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ABSTRACT

-

In the present investigation, the possible link between Cal

o ‘ b
cbhtent during®the prereplicative period and DNA synthesis in rat

parotid glands activated by isoproterenol was examined.
A specific Tadioimmunoassay was developed to detect and measure
Cad in rat parotid glands. Calmodulin was purified from rat tes—

-
. .

12 :
tis and was iodinated with 51. Also, purified calmodulin was

linked to Sepharose 4B which was used éubsequently in the antibedy
ﬁurificatiqh. Performic acid-oxidized CaX was used to elicit an

-

immune reéponse in two sheep.
Anti-Cad sepum was purified by affinity chromatography in the
- calmodulin-sepharose gel. Pure Call was able to displace I-Ca
in a2 linear fashion from the purified anti-calmodulin serum. Troponin
C and parvalbumin d;d nof cbmpete significantly with calmodulin for

-

the anti-calmodulin serum. o !

The Cai level in rat parotid glands and liver was found to be

&

different tkhan testis. iost of the rat testis Cad was found in tke

LIPS " 4

soluble fraction. Calmodulin in rat parotid glands and rat liver was

found, equally distributed between soluble and particulate fraetions.

-~

N

DNA synthesis in rat parotid glands was determined by measur-
st | .
ing the JH—thymidine.incorporation into DNA.. Isoproterenol (i.p.)

induced DNi synthesis between 18 and 30 h after the injection with



" ‘a maximum activity at 24 h.' The DNA synthetic response was depend-

LY

ght on the dose of isdproterepol.

Isopfoterggol ihduce& changes in vhe content of calmodulin
during the prereplicative period. Total calmodulin content increased
at 3 b after iSOprotereAOI injection. Also, a redistribution of
¢ .
calmodulin occurred at 18 h after isoproterenol injection. This-
was reflected as a transient increase in tﬁe soluble but not total
fraction content of calmodulin at 1§ h.

Calmodulin increases in the soluble fraction at 18 h were not

found with low doses of isoproterenol which induced DNA synthesis.

This suggests that calmodulin increases in late G, are not an ab-

1

solute requirement for DNA synthesis.
Nonetheless, experiments conducted with TPTK\:ats indicated
that the calmodulin surge in lafe Gl is associated with DNA syn-
thesis in 24 h TPIK rais #nd is absent as is DNA synt?esis in 48 n
or 72.h TPTX rats. ., This suggests a possihlelrelatiOn between fhe
surge in ééluhle.calmodulin at 18 h and subseguent DNA synthesis.
Intréperitoneai injection of calcium did nst restore either

DNA synthesis or plasma calcium concentration in 48 h TPTX rats.

Thﬁpefore, a direct cause—éffEQtfrelationship bejueqn the restora-

" tion of the 13 h surge of soluble calmodulin and DNA synthesis in

48 h T;Tx-iSOproterenol activated parotid glands could not be es-

tablished.
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RESUME - *

-

Dans cette enquete, les glandes parotides activees par 1‘'isopro—

@éiehol chez le rat ont été examinées pour découvrir la posibilité

d'un lien entre la teneur en calmoduliné presénte durant la période

préreplicative et la syntlise de 1'ADN.

"‘Une analyze radioinmunclogique spécifique a étf developpé 3 fin
de détecter et mesurer la teneur en calmoduline dans les glandes
parotides du rat. La calmoduline testicularie du rat a été purifide.

La protéine calmoduline a €t€ marquée avec 1° 1251. De la calmoduline

-

purifieé a aussi &té lie a du Sepharése 4B. Cette préparation a
été utilisée plus tard pour la purification d'anticorps. De la

calmoduline oxidée par l'acide pérformique a .€t€ utilisée pour pro-

voquer 1'inmunité chez deux moutons.

Le sérum anticalmoduline a &té purifide par une chromatografie

d'affinité en le gel sépharose-calmoduline. La calmoduline purifiée
* 4 ‘ L’l25 S w -~ .‘ P
a causé le deplacement de I-CaM liee a du sérum anticalmoduline

.

