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The turnover of RNA in various subcellular fractions of kidney
and lver of normal, adrenalectonized and adrenalectomized plus adreno—
cortical hormone treated rats was investigated. The turnover rates were
measured byll:jneu.m of a single dose of !%C-orotic acid and then follow-
ing the loss of radioactivity from purified nuclei, mitochondria, rough
endoplasmic reticulum, smooth endoplasic reticulus, free polysomes, total
ribosones and sR¥A. Single exponential decay patterns were observed in
all the subcellular fractions of both tissues. The half-lives (t}) of the
RYA for above fractions of normal kidneys were 7.4, 5.8, 5.1, 5.0, 5.4,
4.1, and 4.6 days, respectively, The t)s values for adrenalectonized rat
Kidneys vere 9.2, 7.3, 6.1, 6.0, 5.8, 6.0, and 4.9 days, respectively.
The half-lives (t)) of the RNA of normal rat liver nuclei, mitochondria,
rough endoplasnic reticulus, smooth endoplasmic reticulum, polysoses, total
Tibosomes and sRNA were 8.7, 6.5, 5.4, 6.4, 4.4, 4.9, and 4.8 days, respec-
tively, The corresponding values for adrenalectomized rat livers were
12.0, 8.5, 6.9, 6.5, 5.8, 6.1, and 5.9 days, respectively.

The slover turnover rate of RUA in adrenalectomized rat kidney
and liver suggests a slower rate of RNA synthesis (steady state spproxize-

tion). Daily of or to

adrenalectomized rats restored the turnover rates to normal in kidney and

daily of or reversed the

effects of adrenalectomy in liver indicating a ti:

pecificity of min-
eralocorticolds and glucocorticoids.
Aggregate DNA-dependent RNA polymerase activity in muclei of

both tissues was decreased by and restored by




of or in kidney and by cortil or

hydrocortisone in liver. -To further investigate the mechanism of RNA

polymerase by in kidney, the were

purified froa various groups of rats and activity vas deterained using
different sources of DVA. It vas found that the DA from aldosterone
treated rats was transcribed sore efficiently than froa other sources.

Fractionation of (‘*C-aldosterone injected) kidney chromatin revealed the

presence of radioactivity in the non histone acidic protein and VA fractions

sugsesting the possible binding of aldosterone, or aldosterone-receptor
complex or metabolite(s) of aldosterone to these chromatin fractions

which may result in eshanced template activity of DNA.
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A. INTRODUCTION

Stace the operon model for the control of gene expression was
proposed by Jacob and Monod (1), work on the mechanisa of hormone action
has becose one of the most popular and challenging areas of research in
modern solecular biology. Although a considerable amount of new infor-
mation has been obtained on the regulation of the lactose operon in
Escherichia coli, the operon concept is still the simplestmodel which
can be constructed to explain S-galactosidase induction (2). Experinental
evidence has accumulated suggesting that hormones regulate grouth, differ-
entiation and metabolic activity in target tissues through their effects
on both transeriptional and translational processes of protein biosynthesis

(3-8). On the basis of i and studies,

a model of the molecular pathways involved in the action of several ster-
oid hornones has been proposed (9) comprising (a) fornation of 2 steroid-
binding protein (receptor) complex, (b) stimulation of DNA dependent ENA
synthesis, (c) RNA mediated protein synthesis and finally, (d) the physi-
ological response. However, despite the amount of information availsble
on steroid hormone effects upon transcriptional and translational steps
of protein biosyathesis, only a few attespts have been made to explain
how these effects occur, The metabolic role of glucocorticoids and min-
eralocorticoids is vell established in their respective target tissues,
but the mode of action at molecular level has not yet been completely

established.



Purpose of This Study: This study is concerned with the effects of
adrenalectony and of adrenocortical horsones on RNA turnover and RNA poly-
merase activity in rat kidney and liver. Several other imvestigators have

studied the i of lzbelled into total

RNA in kidney aad liver of adremalectomized and horsone treated animals
(10-16). The interpretation of such isotope incorporation experiments is
difficult due to possible differences in precursor transport and pool sizes
between the nornal, adrenalectonized and adrenalectonized plus hormone
treated rats, or possible errors resulting from the study of mixed popula-
tions or compartments of RNA within the cell,

In an attempt to circumvent these problems experizents were
perforned utilizing the turnover method. In a steady-state system the
relative rate of incorporation of a radicactively labelled precursor would
equal the relative rate of loss and would not depend on absolute incor-
poration. As long as the rates of synthesis and degradation of the coa-
ponent in question are long with respect to the turnover of precursor pools
the measurements are valid. RMAs from various subcellular fractions are
known to have turnover half-lives of four days or more (17-18) while radio-
activity in precursor pools disappears within tventy-four hours after a
single injection (19-21). Thus, turnover measurements can be used to com-
pare RiAs in various subcellular fractions of adrenalectomized and hormone-
treated animals. This approach is not applicable to mRNA, which has a half-
life estinated at less than one day in most cases (22-23). Thus, no
attempt was made to evaluate the turnover rate of this fraction. Aggregate

R polymerase ! 2.

7.7.6) activity vas also determined in both liver and kidney. Further, to

distinguish betveen the effects of mineralocorticoids on RNA polymerases



R

ard on the DA tesplate, the enzymes vere purified from adrenalectomized
O hornone-treated kidneys. The activity vas measured using template
DHA from calf-thymus, and from adrenalectomized or mineralocorticoid-

treated rat kidneys.

REVIEW OF LITERATURE

(1) MODE OF ACTION OF EORMONES: Hormones regulate growth, differentiation
and metabolic activity in most tissues. They are defined classically as
chenical substances produced by ductless glands usually in trace amounts,
and carried by the systemic circulation to the target tissue o which their
biochenical and physiological effect is produced. Some hormones have a
high degree of specificity in their action on certain cells, others have
nore general effects.

Hormones have been classified into three main categories: (1)
sinple anino acids derivatives, e.g., histaine, serotonin and catecholamine.
(i) stercid hormones, (a relatively large growp) e.g., corticosterone,
aldosterone and (iif) the largest group, peptides and proteins, e.g., vas-
opressin  and insulin.

Horaones may exert their effects on cells at the folloving
possible sites.

(i) Cell Permeability--The hypothesis that hormones may exert an effect

on transport of inorganic ions and nutrients across cell membranes was

first proposed by Hober (24). Since then a mumber of hormones have been
shown to affect the rate of tramsport of nutrients and ions across the

cell mesbrane. Levine and Goldstein (25) were the first to shov the
accelerated transport of sugars across the muscle cell membrane. (hristensen

(26) reported that the effect of insulin on cell permesbility in muscle
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1s not restricted to sugars, but also facilitates anino acid permeability
in muscle. Insulin also increased accumulation of potassiua in muscle,
but it is not clear vhether this effect is secondary to other actions of
the hornone on cell metabolisn (27). Estrogens have been demonstrated to
nodify the transport of a variety of metabolites such as glucose, amino
acids and sodium and potassiva fons in rat uterus (28). Other hormones,

‘nagely ‘hormope,

androgens, growth. hornone and thyroid hormone respectively, have also

been demonstrated to affect the transport of inorgamic ious, water, sugars

and amino acids in their respective target tissues (29-65). The major

in vivo effects of various hornones on transport of various metabolites

are briefly sumarized in Table 1. The precise mechanism of action of

these hormones on transport of metabolites is not known. Nevertheless,

it seems that a single hornone usually modifies the transport of mot only

one but several metabolites at the same time (Table 1). This is partic-

ularly true with insulin and the estrogens which affect the transport of

sugars, amino acids and inorganic ions. These observations suggest that

hormones might modify the general behaviour of the membrane and not simplythe
transport ofsspecific metabolite.

(%) Brayme Activity--D. E. Green (66) proposed 2 theory that substances

functioning in trace anounts in biological systems must act by influencing

enzyme systems. Hovever, it is still not possible to account for hormone

action in teras of interaction with a specific enzyme(s). The most pop-

ular exanple of an inferred enzynic effect is the stimulation of adenyleyclase

by several hormones, shown in Table 2. Most hormones, with the exception of

steroid horaones, are associated with alterations in ademylcyclase activity

in vivo or in vitro. These lines of evidence strongly suggest a major

role of cAMP as a mediator of hormone action, that is hormonal regulation



TABLE TI

Some Examples of Homones Acting on Adenylcyclase Activity
Present in Target Tissues

Hormone' Target Tissue(s) References
catecholamines liver, heart (67
catecholamines brain, skeletal muscle, fat (68)
ACTH adrenal gland (69)

adipose tissue (70)
glucagon liver (11
heart )
fat 3
TSE thyroid gland (74)
adipose tissue 3)
PTH ‘bone. (5)
kidney (cortex) 8
vasopressin Kidney (nedulla) (&)
usE trog skin an
*aca: hormone: TSH:
hormone; MSH: mel

ulating hornone; PTH:
h
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of enzynes levels in vivo. The molecular mechanisas by which horacnes
affect the adenyleyclase reaction have not set been resolved.

Liu et al. (78) have recently demonstrated the effect of adrena-
lectomy and of aldosterone on certain rat kidney mitochondrial enzymes.
They have shown that actinomycin D and puromyein administration prior to
aldosterone treatment were without effect, suggesting that transcription and
translationsl steps are not izvolved in the stimulation of mitochonirial
oxidative enzyes by aldosterone.
(44) RUA Synthesis and Rl Polynerase--Since the discovery that regula-
tion of RNA synthesis plays a central role in the process of protein syn-
thesis {n microorganisas (1), there have been muserous publications suggest-
ing that aninal hornones also regulate the amount of certain cell enzymes
and structural proteins through RNA mediators (79). The application of
the operon concept to the probles of hormone mechanism of action led to the
hormone-gene hypothesis (80). The currently held view is that in target
tissue cells hormones may affect the initiation or rate of DNA tramscrip-
tion (81) into mRNA.
(a) Effects on RNA Synthesis: Several investigators have shown that in
certain tissues, such as uterus (82), male acessory sex tissue (83), and
liver (10-11) all major RNA fractions (ribosomal, messenger, and soluble
RiAs) were stinulated by the appropriste steroid hormone. Growth horaone
and thyroxine have also been shown to increase all types of Riks (19).
Sells and Takshashi (79a) and Jackson & Sells (79b) have desonstrated the
effcts of growth homone on increased precursor (orotic acid) incorporation
into cytoplasnic mANA and rRNA. The stimulatory effect of hormones vas
blocked when the inhibitors of RNA synthesis were used in these studies.
This suggests that an effect on the synthesis of RNA is one of the early

events in the mechanism of action of many hormones. Considerable evidence



has accunulated suggesting selective mRNA synthesis in response to hor-
none action (84-85). Several investigators (86-88) using DNA-RNA hybri-
dzation techniques have demonstrated the synthesis of new R¥A species
(probably mRNA) after hormone adainistration. These RNA species vere
rapidly labeled, extractable at high pH and had base composition sinilar
to DNA. Thus, these observations suggcst that hormones may activate genes
and allow transcription of new species of mRlA, which then code for the
synthesis of specific proteins.
(b) R Polymerase Activity: RA polymerases are known to occur in both
prokaryotic and eukaryotic cells. In prokaryotes it has been desonstrated
that the cell responds to its enviromment through the use of certain
factors which control R¥A synthesis. These factors exert precise reguls-
tions of initiation (v factor), termination (p factor) and specificity of
transcription (¢ factor) by RNA polymerase (89-91). Similar RNA polyser-
ase control factors in eukaryotes have also been reported (92-93); however,
the significance of these control factors is as yet not clear in eukaryotes.
DNA-dependent RNA polymerases have been recently isolated from a variety
of eukaryotic tissues such as rat liver (94), rat prostate (95), calf
thymus (96), amphibian tissues (97), insect tissue (98) and Hela cells
(99). The typical characteristics of all these enzyme preparations are
the existence of multiple forms which differ in template requirements,
sensitivity towards o-amanitin, metal ion requirement, iomic stremgth,
sub-unit structure, molecular size and intranuclear localization (94-99).
Horsone-stimulated alterations of RNA polyserase activities
have been demonstrated in many eukaryotic tissues. Table 3 sumarizes the
effects of varfous hornones on RNA polymerases in several animal tissues.
However, the precise mechanism of ENA polyserase stimulation or imhibition

by any one of the hormones listed in Table 3 is unknown at this time. It
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is postulated that the mechanism of stimulation may work by: (2) an allo-
steric interaction between RNA polymerase and the hormone, (b) interaction
of the hormone with tesplate or (c) induction of enzyme, its sub-units,

or enzyme effectors (100-101).
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(iv) Changes in Muclear Proteins and Chronatin Activity—-Since it is

widely held that all somatic cells of the adult organisa of 2 given

species contain the total genetic information in the DNA tesplate, a cen-

tral question regarding the mechanism by which selective genetic expreseion

occurs 1is related to regulation of gene transcription. It is believed

that the basic nuclear proteins (histones) might be involved in suppress-

ing DNA tramscription by physical attachment to certain loci of DNA (1i2),

and it has been speculated that the histone-DNA association could be under

hormonal control. It is not yet clear, however, if histones influence RNA

synthesis in fiuclei by perforning such a "repressor-like" role or whether
theirmatn function is to impart rigidity and stability to the intranuclear
structures (113-114). The med /in vitro DA-dependent REA synthesis
1nhibition probably imvolves neotralization of the negatively-charged
groups of DNA by the lysyl and arginyl residues of basic histones. These
electrostatic interactions can be dininished if the charge on the histone

is decreased by enzynic or of

the basic residues (115-117). Acetylation of histones has been shown to
be stisulated by a nusber of steroid: horaones. Cortisol, estradiol, and
aldosterone have been shown to stimulate acetylation of histones in liver
(118), in cell-free extracts of rat uterus (119) and in rat kidney (120).

Insulin has been to stimulate

of histone fractions in mamary glands during differentiations (121).

0O'Malley ¢ al. (122) have recently demonstrated the role of
nuclear acidic proteins in steroid (progesterone) action. They have shown
that the steroid homone-binding protein (receptor) complex is transferred
to the nuclear compartment where it foras another complex with certain

chrosososal "acceptor sites” consisting of DA and nuclear acidic proteins
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(123-128). Raynaud-Jammet and Baulieu (129), Mohla et al. (130) and
Arnaud et al. (131) have independently shown increased incorporation of
labelled precursor into RNA of uterine nuclei incubated in the presence
of uterine cytosol (containing receptor) and estradiol but not with hor-
mone alome. Thus, these experiments suggest that the hormone-receptor
complex may indeed influence transcriptional events in target cell muclei.
However, the specific roles and relative importance of DNA, receptor,
hormone, nuclear acidic proteins, RNA polymerase and the important regula-
tory factors in gene tramscription are not yet known.

