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CHAPTER I 

INTRODUCTION 

G proteins. Their Subunits. Subtvpes. and Functions 

G proteins, the guanine nucleotide-binding regulatory proteins, were discovered in 

the 1970's. The major early findings include: Rodbell et al. in 1971 found that GTP was 

required for hormonal activation of adenylyl cyclase [1]. Maguire et al. subsequently found 

that the effect of guanine nucleotides on receptor binding was specific for agonists [2]. 

Crucial observations were then made by Cassel and Selinger [3], who first assayed 

catecholamine-stimulated GTPase activity in turkey erythrocyte membrane. Schramm 

demonstrated that components of the adenylyl cyclase system could be mixed and 

exchanged by cell fusion [4]. The capacity of certain bacterial toxins to ADP-ribosylate 

specific G proteins was discovered first for cholera toxin [5] and subsequently for pertussis 

toxin [6]. Finally, in 1981, G proteins were identified in the retina [7] and elongation factor 

Tu was realized to be one of small G proteins [8]. 

G proteins are integral proteins of the plasma membrane. They function as 

intermediaries in transmembrane signaling pathways. These pathways involve three classes 

of proteins: receptors, G-proteins and effectors such as adenylyl cyclase which convey 

extracellular signals to second messengers like cyclic AMP (cAMP) to produce intracellular 

responses [Figure 1.1] [9-12]. 

G proteins are a family of highly homologous proteins that share a common 
heterotrimeric structure, that is, an a-subunit, a P-subunit and a y-subunit [9-12]. The a-

subunits are distinct and seem to determine specific functions of different G proteins [11]. 

The diversities of the p and y subunits appear to be lower than the a subunit. Classically, 

effector activation has been attributed to the a subunit More recently, evidence indicates 

that py subunits also regulate effectors [12]. The p and y subunits form a tightly bound 

lipophilic complex (py) which interacts with the a subunit to modulate its action [12]. It 

has been proposed that the py dimer may mediate ligand-induced inhibition of adenylyl 

cyclase [13, 14], activation of phospholipase A2 [15] and stimulation of K^ channel 

activity [16]. Furthermore, the dimer has been shown to facilitate the u ânslocation of 

receptor-associated kinases to the cell membrane where they can promote the 

phosphorylation of muscarinic or p-adrenergic receptors [17, 18]. 

By now, more than 17 different G protein a-subunits have been identified [19, 20]; 

at least seven of these (four Gsa gene splice variants and three Gia) are thought to be 

involved in the adenylyl cyclase signaling pathway [19, 20], the major signal transduction 
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Figure 1.1. Receptor - G protein - mediated signal transduction. 

Source: Biochemistry (Raun JO, ed.), Neil Patterson Publishers, 
Burlington, NC, 1989. 



system in the heart [21]. The four species of Gsa have relative molecular weights of 

45,0(X) or 52,(X)0, and are produced by alternative RNA splicing from a single gene [22]. 

The three species of Gia, termed Gial, Gia2, and Gia3, have molecular weights 

between 40,000 to 41,000 and each of them is encoded by a distinct gene [23]. 

Although a number of different G proteins are present in the heart, such as Goa 

[24], Gqa [25], Gii-Gi4 [26], Gha [27], etc., the major G proteins in this organ are Gsa 

and Gia [21]. Both the 45 kDa and 52 kDa Gsa are expressed in the heart [21]. Of the 

three forms of Gia, at least Gia2 and Gia3 are expressed in the heart [28]. Gia2 is the 

predominant isoform and the concentration of Gia2 is about fourfold lower than that of 

Gsa in the heart of canine and rats [28]. In human ventricular myocardium both Gioc2 and 

Giot3 mRNA are the predominant Gia mRNA subtypes [29]. Gial mRNA is not 

detectable in the heart of canine [28], rats [28] and humans [29]. 

In the heart, the adenylyl cyclase is coupled to both stimulatory pi- and P2-

adrenergic receptors by Gs proteins and inhibitory receptors such as the A1-adenosine 

receptor or the M2-cholinergic receptors by Gi proteins [30]. Gs activates adenylyl cyclase 

and is therefore responsible for the p adrenergic receptor-stimulated increase in production 

of c AMP that is associated with increased rate and force of cardiac contraction [12, 31]. In 

addition to activating adenylyl cyclase which opens cardiac myocyte Câ "̂  channels by a 

cAMP dependent protein kinase (protein kinase A) [21], Gs can directly open Câ ^ 

channels independent of cAMP [32]. Gi inhibits adenylyl cyclase in response to 

stimulation of inhibitory receptors and therefore reduces production of cAMP [12]. Gi also 

directly mediates activation of K"*" channels in the heart in response to stimulation of M2 

cholinergic receptors [33]. 

Magnesium. Its Physical Properties and Physiological Functions. 
Magnesium and G proteins 

Magnesium (Mg) is the second most prevalent intracellular cation. About 60% of 

Mg in the body is in bone, 20% in skeletal muscle, 19% in other cells, and only about 1% 

in the extracellular space (0.5% in plasma) [34]. The total intracellular concenu-ation of Mg 

is about 17 mM [35], of which 90% or so is bound to intracellular buffers (mainly ATP), 

leaving only 0.2 to 1 mM free Mg (Mgî *) [36]. The major functional form is Mgj2+ [37]. 

Under physiological conditions (Mgî * concentration is 1.0 mM, extracellular free Mg2+ 

concentration is 1.8 mM [37]), EMg (Nemst potential for Mg) = 7.4 mV. Therefore, at a 

resting membrane potential of -80 mV, Mg2+ has a much greater tendency to enter cells 

than to go out in order to reach its Nemst potential. Being a cation, Mg2+ has important 

effects upon both potassium (K) and calcium (Ca) ion channels in heart cells. Generally, 



Mg2+ blocks the outward movement of K+ and causes K+ inward rectification [38, 39]. 

Mg2+ also influences Ca2+ movement across cardiac membranes. It has been proposed that 

Mg2+ is a naturally occuning Ca2+ antagonist [40,41]. Another physical property of Mg2+ 

is its relatively large charge-to-size ratio (its crystal radius is 0.65A; Ca is 0.99 A) [42]. 

Because of this, Mg can polarize surrounding ligands without becoming polarized itself 

[34]. This property leads Mg2+ to form chelates with important intracellular anionic 

ligands, notably ATP and GTP [43]. Any reaction that needs ATP and GTP requires Mg 

participation. Therefore, Mg is required for a variety of biochemical reactions including 

cellular energy production [44], protein synthesis and modification [45], and activation of 

G proteins [12]. 

A G protein has two physiological states, inactive and active. In its inactive form, it 
is a trimer with the three subunits associated and GDP bound to the a subunit [12]. When a 
G protein is activated, GTP replaces GDP to bind to Ga [12]. As a result, the a subunit is 
dissociated from the py subunit and forms the active form: 

GDP-a.py * ^ — ^ ^ •v̂ ^̂  ^ » GTP-a + Py. 
(inactive) /^ ^ (active) 

GTP GDP 

Mg2+ is absolutely required in this reaction and shifts the equilibrium for this 

reaction far to the right [12]. Without Mg2+, there would be no activation of the proteins 

[46]. Because only active G proteins interact with adenylyl cyclase [47], there would be no 

coupling of receptor-adenylyl cyclase with G proteins in the absence of Mg2+ [48]. 

It appears that at least three metal ion binding sites exist in the receptor-G protein-

adenylyl cyclase complex on which Mg can act One of them is on the catalytic subunit of 

adenylyl cyclase, which requires Mg in complex with ATP (Mg-ATP) as a substrate for 

synthesis of cAMP [49]. Mg2+ increases adenylyl cyclase activity by binding this site [50, 

51]. The other two sites are on G proteins, both of which requires free Mg2+ for function 

[12, 46]. One site, called the high affinity binding site, has a high affmity for Mg2+, in the 

nanomolar range [46]. Interaction of Mg2+ with this site enables nucleotide hydrolysis 

[46]. The second Mg2+ site has a lower affinity for Mg2+, in the range of 1 to 100 mM 

[46]. Interaction of Mg2+ with this site leads to hormonally stimulated nucleotide exchange 

[12,46]. The primary regulatory role of Mg2+ is mediated through the low affinity binding 

site [46]. The requirement for Mg2+ varies depending upon the type of G protein. In 

general, the activation of Gs requires higher Mg2+ concentration than does activation of Gi 

[12, 52]. 



G Proteins and Heart Failure -
Hvpothesis 1 

Changes in G protein have been implicated in heart failure and other cardiovascular 

diseases and are thought to be at least in part responsible for the desensitization 

phenomenon of the p adrenergic receptor-G protein-adenylyl cyclase (pRGC) system in the 

end-stage failing heart [53]. Increased levels of Gia measured by pertussis toxin ADP-

ribosylation and its mRNA have been demonstrated in failing human heart [53-58]. 

However, more recently Feldman et al. demonstrated that the absolute steady-state levels of 

Gia mRNA did not differ in failing and non-failing human heart [59]. More contradictory 

data from studies about changes in Gsa in heart failure have been reported. Most human 

studies show that Gsa levels measured by pertussis toxin catalyzed ADP-ribosylation are 

not changed in the end-stage failing heart [54, 56, 58], even though Gsa mRNA levels are 

increased [60]. By contrast, Horn et al. reported an 80% decrease in levels as determined 

by pertussis toxic catalyzed ADP-ribosylation at lymphocyte Gsa in patients with 

congestive heart failure and a positive correlation between the lymphocyte Gsa with 

myocardial Gsa levels [61]. Similarly, Longabaugh et al. found a 59% reduction in the 

level of Gsa as measured by cholera toxin labeling with reduced functional activity of Gsa 

as determined by a cyc" reconstitution assay in the heart of dogs with pressure overloaded 

left ventricular failure [62]. Later, the same investigators demonstrated decreased Gsa 

mRNA levels accompanied by a fall in the level and functional activity of Gsa in 

compensated left ventricular hypertrophy [63]. On the other hand, in various rat 

hypertension models, Michael et al. demonstrated no changes in either Gsa functions and 

levels, or the levels of Gia, Gqa, and CP in the heart [64]. 