- .
‘purifiée d'une fagon linéaire. Troponin C et parvalbumin n'ont pas

de' maniére significative, réussi a faire concurrence avec la calmodu-
line pour le sérum anticalmoduline.”.

Une différence significative entre la teneur en calmoduline des

.testicules et celle des glandes pardtides'et du foie du rat a été

trouvée. La presque tQtalité de calmoduline testiculaire du rat des

.l.‘:



o

glandes parotides et du foie du rat se trouﬁggg'également distribuée

entre les fractions solubles et le précipité.

La mesure de 1l'incorporation de }a:%H-thymidiné'dana 1'ADN a-

R )

permis de déterminer le taux de syntﬁésq de 1'ADN dans les glandes

parotides du rat. De 18 3 30 hrs aprés une injection dans le péri-

tone (du rat) ﬁ:isoprotérénol, la synthese de 1'ADN a été induite
avec un maximum d'acéivité a 24 ﬁrs.- Cette redction d; synthése de
1'ADN était dépendante de la_dos§ d'isoprotérénol.
L'isoprotérgnol_a provhqué des changements dans la teneur en
calmoduline durant la période préréplic#tive. La teneur.topale de
calmoduline a augment€ a 3 hrs aprés;l'inject}on &'isoprotérenol.
Une redistribution de la calmoduline a auss; ét€ remarquée_ailﬁ hrs

Y

aprés'l‘injection d'isoprotérénol. Ceci a été traduit par'une aug- ‘

mentation transitoire dans seulement la fraction soluble sans chan-

genent dans la teneur totale de la calmoduline, & 18 hrs.

De -petites doses d'isoprotérenol qui ont occassionné la synthese

de 1'ADN n'ont pas causé d'augmentgtion d;'la calmbduliﬁéldana lé
fraction soluble a 18 hrs. Ceci'suggére que des augmentations de la
calmoduline dans la phase Gl avancée ne sout pas des prérequis essen-
tiels a la synth&se de 1'ADN. »

Néanmoins des expériences utilisant des rats TPTX ont démontrés

gqu'une émergence de calmoduline dans la phase G1 avancée est associéé

r




avec la synthese d'ADN dans des rats TPTX de 24 hrs. Par contre dans .

des rats T?Tx de 48 on 72 krs l'éhergence de la calmoduline et la

synthése de 1'ADN sont absente. Ceci suggere une relation possible

entre l'émergerce de calmoqﬁline Qoluble é 18 hrs et des synthese
d;ADN subsiqﬁentea.

De inject}on de calcium intrapéritone n'ont rétaﬁli ni 1a syn-
fheée de l'ADﬁ ni la concent;ation de calcium plasmatigue dans des
rgts 48 hrs'TPTX. Par couééquent une relat%gd cause-effect direct
entre le retablissg&ent de ljémergence de la calmoduline'soluéle a’

.18 nrs et la synthése de 1'ADN dans les glandes parotides de rats

48 hrs TPTX activées par\l'iSOprotérénol n'a pu été constatee.



- Durante la fresentc-investigaéiGn se es&udid la poaible rela- :
cidn éntrplegaoggyenido de éalmodglina en el periodo de ﬁre4repli—
cacién y la sfgte;ia del ADH‘qn 1as_gléndnld; parétidas de rata ac-
tivadas con isoproterenol.

Se desarrolld un radioinmunoensayo espécifico para detectar y
ﬁedir calmodulina e; las gldndulas pqrétidqg de rata. La.cglmodu_
lina fué purificada a partir de testfculos de rata.; una sz puri-
ficada fuyé radio-iodinada con 125I. Posteriormente fué ligada a
‘“Sepharosa 4B y, didﬁo g;}, CaM-Sepharosa, fué ﬁtili;ado‘mésrtdfhe
" en la purificacidn del anticuerpo contra calmodulina.