Hamilton et al. (132) have demonstrated changes in the RNA-

synthesizing capacity of chromatin, isolated from the uterus at various

times after of estradiol to i rats. The tem-

plate activity of uterine chromatin in vitro was incressed 251 over control
aninals by 30 minutes after administration of hormone. By 8 hours the
activity vas increased approximately 100% over the controls. Dahmus &
Bonner (132) have shown an increase in liver chromatin activity following
hydrocortisone administration to adrenalectomized rats. Insulin has also
been demonstrated to increase the template activity (28%) of liver chromatin
following its administration to diabetic rats,ias compared to liver chrom-

atin f untreated disbetic rats  (134).

(v) Effects on Protein Synthesis--Horaones may alter the rate of protein
biosynthesis.
(a) Induction of Ensymes: Induction of several hepatic enzymes has been

by (135-138). The most strik-

1ng changes have been observed in these enzymes involved in gluconeogen-

esis, such as phosphoenol pyruvate carboxy kinase (135), fructose-1, 6=
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diphosphatase (136), serine dehydrase (137) and amino transferases (139-
141). Induction by glucocorticoids, of several glycolytic enzynes in
liver has also been reported (142). The exact mechanisa by which these
steroids stimulate enzyme induction is unknown at the present time.
Dexanethasone induced a 5-15 fold increase in the rate of syn-
thesis of tyrosine aminotransferase in cultured rat hepatoa (HIC) cells
(143-144). These investigators proposed a "translational repressor” model

for induction of The inducer was suggested

to interact directly with a cytoplasaic repressor causing its translocation
to mcleus vhere it could no longer inhibit aminotransferase synthesis.
The precise mechanism is, however, still unclear,

(b) Activity or Availability of Ribosomes: TInsulin and growth hormone
have been shown to alter the activity of ribosomes of liver and muscle i1
vitro. The amino acid incorporation activity of ribosones isolated from
hypophysectonized rat liver, heart or skeletal mscle was found to be
decreased compared to those from normal animals. (145-146) Wool et al.
(147) have reported that muscle ribosomes were less active in vitro and
contained less polysomes when taken from diabetic rats, Insulin treat-
ment rapldly restored the deficiency. They further hypothesized that
insulin foras & "translation factor” by initiating translation of the
stable template RNA for that factor. Majundar et al. (148) have more re-
cently reported increased polyphenylalanine synthesis (in presence of poly
(1) by renal cortical ribosomes isolated from mineralocorticoid treated
rats.

(e) Availability or Activity of Aminoacyl Transfer RNA Complezes: At the
present time it is not known if there are hormonally induced changes in
the amount of aminoacylating enzymes or of t-RMA in the cytosol fraction

of tissues. Altman et al. (149), however, have recently reported hydro-

changes in leucy 2s vell s dn leacy
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synthetase activity of rat liver. It is not known if the induced syn-
thetase activity and the tRNA vere derived by de novo synthesis or by
modification of pre-existing molecules drawn from the cellular pool.

(d) Availability or Activity of Messenger RHA: There is evidence (150)
that mRYNA is transported from nucleus to the cytoplasm as a ribonucleo-
protein complex and this provides a potential site where control could

be exerted by 2 hormone. Hovever, no evidence is availsble on this point.

(2) RECEPTORS AND STEROID HORMONE ACTION: The site of production for
nost of the steroid horaones is quite different from their site of action.
The hormones produced in different ductless glands ate carried by sys-
temic circulation to the target tissue where they are retained. In the
target tissue the steroid horaones form cosplexes with specific soluble
protein molecules generally called "receptors”. Table 3 shows a sumary
of such "receptor” molecules and some of their properties.

The interaction of a steroid homone with its binding protein
in the cytosol fraction has been suggested to be the first reaction in
the tissue's response to the horsone. The hormone-receptor complex thus
forned appears to be transported into the cell micleus and presumably
regulates certain nuclear activities including RNA synthesis (122-131).
Gopalkrishan and Sadgopal (163) have recently reported the dual role of
hydrocortisone receptor in rat liver. That is, the receptor acts as an
agent for selective retention of the hormone in the target tissue, and
as an activator of the gene(s) in the tissue chromatin.

How the steroid hormone-receptor complex moves to the cell
nucleus and how the hornone or horzone-receptor complex leaves the cell

nucleus after completion of its function is not known at the present
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time. 0'Malley et al. (Personal Communication) think that tramsport of
progesterone-receptor complex into the nucleus from the cytoplasm is an
energy dependent process since this process can be blocked by the agents
(dinitrophenol, oligomycin and arsenite) which inhibit the enzymes in-
volved in energy production. Inhibitors of protein synthesis (actinomycin
D, cycloheximide and purcaycin) are without effect on'this transport

systea.

(3) ROLE OF ADRENAL GLANDS AND EFFECTS OF ADRENALECTOMY: The adrenal
glands are composed of two distinct tissues - the adrenmal medulla and the

adrenal cortex (zona zona and zona

The secretions of the adrenal cortex belong to a class of compounds known
as steroids whereas secretions of adrenal medulla belong to a class of
compounds called catecholamines. The adrenal steroids are further divided

into two main - the and ids, to

1dentify their two major types of physiological activity. The glucocorti-
coids influence mainly carbohydrate metabolism in the body (primarily in
liver) and the mineralocorticoids play an important role in regulating
sodiun and potassium balance.

Bilateral adrenalectomy has been  shown to cause a number of

and i changes in the body and is
fatal in mammalian species unless either sodium chloride or hormonal
therapy is given. The most pronounced metabolic disturbances caused by
bilateral removal of adrenal glands are: (i) decreased sodium retention
which ultimately results in ion and vater imbalances arising from water
loss from circulation, (ii) increased erythrocyte count in the blood,

reduced plasza volume, and increase in urea and potassium levels in the
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serum, (iii) decreased osmolality of body fluids due to increased

sodiun loss, (iv) decreased (40%) glucose, triglycerides, and fatty acids

absorption in the duodenum (164). The alkaline phosphatase activity of
the rat duodenum is also reduced by 50% following adrenalectomy. Ulti-
mately these disturbances result in the death of the animal. These
changes are reversed if the adrenalectomized animals are maintained on
appropriate doses of mineralocorticoids.

Glucocorticoids have been shown to have profound effects on
the thymus. The adainistration of glucocorticoids results in acute in-
volution of the thymus structure. There is an atrophy of spleen, lymph
nodes and thymus. At least ome of the sites involved in the action of
these steroid horaones is at the level of nuclear RNA synthesis (108~
109). A decresse in RNA polymerase activity was also observed in thymo-
cytes following exposure to cortisol in vitro (108). Suppression of DNA
synthesis and inhibition of mitosis have also been reported in lymphocytes
following cortisol administration (165).

The secretion of glucocorticoids is controlled by ACTH and the

glucocorticoids thus produced as a result of ACTH action exert a megative-

feedback on the the release of L i

leasing hormone is ishibited and thus the secretion of ACTE by the adeno-
Bypophysis is reduced.

Secretion of especially does

not, hovever, depend on ACTH, since it has been shown that in hypophy-
sectomized aninals (san and dog) the adrenal cortex contimues to secrete
aldosterone, albeit at lover than nomal rate (166-168). It has been
proposed that a decrease in blood voluse, pressure or sodiua ion concen-

tration acts s a stimulus for the secretion of an enzyme, remin, by the
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kidney. This enzyme acts on a ci a;-globulin

forned in liver) to form angiotensin I. The latter is then converted

into angiotensin II(an octapeptide) by a second enzyme (converting enzyme).
Angiotensin II directly acts on zona glonerulosa to increase aldosterone

production (169).

(4) PROPOSED MECHANTSM OF ACTION OF MINERALOCORTICOIDS: Mineralocorti-
coids (asinly aldosterone) have been shown to have effects upon sodium
transport in kidney, salivary and sveat glands, the gastrointestinal tract,
cardiac muscle and bone.(170). The chief effect of mineralocorticoids is
on kidney where the reabsorption of sodium and excretion of potassium and
hydrogen, ammoniun and magnesium fons takes place. Deoxycorticosterone
has been demonstrated to stimulate phospholipid synthesis (171), in
addition to sodim transport (172). Aldosterone has also been shown to
increase transepithelial sodium transport in the urinary bladder of the
toad, Bufo. marimus.

(a) Effect on Toad Bladder (in vitro): Crabbe in 1961 (173) provided
evidence that aldosterone had a direct effect on active sodium tramsport
across the urinary bladder and ventral skin of the toad. Similar results
were also reported by McAfee and Locke (174) for frog skin system (effect
of cortisol). A latent period of 60-90 minutes in the action of aldoster-
one on active sodium tramsport in the isolated toad bladder system was
also observed (175). The phenomenon of latent period led to the con-
clusion that synthesis or activation of a factor is involved in the action
of aldosterone. Edelman et al. (13), Williamson (176), Porter et al.(177)

and, Castles and Williamson (12) suggested that aldosterone regulates
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active sodiun transport by induction of de novo synthesis of proteins,
initiated by stimulation of DNA-dependent RNA synthesis. Hutchinson and
Porter (178) have very recently mamined the effects of temperature and
substrate concentration on uridine incorporation into RNA of toad bladder
under the influence of aldosterone. They reported that aldosterone (.5
hours exposure) produced a significant increase in the incorporation of
3j-uridine into heterogenous RNA extracted from purified nuclei, but not
in RNA extracted from either cytoplasa or whole cell. However, at a later
tize there vas a significant increase in aldostarone stimulated specific
activity of whole cell RNA (3-20 hours after exposure to hormone).
Rousseau and Crabbe (173) hovever, could not demonstrate any effect of
aldosterone on either siA synthesis or cytoplasmic RNA turnover in toad
bladder. Aldosterone was without effect on protein synthesis also.
Therefore, they concluded that the suggestion that the effects of aldos-
terone on sodius transport in toad bladder imvolve transcriptional and
translational processes remains to be established,

Sharp ot al, (180-182) reported that the aldosterone incressed
sodiun transport was accompanied by increased glucose metabolism and
utilization of pyruvate and acetoacetate in toad bladder. They have also
recently demonstrated that aldosterone decreases 1*C0, evolutien from [1 -
14¢] glucose concomitantly with an increase in sodium tramsport. They
concluded that the hexose monophosphate shunt of glucose metabolism is
inhibited by mineralocorticoids. They further showed increased oxygen
consumption and increased evolution of "m, froa [6 - 1%C] glucose by
the hormone, suggesting increased production of energy for stimulation
of sodiun transporc. These effects were, hovever, abolished vhen sodium

was renoved fron the bathing mediun and consequently no sodiun transport
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occurred, This implies that the above effects vere secondary ones aris-
ing from the horone stimulated Na© transport. Lovever, the decreased

evolution of 00, froa [1 - 14¢) glucose persisted even in the zbsence

of sodium and had similar with respect to

response, steroid and to and actino-

mycin D as did Na* transport. The effects of aldosterone on both the
decreased evolution of 10, from [1 - 1%C] glucose and increased sodium
transport vere reproduced by cyclic AMP suggesting the involvement of
cyclic AP in aldosterone action. No change, however, was noticed in
tissue concentration of cyclic AP even after prolonged incubation with
hormone, Therefore, the role of cyclic AMP in these phenonena remains
questionsble.

(b) Effects on Rat ¥idney: Willlamson (176) reported in his preliminary
study that actinomyein D blocked the antinatriuretic effect but not the
faliuretic effect of aldosterone in adrenalectamized rat kidney. Since
then several (12, 13, 177) reports have appeared suggesting that the
mechanisa of action of aldosterone on the rat kidney involves DNA-depend-
ent RNA and protein synthesis. Edelman et al. (13, 151) and Mills et al.
(183) have studied the inftial interactions of aldosterone with its re-
ceptors in the cytosol and nuclei of rat kidney. The mechanism by which
the hornone stimulates sodiua transport remains to be established. Re-
cently Mishra et al. (110) and Liew ot al. (111) have reported simultan-

eously but that there is a effect of

on RNA polymerase in rat kidney. Unfortusately, no direct evidence nf
the stimulation of specific protein synthesis by aldosterone is available.
Sodimn-potassim (Na¥ - K*) - ATPase has been shown to play a

role in sodiun retention in the kidney. The activity of (Na' - &) -
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MPase decreases during the first seven days after adrenalectomy (184~
186). This decrease in activity of (Na© - K*) - ATPase in kidney was
partly restored by aldosterone in physiological doses. Hovever, this
effect could not be demonstrated until after the effect of aldosterone on
sodium retention. The recent report of Knox and Sen (188) showing in-
duction of (Na* - K*) - ATPase protein by aldosterone suggest its role in
sodium retention. These effects of aldosterone vere not observed in toad
bladder (187).

Several investigatorsf189-191) have reported effects of aldo-
sterone on the kidney mitochondrial enzymes. Liljeroot and Hall (192)

found that 1 from rat liver

showed partial uncoupling of oxidative phosphorylation. Administration
of aldosterone to these animals reversed the effects of adrenalectomy on

B/0 ratio to normal values.
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C. EXPERIMENTAL DESIGN

(i) Theary: 1t seems obvious that RNA metabolism is affected by steroid
hormones in their respective target tissues, but no clear mechanistic
picture has yet emerged. Moreover earlier studies of total cellular RNA
and isotope incorporation have not been relible for reasons already
discussed in Section A (problems of precursor pool sizes, transport, and
the study of a mixture of all types of RNA). Experimental approaches have
therefore been adopted which will overcome these problems and yield an
understanding of the mechaniss of stimulation of RiA synthesis by ster-
oid hormones. The following experimental questions have been asked in
this study.

1. What is the rate of RKA turnover in various subcellular
fractions of kidney and liver in normal, sham operated and adrenalecto-
mized rats?

2. Ts the turnover rate of R¥Avaffected in adrenal deficient
aminals? 1f 0./t o5t of She fractions o in some of the subeellular
fractions? g

hornone

3. Are the differences in turnover rates reversible in adrenal/

depleted aninals by the aduinistration of adrenocortical steroid homones?