From the overall picture, two prominent points emerge: (1) all studies to date have 

examined G proteins at only one time point in the process of heart failure, and (2) most of 

these studies have focused on end-stage heart failure. To my knowledge, there are no 

reports of experiments conducted to study changes in G proteins with time during the 

whole pathological process, i.e., immediately after acute MI until the late stage of heart 

failure. Such a study is important because changes in G proteins, like many other changes, 

may be a dynamic process as heart failure develops. Extrapolation of information from one 

point to the whole process of heart failure may be misleading and lead to inappropriate 

therapeutic intervention. Also, it may be more important to understand changes during the 

early or developing stage than those in the terminal stage for the purpose of early medical 

intervention. 

The first part of this dissertation was designed to study changes in the 

immunodetectable levels of both Gsa and Gia in the rat heart at various times following 



acute MI. In addition to dealing with the temporal issue mentioned above, this study has 

two methodological advantages over previous studies: (1) unlike human studies and some 

animal studies that involve drug treatments or chemical agents which might interfere with 

the expression of G proteins, this study employed a mechanical method (coronary artery 

ligation) to generate MI and heart failure, therefore avoiding interference from chemical 

agents; (2) the levels of Gsa and Gia were quantified by an immunochemical method. 

This is more accurate for quantification of G proteins than is toxin ADP ribosylation [65], 

which has been used by most studies in this field [53, 54, 55, 58, 61, 62, 63, 64]. It has 

been reported that the level of Gsa by cholera toxin labeling may represent less than 5% of 

that detected with immunochemical methods [66]. 

What is the hypothesis for this study or what changes in G proteins versus time 

following MI are expected? During growth from fetus to adult, the levels of Gsa in the 

heart generally increase while the levels of Gia decrease with time; they both stay 

unchanged after adulthood is reached [67, 68]. In addition, a 42 to 76% increase in Gsa 

level in the heart of mature Yucatan mini swine was found after chronic dynamic exercise 

[69]. There is generally an increased need for cAMP during growth for the developmental 

purpose and during chronic exercise for improvement of cardiac performance. Increased 

Gsa level in those situations may reflect the increased need for cAMP. Following MI, 

surviving tissues of the infarcted heart are required to improve performance and to develop 

hypertrophy in order to maintain cardiac output [71]. From this angle, non-infarcted 

myocardium might increase Gsa or decrease Gia or both. 

On the other hand, there is an increased sympathetic-catecholamine drive during MI 

[72,73, 74]. Recent studies show that prolonged stimulation of catecholamines especially 

norepinephrine increases the levels of Gia and its mRNA in cultural cardiac cells [75, 76] 

and in myocardial membranes from intact heart [77,78, 79]. One of the possible molecular 

triggers for increasing expression of Gia during increased adrenergic tone might be over

production of cAMP, the end product of the reaction catalyzed by the pRGC system. From 

this point, Gia level in the heart following MI might increase. 

The hypothesis of the first part of this dissertation is: levels of G proteins in the 

heart following MI may change in a dynamic manner. This change may have different 

stages: (1) an early stage in which the Gio/Gsa ratio is decreased by increasing Gsa level 

or decreasing Gia level, or both in order to increase production of c AMP for compensation 

purposes: increase in cardiac performance and the development of hypertrophy; (2) a later 

stage in which the Gia/Gsa ratio is hypothesized to returns to normal or increases due to 

increased sympathetic tone. 



Magnesium Deficiency. Myocardial Infarction and G Proteins -
Hvpotiiesis 2 

There is growing interest in Mg deficiency and its correlation with various 

cardiovascular diseases such as MI [80]. Hypomagnesemia is common in patients with 

acute MI [81] and there appears to be an association between Mg deficiency and poor 

outcomes in patients following acute MI [82]. In animal studies, Mg deficiency was found 

to produce larger infarcts [83] and reduce tolerance to myocardial ischemia [84]. 

Crucial roles of Mg in the function of 6RGC complex has been elucidated with the 

fmding of G proteins in the 1980's [12, 46]. Therefore, Mg deficiency would affect tiie 

functions of G proteins if intracellular free Mg concentration was reduced to that level in 

which activation of G proteins is signiflcantiy influenced. Changes in functions of a protein 

such as a G protein might provoke changes in its gene expression and hence change its 

level. 

On the other hand, it is well known that Mg deficiency causes neuromuscular 

hyperexcitability [85], anxiety [86] and coronary vasospasm [87]. Increased sympathetic 

tone during Mg deficiency may partially account for these effects [88]. Studies show that 

Mg deficiency enhances the release and half-life of catecholamines, especially 

norepinephrine [88, 89]. Norepinephrine, epinephrine and the synthetic catecholamine, 

isoproterenol, have been recentiy found to increase levels of Gia and its mRNA with or 

without decreasing Gsa levels [75-79]. The available information can be summarized as 

follows: 

Catecholamines—> Gia 1̂  (̂ ) 
Mg deficiency —> Catecholamines ^ (̂ ) 

Myocardial infarction —> catecholamines ^ (3) 

Hypothesis 2: 

(1) -I- (2) = Mg deficiency -> Gia ^ ? 

(1) + (2) -f- (3) = Mg deficiency + Myocardial infarction -> Gia ' ' 

The objective of the second part of this dissertation was to determine whether or not 

dietary Mg deficiency alone or in combination with MI alters the levels of Gsa and Gia in 

the heart. 
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CHAPTER n 

DYNAMIC CHANGES IN IMMUNODETECTABLE 

LEVELS OF Gia2 IN THE RAT HEART ASSOCIATED 

WITH IMPAIRED CARDL\C FUNCTION FOLLOWING 

ACUTE MYOCARDL\L INFARCTION. 

Abstract 

Changes in functional activity and levels of Gsa and Gia (the a subunit of 

stimulatory and inhibitory guanine nucleotide-binding proteins, G proteins) in heart failure 

have been studied predominantiy in die end-stage failing heart In this study, alterations in 

the levels of Gsa and Gia in the heart at various times following acute myocardial 

infarction (MI) induced by coronary artery ligation and correlations between changes in G 

proteins and cardiac function were examined in adult male Sprague-Dawley rats. Cardiac 

function and immunodetectable levels of Gsa and Gia2 from non-infarcted (right ventricle 

and septum) myocardial membrane were measured at days 1, 3, 9 or 21 after MI. As 

compared with sham operated controls, Gia2 level in the MI rat heart did not change at day 

1, was increased by 64 ± 21% at day 3 and 55 ± 17% at day 9 (p<0.05), and returned to 

control level at day 21. By contrast, Gsa levels did not change significantiy at any time 

following MI. Cardiac function in MI animals was significantiy impaired at days 1, 3 and 9 

after MI as evidenced by markedly elevated left ventricular (LV) end-diastolic pressure 

(LVEDP) and diminished maximum rate of LV pressure rise (-i-dp/dt max) and decline (-

dp/dt max). At day 21, heart function was partially restored in MI animals. The increased 

Gicc2 level in MI rats at days 3 and 9 correlated positively to LVEDP (p<0.05), and 

negatively to + and -dp/dt max (p<0.01). The results show that Gia2 level in the rat heart 

following acute MI changes with time in three phases: a lag phase, an increased expression 

phase associated with marked impairment of heart function, and a late phase in which the 

expression retums to control level accompanied by partially restored heart function, while 

Gsa level remains constant These fmdings suggest that, in G protein-mediated pathways, 

cardiac myocytes respond to MI mainly via regulating Gia levels. 

Key Words: Gsa, Gia, myocardial infarction, rats 

Introduction 

Desensitization of the p adrenergic receptor - G protein (guanine nucleotide -

binding regulatory protein) - cAMP (PRGC) system has been implicated in end-stage heart 

failure [1,2]. Changes in Gsa and Gia, the a subunits of stimulatory and inhibitory G 
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proteins, account at least in part for die abnormalities in the pRGC system [3-17]. 

However, the data published so far are confusing regarding changes in levels of G proteins 

as well as their mRNA. Increased immunodetectable levels of Gia in die failing human 

heart was reported [3]. However several other studies showed Uiat Uiere was no change in 

immunodetectable levels of Gia [4, 5], but an increase in toxin labeling levels as measured 

by pertussis toxin ADP-ribosylation and an increase in functional activity measured by 

basal and stimulated adenylyl cyclase activity in die failing human heart [4-9]. Increased 

levels of mRNAs encoding Gia3 and Gia2 were also observed in die failing human heart 

[10, 11]. However, by using a new quantitative technique, Feldman et al. demonstrated 

that the absolute steady-state levels of Gia3 mRNA did not differ in failing and non-failing 

human heart [12]. On die other hand, an 80% reduction in lymphocyte Gsa levels 

measured by cholera toxin catalyzed ADP ribosylation was found in human congestive 

heart failure and there was a significant positive correlation between lymphocyte and 

cardiac Gsa levels [13]. Similarly, decreased functional activity and levels of Gsa have 

been reported in dogs with pressure overload left ventricular failure [14] and in die heart of 

BIO 14.6 and 53.28 Syrian hamsters with inherited cardiomyopathy [15, 16]. By conu-ast 

most human studies did not reveal changes in Gsa levels expressed by cholera toxin -

catalyzed ADP-ribosylation and functional activity measured by cyc" reconstitution in 

failing human heart [4, 7, 9]. In addition, the level of Gsa mRNA in failing heart was 

found to be increased in some studies [10], but not in others [11]. 

Differences in species of subjects and etiologies of heart failure may account for 

part of the experimental discrepancies cited above. Another important contributor for diis 

discrepancies between studies may be different padiophysiologic conditions of the heart 

and different stages of heart failure. Heart failure is a dynamic process, ranging from 

compensation to decompensation. However, previous studies have examined G proteins at 

only one time point in the process of heart failure. Most of diese studies were performed at 

the terminal or decompensated stage of heart failure and many of them involved drug 

treatments which might provoke different cardiac response and interfere wiUi the 

expression of G proteins. 

The present study focused on the whole process of heart failure produced by acute 

experimental myocardial infarction (MI) in rats to study changes in the levels of both Gsa 

and Gia in the heart at various times following acute ML Correlations between changes in 

G proteins and cardiac function were examined. The levels of Gsa and Gia were 

quantified by an immimochemical method which is more accurate for quantification of G 

proteins than toxin-catalyzed ADP ribosylation [11,17]. The levels of Gsa by cholera 
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toxin labeling may represent less dian 5% of diat detected by immunochemical mediods 

[18]. It is postulated diat changes in die levels of G proteins in die heart following acute MI 

may differ from those at the terminal stage failing heart and that diese changes may be 

related to alterations in cardiac function. 