Se inmunizé?gn doi hor:egos con calmodulina ﬁroviamante oxi-
dada con dcido perfGrmico.. El anticuerpo contra calmodulina se
purificé p;r medio de crogatografia de afinidad atilizando el gel
‘de Can-éapharosa. La calmoduiind purificada fué capaz de competir
por el anticaerpa, con la 1?51-Can. . .: '

Se encoﬁjrd que el cgnténid; de calmodulina en testfculos de
rata, es diferente al detectado en higado o en éléndulas paréti-
das. Ademds, la hayor parte de la c;lmodﬁlin; testicular se ha-
lia én-la fracoidn soluble después de una centrifugﬁcidn a 105 000
X g, mientras que ‘la calmodulina de higado o de glindula pardtxda

-

estd distribuida por igual en la fraccidn soluble y en el preci-

pitado después de una centrifugacitn ;gual a la anterior.



s
" La sintesis dsl ADN en gléndulas parﬁtidasrdb rata fué cuanti-

ficada midiendo la incorporacién de timidina tritiada en el material
miad 1 , |

genético.
Se encontrS también, que.el isoproterenol iﬁduoe'linainfésisﬁb

fad

del - ADN en parétidas de rata, entre 18 y 30 horas después de ﬁn ad-
ministracidn, detectdndose la mixima actividad a las 24 horas apro-

<

iimadamante. El isoproterencl también indujo cambios en el conte-
. _ . .
nido de calmodulina dn;ante el periodo pre—:qplicativo;.dsto otra
vez, en paré%i&as de rata. Se detéct6 un aumento en el contenido
"total de calmodulina.3 horas después de la inyeccién de isoproteref

nol. También se observé que la calmodulina se redistribuje 18 ho-

ras después de que las pardtidas fueron activadas can isoprotere- -~

nol, refle jidndose ésto Hltimo como un aumento temporal de calmodu-
lina en la fraccién soluble. Sin embargo, dicho incremento tempo- '
ral no se observS cuando las pardtidas se activaron con dosis ba-

"Mjaq de, isoproterenol. Lo que s{ se encontréd fué€ que tales dbsis

estimularon la sintesis del ADN, sugiriendo asf que un aumento en

T

. el contenido de calmodulina en la parté $1tima de la fase Gy, no
es un requisito parq.;a sinfesis del material genético.
Sin embargo, los éxperimentos hechos_qon ratas tirqparatiroi—
dectomizada§_24 ﬂgras antes de la administracisn de isoproterenol,
indicaron que el aumentc en el contenido de calmodulina medida 18

horas después de la activacién, estd asociado con la sintesis del

ADN. Ademds, cuando la sintesis fué bloqueada en ratds tiroparati-

— g
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- . - . . .

roidectdmizadhs 48 y 72 horas antes de laiinyeccign de isoprotere- -

vacién, no fué observado.'

-

Esta evidencia sugiefe una relaci6ﬁ

A - o
éét}e éi incremento de calmodﬁlina.on ;a'fracinn sdlubig a las
13" horas y”lé'sfﬁtgsis del ADH;

' Por dltimo, se'egccntré que‘un; inyecbidﬁ de calcio adminis-
trada a.rétaa tiroparafirﬁidectomizadas 48 horas antes de la ac-

: .
tivacién con isop?oterenolf no es suficiente para restaurar la
aIntesis‘&el ADﬁ, o norﬁélizar la concentracién de c;icio en el
plasma. Por lo tant;;.no fué posiﬁle denostrar una relaéidn di-
recta entre la’restauracidn de iﬁ sintesis del ADN y el aumento

en el cohtenido de calmodulina 18 horas después de la activacién

con isopraterenol. L _ -

-nol;—et aumento de calmodulins a las 18 horas después de la acti-



INTRODUCTION

Cell Division Cycle.

§ " o
» .. X . . ;o .