What is the icity of x and ids in

Kidney and liver respectively, s to the effects on RiA turnover?
4. What are the effects of adrenalectony and of adrenocortical
horacses on the A polymersse systen of kidney sad Jiver?
5. At uhat site (enzyne or DNA tuphta)[ui:enlmurnmld

hornones affect the ENA polymerase system of rat kidney?
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(44) Turnover Approach: Studies of the metabolic stability of macro-
molecules with the use of radioactive tracers can be undertzken in two
ways:

a. Follw the rate of incorporation of labeled precursors
1nto the macromolecule.

b. Follow the rate of degradation of labeled macromolecule
after labeling to some maximum specific activity.

In the present experiments the latter approach (commonly called
the "turnover approach”) is folloved, since the interpretation of results
is less difficult than in the case of incorporation experiments. This
1s because turnover results do not depend on knovledge of precursor
transport rates and precursor pool sizes. If the rates of synthesis and
degradation of the compound being studied are much longer than
S e e L e Wutimiy atate cates; of dagradi=
tion can be obtained.

(i) Kinetic Equations: 1 an isotopieslly labeled precursor of RiA
is injected into an animal, it rapidly eaters the cell, and is incorpor-
ated into KA. If the precursor is cleared rapldly (assusption discussed
later ), then the RNA synthesized will quickly reach sose maximm spe-
cific activity. If no more labeled precursor is available the specific
activity will decrease as RiA is degraded (193-195).

The newly labeled RNA (x*) will be mixed with the unlabeled
RNA (x) of the system. The specific activity would be defined as

x*
Py

A (&}

x*
X total

A=

where A s specific activity,
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shich is actually vhat is being measured and expressed as dpa/A,.; units.
If the loss of x from a particular subcellular compartaent is considered
to be random (vhatever the mechanism is, it does not distinguish between
x and x*) and first order, thea the differential equation for the rate of

loss of A would be
da

B

de

where k' is an apparent decay or fractional turnover constant. The inte-
grated form of this equation between the limits of t = 0 and some time t

is:

ke
A =Ag @

where A_ = specific activity at tine t and
A, = specific activity at tise zero.
If one plots the natural logarithn of specific activity against

tine t, a straight line is obtained with the slope -k'.

I£ the pool of A 45 cosposed of tvo different kinds of A's, that is, A,
and Ay, then each with k's greatly different will generate a single

exponential curve.
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laA k! ln A <k;

t t
However, a plot of the experinental data would show a composite curve

such as:

t
The composite equation for the total specific activity in the compartment

would be the sum of the individual exponeatials.

'
. Kitay e (ref. 193)
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MATERIALS AXD METHODS
4. Mgterials

1. Chemicals and Biochemicals

1. Ribonucleoside triphosphates (ATP, GTP, CTP, UTP), disodiun
salts vere obtained from Sigma Chem. Co. Stock solutions were prepared
in 0.01 M Tris-HCL (pE 7.5) and small aliquots stored at ~20°C.

2. % 5" Care),

salt, vas purchased fron New England Nuclear, Canada, Ltd. Specific
activity vas 22.2 GfaM. Excess ethanol was removed by a gentle strean
of nitrogen gas and the labeled nucleotides were stored in 0,01 M Tris-
HCL (pE 7.5) at ~20°C for periods of up to two weeks before use.

3. l4c-6-Orotic acid hydrate, specific activity 60.8 mCi/mM,
was obtained from New England Nuclear. The solutions were prepared in
defonized vater immediately before injections.

4. 3H-4-Aldosterone, specific activity 32 Ci/aM, and l%C-4-
Aldosterone, specific activity 55 aCi/aM, vere obtained fron New England
Nuclear. Dilutions were made up with Tris-ECL (pH 7.4) immediately prior
to use.

5. %C-Toluene (Sp. Act. 7 x 105 dpa/nl) and Tritiated water
(5p. Act. 1nCi/al) were supplied by New England Nuclear.

6

v
costerone and unlabeled aldosterone were obtained from Siga Chea. Co.
Steroid solutions vere prepared in ethanol containing 0.9% NaCl prior to
use.

7. NAD, NADP, NADH, NADPH and cytochrome c reductase type I
(pig heart) were obtained from Signa Chem. Co. Solutions were prepared

in defonized vater immediately before use.
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8. Rdbonuclease A, 5 times recrystallized from bovine pancreas
was purchased from Sigsa Chem. Co. Stock solutions of 2 mg/al were pre-
pared in 0.01 ¥ sodium citrate (pil 5) and heated at 90°C for 10 minutes
prior to use.

9. Deoxyribonuclease 1, electrophoretically purified, vas froa
Worthington Biochenical Co.

10. Pyruvate Kinase type II (rabbit muscle) was supplied by
Sigaa Chen. Co. The enzyme was obtained as a suspension in 2.2 M ammonium
sulfate. The specific activity was 350 - 500 E.U./ag. * . Enzyme vas
desalted by centrifuging  the aliquots at 10,000 x g for 20 minutes
and the pellets resuspended in 0.01M Tris-HC1(pH 7.4) just befors use.

11. Phosphoenol pyruvate (tri sodium salt ) was obtained from
Signa Chem. Co. Stock solutions of 2 mg/nl vere prepared in 0.01 ¥ Tris-
KCL (pH 7.4) and stored at -20'

12. Calf-Thynus DNA type I, wes supplied by Signa Chem. Co.
Stock solutions (1-5 mg/al) in 0.014 Tris-HCL (pH 8.5) were prepared
fresh every veek and kept at 0-4°C.

13. Ribonucleic acid from Torula yeast was obtained from Signa
Chea. Co. Stock solutions (0.5-1 sg/ul) were prepared in deionized water.

14. Bovine serun albumin vas obtained fron Signa Chea. Co.

15. o-Amanitin vas purchased from Eenely and Co., New York.

16. Rifampicin vas a generous gift from Professor Silvestri

(gruppo Lepetit Italy).

. D fros hrysomall
(Cleland's reagent) and spermine tetrahydrochloride were supplied by

Signa Chea. Co.
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18. Amnonium sulfate (Mann enzyme grade) and sucrose (demsity
grade, ribonuclease free, crystalline, ultrapure) were cbtained from Mamn
Research Laboratories.

19. Polyvinyl sulfate (ribonuclease imhibitor) was obtained froa
Eastnan Kodak Co.

20. DEAE-Sephadex A-25 and Sephadex G-25 (medium) were supplied
by Pharmacia Fine Cheaicals, Inc., Montreal, Quebec.

21, 1, 4-bis [2-5 (Phenyl oxazolyl)] benzene (POPOP), 2, 5-
diphenyl oxazole (PP0), were obtained from Nuclear Associates, Inc.,

New York.
22, ALl other routinely used chemicals vere obtained from

general stock.

II. Animale: FPemale Wistar strain rats (80-150g) were used throughout
these studies and were obtained from Canadian Breeding Laboratories or
froa the animal unit, Faculty of Medicine, Memorial University of New-
foundland, St. John's. Bilateral adrenalectomy*vas perforned through
the dorsal route, using diethyl ether as an anaesthetic. The adrenal-
ectonized anisals vere maintained on 0.9% sodiu chloride and purina
laboratory chow ad libitum and used for experiments 3 - & days after
operations. Normal and sham operated animals vere treated in the same
way except that they were supplied with tap water. Aldosterone (5 yg/
100g) ané deoxycorticosterone (100 ug/100g) treated rats vere also
naintained on tap water. The experizental animals were maintained at
25°C.

#Completeness of adrenalectoay as checked both visually and by offering

tap water,
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B. Methods
I. Animal Groups: (a) For RNA turnover studies the rats were divided
into three groups (14 each): sham operated, adrenalectomized and normal.

Each animal was injected intraperitoneally with 4 uCi/100g body wt. of

4¢-orotic acid. The aninals vere on 0.9%

NaCl. Sham operated and mormal animals were given tap water. One
aninal from each group was sacrificed by cervical dislocation at 1, 2, 3,
5, 8, 10, 13, 16, 19, 21, 25, 28, 32 and 36 day(s) after isotope admin-
istration. The kidneys and livers vere very quickly excised and plunged
1nto ice-cold saline (0.9% NaCl) vashed and stored at -20°C until further
processing. Approximately 90-120 seconds elapsed between killing of the
rat and freezing of the excised tissues.

(b) To study the effects of adremocorticoids on RNA turnover,
the aninals were divided into 5 groups (14 each): 1) adrenalectomized,
2) adrenalectomized plus aldosterone treated (5 ug/100g body wt.)

3) plus treated (100 ug/100g),

4) adrenalectonized plus corticosterone treated (2 mg/100g) and
5) adrenalectonized plus hydrocortisone treated (2 mg/100g). ALl the
anials in the above groups vere injected intraperitoneally with & uCi/of

tic acid/100g body wt. The hormones were injected immediately after iso-

tope and daily frer until the last day
(36 day). Adrenalectomized group 1) served as a control and received
equivalent volumes of 0.9% NaCl. One animal from each group was sacri-
ficed at days, 1, 2, 3, 5, 8, 10, 13, 16, 19, 21, 25, 28, 32 and 36. The
aninals vere generally sacrificed between 9 and 11 a.m. to minimize

diurnal variation. Tissues were removed as described above and stored at

14-oro-
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~20°C until further processing. The hormones were injected in ethanol
or ethanol - 0.9% NaCl mixture.

(c) The animals for RNA polymerase experiments were divided
into 6 groups (4-6 animals each): 1) normal, 2) adrenalectomized,
3) adrenalectonized plus aldosterone treated (5 yg/100g), 4) adrenal-
ectomized plus deoxycorticosterone treated (100 yg/100g), 5) adrenal-
ectomized plus corticosterone treated (2 mg/100g) and 6) adrenalectomized
plus hydrocortisone treated (2 mg/100g). The hormones vere injected
intraperitoneally in ethanol - 0,9% NaCl mixture 3 hours before killing
the rats. The livers and kidneys were removed and the muclei were pre-
pared imnediately (vithout freezing) by the one step procedure of Busch
et al. (196) and aggregate RNA polymerase activity vas deternined.

II. Prepavation of Subcellular Practions: The tissue fractionation
schese s shown in Fig. 1 and is based on techniques of Witaker. et al.
(197), Von Huagen et al. (198) and Bloemendal et al. (199). The tissues
were honogenized in 4.0 ml ice~cold homogenizing medimm (0.35 ¥ suctose,

10 = MgC1,, 25 X KC1 and 50 a Tris-HCL, pH 7.4 at 25°C) per gram wet-
weight of tissue. A teflon-glass homogenizer previously cooled to 0°C

was used. Right to ten strokes at 800 rev./minute vere applied and the
subsequent operations were carried out at 2-4°C. One ug/sl of polyvinyl
sulfate vas mixed with the total homogenate to inhibit ribonuclease and
the mixture centrifuged at 1000 x g for 10 minutes in a Lourdes refriger-
ated centrifuge. The nuclear pellet (P,) vas suspended in medium B, (.32 X
sucrose, 1m ¥gCl,, 10w, Tris-HC, pE 7 at 25°C) and frozen at -20°,
and supernatant S, was centrifuged at 15,000 x g for 20 minutes to sedinent

the crude mitochondrial fraction ().
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‘Preparation of Mitochondria: The pellet (P,) was resuspended in mediua
By and centrifuged at 10,000 x g for 20 minutes. This step was repeated
once more and then P,' vas resuspended in 5 ml of mediua H,. The mito-
chondria were further purified by leyering this suspension over a dis-
continuous sucrose density gradient consisting of 5 ml each of 2, 1.5¥,
1.2, 1.14 and .84 sucrose. The gradients were then centrifuged at
131,000 x g (average) for 80 minutes in Beckan Model L-3-50 preparative
ultracentrifuge, using Rotor # S.W. 27. The schematic representation of
mitochondria obtained from liver is shown in Fig. 2. The mitochondria
sedimented to the 1.5¥ layer of sucrose. The contaminated polysomes and
rough ER penetrated the 1.54 sucrose layer and sedimented to the bottom
of the tube. Lysosomes and other membrane fragnents uere sedimented at
various sucrose layers. The mitochondria and other layers were removed
by means of a syringe and collected separately. The mitochondria were

resuspended in cold distilled water and washed by centrifugation.

‘Preparation and Purification of Total Ribosomes: The total riboscmes
were prepared by the method of Menzies ot al. (18).

To 10 ml of post (sy)s
was added to the final concentration of 17. Triton-E-100 acts as a
detergent to free the mesbrane ribosomes. The resulting solution was
centrifuged at 144,000 x g (average) for 2 hrs. in a Becknan Model L-3-50
k!wrldn ultracentrifuge using Rotor #40. The supernatant was removed
with a pasteur pipette and discarded.

The surface of the total riboscmal pellet from the centrifuga-
tion at 144,000 x g was gently rinsed without resuspension with 5 =l of

homogenizing medium. Three ml of Medium B (10 md Mg?¥, 25 m¥ KC1, 50 m
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5 ML 0.84 SUCROSE

OTHER MEMBRANE
S ML 1.1¥ SUCROSE
FRACTIONS
5 ML 1.24 SUCROSE
MITOCHONDRIA 2 5 ML 1.5% SUCROSE

5 ML 2.0M SUCROSE

FIGURE 2. SCHRMATIC REPRESENTATION OF PURE MITOCHOKDRIA

sRia
10 ML 1.54 SUCROSE
SHOOTH ER CECEErErErE
10 ML 24 SUCROSE
ROUGH ER 7
POLYSQMES \_L

FIGURE3. SCHBUATIC REPRESENTATION OF ROUGH ER, SMOOTH ER, POLTSOMES AND SRNA
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Tris-HC1, pH 7.5) and three drops of polyvinyl sulfate solution (10 pg/
ml) were added and the pellet allowed to soften overnight at 0°C. The
ribosomes were then gently resuspended and transferred with rinses to a

second tube. The was at 10,000 x g

for 10 minutes to remove debris, and the resulting pellet was extracted
once more with 2 nl of Mediua B for recovery of trapped ribosomes. The

combined the crude Sedimen-

tation analysis (Becknan Model E, 20°C) of this fraction shoved one major
peak at about 80 § as vell as a small amount of ribosomal subunits (Fig. 4).
The presence of protein contaminants was indicated by low Ay /Ayqe
ratios (1.2-1.4).

To mininize contanination by soluble RNA and protein, the
ribosomes were precipitated by adding an equal volume of 0.14m MgZt
and the pellet resuspended in 2 ml of NEB-2-buffer (0.2 M NaCl, 0.01 ¥
EDTA, 0.01 M Tris-ECL, ph 7.4). The above steps were repeated (usually
2 to 3 times) until Aygo/Ay,y ratios of 1.6-1.7 were obtained. Sedimen-
tation analysis of ribosome preparations of this purity usually showed
only two major peaks: 60 S and 45 S (Fig. 5). When ¥g? is added to
5-10 a¥ in excess of the EDTA present, an 80 § peak appears indicating

some or This the total ribosomal

preparation.