Materials and Mediods 

Preparation of model. Male Sprague-Dawley rats, two mondis of age, obtained 

from SASCO Inc. (Omaha, NE), were used in the experiments. The animals were 

randomly divided into two groups: sham operation (SO) and MI induced by ligating die left 

coronary artery [19]. Under sterile conditions, die left intercostal space of die isoflurane-

anesdietized rats was opened and die left coronary artery ligated widi 6-0 silk about 2 mm 

from its origin (Figure A.1). Ligation at this location produces moderate infarcts in the left 

ventricle (31-46% of left ventricular endocardial circumference) [20]. The heart was dien 

retumed to its normal position and the chest wall closed. Sham-operated rats were treated 

similarly except that die ligature was not tied. The electrocardiogram (ECG) was used to 

monitor whether surgical ligation of die coronary artery produced die characteristic ECG 

abnormalities (Figure A.2). 

Cardiac function measurement and gross cardiac parameters. At 1, 3, 9, or 21 days 

after surgery die rats were anesdietized with isoflurane. A Millar micro-tip catheter 

transducer (model SPR-249, Houston, TX) was placed into the left ventricle through the 

right carotid artery to monitor left ventricular (LV) pressure. A cannula was inserted into 

the right femoral artery to measure arterial pressure (BP). BP, heart rate (HR), LV pressure 

and the first derivative of LV pressure (dp/dt) were recorded by a Hewlett Packard 7758A 

recorder (Figure A.3). LV end-diastolic pressure (LVEDP) was obtained from a high 

amplification of the LV pressure. The animals spontaneously breathed 1.4% isoflurane in 

oxygen for 5-10 minutes to stabilize, then hemodynamic recordings were made. 

Next, the animals were kiUed by exsanguination. Hearts were excised, placed in 

cold saline, blotted and weighed after the atria were discarded. The right ventricle (RV) was 

dissected free, then an incision was made through the interventricular septum (S) to 

separate the septum from die LV free wall. The weights of RV plus S (RV-i-S) and LV 

were recorded. The ratios of the weights of the heart and RV-i-S to body weight were used 

to estimate the degree of myocardial hypertrophy in response to MI [22]. 

Membrane preparations. Myocardial membranes from RV and S (non-infarcted 

tissue) were prepared using a modification of the mediod of McMahon [23] (Appendix B). 

RV and S tissues were minced and placed into cold buffer A (10 mM Tris-HCl, 1 mM 
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EDTA, 0.25 M sucrose, pH 7.4), dien homogenized in 20 volumes of buffer A using a 

Brinkmann Polytron at setting 6 for 5 sec for 3 bursts. Each burst was separated by a 30 

sec interval. The homogenate was centrifuged at 300 x g at 4°C for 5 min. The pellet 

(300p) was washed one time. The supernatant was recentrifiiged at 100,000 x g at 4°C for 

60 min. The supernatant from diis centrifugation (100,000s) was discarded and die pellet 

(100,000p) was resuspended in buffer A widi a protein concentration of about 1 mg/ml for 

G protein assays and stored at -80°C. The protein content was determined by die mediod 

of Simpson[24] using bovine semm albumin as the standard. 

Immunochemical quantification nf G proteins. G protein subunits were assessed 

using quantitative immunoblotting as described by Reidimann et al [25] widi minor 

modifications (Appendix B). Membrane preparations were pretreated with N-

ediylamaleimide (NEM, 300 mM), didiiodireitol (DTT, 1 mM), and sodium dodecyl sulfate 

(SDS, 10%) before being diluted 4:1 widi sample buffer (0.5M Tris-HCl, pH 6.8, 4% 

SDS, 40% glycerol, 80 mM DTT, 4% 2-mercaptoedianol) and heated > 90°C for 5 min. 

Membrane preparations were electrophoretically separated on SDS-polyacrylamide gel widi 

4 and 10% acrylamide in the stacking and separating gel, respectively. The separated 

proteins were then electrophoretically transferred to immobilon PVDF membranes 

(Millipore Co., Bedford, MA) with a constant current of 120 mA ovemight Following the 

transfer, die blots were blocked widi 3% gelatin in TTBS (0.1% tween-20 in TBS which 

contains 20 mM Tris-HCl, pH 7.6, 127 mM NaCl) for 1.5 hour at room temperature (RT, 

~24''C). The membranes were washed 3 times widi TTBS and dien incubated with affinity 

purified RM/1 antibody (specific for Gsa and G(olf)a, 1:4000 dilution ) or AS/7 antibody 

(specific for Gial, Gia2 and Ta, 1:1000 dilution) for 1 hour at RT. Both antibodies were 

purchased from NEN, Boston, MA. The membranes were then incubated with a donkey 

anti-rabbit Ig conjugated to horseradish peroxidase (1:5000, Amersham, Arlington 

Heights, IL) for 1 hour at RT. Finally, the membranes were placed in ECL immunoblotting 

detection reagents (Amersham, Arlington Heights, IL) for 1 minute. The blots were then 

exposed to Kodak X-OMAT LS film which was subsequendy developed by a Kodak RP 

X-OMAT film processor. The intensity of the bands was measured using two-dimensional 

densitometry (Molecular Dynamics, Sunnyvate, CA). 

The quality of the blots was controlled by the following approaches. First wild-

type S49 and cyc"S49 purified membranes (from Dr. S. Mumby, Southwestem Medical 

Center, University of Texas at Dallas) and brain lysates (from NEN, Boston, MA) were 

used as positive and negative controls of Gsa and Gia2 (Figure 2.1). Second, sample 

protein linear curves were established for bodi Gsa and Gia (Figure 2.2). The amount of 
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Figure 2.1. Immunoblotting of Gsa with RM/1 antibody (A) and Gia2 widi 
AS/7 antibody (B). A. lane 1, wild-type S49 purified membrane 25 îg; lane2, 
cyc- S49 purified membrane 25 t̂g; lanes 3,4, and 5, normal rat heart 
homogenate fractions: lane 3, pellet from 100,000 x g centrifugation (100,000p) 
30 ^g; lane 4, supematant from 100,000 x g centrifugation (100,000s) 30 îg; 
lane 5, pellet from 300 x g centrifugation (300p) 30 îg. B. lane I, normal rat 
heart membrane 100,000p fraction 28 |ig; lane 2, cyc* S49 purified membrane 
25 îg; lane 3, brain lysate 15 ̂ g; lane 4, supematant 100,000s 28 îg; lane 5, 
pellet 3(X)p 28 îg. The positions of molecular weights of Gsa and Gia are 
indicated. 
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Figure 2.2. Linear correlation between die amount of protein and immunoblot density 
of Gsa with RM/1 antibody (A) and Gia2 widi AS/7 antibody (B). Varying amounts of 
membranes from normal rat heart were electrophoretically resolwd in 10% 
SDS-polyacrymide gel, transferred to immobilon PVDF membrane, and imn^unobloiied 
sequentially with affinity purified RM/1 or AS/7 antibody and ilien wiih donkey anti 
rabbit Ig (horseradish peroxidase conjugated antibody). Immunoh (tnn^ t^ids ol' 45 
and 52 kDa Gsa and 40 kDa Gia2 are shown above. 
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membrane proteins loaded in each lane was in die middle of die linear part of die curve (-30 

|xg for Gsa and ~ 28 îg for Gia) in order to detect more accurately possible changes in 

immunodetectable G-protein subunits. Third, duplicate lanes were loaded widi myocardial 

membrane from one normal rat heart in each gel. This was done to standardize 

autoradiographic densities from different films to obtain estimates for die amount of 

immunodetectable levels of G proteins from different gels. A lane widi prestained SDS-

PAGE protein standard widi a range of molecular weight between 106 and 18.5 kDa (Bio-

Rad, Richmond, CA) was included in each gel. Fourth, each gel contained samples from 

at least 3 sham-operated hearts and at least 3 infarcted hearts from each postoperative day. 

Each sample was assayed in duplicate eidier on die same gel or on different gels, and die 

resulting values were averaged. 

Statistical analvsis. All values are expressed as mean ± standard deviation (SD). 

Statistical significance was determined by non paired Student's t-test Linear correlation 

was used to compare levels of G proteins versus cardiac function. The level of statistical 

significance is set at a probability of less dian 0.05 (p<0.05). 

Results 

Post operative mortality in the infarction groups was 56%. In the surviving MI 

animals, seven did not have visible infarcts and were not included in the study. 

Body weights of MI rats did not differ significantiy from die weights of SO rats 

before or after surgery. The ratio of heart to body weight was significantiy increased in MI 

rats relative to SO rats on days 3,9 and 21 after MI, while the R+S to body weight ratio 

was increased on days 9 and 21, indicating the existence of right ventricular and septum 

hypertrophy seen in this model (Table 2.1). 

Hemodynamic characteristics are shown in Figure 2.3. LVEDP in SO animals 

varied from 1.5 to 11.5 mmHg. A marked elevation in LVEDP and substantial decrease in 

bodi maximum rate of LV pressure rise (-i-dp/dt max) and faU (-dp/dt max) in MI animals 

on days 1, 3, and 9 indicate a significant impairment of global ventricular function [22]. At 

21 days after MI, heart function was partially restored in MI rats as demonstrated by less 

difference in LVEDP (5 vs. 10 mmHg, respectively) and + and - dp/dt max between SO 

and MI rats. MBP, HR and LVSP did not differ between MI and SO animals. 

The RM/1 antibody detected bodi 45 and 52 kDa peptides on immunoblots from 

cardiac membranes isolated from bodi SO and MI rats [26]. The amount of Gsa reported 

here is the sum of the 45 and 52 kDa peptides. The AS/7 antibody is specific for Gial, 

Gia2 and To. Ta is not present in die heart [27]. Gial and its mRNA are barely detectable 
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Figure 2.3. Cardiac function at days 1,3,9 or 21 followmg myocardid infarction mduced 
by coronary artery ligation. SO, sham operation (contix)l); MI, myocardial infarction; HR, 
heart rate; MBP, meSi blood pressure; LVSP, left ventiicular (LV) p e ^ systohc pressure; 
LVEDP, LV end-diastoUc pressure; +<lp/dt max, die maximum rate of LV pressure nse; 
-dp/dt max, die maximum rate of LV pressure decline. 

Values are means ± SD. *p<0.05 (Stiidenfs t-test) MI vs. SO for die same post operative 
day. 
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Figure 2.4. Alterations in immunodetectable levels of Gsa and 
Gia2 from non-infarcted myocardial membranes of rats at days 1, 
3,9 or 21 following myocardial infarction. 