T;e division cycle of_;uﬁar;;;ic.opli;'iéisenerally (thbugh.
not necessarily) chardcteri;ed by four phases. The perio& of time
between cell division and the ﬁeginning of chromosome reglicatiou
is thQ‘Gl (cap 1) phase. Quring the Gl‘phase; or prereplicative
period, the cell gets=r§;dyut§ replicate its chromosomes. Ch;bmo-
' some replication is the:ﬁext'phase, and js_generally referred to

‘ p ‘
éa the S (DNA-synthetic) phase. After. the S phasé, the cell
enters fhe Ga_phéée (Cap 2) during which it prepares for:mito;is
and cytokineﬁis. The process of division is the last phase and
is called the M {Mitotic) pbﬁase and re.sults in two new individual
cells (1-4'). |

The gells-of an';nimal exiast in a variety of states, not aliﬁ‘
of which invoive cell proliferation. ‘For example, hepatocytes in

L : | N . .

the adult liver or parotid gland acinar cells in adult parotid
glands are functi;n;lly differentiated‘gells which under "normal;
physiological conditions do not proliferate or enfer tge-cell cycle.
Celis such as small peripheral lymphocytes are differentiated
cells which are not actively cycling. Other cells, whlch some

refer to as "stem cells", are.continuosly-proliférating. These

stem cells are generally, if not always, localized in specific

*} 4



regions in the body. For erample, the .e'pitii.alia.]‘.' cells of the
intestinal crypt are continuosly proliferating and give riaeitd
cells uh‘ich'a.ga.i:; divide or which are: p.robably'forced up onto the
intestinal villus. Once the cell leavés tﬁe crypt, its micro-
environment is cggnged and it no longer proliferates:but
differentiates apd:migratea up the-intestinallvillug, only to

eventually slough off and die. This same.ﬁcenario exists in

other coﬁtingosly renewing tissues such as skin (5-7).

The ii}ferentiated cells, howevdr, under certéin circumétances

MY

can be induced to. divide. For example, adult hepatocytes in the

liver will proliferate in response to injury (3), the uterus will

proliferate in response to estrogens (9), the fore stomach will

proliferate in response to epinephrine (10) and most importantly

for the present E%ﬁdy parotiﬁ £land acinar 6&115 proliferate in

response to isoproterenol (1ll}.

L

Cdntrol of Cell Proliferation.

It is known that a tissue contains continuosly dividing cells,
ndn-dividing cells and/or cells capable of cell division after
_abp;épiate activation (i.e. activation of the gene or set of
genes wgich coordinate the cell division cyclg);- Thus, in

" functionally differentiated cells such as liver hepatocytes or



. -

parotid gland acinar cells, the event(s) which activates ceil
proliferation is termed "proliferative activation" (12). These

proliferatively activated cells now enter the cell cycle and progress

~

through the G_, 3, G, and M phases. Obﬂ}ously a_complex set, or

1 2

series' of sequential and/or parallel biochemical events control
the progression and successful completion of the celi divisipn cycle.
The'spécific biochemical aggnts which control_specific'phases of
the cell division cycle are termed "intracycle regulators" as
opposed to fbroliferatiyg aqtivatﬁrs" (1234

,.T#esé intracycle rg?ulators can be gimple as ions or complex
prq}eins.. A myriad of putative intracycle regulators have beeﬁ
suggested, s;me of which include Na+, K+, C;+2, Zn+2,7Mg+2; Ca+2,
éerum growth factors, ﬁrostaglandins and thromboxanes, calcium-
binding proteins, nucleﬁtides, protein kinases and polyamines (13,

14;?§K

.Tﬁé’regulation of cell transit through the divisioﬁ‘cycle
is obviously-s complex and multifactor-dependent process, the

unraveling of which is only beginning.

Calclﬁm.

The calcium ion, unlike other ions, has some unique character-

istics which enable it to act as a cellular regulator. Calcium



‘. which is the most similar cellular ecation (15).

