or 

desensitization. Since the a2-agonist stimulated effects on cell migration and on f-actin 

typically have long time courses it might be significant if these effects were mediated by 

a receptor that does not desensitize. 
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CHAPTERS 

Localization and Characterization of a2-Adrenergic Receptors In Ocular Tissues 

5.1 INTRODUCTION 

The study of G protein-coupled receptors in ocular tissues has led to the 

development and clinical usage of a variety of autonomic agents. These drugs may range 

from those used for the dilation (mydriasis) or constriction (miosis) of the pupil to the 

treatment of glaucoma or infections. Table 3 lists a nimiber of the autonomic drug 

classes and their clinical usage in the eye. As is evident, a large number of 

pharmacological agents used in the eye, are for the treatment of glaucoma and either 

directly or indirectly effect intraocular pressure (lOP). Glaucoma is an ocular disease 

characterized by an elevated intraocular pressure that ultimately leads to impingement of 

the optic nerve and consequently, visual field loss or blindness. It is the leading cause of 

blindness in Blacks, and the third leading cause in Caucasians, in the United States, 

affecting at least two million people (54). 

In a normal fimctioning eye, ocular pressure is maintained by the constant flow of 

aqueous humor through the posterior chamber (from the ciliary body) aroimd the iris, to 

the anterior chamber, and out through the trabecular meshwork and the canal of Schlemm 

(16,54). Specifically, water and nutrients are transported from capillaries throughout the 

ciliary body and ciliary processes into the tissue spaces. The innemiost layer (with 

respect to the eye) of the ciliary body, the ciliary epithelium, is a bilayer of cells that sit 

apical-to-apical, that is, they are connected by gap junctions in their apical membranes. 
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The inner-most layer of the ciliary epitheliimi (bordering the aqueous humor) is the non-

pigmented epitheliiun and these cells are connected by tight junctions producing a 

functional barrier delineating the inside and the outside of the eye. The second layer of 

cells in the ciliary epithelium are the pigmented epithelial cells, which are the 

developmental continuation of the retinal pigmented epithelium, and are responsible for 

aqueous humor production (16). Fluid is continuously secreted from the ciliary body and 

therefore, in order to maintain a constant ocular pressure, there must as well be a constant 

outflow. This outflow is facilitated through the canal of Schlemm in the anterior 

chamber, trabecular meshwork (Figure 5.1). 

It quickly becomes evident that any imbalance between the inflow and outflow of 

aqueous humor could lead to an increase in lOP. This increase in pressure would then 

lead to the impingement of the optic nerve and consequently a decrease in visual 

sensitivity, and ultimately to blindness (11,54). Because an increase in lOP is the most 

important risk factor for glaucoma, drugs that decrease lOP have been sought for the 

treatment of glaucoma (34). As pointed out previously and in Table 3, a number of a?-

AR agonists have been implicated as playing a role in decreasing intraocular pressure 

(11,34,54,59,88). In the past, p-aminoclonidine, an a-agonist, has been used for the 

treatment of 10? following stirgery, however, other ligands are being considered and are 

currently in clinical trials (e.g. brimonidine (UK 14,304) (59)). P-AR antagonists are 

currently the preferred drug to treat glaucoma, however, the use of a2-AR subtype 

selective agonists could potentially be more efficacious and possess less undesirable side-

effects. 

j 



Tables 

Pharmacological Agent* Effect Clinical Usage 
P-AR Antagonist 

Betaxolol ilOP Glaucoma 
Timolol i l O P  Glaucoma 

a2-AR Agonist 
Vasoconstriction; i aq production Epinephrine Vasoconstriction; i aq production Surgery vasoconstrictor; Glaucoma 

Brimidine (59,88) i aq production; i aq hum flow Glaucoma (In clinical trials) 
Moxonidine (59) i aq production; 4' aq hum flow Glaucoma 
p-AminocIonidine (34) ilOP Acute t lOP 
a-methylnorepinephrine ilOP Glaucoma 

apAR Agonist 
Phenylephrine Mydriasis Examination of ocular fundus 

t lOP Evaluation of pupillary responses 
A'-THC ilOP Glaucoma 
Muscarinic Agonists 

Acetylcholine Miosis; Myopia Intraocular miosis in surgery 
Pilocarpine Miosis; Myopia Glaucoma 

Muscarinic Antagonists 
Atropine/Scopolamine Mydriasis Funduscopic exam 

Abbreviations; i aq production, decrease aqueous humor production; 4 (OP, decrease intraocular pressure; 4- aq hum flow, decrease aqueous 
humor flow; A -THC, delta -tetrahydrocannabinol. 

* Drugs listed above are discussed in (54). 
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It was initially hypothesized that the ocular hypotensive effects of ai-AR agonists 

were secondary to central nervous system stimulation and a concomitant decrease in 

sympathetic tone (34). However, a number of studies have shown that topically applied 

agents that do not appear to alter systemic vascular tone, and that are detectable in very 

low systemic concentrations, still produce a decrease in lOP (34). In addition, evidence 

suggests that the ai-ARs may function to antagonize the cAMP stimulating effects of the 

P-ARs (34). It should be pointed out however that a^-AR stimulation alone is sufficient 

to decrease lOP (59). 

It has been shown that all three of the ai-adrenergic receptor subtypes are present 

in ocular tissues. The results of radioligand binding studies in the retina differ but have 

identified the aaA/D-AR (11,88) and ajC-AR (88). Northern blot analysis has identified 

the a2A/D-AR in the retinal photoreceptors as well (81). Based on these finding, it may 

be hypothesized ±at the ai-ARs play a neuro-protective role in the retinal ganglion cells. 

With respect to aa-ARs in the anterior segment, the aiB- and aiC-AR have been 

identified by reverse transcriptase polymerase chain reaction (RT-PCR) and 

immunofiuorescent microscopy (32) in the ciliary body, and the aaA-AR was identified 

by immunofluorescence microscopy in the cells of the trabecular meshwork (TM) (75). 

These are the regions that may facilitate the ocular hypotensive responses observed upon 

a2-AR stimulation. 

Interestingly, no studies have identified a2-ARs in the cornea of the eye. The 

cornea is the primary barrier protecting the eye from physical damage and infection. In 
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addition, the corneal epithelium must continually regenerate and tum over fresh cells as 

they are continually being scraped off or shed in the tear pool(l8,40). Both the 

regenerative process as well as the processes involved in corneal wound healing require 

epithelial cell proliferation and/or migration (18,27,40). A number of peptide growth 

factors have been identified as having a role in the maintenance and healing of the 

corneal epithelium and have been found in tears (73). 

Based on the functional results presented in chapter four, we hypothesized that 

the aa-ARs may play a proliferative and/or migratory role in the different regions of 

ocular tissue and may therefore play a role in ocular maintenance and healing. Thus, we 

examined a number of ocular tissues with the extra-cellular specific, ai-AR antibodies in 

the hope of further identifying the aa-AR subtypes present in different regions. In 

addition, functional assays were performed on corneal epithelial cells in culture to 

identify whether aa-ARs are expressed in these cells, as well as to identify potential 

functional responses that these receptors may elicit. 

5.2 MATERIALS AND METHODS 

5,2./ Immunqfluorescent Labeling of Human Cornea & Human Corneal Epithelial Cells. 

Hiunan eyes were obtained from the Arizona Lyons Eye Bank. Eyes had 

previously been fixed in formaldehyde. They were cut into thirds, placed in OTC and 

snap frozen in an isopentane/liquid nitrogen bath. 10 |im section were cut by the 

Southwest Environmental Health Sciences Center core facility. Sections were 

microwave treated for antigen rescue and auto-fluorescence quenched with two 15 min 
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washes each of NaBBit (I mg/ml) and Glycine (100 mM). Sections were penneabilized 

in 0.05% saponin in PBS containing 10% goat serum and were incubated with the 

primary antibody for 2-4 hr at room temperature. Primary antibodies were the chicken 

anti-himian ai-AR antibodies discussed in Chapters 3 and 4. Cells were then washed (3 

X 15 min) in PBS under gentle agitation. Incubation with the secondary Cy5 labeled 

antibody was for 40 min at room temperature in the same buffer in the dark. Cells were 

washed in PBS (3 x 10 min) with gentle agitation and mounted imder rectangular glass 

coverslips (Nunc) with 10 nl p-phenylenediamine, using Cytoseal 

Human comeal epithelial cells (HCEC) in culture were obtained from Dr. Peter 

Reinach. HCEC were seeded onto glass cover slips and after 24-48 hours, they were 

rinsed with phosphate buffered saline (PBS) and fixed with 4% paraformaldehyde in 

PBS. Following an incubation with NaBHt (I mg/ml) the cells were penneabilized in 

0.05% saponin in PBS containing 10% goat serum and were incubated with the primary 

antibody, as above, for 1-2 hr at room temperature. Cells were then washed (3x15 min) 

in PBS under gentle agitation. Incubation with the secondary Cy5 labeled antibody was 

for 30 min at room temperature in the same buffer in the dark. Cells were washed in PBS 

(3 X 10 min) with gentle agitation and mounted onto glass slides with 10 ^l p-

phenylenediamine, using Cytoseal™. For f-actin labeling, cells were incubated with 

Texas red isothiocyanate (TRITC)-labeled phalloidin for 2 hr at room temperature, 

washed (3x5 min) with PBS and mounted as before. 