Values (means ± SD) are expressed as percent of control (sham 
operation) which is set at 100. *p<0.05 (Student's t-test) MI vs. 
SO for the same post operative day. 
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The correlation coefficients and their significant levels are indicated. 
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[16]; (2) G protein levels were not measured widiin 24 hours after MI. The Gia/Gsa ratio 

at, for example, 6 hours may differ from diat at 24 hours. 

On die odier hand, diere is an increased sympadietic-catecholamine drive during MI 

[34,35,36]. Recent studies show that prolonged stimulation widi catecholamines 

especially norepinephrine increases die levels of Gia and its mRNA in cultiiral cardiac ceUs 

[25, 37] and in myocardial membranes from intact heart [38, 39, 40]. The most possible 

molecular tiigger for increasing expression of Gia during increased adrenergic tone might 

be cAMP. As die end product of die reaction catalyzed by PRGC, cAMP, when 

overproduced, would raise die Gia/Gsa ratio by eidier elevating Gia, seen at days 3 and 9 

in this study, or reducing Gsa (level or functional activity) to suppress its own production 

(the end product regulatory mechanism). Reducing Gsa is less preferred because of a 

"cAMP response element", a consensus sequence found in the promoter region of die Gia2 

gene [41] and lacking in die Gsa gene [42]. Thus it is likely diat an increased adrenergic 

tone during the early stage of MI causes an increased production of c AMP which promotes 

transcription and ti-anslation of Gia2 gene via die "cAMP response element". From diis 

angle, unchanged Gia level at day 1 after MI may be due to a time lag (cells need time to 

response). 

At 21 days after MI, the Gioc2 level retumed to the control level, which was 

accompanied by partially restored cardiac function as demonstrated by decreased LVEDP 

and increased + and -dp/dt max when compared with those of MI rats on all odier post 

operative days. Restoration of heart function would diminish sympathetic stress and 

therefore attenuate Gia levels. Two odier factors that might be responsible for the restored 

Gia level at 21 days following MI are (1) the threshold that initiates the gene expression of 

Gia could be raised after prolonged stimulation at the late stage of MI; (2) overproduction 

of Gia at days 3 and 9 would decrease cAMP level and therefore abolish die initial 

stimulus. 
A significant correlation between increased Gia levels and impaired cardiac 

function in MI rats at days 3 and 9 after MI indicates that increases in Gia levels relates to 

impairment of cardiac function during die increased expression phase following MI. It is 

more likely that die increased Gia level is a consequence of, rather a cause of, impaired 

cardiac function at least during the early time of MI because Gia levels did not change 

while cardiac function was substantially impaired at day 1 after MI. 

Gsa level in die rat heart following acute MI remains constant While Gia levels in 

the failing rat heart following acute MI changed over times, Gsa levels did not show any 

significant change at any time after MI. This result strongly suggests that Gsa levels in the 
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heart are highly regulated and dierefore keep constant It is dius concluded diat in die G 

protein-mediated padiway cardiac myocytes respond to myocardial infarction mainly via 

modulating Gia levels. This conclusion generally agrees widi results of previous studies 

[6, 9, 25, 37, 39, 40] which demonsti-ated diat amounts of Gia and (or) its mRNA 

increased while Gsa levels did not change significantiy during various exti^cellular stimuli. 

It needs to be mentioned diat even though Gsa levels are unchanged, diis does not mean 

gene expression of Gsa is inert. In fact, levels of mRNA encoding Gsa were increased in 

situations in which levels of Gsa itself were unchanged [10] or even modesdy decreased 

[25, 37]. The explanation for this discrepancy is diat ti-ansiendy elevated Gsa mRNA 

levels are counterbalanced by an increased degradation of die protein [37]. This preference 

of changing Gia level to Gsa level may be at least in part due to the "cAMP response 

element" which is present in the promoter region of die Gia2 gene and is absent in die Gsa 

gene[41, 42]. 

Some questions still remain unknown in this field. For example, (1) the signal 

transduction process is an enzymatically catalyzed reaction that provides a huge 

amplification of an initial tiny signal. One molecule of hormone can produce 1x10^ 

molecules of cAMP [43]. Can a 48-65% increase in Gia/Gsa ratio as seen in this study 

produce a significant change in the levels of cellular cAMP and thereby significantiy 

influence cardiac function? (2) what is the molecular trigger for changes in G proteins? is 

that cAMP? (3) which is the better estimate to present physiological significance, individual 

Gia and Gsa or the Gia/Gsa ratio (levels or functional activity)? (4) what is the absolute 

or relative level of c AMP in acute and end-stage failing heart? what is the relation between 

Gia level (or Gia/Gsa ratio) and cAMP level and catecholamine, especially norepinephrine 

concentration in plasma and myocardium? Does a higher Gia/Gsa ratio mean a higher or a 

lower cAMP level? (5) What is die relation between Gia level or the Gia/Gsa ratio and 

infarct size and hypertrophy level? 

In conclusion, die Gia level changes with time following MI, while Gsa level 

remains constant. The change in Gia2 levels has diree phases: a lag phase, an increased 

expression phase associated widi marked impairment of heart function, and a late phase in 

which the expression retums to conti-ol level accompanied by partially restored heart 

function. The results suggest diat, in G protein-mediated padiways, changes in Gia levels 

in cardiac myocytes may be die major mechanism regulating cellular cAMP levels in 

response to MI. 
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CHAPTER m 

INCREASED MYOCARDL\L Gia/Gsa RATIO 

ACCOMPANIED BY IMP/URED CARDL\C FUNCTION 

IN MAGNESIUM DEFICIENT RATS WITH 

MYOCARDIAL INFARCTION 

Abstiact 

Magnesium (Mg) is crucial in die function of G proteins which play important roles 

in mediating die inotiopic effects of 6 adrenergic agonists in die heart and are altered in 

heart failure. Mg deficiency is often present and is associated widi poor outcomes in 

patients widi myocardial infarction (MI). The objective of diis study was to determine 

whether or not dietary Mg deficiency alone or in combination widi MI produces significant 

changes in G proteins (Gsa and Gia) in die heart. Male Sprague-Dawley rats, 6 weeks 

old, were fed a Mg adequate (MgA) or deficient (MgD) diet for 3 weeks before diey had 

eidier MI by coronary artery ligation or sham operation (SO). After surgery, surviving 

animals were maintained on their assigned diets for anodier 3 weeks. Then, cardiac 

function along with immunodetectable levels of Gsa and Gia in non-ischemic myocardium 

was measured. Mg deficient animals developed severe hypomagnesemia and significant 

reduction of Mg concentiation in bone and heart. Cardiac function was impaired in MI 

animals and further reduced in MgD+MI animals as compared to MgA-i-MI rats. Mg 

deficiency alone did not significantiy alter either Gsa or Gia level, but slighdy (p=0.082) 

elevated the Gia/Gsa ratio. MI alone did not significantiy change the expression of G 

proteins. However, when coexisting with MI, Mg deficiency (MgD-i-MI) markedly 

increased Gia level (99.0±25.6 vs. 57.9±16.3 arbitiary unit/mg protein, p<0.05) and die 

Gia/Gsa ratio (2.11±0.44 vs. 1.17±0.43, p<:0.01) widi no change in Gsa levels as 

compared to MgA+MI. The results suggest that dietary Mg deficiency in combination widi 

MI alters the gene expression of Gia and hence die Gia/Gsa ratio, which might prevent 

the recovery of heart function following MI. 

Key Wards: Gia, Gsa, magnesium deficiency, myocardial infarction 

Introdggtipn 

There is growing interest in magnesium (Mg) deficiency and its association widi 

various cardiovascular diseases, especially ischemic heart disease [1]. Hypomagnesemia is 

present in about one-third of the patients who have acute myocardial infarction (MI) [2]. 

There is substantial evidence diat diere is correlation between Mg deficiency and poor 
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outcomes in patients foUowing acute MI [3]. The importance of Mg in die recovery of heart 

function after MI is also stiessed in animal smdies which show diat Mg deficiency 

produces larger infarcts [4] and reduces tolerance to myocardial ischemia [5]. Widiout 

doubt, accumulation of inti-acellular sodium (Na) [5, 6,7] followed by calcium (Ca) 

overload [8, 9], and enhanced free radical reaction [10, 11] during Mg deficiency 

contribute to deterioration of heart function. 

Crucial roles of Mg in die function of the 6 adrenergic - G protein (guanine 

nucleotide binding protein) - adenylyl cyclase (6RGC) system, which is die primary 

signaling system in die heart that mediates die inotiopic effects of 6 adrenergic agonists, 

have been elucidated since die discovery of G proteins [12, 13]. The primary effect of Mg 

on the 6RGC system is to activate G proteins by stimulating nucleotide hydrolysis (dirough 

the high affinity binding site of G proteins) and hormone-receptor catalyzed nucleotide 

exchange (dirough the low affinity binding site) [12, 14]. In vitio suidies show diat die 

activation of G proteins is very slow at low concentrations of Mg [14]. Widiout Mg, there 

would be no activation of die proteins and no G protein-coupled signal tiansduction [12, 

13,14]. Therefore, Mg deficiency would affect the functions of G proteins and further 

affect heart function if intiaceUular Mg concentiation could be reduced to that level in which 

activation of G proteins is influenced. Changes in functions of a protein such as a G protein 

might provoke changes in its gene expression and hence change its level. On die other 

hand, Mg deficiency could indirectiy alter G protein levels via increasing plasma 

catecholamine levels [15, 16]. Prolonged stimulation with norepinephrine increases levels 

of Gia (the a subunit of inhibitory G protein) and its mRNA without changing or slighdy 

decreasing the levels of Gsa (the a subunit of stimulatory G protein) in cultured cardiac 

cells [17, 18] and in myocardial membranes from intact hearts [19, 20, 21]. 

Results from the fu-st part of this dissertation demonstiated a dynamic change in die 

levels of Gia with no change in Gsa levels in die rat heart following MI [22]. Increased 

Gia level was associated with markedly impaired heart function. Gia level retumed to 

control as heart function was partially restored. The purpose of this study was to determine 

if diere is an additive effect of Mg deficiency and MI on die expression of Gsa and Gia 

and die Gia/Gsa ratio in the rat heart at a time when MI alone does not produce a 

significant change in the levels of diese G proteins. 

Materials and Mediods 

Animals and diets. Experiments were performed on 89 male Sprague-Dawley rats 

with an initial age of 6 weeks. Rats were individually housed in a room at 20-24°C 
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temperatiire widi alternate 12 hours of light and dark. Animals had free access to distilled 
water and diets. 