-

. 0 ‘ o . +2
has .2 radius of 0.95 4, it is less hydrated than, for éxample Mg -
- ’ " e . -

- Calcium eléctrostaticliPteractidns arg-wiéh aniéﬁic oghters-
like proteiné,'bhospholiéi&s, fatty acids and small molecules like
citrate. Thére ié~no constaﬂt distance in the interaction ;hich
varies from 2.4—3;2 K and has coordination values betﬂeen 6-12. ){

+2 . '
By oontrast, Mg has a coordination value of 8; forms octhaedron

‘ o . )
salts, and possesses a_fixed ionic radius of 2.5 A. Thus, calcium

'salt bonds aré weaker than magnesium salt bonds giving calcium

Y

high mobility and lower re;atiﬁe energy for ﬁissociation compared
to Mg+21(15,16).

Because of these préperties, calciuﬁ is capable of rapid disso-
ciatiqn/associatibn reactions. Chlcium forms complexes with mul-
tidentate ligands (e.g. proteins) causing a high degree 6f cross-
linking betyéen p;otgiﬁs or protein-small molecules while magnesium
does not have these pfoperties.(17). In biological systems, calcium
interacts with: asparfate, glutamate;'gamma;carboxyglutamate, phos-
phate and uncharged oxygens of hydroxyl or carboxyi groups (15),

Calcium combines easily with some small acidié intracellular
prdteing (e.g. troponin C, parvalbumins, calmodulin). These calcium-

protein complexes are capahble of modulating enzyme activities or

structural proteins which triggers various physiological responses

~.
.



concehtration'of between 10

(15-17). S Co A

'-.-'_"—_

Resting mammalian cells maintain = free intracellular calcium
‘ 7 3 .
to 10 7 #.(18). Because of its
special "regulator" status, calcium metabolism is under fight con-

trol. Cellular<tzlcium availability is regulated mainly by the =

routes of absorption, resorption and excretion in the whole animal

“and by the calciun fluxés‘étrthe membrane level {13).

- Extracellulgr calcium (total 2.0-2.5 mi; ionic 1.0-1,25 mw)
h

is regulated by th&ee calgium homeostatic hormones: parathyroid

e
“Hormone which is produced by the parathyroid glands; calcitonin

- ~

which is syntheslized in thyroid C cells in the thyroid gland; and

1,25(0H)2D3 which is produced by the kidneys. These Lormones have

specific targets'in intestinal épithelium, kidrey glomerulus, bone
and cellular plasma memgrane (20){5%A brief decrease in thé extra-
géllula} éélcium lével causes PTH cecretion and a decr;asé in

;alcitonin secretion, rgsulting in an immediate calcium aﬁsorption

> ) +2
in the kidney and an efflux of Ca in the bone. 7If the extra- -

cellular calcium rises, the reverse occurs. Ailso, parathyroid

hormone affécts. the synthesis .of 1,25(0}1)21)3 which stimulates

calcium absorption from the diet and calcium mobilization in the

bone (20,21). "

The steep inward calclum gradient across the plasma membrane-
£

of all cells is maintained severzl extrusion and storage



.
-

. +2 e . . .
mechanisms (19). Ca -transport mechanisms are found in the plasma

membrane (22), sarcqplasmi'é reticulum (23) and mitochondria (24).

R e o ) L
Yurthermore, it is known that some secretory vesicles can accumulate

calcium in the'secfetory product (e.g. amylases in the salivary
“glands) (25). FRinally, the cellular ionic calcium concentration is

-

élso regﬁlated by ite binding to éome specific intracellular pro-
teins like parvalbumins, troporin C, S-100, vitamin D-dependent
calcium binding protein and calmodulin (19). o e

This brief discussiog-qf calcium's unique‘cﬁaractéristics
rake clearer calcium's ability to act as a cellular "master" switch or
regulator. ‘Calgium is required for a wide variety of physiological
funcfions sucﬁhas ?ustie.contraction, neurotransmitter release,
egg activation, cell-cell communication and interaction, min-

eralization of bone, secretion, axgplasmic flow, cation transport,

endocytosis, water permeability and membrane stabilization (26).