Breparation of Polysomes, Rough Endoplasmic Retioulun, Snooth Endoplasmic
Reticulum, and sRNA: A 15 ml aliquot of post-mitochondrial supernatant
(5,) was carefully layered over a discontinuous sucrose density gradient
consisting of 10 ml of 2M sucrose in Medium B, and 10 ml of 1.5M sucrose

in Medium B and centrifuged at 75,000 x g (average) for 18 hrs. in
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FIGURE 4,ANALYTICAL ULTRACENTRIFUGATION PATTERN OF TOTAL
RIBOSOMES OF LIVER.

The ribosomes were in medium B,pH T.5. Picture
taken at bmin after reeching speed of 40,000 rpm,
temperature 20C. The schliern engle vas 60.

Direction of sedimentation is from left to right.
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FIGURE 5. ANALYTICAL ULTRACENTRIFUGATION PATTERN OF PURE TOTAL RIBOSOMAL
PREPARATION FROM LIVER

The ribosomes were in NEB-2 buffer, pH 7.4. Picture taken at 4
=min after reaching speed of 45,000 rps, temperature 20°C. The schliern angle
was 60°. Direction of sedimentation is from left to right.
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(Rotor 50) a Becknan Model L-3-50 preparative ultracentrifuge.

The schenatic representation of fractions obtained from liver
(5,) after centrifugation through a dfscontinuous sucrose density gradient
(24, 1.54) in Becknan Nodel L-3-50 preparative ultracentrifuge is showm
in Fig. 3.

The fractions after centrifugation vere separated by Buchler
Densi-flow apparatus. To minimize the cross contamination the upper
and botton portion of each fraction was discarded. The rough ER and
smooth ER fractions vere pelleted at 15,000 x g by resuspending in
Mediun B and centrifugation,

Preparation of Buclei: The crude muclei (P,) were further purified by
the method of Chauveauet al. (200). The muclear fraction was purified
by thawing the pellet (P,), resuspending it in Nedium N, (0.35 M sucrose,
3 u CaCl,, 50 M Tris-HCL pH 7.2) underlayed with equal volume of
Mediun H) and centrifuging it for 15 minutes at 1500 x g in a Sorvall
refrigerated centrifuge. The supernatant was discarded and the pellet
vas resospenied in Mediua N, (2.4 M sucrose, 3w CaCl,, 50 M Tris-HCL pi
7.2) by gentle homogenization and ceatrifuged for 1 hr. at 50,000 x g
faverage) in Beckman Model 1-3-50 preparative ultracentrifuge using Rotor
40. The supernatant was discarded and the resulting white pellet was
suspended in distilled vater and represents the muclear fraction, The
nucled vere examined by phase contrast microscopy (using Carl Zeiss
Photomicroscope) and appeared to be free of contaminations as shown in

Figs. 6 and 7.

III. Marker Bnsynes: Tn order to estinate the purity of various rat
liver subcellular fractions, the following specific marker enzynes vere

assayed in isolated fractions: KADPE-cytochrome c reductase for rough



FIGURE 6. ISOLATED NUCLEI FROM RAT LIVER.

Liver nuclei were isolated as described in Methods, section
II. Suspensions in mediun H were examined under phase contrast optics

at 800K magnification vith Zeiss standard RA microscope.






FIGURE 7. ISOLATED NUCLEL FROM RAT KIDNEY.

Kidney nuclei were isolated as described in Methods, section
II. Suspensions in medium H, were examined under phase contrast optics

at 800X magnification with Zei

standard RA microscope.
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ER and smooth ER (201) and suceinate-dehydrogenase and glutamate dehydro-
genase for mitochondria (202-203).

BADPH-cytochrane ¢ Reductase: Activity vas assayed by measuring the
reduction of cytochrome ¢ at 550 o (201). The reaction mixture contained
50 X Tris-HC1 pi 7.4, 0.1 =M NADPH, 50 4 cytochrome c and subcellular

action containing approxizately 1 mg protein in total volume of 3 ml.
One unit is defined as the amount of enzyse which causes a change of 0.01
Agg, per minute.
Suceinate Dehydrogenase: Activity was deternined by measuring the re-
duction of the dye fodoneotetrazolim at 490 ma (202). The reaction
mixture contained potassium phosphate buffer, 0.25 M pl 7.4, sodium
suceinate 0,25 M, fodoneotetrazoliua 0.5% - 0,01 ¥ EDTA ané subeellular
fraction containing approximately 0.5-1 mg protein in total volume of 1
al. One unit is defined as the amount of enzye which causes a change
of 1 Aygq per 15 minutes.

Glutauate Dehydrogenase: Activity vas deternined by measuring the oxi-
dation of NADH at 340 nm (203). The reaction mixture contained triethan-
olamine buffer, 50 u pH 7.4, NADH 0.19 =M, ADP 0,95 m, amonium sulfate
50 =M and subcellular fraction representing 0.5 mg protein in total
voluse of 3 ml. The mixture was incubated for 15 minutes at 37°C and
blank was measured, 10 =M of 2 - oxoglatarate was mixed and the actual
Tate vas seasured. One unit of enzyme is that amount which causes a
change of 1 Ay, per minute.

IV. Sucrose Density Gradient Analysis of RiA from Subcellular Fractions:
RNA from subcellular fractions wes extracted by the cold phenolsodiua

dodecyl sulphate method (204) 24 hours after injection of 1*C-orotic
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acid. The frozen fractions (polyscmes, ribosomes, rough ER and smooth
ER) were suspended in 10 2} sodium acetate buffer pil 5.1. To this sol-
ution vas added sodiua dodecyl sulphate (final concentration 17) and
cold redistilled phenol (2 vol. of a water saturated solution to 1 vol.
of suspeasion). The mixture vas centrifuged at 16,000 x g for 30 minutes

in a Lourdes refri, d centrify After the aqueous

upper phase was removed with a pasteur pipette and stored on ice. Equal
voluse of acetate buffer (p 5.1)vas added to the remaining underlayer and
the mixture was recentrifuged for 15 minutes. The aqueous phase was re-
extracted with sodius dodecyl sujjhate and phenol as above. The aqueous
phases vere pooled and the RNA was precipitated with 2 vol. of cold 951
ethanol and collected by centrifugation. The RNA was dissolved ina
solution containing 5 mM Tris-HCl, pH 7.2, 50 X NaCl and 1 mM EDTA.

The resulting solution vas layered over a linear 5 to 20% sucrose gradi-
ent containing 5 = Tris-HCL pH 7.2 and 50 uM NaCl and centrifuged (SW

27 rotor) at 27,000 rpm for 16 hours at 0° in a Becknan Model L-3-50
preparative ultracentrifuge. The gradients vere analyzed by upvard éis-
placement with 40% sucrose and the absorbance of the gradient at 260 ma
onitored using an ISCO odel D automatic density gradient fractionator.
Fractions of 0.8 - 1 ul vere collected directly into scintillation vials
for radioactivity determination.

(v) Isolation of DA from luelei and Mitochondria: DNA from muclei and
mitochondria vas isolated and purified by the methods of Drews and Braver-
man (86)3 (205) and Cross et gl. (206), with the following modifications.
Tissue nuclei vere suspended in a buffer solution (0.1 ¥ Tris-iCl, pi

9.5, 0.5% sodim dodecyl sulphate) 4 tizes the original weight of tissue.
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The viscous suspension was stirred with an equal volume of water-saturated
phenol for 60 minutes at 0-4°C. The resulting mixture vas centrifuged at
10,000 x g 1n a Lourdes refrigerated centrifuge and the aqueous overlayer
was separated with a pasteur pipette. This aqueous phase vas re-extracted
with phenol and the DNA was precipitated by addition of 0.1 voluse of
107 NaCl and 3 vol. of cold ethanol. The fibrous precipitate was freeze-
dried and dissolved in 0.1 ¥aCl and the resulting solution vas incu-
K_.{:zul at 37° for 30 minutes with RNase (20 yg/ml). The enzyme was then
m?‘tnam with phenol. The aqueous phase was further deprotein-
ized by chlorofora-amyl alcohol (6:1, v/v) treatment. The DNA was again
precipitated with ethanol, dried and stored at -20°C.

Mitochondrial samples were thaved and solubilized in cold 1%
sodium deoxycholate. After standing for 10 minutes at 0-4°C, DNA was
precipitated with cold perchloric acid (final concentration, 0.5 X). The
precipitate was vigorously dispersed with a Vortex mixer and collected
by centrifugation at 1000 x g for 5 minutes. The pellet was extracted
three times more with cold 0.5  perchloric acid, and then further re-
extracted successively at room temperature with 951 ethanol, ethanol-
chloroforn (3:1, v/v), nd ethanol-ether (3:1, v/v). The pellet was
dissolved 1n 3.0 ml of 0.3 ¥ KOH and incubated at 40°C for 2 hours to
hydrolyze RNA. After cooling the sample to 0-4°C sufficient cold 2 X
perchloric acid vas added to meutralize the KOH and bring the acid con-
centration to 0.5 M. After vigorous shaking the precipitate was extracted
twice more with 0.5 M perchloric acid. The pellet was resuspended in
221 of 0.5 M perchloric acid, incubated at 90°C for 15 minutes, cooled
and centrifuged as described above. The supernatant vas resoved, stored

at ~20°C and used for radfoactivity determination,
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(vi) Prepavation of Eistones and Nonhistone Proteins from Kidney Muclear
Fraction: Kidney chromatin, histones and nonhistone (acidic proteins)
wers prepared by a modification of Paul and Gilmour (207), and Splesberg
and Hadlica method (208). The procedure is shown by a flow sheet in

Fig. 8,

(vii) Aggregate RIA Polymerase Assay: Both Mg?* and %o/ (NE,) S0, ~acti-
vated RNA polymerase (forms I and II, respectively) reactions were studied
1n isolated nuclei.

The incubation mixture for the g2+ activated RNA polymerase
reaction contained (in a final voluse of 0.5 ml): 50 ymoles Tris-HCL (B
8.2 at 25°C); 4 ymoles Cleland's reagent; 5 ymoles MgCl); 0.05 jmoles each
of GT?, CTP and UT?, 1.0 ymole ATP, 2 4Ci 3-UTP and nuclear suspension
representing 50-200 yg DNA. The reaction mixture for Ma?*/(,),S0,-
activated polyserase was similar to Mg?* - containing assay mixture, except
that 2 ymoles of MaCl, and 250 umoles of (W,),S0, pH 7.5 were substitited
for HgCl,.

In both cases the reaction was initiated by the addition of
melei. After incubation for 15 minutes at 37°C, the reaction vas ter-
minated by placing the tubes in chipped ice, followed by inmediate
addition of 5 ul of 102 (w/v) trichloroacetic acid. The acid~insoluble
materizl was collected on Whatnan GF/C filters, wiich vere then vashed
three tines with 10 ml of 5% trichloroacetic acid containing 0.05¥ sodium

and once with 3:1. The filters vere dried

under an infra-red lasp and radioactivity vas counted in a liguid
scintillation counter using 10 ml of Bray's solution (222).



T

FracTionaTion o Kinvey liciem FracTion

(. sTeps i aur AT 00
KIDEY MOED
st Twice Wik 0134
Hele0.0M TrisHOL (7.5
USNG CENRIFUSATION
10,000 x 6 For 15 mn)
Peuer
SUSPBD IN DISTILLED WATER
D CENTRIFUSE GENTLY
(000 x 6 Fer 10 mMin,)
Peer
ResuspB0 N WATER AD.
CENTRIFUSE GOMTLY
Q000 x 6 For 10 win.)
UroaTin
Bxracr mice wirh 0.2 Sty
Bwact Tice Wi @00 x & For 15 kN,
Ll
e
Peuer Supmuranr (Hisrones)
(DutHON-HISTONE PROTEINS)
Baacr wirH 011 MK
@500 x 6 Fr 10 pam.)
PeLLer SuPERuATANT

(o) (GN-HISTONE ACIDIC FROTEINS)



As-

(vi4i) Quantitative Solubilisation and Puvification of RIA Polyneras

from Rat Kidney: To distinguish the effects of aldosterone on template

DNA or RNA R vere solubilized

and purified from normal, adrenalectomized, and adrenalectomized plus
aldosterone treated rats. The techniquesof Sajdelet al. (100) and Roeder
and Rutter (209)were used with some modifications. Tissue muclel vere
isolated by the one step procedure of Busch et al. (196). The muclei
were then suspended in 100 mM Tris-HCL buffer pi 8.9 containing 25 m
KC1, & oM magnesiun acetate, and 1 =M Cleland's reagent (1.5 ml of buffer/
§. wet wt. of tissue). The nuclel were Iysed by homogenization using &
teflon-glass hosogenizer. The lysed mclel were then incubated for 20
minutes at 30°C with gentle shaking. Glycerol was added (final conc. 301
v/v) end the shaking continued for another 5 minutes. The homogerbus
mixture was then centrifuged at 100,000 x g for 30 minutes at 4°C in a
Becknan Model L-3-50 preparative ultracentrifuge using rotor 50. The
supernatant obtained after cemtrifugation was filtered through four layers
of cheese cloth which vas previously washed with buffer. The filtered
supernatant contained 80-90% of RNA polymerase activity and mo DVA. The
solubilized enzyme was precipitated with amsonium sulfate (0.4 g/ml) and
stirred at 4°C for 1 hour. The mixture was then centrifuged at 105,000
x g for 1 hour. The precipitate was suspended in 50 =M Tris-EC1, pH 7.9,
251 (v/%) glycerol 5 = ¥gCl, , 0.1 =M EDTA and 0.5 s Cleland's reagent
(TQMED) and dialyzed for 8 hours against the same buffer. The dialysate
was subjected to DEAE-A 25 Sephadex chromatography as follows:

DEAE-A 25 Sephadex was suspended in 30 volumes (w/v) of dis-
tilled vater, titrated to pH 7.8 with 1 N Tris-Hydroxide and alloved to

swell for 24 hours. The slurry was then washed 3 times with 30 volumes
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of 0.5 ¥ amoniun sulfate (pl 7.9) by settling and decantation procedure,
and equilibrated with TGMED buffer containing 0.05 ¥ amoniu sulfate.
Colums of 0.9 x 15 ca (Sephadex column K 9/15) were packed with the final
slurry and a further 5 bed voluans of TGHED containing 0.05 ¥ amsontum
sulphate vas alloved to run through. Solubilized enzyme preparations
containing 4-10 mg/ul protein vere placed on the colum and eluted with
linear ammonium sulfate gradients (0.1 to 0.5 ¥) in TGED buffer. The
flow rates were approxinately 0.4 ml/ca?/uin. The enzyme preparations were
passed through(0.6 x 25 cm)Sephadex G-25 (aedim) equilibrated with 0.05
M Tris-HCL, pH 7.9, 25% glyceral (v/v), 0.5 u Cleland's reagent. This
procedure removed the metal ion (Mg?*) and most of the salt. In experi-
meats where it was necessary to concentrate the eazyme activity, the
fractions in each pesk were cosbined and concentrated by pressure ultra-
filtration through Diaflow W20 E membranes.
Asoay for Solubilized RUA Polynerase: The standard asssy mixture for
polynerase I reaction contained the following reagents in total volme
of 500 ul.

