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ABSTRACT ' \

. ¢
Examination of possible thermal. changes in histamine receptor

properties and the question of a, B*adrenerqiclreceptor thefma1 inter-

conversion in the heart by fluorescencg, qpect Djiwas the aim of
Y ] g 3 s
this thesis. Prior to this, pur1f1aaﬁlam.g?tad$ xvmw conta1n1ng the
gy Tt
histamine H2~and 8- adrenerg1c receptors was attem ed

Part1a1 pur1f1cat1on of sarco1awna rom guinea pig véntr1cu1ar
muscle was achieved by successive d1fferent1a1 and sucrose gradient
centrifugation. Extraction of the contract;1e apparatus by high salt
concentratfons was avoided due to its ability to\extrac£ membrane prec-
teins and lipids. ~Enzypes were uéed to indicate the presence .of sub-
cellular membranes. Enrichment of sarcolemma (adeny]ate cyclase -and
(Na+ + K+)—ATPase), possible contamination by outer mitochondrial mem-
branés (MAO and rotenone-insensitive NADH cyto&hrome C reductase) and
sarcoplasmic reticulum (NADPH cytochrome ¢ redgctase) and reducedeevgls '
of inner mitochondrial membranes (succinate dehydrogenase) were observed
in this fraction. The presence of histamine and g-adrenergic receptors
.was demostrated by“stiﬁulation df adenylate cyCTase by histamine and INA.
Characterization by electron micfoécopy revealed fragments fanging
between 78 and 200 nm in diameter. |

F]uoreécence épectroscopy on this sarcolemmal fraction was per-
formed using two ]ipopﬁi]ic probeé, DPH and 12-AS. Histamine H, and
B-adrenergic agonists and antagonists or the corresponding controls did

not affect fluorescence intensity or spectral maxima irrespective of



A4‘ 'A ‘ ( - ‘
temperat%rev(10‘to 44°C). Ihus,‘drug receptor interaction of the
histamine and the adrenergic receptor systems were not observed by this

- q ) «

method. i -

-

Fluorescence pd]arization has been emp]ored as a measure of
‘{membrane iipid microviscosity.' Discontindous ehanges in polarization
_?as been observed to eorre1ate witm breaks in Arrheniusvplots of mem- *
brane bound enzymes. However in this study, a continuous change in
fdworescence polarization of DPH d 12-AS in the\sarco1emma1 fraction
ag‘o 44°C was observed. Thus a sudden

- &“)\
alterat1on in membrane viscosity was not detected ‘and cou1d,aom§h£a

over the temperature range of 10 ¢’

respons1b1e for a sudden a]terat1on in receptor properties of e$ther
histamine or adrenergic systems in heart.

Introdutt1on of histamine H, and g- -adrenergic drugs did not
affect the fluorescence po]ar1zat1on of DPH and12-AS in the sarco]emmal
fraction irrespective of the temperature. No change in polarization was
observed with the corresponding controls. . Thus interadgﬁons'of Histamin-
ergic and adrenergic drﬁgs with the sarcolemma did not atfect the mem-
brane microviscosity.

In summary, drug-receptor interactions of adrenergic and hista—
minergic agents were hot detected by fluorescence intensity, SpeCtra’
‘maxima and po1arization. A phase transttion, a phase separation'or a
sudden change in membrahe 1ipid fluidity did not occur in this system as
observed by f]uorescence polarization. If therma1 interconversion of

“the adrenergic receptor or therma1 alteration in h1stam1ne receptor
properties occurs in heart tissue, it appears not to be due to Tipid

fluidity changes. It is possible that a change in lipid fluidity may be

vi
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~small and localized to a small area of membtane, the bbundary or annular

oy

lipids, and may thus be undetected by this biophysical: technique.

. &
’ . ~
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Chapter 1

INTRODUCTION



1.1 The Pharmacological Receptor

Receptors for many hormones apd drugs are postulated to be
localized on the cell mémbrang. Supportive evidence for this hypo-
thesis includes the following: 1in many cases, the bio1qgica} actions
of. hormones occur at the p]asma membrane; and, many drugs exist, under
physiological conditions, in quaternary fdrms which are unable to pass
through the membrane yet are still able to produce fhe desiredvbio- .
Togical response. More extensive direct evidence has been accumulated )?J ‘
for a number of receptors (for example, acetylcholine, glucagon, insulin,
histamine, and noradrenaline receptors). Microionophoresis (Del
Castii]é and Katz, 1955) has been employed to déhdqstrate that the
.- presence of acetylcholine was required on the exterior of the cell in
" order to generate its biological response. Agonists coupled to agarose
beads or ferritin have been utilized to show biological responsiveness
a1thou§h the conjugates‘were unable to penetrate the cell (Atlas et al.,
1978; Cuatrecasas, 1974; Jarett and Smith, 1974; Melmon et al., 1972;
Weinstein etAaI., 1973). ‘Treatment with proteolytic enzymes, phos-
pho]fpases, and other agents which are un]iké1y to cross cell membranes
have been found to decrease the biological responsiveness of the cell
with a parallel reduction of agonist bihding (Cuatrecasas, 1974):
AutoradiOgraphy (Atlaé ef at., 1978;5Changeux et al., 1973; Cuatrecasas,
1974; Malhotra, 1978), fluorescent antibody histochemistry (CHangeux
et al., 1973; Ehrenpreis, 1962);»and fluorescent antagonist binding
(AtTas and Levitski, 1978) have all been empioyed in the past to demon;

strate the plasma membrane as the site for some pharmacological receptors.

I



Interaction of hormqnes or drugs with the plasma membrane receptor
has been postu]ated'to result in a conformational change of the receptor'
which then initiates a seriee of molecular actions first in the mem- |
brane and then, dependent ‘on the receptor system, with the cell to_preduce

the required biological response(s). )fhis Brug-receptor interaction
has been examined in vitro by altering énvironmental parameters. One
such parameter is temperature.
1.1.1  The o, B-Adrenergic Receptor %herma1 Interconversion ngéthegii

TN

The effect, of teémperature oﬁ dfug-receptor jinteraction and bio-

-Togical response has been examined in a number of systems. In 1968 and
1973 Kunos and coworkews suggested that receptor properties of the
adrenergic system changed with temperature. Above about 24 C the
adrenergfc receptor of the frog heart behaved as a B-receptor. Iti
could be blocked by both propranolol and pronetha1o1 two B-antagonigis )
but not by the a-antagonists, phento]am1ne and phenoxybenzam1ne If
the temperature was decreased be1ow 15°C, the receptor took on the char-
acter1st1cs of an a-receptor. The two g-antagonists were no longer

effective in b]ock1ng the contractile response of adrenaline while the

two a—antagonjsts were now capable of blocking this response. Thus it
apﬁeéred that 8-receptors were predominant above 24°C while a-receptors:

were predominant below 15°C. Furthermore, whee the irreversible a-
antégonist, phenoxybenzamine (PQB), was firsf used to block the adrena]ine
inotropic response at iSOC and fhen‘was withdrawn and the temperature

raised to 24°C, the POB inhibition remained. It was then suggestéd that

the o- and R-receptors were actuaI]y one entity. The adrenergic receptor



was a B-receptor at high temperatureswhileat Tower temperatures ghe
receptor converted inte an a-receptor: .the temperature thus modulated
the configuraﬁion of the receptor.

Other studies performed'on frog heart (Buckley and Jordan, 1970,
Harri, 1973¢ Kunos and Nickesgon, 1976}, or rat heart (Amer and
Byrne, 1975; Kunos et'al., 1973; Kunos and Nickerson, 1977), and on
rabbit heart (Endoh et al., ]977)IproviQe subportjve evidence for the
interconversion hypothesis. In these studies, the order of pbtency of
adrenergic agonists and the.potency of.a and B antagonists above and
below 25°C was examined. “At high temperatures the order of agonist
potencies was that for the B-receptor, INA > adrenaline > noradrenaline
> phenylephrine while at low temperatures the potency appeared as that
for the a—receptdr, adrenaline > phenylephrine >> INA. Temperature
a]teratiens 1n_b1ocking abilities of propranolol, POB and phente1amine,
were found to be similar to those observed in frog heart.

Other experimenters have either been unable td febroduce the
ear]y work of Kunos and coworkers (1968 and 1973) or have obtained dif-
fehent re§u1ts. Inbparticular two groups (Buckley and Jordon, 1970;
Benfey, 19793) found that in froa hearts, alkylation of the a
adrenergic receptors by POB at low tempefatures did not prevent the“
appearance and functioning of the B-receptor. |

Studies on rat heart have produced more confu51ng f1nd1ngs
Kunos and Nickerson (1977) found that NA, INA, and phenylephrine were
all able to produce inotropic responses at 17°C and that on the basis of

the potency of the g-antagonist propranolol and the a-antagonists,



phentolamine and phgnoxybenzamine, the B-réceptors interconvert into
a-receptors at lower temperatures. Martinez and McNeill (1977) ob-
.served'at 17OC, different activities of the adrenergic agonist:v NA
produced a slight inotropic effect, INA appeared to be ineffective,

and phenylephrine had a negative effect. The slight inotropic effect
made it quite difficult to examine antagonist potencies. Benfey (1977)
.found that the rat atrium often did not respond Eo adfenergic agonists.
Another group (Bennett and Kemp, 1978) were unable to keep the rat
atrium beating at lower temperatures. Thus, these differences in
responsiveness to agonists must be clarified before a proper evaluation
of the o, B adrenergic interconversion hypothesis can be satischtori1y
dndertaken.

The interconversion hypothesis has been examined using the
adenylate Cyc]a;e system. Agonist interaction with the'B-receptor appears
to stimulate adenylate cyclase while the ajadrenofeceptor does not have
this property. Irrespective of the temperature, stimulation of adenylate
cyclase by catecholamines was found to be a B-receptor cﬁaracteristic
in both rat and juihea big hearts by a number of workers (Ben%ey et al.,
1974; Caron and Lefkowitz, 1974; Martinez and McNeill, 19]7), One
group (Amer and Byrne, 1975) reported some quite different fjnaings:
at 37°C, B—receptbrs stimuTated cAMP production while at 24°C cGMP
production occurred. Thus further work on this aspect of"a,‘B iﬁter-
conversion must be performed to clarify the situatioh.

At present, the a, B-receptor inperébnyersion hypothesis for

the adrenergfc receptor in heart has not been clearly supported or



refuted on the basis of the accumulated information.

1.1.2  Temperature Dependence of the Histamine Receptor

'AjrAnofher receptor system, the histamine receptor, has been
examined forwpossib1e thermal interconversion of receptor subtyhe. It
has been suggested that the histamine receptor in phe longitudional
épooth muscle of the guinea pig ileum showed a partial temperature de-
" pendent transition. The histamine response at 37°C was blocked by com-
petitive histamine H, antagonists whije metiamide, an H, receptor anta-
gonist, lacked blocking activity. At 150C, metiamide was found to
inhibit the histémine response while H; antagonists had reduced activity
or ceased to be competitive (Kenakin et al., 1974).

When phenoxybenzamine, (POB), an irreversible H, antagonist as
well as an irreversible a-antagonist, was employed at a sufficiently Tow
concent}ation to yield a shift in the histamine dose response curve at
37° (higher concentrations will produpe a shift and a depression of
the dose response curve), the tiésue cooled to ISOC, the antagonism by
. POB became noncompetitive and the dose response curve became markedly
debressed (Cook ét al., 1977). This effect was reversed wheg the tissue
was rewarmed to 370C. It was proposed tha£ the histamine receptor was
altered at lower temperatures, having some properties of both H; and H,
subtypes: ‘that is, it became an "artificially produced intermediate -
receptor type" (Cook et al., 1977).

The effect of temperature on the histamine receptor was also ex-
‘amined in rabbit renal artery (Cook and Iwanow, 1980). In this tissue, the

histamine response was antagonized by the H, antagonist, diphenhydramine,

LY
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and not by metiamide at 37'C. These same blocking activities were also
observed at 15°C. Thus Hy - H, interconversion or altered properties
of the histamine receptor did not occur here and may be present only in
some tissues.

1.1.3  Temperature Effects of Membrane Bound Enzymes

[f a change in receptor properties or possibly an interconversion
of recebtor subtypes occurs after alteration of the temperature, it may
be due to a change in'receptor conformation and/or to a change in receptor-
lipid interaction. These ideas are similar to those used as explanations
of observations with lipid-dependent enzymes. Not only do a number of
enzymes, such as mitochondrial ATPase (Cunningham and George, 1975;
Dabbeni-Sala et al., 1974) and B-hydroxybutyrate dehydrogenase (Garzotti
et al., 1975; Grover et al., 1975), plasma membrane (Na+ + K+)—ATPase
(Kimelberg and Papahadjopoulos, 1974; Tanaka et al., 1971; Walker and

o Wheller, 1975), Ca’t-ATPase of the sarcop1ésmic reticulum (Fiehn and
'Hasselback, 1970; Martonosi et al., 1971; Warren et al., 1974) and micro-
somal NADH-cytochrome bs reductase (Rogers and Strittmatter, 1973) have
certain lipid requirements for their activities but also Arrhenius plots

for ﬁany membrane bound enzymes show sharp discontinuities - that is,
when the parameter log activity i§ plotted versus the inverse of tem-
perafure, the plot consists of two intersecting s:raight Tines (Charnock
et al., 1971; Charnock et al., 1973; Farfas et al., 1975; Kimelberg and
Pépahadjopou1ods, 1974; Lenaz, 1979; Sandermann, 1978) .rather than a
single straight1ine found for most soluble enzymes (Sandermann, 1978).

In some cases, a corrglation between the discontinuity in the Arrhenius
N 8
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plot ot the puritied enzyme and the phase transition temperature of

its membrane Vipids (this temperature is the "critical tenperature”,

103 where the lipids exist in both the liquid-crystalline phase and

Lhé gel phase; it is similar to that of the freezing point ot a com=-

pound “hd; been observed (Grisham and Barnett, 1973; Kimelberq and
Papahadjopoulos, 19745 Overath et al., 1975; Raison et al., 1971).