.

Calcium and Cell Proliferation.

{

Calcium was first seriously considered to be involved in cell
proliferation in 1358 by Rixon and Whitfield when they noticed that
parathyroid hormone (PTH) reduced the mortality of heavily X-irra-

L]

diated.rats (27). It became evident that calcium and PTH stimu-

lated cell multiplication of vital tissues like bone marrow, lymph



nodes and thymus gland (28-33).

Subsequently, it was discovered that decreasing the extra-
. ) i . - . : N

6e11u1ar calcium concentration in the circul;ting blood of.ratg
by r;moving the thyroparathyroid gland complex (TP%X) stops tﬁe
synthesis éf DNA and cell division in hepatocytes after partiai
hegaéectomy (HPL) and in parotid gland acinar cells afier’prolif—

erative activation by isoproterenol (34-36). However, this block

in cell cycle progression of the'alréady aétiVated cells could be

reversed by a single injection of CaCl2 if given between 12-15

hours after partial hepatectomy (37), or by restoring the normal

.calcium concentration by adminiatration of the calcium homeostatic

h;rmones (30-38).

The DNA synthetic block caused by TPTX ,do;s n’ot imﬁaixi some
prereplicative events eliciyed after thé activation (39). For
example, the prereplicative'period of TPTX-HPX rats still exhibits:
the normal increases of CAMP (40), mRNA and rRNA (41), ODC and
gutresciﬁe (42,43 )% "' membrane autophosphorylatiyn (44),Faccumula~
tion of calcium in.endoplasmic reticulum (45) ;éd prostaglandin
Synthesis;(46)- The only events which do not take place in the
low—calcium condition ére'the activation of cAMPéde?en&éht protein

: T +2 -
kinases' and a nuclear Ca —catﬁodulin stimulable protein kinase (47),

the activation or synthesis of thymidylate synthetase (48), the



‘repctions necessary for DNi synthesis.._

activation of syn#hesis of ribenucleotide reductase (49) and the
synthesis of the four deox:ribonucleotides (42). Similariy, the
:at thymic 1ymphob1ast arrested in the late prereplicative period
with a low-extracellular calcium concentration can nét.activate
thyéidylate synthetase (48). However, in both of thesé—eiamples, .
the restoration ofla norﬁél.extracellular calcium concentration

leads.to DN4 synthesis and mitosis (46). This evidence strongly

suggests that calciunm might be involved in the "on/off" of some

”

i}

4 substantial amount of evidence using in vitro systems also
supports the idéa of a cglcium recuirement for Gl/S transition.

For example, calcium st%m;lateé the entry of thymic lymphbcytes
into 5 ;hase (59). .doreover, a critical level of extracellular cal-
cigi is essential for the proliferative activities-of several cell

4

lines (40).

-

It should be noted trat chemically-induced pre-neoplastic,

neoplastic and virus—fransformed cells are capable of cell prolif-

- eration and colony formation in very low concentrations (less than T

J.05 mx) of extracellular caléium which do not support prolifer-
Ja :
ation, of their-non-neoplastic counterparts (51). Aderovirus type

l12-infected hamster cells (52), Rous sarcoma virus—-infected chicken

fibroblasts as NRK cells (53,54), spontaneously-transformed BALB/3T3



mouse cells (55),. methylcholanthrene (uca) transformed C3H10T1/2
j type III mo;se cells (56) and SV-40-H1-38 human lung flbroblasts
-(57) are a few examples of transformed cell lines that @ro}ifer-
ate in a low calcium méaium.
rFurthermgre, cells in culture w@icﬁ are nornzlly arrested in
theirIGl'phase wifh a low extracellular calcium concentration, can.

be stizulafed to proliferate by the addition of some tunor promo{ers

such as 12-O-tetradecanoyl phorbol-l3-acetate and saccharin (58,

59). o

Taken together, this evidence points to the fact that the
calcium ion ié a requisite forlcl/s transition of non-neoplastic
cells, botp in vivo and.ia vitro and that a disruption or bypass
of this mechanism may oeccur during the neoplastic_process.' Calcium
may be involved somehow in nucleotide metaboiism by acting through

[

the calciﬁm—dependent regulator, calmodulin..