50 ymoles Tris-Hel pH 7.9

4 ymoles Cleland's reagent

0.05 ymoles each of, ATP, CT?, CTP, and UTP

2401 3H-UTP (ethanol-free, .04 Ei/m M)

5 ymoles ¥gCl,

10 ymoles phosphoenol pyruvate

20 ug pyruvate kinase (20 ul desalted enzyme suspension)

50 yg Calé-thymus DNA (Native)

50 ul of enzyme solution
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The reaction mixture for polyserase II vas similar to I, except
that 2 ymoles MnCl, and 250 ymoles of (NH,),S0, were substituted for ¥gCl,.
The rest of the procedure vas sinilar to that described for aggregate RNA
polymerase assay in section VIL.

(iz) Analytical Methods: Proteins were determined by the method of

Lowry et al. (210) using bovine serus albunin as a standard. DNA was
estinated by the method of Burton (211) using Calf-thymus DNA as & stand-
ard and RNA by the method of Schneider (212) using yeast RNA as & standard.
(z) Isolation of REA and Determination of Radicactivity: The WA from
each subcellular fraction was isolated by a modification of the Schaidt-
‘Thanshauser method (213) as described by Menzies, et al. (18). The R¥A
content was deternined by both ultraviolet absorption and the colorimetric
orcinol method (212). Aliquots vere couted in an Intertechnique liquid
scintillation counter using Triton-X-100/toluene scintillation fluid.

(0.1 g of 1, 4-bis [2-(5 phenyl oxazolyl)] benzene, 5.0 g of 2, 5-diphemyl
oxazole, 330 al of Triton-X-100 and 667 ml of toluene per liter). The
count rate was corrected to dpm by internal standardization with !“C-toluene.
The counting efficiency was 85-901. Specific activity is expressed as

dpm per Ay _ unit; that s, an sbsorbancy of 1.0 at 260nm in 2 l-ca
light path. The toral RNA content of various fractions was not deter-
mined because of the difficulty of obtaining absolutely pure fraction in
1001 yiéld. The objective of the experiment (8o study’turnover rates) can,
however be accomplished by deternination of specific activity and does

not require knowledge of the RNA content of the fraction.

(xi) Statistical Amalysis of the Data: The RNA turnover data vere sub-
jected to statistical analysis for linear regression. ALl calculations

vere done on an T 1130 computer, or I8H 370 cosputer. Two types of
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tests to distinguish differences in slopes (k') were applied as outlined
by Steel and Torrie (2#4) (1960, page ¥o. 171 and 173). The values of the
957 confidence linits on k' are shown in the Tables VII-VIIL. This value
1s the one most comonly found in the literature and allows a rough test
of significance at a glance. However, vhere &ifferences between slopes

were suggested by the data, the zore rigorous t-test vas applied.
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EXPERDMENTAL RESULTS

(1) Purity of Frastions: The degree of cross contamination among rough
ER, smooth ER and mitochondria in both kidney and liver was deternined
from the distribution of the marker enzymes (Tables V and VI). It was
found that cross contamination betveen the mitochoniria and the rough B
and smooth R respectively was less than 1%, but the possibility of con-
tanination between rough ER and smooth ER could not be ruled out.
Bloesendal 6t al. (199), hovever, have shown by electrommicroscopic
studies that rough ER and smooth ER prepared by this technique are not
cross contaminated. The results Wifh marker enzymes are in agreement with
reports in the literature (215-216). The purity of total ribosomes was
deternined by model E-amalytical ultracentrifuge studies as described in

Methods. Purified polysomes showed two major peaks (monomers and dimers)

and minor peaks (trisers, tetrase:
gradients (Figs. 9 and 10).
(2) Chavacteristics of Rlids on Sucrose Demsity Gradients: RNA from rat

etc.) on linear 10-341 sucrose density

Iver riboscaes, free polysomes and rough ER of normal and adrenalectomized
rats showed a typical well-defined sedimentation pattern of 285, 188 and
58 peaks (Pigs. 11 and 12). RNA from the smooth ER, unlike rough ER showed
the sedizentation pattern of 285, 185, 115 asd 4 pesks (Fig. 13). RN

fron kidney fractions shoved a sinilar pattern except smooth iR, which

shoued 285, 185, 95 and 4S peaks (Figs. 14-16). The 95 and 11S ~.. species
of RNA are not present in the ribososes or rough IR and it seems that it
does not arise from 285 or 185 RNA by degradation since its specific
activity (counts/min/ag RNA) after 24 hours of labeling differed from
other RNA species. This type of RNA in smooth IR has also been reported
by King and Fitschen (217). The precise nature and function of this RNA

species in unknown.
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FIGIRE 9. SUCROSE DENSITY GRADIENT PROFILES OF POLYSCNES OF NORMAL AT KIDKEY.

DLt palviom smpoetar comalnin o tital of 5 optical dun-
i over 30 =1 linear (10-34%) sucrcse density gradfeat
Containing 3 TeiochcL, g 7.0, 25 i KL and 5 21 HgCl, . The tubes vere -
centrifuged at 27,000 rpn for 23 hours at 0°C in a SN 27 Totor of the Spinco
preparative ultracentrifuge. At the end of the run, the Aygy of the gradient
vas monitored continwously froa the top using the ISC0 sutoaatic gratient
amalyzer. T, top. 3, bottom.
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FIGURE 10. SUCROSE DENSITY GRADIENT PROFILE OF POLYSONES OF ADRENALECTOMIZED
RAT LIVER,

Tvo nl of polysonal suspension containing a total of 30 optical
density units vere layered over 30 ml linear (10-36%) sucrose density gradient
containing 5 u Tris-HCL, pH 7.4, 25 ml KCL and 5 o NgCl). The tubes vere
ceatrifuged at 27,000 rom for Zs hours at 0°C in a SW 27 fotor of the spinco
Preparative ultracentrifuge. ¢ the end of the run, the Ay of the gradient

vas monitored continyously £rom the top using the ISCO autiastic gradient
analyzer. T, top. B, bottoa.
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FIGURE 11, SUCROSE DENSITY GRADIENT PROFILES OF RAT LIVER TOTAL RIBOSOMAL

A LABELED 7 vivo.

The ENA from ribosoal fractions of normal and adrenalectomized rats
were isolated by cold phenol sodium dodecyl sulfate method and layered over a
Linear (5-20%) sucrose density gradient containing 5 m Tris, pH 7.2, 50 uM
NaCl and 1 M EDTA and centrifuged at 27,000 rpm for 16 hours at 0°C. Approx-
inately 40 optical density units vers put on the gradient, For details, see
"Methods" section IV. T, top. B, bottom.

Normal rats: Absorbance - - ---- - - -~
Counts per mimte O———O
Adrenalectonized rats: Absorbance - .- -
Counts per minute G——~@
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FIGURE 12, DENSITY GRADIENT PROFILES OF ROUGH ENDOPLASMIC RETICULUM RNA OF
ADRENALECTOMIZED RAT LIVER LABELED in vivo.

The RNA vas isolated after 24 hours of labeling by cold phenol
sodium dodecyl sulfate method and layered over sucrose density gradient con-
taining 50 mM NaCl, 1 =M EDTA and 50 =M Tris-HCI, pH.7.2.and centrifuged at
* 27,000 rpm for 16 hours at 0°C. Approximately 35 optical demsity were put

on the gradients. For details see "Methods" section IV. T, top. B, bottom.
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FIGURE 13: SUCROSE DENSITY GRADIENT PROFILES OF SOOTH ENDOPLASMIC RETICULUM

RNA TABELED in vivo,

The RNA from smooth ER fractions of normal rat Iiver was isolated
by cold phenol sodium dodecyl sulfate method and layered over a linear (5-20%)
sucrose density gradient containing 5w Tris, pH 7.2 and 50 m NaCL sl Lo
EDTA and centrifuged at 27,000 rpm for 16 hours at 0°C. Approximately

optical density units vere applied on the gradient. For details, see "Het\wds"
section IV. T, top. B, bottom.
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FIGURE 14, SUCROSE DENSITY GRADIENT PROFILES OF KIDNEY TOTAL RIBOSOMAL

RNA LABELED in vivo.

The RNA from ribosomal fractions of normal and adrenalectonized
rats was isolated after 24 hours of injections by cold phenol sodiun dodecyl
sulfate method and layered over a linear (5-20%) sucrose density gradient
containing 5 @M Tris-EC1, pH 7.2, 50 o NaCl and 1 m EDIA dnd centrifuged at
27,000 rpu for 16 hours at 0°C. Approximately 30 optical demsity units were
put on the gradients, For details see "Methods" section IV. T, tap, B,
botton. ?

Normal rat kddmey: Absorbamce - —— -— — — —

Counts per minute @8
rat kidney: Absorb:

Counts per minute [F—1J
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FIGURE 15, SUCROSE DENSITY GRADIENT PROFILES OF NORMAL RAT KIDSEY ROUGH

ENDOPLASHIC RETICULUM RNA LABEEED in vivo.

The SNA was isolated after 24 hours of injection by cold phemol
sodium dodecyl sulfate method and layered over a Tinear (5-20%) sucrose den-
sity gradients containing 5 mM Tris-EC1, pH 7.2, 50 wM NaCl and 1 mM EDTA and
spun at 27,000 rpa for 16 hours at 0°C. Approximately 25 optical density units
were gpplied on the gradient. For details see "Methods” section V. T, top.

B, bottoa.
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FIGURE 16, DENSITY GRADLENT PROFILES OF SMOOTH ENDOPLASMIC RETICULUM RNA OF
HORMAL RAT KIDNEY LABELED é71°vivo.

The RNA was isolated after 24 hours of injections by cold phenol
sodiun dodecyl sulfate method and layered after sucrose density gradient con-
taining 5 o Tris-HCL, pil 7.2, 50 mM NaCl and 1 M EDTA and centrifuged at
27,000 rpa for 16 hours at 0°C. Approximately 20 optical density units vere
put on the gradfents. The sedinentation constants of 9-10 peak was confirned
by model E Analytical ultra centrifuge run at 20°C. T, top, B, bottom.

Absorbance

Counts per minute @——@
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In all cases, the large 285 accounted for more than S0% of the
total ENA, the 185 represented about 35% and about 151 of RNA was of low
soleculsr veight suggesting no RNA degradation during isolation.

(3) Effect of Advenalectomy on BNA Turnover in Kidney and Liver:

(i) Pattems of BEA Turnover: The turnover rates of RiAs in the various

subcellular fractions, namely nuclei, mitochondria, rough ER, smooth R,

free polyscaes, total ribosomes and sRNA (lov molecular weight RNA) of

nornal and adrenalectonized kidney and liver are shown graphically in

Pigs. 17 and 18 and in Tables VI and VIIL, The logarithn of the specific

activity (dpn/A,q,) is Linear with time in all of the plots. The pattern

conforns to a randon degradation model in all the subcellular fractions
and s consistent with a homogerbus compartment with respect to degrada-
tion rate., Thus, all of the patterns fit the single exponential removal
nodel:

A=A &' ... (s described 1a Experizental design)

Vhere A and A are the specific activities at tine ¢ and zero
respectively. In all tises k' represents the apparent decay constant
which takes into account scme possible restilization of labeled precursor

(195). The possibility of substantial reutilization, hovever, can be

elimtnated for the folloving reasoas:

(2 Alsost o free labeled pyrimidine nucleotides vere detected one
week after initial injection of *C-orotic acid. Some of the
1abel found in this pool wes associated with various mucleotide
cofactors such as uridine diphosphate glucose etc. (218)

®) It is possible that label may be reincorporated through paths
other than pyrinidine mucleotides. That is, after degradation

of the pyrimidine ring, label may also be recycled through purine



-61-

casarase oraronds sua vy 'y saoun ¢, 5%

ponkrous 200 - vu we

THwIou YAYA PUIvducs SV (50°0 > d) EIDUISIFIP WOSTIFUIFS 4

= %) ozez saya 3w Aararase Srzveeds ews =7 v

-3 sapa 3w

v wu o o “x0do wous
€5ty ez ss10°0 7 oo pozpmorzaTLuSIPY wiue
0y zze 50070 F  0v0 Teezon
v v o “10d0 wrus
09 oy 91070 3 poryuoroaTRUOIPY womosoary Te301
Ty vzey os00°0 = Teaox
s onse 10070 3 +390do meus
b saez €000 3 Poror08TVUIBY. newoskroq
s sese 6000 = Tomion
€09 2962 bet0'0 ¥ ¥z Waceay
€05 oc6z 95000 %
867y onz 600 3
9 959z sot00 3 ¥3 oy
ers ouse oo
8es o6z 690070 3
e 99z 96000 rapuousoIH
B vesz 6000 =
e 008z 520070
£z:6 oesT 600-0 ¥ sotonn
e sz w0 3

Pl sy B dnoxn Temyay [en—

(stva) wsuspyzues

ST Aaayase 56 7

. o337o0ds
TR

+3030680 OFTT-REX BuFen (y1z) SFiIey g w35 £q PoqrIoesp we pesTTNITVE
930m S3FSFT 39USPTIUG 266 IFOUI pUw (,X) SIEIeUoS Aeowp Iuozeddy




FIGIRE 17. DECAY OF THE SPECIFIC RADIOACTIVITY OF RNA FROM NORMAL AND

ADRENALECTONIZED RAT KIDNEY.