In other cases, calorimetric phase transitions were not tound (Hackenbrock
et al., 1976; Lee et al., 1974; Martonosi, 1974) yet spectroscopic methods .
such as ESR (electron spin resonance) (Inesi et al., 1973; Lee et al.,
1974; Raison and McMurchie, 1974; Wu and McConnell, 1975; Wunderlich et
;19, 1975), NMR (nuclear magnetic resonance) (Davis et al., 1976), and
fFluorescence (Bashford et al., 1976; Wunderlich et al., 1975), showed

changes in membrane fluidity corresponding to the discentinuities in

the Arrhenius plots. These breaks in Arrhenius plots have been inter-

\5preted as the result of a phase transition of membrane lipids (Morrisett

|~

e£\ 1., 1975; Overath et al., 1975; Sandermann, 1978). Another interpre-
'tgtiop which has been suggested is these thermal discontinuities are
caused’ y a phase separation of mémbrane‘lipids (Linden et al., 1973;
Raison ahq\McMurchie, 1974; Wu and McConnell, 1973; Wunderlich et al.,
1975). More recently they have been explained in terms of a change in
the f]uidity of the 1ipids immediately suwrounding the enzyme, that is,
the annular or boundary 1ipids, with a corresponding alteration in lipid-
protein interactioh7which then affects enzymatic properties (Charnock and
Bashford, 1975; Lenaz, 1979; Maf?é]ja and Wolfe, 1979).

Even temperature dependent alterations in permeability properties



(Papahadjopoulos et al., 1973; Schreier- Mucc1110 et a1 , 1976), trans—
. " . ‘
port functioms (Binden et a].,‘1973; Shechter et a]., 1972; Tsong, 1975)
hormone binding -(Bashford et al., 1975a; Postel-Viney et al., 1974), and ‘.

Py

hormene stimulation of adenylate cyclase (Houslay et al., 1976) have

o

been demonstrated. Qhangeslin allosteric behaviour Cd; measured by the
Hi11 coefficient) for some membrang bound enzymes appear when-the mem- .
" brane fluidity is altered (Farias et al., 1975).° -

Thus if Kunos' idea of the a-—é adrenergic thermal “interconversion .’
" or some §1teration'in ddrenergic'recebtor'properties'in'cardiac tissue‘is T
found to be correct and the change in histamine receptor properties occurs

-1n ‘some t1ssues, _perhaps these are a resu]t of membrane fluidity changes
and/or receptor-1ipid 1nteract1ons. It was then of 1nterest to exam1de
thEMQ’ B«therma1'interconversion hypothesis in heqrt by observing f]uidity:
changes offthe membrene lipids by thewusenot_a biobhysica1”technique.
Poss1b1ea1terat1ons1n h1stam1ne receptor propert1es 1n’gardiac tissue
(an Hz system here at 37 C). were’ also to be 1nvest1ga ed To do this‘it N
was necessary to obtain partially purified sarcolemma conta1n1ng both
histamine receptors and B- adrenerg1c receptors " Once ‘this was accom-
‘p11shed this sarco]emma would be tested for any poss1b1e discontinuous
changes in'membrane*§1u1d1ty as a function of temperature. The effect of
drugs acting on the histamine receptor and thebadrenergic receptor would .
be”ascertatned to determine whether any drhg-receptor.tnterection in some

. way a]teréd 1oca1 membrane fluidity and if there was a corresppnd1ng

te@gerature dependence possibly related to a change in receptor propert1es

A b1oph§§$€a] techn1que used to examine fluidity changes was



required. Four possibie methods were DSC (differentia1 scanning calori-
metry), ESR (electron spin resonance) f1uorescence spectroscopy,'and

'NMR (nuclear magnetic resonance) NMR was reJected due to its 1ow sen-
sitivity (Badley, 1976). DSC was e11m1nated s1nce it would only detect
gross changes in 1lipid states such as gel - 11qu1d - crysta111ne phase

? transition and b11ayer - hexagpnal pack1ng (Lenaz 1919). Both fluores-
cence and ESR are similar in their advantages and d1sadvantages, a1thouqh
f1uorescence appears to be more sensitive (Badley, 1976; Radda, 1971
Radda and Vanderkooi, 1972) For th1s reason and the availability

ot'the instrumentation, fluorescence spectroscopy was chosen as_the,bio-
physicaT tecnnjquetto be employed in this study. |

«
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1.2 Fluorescence Seectroscegx. f
, 7.21.  General | .
The theory of f1uorescence spectroscopy as it app]ies to bio-
membranes»has been extensively discussed and there are many good indepth
reviews\(Azzi, 1975; Badley, 1976; Guilbault, 4973; Radda, 1975a; Radda
and Vanderkooi, 1972; Skoog and West, 1971) on the subject. A brief
summary of the necessary 1nformat1on will be g1ven here
The phenomenon of f1uorescence involved the absorption of 1ight ;
by avmolecu1e followed by re]ease, or emission, of_];ght of "a different
ehergy and therefore; at a different’wavelength. Al mo{ecules‘are\y
>character1zed by a set of mo]ecu]ar orbitals with their corresponding

(
allowed e]ectron1c energy levels. Superimposed on each- e]ectron1c energy

level is a sehies of closely spaced vibkationa1 energy levels (Figure |
1.1). Quantum mechanical theory states that a molecule is only allowed -
cert%in e]éctroni; energies and certain vibrational energies which are
defined by mo]ecu1ar~orbita1 wavefunctions. At room tehperature, most |
molecules are 1n'the1r ground electronic state (So) and in its corres-
ponding lowest vibrational 1eve1 (Vv = 0). If the molecule 1s exposed to
light, it can undergo a transition to a h1gher energy level. The mo]e—
cule absorbs a fixed quantum of light, the energy (E = hv) of wh1ch must
" be equal to the energy difference betweeh_the ghound state,ASQ, ahd the |
excited state (a different electronic level and possib1y'a diffehent
v1brat1ona1 level). The excited state may.be Si, S., etc., that is,

the first exc1ted s1ng]et state, the second exc1ted s1ng]et state, etc.

Before the emission of~11ght, or f]ourescence, occurs, the
» ' 5

e
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POTENTIAL ENERGY.

: TAB
INTERATOMIC DISTANCE

Figure'1.1. Potential energy profiles for ground state (S2) and

first excited state (Si). A = absorption of 1ight;

F o= emission of light, or fluorescence; Vn =‘nth

1

vibrational level.
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mo}ecuTe unpergoes a number of processes (Figure 1.2).' Some of the ab—;"
sorbed energy is rapidly iost through exchange wgth solvent molecules
(thermal relaxation) so that the lowest vibrational Tevel (V = 0) of
-thelexcited sin§1et,state js.reached. Also, transition from higherv
excited states (S2, Sas etc.)‘takes p]ace via internal conversion
(radfation1ess process) to the Towest vibration Tevel of S,. The mole-
cule may now return to the ground e1ectron1c state, So, with the corres-
ponding re]ease of the excess energy in the form of light (f]uorescence)
wh1ch equals the energy d1fference between S; and S,.

A numbér of processes may compete with th1s fluorescence. Loss
of the excess energy may occur via 1nterna1 convers1on processes.with the
energy d1sslpat1on to the surrounding solvation shell.” Another competwng
process fs intersystems crossing to a 1oner.1ying triplet state (eg. T1).
From this excited triplet state excess energy is lost either via non-
rad1at1re processes or via light em1ss1on, known as phosphorescence
Because of the large difference in rate constants,_the non- rad1at1ve
processes’ are much more significant.

A measure often employed to quant1fy the 1mportance of processes

competing with fluorescence is.the quantum yield. The quantum yield is

defined as: |
T _ quanta emitted _ M e kL s e rate con.
o quanta absorbed kf + kp + Zki _ £ 1S

‘stant for fluorescence, kp is the rate constant for phosphorescence, and
Zk denotes the sum of rate constants for all non- rad1at1ve processes

Thus the use of & mo]ecu]e as a f]uorophore will depend on- the va1ue of q
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Simp]ified Jablonski diagram for energy levels in

" electronic transitions. S, = ground-state; S; =

1

first excited singlet state; Ty = first triplet ' ; -
state; T.R. = thermal relaxation; I1.5.C. = inter-

-

system crossing. -
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The closer the value is to un1ty, the better the f]uorophore.

The f]uorescence emission is observed at higher wave]engths ‘than
that of the’ exc1t1ng light. The d1fference in wave]engths is rdferred
'to as Stokes Sh1ft. It can be exp1a1ned by exam1n1ng the f]uorescent
) process. . Prior(to em1ssﬂon of light by the excited molecule, some of
the absorbed energy-is lost to the thermal conversion and non-radiative’
processes which allow the excited mo]ecule to relax to the lowest vibra-
tional energy level of the first excited singlet state. The mo]ecu]e
now has less absorbed energy and on conversion trom S, to:SO will re-
lease thts reduced energy and conéequent1y‘the 1i§ht will be emitted at
1onger wave1engths ‘ ' o ;

The immediate environment of the f]uorophore (a‘mo1ecu1elwhich
can undergo f]uoreScent emission) will influence the energy Tevels of
the ground state and the excited state. The Stokes Shift ahd the wave-
1ehgth maxima of excitation and emission spectra'cén be altered. The |
nature of the solvent (po]ar1ty and viscosity), the pH, the presence of -
quenchers and the temperature all affect the f1uorescence“of a mo]ecu]e.
Solvent- 1nduced spectral shifts due to pq]ar1ty w111 be exam1ned here
to demonstrate how the environment can affect the fluorescent properties.
In a nonpolarhydrocarbon solvent, a fluorophore will have a ‘certain
f1uorescent ‘maximum. The energy difference between the absorption
‘maximum and the emission maximum w111 determ1ne the maqn1tude of the
shift. o

If the excited state of the fjuorophore is mere polar than the

ground state, as in the case of most polar moTecules, then an fincrease
. ;



- in solvent polarity stabilizes the excited state to a greater exteﬁt
than the ground state. The 5bsorption maximum and emission maximum |
are shifted to 1ower energies and therefore to longer wavelengths

(Fiéure 1.3). Since the energy of S; is reduced\mgch more than So»

the fluorescence maximum will be more red-shifted than the absorbtion
maximum. This greater red-shift occurs because during excitation of

the fluorophore, the surrounding solvent shell undergoes reorientation
within about 10_11 to 10_12 seconds. The excited fluorophore is then

in an "equilibrium" excited state where the solvent configuration is
optimal for.the geometry and the e]ecpron distribution of the molecule.
Upon emission the mo]gcu]e returns.to the ground state’ where again the
solvation shell rearranges and thus reduces the energy.

The viscosity of the solvent will also affect the fluorescence
propefties of a f]uoréﬁhdre} With increasing viscosity, the solvent
relaxation rate may become too slow to be completed before emission
occurs. The equilibrium éxcitéd state is then not reached and thus the
emission is shifted to a higher energy and 10JEr wavelength. The quantum
yield of the fluorophore is increased. Here an increase in so1v¢nt
viscosity reducés the ?requency\of collisions and thus decreases the
probabf]ity'of external non-rad{atjve conversion. ’

There are avnumber of fluorescence parameters which can be

measurgi: fluorescence intensit jon and emission spectra,

quantum yield, lifetime and-polarization. hese parameters will be

affected differently by differenf environmental influences. In the case .

"~ of fluidity (the inveréeof’viscd%ity), which is the environmental



Figure 1.3. Jablonski diagram for energy levels in electronic tran-
sitions. Sp = ground state; S; = first excited singlet |
state; S, = second excited sihg]et state; T; = first -
excited triplet state; 1.C. = internal conversion;
T.R. = thermal re]axation; S.R. = solvent re]axéfion;

*aﬁd I.S.C. = intersystem crossing. F.C. denotes
Franck-Condon states which are states not‘in equili-
brium with the solvent. Other states are in equili-

brium with the solvent.
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influence to be monitored by the fluorophore in this study, static and
nanosecond polarization has been employed extensively. To-a lesser
extent, f]uorgscence intensity has been used‘to study fluidity changes
in phospholipid membranes. A brief description of fluorescence polar-
1zat16n will be given here; followed by its app]icat{on to biomembranes.

1.2.2 Fluorescence Polarization

One particu]ar fluorescence parameter, fluorescence polarization,
has been employed exténsiQe]y over the last few years to examine the_
mobility of the fluorophore (or the molecule to which the fluorophore
is covalently attached), its orientation and the microviscosity of the
environment in membranes and other bio]ogica1 systems (Shinitzky and
Barenho];, 1978). Polarization of fluorescence is measured by moni-
toriné the fntensity of emitted 11§ht ét right angles to the excitation
beam of plane-polarized monochromatic light. The degree of polarization,
p, and a commonly employed alternate parameter, f1uorescence*an150tropy,

r, are defined (Azzi, 1975; Steinberg, 1975) as follows:

I -1
PET + 1,

and

where I, and I, are the intensities of emitted 1ight parallel and per-
' pendicular, respectively, to the direction of polarization of.the exci-
tation beam. The degree of fluorescence polarization and fluorescence

anisotropy are interrelated:
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. 3r.
P 2 +r
and
. _2p__
r = 3 - P

Total fluorescence intensity, Fsais equal to Iy + 20, which is the
denominator in the equation defining r. |

Both f]uorescence‘anisotropy and degree of f]uorescence'po1ar-
ization are confined to a certain rahge of values. The theoretical
derivation for these constraints is well described by Badley (1976) and
Shinitzky and Barenho1z~(]§78). p may‘take on thé values from —i/3 to ‘
+1{2 while r ;s limited to the range -1/5 to +2/5. These outside Timits
are derived for an ideal fluorophore in a random rigid solution.

Tf molecular motion can occur on a time scale faster than the
lifetime of the excited state,bthen complete randomization will resylt
in values of p = r = 0. If molecular rotations occur on the same time

.scale, partial depo]afization will occur. The observed degree of p61ar—
jzation can be déscribed by the Perrin equation (Bah]ey, 1976):
{’p"i SRR LR
where p is the observed polarization, po is a constant and is the value
of p extrapolated to zero temperature and infinite viscosity, R is the
ﬁgas consta&t: T is the absolute temperature (°K), T is the lifetime of
the excited state, rtis the viscosity of the solvent shell (the micro- -
viscosity) and V is the effective molecular volume.