Calmodulin.

Calmodulin is the name given (CaM) to a calciﬁﬁlbinding protein .

discovered as a phosphodiesterase activator thirteen years ago (69).
This protein has been localized in a wide variety of eucaryotic
cells ranging from protozoans to mammale and several plants. The

. P h ) .
protein has been suéﬁ@%ted to be present in all mammalian tissues}

(61). It is now known that Cad is distributed between soluble and

o
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par%iculafe’fractions including the plasma'membrane;imitochohdria,
microaoma;‘fraction,'nunlaar membrane and secretory vesicles:
Studies carried out with EGTA buffers in the calmodulin extraotion'
procedu;e suggest that the palmodulin association to membranes is

calcium-dependent (62).

Figure 1 illustrates the primary structure of vertebrate

calmodulin. It exhibitas an internal homology betueeﬁ domains I

(residues 8-40) and III (regidues 81-113) and between domains II -
'

(residues 44-76) and IV (residues 117-148). Each domain (I-IV)
binds one mol of calcium, accounting for the four calcium ions per

molecule of calmodulin. Metal binding studies (63) indicate that

. -6
Cad binds Ca*? with a high affinity (Kd = 2.4 X 10 M).

Table 1 lists some. of the properties of rat testis calmodulin

»

(64). Among others, calmodulin is heat resistant (T = 7 min at

. 1/2
10000); has a molecular weight of 16 700 in SDS—P&QE; contains 148
amino acids with the amino terminal _end acetylated, gna has 30%
acidic amino acid residues accounting for its pI of 4.0. The pfo—
tein does not contain cysieing, tryptophén or hydroxyprqline.. It
 has a high Phe/Tyr ratio (4/1) which is responsible for the char-
~acteristic ultraviolet épectrum show%ng vibrations between 250 and

-

282 nm gpd it bas a very low extinction coafficient'(E276_27B =

1.9). It has 50% direct howoiOgy and 70% conservative homology

E
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Figure 1. The amino acid sequence of mammalian calmodulin.

.? B | . 7 /

The primdry structure of calmodulin is represented with the

one-letter code., The domains were aligned to facilitate .
comparisons. “The postulated calcium-binding sites are in-

dicated (62).
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TABLE ' I. Pﬁyéica1 properties'of rat testis caimodulin.

PROPERTY

SPECIFIC VALUE

Aminoacid number
Molsaular weight

% acidic amin6§;1d3 .
NTthminus 7 . v
Phe/Tyr ratio

Trimethyliysine/mol

Calcium binding

gF - \\\Eb

276

‘Svedberg units (Spqy)
Isoelectrié.pﬁ'
Confbrmation

Drug binding

148

16 700

33
N-acetylated
4/1

1

4 mol/mol; Kd= 2.4 X 10-6 M

1‘842.0 | = ' - t

309-400 JZH-””“

40-55% alpha helix

ﬁﬁénothiazines and
naphthalenesul fonamides

References: 61 and 64.



uith.troponiﬁ C. In all kﬁdwang%gpdulin sequences there are a
m;ximum of Qevén conservative Q;h;ti£utions (65). Some calmodulins
contain aniepsilon-N—trimethyllysine residue at the 115 position
whicg appears to ﬁe a poqt-tranélafional modificatioﬁ of unknown -
fuqc#ion.

Cdlmodulin has the ability to interact with various pharma-
- cological agents. The phenothiazines (66) and naphthalenesulfona-
mides (67) are exampiea.' These d;;gs are used as research tools,
because during the interaction Cal losse; its biological activity.