Animals were fed eidier a Mg adequate (MgA, 677 ± 44 mg/kg) or deficient (MgD, 

61 ± 13 mg/kg) diet (Table 3.1) which represents about 120% or 10% of die recommended 

intake for rats [23]. Three weeks later, animals had eidier MI or sham operation (SO). After 

surgery surviving animals were maintained on dieir assigned diets for anodier 3 weeks. 

Cardiac function was dien examined. Blood and tissues were collected. During die 6 week 

sUidy, food consumption and body weights of rats were recorded daily. 

Experimental mvocardjal infarction. Experimental MI was induced by ligation of 

the left coronary artery [24]. Rats were anesdietized widi isoflurane. Under sterile 

conditions, an incision on die left fourth or fifdi intercostal space was made and die heart 

was exteriorized rapidly by gende pressure on die right side of die diorax. The left coronary 

artery was ligated widi 6-0 silk about 2 mm from its origin, which produces moderate (31-

46% of left ventiicle) infarcts in left ventiicle [25]. The heart was dien retumed to its 

normal position and die chest wall closed. Sham-operated rats were ti^eated similarly except 

that the ligature was not tied. The electiocardiogram (ECG) was used to monitor whedier 

surgical ligation of die coronary artery produced die characteristic ECG abnormalities 

consistent widi tiansmural MI [26]. 

Hemodynamic measurements. At 21 days after surgery rats were anesdietized widi 

isoflurane. A Millar micro-tip catheter tiansducer (model SPR-249) (Houston, TX) was 

placed into the left ventricle via the right carotid artery to monitor left ventiicular pressure. 

The right femoral artery was cannulated widi a polyediylene cadieter to measure arterial 

pressure (BP). Hemodynamic parameters including BP, heart rate (HR), left ventricular 

(LV) systolic pressure (LVSP), LV end-diastolic pressure (LVEDP), and die maximum rate 

of LV pressure rise (+dp/dt max) and fall (-dp/dt max) were recorded on a chart recorder 

(Hewlett Packard 7758A recorder). Following measurement of heart function, heart, LV 

and right ventricle plus septum (RV-i-S) were weighed. Heart weight (HW)/body weight 

(BW) and RV-J-S/BW ratios were used to estimate die degree of myocardiac hypertrophy. 

Mg. Ca and K assays. Heart tissue (about 2(X) mg from non-infarcted LV) and 

bone (about 15 mg from the left rear leg) were excised, washed in distilled water, blotted 

and weighed immediately. Samples of diets, heart and bone were digested by a single-test-

tube method of Spallholz [27]. Plasma was pretreated widi 2 N hydrochloric acid and 10% 

trichloracetic acid [28]. Sample preparations were dien diluted with 0.25% landianum 

chloride solution and analyzed for Mg, Ca and potassium (K) concentiation by Atomic 

Absorption Spectiophotometiy (Perkin-Elmer model 50(X), Norwalk, CT) (Appendix C). 
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Table 3.1. Basal diet composition* 

Ingredient g/lOOg 

Sucrose 65.5 

DL-methionine 0.3 

Choline bitartiate 0.2 

AIN Vitamin Mixtiire 76t 1 1.0 

AIN Mineral Mixture 76 Omitting Magnesiumt2 4. o 

Cellulose 5.0 

Casein (Vitamin free) 20.0 

Com oil 5.0 

•Magnesium (Mg) content of this basal diet (Mg deficient diet) was 61 ± 13 
mg/kg assessed by Atomic Absorption Spectiophotometer. A Mg adequate diet 
was made by adding Mg as magnesium oxide to this basal diet in the amount of 
650 mg/kg (actual assay value was 667± 44 mg/kg) 

tprom United State Biochemical Corporation, Cleveland, Ohio. 

t l . The composition ofAINVitantin Mixture 76 (mg/kg): thiamine 
hydrochloride, 600.0; riboflavin, 600.0; pyridoxine hydrochloride, 700.0; 
nicotinic acid, 3000; D-calcium pantodienate, 1600; folic acid, 200.0; D-biotin, 
20.0; cyanocobalamin, 1.0; retinyl palmitate, 800.0; DL-alpha-tocopheryl 
acetate, 20,000; cholocalciferol, 2.5; menaquionine, 5.0; sucrose, fmely 
powdered, 972,900. 

t2. The composition of AIN Mineral Mixtiire 76 Omitting Mg (g/kg): CaHP04, 
500.0; NaCl, 74.0; potassium citiate, monohydrate, 220.0; manganous 
carbonate (43-48% Mn), 3.5; fenic citiate (16-17% Fe), 6.0; zinc carbonate 
(70%ZnO), 1.6; cupric carbonate (53-55% Cu), 0.3; KIO3,0.01; 
Na2Se03l.5H20, 0.0076; chromium potassium sulfate, 0.55; sucrose, fmely 
powdered, 118.0. 
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Mginbrane preparation- Myocardial membranes from right ventiicle and 

mterventiicular septiim (non-infarcted tissue) were prepared using a modification of die 

mediod of McMahon [29] (Appendix B). Tissues were homogenized in 20 volumes of 

buffer A (10 mM Tris-HCl, 1 mM EDTA, 0.25 M sucrose, pH 7.4) using a Brinkmann 

Polyti-on at a setting 6 for 5 sec for 3 bursts. Each burst was separated by a 30 sec interval. 

The homogenate was centiifuged at 300 x g at 4°C for 5 min. The pellet from diis 

centiifugation (300p) was washed one time. The supematant was recentiifuged at 100,000 

X g at 4°C for 60 min. The supematant from diis centiifugation (100,000s) was discarded 

and die pellet (100,000p) was resuspended in buffer A widi a protein concentration of 

about 1 mg/ml for G protein assays and stored at -80°C. The protein content of myocardial 

preparations was determined by a commercial protein assay of Bio-Rad Company 

(Richmond, CA) [30]. 

Immunoblotting of Gsa and Gig proteins. Membrane preparations were tieated 

widi N-ediylamaleimide (300 mM), diluted 4:1 widi sample buffer (0.5% Tris-HCl, pH 

6.8,40% glycerol, 80 mM DTT, 4% 2-mercaptoedianol), boil for 5 minute, and separated 

on 10% SDS-polyacrylamide gel. The separated proteins were dien electiophoretically 

tiansferred to immobilon PVDF membranes (Millipore Co., Bedford, MA) widi a constant 

current of 120 mA for 18 hours. Following die tiansfer, die blots were incubated widi 3% 

gelatin in TTBS (0.1% tween-20 in TBS which contains 20 mM Tris-HCl, pH 7.6, 127 

mM NaCl) for 1.5 hour at room temperamre (RT, ~24''C) to block non-specific protein 

binding. The membranes were then incubated widi affmity purified RM/1 antibody 

(specific for Gsa and G(olf)a , 1:4000 dilution ) or AS/7 antibody (specific for Gial, 

Gia2 and Ta, 1:1000 dilution) for 1 hour at RT. Bodi RM and AS antibodies were 

purchased from NEN, Boston, MA. After repeated washings, the membranes were 

incubated with 1:5000 dilution of donkey anti-rabbit horseradish peroxidase antibody 

(Amersham, Arlington Heights, IL) for 1 hour at RT. Finally, the membranes were washed 

with TTBS and TBS three times for 10 min each and placed in ECL immunoblotting 

detection reagents (Amersham, Arlington Heights, IL) for 1 minute. The blots were then 

exposed to Kodak X-OMAT LS fdm which was then developed by a Kodak RP X-OMAT 

film processor. The intensity of die bands was measured using two-dimensional 

densitometry (Molecular Dynamics, Sunnyvate, CA) (Appendix B). Wild-type S49 and 

cyc'S49 purified membranes were used as positive and negative contiols of Gsa and Gia 

(Figure 3.1). Sample protein linear curves were established for bodi Gsa and Gia and die 

amount of membrane proteins loaded in each lane (-30 |ig) was in the middle of the linear 

part of the curve (Figure 3.2). 

38 



1 2 3 

52 
45 

i I 

Figure 3.1. Immunoblotting of Gsa widi RM/1 Oanes 1, 2 and 3) and Gia widi AS/7 
(lanes 4 and 5) antibodies. Membrane samples of wild-type S49 murine lymphoma 
cells (Lanes 1 & 5, 25 îg), cyc" S49 cells (lane 2, 25 ̂ ig), normal rat heart (lanes 
3 & 4, 30 jig) were seperated in 10% polyacrylamide gel by SDS-PAGE, 
transferred to immobilon PVDF membrane, and immunoblotted with RM/1 or AS/7 
antibody. Molecular masses (in kDa) of Gsa (45 and 52 kDa) and Gia are indicated. 
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Figure 3.2. Linear correlation between the amount of protein and immunoblot 
density of Gsa with RM/1 antibody (A) and Gia widi AS/7 antibody (B). 
Varying amounts of membranes from normal rat heart were electiophoretically 
resolved in 10% SDS-polyacrymide gel, tiansferred to immobdon PVDF 
membrane, and immunoblotted sequentially with affinity purified RM/1 or AS/7 
antibody and then with donkey anti rabbit horseradish peroxidase conjugated 
antibody. Immunoblotting bands of 45 and 52 kDa Gsa and 40 kDa Gia2 are 
shown above the repective Gsa and Gia2 graphs. 
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Statistical analysiff All values are expressed as mean ± standard deviation (SD). 

Statistical differences between means were determined by one-way analysis of variance 

(ANOVA) followed by Duncan's Multiple Range Test General Linear Model (GLM) was 

used to compare body weight and food consumption of rats versus days between MgA and 

MgD groups. A probability value of p < 0.05 was considered statistically significant 

ReStilt̂  

Eighty-nine rats was used in diis study. Post-operative survival rates from MI were 

46% in MgA and 27% in MgD animals (Table 3.2). 

Table 3.2. Survival rate of magnesium adequate (MgA) and deficient (MgD) rats 
following myocardial infarction (MI) and sham operation (SO)* 

No. of Rats 

No. of Survival 

Survival Rate (%) 

MgA 

12 

12 

100 

SO 

MgD 

8 

6 

75 

MgA 

26 

12 

46 

MI 

MgD 

33 

9 

27 

* The number of rats used in this study was 89. One MgD rat died during tiansport 
to the laboratory and 9 died during surgery due to unsucessful experiorization of 
the heart and bleeding. Seventy-nine rats survived die surgery. 