Each data point represents an individual animal, The re-
gression lines were calculated using all of the points. The folloving
fractions vere isolated and specific activity deternined as described
in "Methods" section X.

a. meclear BA; b. mitochondrial RNA; c. rough endoplasmic RNA;
d. smooth endoplasmic RNA; e. polyscmal RNA; f. total ribososal

RA; g, soluble RNA,

NOR, normal; ADX, adrenalectomized; R, endoplasmic retiéuluwm.
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FIGURE 18. DECAY OF SPECIFIC RADIOACTIVITY OF RNA FRON NORMAL AXD
ADRENALECTOMIZED RAT LIVER.

Each data point represents an individual aninal. The
regression lines were calculated using all of the points. The follow~
ing fractions vere isolated and specific activity deternined as described
in "Methods" section X.

a. muclear RNA; b. mitochondrisl RiA; c. rough endoplasmic reticulum
BNA; d. smooth endoplassic reticulum RNA; e. polysomal RNA;
£. total ribosomal RNA; g. soluble RNA,

NOR, normal; ADX, adremalectomized; ER, endoplasmic reticulum.
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nucleotides such as adenosine monophosphate and guanosine mono-
phosphate. Menzies et al. (19), however, could not detéct label
1n any of these nucleotides; therefore, this possibility would
seen unlikely.

(O] Bucher & Swaffield (21) have presented evidence that the nucleo-
tde pool (cytidylic and uridyitc/Seed) over rapldly. A turmover
half-1ife of the order of minutes vas reported by these authors.
When this is compared to the half-lives for most fractions evalu-
ated in this study, it is clear that recycling is negligible.

@ Reutilization of label via DA in nuclear and mitochondrial RNA
is possible but in view of the above argusents,and in

consideration of the number of reaction steps imvolved in the
conversion of deoxyribonucleotides to ribonucleic acid precursors
this possibility is unlikely. Additionally, no lsbel in DNA
isolated fros liver and kidney nucled and mitochondria vas de-
tected suggesting reutilization is negligible.

@ Tissue samples (stored at -20°C) vere fractionated and analyzed
within 30-60 days. The possibility of differential hydrolysis
of labeled RNA during storage at ~20°C as a result of endogenous
ribonuclease activity vas ruled out by the observation that the
specific activities (tlpu/A“m- unit) of various subcellular
fractions from normal and adrenalectomized rat kidneys, prepared
after 24 hours and after 3 months of storage at ~20°C, varied less
than + 3% in all BNA fractions from both the groups (Table IX).
The apparent decay constant k' and its 957 confidence limit, the

zero tise o nitial specific activity (A) and the turnover half-life (c%)

for each fraction have been summarized in Tables VII and VILL.
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(i4) Effects of Adrenalectomy: Tables VII and VIII and Figures 17 ands18
reveal that adrenalectony significantly decreased the turnover rates of
RNAs in nucled, mitochondria and total ribosomes of kidney and nuclei,
mitochondria, rough IR and free polysomes of liver respectively, Other
fractions in both tissues shoved similar tendencies, although in these
cases the changes vere not statistically significant. It is also apparent
fron the Tables VIT and VIIL that sham-operated animals shoved similar
turnover rates to those of normal intact ones.

Slover turnover rates in adrenalectomized aninals suggest a
slover synthests of RNA (steady-state approximation). This is also con-
sistent with the lov initial specific activity (A ) which reflects the
initial net synthesis of RNA (Tables VII and VIII).

(4) Effects of Adrenocortical Hormones on RVA Turmover in Kidney and
Iiver: Daily injections of appropriate adrenocortical hormones reversed
the effects on RNA turnover rates in all the subeellular fractions (Tables
X and XI and Pigs. 19 and 20). It is seen from Teble X that the effects
on turnover rates vere reversed in kidney by the daily injections of al-
dosterone (5 yg/100 g body wt.), or deoxycorticosterone (100 yg/100 g

body wt.), however, daily injections of corticosterone (the rat's main

(2 mg/100 g) or (2 mg/100 g body wt.)
vere without effects. These results suggest that the effects on turnover
rates in rat kidney are specific to mineralocorticoids.

Teble XI shows that daily injections of cortigosterone and
hydrocortisone reversed the effects of adrenal depletion on RVA turnover
in lver and daily injections of aldosterone were without effects. This

also suggests the tissue specific effects of glucocorticoids in liver.
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FIGURE 19. DECAY OF SPECIFIC OF RNA FROM

PLUS HORMONE TREATED RAT KIDNEYS.

Each data point represents an individual animal. The re-

gression lines vere calculated using all of the points. The following

fractions vere isolated and specific activity deternined as described

in "Nethods" section X,

a. moclesr BMA; b. mitochondrial RiA; c. rough endoplasic reticulm
RNA; d. smooth endoplasmic RNA; e, polysomal RNA; f. total

riboscsal RA; g. soluble RNA,

ADX + A0,  Adrenalectomized plus aldostercme treated.
ADX +DOC. Adrenalectomized plus deoxycorticosterone treated.

R, Endoplasnic retioulun.
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FIGURE 20. DECAY OF SPECIFIC OF RNA FROM

PLUS HORMONE TREATED RAT LIVERS.

Each data pofnt represents an individual anisal, The re-
gression lines vere calculated using all of the points. The folloving
fractions were isolated and specific activity determined as described
in "ethods" section X,

a, nuclear RNA; b. mitochondrial RNA; c. rough endoplasmic RNA;

4. ssooth endoplasmic reticulum RNA; e. polysomal RMA; f. total
ribosozal RMA; g. soluble RNA.

ADX + Cortic, Adrenalectomized plus corticosterone treated.

ADK + yco.  Adrenalectomized plus hydrocortisone treated.

-8 Endoplasaic reticulus.
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(5) Aggregate RUA polynerase Activity: Most of the RNA polymerase activ-

ity 4s firaly bound to the DNA template and corresponds to an insoluble

complex which is called the "aggregate enzyne.” The assay is generally

perforned using whole nuclear fraction which contains both the enzyme and

the template,

(a) Characteristics of RNA polymerase Reaction in vitro.

The characteristics of RNA polymerase assay using rat kidney and
liver nuclel are shown in Tables XIT and KIIT respectively. It is
apparent that the reaction is dependent on DFA as template, divalent
cations, and ribonucleoside triphosphates ATP, GTP, UT? and TP,
Actinomycin D strongly inhibited both polynerase reactions in kidney
and liver. Rifampicin which is a potent inhibitor of bacterial RVA
polynerase (219) and of RNA synthesis in isolated rat liver mitochon-
iria had no effect on either of the polymerases reactions in both
kidney and liver, It is seen from the Tables XII and XIII that in-
clusion of g-amanitin in the assay system abolished the activity of
RNA polymerase II in both kidney and liver. A third RNA polymerase
(RNA polymerase IIT) has been reported in muclei from rat liver and
sea urchin (220) but solubilization and chromstography of kidney RNA
polynerase on DEAE Sephadex reveals only trace amounts of polynerase
III (sce section on purified RNA polymerase, page g5 ). It is hard
to predict, hovever, which assay system (I or I1) will include the
RNA polymerase IIT activity.

The data presented in Tables XIT and XITI demonstrate that dn-
clusion of Rlase in the assay systems results in decreased activity
suggesting that the product is RNA. Furthernore, vhen the product at

the end of the incubation period is treated with 0.2 M KOH for 2 hours
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at 37°C hydrolysis of the product resulted suggesting that the pro-
duct vas RNA.

Tables XIT and XIII also reveal that in both kidney and liver
the 1%/ (%,),50, dependent assay systen showed higher activity than
the Mg®" dependent that 1s, RNA polynerase IL shows more activity
than I
Effects of Advenalectamy on RIA polymerase systen:

The kinetics of precursor incorporation by both RVA polymerases
in normal and adrenslectonized kidney and liver (and also hormone
treated groups) is shown in Figs. 21 and 23. In all cases the incor-
poration is linear for 10 to 15 ninutes. The nonlinearity of the
reaction after 15-20 ninutes may be due to substrate depletion, pro-
duct nhibition, or destruction of enzyme or its subunits.

Adrenalectony caused a significant decrease in both RNA polymer~
ase activities in kidney. Enzyne I shoved about 64% decrease in its
activity and enzyme II shoved sbout 367 decrease in activity (Table
XIV). This decrease in activity leveled off within 5-6 days of
adrenslectony (Fig.'22). Adrenalectony also caused a marked decresse
in activity in liver. RIA polymerase I shoved a 637 decresse in the
activity following adrenalectony. Polynerase IT, however, did not
show any significant change n activity (Fig. 23 and Table XV). The
decrease in the activity leveled off within 4-6 days after operations
(Fig. 24).

Effects of Advenocortical. Eormones on the RHA polymerase Systen:

Aduintstration of aldosterone (5 g/100g body wt.) or deoycor-
ticosterone (100 g/100g body wt.) 3 hours before killing the rats

resulted in twofold or greater stimulation of both polynerases in
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FIGURE 21, KINETICS OF THE RNA POLYMERASE REACTION IN ISOLATED NUCLEI
OF RAT KIDNEY OF VARIOUS HORMONE TREATED ANTMALS.

The activities of RNA polymerase I and II were determined
as described in "Methods" section VII.

Each data point represents the mean of 4 replicate experiments.
Assays vere perforned in duplicate or triplicate. Duplicate assays
varied less than "% 2%.
Yornal @e—=_g
Adrenalectonized Q0
Adrenalectonized plus aldosterone treated (5 yg/100g body vt.) M8
Adrenalectontzed plus deoxycorticosterone treated (100 yg/100g body wt.) OO0
Adrenalectomized plus corticosterone treated (2 mg/100g body wt.) @-—0

The hormones were injected in ethanol-0,9% NaCl mixture three hours

before killing the rats.
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FIGURE 23 KINETICS OF KIDNEY RNA POLY/ERASE REACTION AFTER ADRENALECTONY (DAYS).

Each data represents the sean of 4 replicate experisents (assays vere
perforaed fn duplicate or triplicate as described in "Methods" section VII). Duplicate
assays vere varied less than 24,
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kidney (Fig. 21 and Table XIV). This stimulation continued throogh-
out the incubation perfod. Deoxycorticosterone, although infected
1n a dose 20 x than the aldosterone was less effective in stimulating
edther polynerase reactions than aldosterone. Administration of
hydrocortisone or corticosterone wad without effect in kidney
suggesting that the effects are mineralocorticoid specific. This
type of observation on corticosterone vas also made by Liew et al.
().

Table XV and Fig. 23 reveal that adainistration of hydrocorti-
sone or corticosterone stimulated RNA polymerase I in liver but poly-
merase I d1d not show any significant change in activity. Injection
of aldosterone or deoxycorticosterone were without effect in liver
again suggesting the tissue specificity of glucocorticoids or mineral-

The on effects of on RNA
polymersse T are consistent with the results reported by other imves-
tigators (100, 221). The data for corticosterone do - mot appear to
be avatlable 4n the literature.

Fine Course of RA Polynerase Stimulation by aldosterone in Xidney
and by Corticosterone in Liver:

Figs. 25 and 26 {1lustrate the tine course of the RIA polymer-
ase reaction after appropriate steroid hormone administration. It
is apparent fron the Fig. 25 that aldosterone had its naximm effect
after 2.5 hours of injections on both polymerases in kidney and there
15 virtually no stimulation of either enzyme during the first
hour. This is also consistent with the observations of Liew et al.
(111) who reported no stimulation of RNA polysersse during the First

tvo hours of hormone administration. This latent period of at least
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FIGURE 23. KINETICS OF RNA POLYMERASE REACTION IN ISOLATED NUCLEL OF

RAT LIVER OF VARIOUS HORMONE TREATED ANTMALS.

The activities of polymerase I(A) and II(B) were deter-
nined as described {n "Methods" section VII.
Each data point represents the mean of 4 replicate exper-
iments. Assays were performed in duplicate or triplicate. Duplicate
assays varied less than % 21.
507221, Gy
Adrenalectoni 26d QO
Adrenalectonized plus hydrocortisone treated (2 mg/100g body wt.) A—A
Adrenalectoaized plus corticosterone treated (2 mg/100g body wt.) [I=id

The hormones were injected in ethanol-NaCl mixture three hours before

Killing the anisals.
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one hour was also observed by Fisogaari et al. (I6) for RMA synthesis
and sodium retention, The significance of this latent period is un-
known. It is possible, however, that time course of formation of
sterold-protein complex in kidney may besslover process than other
tissues and thus, a latent period of ome hour may be required for
gene activation.

The situation for corticosterone in liver is differeat, It is
seen from the Fig. 26, that corticosterone had an effect on RNA poly-
merase I as early as 30 minutes after adafnistration,

RIA polymerase I was not affected significantly at any time
during the tise course.

In both tissues the effect of the appropriate hormone persisted
for at least 10 hours.

Bffect of addition of hormone on REA polymerase in assay syste
(in vitro):

¥hen aldosterone or deoxycorticosterone vere added directly to
the assay mixture, no stimulation of either enzyse was cbserved in
kidney nuclei (Table XVI). Similar observation was made with corti-
costerone in liver nuclei (Table XVII). In view of these observations,
1t 1s suggested that an appropriate hormone foras a receptor-cosplex
1n the cytoplasa which in turn moves to the muclei and stisulates
RNA polymerase. Such receptor molecule may have been lost during
isolation of nuclei or it may be present in an instgilficanttamotnts

Purification of RHA polymerase from kidney and effects of Aldosterone:

The results of steroid hormone stimalation of RNA polymerase

activity in kidney or liver (Tables XIV and XV) can be interpreted in terss

of either template or enzyme alterations. In order to discover the effects
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of aldosterone on enzyme or DNA template, the RNA polymerases were pur-
ified fron kidney nuclei of normal adrenalectomized or adrenalectomized
plus aldosterone treated anisals.

Fig. 27 illustrates the pattern of purified RNA polymerase from
rat kidney. It is appareat that kidney contains the multiple forms of
DNA dependent RNA polymerase, namely IA, I3, II and an extremely small
amownt of polyserase III. No claim has been made for their specific lo-
calization in the nuclei of rat kidney. Roeder and Rutter (34), however,
have reportedttheir localization in nucleoli and nwleoplasn respectively
(A, 1B in the mucleolus and II in the nuclear sap) in rat liver.

Fig. 27 reveals that there is no direct effect of adrenal hormone de-
pletion on either of the polynerases in kidney. It is seen from Fig. 27
and Table XVIII that purified RNA polymerases (IA, I3, and II) from adrenal-
ectonized, normal and adrenalectomized plus aldosterone injected animals
showed B0 apparent differences in activity vhen assays vere perforsed
using calf-thymus DVA. Table XVIII also reveals that approxisately the
sase percentage activity of RNA polymerases from all the three groups of
aninals (calf-thymus DNA template) were recovered. These observations
suggest that aldosterone probably acts on template in kidney rather than
on RNA polymerase.