For visualization of fluorescent labeling, epifluorescent microscopy was 

performed using an Olympus BH-2 microscope with a 60x oil objective (1.4 N.A.), with 
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a 100 W mercury bulb, through a dichroic FITC filter cube. Alternatively, samples were 

visualized using a Leica-TCS confocal microscope (Deerfield, IL). All conditions were 

performed in duplicate or triplicate and replicated at least three times. A minimum of 

three fields was sampled per section or coverslip. All images chosen for figures were 

taken under identical conditions within each control and sample (expostire time, voltage 

intensity, pinhole size, etc.), and were representative of each condition. 

5.2.2 MAP Kinase Assays. 

Erk 1/2 MAP kinase assays were performed as described by Biurkey and Regan 

(9) with the exception that immimoprecipitation was performed using a combination of 

both polyclonal anti-Erkl and Erk2 MAP kinase antibodies. Cells were grown to 

confluence and then cultured ovemight in serum free DMEM containing insulin, 

transferrin and selenixam. They were then incubated in the same media containing drugs 

for 5-10 min at 37°C. Alternatively, some cells were incubated with drug following a 4 

hr preincubation with 150 ng/ml pertussis toxin (PTX). A 10 min treatment with 10 

Phorbol myrisate acetate (PMA) was the positive control. In addition, a selective 

MEBCKl/2 inhibitor PD98059 (New England Biolabs) was used to verify that the PMA 

induced MAP kinase activity was via the expected pathway. Cells were washed with 

PBS (4°C) and scraped into lysis buffer (50 mM p-glycerophosphate, I mM EGTA, 2 

mM MgCb, 100 nM NaVOs, 0.5% Triton X-lOO, I mM DTT, 1 mM PMSF, 20 ^iM 

pepstatin and 20 |aM leupeptin at pH 7.2 and 4°C). Cell debris was sedimented by 

centrifugation at 12,000 X g for 15 min at 4°C and 100 (ig aliquots of the lysate were run 
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on a 12% SDS-PAGE gel. Gels were blotted onto nitrocellulose and probed with anti-

phospho-Erkl/2 kinase antibody (2 ^ig; New England Biolabs). Immunoreactivity was 

detected with a secondary phosphatase labeled goat anti-rabbit antibody and enhanced 

chemiluminescence, followed by exposure to X-ray film for 1-20 min (see appendix A 

for details on westem blotting). 

5.2.3 Proliferation Assay 

[^H]Thymidine incorporation assays were performed as a marker of cell 

proliferation. HCEC were plated at a density of 450 cells/mm^ in a 96 well plate (Coming) 

and grown >14 hours in DMEM(+), 95% air / 5% CO2. The next day cells were washed 

with PBS (37°C) and incubated for 24-48 hours in serum free DMEM with ITS for 24 hr. 

Cells were then exposed to DMEM alone or containing 2% FBS (positive control), 

agonist (1 ^iM Dex), or agonist plus antagonist (1 joM Dex plus 1 }aM RW) and O.l ^iCi 

[^H]thymidine. Next, cells were incubated overnight, lysed in H2O and harvested onto 

Whatman GF/B filters, using a Brandel Cell Harvester. The filters were washed 

repeatedly (~10 ml/well) with ice cold H2O, dried in an oven (55°C) and counted in 

Safety-Solve. 

5.2.4 Cell Migration Assay. 

The effects of ai-AR ligands on the migration of HCEC was determined using the 

linear migration assay described by Hoying and Williams (30,78) and presented in 

chapter 4. Briefly, cells were seeded at 300% confluence (~6000 cells/mm^) in 12 well 
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plates containing Teflon inserts designed to yield a 3 by 20 mm rectangular cell reservoir 

from which cell migration could occur. Cells were allowed to adhere for 2.5 hr in 

DMEM containing 10% FBS and pen/strep, after which time the inserts were removed 

and the cell strips were washed and incubated overnight in DMEM containing ITS and 

pen/strep. The cells were then incubated with or without drugs for 48 hr. The media was 

changed every 24 hr and drug was re-administered to the appropriate wells. The cells 

were then fixed for 30 min in PBS containing 4% paraformaldehyde, permeabilized for I 

min in PBS containing 0.02% Triton X-lOO at room temperature and rinsed in PBS. 

Nuclei were stained by incubating the cells for 5 min in PBS containing 5 |ig/ml 

bisbenzimide. The migration profile of each well was determined by counting 

fluorescent nuclei using Image I analysis software interfaced to a microscope with an 

automated stage. Random motility coefficients (^i) were calculated by computer for both 

sides of the rectangular cell strip according to Hoying and Williams (30,78). 

5.3 RESULTS 

5.3.1 Immunofluorescent Labeling of Human Cornea & Human Corneal Epithelial Cells. 

Human corneal epithelial cells in the intact eye displayed positive 

inununoreactivity for the a2A-AR that appears specific and was blocked by preincubation 

of the antibody with its corresponding fitsion protein. No immimoreactivity was seen 

above background auto-fluorescence for the aiB- or the azC-ARs in the sections of intact 

human cornea (Figiure 5.2). Inmiunofluorescent labeling of cultured human corneal 

epithelial cells showed the presence of the aaA- as well as the azC-AR (Figure 5.3). 

i 
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Labeling of the cells with the a2B-2ECL antibodies, did not appear to be above 

background levels (Figure 5.3). 

Figure 5.2 - a^-Adrenergic Receptor Immunolocalization in Human Cornea. 
Immunofluorescent labeling in cross-sections of whole eye, with antibodies 
selective for the a2A- (panels A, D), aaB- (panels B, E) and ctiC- (panels C, F) 
adrenergic receptor subtypes. Panels A, B and C show fluorescence after incubation 
of the sections with 1-8 ng of primary antibody followed by a secondary antibody 
coupled with Cy5 (I ng). Panels D, E and F show the background fluorescence after 
incubation with primary antibody that had been preincubated with a 10-fold excess 
of it corresponding fusion protein (10-80 ng) followed by the secondary Cy5 
antibody (1 ng). Corneal structiu'es were focused on and images were obtained on a 
Leica-TCS confocal microscope through a 40x oil objective. 
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1 • • 
Figure 5.3 - Human corneal epithelial cells were incubated with anti-aiA-NHi 
(A & D), a2B-2ECL (B & E) or aiC-NHj (C & F) antibodies in the absence (A-
C) or presence (D-F) of corresponding fusion protein. Secondary antibody was 
an FITC conjugated rabbit anti-chicken IgG (1:1500). Images were obtained 
using a Leica TCS-4D Laser scanning confocal microscope. Scale bar=10 fim. 

5.3.2 MAP Kinase Assays. 

Erkl/2-MAP kinase assays were performed by western blot on HCEC, however 

there was no ai-AR mediated stimulation detected. On the other hand, the positive 

control, PMA, did elicit a significant increase in Erkl (p44)-MAP kinase activity (Figure 

5.4). There did not appear to be any increase in Erk2 (p42)-MAP kinase activity. In 

addition, the MEK inhibitor, PD98059 was able to decrease the PMA induced Erk2 

(p42)-MAP kinase activity. 
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Figure 5.4 - ErkI/2-MAP Kinase Western Blot From HCEC. Erkl/2-MAP 
Kinase activity was determined in HCEC, as described in Materials and 
Methods, by western blot with anti-phospho-specific Erkl/2 MAP kinase 
antibodies. Cells were treated and run as follows: Lane I, untreated (basal); 
Lane 2, 10 nM Dex; Lane 3, 100 nM Dex; Lane 4, 1 nM Dex; Lane 5, 1 
^iM Dex + I (oM RW; Lane 6, 1 nM Dex + 4 hr pretreatment with 150 
ng/ml PTX; Lane 7, 10 ^iM PMA; Lane 8, 10 ^iM PMA + PD98059 (MEK 
inhibitor). 

1 2 3 4 5 6 7 8 
P44 

5.3.3 Proliferation Assay 

The results of the ['H]thyniidine assays are shown in figure 5.5. As can be seen, 

[^H]thymidine incorporation of dexmedetomidine treated HCEC was not greater than that 

of untreated cells. Treatment of HCEC with 2% serum (positive control), did however 

result in a significant increase in [^H]thymidine incorporation, indicating that the cells are 

capable of proliferating under these conditions. 

5.3.4 Cell Migration Assay. 

Using automated video microscopy in a linear migration assay (30,78), random 

motility coefficients (|i) were calculated for either untreated HCEC, HCEC that had been 

incubated for 48 hr with 1 jiM Dex or with 1 joM Dex plus 1 |iM RW. In Figiu-e 5.6, the 

mean results of three independent experiments show that incubation with Dex produced a 

2.75-fold increase in the migration of HCEC as compared to the untreated controls. Co-



incubation of the HCEC with Dex and RW blocked this increase and indicated that the 

effects of Dex were specific and mediated by the activation of ai-ARs. 

Figure 5.5 - Effects of g^-AR stimulation on HCEC r^Hlthvmidine incorporation. 
HCEC were seeded in 96-well plates under subconfluent conditions (450 cells/mm") 
in DMEM with 10% FBS and pen/strep. After 2.5 hr cells were rinsed with PBS and 
incubated in serum fi«e DMEM with ITS and pen/strep overnight. Cells were then 
incubated for 24 hr alone (basal), with I (iM dexmedetomidine (Dex) or 2% FBS. 
Next, cells were lysed in H2O and filtered onto Whatman GF/B filters using a 
Brandel cell harvester. Values are mean fold [^H]thymidine incorporation over basal 
± SEM. * indicates p < 0.05 vs cells treated with I joM Dex. 