The Perrin equation can also be expressed in terms of anisotropy,”
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r (Azzi,§1975; Shinitzky and Barenholz, 1974):

N 1.1

| P33 _ ro . g4 Cr)Ir
\ _1 ) _]_ r rl
' po 3

where p, Po, T; T and rLare defined above, r is the‘observed aniso-
tropy, r, is a constant which is the value of r extrapolated to zero
temperature and infinite viscosity and C(r) is a term which depicts
the rotational relaxation time of the solute and varies with each
observed anisotropy Va]ue. On examination of the temperature depen-
dence of fluorescence polarization of a commonly employed Broﬁb, DPH,
for “both liposomes and mémbraﬁe systems, a plot of ?”— 1 - versus
produced a straight line with a value of 2.4 poise for the jnverse of
the slope, C(r):T-T (Shinitzky and Barenholz, 1978). A decrease in T
will be compensated by an increase in T and C(r) and the termC(r)T-T
remains approximately constant. Thué, fluorescence aniSotropy and
degree of polarizatioh can be used as a‘measure of the microviscosity
surrounding the fluorophore DPH.

The use of fluorescence polarization as a measure of membrane
fluidity was initially tested in liposomes. Polarization of DPH in
sonicated DMPC (dimyrestoyl phosphatidylcholine) unilamellar vesicles

‘was found to change markedly (Andrich_and Vanderkocoi, 1976; Lenfz et
‘a1., 1976a) through the phase transition as observed by both DSC (Hinz
and Sturtévant, 1972) and ESR (Shimshick and McConnell, 1973). Results

obtained with opher_mono1ipid systems are also in agreément with those

of ESR and DSC (Hinz and Sturtevant, 1972; Lentz and Barenholz, 1974;
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Lentz et al., 1976a; Shimshick and McConnell, 1972; Suurkuusk et al.,
1976). hhdSe transitions and phase seﬁarations occurring in liposomes
containing two or more lipid types are also detected by fluorescence
polarization and the temperatures correspond to those found using DSC.
and ESR (Andrich and Vanderkooi, 1976; Jacobson and Papahddjopoulos\\
1975, Lentz et al., 1976b; Shimshick and McConnell, 1973; Shinitzky
et al., 1979). 0

Fluorescence spectroscopy has also been used to measure micro-
viscosity in biological membranes. The effects of additional choles-
terol, divalent cations, cellular fusion, and alteration in the growth
temperature on the microviscosity have been examined (Bashford et al.,
1975a; Cogan et al., 1973; Martin and Thompson, 1978; Shinitzky and
Inbar, 1974; Vanderkooi et a]!, 1974b;-Weidekamm et al., 1976). Again
similar results were observed to those obtained using DSC. Microvis-
cosity, as measured by fluorescence polarization, was examined for a
nﬂmber of enzymes which show "bent" Arrhenius plots. (Na+ + K+)-ATPase
(Charnock aéd Bashford, 1975) and NADH oxidase.(Radda, 1975b) ére two
such enzymes? For both enzyme systems, the 11p1d bilayers were found
to undergo a sudden change in microviscosity which correéponded to the
temperature at which there was a discontinuity in the Arrhenius plot
for each enzyme. The thermal discontinuity in binding of thyroid stimu-
lating hormone also appeared to correlate with fluorescence polarization
changes (Radda, 1975c).

In particular, thefe are a few studies on drug effects on bio-

logical membranes. Such actions as insulin on Tiver membranes (Luly and



,Sh1n1tzky, 1979) B- antagon1sts on human erythrocyte membranes
| (Akiyama and Ig1su, 1979), muscarinic agents on plasma membranes from

“intestinal smooth muscle (Spero, 1978), thyroid stimulating hormone

-
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on thyroid membranes (Bashford et al., 1975a) and anaesthetics on.
( . -

varfou§ membrjfes (E1fedink, T977;°Radda, 1975; Rooney et al., 1979)

have been obsérved. _ . B | ' .
ThUa jt seems that f]uorescencegézzetroscopy,and in particular -
f]uorescence'polarizatfon,-are,useful tob]s\in the stndy of membrane
microviscosity‘and fluidity. - a m N

The choice of fluorescent.probes is important. There are many

availablé compounds. A-list can be obtained from .the reviews by

Badley (1976), Radda (]975a) and'Shinitzky'and Barehho]z (1978).. Since
changes 1n membrane f1u1d1ty were to be mon1tored probes. thhh were
1ocated geep in the 1ipid hydrocarbon core were chosen Also, polariza-
tion va]ues, and thus m1cr0v1scos1ty, a]ter to a-greater extent as the

f]uorescent“probe is positioned deeper in the,1ipid bilayer (Radda, 1975a).

g
G

~ Two probes, DPH (1;6-'1pheny1f1,3,5—hexatriene) and 12-AS (12-(9-anthroyl) -

stgaric acid), were chosen.  Both these probes have been shown to be
located deep in the herOgarbon'coneaof the bilayer by the use of NMR
and electron diffraction (Jacobson and Papahadjopou]os, 1975;'Lentz”et

. s ' :
al., 1976; Lesslayer et al., 19723 Podo and Blasie, 1977; Shinitzky and

'Barenho1z, 1974; Sh1n1tzky and Inbar, 1974, Vanderkoo1 ‘ot al. Y 1974).. .

”»

In particular, 12-AS is said to be “located in the bilayer with

its free carboxyl group 1n 11ne with the carboxy] mo1ety‘of the‘fatty

' ‘acyl chains of the phospholipids and the fluorescent moiety (the anthroyl
: Y
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ring pos1t1oned near the term1na1 methy1 group of the fatty acyl -
chain§*{téss1auer et.al., 1972; Radda, 1975a). A schematic represen-
" tation of this concept is shown in Figure 1.4. o

DPH, is also thought to be present dggﬁ’i the-1ipid bi]aye;f
Its 1oca1izétion is also depicted in Figure 1.4.'ﬁIt'is suggested that
1t 11es parallel to the fatty acy] chains of the phospholipids without °
exposure of any part to the head group and aqueous interface. It is

also thought to be present perpend1cu1ar to the ph&spho]1p1ds,_but in

close proximity to the term1na1 methy]l group of these lipids.

ol




——t”
0 CH3 9 wwGHs
~0-P-0-C-C-N-CHy "0-P-0-C-C-N-CHy ~
HH Q CHy g 9 HHCHy —
T R &6 - CHazmmmmr HG- = GH WWW
Q0 H Q00 Q-O '
0= ¢=0 =¢ =0 |
@ 12-AS
| | O
2 0C<0)
Q ©
@} ~ <—— approx.
ppH  ©~~O - bilayer
o DPH ~ Centre
Q o |
. DPH
Vs
~ {

Figure 14 Suggested.locations for th%?mor’escent probes

12-AS and QPH in phospholipid bilayers.

20



%

1.3 Summary of Objectives

Possible interconversion of receptor subtype or possible

receﬁ%or systems in the heart and the r91e of the surrounding lipids

in any change was to be examined using a biophysical technique. In

order to do this, it was necessary to:

1. ‘partia11y pufify séfco]emma containing bdth histamine H, and 8-
adrenergic receptors.

2. examiﬁe whether‘thé membrane fluidity o#mthe fraction containing
both réceptors‘sUdden]y changés'as the femperature is Towered.
Membrane fluiditywas to bé measured by fluorescence polarization

Qf two probes, 12-AS and DPH.

' 3. ascertain any effects of‘higtaminérgic and adrenergic drugs on

membrane fluidity over the temperature range 1OOC to 44°C.

'

25

alteration in drug receptor properties of the adrénergic and histamine



CHAPTER 2

?  MATERIALS AND METHODS



2.1 Materials

Adenoetne-S'—diphosphate (ADP: sodium salt), albumin (bovjne
serum), DL—12—(9—anthroy1)—stearic acid -(12-AS), c&tochrome ¢ (horse
heart, type III), 2,6—dich1orophen01—1ndopheno1 tSodium sa1t; grade 1),
diphenhydramine (hydrochloride), 1,6—dipheny1-1,3;59he}atriene (DPH),
giycy]glycine, histamine (dihydnoch1onide salt), L-histidine, N-2-
hydroxyethy]piperazine-N'—2-ethanesutfonic acid\(Hepes), DL-isoproterenol
(INA:" hydroch]or1de salt), kynuram1ne (dihydrobromide salt), L-lactate
dehydrogenase (rabb1t muscle, type II), magnes1um chloride (hexahydrate),
magnes1um sulphate (heptahydrate), (=) noradrena]ine (bitartrate salt),

T B- n1cot1nam1de aden1ne d1nuc1eot1de reduced form (NADH cyclohexylamine
salt and disodium salt), B~n1cot1nam1de aden1he dinucleotide phosphate-
reduced form'(NADPH. tetrasod1um sa1t), p-nitrophenylphosphate (dieodium

salt), ouabain (octahydrate), phenylephrine (hydrochlofide), phospho;
(enol)pyruvate (PEP: tri-monocyclohexylammonium sa]t), pyruvate kinase
(rabbit musc]e, type I1), rotenone, succinic acid (disodium salt, hexa-
hydrate) sucrose (grade II);}and tris(hydronymethy1)aminomethane (frisj

were all purchased from Sigma Chem1ca1 Co.

Acetone (Spectrdna1yzed<:) , calcium chloride, dextrose (anhydrous),

ethylenediamine tetraacetic acid (H,EDTA), hydroch1or1c ac1d, 1ithium
chloride, magnesium sulphate (anhydrous), methanol (Spectrana1yzed(:)),
~ perchloric acid (70%), phenol reagent solution (2N, %o]in-Cioca1teau),
potassium hydroxide, potassium phosphate monobasic (KH?POQ); sodium bi-
carbonate sodfum chlgride, sodium fluoride, and to1uene were obtained

from Fisher Scientific Co. Ltd.

26 , ) -
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Adenosine -3',5'-monophosphate (cyclic AMP or cAMP), adenosine
_-5'-monophosphate (AMP: disodium salt), adenosine -5' triphosphate
(ATP: disodium salt), creatine kinase (rabbit muse1e), creatine phos-
phate, ane guanosine 5'-triphosphate (GTP: disodium salt) were pro-
vided by Boehringer Mannheim.

The following chemicals were also used: a-32P-ATP (selium
se]t; ICN Chemicals), ch]orpheniremine (ma]eate salt; Schwartz/Mann),
cimetidine (Smith, K11ne, and French), cupric su]phate (T.Jd. Baker
Chemical Co.), 1,4-b1s(2—(4-methy1-Sfphenyloxazoyl)) benzene (dimethyl
POPOP Packard Instrument Company, Inc.), 2,5-diphenyloxazole (PPO; |
Koch L1ght Laborator1es Ltd.),: Dowex 50w<:> Bio Rad Laboratories),
4-hydroxyquinoTline (Aldrich Chémica]ACompany), metiamide (Smith, Kline,
and French) 4- n1tropheno1 (Aldrich Chemical Compeny) phentolamine
(mesy]ate salt; Ciba), potassium chloride (Ana]ar<:> BDH Chemicals
L'td.), potassium cyan1de (Ana1ar<:> BDH Chemicals Ltd. ), propranolo]l
(Ayerst), sodium carbonate (anydrous, J,T. Baker'Chem1ca1ACow),
sediem‘hydroxide (Matheson} CoTeman, and Be1), and tetrahydrofuran

(Tetrachemical Laboratories Ltd.).
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2.2 Methods

2.2.1 Preparation of Sarcolemma Fraction Containing B-adrenergic

and Histamine Receptors

Purification of the histahine receptor from heart has not been
attempted to date and very little work has been done on éardiac B-
adrenoceptor purificatién. The literature on cardiac plasma membrane
purification'and isolation (Alstyne et al., 1979; Bers, 1979; Besch et
al., 1976, 1977; Evans, 1978;‘Hui-et al., 1975, 1976; Jones et al.,
1979;AKidwa1, 1974; KidWai et al., 1971; Misselwitz et al., 1979;
Paris et al., 1977; Pitts, 1979; Saccomani ef al., 1974; 5carpa-and
Williamson, 1974; Schimme]vet al., 1977; St. Louis and Sulakhe, 19763
Tada et al., 1972;Iwang et al., 1977; Williams eP al., 1977) was
examjined. Common to most proceeduresare the use of isotonic sucrose and
EDTA in the buffer and the combination of.diffefential and density
gradient centrifygation for separation of fractions. The pH varied

from 6.8 to 8.1. Furthermore, the speed of centrifugation as well as

the gradient parameters varied from method to method. These factors
were varied systematically and an expekimenta] proceedure established;
this is described below.

Six male guinea pigs, each weighing 350 to 450 g, .were jnjected
fntraperitiohea]]y with heparin (1O,OOOVUSP’units). Twe]ve minutes after
injection, the guinea pigs were ki11ea‘by a blow to the head and exsan-
~ .guinated. The hearts were excised and p]aced.in‘cold oxygenaied Krebs
solution (Ed{nburgh staff, 1974). Al1 subsequent steps were performed

at 0 to 4°C. The hegrts were cleaned qf connective tissue and blood
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vessels, the atria were removed and only the ventricles were used.

The ventricles were then suspended in a working buffer (30 mM L-
histidine, pH 7.5, 5 mM EDTA, 250 mM sucrose) to make up a 10% v/v
suspension (approximately 7% w/v). They were minced with scissors,
homogenized for three five-second 1nferva15 at half maximal speed using
a Polytron Model PT20, and then’fi1tered through four layers of cheese-
cloth to removeAconqective tissue and other debris. Thi§ homogenate
(referred to hereafter as 'homogenate') was centrifuged at 1,000 I max
~ for twenty minutes using §S-34 fixed angle rotor»in'a Sorvall RC2-B
preparatiye centrifuge. The supernatant was saved for later use. The
pellet was suspended in 45-50 mls of working buffer, reﬁoﬁogenized again
for three five-minute intervals at half maximal speed, and then refiltered
through four layers of cheesecloth. After filtration, the suspénsion was
recentrifuged at 1,000 Tmax for twenty minutes. The pellet obtained here
was denoted ”{LOOO a pei]et“ and suspended in 40 mls of storage buffer

(20 mM Tris, pH 7.4, 1 mM EDTA, 250 mM sucrose). The supernatant obtained
at this step waé pooled with the previous supernatant and then centri-
fuged at 9,000 Imax for.thirty minutes. The resu]tani pellet was labelled
9,000 g pellet" and was suspended in 20 mls of storage buffer. The
resu1tént Supernatant was centrifuged at 110;000 Gve fbr one hour in a
Beckman 60 Ti fixed angle rotor using a Beckman B-40 ultracentrifuge.