To test this hypothesis, the polyserases vere purified from
another group of animals (adrenalectomized and adrenalectomized plus
aldosterone treated) and the activity was measured using DA from various
sources as shown in Table XIX. It is observed from the Table XIX that
DNA fron aldosterone treated rats acted as a better template, AlL three
purified enzymes (IA, TB and II) showed increases in activity vhen tesplate

was used fron the aldosterone treated animals. These observations suggest



FIGURE 27. RESOLUTION OF MULTIPLE FORMS OF RAT KIDNEY RNA POLYMERASE
BY DEAE-SEPHADEX CHROMATOGRAPHY .

Nuclei were {solated fron nornal, adrenalectomized and
adrenalectonized plus aldosterone treated animals. The Solubilized

enzyme preparation after dialysis (see "Methods" section VIII) was

applied to 0.6 x 15 cn column packed with DEAE-sephadex A,and equilib-
rated with 0.05 ¥ (¥,),50, in TMED. The enzyme activities were eluted
with linear gradfents of (NH,),80, (in TGMED). One ml fractions vere
collected and 50 y1 aliquots assayed . The activity is expressed as p moles
of126-0 incorporated dnto R Mg DNA/1S min.

T Indicates assay system for polymerase IL was used.

NoRMAL (]

ADRENALECTOMIZED @t

ADRENALECTOMIZED PLUS ALDOSTERONE TREATED Mt
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that there s a definite specific effect of aldosterone on DNA or on some

of its components (regulatory factors, histones or non-histone acidic pro-

teins). This is further underlined by the observation that kidney DNA

from corticosterone treated aninals acted only as efficiently s calf-

thynus DA (Table XIX).
To explain the dncreased template activity due to aldosterone

treatment four main possibilities can be ascribed:

(@ Hormone may be causing some chemical changes in the DNA.

®) Hormone may be causing some changes in physical properties of
the DA molecule.

© There nay be direct binding between hornone (or hornone-receptor
complex) and DNA. And probably this DiA-bound-hormone complex
survives ail the treatments that it received during the isola-
tion procedure and acts as a better tesplate.

@ The hormone (or hormone-receptor complex) may be modifying the
acidic proteins or histones or some other regulatory factors

that regulate tesplate activation.

Attespts were made in this study to test some of these possibilities

The possibility (b) of a simple physical change (micking)
was tested by preparing the DNA from combined kidneys of adfenalectomized
and adrenalectonized plus aldosterone treated rats. When RNA polymerase
was assayed using this DiA, an intersediate activity vas observed (zble
XX). Therefore, the possibility of greater "nicking" occurring in the
DNA molecule of aldosterone treated aninals than adrenalectonized animals
during work up procedure can be ruled out. Thus, the simle physical

change (nicking) is certainly not involved in template activation. Melting
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profiles and other physical properties of the hormone treated DNA were
not studied.

To gain sone nore infornation about possibilities (c) and (d),
experinents were perforaed to check the location or distribution (in DVA,
histones or non-histone acidic proteins) of !*C-aldosterone in kidney,
splesn, and liver.

Table XXI shows the percentage distribution of C-aldosterone
1n various fractions of kidney, spleen and liver. It is cbserved that
kidney nuclear DNA contained approxinately 2% of the injected radioactiv-
ity. When this is compared with liver and spleen it becomes apparent that
aldosterone binds specifically to the kidney nuclear PHA.

The protein content of purified DA vas 140 yg/mg DNA. Table
XKII shows the quantitative amino acid composition of the protein contam-
inating DNA. It is not clear which types of nuclear proteins (histones
or non-istones) are contaminating the DNA, since acid hydrolysis converts
the glutanine and asparagine into glutamic and aspartic acid and therefore
a clear distinction can mot be made. To overcome some of these problems
nore rigorous experiments imvolving fractionation of chromatin into DNA,
histones, and non-histone acidic proteins were perforned. The final prep-
aration of DNA vas treated with pronase to remove any contaminating proteins.
Proteins in this preparation were not detectable by the Lovry ot al. method
(210).

The results of % in

rat kidney chromatin fractions are illustrated in Table XXIII. It is
evident that purified DNA and mon-histone acidic proteins contained most
of the radioactive aldosterone 45 minutes after injections. Simultaneous

adninistration of spirolactone (20 yg/100g body weight) or deoxycorticosterone
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of 1% in Practions

of Adrenalectomized Rat Kidney
Liver and Spleen.

Homogenate  Cytosol ~ Mitochondria  Nuclel DA

Kidney (5)
Liver (3)

Spleen (2)

(% of injected 1*C-aldosterone* fuhole organ)

1% 10 0.40 2.4 166
bt bY) 0.10 15 0.02
9 7 0.05 0.8 0.00

Nusber of experiments are shown in parenthesis. Each value is an

average of 5, 3, 2 experiments respectively. 5 ug/100g of l‘c-

aldosterone (1 4Ci) injected intraperitoneally 45 minutes before
e

killing th

The tissues were fractionated and DNA was isolated

as described in Methods (section V), An aliquot of a fraction in
question vas solubilized in protosol (New England Nuclear Solublizer)
and radicactivity vas deternined.

* 1% is equivalent to 19,800 dpa.
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TABLE XXIT
Amino Actds Analysis of Proteins Kidney DA
Maino acid un/ag DNA
Aspartic actd 0.17
Threonize 0.09
Serine 0.16
Glutamic actd 0.22
Prolize 0.16
Glycine 0.27
Alanine 0.2
Valine 0.05
Methionine 0.06
Isoleucine 0.06
Leucine 0.16
Tyrostne 0.04
Lysine 0.16
Arginine 0.12
Histidine 0.03
Glutasine 0.00
Asparagine 0.00

2mg DNA was hydrolyzed in 2 ml of 6N HCL for 24 hours at 110°C under
vacuwm, The acid vas removed under vacuum dessication with NaOH and
the remaining sediment vas reconstituted with sodium citrate buffer
(9l 2.2). The sample vas run on a Becknan Model 121 amino acid
analyzer utilizing spherical sulfonated polystyrene DVB cross linked
resin. (Method of J. V. Benson and J. A. Paterson, (1965) Analytical
Biochemistry, 13, 265-289).




-97-

TABLE XXIII

Distribution of “C-Aldosterone {n

Adrenalectomized Kidney Chromatin Fractions

Fraction 14¢-Aldosterone
(dpm/kidney pair) @
Whole nuclei 31,200 £ 1,105 100
Chromatin 27,3%0 956 8
Histones 1,620 312 5
Non-histone acidic proteins 16,200+ 578 51
Purified DNA (pronase treated) 6,900 ¢ 152 2

1 4Gt of %C-aldosterone (5 yg/100g) was injected into adrenalectom-
1zed rats 45 minutes before sacrifice. Both kidneys vere fractionated
as described in Methods Section VI and radioactivity was determined.
Each value is an average of 4 experiments * SE.
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(100 yg/100g body wt.) resulted in @4 decreased recovery of radicactivity
fron the adrenalectomized rat kidney chromatin fractions. Table XXIV shows

the % inhibition of aldosterone binding to DNA and acidic proteins by
spirolactone and deoxycorticosterone.

Tvo main speculations can be presented to explain these results,

@ Kidney muclear DA acts as an acceptor for aldosterone o aldos-
terone-receptor complex and specific non-histone acidic protein(s)
deternines the specificity in target tissues.

(b)

Both non-histone acidic protein(s) and DNA play an active role

1n forming the template-horaone complex.

These observations make it ispossible to distinguish betveen
these two speculations.
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DISCUSSION

Signifieance of random vemoval model, appavent turnover constant (k')
@d initial specific activity (4)): In turnover experiments perforsed
in this study, a randca removal model vas assumed as described in Exper-
izental Design (Section C). The turnover data fit this model vell in
that a plot of the logarithm of the specific activity against tine vas
linear in all experisents.

The turnover constant (k') determined from the slope of the re-
gression curve (Figs. 17-20) reflects an average degradation rate of RNA
for the entire group of rats and the 95% confidence lmit suggests it is
a reliable aversge. In most of the experiments (Figs. 17-18 and Tables
VII and VIII) .. the 95% confidence limit deviates less than 5-10% of the
calculated k'. It is therefore possible to detect significant differences
between RNA turnover rates which vary by as little as this asount.

The use of "apparent” instead of an "absolute" turnover constant
(k' vs. k) takes into consideration the possible reutilization of labeled
precursor (195). That is, the shape of the decay or turnover curve will
ot be changed by the reutilization of the radfoactive precursor compon-
ent after it is released from the macromolecule by degradation. Only the
slope of the curve will change and thus the rate constaat, k, will be mod-
ified. Another factor that may contribute to an error in the estimation
of k is the persistence of label in the precursor pool. If the turnover
rate of precursor pool is not short as compared to the macromolecule
studled, both the initial precursor peol and contributions to this pool
by degradation will continually feed label back into the macromolecule.

This, however, vas discussed earlier (page €0 ) and it has been suggested
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that the problen of recycling is negligible, and it would therefore appear
that the apparent turnover constant k' is a good estimate of its "absolute"
counterpart, k.

The initial specific activity, A  (Tables VII-VIIL, X and XI)
or the zero time intercept obtained in all experinents by calculations
from the regression equations, may reflect the initial met synthesis of
R¥A as well as indieating the portion of total RNA synthesis concerned
with a particular sub-cellular fraction. This excludes, of course, any
rapidly turning-over RiA such as certain mRliAs that have half-lives shorter
than the earliest times of sampling, or too short to be detected by these
experiments.
ERA turnover in various subcellular fractions of mormal rat kidney and
liver: The turnover rates of total ribosomal, polysomal, and SRNA of
normal rat kidney and liver observed in this study are about the same as
those reported in the literature (17, 18, 223, 224). Ribosomes of both
tissues, although differing slightly (differences in 4} = 1 day) in kidney,
had about the same turnover rate as polysomes. Both fractions also shoved
identical RNA patterns, that is, 285, 185 and 5§ on linear sucrose density
gradients (Figs. lland14). These results are consistent with those of
Loeb et al. (225), Manganiello and Phillips (226) and Moule and Delhumeau
de Ongay (227) and suggest that there are mot intrimsic differences in
the patterns of RNA synthesis and degradation between the ribosomes found
in these tvo topographical states in the cell.

The turnover rates of 285 and 185 subunits have been reported
to be identical (223) to those of total ribosonal RNA and are in agreement

vith the turnover rates obtained in this study.
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The turnover rates of RMA froa rough ER, smooth ER and mitochon-
dria are new values obtained in this study for normal rat kidney and liver
and there are no literature vales availsble for these fractions. Hovever,
protein turnover rates in rough ER and smooth R are about the same (228~
229) as those of RNA reported in this study. The patterns of RA on
sucrose density gradients from rough ER of both tissues is similar to that
of ribosomel WiA. It is therefore suggested that rough ER does not contain
any other type of RA than ribosomal, The turnover half-life of RNA from
Tough IR, as expected, vas similar to that of riboscsal RNA. Hovever,

A from smooth ER of both tissues, while shoving half-lives similar to
those of ribosoaal and rough ER RA shoved sedimentation patterns on
sucrose density gradients with extra peaks of 115-add:95 in liver and
kidney, (Figs. 13, 16 and 10) respectively. Such a type of RNA in smooth
R has also been reported by other investigators (217, 230). These

authors have also suggested that this membrane RNA is probably related

to stable cytoplasaic messenger RNA. The precise functional role of this
RNA ds unknown.

Total mitochondrial R¥A of norsal kidney and liver shoved half-
lives ranging between 5.9 and 6.5 days. No attempt was made to fraction-
ate the various RiA species (rRNA, siNA, and tRNA) known to be present in
the nitochondria (231-233). The dtfference between the half-lives of
polyscaal and mitochondrial RNA in both tissues are not highly signifi-
cant, Possible cross contamination, hovever, is ruled out since mito-
chondria will not penetrate the 1.5 M sucrose layer (Fig. 2) whereas both
polysones and rough endoplasmic reticulum will, Furthermore electron

of brain prepared by jey to a bottom

layer of 1.2 M sucrose (198) showed very little contamination by rough
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ER and none by polysomes. In the present study, the provision of 1.5 and
2.0 M sucrose layers should have allowed these contaminants to pass on
through leaving pure mitochondria at the interphase of 1.2 and 1.5 M su-
crose. The possibility of other membraneous contaminants was not excluded,
but the RNA contribution of these is minimal.

The single exponential (Fig.17-1)pattern seen in both tissues
has been reported for a variety of other mitochondrial fractions (proteins,
DNA and phospholipids) although the half-lives are not similar to that
of RNA, That is, liver mitochondrial proteins, lipids and DNA have been
found to turn over with half-lives ranging from 8.5 to 11 days by most
investigators (206, 234-236), Swick et al. (237), have argued that most
of the reported results on the turnover of mitochondrial fractions are
clouded by the problem of reutilization especially in the experiments
where the essential amino acid leucine has been used as a source of radio-
active precursor. Additionally, the values found in this study for RNA
compare favourably with some protein components previously reported by
Beattie et al. (235a) but not with others (234-236), or DNA turnover
values (206).

From the above, it would seem that while certain "core" com-
ponents of the mitochondrion turn over as a unit, other components do mot.
Thus, as more mitochondrial components are studied, more diversity is
detected which weakens the unit turnover concept (Fletcher & Sanadi (236))

In both kidney and liver, nuclear RNA showed longer half-lives
(Figs.17-28)than any other type of RNA examined in this study. In fact,
this particular class of nuclear RNA is more stable than most cytoplasmic
RNAs. It is quite likely that the turnover experiments performed in this

study would not have detected the rapidly turning-over heterogerbus muclear
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RNA but would rather be a measure of the stable monodisperse nuclear RNA
(saRNAs). This mono disperse nuclear RNA consists of seven discrete
spectes of RNA ranging in size from 100 to 180 mucleotides. The nucleo-
tides are extensively sethylated. (238-240). The functions of suRNAs
are completely unknown at the presest time. Rein and Pemman (241) have
suggested that these RilAs probably perform some "general” function in
the cell nucleus, perhaps similar to the structural role of rRNA in the
ribosome (242).