2.5 1 

Basal Dex 2% FBS 

5.3.5 Effects of a^-AR Stimulation on f-Actin Polymerization. 

To investigate the possibility that the ai-AR stimulated chemokinetic effect in 

HCEC might be associated with cytoskeletal changes, fluorescence microscopy was used 

to examine the extent of f-actin polymerization. Positive actin labeling is seen in a 

cortical fashion on the periphery of the cells, particularly at sites of cell adhesion to other 

cells (Figure 5.7). No changes however, were detected in cells following treatment with 

1 |iM Dex or following co-incubation with Dex and RW. 
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Figure 5.6 - a^-AR stimulation of HCEC cell migration. Cell migratioa was 
determined as described in Materials and Methods and was expressed in terms of 
the fold increase in random motility coefficient (n) over the basal value. Cells were 
incubated for 48 hr under basal conditions (untreated), with 1 ^M Dex (Dex) or 
with 1 (iM Dex plus 1 joM RW (Dex + RW). Values are the means ± SEM (n = 3). 
* indicates p < 0.05 vs Unstimulated (basal). 
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•• 
Fieure 5.7 - TRITC-ohalloidin f-actin labeling of HCEC. Fluorescence microscoov 
with TRTTC-labeled phalloidin (I mg/ml) was used to examine f-actin labeling either 
under basal conditions (panel A; No drug treatment) or following a 16 hr incubation 
with 1 ^M Dex (panel B) or with 1 (iM Dex plus 1 ^iM RW (panel C). All images 
were acquired under identical conditions (n = 3). 
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5.4 DISCUSSION 

Much work has gone into the characterization of aqueous humor production and 

outflow. Surprisingly, little work has gone into the study of healing mechanisms of the 

ocular tissues. The role aa-adrenergic receptors may play in the maintenance of 

intraocular pressure has just recently begun to be explored on a molecular and cellular 

level. Oiu: laboratory has focused on the localization of, and functions mediated by the 

aquaporins (76,77), the prostanoid receptors (Fan; (3)), and the a2-adrenergic receptors 

(32,75). Using the a2-AR-extra-cellular specific antibodies discussed in chapter three, I 

found positive labeling of the azA- and aiC-ARs in the human retina (data not shown) 

verifying previously published results. No a2-AR immunoreactivity was found in the 

bovine retina. This may reflect differences between species tissues or may be an artifact 

of the tissue fixation process or a problem of the antibodies recognizing epitopes in the 

bovine. RT-PCR was done using RNA isolated from these tissues and no products were 

isolated. 

On the other hand, no evidence has identified the aa-ARs in the corneal 

epitheliiun of the eye. Based on the results of our study of aortic smooth muscle, and 

because the cornea has such a rapid turnover and healing responsibility, we hypothesized 

that the a2-ARs may be expressed in this tissue and play a proliferative or migratory role. 

Immunofluorescent microscopy revealed positive reactivity for the a2A-AR in the 

corneal tissue with particularly strong labeling in the corneal epithelium. This reactivity 

appeared to be specific, as it was blocked by preincubation with the antibody's 

corresponding fusion protein (Figure 5.2). 
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In addition, cultured human corneal epithelial cells (HCEC), labeled positive for 

the azA- and aiC-AR (Figure 5.3). The difference between the intact tissues and the 

cultured cells (i.e. the labeling of the aiC-AR), perhaps derive from the fact that the 

HCEC have been passaged many times (20-50) and may have changed slightly in 

phenotype. RT-PCR results also reveal the presence of both the ajA- and aiC-ARs in 

the HCEC (data not shown). Unfortunately, no RT-PCR could be performed on the 

human ocular tissues. The evidence indicates that, in the human eye, at least the aiA-AR 

is expressed in the cornea. Based on the previous results in the aortic smooth muscle, we 

chose to explore functional responses mediated by ai-ARs in the human corneal 

epithelial cells. 

The functional responses that we examined, were chosen based on their potential 

role in wound healing. Such effects included MAP kinase activation, proliferation, 

migration and changes in the f-actin cytoskeleton. Although much of this work is on 

going, it may be concluded that, in the HCEC, aa-ARs do not induce MAP kinase 

activity (Figure 5.4) or proliferation (Figure 5.5). Stimulation of the az-ARs on HCEC 

with the selective agonist dexmedetomidine (Dex) did, however have a chemokinetic 

effect. That is, the addition of 1 nM Dex to the HCEC lead to a significant increase in 

the amoimt of random motility of the cells and this effect was prevented by co-incubation 

of the cells with both Dex and RW (Figure 5.6). It has been shown that corneal epithelial 

and endothelial cell migration are very important for both wound healing and for 

maintenance (18,40). Therefore, the ai-ARs may play a role in the maintenance and 

healing processes associated with the corneal tissues. 
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Based on the dramatic changes seen in the cytoskeletal, f-actin organization 

following a2-AR stimulation in rat aortic smooth muscle cells (Chapter 4), I looked at 

TRTTC-phalloidin labeled actin changes following Dex stimulation in HCEC. As can be 

seen in Figure 5.7, however, there was no apparent changes in the f-actin organization 

following a2-AR stimulation. It should be noted however, that the f-actin organization 

in the corneal epithelial cells is different from that seen in the RASM cells. While the 

RASM cell f-actin stains throughout the cells in what appears to be two populations (a 

stress fiber population and a focal adhesion population; Figure 4.6), the HCEC labeled f-

actin appears to localize in the periphery of the cells (i.e. cortical labeling) and is 

particularly dense at regions of cell-cell adhesion (Figure 5.7). Because the HCEC are 

considerably smaller cells 1 looked at the cytoskeletal labeling under higher 

magnification (198 and 330x magnification). At higher magnification, there were still no 

detectable changes in the actin structure. 
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In conclusion, ai-adrenergic receptors are detected in corneal tissues, particularly 

the corneal epithelium. a2-AR agonists such as dexmedetomidine have a chemokinetic 

effect in human corneal epithelial cells that is inhibited when they are co-incubated in the 

presence of the ai-selective antagonist rauwolscine. Unlike a2-AR mediated effects in 

the aortic smooth muscle cells, there was no apparent increase in MAP kinase activity in 

these cells. Although these studies are preliminary, there appears to be a potential role 

for the tti-ARs in corneal wound healing and maintenance. Future works should look 

into the effects of ai-AR ligands on the healing processes in ocular tissues. 
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CHAPTER 6 

Summary and Conclusions 

Using a variety of molecular biological and biochemical techniques I have 

examined a number of characteristics of the ai-adrenergic receptors (ai-ARs). In chapter 

one, it was my general hypothesis that the three himian a2-Adrenergic receptor (AR) 

subtypes exhibit differential tissue and subcellular localization and couple to divergent 

physiological pathways. It was my hope that in identifying differences between the ai-

ARs one may elucidate their physiological roles and provide a potential means for the 

rational development of therapeutic drugs or models of such pathologies as 

atherosclerosis, hypertension and glaucoma. Through the course of my studies it was 

shown that the ai-ARs are differentially expressed in tissues and may be co-expressed on 

the same cells. In addition, they often exhibit differential subcellular localization as well 

as sequestration and down-regulation characteristics. 

tti-AR specific antibodies were generated in chickens. These antibodies were 

shown to be selective for their corresponding subtype in a number of animal species and 

were used as a tool for the study of receptor cellular and subcellular localization as well 

as the sequestration and down-regulation studies mentioned above. In addition, the extra

cellular specific antibodies and corresponding protocols have been requested by other 

research groups, and have resulted in collaborations with a number of investigators with 

such research interests as neurobiology, and drug development for impotence, 

scleroderma, hypertension and atherosclerosis. 
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Once the presence of the ai-AR subtypes was established in the aortic smooth 

muscle, the functional responses they mediate, relevant to vascular healing and 

pathology, were examined. It was shown that ai-AR stimulation leads to an increase in 

MAP kinase activity, chemokinesis and changes in cytoskeletal f-actin organization. The 

tti-ARs may thus, play a part in the healing processes of the arterial vasculature, and may 

be involved in such pathologies as atherosclerosis and hypertension. Interestingly, 

similar results were seen in the corneal tissues of the eye. That is, ai-AR stimulation 

lead to an increase in cell migration. This is a novel finding as well, and deserves further 

investigation. 

In the process of investigating the ai-ARs a number of molecular and cellular 

biological, biochemical and pharmacological techniques were used, and their specific 

protocols have been attached as appendix A. In addition, much of the data in Chapter 

three was published in a book chapter entitled Immunolocalization of Native aj-

Adrenergic Receptor Subtypes: Differential Tissue and Subcellular Localization (69). 