Ulceration of the skin widi hair loss occurred in 80% of the rats fed the MgD diet 

The skin lesions appeared primarily on die face, ears and neck (Figure A.4). The earliest 

signs were noted at 8 days after MgD diet ti^atinent and was fully developed at 3 or 4 

weeks. As shown on Figure 3.3, the MgD animals generally consumed less diets and had 

significantiy lower daily body weight gain dian die MgA rats (4.2 vs. 5.5 grams). 

Mg. Ca. and K concentrations Figure 3.4 presents die concentiations of Mg, Ca 

and K in plasma, heart and bone. Severe hypomagnesemia was developed in all MgD 

animals. Plasma Mg concentiation in MgD rats with both SO and MI was less dian half diat 

of MgA animals. Bone Mg concentiation decreased by 46% in MgD-hSO and by 37% in 

MgD+MI rats. Mg deficiency alone (MgD+SO) did not significantiy reduce heart Mg 

concentiation. However, Mg deficiency in combination with MI (MgD-i-MI) produced a 

significant reduction of heart Mg concentiation when compared to MgA animals. MgD-i-MI 
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Figure 3.3. Daily body weight (upper) and daily food intake (lower) of rats fed 
magnesium adequate (MgA) or deficient (MgD) diets. 

Values are means ± SD. Overall means of daily body weight and daily food 
intake as well as daily body weight gain in MgA animals were significantiy 
higher dian in MgD animals. Slopes for bodi daily body weight and daily food 
intake differ between die two dietary groups. 
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Figure 3.4. Concentiations of magnesium (A), calcium (B), and potassium (C) in plasma, 
heart, and bone of rats with dietary magnesium manipulation and myocardial infarction. 
SO, sham operated (contiol); MI, myocardial infarcted; MgA, magnesium adequate; 
MgD, magnesium deficient. 

Values are means ± SD of the numbers given on die legend. Means with different letters 
are significantiy different (p<0.05). 
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also resulted in a significant elevation in Ca concentiations in bodi plasma and heart, but 

not in bone as compared to MgD rats. There was no significant difference in K 

concentiation in plasma and die heart. A significantiy higher bone K concentiation was 

noted in MgD-«-MI animals dian in SO animals. 

Gross cardiac hvpertmphv parameters. At die end of die stiidy diere was no 

significant differences in body weight between SO and MI rats. The body weight of MgD 

animals was significantiy lower dian MgA animals. MI increased HW/BW and R+S/BW 

ratios m rats fed die MgA diet (p<0.05). The MI rats fed die MgD diet (MgD-i-MI) did not 

exhibit significantiy higher HW/BW and R-i-S/BW ratios dian MgD-i-SO rats (Figure 3.5). 

A 4 

3 -
.5» 

S 2-

1 -

0 -

B 1.5 

E, 

CO + a: 

1.0-

0.5-

0.0-

n MgA*S0(11) 

Q MgD+SO (5) 

• Mg/WMI(10) 

Mg[>MI (8) 

Figure 3.5. Ratios of die heart to body weight (A) and the right ventricle 
plus septum to body weight (B) of rats with dietary magnesium manipulation 
and myocardial infarction. SO, sham operation (contiol); MI, myocardial 
infarction; MgA, magnesium adequate; MgD, magnesium deficient 

Values are means ± SD of die numbers given on die legend. Means widi 
different letters are significantiy different (p<0.05). 

Cardiac function. MI animals fed the MgA diet had moderately but significantiy 

elevated LVEDP and diminished -i- and - dp/dt max as compared with MgA+SO animals. 

Both + and - dp/dt max was significantiy lower in MgD-»-MI animals vs. MgA+MI animals. 

Mean BP, LVSP and HR did not differ between groups (Table 3.3). 

G protein levels. Mg deficiency alone did not significantiy alter either Gsa or Gia 

level, but slightiy (p=0.082) elevated die Gia/Gsa ratio. MI alone did not significantiy 

change the expression of G proteins eidier. However, when coexisting with MI, Mg 

deficiency (MgD+MI) dramatically increased Gia level and the Gia/Gsa ratio widi no 

change in Gsa levels as compared to MgA+MI (Figure 3.6). 
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Table 3.3. Hemodynamic characteristics of rats with dietary magnesium manipulation 
and myocardial infarction 

No. of rats 

MBP (mmHg) 

HR (beat/min) 

LVSP (mmHg) 

LVEDP (mmHg) 

+dp/dt max (mmHg/s) 

-dp/dt max (mmHg/s) 

MgA 

8 

104±7 

388±47 

128±12 

5±2a 

8343±973a 

7124±1559a 

SO 

MgD 

6 

98±11 

400±25 

129±10 

8±4ab 

7481±1336ab 

6115±1683ab 

MgA 

11 

99±10 

370±23 

127±9 

10±4bc 

7308±905b 

5859±777b 

MI 

MgD 

7 

91±17 

395±33 

117±16 

13±4cd 

6041±964C 

4611±614C 

SO, sham operated; MI, myocardial infarcted; MgA, magnesium adequate; MgD, 
magnesium deficient; MBP, mean blood pressure; HR, heart rate; LVSP, left ventiicular 
(LV) systolic pressure; LVEDP, LV end-diastolic pressure; +dp/dt max, die maximum 
rate of LV pressure rise; -dp/dt max, die maximum rate of LV pressure fall. 

Values are means ± SD. Means widi different superscripts are significantiy different 
(p<0.05). 
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Figure 3.6. Immunodetectable levels of Gsa and Gia2 from non-infarcted (right 
ventricle and septum) myocardial membranes of rats widi dietary magnesium 
manipulation and myocardial infarction and the Gia/Gsa ratio. SO, sham operated 
(contiol); MI, myocardial infarcted; MgA, magnesium adequate; MgD, magnesium 
deficient. 

Values are means ± SD of the numbers given on the legend. Means widi different 
letters are significantiy different (p<0.05). 
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Discussion 

Mg deficiency was developed in MgD animals in diis stiidy as demonstiated by 

reduced body weight gain [31], skin lesions [32] and especially by severe hypomagnesemia 

and reduction of Mg concentiation in bone as well as in die heart MI produced an overall 

impainnent of cardiac function as evidenced by significantiy elevated LVEDP and 

diminished + and - dp/dt max. 

We previously demonstiated diat MI alone failed to produced a significant change in 

die levels of Gia and Gsa as well as die Gia/Gsa ratio at day 21 after MI [22]. The 

present study examined die hypothesis diat MI plus Mg deficiency might produce a change 

in G proteins at a time in which MI alone does not The results show that, when coexisting 

widi MI, Mg deficiency increases Gia level and die Gia/Gsa ratio in die heart 

Changes in G proteins during Mg deficiency have not been reported previously. 

There are two possible mechanisms which may account for changes in G proteins during 

Mg deficiency plus MI. First, diere is an additive effect: bodi Mg deficiency [15, 16] and 

MI [33, 34] enhance sympathetic-catecholamine drive. Plasma catecholamine levels are 

increased during Mg deficiency and probably are further elevated when animals are also 

subjected to MI. Recent studies show that prolonged stimulation widi catecholamines, 

especially norepinephrine, increases levels of Gia and its mRNA without changing or 

slightiy decreasing die levels of Gsa in culmred cardiac cells [17, 18] and in myocardial 

membranes from intact hearts [19, 20, 21]. catecholamines, by stimulating 6-adrenergic 

receptors on cardiac membranes, increase production of cellular cAMP which causes an 

increase in transcription and tianslation of Giot2 gene through the "cAMP response 

element" in the promoter region of die Gia2 gene [35]. 

Second, there is a possibility that Mg deficiency could affect functions of G 

proteins and changes in functions might provoke changes in gene expression. However, 

this does not seem to be the case because the influence of Mg on functions of G proteins 

requires a significant reduction of intiaceUular free Mg concentration ([Mgi+2]). Mgi+2 

does not appear to be easily changed by fluctuation of extiacellular Mg concentiations [36, 

37,38, 39]. It has been reported that 6-adrenergic stimulation [40, 41] and myocardial 

ischemia [36, 37, 38, 42, 43] produced a large efflux of Mg from cardiac cells. However, 

an increase m Mgi+2 efflux does not necessarily mean reduction of intiaceUular [Mgi+2]. In 

fact, [Mgi+2] was either not changed or only tiansientiy decreased during 6-adrenergic 

stimulation [40,41] and myocardial ischemia [36, 37, 38, 42, 43]. Fifteen to 20 minutes of 

Mg-free perfusion does not diminish [Mgi+2] [36, 38]. Mg efflux is actually a regulatory 

mechanism stimulated by increased [ Mgi+2] to ensure that [Mgi+2] is not too high [44 45, 
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46,47]. However, there is no evidence diat dietary Mg deficiency reduces myocardial 

[Mgi+2] to a level diat significantiy affects activation of G proteins. 

It is difficult to evaluate die physiological implications of changes in G proteins on 

heart failure. Theoretically, increased Gia/Gsa ratio would suppress production of cAMP 

and further inhibit 6 agonist-mediated contiactility, and therefore contribute to deterioration 

of heart function. On the other hand, increased Gia/Gsa ratio may reduce Ca overload and 

oxygen consumption in the heart and play a protective role. 

When assessing the significance of the Gia/Gsa ratio, one issue needs to be 

stressed namely that he AS/7 antibody used in this study recognizes Gial and Gia2, but 

not Gia3. It is possible that alterations in Gia3 have been overlooked. However, Gia3 

does not appear to play a significant role in determining the Gia/Gsa ratio because Giot2 is 

the predominant Gia in the rat ventricle [19, 48] and it is the interaction between Gsa and 

Gia2 that dictates the output of adenylyl cyclase [18,49]. 

In conclusion, Mg deficiency, when coexisting with MI, increases the Gia/Gsa 

ratio, which may influence the recovery of cardiac function following MI. 
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CHAPTER IV 

SUMMARY 

There were diree major goals in diis research: 

1. to examine changes in Gsa and Gia in die heart widi time following acute 
myocardial infarction (MI); 

2. to determine whether or not magnesium (Mg) deficiency alone or in 

combination widi MI alters levels of Gsa and Gia in die heart; 

3. to determine whedier changes in G proteins in die heart following MI 

correlate to alterations in cardiac function. 

The results from these experiments clearly show that 

1. Gia level in the rat heart following acute MI changes with time in three 

phases: a lag phase, an increased expression phase associated widi marked 

impairment of heart function, and a late phase in which the expression 

retums to contiol level accompanied by partially restored heart function, 

while Gsa level remains constant These findings suggest that, in G 

protein-mediated pathways, cardiac myocytes respond to MI via regulating 

Gia levels. 