The resultant supernatant was Tabelled "éupernatant". The pe]]et waék
suspehded in a minimal vo]ume,(approximqte1y 2 hTs) of storage buffer

‘ahd then Toaded onto akcontinuous.sucroée gradient (15 to 55% w/w) con-

taihingWZO mM Tris, pH 7.4, and 1T mM EDTA. The gradient was centrifuged



at 103,000 Tave for 180 minutes in a Beckman SW-41 swinging bucket
rotor, usiné a Beckman L3-40 uitracentrifuge. Five fractions were
collected at 12%; 14%, 26%, 34%, and 40% w/w-sucrose and labelled F1,
F2, F3, F4, and F5 respectively. Fractiong Qere.di1uted to approxi-
.mately 8% sucrose, except when used for adenylate cyclase and fluor-
escence measurements where they were used undiluted. See Figure 2.1
for a schematic representation of the proceedure.

2.2.2 Enzymatic Characterization

a) Protein Determination

Protein concentration was determined by the Lowry method (Lowry
et al., 1951). Bovine serum albumin was employed as a standard. A
standard curve was constructed each time with no less than 10 points.

b) Adenylate Cyclase

Adenylate cyclase levels were measured by the Polyimine cellu-
lose method of Baer 9Baer, 1975). Reaction conditions fpr basal activity
were: 25mM N-2—hydkoxyethy1piberazine-N'—2—ethanesu1fonfc acid (Hepes);
'pH.7.5, 5 mM MgCl, 0.2 mg/ml-creatine kinase, 20 mM ceeatfne phosphate,

1 mM cyclic AMP, 0.1 mM o-32P-ATP. The reaction was stpped by addition
of nonradioactive ATP, AMP, and cAMP (fiha] con;entrat}ons‘were approxi-
mately 3.4 mM for each compound) and then by éoo]ing on jce. 10 mM sodium
fluoride was added to measure fluoride stimulation of'adenyiate cyclase.
For both histamine (107% M) and isoproterenol (10 5 M) stimulation of
adenvlate cyclase, GTP (10;; M) was found to be réquired for optimal
activity. This concentration of GTP did not cause any stimulation of

adeny]ate cyclase. Incubation ‘time was 25 minutes, except in the case



~Figure 2.1. Schematic representation of the isolation proceedure

for cardiac sarcolemma containing histamine and B-

adrenergic receptors. See text for further details.
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of F3,xf4, and 9,000 4 samples where the incubation time was decreased

to 5 minutes for optimal assay conditions. Samples were stored, un-
diluted, in liquid nitrogen and were assayed inmediately upon thawing.
The scintillation medium employed for radioactive counting was

toluene based (4g PPO and 0.2 g dimethyl POPOP per litre of toluene)

and the samples were tounted on a Beckm&n 1S-330 scintillation counter.
’ v

c) (Na ¥ 4 K )-ATPase : ~f§»

(Na+ + K )-ATPase was measured according to the method of Char- /

nock et al. (1977). In this spectrophotometr1c method, (Na+ + K )-
ATPase activity is determined indirectly via enzymatic coupling; the
actual recorded absorbance change is due to the oxidation of NADH to

NAD+. The reaction medium consisted of 100 mM glycylglycine (adjusted

with Tris to pH 7.6), 2mM MgSO,, 0.2 mM EDTA, 20 mM KC1, 250 mM sucrose}

14.3 U/ml Lactic dehydrogenase, 23.2 U/ml pyruvate kinase, 3.14 mM pho7—

pho(enol) pyruvate, 0.28 mM NADH, 80 mM NaCl, and 1.5 mM ATP. This ;

medium measured total ATPase ((Na+ + K+)-ATPase plus Mgz+—ATPase va]u@s.

The ATP was introduced into the heated (37°C) cuvettes immediately pﬂior

to the initiation of the assay by addition of the sample. The reacqﬁon

was observed at 340 mM on a Gilford Model 2400 recording spectrophoto—

meter. The concentration of 0x1d1zed NADH, and thus indirectly th@ con-
centratlon of hydrolyzed ATP, was calculated using a molar ext1nc jon co-
efficient of 6.22 X 1073 M1, (Na +NK‘)—ATPase levels were thenfcalcu~e

lated by subtracting the Mg2*-ATPase levels from the total ATPase levels.

d) Alkaline Phosphatase

Alkaline phosphatase activity was examined by a modification of

|

}

}
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the mthod of Perkarthy et al. (1972). The formation of p-nitrophenol
at pH 10.3 was monitored at 410 nm on a Gilford Model 222 recdrd?nq
spectrophotometer. The assay medium contained 5 mM p-nitrophenol-
phosphate, 5 mM MgCl,, 200 mM Tris buffer, pH 10.3. Upon addition of
the membrane enzyme sample, the assay system was incubated at 37° for
1 hour. p-Nitrophenol concentrations were calculated from a standard
curve obeying Beer's Law in the range of 1 uM to 100 pM. Nonenzymatic
degradation was measured concurrently and then subtracted from the ob-
served enzymatic hydrolysis rates. Samples were stored at 0°C until
examined for alkaline phosphatase activity.

e) Succinate Dehydrogenase

.0
o
Succinate dehydrogenase levels were determined by a modification .

of the spectrometric procedure descrw ed by Earl & Korner in 1965 In
this assay system, ¢ 6rd1ch1orophend”~ ndopheno] (DCIP) is reduced while

sodium succinate is oxidized. Th

’;ct1on of DCIP results in a de-
crease in absorbance at 600 mM.
The assay medium contained 50 mM potassium phosphate, pH 7.6,
1 mM KCN, 0.04 mM 2,6-dich]orophen01—indbpheno], 20 mM sodium succihate,
and 250 mM sucrose. Thé reaction was initiated by addition of membrane
enzyme samples and observed for 10 minutes at 37°C us1ng a G11ford Model
2400 spectrophotometer. A standard curve was obta1ned each t1me to
determine the amount of reduced 2,6-d1chloropheno1-1ndophen01. Enzyme
samples were stored at -20°C and then used immediately upon thawing.
f) Rotenone- Insensitive NADH Cytochrome ¢ Reductase

A
Rotenone-insensitive NADH cytochrome c reductase was determined




. . . ‘ -

b}
by the methods of Mat11betal (1979) and Sottocasa et a] (1967).

The reduction of cf%ochrome c at 37°C was mon1tored at 550 nm on a
Beckman Model 222 spectropho@ometer. The assay,med1um ggnta1ned 100 mM
" KH,PQ,, pH 7.5, 250 mM sucrose, 5 mM KCN, 10 uM rotenone, 100 uM cyto- -
chrome c; and 150>uM NADH. NADH was -added just prior to 1n{t1ationmof
the reaction by addifion of enzyme sample.
The concentration of reduced cy;ochrome c was calculated ueind
the molar extinction coefficient for horse cytochrdme c of 2.95 x'10+“

-1 -1 . .. . .
M cm . Enzymatic rates were eorrected for gonenzymaﬁ;c reduction.

Semp1e; were assayed fdr\hctivity immediately after“the isola-
tion proceedure since.rotenoneJinseﬁsitive NADH cytochrome‘c reduc:ase
is qu1te labile and its act1v1ty is destroyed by freez1ng Rotenode
was d1sso]ved 1n acetone and then added to the incubation med1um (7 41
in 3.00 mls). |

g) Monoamine OXidase » #

Monoam1ne ox1dase (MAQ) was meaSUred using the micrdf]uorometr?c
method of Krajl (1965) as modified by tentury and Rupp in 1968. Kynura;
- mine 1is degraded.by monoamine oxidase to 4<Hydroxyquino1ige wﬁich can
then be measured f]uorometr1ciLLy/ | , ’
The react1on med1um conta1ned 50 mM KHPO, buffer, pH 7.4, and |
0.1 mM kynuramlne. The enzyme samp]e was added to ‘give a final vo1umeﬂ1
- of 2 m]and the mixture was incubated at 37°C for 15 m1nutes <2 mls
of 0.6 M perch10r1c acid were added to the 1ncubated m1xture and the

| o : 8\
\\\\\\-*tem§EFEfa;e/reduced to stop the reaction. 1 00 ml of this suspension S

was mixeqd with 2.00 ml of TN NaOH and the fluorescence intensity of -each

o | R
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»

sampie was’déiermined atv380 nm>w1th‘an excitation‘wave1ength of 315 nm.
4-Hydroquinoline concentrations were calculated from a_standard curve,
performéd concurrently, 1inear in the riﬁge 25 nM to 7 uM. Nonenzymatic
degradation rates were subtracted from values obtained with enzyme samples.
Enzyme samples were stored in liquid n{tr69en and used immediate1y after
thawing.

h) NADPH Cytochrome c Reductase

NADPH cytochrome c reductase 1eye1s were measured using-the
method descriﬁed for ;otenone-insens{five NADH cytochrome ¢ }edﬁctase.
To measure thi's particular enzyme, NADPH replaced NADH in‘fhé assay
medium. Again, nonenzymatic reduction was subtracted from.enzymatic
rates. Samples wé}é used immediately after iso1at%dn due to the labile
nature of NADPH cytbchrome ¢ reductase and jts inactivation by freezing.

2.2.3 Characteriiation by Electron Micrdscogx

All éamples were chanactérized.by,e1eqtron microscopy. “F1, F2,
Fé, F4 and F5 were mixed with fixative (3% g1utera1dehyde in Millonig's
buffer) and centrifuged in SW-41 rotor at 150,000 géVe.f°r=]3 hours .
1,000 g aﬁd 9,000 g-pe]iets were fixed overnighf in the regrigerator.
: Ai1”samp1es were pospfixed for one hour in 1% osmium tetraoxide (diluted
with 1 td'lMil]onig's_puffer:water); The samples were washed three times

X

with water and then aéhydrated with graded'ethano1 con;entrations (50%

ethanol for 15 minutes, 70% for 15 minutes, 95% for 15 minutes, absolute ,
:@fﬁ5h01 twice for 10,mfnutes each), and fina11y_witH propylene oxide
(twice for 10 minutes each). |

The samples were then incubated in a mixture of 50% propylene

v

%
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oxide and 50% araldite for %hree to four hours. After this, the samples
were placed in 100% araldite and ]eft.0vernight. They were then cured
at 70°C for 2 days. - The samples were Secfioned using a Sorvall MT2
ultramicrotome. The sectiops were doubled stained: 15 minutes with
urany]l acetafe ahd~fhen five to’eight minutes with lead citrates. The:
sections were then viewed’in a . JEM7A transmission electron micrescope.
Sample preparation and viewing was carried out by the Electron-Mircoscope

Service of the Department of Pharmacology.

2.2.4 F1uorescence Studies

F]uroescence studies were performed us1ng a Perk1n Elmer MPF- 2A
spectrofluorometer. Cuvette cells were maintained at various temperatures
by a Haéke cfreuleting water bath. Two probes, T,6fdipheny1-1,3,5—
hexatriene (DPH) and 12-(9-anthroyl) stearic‘acid (12-AS), were}emp]oyeq.
DPH was initia11y“disso1ved ingtetrahydrofuraa (THF) while 1étAS was
dissolved insmethanol. Final concentrations of DPH and 12-AS were 1 X/
107° M and 2 X 10 "o M respect1ve1y Membrane samples were df1u€ed Qiuh
20 mM Tris-C1,pH 7.4 1 mM EDTA, 250 mM sucrose to y1e1d a concentrat1on
of approximately 10 ;-15 ug‘prote1n/m1.

| a);’ Uptake T ~ "

The f]uoreseent probe (eithee DPH or:12—A85 was added to the
diluted membrane suspensﬁonzanﬂ incubated at 44OC until an equjlibrium
‘had been reached. Equi]ibratipn was tested by observing;the f{ﬁorescence
intensity of the samp1e as a function of'time; Once there was no further

1ncrease 1n f]uoresq@ce 1ntens1ty, the membrane-probe system was said to

“be at equ111br1w§ The t1me taken to reach equ111br1um was then used as

:‘l . - : . ) l
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the incubation time for subsequent experiments.

K3

b)~ F1uorescence.Spectrum

Both excitation and emission spectra were obtained to determine.‘
characteristic spectra as well as ekcitation makiﬁa and their correspond-
ing emfission maxima. . The effect of temperature on both the overall shape
of the‘curves and the excitation and emission maxima were examined at
two temperatures, 44°¢ anq 10°C. The effect of drugs on the spectra were
also defermined.’ This Was performed with both f]uorescent probes.

‘)"'c) Fluoresence Po1andxation

Fluoresence po]ar1zaf1on of‘both DPH and 12- AS ca]cu]ated by

examining the f]uoresence Thiensities of the light,after passing through
the samp]e, para11e1 to (Iy,) and perpendicular to (I;) the plane of

S .
polarization of the exc1tat1on beam The degree of polarization, p,lis

defined by Steinberg (1975) as: ,
- \ _ \ N
‘ AN A A L .

A correction factor is necessary to account for the unequal

v 1ntensities_of 1ight:dispefsed by the emission moﬁochromator of the o
speetrof1uorometer into yertica1 and horizohta]fcomponents“of eolarized
light. This uneqeal transmission is strongly wavelenth depfndent and
thus must be accounted for at each emissidn/excitation setting. The
corrected degree of polarization, b, is"calculated using the fo]iowing

formuia (Perkin-Elmer, 1969):
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where the subscript indicates the direction of polarization of the light

v denotes the vertical componenf

incident 6n the sample: for example L
of incident light. | ”
The "normo" letters jndiéates thé direction of po1arizatioﬁ of
the 1ight after it has passed ﬁhrough'the samp]é. For example, L v
denotes thejintens{ty of 1ight‘in the vertical direction after passage
- througﬁ the sample where the bjane of polarization of.the incident light
was in ?he horizontal direcﬁion (figure 2.2 for clarification). "
F]uoresehce po]arization.vaTues were obtained for both excitation
maxima (358 nm and 378 nm) with anemission maxima of 429 nm for DPH. v
The values for‘12-AS were calculated for the fo]]owing.three Sgttings
expressed as exci}atioq\maximum /emission maximum: 257 nm /-437 nm,
364»nm / 437 nm, and 383'nm / 437 nﬁ. The degree of polarization was
examined over the température range 6f 44°¢ to 10°¢ By 1oweﬁing‘the tem-
perature of the cuvette in SOC stages. The eﬁféct of histaminergic
and adrenergic drugs on this profile was examined. - AT measurements were
carried out using the more analytical, ratio mode of the.Perkin—E]mér
spectrofluorometer. | V e

2.2.5 Tissue Experimentation

N

\

Guinea pigs, each weighing 350 to 500 g, werejkfi1ed by a blow to
the head. The heart was excised and placed in oxygenated Krebs solution
(Edinburgh staff, 1974). Stfips of the righ;-ventric]e were placed in
. organ baths of 15 ml ynder a resting tension of 500 mg. The strips were
stimulated at a.fréquency of 2.5 Hz and a voltage of éO V using a Grass

5D9 stimulator. Each tissue strip was allowed to equilibrate for 1 hour.