The studies presented in Chapter four resulted in a manuscript entitled a2-Adrenergic 

Receptors Increase Cell Migration and Decrease f-Actin Labeling in Rat Aortic Smooth 

Muscle Cells accepted for publication in the American Journal of Physiology, March of 

1998 issue. Most of all, the research presented herein has taught me to be a scientific 

investigator. It has taught me how to look at a problem objectively, in a hypothesis 

driven manner, and how to be perseverant. 
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APPENDIX A - PROTOCOLS 

Protocol Index 

TOTAL RNA PREP USING TRIZOL (CELLS IN CULTURE) (6-3-97) 117 

MIGRATION ASSAY (3-31-97) 118 

RASM PREP (1-28-97) 119 

PROLIFERATION ASSAY (10-17-96) 120 

IP laNASE ASSAY (09-29-97) 121 

IP MAP laNASE ASSAY (09-29-97) 122 

C-JUN KINASE ASSAY (03-04-97) 124 

MAP IGNASE ASSAY (7-23-96) 126 

ADENOVIRUS TRANSFECTION (7-23-96) 128 

ANTIBODY AFFINITY PURIFICATION OR GST SUBTRACTION FROM CONCENTRATED 
IGY (12-23-96): 129 

WESTERN BLOT (12-23-96) 130 

IGY PURIFICATION FROM EGGS (7-23-96) 131 

FUSION PROTEIN-COUPLING TO AMINOLINK GEL (7-23-96) 132 

PROTEIN DOT BLOT (7-23-96) 133 

FLUORESCENT ANTIBODY STAINING USING SAPONIN TO PERMEABILIZE 134 

FUSION PROTEIN EXPRESSION (7-23-96) 135 

FUSION PROTEIN PURIFICATION - GSH COLUMN (SPIN METHOD) (7-23-96) 136 

WHOLE CELL BINDING 137 

FLUORESCENCE ANTIBODY STAINING OF TRANSFECTED CELLS - TRITON METHOD 
(03-31-96) 138 

EQUIPMENT AND SOLUTIONS FOR FLUORESCENT ANTIBODY STAINING (7-23-96).— 139 

PCR REACTION (6/3/97) 140 
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Total RNA Prep Using TRIzol (Cells in Culture) (6-3-97) 

Source: 

Wear gloves, use designated RNA (aerosol free) tip and use DEPC treated water. NO RNase!!! 

• Add TRIzol to cells @ 1 ml /10 cm" (7.85 ml for a 10 cm plate) 
• Rinse through a yellow pipette tip several times 
• Transfer goop to 2, 14 ml Falcon 2059 polypropylene TT (3.93 ml each) 
• Add 200 nl chloroform / ml TRJzol, cap and mix vigorously 15 sec (785 ^1 / TT) 
• Incubate @ RT 2-3 min 
• Centrifuge in @ 9000 rpm (12,000 x g) / A°CI 15 min 
• Carefully remove clear (upper) aqueous layer avoiding the interface (DNA). The volume should be 60% 

of original TRIzol volume. Transfer this soln to a fresh TT. 
• Add 0.5 ml isopropanol / 1 ml TRIzol (1.9625 ml IspOH / TT) 
• Incubate @ RT / 10 min 
• Centrifuge in @ 9000 rpm (12,000 x g) / 10 min 
• Discard soup 
a Wash pellets w/ I ml 75% EtOH (DEPC H2O) / ml TRIzol (7.85 ml). Vortex. 
• Centrifuge in @ 7500 rpm (7,500 x g) / 4°C/ 5 min 
• Vacuum dry to about 85-95% but DO NOT dry the pellet completely 
• Dissolve pellet in DEPC HjO (100 ^1 / plate but volume may need to be adjusted) 
• Spec samples (A. = 260/280 nm): 5 nl RNA : 495 ^1 DEPC HiO w/ DEPC H2O as blank. 

(OD,6o)(4) = [ng/^l]:, 
• Run samples on a 1% formaldehyde gel: • 36 ml HiO 

• 5 ml lOX RNA running buffer 
• 0.5 g Agarose and zero scale 
• Microwave on high 45 sec/mix/1 min/mix 
• Bring weight to zero w/ HiO 
• Add 9 ml formaldehyde IN HOOD 
• Pour gel 
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Migration Assay (3-31-97) 

Count with trypan blue and seat cells at desired concentration 
in Teflon insert in 12 well plate 
Desired concentration is cell type dependent (C2) = 
(( ^cells/slot) * (1 slot/0.4 ml)): 
13 slots • 400 ul = 5.2 ml = Vj 

• After 2-2.5 hr, carefully remove Teflon inserts (do not disturb 
cell front) 

• Rinse cells with DMEM + ITS + P/S 
• Add 2 ml DMEM + ITS + P/S to each well 
• Dose cells as desired: 

I 
0000 

u 
• Allow cells to migrate, changing medium zmd re-dosing every 24 hrs, for as long as desired (-48 
hrs): 

• In the William's lab, sign up for Image I station 
• Fix cells in 4% paraformaldehyde in PBS (pH7.4) at RT / 30 min 
• Rinse cells with PBS 
• Solubilize cells in 02% Triton X-lOO in 20 mM PBS (pH 7.1) @ RT / 1 min 
• Rinse cells in PBS for 10 min 
• Stain cells in Bisbenzimide (5 fig/ml;Hoechst dye; BBI). BBI Working stock = 20|ig/ml) 
• Wash in PBS I5min/RT 
• Aspirate all PBS and allow samples to air dry 
• Check that the UV filter cube and the IX TV relay are in the Image 1 scope 
• Drop camera #1, Silicon Intensified Tube (SIT), with collar screwed in, into top of scope over IX relay 
• Plug in SIT 
• Attach Video input cable to Vid 1 on SIT 
• Turn on UV lamp 
• Turn on computer power strip 
• Place plate under lOX objective and focus on cells. Find an area that contains no ceils 
• Turn the binocular to the left to send the image to video 
• Select Acquire Image. Ml, MI (i.e. accept the defaults) and select Aquire Reference 
• Find and focus on a region in the center of the cell strip 
• Type Alt-J to Execute a Journal 
• Select Journal 
• Select MIGR_MSR.jnl. Accept defaults and reset stage (should see stage move) 
• Adjust the SIT gain (right dial) until desired cells are just above the threshold of being counted (blue) 

and don't touch from here on 
• Press Esc to exit journal 
• Press 5 for live video view and place light beam just flush to the left of the cell front to be measured 

(with cell strip running parallel to light path which goes from the front to the back of the scope) 
• Type Alt-J to Execute a Journal and run in default mode, enter a Name and destination Path 
• Accept defaults and the program should begin running. Scope may need to be focused (-15 min and 

total run of one well takes -36 min) 
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RASM Prep (1-28-97) 

RAT: 
> • Get dry ice, place PBS and DMEM (+) in 37°C water bath, sign up for hood 

• Sacrifice rat by CO2 asphyxiation (mix water and dry ice in ice tub, place a diaper over ice. Take rat by 
its tail, place it on the diaper and cover the tub with a lid for about 2-5 min. \^en rat is non-
responsive to foot pad pinch and eyes are glazed it is dead). 

• Spread arms apart and tape them to the comers of a glass plate 
• Wet belly w/ MeOH 
• Pinch skin w/ forceps just above genitalia and lift 
• Cut w/ scissors at bottom of pinch (cut should be fi'om left to right) 
• Cut straight up rat and peel back skin 
• Return to original position, pinch fascia and 

repeat cuts 
• Move intestines aside and locate the aorta 

running along the spine, just between the 
kidneys 

• With small scissors, gently cut along aorta to 
lift it all the way to the heart. The thymus 
will most likely need to be cut away to get 
to the transverse section and carotid arteries 

• Cut at the bottom and the top of the aorta 
and place it in PBS in a IS ml screw top TT 

• In sterile culture hood open a 10 mi culture 
plate and pour about 2 ml PBS into both lid 
and plate 

• Clean vessel in lid, by peeling off all fat and 
connective tissue and transfer to plate 

• Cut vessel between transverse and descending sections 
• Cut sagital along each section to open vessel and expose the endothelium 
• Remove the endothelium by scraping with the sharp side of a pair of scissors 
• Cut tissue sections ~ 3 X 3 mm and place them into a culture dish underneath glass coverslips 
• Fill plate with DMEM (+) and place into incubator @ ST'C / 5% COt / 95% air for about 7-14 days until 

cells begin to migrate out from under glass slips 

• Split / pass RASM cells: PASS NUMBER = 
> • Place DMEM (+), PBS and trypsin into "iTC water bath 
• Rinse cells with warm PBS 
• Add 0.05% trypsin / EDTA to the dish (may need to dilute .25% trypsin in PBS) 
• Incubate @ 37°C / 5% COi/ 95% air for 4.5 - 5 min 
• Add 10 ml DMEM (+) to plate, gently wash cells off plate and place them into a sterile 15 ml 

screw top TT 
• Spin cells in table top centrifuge for ~ 2 min 
• Carefiilly aspirate medium and resuspend cell pellet in DMEM (+) 
• Add cells to appropriate number and size of plates 



120 

Proliferation Assay (10-17 %) 

• Count and plate ceils in 96 well plate. Try to keep replicates running horizontally 
Desired concentration is cell type dependent (C2) = (( ^cells/well) * (1 well/0.2 ml)): 
96 wells » 200 jU = 19.2 ml = Vz 
• Grow cells to-70-85% confluency. Cell type: 
• Add trypsin to remove cells from plate (e.g. 4 ml 0.25% trypsin / 37°C / 5% COt/ I min) 
• Remove cells by adding medium and transfer to a sterile 15 ml screw top TT (e.g. 11 ml DMEM + 

P/S + 10% FBS) 
• Spin cells to pellet and aspirate media 
• Resuspend cells in appropriate volume of media depending on initial confluency: 
• Aliquot -20 ^l to a hemacytometer 
• Count at least four large squares and average the cell number 

Average cells / square = ( ) (1 x lO"* cells/ ml) = TT concentration 
TT conc (C|) = Dilute or concentrate as necessary (V1= (C2 V2) / Ci) 