2. Mg deficiency alone slighdy (near significantiy) elevates the Gia/Gsa ratio 

in the heart Mg deficiency in combination with MI alters the gene 

expression of Gia and hence increases the Gia/Gsa ratio in the heart; which 

might prevent the recovery of heart function following MI. 

3. increased Gia levels in the heart of MI rats relate to impaired cardiac 

function during the increased expression phase. 
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APPENDDC A 

ADDITIONAL HGURES 
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Figure A.1. Anterior aspect of infarcted hearts from two rats whose coronary 
arteries had been ligated. A. the rat died shortly after coronary artery ligation. 
The heart was excised and Injected with saline from the aorta. The red area Is 
Infarcted area (arrow). B. The rat was killed at 21 days following coronary 
artery ligation. The white area is infarcted area (arrow). 
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A. Normal ECG D. Ventricular Fibrillation 

f^hwt^M^ 

B. Elevated S-T Segment E. Premature Ventricular 
Contraction 

C. Ventrlvular Tachycardia 

ImV 
1 sec 

Figure A.2. Electiocardiographic (ECG) tiacings from standard limb lead II in 
anesthetized rats before (A) and 5 to 15 minutes after (B to E) myocardial ischemia 
induced by ligation of the left coronary artery. A. normal ECG pattern in rats. B. 
marked elevation of S-T junction which indicates tiansmural ischemia. C and D, 
ventricular tachycardia (VT) and fibrillation (VF), the major arrhythmias induced by 
coronary artery ligation in rats, which usually occur 5 to 15 minutes after ligation 
and constitute the major reasons for death. E. premature ventricular contiaction, four 
or more of which are considered VT. The chart speed is 25 mm/sec. 
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Figure A.4. Ulceration of the skin with hair loss In magnesium deficient 
rats after 5 week treatment of magnesium deficient diet. The skin lesions 
appear primarily on the face, ears and neck. 
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APPENDDC B 
IMMUNOCHEMICAL QUANTIHC ATION OF 

Gsa and Gia 

Immunochemical quantification of Gia and Gsa has several steps as follows: 
I. Membrane preparation 
n. Treatment of samples 
III. Electrophoresis, membrane proteins are separated by SDS-PAGE (~6 h) 
rv. Transfer the separated membrane proteins onto immobilon PVDF membrane (18 h) 
V. Incubation the immobilon PVDF membrane with Gsa and Gia antibodies 
VI. Quantification of Gia and Gsa by scanning densitometry 

I. MEMBRANE PREPARATION 

EQUIPMENT 
1. Ulti^centiifiige, Beckman L8-70, Palo Alto, CA 
2. Tissue homogenizer, Brinkmann Polytion 
3. pH meter 

CHEMICALS 
1. Tris base, mw. 121.1 
2. EDTA, mw. 292.25 
3. Sucrose, mw. 342.3 

SOLUTIONS 
1. Buffer A, Tris 10 mM, pH 7.4, EDTA 1 mM, sucrose 250 mM 

Tris base 4.844g 
EDTA 1.169g 
Sucrose 342.3g 
Bring volume to 4000 ml witii ddHjO 

PROTEDURES 
Heart tissue: Buffer A = 1:20 (g : ml) 

i 
Homogenize, 5 sec for 3 bursts 

i 
Centiifiige 300 x g 15 min, 4̂  C 

i -> Pellet (300p), wash one time 
Supematants 

i 
Centiifuge 100,000 x g, 60 min, 4̂ , C 

i -^ Supematant (100,000s), discard 
PeUet (100,000p) 

i 
Resuspend widi Buffer A (1:10, g : ml) 

i 
Homogenize, 5 seconds 
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i 
Aliquot, store at -80''C for G protein assays 

REFERENCE 
1. McMahon KK: Developmental changes of the G proteins-muscarinic cholinergic receptor 

interactions in rat heart J Pharmacol Bq? Therap 1989; 251:372-377. 

n. NEM TREATMENT OF SAMPLES 

CHEMICALS 
1. N-etiiyhnaleunide (NEM), mw. 125.1 
2. Didiiodireital (DTT), mw. 154.2 
3. SDS (Sodium dodecyl sulfate), mw. 288.38 
4. Tris base, mw. 121.1 
5. Bromophenol blue 
6. Glycerol, mw. 92.09 
7. 2-mercaptoedianol,mw. 78.13 

SOLUTIONS 
1. SDS 10% (see Electix)phoresis) 
2. Tris 0.5M, pH 6.8 (see Electiophoresis) 
3. DTT, stock solutions: 

1M: DTT 771 mg 
ddHjO 5 ml 

0.1 M: IMDTT 1ml 
ddHjO 9 ml 

aliquot into 1 ml tubes and store at - 70°C 
4. SDS/DTT (10% / 1 mM), 1 ml, freshly made 

SDS, 10% 1 ml 
DTT, 0.1 M 10 pi 

5. NEM 300 mM, freshly made 
NEM 20 mg 
ddH20 533 ml 

5. Sample buffer 
Tris, 0.5 M. pH 6.8 20 ml 
SDS 2g 

Dissolve, then add 
Glycerol 20 ml 
Bromophenol blue 16 mg 
DTT, IM 4 ml 
2-mercaptoethanol 2 ml 

Bring volume to 50 ml widi ddH20 
Aliquot into 1 ml tubes and store at - 70°C 

PROCEDURES 
Add the following step by step: 
Sample 200 1̂ 
SDS/DTT (10%/1 mM) 50 1̂ 

Vortex 
Heat > 90°C, 5 min 
Cool to RT 
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NEM300mM 50^1 
Vortex 
RT, 10 min 

Sample buffer 50 1̂ 
Vortex 
Heat > 90°C, 5 mm 
Ready for loading 

m. ELECTROPHORESIS 

EOUIPMRNT 
1. Hoefer SE 600 Dual Cooled Gel Unit, San Francisco, C A 
2. Bio-Rad Model 3000/300 Power Supply, Bio-Rad Laboratories, Hercules, CA 

CHEMICALS 
1. Tris base, mw. 121.1 
2. Acrylamide, mw. 71.08 
3. BIS (N,N*-mediylene-bis-acrylamide), mw. 154.17 
4. SDS (Sodium dodecyl sulfate), mw. 288.38 
5. Ammonium persulfate (AP), mw. 228.20 
6. TEMED,mw. 116.21 
7. Prestained SDS-PAGE standards, low range 

STOCK SOLUTIONS 
1. Tris, 1.5 M, pH 8.8, 1000 ml, 4°C 

Tris-Base 181.6 g dissolved in ~ 900 ml ddH20 
Adjust pH to 8.8 widi HCI 
Bring fmal volume to 1000 ml widi ddH20 

2. Tris, 0.5 M, pH 6.8, 1000 ml, 4°C 
Tris-Base 60.55 g dissolved in ~ 900 ml ddH20 
Adjust pH to 6.8 widi HCI 
Bring fmal volume to 1000 ml widi ddH20 

3. Acrylamide Bis, 30% (w/v), 200 ml, 4°C in die dark for 30 days 
Acrylamide 58.4 g 
Bis 1.6 g 
Bring final volume to 200 ml with ddH20 
Filter the solution 

4. SDS, 10% (w/v), 100 ml 
SDS 10 g dissolved in 100 ml ddH20 

5. Ammonium persulfate (AP), 10% (w/v) 
AP I g 
Bring volume to 10 ml with ddH20 
Aliquot into 1 ml tubes and store at - 70°C 

6. 10 X stock Electiophoresis (Running) buffer, 5000 ml 
Tris base 150 g 
Glycine 720 g 
SDS 50 g 
ddH20. 2000 ml 

After dissolve, bring volume to 5000 ml widi ddH20 
(Do not adjust pH, which should be around 8.7) 
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WORKING SOT J rfTn^l^ 
1. Separating Gel 10% (Tris 375 mM, pH 8.8 in fmal reaction) 

Stock snliitinn,̂ ^ Lgd 2 gels 
ddH20. 12.2 ml 24.1ml 
Tris 1.5 M. pH 8.8 7.5 ml 15.0 ml 
Acrylamide BIS. 30% 10.0 ml 20.0 ml 
SDS, 10% 0.3 ml 0.6 ml 

Degas 15 min 
Ammonium persulfate, 10% 150^1 300^1 
TCMEP HUd 2QM1 
Total 30 ml 60 ml 
(for 1.5 mm X 16 cm X 20 cm Slobs) 

2. Stacking Gel. 4% (0.125 M Tris, pH 6.8 in fmal reaction) 
Stock solutions LggJ 2_gdS 
ddH20 6.1ml 12.2 ml 
Tris. 0.5 M, pH6.8 2.5 ml 5.0 ml 
Acrylamide BIS, 30% 1.3 ml 2.6 ml 
SDS. 10% 0.1ml 0.2 ml 

Degas 15 min 
Ammonium persulfate, 10% 50 îl 100 1̂ 
TEMED ijll lOill 
Total 10 ml 20 ml 
(for 1.5 mm X 16 cm X 20 cm Slobs) 

3. Working running buffer (0.5 M Tris), 5000 ml 
Dilute 10 X stock running buffer with ddH20 

10 X stock running buffer 500 ml 
ddH20 4500 ml 

PROCEDURES 
1. Pour 10% separating gel 

Immediately add ddH20 on die top of die gel (-0.5 cm high) 
45 min (make stacking gel while waiting for die gel polymerization) 

2. Decant ddH20 
Insert the comb 
Pour stacking gel on die top of the separating gel 
45 min (NEM ti:eatinent of samples while waiting for tiie stacking gel to 

polymerize) 
3. Add running buffer and a stir bar into die tank, attach cooling system, RT 
4. Remove the comb 

Attach the gel sandwich to die Upper Buffer Chamber 
Place the gel sandwich into die buffer tank 
Add running buffer into die Upper Buffer Chamber 
Load the membrane preparations 35 Û on each well of die gel 

Conditions: Constant current 
Cun^nt (m A) Voltage (V) Time 

Stacking gel 40 (2 gels) 70—> 150 ~1.5h 
Separating gel 60 (2 gels) ' 150—> 280 ~2.5h 

5. Take out die gel & put it into transfer buffer 
6. Next step: tiansfer membrane proteins onto immobilon PVDF membrane 
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IV. TRANSFER 

EOUTPMF.NT 
1. Bio-Rad Trans-Blot Electiophoretic Transfer Cell widi Plate Electiodes, Bio-Rad 