- 3
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Figure 2.2. Representation of planes of incident and fluorescent

1ight. Diagram obtained from Perkin-Elmer (1969).
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at 37° and the medium was changed every 30 minutes dufing this period.

Responses were recorded Qsing a Grass FTO3C strain gaugé and
Grass Model 7D polygraph. Cummulative dose’resbﬁﬁse curves to both
INA a%d histamine were performed. vThe effect of the probes and/or
their corresponding soivents on the INA and histamine respénses were

examined.
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CHAPTER 3

RESULTS



3.1 Purification and Characterization of Cardiac Sarcolemma Enriched

with Histamine and B-Adrenergic Receptors

3.1.1 Purification of Histamine and B-Adrenergic Receptors

Purifigation of the cardiac sarcolemmal histamine H, and 8-
adrenergic receptors, as summarized in Figure 3.1, waé'achieved using
standard memﬁrane isolation techniques. Tissue disruption was accom-
plished by Tow shear homogenization using a Po1ytron<:) homogenizer.
Cellular membranes were also fragmented by this method. Filtration of -
the suspension through cheésec}oth removed connective tissue and un-
broken kissue fragments. |

Purificatipn,was carried outleing’differéntial centrifugation.
Initial low speed (1,000 x g) centrifugatidn,of this homogenate pelleted
unbroken cells, nuclei, and some free contractile apparatus while mem-
brane:fragments and organelles were left in the supernétant. In order
td increase the yield of the cardiac membrance fraction, the pe}let was.
subjecfed to rehomogenization as wé11 as refiltration and recentrifu-
gation. The two supernatants were pooled. The pellet obtained at this
stage contained intact cells and other subcellular debris such as intact
ﬁitoéhondria, some contractile apparatus, and a few membrane fragments
as examined by electron microscopy (Figure 3.2). Further centrifugation'
(at 9,000vgmax) of the pooled supernatants removed most of the intact -
“mitochondria as well as some contractile apparatus (Figure 3.3). The
resultant supernatant, often reférred to‘aé the microsomal fraétion, was
then centrifuged at 110,000 Jave for one hour. Further purification was

ave

then attemptéd'using continuous sucrose gradient centrifugation. The

42



Figure 3.1. Schematic representation of the isolation proceedure
\\w/,for cardiac sarcolemma containing histamine and B-
adrenergic reéeptors. See Materials and Methods

section for further details.
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Figure 3.2. , Electron micrograph of 1,000 g

9max pellet. The

staining proceedure is described in Materials and

Methods. The bar indicates 1 micron.
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Figure 3.3. Electron micrograph of the 9,000 Imax pellet. The
, ;
staining proceedure is described in Materials and

Methods. The bar indicates 1 micron.
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110,000 g pellet was resuspended in a minima] amount of buffer, loaded

onto the gradient, and centrifuged at 103,000 ¢ ve for three hours.

hY
After this t1me, five bands were obta1ned (Figure 3.4). The fractions

occurred~at 12%, 14%, 27%, 34% and 40% w/W SUCrOS labelled Fl

through F5, respective]y F1 and F2 were dist led by their dif-.

ference in colour. F2 appeared to have an orang- hue. . F3 and F4 were
arbitrarily divided (see D1scuss1on), with F4 be1ng more opaque than F3.

F5 was always appeared as a very sharp band at 407 w/w sucrose. The

sharpness suggests that th1s fractton may be homogeneous with respect

to sedimentation properties.

The protein distribution.is presented in Tao1e 3.1.> The per-
Ceﬁtage-of prote%n»in each gradient fraction ranged from about 0.06%
for F1 to about O.SB%Qfor F4. Most of the protein in the preparation
was found in the 1,060va pellet which contained unbroken cells, nuclei,

contractile apparatus, and some free mitochondria. The amount in the

;grad1ent fract1ons could perhaps be increased by a third and pos§1b1y

“a fourth rehomogen1zat10n. It was felt that although the‘§1e1d could

increase, more damaged sarcolemma, 1ts.receptor5»and other . proteins

would result. The actual yield of protein was such that the 0.58%

. value for the F4 fraction represents approximately 2.5 to 3.5. mg.

The fractions F1 through FS Qere then examined for the presence
of histamine H, receptors and B-adrenergtc receptors. Since agonist
1nteract1on with these two receptors is known to. act1vate adenylate
cyc]ase, the ab111ty of histamine and 1soprotereno](INA) to stimulate

this enzyme was used to 1nd1cate the precense of these two receptors

#5
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Figure 3.4. Positioning of the five fractions on the sucrose
gradient. Numbers at the left-indicate Mean posi-

tion of each band, expressed as % w/w sucrose.
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TABLE 3.1
Distribution of Protein Throughout
‘the Various Fractions
Fraction % Total Protein l
F1 2 0.06 + 0.02 °
F2 - 0.10 + 0.01
F3”  0.28 + 0.06
F4 0.58 + 0.09
. ‘ i
F5 0.07 + 0.02 : ’
1,000 g pellet - 78.8 + 1.3
9,000 g pellet ' 4.8 +1.0
. Super‘r;‘atgnt o \ 15.4 + 1.2
¢
@ oypressed as Mean * S.E.M. (n =8) .
# g
b

-
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TUE}EUrificafion of adenylate éyc]ase was first examinedp Fromm

Figure 3.5, it can be seen ﬁhat adeny]afe cyclase-activity could not

be detected at all in fractions F1 and F2.““Eveh if the incebation_tiﬁe
was doubled no activity, was observed. On the other hand, both. fractions
F3 and F4 were purified over ten fold wifh\respect to‘adeny1ate eyc1a§e.
‘eThe adenylate cyclase in‘the F5 fraction was enriched about six fo]d;

) Sodium fluoride stimulation of adenylate cyclase was then tested-
és a control measure tp ensure that the enzyme was capable of undergoing
activefion (Figure 3.6). NaF produced an increase in activity in the
range 120 to 190% in the three fractions, F3, F4 and FS

¥ H1stam1ne and INA st1mu1at1on of the adeny1ate cyclase in those
three fract1ons were then tested 1n the presence of 10° * M GTP. The

GTP was requ1red for maximal activation. In both the F3 and the F5
fractions, ah increase of about 75% (i_44% and jﬁZB%{ respectively) was
 foupd when histamine was employed while in F4, the enhancement of activity
was about 35 + 14%. Thus these results suggest the presence of func-
t1ona1 histamine receptors in F3 F4 and F5.

INA_st1mu1at1on of adenylate cyc1ase producedva 30 + é% enhance- |
ment of the basal activity in fraction F3. INA appe;;ed to have no effett
on activity in fractfon F4 whiTe in F5, thegpkesence qf'INA had variable
: effects - on some occasions, causing adenylate cyclase st{mulatipnuand
on4£thers, not activating the enzyme: Thus; the F3.fractioe agpears to

1Y

~ contain functional B-adrenergic receptors while the other two fracttons °
_ | | }
do not consistently contain them. '

-~

In summary;'histamine receptors were demonstrated Jn F3, F4 and fS



Figure 3.5.

)]

-

Histogram of adenylate cyclase distribution in the five
sucrose gradient fractions. RSA, or relative specific

activity, is the specifié activity of the particular

. fraction divided by the total specific activity of the

preparation, where total specific activity is the total
activity divided by the total profein. The width of
the histogram reflects the amountsbf protein in each
fraction.‘ Adenylate cyclase was not detected in either
F1 or F2; hence, the relative améunt,of protein is"nét
showﬁ for these two fractions. Resu]tsrare qxpréséed

as Mean + S.E.M. of 4 preparations.

/
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Figure 3.6

| Histograms showing stimulation of adenylate cyclase

in fractions F3, F4, and.F5iby}N = NaF (1072 M), H =
histamine (10™* M), and I = INA (107> M) ‘in compari-
son to B - basal activity. Both H and I were examined
in the presence of GTP (107° M). GTP at this c‘\cen—»
"tration did not appear to affect basal activity.

Basal activity normaiized to 100%. N, H, and I values

" expressed as % of basal activity. Results-are ex-

tﬁ?egsed as Mean Y SEM. for 4 preparations.

&
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’while only F3 shbwed any consistent presence of g-receptors.

3.1.2 Enzymatic Characterization

Further characterization was then performed on the five sucrose

gradient fractions. Two other sarcolemma- markers were employed (Figure

3.7). When (Na© + K')-ATPase was examined as to its distribution,

fractions F1 and F2 were found to contain little.of this enzyme. Purifi-
N : ' :

cation occurred in fractions F3, F4 and F5 with the greatest, but most

~variable envichment occurring in fraction F4. The prdfi]e of the other

enzyme, alkaline phosphatase, is shown in Figure 3.7B. Purification of
this enzyme marker occurred in all five fractions with 1ittle difference
between_fractions. | ‘ }

Chhracterization of these samples also include examination of

possible contamination.  The presence of inner mifochondz%a] membranes

was examined by using the enzyme marker, succinate dehyd;ogenase (Figure

“3.8). The order of contamination of this enzyme was fractions Fl and

f2, fractions F3 and F5 and fraction F4. However, the degree of con-

tamination of any of these fractions was less than the homogenate. In

particular fractions F1 and F2 showed negligible contamination.

The presence of the outer mitochondrial membrane, which 1s.easi1y
removed from the mitochondrion during isolation proceedures, was deter-
mined by two enzyme markers, rotenone insensitive NADH cy£ochrome é ré-
ductase and monoamine oxidase (MAO) (Figure 3.9). F1 had reduced coni.
taﬁination of the first enzyme while F2 had somewhat more. F3 showed con-
tamination with an increasing-amount in F4 and F5. F1 and F2 contained-.
negligible MAQ while F3 through F5 showed contamination by tH}s enzyme.

NADPH cytochrome c reductase was employed as a measure of possible



Figure 3.7.

Histograms showing the RSA with respect to two putative

T K+)-ATPase and (B)

plasma membrane markers, (A) (Na
alkaline phosphatase, in the five sucrose gradient
fractions. The width of the‘histogram reflects the

amount of protein in each fraction. Results are ex-

" pressed as Mean + S.E.M. of 4 preparations.

-
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Figure 3.8.. Histogram showing the RSA with respect to succinate
dehydrogenase in the five sucroée gradient fractions.
The width of the histogram reflects the amount of
proteﬁn in each fraction. Results are expreéied as

Mean + S.E.M. of 4 preparations.
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Figure 3.9. Histograms showing the RSA with respect to (A) rotenone- ”
insensitive NADH cytochrome c reductase and (B) mono-
amine oxidase in the five fractions. The width éf the
histog?ém reflects the amount of protein in each frac-
tfdh. .Résd1ts are expressed as Mean i'S.E.M. of 4

. £
“ preparations.
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sarcoplasmic reticulum contamination. As can be seen from Figure 3.10, C
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f

R

“all fractions contained,this enzyme marker with the extent of contaminal

e

tion increasing from F1 through to F5.

) : i
3.1.3 Characterization by Electron Microscopy

After enzymatic characterization, the gradient fractions were

stained for profein and examined by electron microscopy. F1 and F2 were’

S

found to consist of particulate protein (Figures 3.11 and 3.12). A few

st

7

.nificahtvwbér compared with the amount of particulate protein presquz
. &0

vesicles and- intact mitochondria were also observed but they were insig-

o

protein. . S - _ o .

2

’

d1ameter of. approx1mate1y 110 ‘nm (a range of 78 to 200 nm) An examp1e
is shown in Figure 3.13. It appears that ‘there were\:d~1ntact m1tochon

dria. Fraction F4 (Figure 3. 14) was a1so vesicular in nature in the

range of 65 to 375 nm. A féw intact mitochondria and some part1Cu1ate

.protein cou]d be bbsérved Fract1on F5 (Figure 3. 15) was found ®o con-

=4 '\k- . 'i‘

g |
tain membrane vesicles, rangﬁng in size from 50 to 3ﬁ0 nm. A few in-
tact m1tochondr1a and some more dense ves1c1es could also be observed

Sedimentation of fractions F1 and F2 presented a great problem.

oL

Fixative was added prior to centr1fugat10n and the centr1fugat1on time”

The ‘electron micrograbhs of F3 showed vesic]e 'with"an average

was extended to 13 hours: F1 and F2 pe11ets cou]d now “be observed after

osmic acid staining. Thus the difficulty in pelleting these two ‘frac-.

tions suggests that the protein in these fractiens is of the so]ﬁb]e&,,

nonaggregated form. - c o //}

. ,/“ - : e
- ‘
. . . ,

T O

Thus these two fractions can be said to contain 1itt1eJmembr§@e'bdu@§‘fq
- B ‘. &‘Z}: v

e



ANy ) 3
, | » /
P —
{
16_
L’r;;?‘&
| 2k ¢ |
< \
8 |- . _ .
” | T N
( = RN S I
|
F 1 2 3 L 55

Figure 3.10. Histogram showing the RSA with respect to NADPH

cytochrome ¢ reductase in the five sucrose gradient -

,fractions. The width‘of the histogram reflects the
‘ i ' - amount of protein in each-fraction. Results are

expressgll as Mean + 5.E.M. of 4 preparations.
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F}gurev3.11. Electron micrograph of suc;ose gradient fraction F1.

2

Preparation and staining is'desérﬁbed in Materials

pgindicates 1 micron.