Falure to observe a rapidly turning over component in muclear
RNA, however, is inconsistent with the result of Yoshikava et al. (243)
who suggested that two species of BMA, q) and q,, are rapidly synthesized
in the muclevs. q; had the size of 405 and base composition siailar to

TRNA whereas the q, vas 508 and its base composition reseabled DNA. These
authors (243) hypothesized that q, was the precursor of rRNA and q, vas

assumed to be sRNA. It is possible that these species of RNA may have been
lost during the centrifugation period. The differences in turnover rate

of muclear RA on ove hand and sREA, ribosomsl RMA and polyscsal RMA on
the other hand suggest that nuclear RNA has some intranuclear function.

Effects of adrenalectomy and of adrenocortical hormonee on RA turover

in kidney and liver: The data presented in this thesis (Tables VII-VIIT

and Figs. 17-18) reveal that KA of nuclei, mitochondria and total ribo-
somes in kidney and puclear, mitochondrial, rough ER and polyscmal RNA in
liver respectively showed significeatly (B < 0.05) decreased rates follow-
ing adrenalectony. Rough ER, smooth ER, polysomes and sRNA in kidney and
smooth ER, ribosones and sRNA in liver respectively also shoved the same

apparent trend, although in these cases the changes vere not statistically
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significant. This slover rate of RNA turnover reflects a lovered rate
of RNA synthesis since both the theoretical maximum or initial specific
activity (obtained by extrapolation) and the activity of RNA polymerases
are also decreased after adrenalectomy. These changes are not attributable
to cellular turnover since it has been shown that little or no cellular
turnover occurs in kidney and liver (244).

The administration of appropriate steroid horsones restored
these changes in both kidney and liver. The daily injections of corti-
costerone (rat's main glucocorticoid) O hydrocortisone reversed both
the turnover half-life (t%) and initial specific activity in various sub-
cellular fractions of rat liver. Daily injections of aldosterone were
without effects in liver. Several other imvestigators (3-5, 10-11) have

also that augaent the of radic-

activity from labeled precursors into hepatic BNA and it is quite possible

that increased radfoactivity in RNA truly represents an increased RNA syn- i
thesis. The increased turnover rates of RNA observed in this study are

consistent with these observations. That is, if the synthesis and degra-

dation of RNA in various subcellular fractions are in steady-state then

the incressed rate observed in treated animals

reflect increased RNA synthesis.

Alternatively Ottolenghi and Barnabel (245) have reported that
cortisone treated rats showed a decreased rate of micrososal RNA turnover
in rat liver. The éiscrepancy betveen their results and the results ob-
tatned 1n this study for hydrocortisone and corticosterone may be due to
(a) differences in the dose of hormone used, (b) sex of the rats, (c)
experinental methods employed and (d) the use of cortisone in place of
hydrocortisone or corticosterone.

It is suggested that steady-state conditions existed in the
adrenalectonized and norsal aninals, Under non-steady-state conditions
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one might expect faster turnover rates in adremalectomized rats. (This
1s because total RNA has been shown to be decreased following adrenal-
ectosy (15). The results cbtained in the present study are contrary to
this, showing a slower turnover in adremalectomized amimals. Any error
would therefore result in an underestination of the differences between
turnover rates in noreal and adrenalectonized aninals.

The and

Teversed the effects of adrenalectomy in various subcellular fractions
of rat kidney. Daily injections of corticosterone were without effect.

It 15 suggested from the above observations that the effects on
RNA turnover in liver are glucocorticold specific and in the kidney min-
eralocorticoid specific, This is also in agreement with the results of
RNA polyserase obtained in this study and by other investigators (111).
The data for aldosterone are consisteat with other reports which shoved
increased RNA synthesis in rat kidney after hornone adninistration in
adrenalectoized animals (13, 15). It is also of interest to mote that
aldosterone has been shown to increase ribonuclease activity in rat kidney
(148).

Ichil and Tkeda (246) found that adrenalectomy decreased turn-
over of proteins in mouse liver and also spleen and the effects were re-
versed by daily injection of hydrocortisone. These effects on protein
turnover are probably a reflection of decreased RNA turnover.

It is conceivable that steroid hormones may directly cause
changes 1n mitochondrial RNA synthesis and turnover, since sose of the
glucocorticolds have been found in mitochondria (247). This could also
explain the changes in mitochondrial protein turnover due to adremalec-
toay and glucocorticold adatnistration (246). The presemt turnover

results are consistent with these observations,
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Seketis and Lang (248) have shown the stimulation of messenger
a5 well as ribosoasl and transfer RNA by adainistration of hydrocorsisone
i rat liver. Since messenger RNA has @ half-life estinated less than one
day, vhich is considerably shorter than the half-lives of other RNAs ob-
served in this study, it is unlikely that it contributes to the observed
turnover patterns.
Effect of adremalectomy and of adremocortical hormones on aggregate RNA
polymerase in liver and kidney: The mamalian RHA polymerase is still
generally assayed as an "aggregate" enzyne (preparation consisting of the
polymerase tightly bound to deoxyribonucleo protein cosplex), The rat
kidney and liver muclei used in this study constitute a physiologically
relevant and excellent model system for studying the mechanism of steroid
hornone action as well as the regulation of polymerase activity in mashl-
1an cell muclel. Two types of RNA polymersse activity have been reported
in the literature (132), one requiring the presence of MgZ' and the other
¥4%/(m,),80,. Both types of reactions have been studfed in this report.
The Mg stimulated RMA polyserase (polymerase I) has been primarily showa
to stimlate ribosonal type (A - < 0.8) WA (269). The /w50, stin-
ulated RNA polynerase (polymerase II) has been primarily shown to synthesize
DNA like (g-) 1) RNA (249). The results of this study have demonstrated
that adrenocortical hormones do affest the activity of RNA polymerases
in kidney and liver. Hormone-stinulated alterations of RNA polymerase
activities have also been demonstrated in other eukaryotic orgamisas and
rat tissues (summarized in Table 3 in the Review of Literature page 9 ).

The activity of polymerase I decreased significantly in liver
folloving adrenalectomy whereas polymerase II was mot affected significantly.

Injection of corticosterone or hydrocortisone stimulated the polymerase I
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to a maximum level twice that of the control activity of this enzyme, 2-4
hours after hormone treatment. The activity vas maintained well above con-
trol levels at least up to 10 hours after horone adninistration (Fig. 26).
The differences betveen RMA polymerase activity I and IT suggest that the

regulation of nuclear plasuic enzyse (polymer:

11) may be independent of
nucleolar polymersse (enzyme ). The regulatory system for polymerase I
may be more sensitive to adrenalectomy and glucocorticoid treatment in rat
liver. The results obtained for the hydrocortisone effect in liver are in
agreesent with literature reports shoving significantly sore stimulation
of polyserase I than IT by glucocortieoids in rat liver (100, 101, 106,
221). Another report (250) suggests the sequential stimulation of poly-
merase I and polynerase II in rat liver by hydrocortisone administration.

Both and

were without effect on the RNA polymerase system in rat liver. Aldosterone
4 cause soae stimulation (but not significant) of RNA polyserase II in
liver. In the Mght of currently held views about steroid hormone action,
these observation may be explained by the presence of specific "acceptor”
sites on liver chrosatin for the hamologous-horaone complex which eshances
the activity for RNA synthesis. It has been shown (153, 163) that liver
contains most of the glucocorticoid-binding (receptor) proteins and no
receptor for aldosterone or deoxycorticosterone, and thus the first-step,
formation of steroid-horsone complex in liver may be limiting for miveral-
ocorticoids, On the other hand Sajdel and Jacob (100) have suggested that
bydrocortisone is an allosteric regulator of polymerase I in liver. Their
evidence for this, hovever, is not convineing, and their data could be

equally vell explained by the above hypothesis.
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The effect of mineralocorticoids on RNA polymerase in kidney: The dose

for was in the range (251-253) that is,
5 4g/100g body wt. for aldosterone and 100 yg/100g body wt. for deoxycorti-
costerone.

Unlike liver where only polymerase I was affected, both poly-

merases (I and II) showed significant (p < 0.01) decreases in activity

folloving of or

terone reversed these effects of adrenalectomy in kidney. The increase in
the activity of both enzymes suggests that the mechanism of ribosomal as
well as messenger RNA synthesis is stimulated by aldosterone in kidney.
Simultaneous stisulation after a lag period of at least 1.5 hour (Fig. 26)

was observed for both of was

without effect on either of the polyserases and it is interesting to mote
that hydrocortisone has a somewhat inhibitory effect on polymerase IT in
kidney as shown in Table XIV. Hydrocortisone also inhtbits RA polymerase
I and II 4n thymus (108). An inhibitory effect has also been reported on
precursor incorporation into RNA of spleen, thymus (254) and kidney (255).
These reports and the results obtained in this study for kidvey present
an example of a steroid hornone which has opposite effects on RNA polymer-
2se and RNA synthesis

As shown in Table XVI and Fig. 26 the effect of aldosterone on
the rat kidney polymerase systems shovs two moteworthy characteristics (a)
a lag period of 1-2 hours and (b) no effect on the RNA polymerase in vitro
systen (aldosterone added directly in the assay systes). These observations
suggest two possibilities. First, it is likely that aldosterone has an
effect at some other cellular level before RNA polymerase activity is stim-

ulated. This is possibly a slow formation of aldosterone-receptor complex
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in the cytoplasm of the cell. Secondly, the time required for gene acti-
vation may vary from tissue to tissue.

It 1s not known at this tine whether the stimulation of RNA poly-
merase by aldosterone in kiduey is mediated via changes in the activity of
BNA polynerase associated with a specific DNA template or whether it is
mediated via changes in the availability or structure (chemical or physical
modifications) of specific DNA template (genes). To explore this question
the enzymes were purified from hormone treated animals (Table XVIII) and
the activity was measured against several differeat sources of DNA templates.

1t is seen from the Table XIX that DNA from aldosterone treated animals was

more by the kidney than DNA from un-

treated or plus treated

animals. This suggests specific effects of a potent mineralocorticoid on

rat kidney DNA. The increased template activity of DA from aldosterone
treated aninals vas not simply due to the presence of nucleases which could
result in nicking occurring during the isulation procedure. This is shown
by the cbservation that template activity vas intermediate when the DNA was
prepared froa the cosbined rat kidneys (adrenalectomized and adrenalectomized
plus aldosterone treated) (Table XX). A more likely possibility is that
the isolated DA is still associated with nuclear proteins. The acid
hydrolystate of DSA revealed the presence of amino acids (Table XXIT) and
therefore the possibility of histones or other proteins contaminating DA
vas likely. This probles has been explored, at least in part, by studying
the binding or distribution of 1“C-aldosterone in renal chromatin fractions.
The results presented in Tables XXI and XXITLsuggest the involvement of

DNA as vell as acidic proteins in binding of labeled aldosterone in rat

kidney. This is further substantiated by the observations of Table XXIV
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vhich {llustrates that of or deoxy-

corticosterone caused an inhibition of !*C-aldosterone binding to chromatin
coaponents. These compounds have also been shown to cause a marked inhib-
ition of formation of aldosterone-receptor (protein) complex in rat kidney
eytosol fraction (151, 183).

Three possible explanations can be presented for these results.

(Table XXIII and XXIV).

(a) Non-histone acidic protein(s) is (are) the acceptor for hormone
or hormone-receptor complex.
®) DNA is the acceptor and the non-histone acidic proteins play a

"passive role" in determining the specificity of regions of the

target tissue genome which are accessible to aldosterone in kidney.
(e) Both renal DNA and non-histone acidic proteins play a positive

role in forning the acceptor site for aldosterone.

It is impossible, however, to distinguish between these explan-

ations. In the light of currently held vievs (9, 163) for the steroid hor-
mone action, the last possibility is the most likely.
Hypothetical model for aldosterons action in kidney: Based on the results
obtained in this study for effects of aldosterone in kidney, and the large
body of evidence which shows that steroid hormones first cosbine with the
cytoplasmic receptor proteins alnost imediately upon entering the target
tissue cell, a hypothetical working model for the action of aldosterone in
rat kidney is proposed in Fig. 28.

The characteristics of this model are siatlar in some respects
to that proposed by Edelman et al. in 1964 (256). The model predicts that
the first step (I) is the fomation of aldosterane receptor complex in
cytoplasm of the kidney epithelial cell. This complex is then (Fig. 28,
Step IT) transferred to the ouclear compartment of the cell and there it

forms another complex (Step III) with DNA or acidic proteins (or both) and



FIGURE 28. HYPOTHETICAL MODEL FOR MECHANISM OF ACTION OF ALDOSTERONE

IN KIDNEY.

Aldosterone (AD) enters the cell and forms a complex (ABP)
with aldosterone binding proteins (EP). The complex then moves to the
cell nuclel and forns another complex with DNA or acidic proteins (AP)
or both. This results in increased template activity of DNA. mRNA and
ribosonal RNA are synthesized by RNA polymerase IT and I. A protein
factor (F) is synthesized under the influence of specific mRNA vhich
directly or indirectly acts on sodium retention process in the kidney
epithelial cell,
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results in template activation. RNA polymerase II transcribed DNA of

this activared genome and hornone specific SRNA is produced (Step IV).

At the sane time ribosonal RNA is also synthesized by RNA polymerase I.
Later on the specific sRiA codes for synthesis of a protein factor (Step
V) (there is also evidence that puromycin or cyclohexinide ishibits sodium
retention (13) and aldosterone increases *H-leucine incorporation in micro-
somal proteins in rat kidney (16)). This protein factor in turn acts on
sodiun retention in the kidney epithelial cell. The biocheaistry of

aldosterone action at this step, hovever, becones vague and controversial.
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CONCLUSIONS AND PROBLEMS FOR THE FUTURE

Experinental results obtained in this study indicate that RNA
turnover and the RNA polynerase system is regulated by glucocorticoids in
liver and by mineralocorticoids in kidney. The decressed turnover rate of
RNA and decreased RNA polymerase activity following adrenalectomy suggest
that RNA synthesis is one of the sites involved in the mechanism of action
of adrenocortical hormones in mamalian systems. Furthernore, it has
also been shown in this study that aldosterone specifically increases tem-
plate activity of DA in kidney. It is not possible to draw firm con-
clusions, hovever, about the mechanism of template stisulation and there-
fore, future efforts must be directed tovards understanding of this mechan-
isa. The problens in the future may be concerned with changes (chemical
or physical) that may be caused by aldosterone in kidney DVA, ds novo: syn-
thesis, processing and degradation of aldosterone specific nRiA molecules
2nd the involvesent of protein factors in sodim retention in kidney epi-
thelial cells. Further studies should also be concerned with the effects

of the aldosterone-receptor coplex on chromatin in the i1 vitro systea.
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