Laborati)ries, Hercules, CA 
2. Bio-Rad Model 3000/300 Power Supply, Bio-Rad Laboratories, Hercules, CA 
3. Immobilon sheet (nitrocellulose membrane): Immobilon-P Transfer membrane, P-

15552, Filter type: PVDF, Pore size: 0.45 ^m. MiUipore Co., Bedford, MA 

CHEMICALS 
1. Medianol, HPLC grade 
2. Tris base, mw. 121.1 
3. Sodium chloride (NaCl), mw. 58.5 
4. Glycine, mw. 75.07 

SOLUTIONS 
1. Methanol 
2. Transfer buffer, 4000 ml, 4°C 

(25 mM Tris, 192 mM glycine, 20% medianol, pH 8.3) 
Tris base 12.12 g 
Glycme 57.60 g 
ddH20 2000 ml 

Dissolve 
Medianol 800 ml 
Bring final volume to 4000 ml widi ddH20 

(Do not add acid or base to adjust pH. pH value of the transfer buffer should range 
from 8.1 to 8.5) 

PROCEDURES 
1. Cut the membrane to the dimensions of the gel 

Wet the membrane with methanol 
Place the membrane into tiansfer buffer at 45°anglefor 30 min 

2. Place the gel into tiansfer buffer for 20 min 
3. Place fiber pads & filter paper into ti^ansfer buffer 

Fill the transfer tank half full widi tiansfer buffer 
4. Assembly of the Sandwich 
5. Close the gel holder 

Place it in die transfer tank 
Fill tiansfer tank full with transfer buffer 
Put a stir bar into tiansfer tank 
Put the lid in place 
Plug the unit into the power supply (Bio-Red) 
Connect the cooling system 
Stir 
Turn on the power supply 

Constant current: 
120 mA (Voltage should be around 20 V) 

Overnight (18 h) 
6. Take out the membrane 
7. Next step: block & incubation membrane proteins with antibodies 
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V. INCUBATION WITH ANTIBODIES 

EQUIPMENT 
1. Shaker platform, Fisher Versa-Bath S Model 236, Fisher Scientific, Pittsburgh, PA 
2. Dark room, cling-films, a timer 
3. Film processor 
4. Hyperfdm: Film, Kodak X-OMAT, XAR-5,13x18 cm, Sigma 

CHEMICALS 
1. Tris base, mw. 121.1 
2. Sodium chloride, mw. 58.5 
3. HCI. ~ 12 N 
4. Tween-20 
5. Gelatin 
6. ECL detection reagents, Amersham 
7. RM/1 antibody, specific to Gsa and Gct̂ oif)* NEN 
8. AS/7 antibody, specific to Gial, Gia2, To, NEN 
9. Anti-Rabbit Ig, Horseradish (HRP) linked (from donkey), Amersham 

SOLUTIONS 
1. Stock (10 x) TBS (Tris-buffered saline), pH 7.6, 4'C 

Tris base 48.4 g 
NaCl 160.0 g 
ddH20 -1800 ml 

Adjust pH widi HCI to 7.6 at 4°C 
Bring volume to 2000 ml widi ddH20 

Working TBS 
(Tris 20 mM, NaCl 137 mM) 

1:10 Dilute stock TBS widi ddH20 
2. TTBS, pH 7.6, 4°C 

(0.1% Tween-20 in working TBS) 
Tween-20 2 ml 
Working TBS 2000 ml 

3. Blocking solution, 100 ml 
(3% gelatin in TTBS) 

Gelatin 3 g 
TTBS 100 ml 

Heat with stirring until dissolved 
4. Antibody buffer 

(1% gelatin in TTBS) 
Gelatin 1 g 
TTBS 100 ml 

Heat with stirring until dissolved 

PROCEDURES 
1. Block membrane 1.5 h 

Immerse die membrane, at a 45° angle, into die blocking solution 
Shake gendy (50 times/min) 

1.5h,atRT 
2. Wash -0.5 h 

Decant the blocking solution 
Rinse the membrane widi -50 ml TTBS 
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2 quick rinses , 10 min x 2 shake, at RT 
Dilute ist antibody: 

1:1000 (AS^) or 1:5000 O^M/l) dilution of stock (commercial) l̂ t antibody widi 
antibody buffer 

3. ist antibody incubation 1 h 
Decant TTBS 
Add diluted l̂ t antibody solution 
Shake gendy (50 times/min) 

lh ,atRT 
4. Wash -0.5 h 

Decant l̂ t antibody solution 
Rinse widi -50 ml TTBS 

2 quick rinses , 10 mm x 2 shake, at RT 
Dilute 2nd antibody: 

1:5000 dilution of stock (commercial) 2nd antibody widi antibody buffer 
lOfil :50ml ^ 

5. 2nd antibody incubation 1 h 
Decant TIBS 
Add diluted 2"^ antibody 
Shake gendy (50 times/min) 

1 h, at RT 
6. Final Wash -0.5 h 

Decant 2"^ antibody solution 
Wash membrane widi -50 ml TTBS 
2 quick rinses . 10 min x 2 shake, at RT 
Rinse widi -50 ml TBS (1 quick rinse, 5 min shake) 

7. Detection 
Incubate membrane in equal volume of detection reagents 1 & 2,1 min 
Drain off detection reagent and wrap membrane in clmg film 
In dark do the following steps: 

Exposure: put hyperfilm on top of membrane, 10 - 30 sec 
Develop film by film processor 

REFERENCES 
1. Reithmann C. Gierschik P. Sidiropoulos D, Werdan K, Jakobs KH: Mechanism of 

noradrenaline-induced heterologous desensitization of adenylate cyclase stimulation in 
rat heart muscle cells: increase in the level of inhibitory G-protein a-subunits. Eur J 
Pharmacol 1989;172:211-221. 

VI. QUANTinCATION OF Gsa and Gia BY SCANNING DENSITOMETRY 

pOUIPMENT 
1. Etensitometer, Molecular Dynamics, Sunnyvate, CA 
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APPENDDC C 

ANALYSIS OF MAGNESIUM, CALCIUM AND 

POTASSIUM CONCENTRATION BY 

ATOMIC ABSORPTION SPECTROPHOTOMETRY 

EQUIPMENT 
1. Perkin-Elmer Model 5000 Atomic Absorption Spectrophotometer, Norwalk, 

Connecticut 

CHEMICALS 
1. Magnesium Atonuc Absorption Standard Solution, 1000 ̂ lg/ml 
2. Calcium Atomic Absorption Standard Solution, lOOO l̂g/ml 
3. Potassium Atomic Absorption Standard Solution, 1(X)0 p-g/ml 
4. Lanthanum chloride, heptahydrate (LaCl3.7H20), mw. 371.4 
5. Sulfuric acid (H2SO4), mw. 98.07 
6. Perchloric acid (HCIO4), 70%, mw. 101.5 
7. Sodium molybdate (Na2Mo04-2H20), mw. 241.95 
8. Hydrochloric acid (HCI), 37% (~ 12N) 
9. Trichloroacetic acid (TCA), mw. 163.39 

SOLUTIONS 
1. LaCl solution, 0.25% LaCl / 1 % HCI 

LaCl 10 g 
HCI (cone.) 40 ml 
Bring volume to 4000 ml widi ddH20 

2. Mg, Ca, K standards 
Stock solution, 50iig/ml 

Commercial (1000 [ig/ml) stds 5 ml 
LaCl solution. (Mg and Ca) or ddH20 (K) 95 ml 

Working solutions (series): 
Mg concentiation (fig/ml) 

1.0 
1.5 
2.0 
2.5 
3.0 

Ca concentiation (^.g/ml) 
1.0 
2.0 
3.0 
4.0 
5.0 

K concentiation (fig/mP 
1.0 
2.0 
3.0 
4.0 
5.0 

3. TCA solution, 10 % solution 
4. Digestion solution, 1000 ml 
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SOfig/mlstdCmD 
1.0 
1.5 
2.0 
2.5 
3.0 

,50 pp/ml std Cml) 
1.0 
2.0 
3.0 
4.0 
5.0 

,50 ̂ ig/ml std (ml) 
1.0 
2.0 
3.0 
4.0 
5.0 

LaCl solution 
49.0 
48.5 
48.0 
47.5 
47.0 

LaCl solution 
49.0 
48.0 
47.0 
46.0 
45.0 
ddHoO 
49.0 
48.0 
47.0 
46.0 
45.0 



Sodium Molybdate 20 g 
ddH20 300 ml 

Heat until dissolve 
Cone. H2SO4 300 ml 

Cool 
70% perchloric acid 400 ml 

5. HCI solution, 2 N 
cone. HCI 20 ml 
ddH20 100 ml 

PROCEDURES 
1. Preparation of Samples 

A. Digestion (for diet, heart and bone)i 
Diet or heart (- 0.3 g) or bone (- 0.01 g) m a Pyrex test tiibe 
AddddH2Otilll.0ml 
Add digestion solution 2.0 ml 

Digest the sample till ready* 
Ready for dilution 

* Heat the Pyrex test tube widi samples over a Fisher gas burner until white fume are 
driven off and the solution stops boiling. At diis time the sample volume is usually 
reduced to about 0.5 ml and die digestion should be free of carbon and will be briefly 
yellow in color. Each digestion takes about 1 minute. 

B. Preparation of plasma^ 
Plasma 1 ml 
HCI 2 N 1 ml 
TCA 10% 1 ml 

Heat>90°C,5min 
Centrifuge, 4000 rpm, 15 min 

i' —> supematant I (keep) 
Precipitate 
(repeat two times and get supematants n and HI) 
Add all supematants together 
Ready for dilution 

2. Dilution of sample preparations 
Dilute sample preparations with LaCl solution (Mg and Ca) or ddH20 (K) in the 

following volumes: 

Diet 
Heart 
Bone 
Plasma 

REFERENCES 

Mg 
50my0.3g 
35ml/0.3g 
lOOml/O.Olg 
15ml/lml 

Ca 

10mV0.3g 
500mV0.01g 
15mVlml 

K 

500ml/0.3g 
lOmVO.Olg 
50ml/lml 

Spallholz JE, Collins OF, Schwarz K: A single-test-tube mediod for die fluorometiic 
microdetermination of selenium. Bioinorganic Chemistiy 1978; 9:453-459. 

Prasad AS, Oberleas D, Halsted JA: Determination of zinc in biological fluids by 
atomic absorption spectrophotometry in normal and cirrhotic subjects. Journal of 
Laboratory and CUnical Medicine 1965; 66 (3):508-516. 
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