&

and Methods : Theg“







Figure 3.12. Electron m%crograph-of sucrose gradient fram

4

~ " Prepa#ation~and Stéini
e and Methods. The bah-

1 micron.
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Figugg§3,1%ﬁ\E1egtron microgfaph of sucrose gradient fractijon F3.

lﬁfépaféﬁiOn and staining is described in Materials

and Methods. The bar indicates 1 micron. Tbe vesi-

cular membrane fragments appear to range in size -

between 78 and 200 nm. E*

Fl
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Figure 3.14. Electron microdraph of sucrose gradient fraction F4.

Preparation and staining is described in Materials

AY

»
~.and Methods. The bar indicates 1 micron. The

diameter of thgjvesicu1ar fragments appears to

range in size bEtween 65 and 375 nm. p






Figure 3.15. Electron ﬁfcrpgraph of sucrose.gradient fraction F5.
Preparation and staining is described in Materials
and Methods. The bar indicates 1 mieron. 'The
diameter of the vesicular fragments appears to

range in size betwgen 50 and 310 nm.






3.1.4  Summary of Characterization Findings

The F3 fracgi&n appears to be the fraction of choice. F3 was
the one fraction found to contain, both h{s£2mine and g-adrenergic
receptors as examined by histamine éhd INA gptimulation of adenylate
cx&laset Furthermore. two c0mmon1y employéd-p]asha hembrane markers,
(Na+ + K+)-ATPasé'and alkatine phosphatase, were enriched in this
fraction. Contamination of the innér mitochondrial membrane was redUced‘
but there did appear to be some contamination of the outer mitochondrial
membrane and sarcoplasmic reticulum. Electron microscopy revealed unil-
amellar vesicles of approkimate]y 110 nm diameter. '

Thus the F3 fraction was employed in further studies of drug-
receptor interactions, their effects on the lipid bilayer, apd the pos-

sibility of thermal interconversion of one receptor subtype to another

using the biophysical technique of flourescence SpectYOSéOpy.



&

3.2 Fﬁuoreseence Studies ~

The toncentration' of the two probes and the F3 fraction were
¢

decided by exam1n1ng the Titerature for ﬁn1t1a1 values (Ak1yama and
Igisu, 1979; Channock and Bashford, 1975 Elferink, 1977; Lu1y and
Shinitzky, 1979; Mé]y Goubert and Freedman )1986; Rooney et al., 1979;
Spero, 1978; Waggoner and.Stryer; 1970; Wallach et a% s 1970 ’
Zién]en and'Rogus,,1978) and then.adjueting the concentrations to tJL
yie1d of the F3 fraction and to sensitivity of the fluorescence spectro-

>

photometer.
3.2.1/ “ggtake | |
qu111brat1on of each 11nnph111c probe w1th the membrane frac—
tion ‘F3 was examined at the highest»temperature employed, 44° CT Equili-
brium at'this“temperafure is atfained more rapié1y than at the 1owest |
etemperature, 10°C For the probe 1,6- d1pheny1 -1,3,5- hexatr1ene (DPH),
the maximum f]uorescence 1ntens1ty was reached within four to e1ght
minutes of add1t1on of DPH (F1gure 3.16). The intensity then decreased
| sllghtly and stabilized w1th1n about 40 minutes. This 40 minute time
figure was then used as the minimum incubation t1me for further stud1es
The uptake of 12-AS into the F3 vesicle was also observed (Figure
3.17). The equilibrium fTuorescence intyasity maximum was obtained after
a 1onger incubation time of about 20 minutes. Once the maximnm waé reached
the fluorescence remained constant from then®on. The minimumiincubation

time used was thus 25 minutes.

3.2.2 Fluorescence Spectra

For each experiment, the excitation and emission spectra were
T
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Figure 3.16. F]ourescen?e intensity of DPH _(TO'6 M) as a function’
. L
of incubation time. Membrane protein concentration
i .

 was 12 ug/ml. Ex. = 358 nm; Em. = 429 nm.

77



60- ’ / ‘ “ / N v
“n | 00— g g —O——8
-~ ’.—.‘ -
SsofF S
ey /
5|/
; L0 ‘A/ .
= e
-
=z
S 5l
z . -
8]
(& .
5 20F -
Q N
(V)]
)
0 e
S 10}
-
w . .
[ _ 1 | L 1
10 20 300 40 50
J
TIME (MIN)
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recorded in order to determine the wavelength va]uesvfor the emission

and excitation maxima to be used for fluorescence polarizatiop. A
representatiVe sample -for the 1idophi1ic probe DPH is illustrated in
,Figure‘3.18, bFor the-excitation curve, the emitted 1ight was observed

at a wavelength of 430 nm. The excitation w;velength was’thep varied

frod 300. to 400 nm. Two peaks were observed: one at 358 + 1 nm and

the other at 378 + 1 nm, with the former reaching a higher intedsity.

of emitted light. In addition, a shoulder at about 340 nm waé con- "
s1stent1y present ‘

i The emission spectrum of DPH in fraction F3 is shown in Figure
3.18B. The wavelength at which the maximum intensity (358 nm) was ob-
served'igﬁthe excitation spectrum‘Wa; set as the excitatiod wave]ength.
The emission wavelength was then varied from 390 nm to 480 nm. An
emission maxihum was obtained at 428 +. 1 nm. A shoulder was consis-
tently observed at about 408 nm and another at about 450 nm.

The lowef curves-in the figure are recorded from DPH 1H the
buffer system in the absence of membrane. Thus the spectrum of the DPH/
F3/buffer samp1e did not ari§eqfrom the presence of the buffer or the -
so1vent¢THF'which was u;ed to disso]Ve the probe. |

The same proceedure was performed for the "second probe, 12-AS
(Figure 3.19). For the excitation spectrum, the emission wave]engtq;was
set at 435 nm and the exc1tat1on wave]ength was varied from 230 to QOO nm.
Three major peaks were observed: a solitary, sharp peak at 257 + 1’nm,

a second peak at 364 + 1 nm, and a\thl:d peak at 383 + 1 nm. A m1nor

,peak and a shoulder were present at about 348 nm and 332 nm, respect1ve1y.

-
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, Figure 3.18. Spectra of DPH 2@& M) in fraction F3 and buffer at 44°C. (A) Excitation
. o _ : ~mcmngﬁ,cg with emission observed at 430 nm. (B) Emission wcmnﬁxca with sample

,. excited at 358 nm. The corresponding blanks represent DPH in buffer only.
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oqmmeqaﬂmrom 12-AS (2 x 107" M) in F3/buffer at 44°C. (A) Excitation spectrum

A

fmmr emission observed at 435 nm. (B) Emission mv_mnqca with sample excited

mﬁ 364 nm. The corresponding blanks _)muxmwm:ﬁ 12-AS in buffer only.
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The emission spectrum was then ex@mined (Figure 3.198). A .
broad peak with a maximum at about 437 rn was obtained. If an excita-
& !

L3 AN ) -
tion wavelength of either 257 nm or 383 nm was employed, a similar

emis}ion spectrum was obtained. The only difference appeared to be

P

the resultant intensity of emitted light.

Again the lower curves‘were obtained from the probe, 12-AS, in
the buffer system. Here again, the excitation and emission spectragpgf
. the sahp]e containing F3 resulted from the F3 membrane fraction instead
of éither the buffer‘syétem or.methano1, the solvent used to dissolve 1

12-AS.

The influence of temberature on the spectra of DPH and 12-AS
was examined. Figure 3.20 illustrates the DPH spectra at both 44°C and
10°C. Both excitation and emission spectrq appeaf to be sharper. In
examining the excitation spectrum, the decrease in temperature caused
the 358 nm peak to shift about 2 nm to a longer wavelength (a red shift)
as well as a red shift of about 3 nm in the 378 nm peak. The shoulder
at 340 nm became more ‘pronounced. The intensities of the 358 and 378 nm
peaks'was found to increase slightly with the decrease in temperature.
The corresponding control did not change significantly from 44°C to 10°C.
The emission spectrum at 10°C appeared to very similar to the one at 44°C.
The shoulder at approximately 408 was essentia11y.unchanged. The peak
at 428 nm, which was not shifted at 10°C seemed to have increased some-
what in intensity. The major difference between the 1OOC and 44°¢ spectra
waé found from about 435 nm to 480 nm. The-intensity of emitted light

was consistently reduced in this region at 10°C. Again the-blank did



N
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Figure 3.20. Temperature effect on the spectra of DPH (107 M) in F3/buffer. (A) Excitation

spectra; Em. = 430 nm. (B) Emission spectra; Ex. = 358 nm.  (--=----=--- ) 44°¢C

(———) 10°C.

Spectra of blank onz plus only buffer) remained the same.
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not ditter stgniticantly at the ' two temperatures .

With 17-A% a4 the probe, the tlhuores ence intensity tor both the
excrtation and emiscion spectea were increased sabstantially .L.r'VT’(.;J(‘
(Figure 3.01) 0 The corvesponding controls showed a o Tight inerease 1
their intensities at the Towered temperature.  There appeared to be Ao
charge in the excitation maxima nor in the omisston maximum with the
reduction in temperature.

Having examined the temperature eftects on the fluorescence

. A
spectra of UMM and 12-AS, the possability of drug-induced alterations
in the spectra was probed. Agents such as histamine, the two H. antd-
gonists cimetidine and metiamide, the two Hy antagonists chlorphen tnamine
and diphenhydrd%ine, the adrenergic agonists INA, noradrenaline and
phenylephrine, the 3-adrenerqgic antaqonist propranolol and the -
adrenergic antagonist phentolamine were employed. [n all cases, and
with both the probes, no wavelength shift nor intensity change was ob-
served at either 44°C or 10 C (results not illustrated), and thus the
spectra looked identical to those of samples containing just the probe,
F3 fraction and buffer system. Thus no drug receptor interaction could
be detected directly o} indirectly by either wavelength shifts or inten-
sity changes (either enhancement or quenching of the fluorescence).
3.2.3  Fluorescence Polarization

Fluorescence polarization was then employed to examine the drug-
receptor interaction, its effects on the surrounding membrane fluidity,

and the possibility of thermal interconversion of receptor subtypes.

The degree of polarization for each probe was examined over the temperature
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s-reric, e a¥fact or tne srectra of 12-AS ‘v 2 10677 M, in F3/buffer.
L T.-isaeine grectra; Iv. o= 435 rm. () Emission spectra; Ex. = 364 nm.
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range of 44°¢ tp\iO?C, cooling instead of heating the samples slowly to
measure subsequent vé]ues. ' »

As can be seen in Figure 3.22, the degree of polarization, p,
of DPH increasedwwhi1e the temperature’was lowered. The degree of polar-
jzation, p, appears to be inversely re1a£ed to the temperature df the
syst?m;bin fact, statistical testing of ‘the data using an analysis of
variance indicates that tHe curve could be adequqte]y fit by a straight
Tine (Cook & Charnock,1979). The 378 nm curve in this figure is given
for comparison to that obtained withJ358 nm excitation wavelength. The
:two c;rves are quﬁte similar: Again p seem; to be inversely re]ated to
the surrounding temperature. The slope of the curve corresponding to a
wavelength of 378 nm is steeper. | "

The degree of polarization of ]Z-AS as a function of temperature’
is @epicted in Figure 3.23. Again, p seems to be inversely related to
the environmental femperature.v The 383 nm curve is shown for comparison.
Both curves can be described by a étraight line without'significaﬁt.érror.
The degree of'pd1arization of 12-AS was also observed using an excﬁta%ion
“wavelength of 257 nm (Figure 3.24). -The reéu]ting values were negatiﬁg
in sign, and became more negative as thé témperaiukg was decreased. The
increased variability of these data is probably due to the Tow intensity
of the f]uogescent light obtained when the more brecise ratio mode was
employed. | »
| Having examined the polarization properties of DPH/membrane and

12-AS/membrane systéﬁs, possible drug effects were exémined. The effect

of hisfaminé on DPH andl12—AS fluoresence polarization was observed.



Figure 3.22. Degfée of polarization of DPH in F3 as a function of
temperature. Em. = 429 nm. (0) Exc. = 358 nm; (®)
Ex. = 378 nm. Results are expressed as Mean + S.E.M.

of 4 detekminations.
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Figure 3.23. Degree of po1arﬁzation of 12-AS in fraction F3 as a
o function of temperature. Em, = 437 nm. '(0) Ex. =
364 nm; (@) Ex. = 383 nm. The points represent Mean

+ S.E.M. of 4 determinations.
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- Figute 3.24. Degree of polarization of 12-AS in F3 as a function of.

temperature. Ex. = 257 nm. Em. = 437 nm. Results are

3

expressed as Mean + S.E.M. of 4 determinations.
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The results with DPH are shown in Figure 3.25. The values of p were

not significantly different from the membrane control. The slope of

the curve was not altered in the presence of histamine. Upon examination
of the 12-AS system, similar results were obtained;(Figure 3.26).

Next, H, -antagonists were added to the probe/membrane system to
see if any effect such as alteration of membrane fluidity could be de-
tected. Again, no change in either the values of p or the slope of the
curve was observed for either of the two probes with either cimetidine
or metiamide (F?gurés 3.27 and 3.28). Thé H, antagonists, chlorphenina-
mine ahd diphenhydramine, also had no apparent effect on either p or
the slope for either the DPH curve or the 12-AS curve (Figures 3.29 and
3.30). \' 1

The adrenergic receptor system was also examined. First, adrener-
gic agonists were added. INA was used'as a B-agonist while phenylephrine
was employed as an a- agonist and NA as a4n1xedcxand 8 physiological agonist.
For both probes (Figures 3. 31 and 3.32), p va]ues at a given temperature
and the slope of the curve remained unaltered. Use of the a-antagonist
phentolamine and the B-antagonist propranolol left the values of P and
the slope unaltered (Figures 3.33 and 3.34). ‘

- Thus, fluorescence pd]arization was unsuccessful as a tool for
observing drug-receptor 1nteract1on “and its effects-at least using the
F3 fraction. This also meant that the possibility of thermal 1ntercon-
version of receptor subtypes in either the adrenergic or the histamine

receptor system could not be examined.

W



Figure 3.2??'Effect of histamine on the degree of polarization of
DPH as a function of temperature. (X) membrane con-
trol; (&) membrane plus 10°° M histamine; (o) mem-
brane plus 107° M histamine; (®) membrane plus 107" M
histamine. Ex. = 358 nm; Em. = 428 nm. Results are

expressed as Mean + S.E.M. of 3 déterminations.
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Figure 3.26. Effect of histamine on the deqree of polarization of
12-AS as a function of temperature. (X) F3 control;
(0) F3 plus 107" M histamine; (A) F3 plus 107 M
histamine; (®) F3 plus 107" M histamine. Ex. =
364 nm; Em. = 437 nm. Results are expressed as

Mean + S.E.M. of 3 determinations.