• Aliquot 200 ^l of cells in suspension to each well 
• Incubate cells overnight in media (DMEM + P/S + 10% FBS) / 3TC / 5% COj 
• Exchange media with serum free media (DMEM + P/S) 1-2 nights: 
• Dilute [^H]-Thymidine to 0.005 ^Ci/^l (16 (il of [^H]-Thymidine to 3.184 ml DMEM) 
• Treat cells as desired. Try to keep a control within each set of 24 

• Aspirate media 
• Add 178 ^l serum free media 
• Add 2 ^l drug / treatment 
• Add 20 nl dilute [^H]-Thymidine 

• Incubation time = 

• Filter cells with cold water onto Whatman 
glass fiber filters (GF/B) 

• Wash 30 X with cold ddHjO 
• Dry filters and place in scintillation vials 
• Add scintillation cocktail 
• Count using USER 1 or 2 

0 0 0 0 0 0 0 0 0 0 0 0 ^  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
000000000000 

000000000000 

0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0  
ooooooooooooJ 



IP Kinase Assay (09-29-97) 

Reagents 

• Kinase Lysis bufler (250 ml; store @ 4°C); 
• IM Tris pH 7.6 (20 mM Tris final) 
• 100% NP-40 (0.5% final) 
• 5MNaa(250mMfinal) 
• 500 mM EDTA (3 mM final) 
• 250mMEGTA(3 mMfinal) 
• pHto7.6@4''C 

5 ml 
125 ml 
12.5 ml 
1.5 ml 
3.0 ml 

• 20 mM Leupeptin (MW = 475.6) 
• 10 mg into 1.05 ml H2O 

I ml/77.1 mg*(. mg) = 

• 500 mM Ditiiiothreitol (MW = 154.2) 
• 77.1 mg/1 mlHjO 250jil/21.8 mg*C .mg) = 

• 500 mM PMSF (MW = 1742) 
• 21.8 mg in 250 ^1 EtOH - Make Fresh (barely soluble) -

• PMA Steele (I mM; MW = 616.8) 
• To I mg vial add 1.62 ml DMSO 
• Store in -SO'C 

a 4X MAPK assay mix (MBP) • PKI (PKA inhibitor) 
• MgCl, (48 mM) • 100 ng/ml 
• Myelin basic protein (4 mg/ml) 

• 25% TCA (w/v) • 5X Laemmli Buffer 
• 50% glycerol 
• 300 mM TrismCl pH 6.8 
• 11.5%SDS 
• 50 mM DTT(7.7I mg/ml) 
• 0.1% Bromophenol Blue 
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IP MAP Kinase Assay (09-29-97) 

• Cell passage and animal origin: 
• Label microfiige tubes corresponding to each well (assuming a 6-weU plate) 
• To 9.755 ml stock icinase lysis buffer add the following (450 ^I/well): 

• 500 mM DTT (I mM final) 20 nl 
• 500 mM PMSF (1 mM final) 20 jil 
a 200 mM Na3V04 (2 mM final) 100 nl 
• 2.1 mg/ml Aprotinin (21 |ig/ml final) 100 ^1 
• 20 mM Leupeptin (10 ^M final) 5 |xl 

• Get cells fi-om tissue culture, replace media w/ 990 jil fi«sh media and place @ 37°C until ready (< 30 
min) 

• Add drug to corresponding cells and incubate @ 37°C. List ligand, concentration, and incubation time 
below; 

• Quickly aspirate media and add 1 mi cold PBS 
• lliorQughly aspirate all media from wells 
• Add 250 (il lysis buffer to each well 
• Scrape cells, rinsing between conditions or going up concentration gradient 
• Transfer solution to labeled microfiige tube on jce 
• Centrifuge on high (~12,000 rpm) / 15 min / 4°C 

i 
! 
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MAP Kinase Assay cont... 
• Perform a protein assay using standards made in lysis buffer 

> • Label 1 tube/sample 
• Aliquot 25 |ig cell lysate to labeled tubes 
• Add antibody or affinity substrate: Dilution/Cone: 
• Bring volume up to 400 nl with lysis buffer and rotate @ 4°C for > 1 hr 

> • Make 2X Kinase buffer (5 ml QS w/ H2O): 
• 500 mM ^-glycerophosphate (50 mM final) 500 ^1 
• 250 mM EGTA (I mM final) 20 ^1 
• 200 mM Na3V04 (100 final) 2.50 |il 
• PKI (50 ng/ml final) 20 fil 
• H2O 4.458 ml 

> • To equilibrate Protein G, aliquot jil slurry/sample x (# samples) = Slurry vol. = nl 
• Spin and discard soup 
•• Rinse beads two times with fil lysis buffer (volume = Slurry vol.) 
• Resuspend pellet in nl lysis buffer (volume = Slurry vol.) 

• Add nl Protein G to each lysate sample and incubate > 2 hr @ 4°C / Rotating 
> • Make IX Kinase buffer by diluting 2.5 ml 2X buffer with 2.5 ml HiO = KABl 
> • Make 40 nl, IX Kinase buffer / seunple: = KAB2 

• 20 nI2X kinase buffer / Sample = 
• 4 nl 1.0 mM ATP / Sample = 
• 10 |il 4X MBP w/ MgCU (stock 4X = 48 mM MgCK, 4 mg/ml MBP) = 
a 6 ^IHiO 

> • Defrost [y-^"P]-ATP in hood behind shield 
> • Behind shield and using filtered tips, dilute stock 0.2 mM [y-'"P]-ATP 1:40 in KAB2 (50 nCi / 

ml final specific activity): (I ^1 [^"P]/sample) 
• Recover pellet by pulsing in microcentrifuge for 1 min @ 2000 rpm 
•• Wash pellet 2X in lysis buffer (centrifuge in between washes to recover pellet and carefully aspirate) 
• Wash pellet IX in KABl (centrifuge to recover pellet and carefully aspirate) 
• Add 40 |xl of [y-^*P]-ATP in KAB2 to each sample and mix 
• Incubate 20 min @ 30°C 
• Add 10^125%TCA 
• Aliquot 25 |il of sample to glass test tubes 
• Filter aliquot, using a Brandel cell harvester onto GF/B filter paper and rinse w/ 20 ml, 75 mM HPO4" 
• Dry filters and place them in scintillation vials. Add -10 ml cocktail and count on USER 5 

Alternatively or in addition, samples may be run on SDS-PAGE (pH must be decreased using a drop of 
NaOH) 
• Add 10 ^1 Blue juice (Laemmli sample buffer) 5X 
• Boil samples for 3 min and run on 10% SDS-PAGE. Visualize by autoradiography and/or Imager 
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c-Jun Kinase Assay (03-04-97) 

Reagents 

• c-Jun kinase Lysis buffer (250 ml; store @ 4*'C): 
• IMTrispH 7.6 (20 mMTris final) 
• 100% NP-40 (0.5% final) 
• 5 M NaCl (250 mM final) 
• 500 mM EDTA (3 mM final) 
a 250 mM EGTA (3 mM final) 
• pH to 7.6 @ 4''C 

• 20 mM Leupeptin (MW = 475.6) 
• 10 mg into 1.05 ml HiO 

a SCO mM Dithiothreitol (MW = 1542) 
• 77.1 mg / 1 ml H2O 

• SCO mM PMSF (MW = 1742) 
• 21.8 mg in 250 fil EtOH - Make Fresh (barely soluble) ~ 

• 5X Laemmli Buffer 
• 50% glycerol 
• 300 mM Tris/HCl pH 6.8 
• 11.5%SDS 
• 50 mM DTT(7.7I mg/ml) 
• 0.1% Bromophenol Blue 

5 ml 
125 ml 
12.5 ml 
1.5 ml 
3.0 ml 

1 ml/77.1 me • ( ms) = 

250jU/21.8 ing*( mB) = 

U; 
« 
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c-Jun Kinase Assay (03-31-97) 

Assay 
• Cell passage and animai origin: 
• Label microfiige tubes corresponding to each well 
• To 9.755 ml stock c-Jun kinase lysis buffer add the following (250 nl/well): 

a 500 mMDTT(tmM final) 20^1 
a 500 mM PMSF (I mM final) 20 ^1 
a 200 mM Na3V04 (2 mM final) 100 nl 
• 2.1 mg/ml Aprotinin (21 ^g/mi final) 100 |il 
• 20 mM Leupeptin (10 |iM final) 5 )il 

• Get cells fi-om tissue culture, replace media w/ 990 ^il fresh media and place @ ZTC until ready (< 30 
min) 

• Add 10 ^l lOOX agonist to corresponding cells and incubate @ ZfC. List ligand, concentration, and 
incubation time below; 

Agonist = [100X]= Incubation time(s); 

Positive control = (400 mM Sorbitol 20 min @ ST^C) 
Time = (20 min) 

Negative control = (Unstimulated) 
• Quickly aspirate media and add 1 ml cold PBS 
• Thoroughly aspirate all media from wells 
• Add 250 |il lysis buffer to each well 
• Scrape cells, rinsing between conditions or going up concentration gradient (Sorbitol last) 
• Transfer solution to labeled microfuge tube on ice 
• Centrifuge on high (-12,000 rpm) /15 min / 4''C 
• Perform a protein assay using standards made in lysis buffer 