P

DEGREE OF POLARIZATION,

15

10

05

1.10+3 (oK)~
Lx10*3 (°K)

355

101



Figqure 3.27. Effect of histamine Hy; antaqgonists (10'“ M) on the
temperature dependent polarization curve for DPH.
(X) membrane alone; (@) with cimetidine; (A) with
metiamide. Ex. = 358 nm; Em. = 428 nm. Results

are expressed as Mean + S.E.M. of 3 determinations.
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Figure 3.28. Ef%ect of histamine H, antagonists (10"5 M) on the
temperature dependent polarization curve for 12-AS.
(X)Amembrane a]oneg (@) with cimetidine; (&) with
metiamide. Ex. = 364 nm; Em. = 435.nm. Results

are expressed as Mean + S.E.M. of -3 determinations.
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Figure 3.29. Effect of histamine H; antagonists.{10 ~ M) on the ~

temperature profile for,DPH polarization €E¥ve. (X)

membrane alone; (A) with chlorphreniramine; (@) with

diphenhydramine. Ex. 358 nm; Em. = 429 nm. Results

are expressed as Mean + S.E.M. of 3 determinations.
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Figure 3.30. Effect of histamine H, antagonists (10'5 M) on the
temperature profile for 12-AS polarization curQe.

(d) membrane ‘a'lone; l(A) with chlorphreniramine;

(@) with di_phenhydramine. Ex. = 363 nm; Em. = 437 nm.
Resﬁ]ts are expressed as Mean j_S.E.M. of 3 determina-

tions. .
A ¢
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Figure 3.31.

Effect of adrenergic agonisfs on the degree of polar-
ization of DPH as a function of temperature. Drue
concentrations were all 10°° M. (X) F3 alone; (®)

F3 with INA; (O) F3 with NA: (&) F3 with PE.  Ex. =

359 nm; Em. = 428 nm. Results are expressed as

‘Mean + S.E.M. of 3 determinations.
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Figure 3.3

2. Effect of adrene(gic agonists on the degree of polar-
jzation of 12-AS as a function of temperature. Drug-
concentrations were all 107° M.A (0)7F3 alone; (X)

F3 with INA; (A) F3 with NA; (@) F3-with PE. Ex. =
364 nm; Em. = 437 nm. Resu]té are expressed as

Mean + S.E.M. of 3 determinations.
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Figure 3.33. Effect of an a-adrenergic antagonist and a B-adrenergic
antagonist on the degree of polarizaton of DPH as
examined over the temperature range 44°C to 10°C. Drug
concentrations were both 10°° M. (O) F3 alone; (A) F3
with phentolamire; (@) F3 with propranolol. Ex. =
358'nm; Em. = 427 nm. Results are expressed as Mean f~'

S.E.M. of 3 determinations.
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Figure 3.34. Effect of an a-adrenergic antagonist and a B-adrenergic
antagonist on the degree of polarization of 12-AS as a
function of temperature. Antagonist concentration were
both 10°° M. (@) F3 alone; (0) F3 with phentolamine;
(A) F3 with propranolol. Ex. = 364 nm; Em. = 437 nm.

Results are expressed as Mean + S.E.M. of 3 determina-

| +

tions.
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3.3 Tissue Studies

The effect of the two probes, DPH and 12-AS, as we11 as their
correspdnding solvents, THF and methanol, on INA and histamine respon-
siveness of right ventricu1ar strips wéé'ascertained. Neither DPH nor
its solvent, THF. appeared to have any:significant effect on the hié-
tamine cummulative dose response curve (Figure 3735). 12-AS and its
solvent methanol gave sjmi]ar negative results (Figure 3.36).' Hefe,

the sensitivity of the initial histamine doSe.résponif curves for the

three groups was as variable as observed with treatment of'these
agents. |

| The effect of these agents on INA responsiveness was more,
difficult to determine; As well as initial variable responsiveness
of individual tissues, the tissues éppeared to sensitize to INA with
time. This sensitization occured to varying'degrees, thus gfving
rise to large standard erroré. THF did not aléér the INA chmu]ative
dose kespon;e curve significantly (Figure 3.37).- DPH, dissolved in L
THF?appeared to cause a depression of the.curvé although it is not
siénificant due to thekinconsistencies in dose response curves.
Methanol did not seem to affect the INA dose fésponse curve (Figure
3.38). 12-AS, dissolved in.methanol, may increase the maximum but

again the difference is not significant due to the large tissue

“variability.

L]



Figure 3.35.

. (107

Effect of DPH and THF on the histamine cummulative dosé

response curve. (@) time control; (&) THF: (o) DPH

® M) and THF. The concentration of THF was 0.1%

v/v. ATl reéponses were calculated on initial maximal

responses. Results are expressed as Mean of 3 deter-

minations.
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Figure 3.36. Effect of-]é-AS and methanol on the histamine cummulative
dose response curve. (@) time control; (&) methah%];
(0) 12-AS (2 «x 10'6>M).and methanol. The concentrgtion
of methanol was 0.1% v/v. JResults are expréssed.as Mean

of 3 determinations.
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Figure 3.37. Effect of DPH and THF on the INA cummulative dose re-
sponse curve. (0) time control; (@) THF: (&) DPH
(10"° M) and THF. The concentration of THF was 0.1%
v/v. Results are expressed as Mean of 3 determinations.
\
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Figure 3.38. Effect of 12-AS and methanol on the INA cummulative dose
response curve (®) time control; (O) methanol, (M) 12-AS

(2 x 107° M) and methanol. The cohcentratioﬁ of methanol

& was 0.1% v/v. Reéu]ts are expressed as Mean of 3 deter-

" minations.
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Chapter 4

DISCUSSION



4.1 Purification and Characterization of Cardiac Sarcolcmma

Enriched with Histamine H, and g-Adrenergic

Partial purification of the cardiac sarcolemma from the
Quinea pig was achieved in fraction F3. This fractionwas found
,FO be purified over 10 fold with respect to adeny1ate'cyclése. It
;contained both histamine H, receptors and R-adrenergic receptors, as
measured by histamine and INA stimulation of adény]ate cyclase.
Evidence by a number of groups strongly suggest that histamine H, and
s—adrenergic actions on tﬁf heart are mediated by stimulation of adeny-
Tate cyclase and a subsequent rise in intracellular cAMP levels (Klein
and Levey, 1971; Kukovetz et al., 1973; Martinez and McNeill, 1975;
McNeill and Mhschek, 1973; Reinhardt et al., 1977; Tada et al., 1975;
and Verma and McNeill, 1976). "It was for this reason that stimulation
of adenylate cyc]ase vié agonists Wag ehp]oyed to detect the §resence
of both histamine H, and B-adrenergic receptors.

Fraction F3 was enriched, when compared to the hqmogenate, about
. four fold 1'n.(Na+ + K+)—ATPasé and about three fold in alkaline phospha-
tase, the two putative p1asﬁ; membrane markers. There appeared to be

reduced contamination of the inner mitochondrial membraneirlfractioh F3

= Tl A

as measured by the enzyme distribution of succinate dehydrogenase while
there was contamination By the‘outek mitochondr%a] membrane in this
fraction as estimated by the two eniyﬁes, rotenoné?insensitive NADH
cytochrome c¢ reductase and monoamine oxidase. Characferization by
electron microscopy showed‘F3 to be vesiéu]ar in nature, with a range -

of 78 to 200 nm in the diameter.

A
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A comment on the validity of enzymes as specific markers for
particular cellular organelles and membranes is appropriate here. Good
reviews of the problem have been published by de Duve (1971), DePierre
and Karnovsky (1973) and Solyom and Trams (1972). Initially the local-
jzation of an enzyme to a membrane was obtaingg using histochemical
techniques. This was usually done in liver ti;sué for a number of
enzymes. Most other enzymes were said to be membffh@ markers when they
were found to co-migrate, or co-distribute, with enzymes s%own to be
Jocated on that pérticu]ar membrane by histochemistriqal techniques.

This 1is supportive evidence but is not conclusive evidence. Furthermore,
results from one or two tissues in one species have been assumed to be
representative, and thus, the conclusions have been accepted as being
universal that is, applying to many different tissues as well as species.
Often circular arguments are employed such as "this is the plasma mem-
brane fraction and thus this enzyme which 1is found in the fraction is a
marker for the plasma membrane' with iitt]e demonstration by other tech-
niques that the fraction is indeed purified plasma membrane.

In this particular case, (Na+ + K+)—ATPase in the guinea pig heart
has recently been demonstrated on the plasma membrane.and the t-tubular
membrane using a histochemica] technique (Asano et al., 1980) and thus
~is probably a valid marker for the sarcolemma in the guinea pig heart.
However, the use of a]ka]ine phosphatase as a sarcolemma marker in“this
tissue appears to be questionable. Although it has been employed in the
past (Saccomani et al., 1974; and Wang et al., 1977). 1In all sucrose

gradient fractions and even the supernatant, thic enzyme was found to be

.
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purified to the same extent. Fractions FI and F2 and the supernatant
contain mostly nonmembrane protein. Thus, either alkaline phosphatase
is not solely located on the plasma membrane or it is only loosely
associated with the plasma membrane and may easily dissociate and
reassociate with other membranes during the isolation proceedure.

No enzyme has been found to be adequate as a marker for sarco-
plasmic reticulum (SR). Glucdse—6'-phosphatase, commonly used as a
marker for endoplasmic reticulum in lTiver tissue and some other tissues,
is either absent or present in barely detectable amounts in heart tissue.
However, a few groups have employed this enzyme as a cardiac SR marker
(Bers, 1979; St. Louis and Sutakre, 1976a). More recently, NADPH cytdl
M B

chrome ¢ reductase has been employed as such a marker (Bers, 1979;

o~
Paris et al., 1977: Wang et a],,ﬂ_‘(?). This results from its presence

¥
. . . 2. e . . . .
in heart tissue and’its use as aw¥hdoplasmic reticulum marker in Tiver

]

a5

cells and in smooth muscle. Th , however, some report of its pre-

sence on Golgi membranes (Evans, 1978).' Ca2+-A}Pase is also often
employed as élcardiac sarcoplasmic reticulum marker (Alétyne et al.,
1979; Besch et al., 1977; Jones et al., 1979, Saccomani et al., 1974)
although there is some suggestion that it is also present on the sar-
colemma (Ber;i 1979; Dhalla et al., 1976; Hui et al., 1976; St. Louis
and Sulakhe, 1976b). |

In this study, NADPH cytochrome c reductase was used to estimate
the extent of sarcoplasmic reticulum contamination. The F3 fraction
was foundito show some contamination by this enzyme. Its pfesence in

the sarcolemma fraction has been observed and its distribution on the
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" sUcrose gradient (F{gure 3.10) appears similar to that reported else-

“where (Bers, 1979; Matlib et al., 1979; Paris et al., 1977; Wang et

al., 1977).
Mitochdndrial contamination has most.often been determined using
succinate dehydrbgenése or‘cytgchrome c oxidase. These two enzymes are

present on the inner membrane of the mitochondria and are thus only
) - .

'valid markers for mitochondria so long as the organelles stay intact

(Comte and Gautheﬁog, 1978a?, b; Evans, 1978; Math‘%et al., 1979;

Sottocasa et al., 1967 a, b). The outer membrane of the mitcchondria

may be stripped off during the isolation proceedure (Evans, 1978;

B Neville, 1975) and there%ore'this membrane should be regarded as a

separate_éntity when detekmining.§ontamination byfgther subcel ular

organelles and membranes. Ohfy recently ‘have the two enzymes, monoamine

. oxidase (MAO) and rofenone-insensitive NADH cytochrome c sreductase, been

uSed'to quantify the outer mitochondrial membrane. Often these two en-
zymes were found to contaminate the sarcolemma fractions to varying
degrees (ATstyne et ai.; 1979; Bers, 1979; Kwan et al., 1979; MZt]ib

et al., 1979; Wang et al., 1979). Matlib et al. (1979) have suggested
that néither\monoamine oxidase nor rofenqne—insensitive NADH cytochrome
c‘reductase may be cdnsidered to be solely localized to thé oﬁter ;emwb
brane of the mitobhondria but may also be present on other subcellular

membranes. "
B

[ . AN

Thus the choice of which enzymes to use as specific membrane
markers for a particular tissue and species is important. Markers for

cardiac sarcolemma are (Na+ +’K+)-ATPase and adenylate cyc1§§e.a1though

: C ‘%ﬁﬁ. D
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" it may be more appropriate to employ the hormone stimulated adeny1ate
cyclase instead of the basal activity. Inner mitochondrial membrane
contamination seems to befadequate]y determined by succinate dehydro—
genase or cytochrome c oxidase. No enzyme appears to satisfactorily
serve as an indicator for card1ac sarcoplasmic reticulum. Similarly
an enzyme has not been found to be solely located on the outer membrane
of mitochondria. Thus with these two membrane systems, the presence of
enzymes can only serve as a rough indication that the membranes may be
present. Enzyme§ must be found te be localized to each of the sarco-
plasmic reticulum and the outer mitochondrial membrane -of cardﬁac tissuer
by histochemical nears before further purificacion and characterization
can proceed;‘ |

With the reservations discussed above it seems clear that the
fractions labelled F3 is most appropriate for'furtheriexperiments re-
quiring isolated sarco1emma. One additional point which shbu1d bé dis-_
cussed however, is the rationale for the subd1v1s1on of what Tooks
11ke a rather broad band into the two fract10ns F3 and F3 (Figure 3.4).
The reasons for th1s somewhat arbritrarydivision are discussed below.

) First the two bands had slightly different appearances on the
sutrose grad1ent F3 was more d1ffuse while F4 was more opaque and
concentrated in na@ure. A1so their m1croscop1c appearances were dif-

ng%f ferent "(Figure 3.13 and 3.14). F3 contained ves1c1es of 78 to 200 nm

in diameter, while in F4, the ves1c1es were of a much larger range -

65 to 375 nm. There was a]so-some_membrane "sheets" (unsealed membranes ),

an occasional intact mitochondrion and some denser vesicles (darker in

¥

&

4

s S,
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terms of the e]ectton micrographs) 1n;ffaction F4. There was an occa- =
sjonal appearance of n0nmembréne protein as seen in fractions F1 and
F2 (Figure 3.11 and 3.d2). ‘

More importantly, although foth F3 and F4 were found to contain
histamine reéeptors, on]y:FQ was %ound to contain.B—adrenergic receptors
capable of stimb1afing adenylate cyclase. Similarly the enzymatic pro-
files were somewhat digferent. Succinate dehydrogenaée and (Na+ + K+)-
ATPase were found in higher ieve]s’in'F4. Tpere ;as also slightly more
NADPH Eytochromé c reducfase in F4, Thus én the.Basis of both micro-

sqopic appearance and biochemical’tharécterization, the two fractions

F3 and F4 are different and their division is well justified.
v .v ‘

R
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4.2 Fluorescence Studies

Two probes, DPH and 12-AS, were employed in the fluorescence
studies. Both tend to favour the deep hydrophobic region ‘of the bi-
1ayer. Equ111brat1on of the -probes with the F3 fraction was ach1eved
.withjn 25 minutes for 12-AS and 40 minutes fo;\QPH at 44°C, as measured
by stab11tty of the fluorescence intensity. These values were then used
“as minimal incubation times for ;ubsequent.experiments.

4,2.1 Fluoréscence 4peqt§§”' :

“m

The characteristi

Tl

»TT@oraacent spectra of both probes in the
F3 fraction was examined. For .the lipophilic probe, DPH, there were two
excitation max1ma, 358 and 378 nm, and for each excitation wavelength, -
the emission mdximum remained the same at 428 nm. The two excitation

2
max1ma probably reflect d1fferences in the energy levels of two vibra-

~  tional levels of the excited probe molecules. The emission max1mum will

.rema1n constant 1rrespect1ve of the wave]ength of the exc1t1ng 11ght It
corresponds to the release of 11ght energy due to the transition of the
excited probe molecule from the Jowest vibrational level of the f1rst )
s1ng1et exc1ted state to the ground state. -

In the case of 12-AS, the two excitation maxima of 364 nm and
‘383 nm and the same emission mex1mum of about 437 nm, observed in the
presence of the F3 fract1on, can be exp1a1ned as above. The other ob-
served excitation maximum at 257 nm is we]]vseparated from the rest of
the excitation spectrum This iso1ated peak is probably due to‘a tran-

~sition to a much h1gher energy 1eve1 (the anthracene moiety can strongly

.absorb light at approximate]y 255 nm a]though the wavelength is strongly
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substituent and solvent dependent) It may also be the result of energy
transfer from either tryptoph@g;or tyrosine residues of membrane pro-
teins to nearby 12-AS molecules, but the excitation max1mum is usua]]y
found between 275 and 295 nm. |

The temperature dependence of the exc1tat1on and emission spectra
for 12 AS and DPH was examined by compar1ng the spectra at 44°C and 10°C.
For 12 AS the fluorescence intensity was greatly increased for all three
exc1tat1on max1ma This can be exp1a1ned as follows: a reduction in
the temperature decreases the frequency of c0111s1ons between the excited
. fluorophore and the surround1ng solvent molecules (as in the.case of |
increased viscosity) and therefore 1owers the probability of external
nonradiative conversionwith the resu1t that the quantum yield is increased.

For the probe, DPH, only a slight 1ncreaseéin fluorescence in-
tensity was observed upon lowering the temperature to_]bOC. It is pos-
sible that collision dependent processes are not“of great importance as.
competing factors. On the other hand, the twodexcitation maxima,'358 nm
and 378 nm, were shifted about 2 to 3 nm to the'rtght (a red shift)
while there was no apparent shift in the 12-AS sgectra. The spectral
shift observed for DPH can be interpreted as e slight a]teratidn in the
energy d1fference between ground and excited states. : o

Next, poss1b1e effects of various drugs on the DPH and 12 AS
spectra was studied. A number of other researchershaveobserved specific
drug- induced spectra1 changes of biomembranes (El1ferink, 1977; Radda,
' 1975b; Rooney et al., 1979; Spero, 1978). First, the auestion of

shifts in spectral maxima was answered for both the probes. Neither
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histamine nor the B-adrenergic agonists INA ahd NA (which also has
a-agonist activity) had any effect. Next the H, antagonists,-metiamfde
and cimetidine, and the B-antagonist, propranolol, were tested and again

) foundwto have no aﬁpé;ent action on the excitafion and emission maxima

~ of eithef DPH or 12-AS. The histamine H,-antagonists, chlorpheniramine
and diphenhydramine, the a-agonist PE and the a-antagonist phento]amine‘

¢

were employed as specificity controls since these agents would not be

“ expected to produce any effect.

Next, possible quenching or enhancement of the fluorescence of
both DPH and 12-AS by these histamine and adrenergic drugs was tested.
Again, no signifitant aiteration in fluorescence intensity was detected
for: the H, and B agents or for the cofresponding controls (H; and o agents).

Any effect on fluorescence intensity and maxima would have to bé
due eithér to a nonspecific interaction with the membrane (sucﬁ as
anaesthetic 1ike propegties observed with‘proprano]o1 and antihistamines
at high concehtratjons) 6r an indirect effect on the surrounding 1ipids
(as a result of drug-receptor interaction affecting receptor-lipid inter- -
actions). It is possible that the use of fluorophores which reside
preferentially qt the polar head‘g;oup kegion of the lipid bilayer Qy
that associate themselves with the receptor proteins wou]dﬂpick up gome
differences here,_a]thoUgh the possibility of nonspecific quenching due
to the amino groups of all these drugs'is quite 1likely.

4.2.2 F1uorescencé Polarization

If receptor properties are substahtia]]y altered as a function

of temperature, it may be a result of a change in the fluidity of the

e . . =
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surrounding lipids and/or in-feCeptor—1ipid‘1nteractions (Cook et al.,
1977; Postel-Vinax et al., 1974; Radda, 1975b, c). ‘Similar suggestions
shave been employed to explain discontinuities in Arrhenius plots for |
many membrane bound enzymes suchk as Mgz+-ATPase, NADH oxidase, suc-
cinate oxidase, (Na+ + K*)-ATPase, and sarcoplasmic reticulum ATPase
(Charnock end Bashford, 1975; Lenaz,.1979; Raiseﬁ and McMurchie, 1974;
Wunderlich et al., 1975). In many cases, a corresponding discontinuity
in "fluidity" (either mobility or order) has Been detected using DSC,
NMR, ESRand f]uoreécence (Charnock and Bashford, 1975; DavisAet al.,
_1§76; Kime]be}g and Papaholjopoulos, 1974; Lenéz, 1979; Raison and
MeMurchie, 1974). In faef, the technique of fluorescence polarization
has been used tdYshow such correlations. Examples 1ﬁc1ude (Na© + K+j—
ATPase (Charnock and Bashford, 1975), two chromaffin granule membrahe

& enzymes, M92+—ATPase and NADH oxidase (Radda, 1975b), cytochrome P-450
oxygenase system (Narisimhulu, 1977), and thyroid—stimu]ating‘hormone
recepter-(Bashford et al., 1975).

The temperature dependence of 12-AS and YPH fluorescence polar-
‘ization was, therefore, ascertained for the F3 fraction. For both probes,
irrespective of the exeitation wavelength,a single streight line could
be drawn fhrough ﬁhe points; that is, no thermal discontinuity was ob-
served with either probe in the range 44°C to 10°C. Thus, these results
can be interpreted as meaning that n%)phase transition nor phase separa-
tion nor sudden change in fluidity occurs in this syStem; Another pos-
sibility i; that if any sudden thermal change did occur, it was localized

to a very small area of the 1ipid and + : not able to be detected by'
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this method.

Drug-induced changes in fluorescence polarization have been
observed. Propranolol was found to decrease the polarization of DPH
in human erythrocyte membranes; that is, propranolol increased the
membrane fluidity. This effect was suggested to a result of anaesthetic
properties (Akiyama and Igisu, 1979). InsuTin binding to its receptors
was found to iricrease the overall microviscosity by about 10 to 20% in
Tiver plasma membrane (Luly and Shinitzky, 1979). This was examined
over the tempe}atune range of 3°C to 40°C and the slope of the curve
(described by a straight line) appeared to be slightly steeper in the
presence of insulin, changing the apparent flow dctivation energy ffom
7.7 to 8.0 kcal/mole.

These findings led us to examine possible adrenergic and hista-
minergic 1nduEed a]terations in the microviscosity of F3, as measured by
fluorescence polarization, p. The temperature was varied from 40°C. to
10°C in case receptor properties changed and thus the effects of the
drugs on p appeared only withiﬁ certaiﬁ‘temperature ranges. These
studies indicated that thére was no significaht difference in micro-
viscosity, as measured by p for either DPH or 125AS, upon addition of
any of the drugs tested. Neither histamine and the H, antagonists.
cimetidine'and metiamide nor the B—agoqiéts INA and NAtand the g-antagonist
propranolol caused any alteration in poTarization values of either
probe in F3. The corresponding contrq]s; that is, the H; antagonists,
the‘a;agdnist phenylphrine and the a-antagonist ?hentolamine, also had

‘no effect. Even lowering the temperature did not alter their polarization

32?4
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values s%gnificantly from those of F3 membranes untreated with any
drug. | 0

It, therefore;vappears that interaction of the histamine and
adrenergic agents with their receptors does not affect membrane micro-
viscosity. This means that therma] afterations in drug receptor
properties of either the hjstamine H, receptor or the B—adrenergic
‘Eeceptor in guinea pig cardiac sarcolemma do not exist or can not bé
v detected using f1u0rescencé polarization.

It is possible that thermal changes in the histamine and B-
receptors do exist in guinea pig cardiac sarcolemma but can not be
observed here. One possible reason is that the pu?ification of the
two receptors is insufficient fér]any effect to be measured. Furfhek
purificatioh by reﬁova1 of contamfnating membranes might alleviate this
prob1em. In a number of cases (Charnock and Bashford, 1975; Wilschut
and Scherphof, 1974) prior to demonstration of thermal discontinuities
in membrane fluidity, removal of some 1lipid (de11pidat%oﬁ) js performed
on the particular system in order that role of 1ipid surrounding the
enzyme or receptor may be more effettive1y examined. It may be th&t
these sudden éhanges in the lipid fluidity occur only in the ”béundary”
or "annular" lipids. This delipidation a]]oWs a greater portion of the
obsexved pdrameter ta be a result ofvthese boundary lipids. One pos-
sible drawback is thaf extensive delipidation may produce an artificial
mi]ied,for the particular enzyme or receptor and thus any effects ob-
served would be the result of this technique rather thah a measurement

of normal function. Proper monitoring of enzymatic activity and receptor
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binding should accompany de1ipidation.

The use of site specific probes might allow better monitoring
of receptor properties and lipid-receptor interactions. An examp]e
.of such a probe is one whiéh,binds to the receptor protein (ideally
by binding only to the particular receptor pfotein in question) co-
valently yet does not alter hormone binding or hormone induced respon-
s{vehess. Dansyl derivatives are available as fluorescent probes which
covalently bound to proteins but their binding is not specific to any
one protein. Regeptor-Specific %1uorqscent 1igands would be of great
advantage in studying receptor conformational changes and receptor-

1ipid interactions as a result of hormone binding.‘
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4.3 Tissue Studies

In order to ensure thaq the conditions used did not inactivate.
lthe pharmacolog1ca1 receptors under study, the probes and their so]-
vents were exam1ned for their pharmacological effects on intact ven-
tricular tissue. Neither DPH, its solvent THF, 12-AS, nor its so1vent\
methano] had any significant effect on the histamine c%mmu1at1ve dose
response curve (Figures 3.35 and 3. 36). THF and methanol gave similar
negative results on the INA cummulative dose response curve (F1gures
3.37 and 3.38). DPH in"the presence of THF may depress the INA curve
although the results are not significantly different from controls.
%he large tissué variability in sensitization obscures interpretation
of these data. 12-AS in the presence of THF may, on the other hand,

" increase the maximum response; however, the results are extreme1y.
varfab]e and are subsequently not s{gnificant. - The large tigsue

* variability in initial responsiveness and subsequent sensitizatiqn
with time requires the number of experiments to be increased so that

true effects or lack of effects of DPH and 12-AS can be ascertained.
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Summary

The results described in this thesis can be summarized as

follows:

1.

Partial purification of cardiac sarcolemma from guinea pig was
achieved by successive differential centrifugation‘and sucrose
gradient centriguation and without the use of perturbing high

salt concentrations.

"The presence of histamine H, and B-adrenergic receptors, as de-

tected by agonist stimulation of adenylate cyclase, was observed
in the cardiac sarcolemma fraction.

Contamination of this fraction by sarcoplasmic reticulum and outer

. membrane of the mitochondrion was difficult to assess due to the

lack of proper marker enzymes. On the basis of those enzymes
employed in this study to 1qdicate the two membra tems, the
fraction appeared to be contaminated.

Drug-receptor interaction cou]d not be monitored in this system

by us{ng fluorescence intensity, excitation and emission wavelength
maxima and\f1uorescence polarization of the Tlipophilic probes;

DPH and 12-AS. It is possible, however, that fluorescent probes
which are either located near the bilayer-aqueous interfage or are
cova]enf]y bound to the particular recepters in question could
detect this interaction.

A continuous increase in fluorescence polarization of DPH and 12-AS
in this system was obtained as the'temperature was decreased from

7

44°C to 10°C. Thus, no sudden membrane fluidity change was detected

3
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and cogld not, therefore, be responsible for.ény sudden change in
cardiac adrenergic or histamine receptors.

The observations by some laboratories that a, B-adrenoceptor
interconversion in heart tissue occurs is controversial. Studies
dealing with the partial thermal transition of histamimergic
~receptors in guinea pig ileum in our laboratory have not been
cha]lénged. In‘genera1, sudden changes in membrane fluidity have
been suggested as an explanation forgreceptora1nterconversion.
Fluorescence studies presented in this thesis do not lend support
to this suggestion either in the case of a, B-adrenoceptor or
partial histamineric interconversion. However, if alterations in
membrane lipids fluidity do occur, it may be small and localized
to the annular or boundary Tipids. To examine this possibility,
the use of probes which preferentially 1ocated in these lipids

1s necessary.

A
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