> • Label 1 tube/sample 
• Aliquot 25 ^g cell lysate to labeled tubes 
• Aliquot 5 ^l of 1:1 c-JunJGST sepharose bead slurry to each. 
• Bring volume up to 410 with lysis buffer and rotate @ 4''C for > 

> • Defrost [y-^*P]-ATP in hood behind shield 
> • Make c-Jun kinase buffer (5 ml): 

a 1 M HEPES pH 7.0-72 (20 mM final) 
• 500 mM ^-glycerophosphate (20 mM final) 
• 500 mM pNpp (10 mM final) 100 |xl 
a I MMgClidOmMfinal) 
• 500 mM DTT (1 mM final) 
a 200 mM Na3V04 (50 nM final) 

• Recover beads by pulsing in microcentrifiige for 1 min @ 2000 rpm 
•• Wash beads 2X in lysis buffer (centrifuge in between washes to recover beads and carefully aspirate) 
• Wash beads IX in kinase buffer (centrifuge to recover beads and carefully aspirate) 

> • Behind shield and using filtered tips, dilute stock 0.2 mM [y-^"P]-ATP 1:40 in kinase assay 
buffer (5 ^Ci / ml final specific activity): 

• Add 40 ^l of [y-'"P]-ATP in kinase assay buffer to each sample and mix 
• Incubate 20 min @ 30°C 
• Add 10 ^1 Blue juice (Laemmli sample buffer) 5X 
• Boil samples for 3 min and run on 10% SDS-PAGE. Visualize by autoradiography or Imager 

I hr 

100 fil 
200 ̂ l 

(p-Nitrophenylphosphate) 
50 ^I 
10^1 

1.25 Hi 

1 



MAP Kinase Assay (7-23-96) 

Reagents 

• lOX MAP Kinase Lysis bufTer (100 ml; store in -80°): 
• 500 tnM ^-glycerophosphate (MW = 216) 
• 10 tnM EGTA(MW = 380.4) 
• 20 mM MgClzeH^O (MW = 203.3) 
• I mM NaOrthoVanadate (MW = 183.9) 
• 5% Triton X-100 
• pH to 12 
• Aliquot in 1 ml and freeze @ -80°C 

10. 8 g 

380. 4 rag 

406. 6 mg 

18. 5 mg 

5.0 ml 

a lOX Dithiothreitol (10 mM; MW = 154J2) 
• 15.4 mg / 10 ml H2O 

• PMA Stock (I mM; MW = 616.8) 
• To 1 mg vial add 1.62 ml DMSO 
• Store in -80°C 

a lOOOX Pepstatin (20 mM; MW = 685.9) 
• 5.0 mg into 364 ^1 DMSO 

• lOOOX Leupeptin (20 mM; MW = 475.6) 
• 10 mg into 1.05 ml H2O 

• 4X MAPK assay mix (MBP) 
• MgCU (48 mM; MW =) 
• Myeh'n basic protein (4 mg/ml) 

• PKl (PKA inhibitor) 
• 100 |ig/ml 

• 25%TCA(w/v) 
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Adenovirus Transfection (7-23-96) 

• Cell count 
• Grow cells to -70-85% confluency 
• Add trypsin to remove cells from plate (e.g. 2 X in TE 1.5 min / 37°C / 5% COt, aspirate soln 

incubate / RT until cells detach (~2 min)) 
• Remove cells with 6 ml DMEM w/o serum and transfer to a sterile 15 ml screw top TT 
• Aliquot -30 ^l to a hemacytometer 
• Count at least four large squares and average the cell number 

Average cells / square = ( ) (1 x 10'* cells/ ml) = TT concentration 
TT concentration = 

• Cell volume = (4 x lO** cells) / (TT concentration) = ml / 10 cm plate 

• Transfection Solution: 
• Serum free DMEM = 5 ml - (cell volume + Virus + DEAE-dextran + DNA) 

= 5 ml - ( ) = ml DMEM (serum free) 
• Virus stock ( ) dilute I: = ^1 
• DEAE-dextran (0.08 jig/nl final = 40 ^1 of 10 mg/ml stock 
• 3 Jig DNA from [0.1 ^g/^l] stock = 30 jil DNA = 

• Add desired volume of cells to Transfection Solution and mix gently 
• Spread mix across a 10 cm plate 
• Incubate @ 37°C / 5% CO2 / 2.5 - 3.0 hrs (watch cells from ~2 hrs on): 
• Aspirate soln 
• Rinse cells w/ 2 ml 10% DMSO in PBS (>30 sec < 2 min) 
• Add 10 ml DMEM w/ 10% FBS + P/S and incubate 24 hrs / ZTC / 5% CO, 
• Split cells to desired plate (cover slips should be transfected directly on to) 

Bring to culture room on a cart: 
• Pipettes & tips • Marker • Kim wipes 
• DNA • DEAE-dextran • Calculator 
• Hemacytometer • Virus 
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Antibody Affinity Purification or GST Subtraction From Concentrated IgY (12-23-96): 

• Drain column by vacuum filtration. Column = 
•• Equilibrate column with 2X 3 ml 100 mM NaPO^ buffer pH 7.0,0.05% NaNs 
• Aliquot I ml concentrated IgY Antibody soln for spec (or as much as you can afford) 
• Add concentrated IgY Antibody soln to column (<3ml): 
• Incubate w/ rotation / RT / 5 min 
• Collect the eluent and save for spec 
• Optionally, you may repeat addition of more crude IgY to saturate the column: X 
••• Wash column with 3 ml 100 mM NaPO^ buffer pH 7.0,0.05% NaNs three times 

collecting the eluent (I ml into microfiige tube and the rest may be vacuumed) 
• Wash w/ 333 mM NaCl in 100 mM NaP04 buffer pH 7.0,0.05% NaNs (200 fil 5N NaCl in 
3 ml) collecting the eluent (I ml into microfiige tube and the rest may be vacuumed) 
•• Wash column 2 times w/ 3 ml 100 mM NaPO^ buffer pH 7.0,0.05% NaNs collecting the eluent (1 ml 

into microfiige tube and the rest may be vacuumed) 
• Elute column by adding 2 ml 100 mM glycine pH 2.5, collect eluent 
• Neutralize eluent pH with 200 fil 1 M Tris-HCl pH 9.0 
• Add 2 ml 100 mM glycine pH 2.5, collect eluent 
• Neutralize eluent pH with 200 nl 1 M Tris-HCl pH 9.0 
••• Wash column 3 times w/ 3 ml 100 mM NaP04 buffer pH 7.0,0.05% NaNj collecting the eluent (1 

ml into microfiige tube and the rest may be vacuumed) 
• Spec eluent @ X=280 nm 

i 
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Western Blot {12-23-96) 

10 X Transfer Buffer (500 mn: 
• 250 mMTris 15.14 g 
• 1.92 M Glycine 77.02 g 
• 2 % Tween (10ml / 500 ml) 

IQXTBSTf500mn: 
• 9% NaCl (90 mg/ml) 45g / 500 ml 
• 100 mMTrispH 8.0 

• Run protein or membrane on SDS-PAGE gel using prestain low MW standards (5 |il) 
• Fill a tub with transfer buffer (25 mM Tris, 192 mM Glycine) 
• Equilibrate gel in transfer buffer for ~10 min / RT 
• Assemble transfer apparatus as illustrated below in the buffer (no bubbles) 
• Transfer protein on Max settings for 2 hrs on ice with stir bar turning in buffer 
• Place blot into seal-o-meal bag and seal three of the four sides. OR • Place blot into tub. 

/OOOOO00 ooooo 
/oooooooooooo 
0000000ooooo 

/ooooo 00 ooooo 
/ooooo 00 ooooo 
fooooooo ooooo 

Side View Foam pad (thin) 

Tor 3M Filter paper 
.Nitrocellulose 
-Gel 

Bottom 
3M Filter paper 

Foam Dad (thick) 

a 
a 
a 
a 
a 
a 
a 
a 
• 
a 
• 
a 
a 
• 

Block membrane with 5-10 ml 5% milk in I X TBST for I hr. / rotating / RT 
Add 1° antibody (Ab = dil = ) rotate / shake 15 min / RT 
Incubate @ 4''C overnight (this may be done rotating in cold room or laying flat in fridge) 
Warm on rotator/shaker / RT / 10 min 
Vigorously wash w/ 8-10 ml TBST 4-6 times (in tubs wash w/ shaking 3X10 min) 
Seal and rotate in TBST / RT / 15 min (skip if in tub) 
Drain and add 10 ml 5% milk in TBST and equilibrate for 15 min (let stand) 
Add 2° antibody (Ab = dil = ) rotate 2 hrs / RT 
Vigorously wash w/ 8-10 ml TBST 4-6 times (in tubs wash w/ shaking 3X10 min) 
Seal and rotate in TBST / RT /15 min (skip if in tub) 
Squeeze out using paper towels, or vacuum out all buffer 
Mix substrate (for peroxidase - add for 1.5 min at RT 50:50) 
Squeeze out using paper towels, or vacuum out all buffer 
Visualize as required. Expose to film (e.g. 45 min, 15 min, 5 min and I min) and develop 
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IgY Purification From Eggs (7-23 %) 

• 20X Phosphate Buffer (200 mM) for I L: 
• 10.76 g/LNaH2P04 (monobasic) • pH 7.5 and bring up to volume 
• 17.32 g/LNa2HP04 (dibasic) • Autoclave 
• 116.88 g/LNaCl (2.0 M) • Add 2 gNaNj (0.2 %) 

• Dilute stock 20X buffer to IX working buffer 
• Collect the yolks (no whites) of 10-12 eggs. Measure yolk vol: (-20 ml / yolk) 
• Add 4 X yolk volume of IX PO4 buffer. 4 X = ml ^ml ttl in beaker 
• Add 0.175 X yolk volume of PEGjaoo, mix with stir bar for 5 min. 0.175 X = g 
• Pour mix into 250 ml bottles 
• Centrifuge @ 4°C / 20 min / 6000 rpm (JA-14 rotor) 
• Discard pellet and top lipid layer (if present) 
• Transfer supernatant to clean 250 ml bottles and re-centrifiige @ 4°C /15 min / 6000 rpm 
—> • Assemble Millipore Pyrex filter unit onto a sterile vacuum flask w/ hose and 0.45 (im filters 

(Millipore filters in blue plastic box) 
• Filter supernatant through a 0.45 |im filter w/suction. Optionally prefilter through a 3 M Whatman filter 

paper cut to fit a buchner funnel 
• Measure filtrate volume = ml 
• Add 0.085 X filtrate volume of PEGjooo mix w/ stir bar for 10 min. 0.085 X = g 
Q Centrifuge @ 4°C / 20 min / 6000 rpm (JA-14 rotor) 
• Discard supernatant and resuspend pellet in 2.5 X original yolk vol of IX PO4 buffer. It may be 

necessary to alternately sonicate and swirl to get into solution. 2.5 X ^ml 
• Add PEGgooo to 12% and mix w/ stir bar for 10 min. (12 g / 100 ml) X ml = g 
• Centrifuge @ 4''C / 20 min / 6000 rpm (JA-14 rotor) 
• Discard supernatant and resuspend pellet in original yolk vol of IX PO4 buffer. It may be necessary to 

alternately sonicate and swirl to get into solution 
• Refrigerated IgY is good for > 6 months 
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Fusion Protein-coupling to AminoLink Gel (7-23-96) 

• Aliquot desired amount of 50% gel slurry to Pierce 3 ml column (3 ml): 
• Using a vacuum flask with rubber hose attached, drain liquid fi'om gel until only wet cake remains 
••• Wash gel w/ 0.1 M NaH2P04 pH 7.0 buffer - 3X 
• Add protein solution (should be in 0.1 M NaH2P04 pH 7.0 buffer) (1.5 ml; equal to gel vol. to make a 

50% gel slurry): 
• In fume hood, add 50 ^l of NaCNBHs / ml of slurry (ISO ^1): 
• Cap tube and mix by end over end rotation for 2 hours @ RT 
• Stop rotation and allow tube to sit for 4 hours @ RT 
• Drain solution by vacuum filtration leaving gel wet 
•• Wash gel cake w/ one volume (1.5 ml) of I.O M Tris-HCI pH 7.4 2 times 
• Cap column and add equal volume (1.5 ml) of 1.0 M Tris-HCI pH 7.4 
• Add 50 nl 1.0 M NaCNBHs / ml of slurry (ISO (il) in fiime hood: 
• Mix in tube for 30 min. / RT 
• Drain and wash tube w/ 10 bed volumes of 1.0 M NaCl 
• Drain and wash tube w/ 10 bed volumes of 0.05% NaNs (sodium azide) (15 ml) 
• Cap tube and add equal volume (1.5 ml) buffer (NaH2P04 pH 7.0) w/ 0.05% NaNs 
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Protein Dot Blot (7-23-96) 

• Alkaline phosphatase buffer 
• O.I M Tris HCl • 50 mM MgCl, 
•  O.IMNaCl  •  pH9J  

•  lOXTBST 
• 9% NaCl (90 mg/ml) 45g / 500 
• 100 mM Tris pH 8.0 
• 2 % Tween (10 ml/500 ml) 

• Serial dilute fusion protein from I (ig to 100 pg (a 10 fold dilution each time) 
• Blot 1 ^l of each dilution onto nitrocellulose membrane (Bio-Rad Trans-blot) being sure to mark the 

orientation of the membrane with respect to the blots 
• Allow blots to dry (~5 min) 
• Place blot into a seal-o-meal bag and seal 3 of the 4 sides 
• Pre-incubate w/ 5% milk in TBS + Tween (IX TBST)/30 min-1 hr/5 ml in sealed bag 
• Cut bag and add 1° (serum) and re-seal. 1° = 
• Rotate @ RT / 2 hours 
• Cut and wash thoroughly w/ TBST (3-5 X) 
• Add 5 ml TBST, seal and rotate 10 min 
• Cut and dispose of TBST 
• Add 5 ml TBST + 5% milk and mix to equilibrate for ~5 min w/o sealing bag 
• Add 2° antibody and re-seal bag. 2° = 
• Seal and rotate ~I hr / RT 
• Cut and wash thoroughly w/ TBST (3-5 X) 
• Rinse w/ 5ml alkaline phosphatase buffer 
• Make substrate; 22 |il NBT + 16.5 |il BCIP /10 ml Alkaline phosphatase buffer 
• Add 5ml substrate and seal bag, mix aggressively 
• Monitor changes (2 min - 2 hrs) 
• Stop reaction by cutting and thoroughly rinsing with H2O 
• Leave dry and unsealed in bag 

j  
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Fluorescent Antibody Staining Using Saponin to Permeabilize 

> • Make 4% paraformaldehyde solution (100 ml); 
• Must be made fresh and in the hood. 
• Water 90.0 ml 
• 10 X PBS 10.0 ml 

• Heat in hood to 65°C on stir plate. 
• Paraformaldehyde 4.0 g 
• Stir for 5 min. 
• Add 1-2 drops of O.l N NaOH to clarify 
• Gravity filter through #1 Whatman paper 

and collect in a clean beaker. 
• Allow to cool to RT. 

• Make NaBHi (Img/ml) fresh: 
• Mix 3 mg / well = 
• 3 ml HiO / well = 

• I OX Saponin Stock (0.5%) 100ml: 
• 500 mg saponin 
• 100 ml IX PBS 

• 0.05 % saponin / 10% goat serum 
• Mix 300 |il lOX saponin / well= 

• Mix 300 (il goat serum / well= 

• Mix 2.4 ml IX PBS / well= 

• Rinse slides 2 X in IX PBS 
• Fix cells onto coverslips in 4% paraformaldehyde / RT/ 15 min 
• Rinse slides two times in IX PBS, leaving last rinse in well 
• Add 3 ml sodium borohydride (NaBHt) soln to ceils and incubate RT/ 10 min 
• Rinse slides three times in IX PBS, leaving last rinse in well 
• Permeabilize cells in 3 ml of 0.05% saponin in PBS containing 10% goat serum / 30 min / RT 
—> • Dilute 1° antibody in 0.05% saponin/PBS. Antibody = Dilution = 
—> • Cut out a circle of parafilm to fit a 15 cm plate and lay it inside 
—> • Aliquot 40 ^.1 of the dil. antibody to the parafilm (keep track of orders) 
• Stain cells by laying the slides cell side down onto 40 fil dil. antibody 

Incubate for Time = Temp = 
• Carefully remove slides from plate and place them cell side up in a multi-well plate 
• Gently wash the cells 3x 10-15 min wirt IX PBS (leave the last wash in the well) 

—> • Dilute 2° antibody in 0.05% saponin/PBS (for 40 ^l/plate) and keep 

wrapped in tin foil @ 4°C. 2® Antibody = 
—> • Cut out a circle of parafilm to fit a 15 cm plate and lay it inside 

• Aliquot 40 |il dil. 2° antibody to the parafilm for each sample 

• Place slides cell side down onto 2° antibody. 
Incubate for Time = Temp = In The dark 

—> • Get slides (two samples will go on each slide) 
• Carefully remove slides from plate and place them cell side up in a multi-well plate 
• Gently wash the wells 3x 10 min w/ IX PBS (leave the last wash in the well). Cover cells with foil while 

washing 
• Aliquot 10 |il p-phenylenediamine mounting soln. to the slides (l/slide if going to do confocal). This is 

located in the -TO^C freezer 
• Place coverslips cell side down onto mounting soln. leaving no bubbles 
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Fusion Protein Expression (7-23-96) 

*• There will be no collection of the S1 fraction in this protocol 

• Inoculate 25 ml of LB-Amp (50-100 ng/ml) and incubate overnight on shaker (250 rpm, 37°C) 
• Add 12.5 ml of the overnight culture to 250 ml of LB - w/o Amp. Optionally, Label one flask 

"induced" and another "non-induced" 
• Grow on shaker for -1.5 hrs. (until the ODfiOO ~ O-®)- ^(time) 

• Add 60 mg of IPTG to "induced" flasks / 250 ml = ^mg 
• Continue incubating for >2 hrs on the shaker 

• Spin the samples @ 8000 RPM / 4°C / 15 min. Discard the supernatant 
• Resuspend the pellets in 10 ml 100 mM Tris-HCI pH 8.0 /1% Triton X-100 and transfer solution to a 

50 mi polyallomer centrifuge tube 

••• Sonicate the sample on a setting of 4 for 30 sec. Wear ear protection!! 
••• Parafilm samples. Freeze in a dry ice / EtOH bath (takes about 3 min.) 

••• Thaw in water bath @ 37°C. Repeat three times (takes about 5-6 min.) 

• Spin samples @ 18,000 RPM / 4^0 / 15 min 
• Collect supernatant = S2 Fraction 

• Resuspend the pellets in 10 ml 100 mM Tris-HCI pH 8.0 / 0.5% SDS 
• Sonicate the sample on a setting of 4 for 30 sec. 

• Spin samples @ 18,000 RPM / 4^0 / 15 min 
• Collect supernatant = ̂  fraction 

• Remove 20.0 ^l of sample and add 5.0 |il of 4X Loading buffer 
• Run sample and loading buffer on a 12% SDS-PAGE gel 
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Fusion Protein Purification - GSH Column (Spin Method) (7-23-96) 

• Weigh 150 mg GSH-agarose powder and hydrate in 45-50 ml of ddH^O / > 30 min 
—> • • Optionally, label 5 microfuge tubes "PTi", "Washi^ 5", "NaCl" and I culture tube "Elution" 
• Spin the tube in the table top centrifuge @ 3000 rpm / 5 min 
• Aspirate the ddH20 leaving about 2 nun above the agarose 
• Equilibrate column with 100 mM Tris-HCl pH 8.0 (- 3 ml) 
• Spin the tube in the table top centrifuge @ 3000 rpm / 5 min 
• Aspirate leaving about 2 mm above the agarose 
• Add sample and mix by inversion for >30 min. / RT or 2 hrs @ 4°C. • 
• Spin the tube in the table top centrifuge @ 3000 rpm / 5 min 
• Aspirate sample leaving about 2 mm above the agarose (* SAVE 20 of the soup) 

•• Wash the resin with 6 ml 100 mM Tris-HCl pH 8.0 two times. • Collect 20 nl fhictions in respective 
tubes 

•• Spin and aspirate sample leaving about 2 mm above the agarose 

• Wash the resin with 3 ml of333 mM NaCl (400 fil 5N NaCl in 5.6 ml Tris-HCl pH 8.0). • Collect 20 ^ll 
flection in labeled tube 

• Wash the resin with 6 ml 100 mM Tris-HCl pH 8.0 
• Spin and aspirate sample leaving about 2 mm above the agarose (* SAVE 20 jil of the soup) 
• Wash the resin with 2 ml 100 mM Tris-HCl pH 8.0 
• Transfer soln to a 2 ml column with fritz 
G Add 2 more ml of 100 mM Tris-HCl pH 8.0 to the 50 ml TT 

• To elute fusion protein, add 2 ml of 10 mM Glutathione (GSH), rotate @ ^T for 10 min 
• Pour resin slurry into a 2 ml column (with a fntz) and elute pm. into a labeled tube 
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Whole cell Binding 

• TME buffer (500 ml) 
• 50 mM Tris (25 ml IM Tris) 
• 10 mM MgCU (1.15 g MgCU MW=2033 or 5 ml IM MgCy 
a 1 mM EDTA (2 ml 250 mM EDTA) 
• pH Soln to 7.4 and QS to 500 ml with ddHiO 

• Transfect cells as per protocol onto a 15 cm plate (day one) 
• Change media the next day, and split the cells (in 48 ml) on day three to a 24-well plate (2 ml/well). 

Take care to insure mixing to each well is homogeneous 
• On day four perform the binding 
• Get ice and dilute ligands to desired lOX concentration 
• Get cells from incubator and rinse each well/plate with 400 (il cold IX TME 
• Add 400 ^1 cold IX TME to each well 
• For Total samples, add 50 ^1 cold IX TME 
• For Non-specific samples add 50 |il cold ligand(s): 
• Add 50 |il radioligand. It may be helpful to add to each well group at one minute increments to allow 

for equal incubation times at the next rinse step 
• Incubate @ RT / ~1 hour 
~> • Mix 2N NaOH / 0.1% SDS @ 250 \il / well = 

This solution may need to be filtered. 
• Rinse each group four times with 1 ml of cold IX TME. This step must be done quickly, but gently to 

avoid disrupting the cells 
• Add 250 ^l of 2N NaOH / 0.1% SDS to each well and lyse cells for > 5 min 
• Transfer all well contents to scintillation vials and add 10 ml cocktail 
• Shake thoroughly to mix and allow to sit for some time. Wipe away static 
• Count samples on program 11 for 5 min. each 
• May need to be counted twice 

i 
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Fluorescence Antibody staining of Transfected Cells - Triton Method (03-31-96) 

• Wash cells with PBS (10 ml for small plates). Add some more PBS to facilitate their lifting fi-om the 
plates 

• Fix the cells in 4% paraformaldehyde in PBS for 15 minutes at RT (dispose of paraformaldehyde in the 
organic waste) 

•• Quench cells in IX-gly for 5 min 2X 
• Permeabilize cells in 0.1% Triton X-lOO for 15 min 

—• Dilute 1° antibody in antibody dil. buffer. Antibody/Dil = 

—> • Cut out a circle of parafilm to fit a 15 cm plate and lay it inside 
—> • Just before the end of the 15 min. incubation, aliquot 40 nl of the dil. antibody to the parafilm 

(keep track of orders if using more than one antibody) 

• Stain cells by laying the slides cell side down onto 40 |il dil. antibody: 
Time / Temp: 

• Carefully remove slides from parafilm and place them ceil side up in a multi-well plate 
••• Wash the wells three times with antibody wash buffer 3X10 min with agitation (leave the last wash 

in the well; time may be adjusted to control background) 
—> • Dilute 2° antibody in antibody dil. buffer (for 40 ^l/plate) and keep 

wrapped in tin foil @ 4''C. 2° Antibody / Dil = 
—> • Cut out a circle of parafilm to fit a 15 cm plate and lay it inside 

• Aliquot 40 |il dil. 2°antibody to the parafilm for each sample 
• Place slides cell side down onto 2° antibody: 

Time / Temp: in the DARK 

—> • Get and label slides (two samples will go on each slide but only place one in the center, on slides 
you plan to view with confocal) 

• Carefully remove slides from plate and place them cell side up in a multi-well plate 
•• Gently wash the cells with antibody wash buffer 2X15 min w/ agitation (leave the last wash in the 

well; Time may be adjusted to control for background) 
—> • Just before the end of the wash, get p-phenylenediamine 

mounting soln fi-om the -80°C freezer 
• Remove slips from the wash and place them face down onto 10 nl of the mounting soln. careful to 

remove all bubbles 
• Fbc slips firmly on slides with perma-mount 
• Visualize under microscope using fluorescence filter. Photograph the cool things 

} 



Equipment and Solutions For Fluorescent Antibody Staining (7-23-96) 

• You will need: 
• Transfected cells on 3-4 coverslips (22 mm) in a 10 cm plate 
• Ceramic coverslip holder 
• Forceps and pipettes 
• 6 well culture plate (clean but not necessarily sterile) 
• Vacuum pump 
• 4 X 100 ml glass beakers (they can be rinsed between immersions) 
• Clear nail polish 

• Antibody dilution buffer (100 ml): • Antibody wash buffer (500 ml): 
• 20 X SSC (pH 7.4) 10 ml • 20 X SSC (pH 7.4) 10 ml 
• Goat serum 2.0 ml • Triton x-lOO 50 nl 
• BSA 1.0 g • Mix well in water 
• Triton x-100 50 Hi 
• Sodium azide .02 g 
• Mix well in water 

• Glycine quench buffer (500 ml): 
• Glycine 37.5 g 
• Dissolve in water and pH to 7.4. 

• 20 X SSC (500 ml): 

a NaCI 88.0 g 
• Na Citrate 44.0 g 
• Dissolve in water and pH to 7.4 

• Paraformaldehyde fixation buffer (100 ml): 
• Must be made fresh and in the hood. 
• Water 90.0 ml 
•  lOXPBS lO.OmI  

• Heat in hood to 65°C on stir plate 
• Paraformaldehyde 4.0 g 
• Stir for 5 min 
a Add 1-2 drops of 0.1 N NaOH to clarify 
• Gravity filter through #1 Whatman paper 

and collect in a clean beaker 
• Allow to cool to RT 

• 10 X PBS stock solution (1 L) pH 7.4: 
• KCl 2.0 g 
• KHPO4 (monobasic) 2.0 g 
• NaCl 80.0 g 
• fCHP04 (dibasic) 13.9 g 

orNaHP04 H20 21.6 g 
• Dissolve in H2O and pH 

• 0.1% Triton X -100 (100 ml): 
• 20 X SSC 10 ml 
• Triton x-lOO 100 (il 
• Mix thoroughly 

• p-Phenylenediamine for mounting (20 ml): 
• 10 x PBS 2 ml 
• Glycerol 18 ml 
• p-phenylenediamine 20 mg <— light sensitive 
• Sodium azide 4 mg Store in the dark. Aliquot into 50 |il stores 
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PCR Reaction (6/3/97) 

• For rcR mix (remember to make extra for pipette error): # samples = 
• ddH20(upto nl/sample: (50 nl final vol) 

• Taq buffer (5 ^i/sample): 
• I ^5 mM mix each dNTP (4 ^1/sample): 
a DMSO (5 til (10%)/sample): 
• Aliquot jU of above solution / PCR tube 

• Primer (I ^g/sample): 
• Primer (I |ig/sample): 
• Add <0.1 ng of template DNA to each respective PCR tube: DNA 
• Add 03 M-l of Taq polymerase 
• Add 30 (il of Mineral oil 
• Run PCR program: Time Temp 

Denature: 
Anneal: Cycles: 
Extend: 
End: 

Program: 
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