It is postulated that the mechanism of action of calmodulin
begins with the caicium—calm;dulin complex formation. This in-
.teraction increases the hydrophobicity of the protein molecule and
the exposed hydrophobic part of calmodulin is responsible for the
binding with'sevéral CaM-dependent atzymes_(62,68,69).‘ ngever,
.it is suspected tgat calcium-fr;e.CaM is able to modify thehactiv-
ity of sﬁmelenzymes (70,71). 'Ca+2—calm0dulin itgelf hag no en-

~zymatic properties but does modulate the activity of a long list

of calcium—dependen?’enzymes and processes (Table II).

Calmodulin and Cell Proliferation.

In recent years, several studies have suggested that calbium—
calmoduLiﬁ may be involved in contral of cellular proliferation.

The intracellular concentration of calmodulin increases-during the



-

TABLE II, Calmodulin-regulated processes:or enzgmes.,

ENZYME OR PROCESS

SOURCE T

Cyclic Nucleotide Metabolism

' Cyclic nucleotide phosphodiesterase

Adenylate cyclase
Guanylate cyclase - o4
Calcium Transporf Systems
- ‘24
Plasma_membrane Ca -pump ATPases
. . . 2+
sarcoplasmlc reticulum Ca -ATPases

.Cellular iotility

dyosin light chain kinase

Dynein ATPase
Glycogen Metabolism

Phosphorylaéh kinase

Glycogen synthase kinase
Biosynthetic Metabolism

NAD kinase i

Cytoskeletal and Membrane Components

tdAPE

‘)Caldesmon

o~

Sevéral tissues

Several timsues

Tetrahymena pyriformis

-

Red blood cells
Adypocytes '

Cardiac muscle

LY

Smooth muscle
Skeletal muscle
Cardiac muscle

Tetrahyﬁena pyriformis

Skeletal muscie
Cardiac ‘muscle
Platelets

Liver

Pea seedlings.
Sea urchin

Brain

Chicken gizzard



A

. TABLE.II (continued) —

ENZYME OR PROCESS SOURCE
Spectrin Brythrocytes

Mitotic apparatus
Protein‘Phosphoryla;ion/Dephoaphorylation

‘Vimentin

Phospholamban

Several proteins

Tyrosi;a hydréxylase

Tryptophan hydroxylase’

dyelin

Histones"

Globin

Cells in culture

Sertoli cells

Cardiac muscle

. Brain

Brain
Brain
.
_Brain

Calf thymus

Erythrocytes

—_—

Referénces: 60-62, 63 an& 72.

-~
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prereplicative period of regenerating liver in vivo (73). Calmodulin

does increase its céllular content during G, phase of TH1B cells

1

(12,74) and BALB/c 3T3 cells in vitro (75). 'In all cises mentioned

gbové,'calmodulin returns to basal levels before the initiation of

- DNA synthesis. Exogenous added calmodulin can stimulate DNA synthesis

of calcium deprivethSIB cells (76) and planaria (ggggﬁia-lugubris)

~cells (7). This stimulatory activity of calmodulin was blocked

I3

. - ]
by low concentrations of trifluoperazine and chlorpromazine. Pre-

replicative increases of Cad are also desé;ibed in synchronized

CHO-X1 cells (78-80), pig lymphocytes‘ﬁctivated with lectins (31)

and synchronized human WISH cells (32).

An increase in Cad may also occur during the prereplicative

pe}iod of Tetrahymena pyriformis (83) and rat thymocytes (34).
The authors report a stimulation of the activity of calmodulin-
dependent enzymes (gua.nylét’e cyclase for T. pyriformis and cyclic
nucleotide phosphodiesterase .for rat thymocytes) from the.total
homogenates of the cells during the G, phase of both cell types.
Recent‘studies indicate that increases in the célmodulin
contgnt dﬁring the G1 phase are not needed for the subsequent DNA

synthesis in some in vitro systems. Thus, NRK cells infected with

. and S phases’

the avian sarcoma virus isLA23, progress through the G1

without a rise in the total content of calmodulin (8%). Also,
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sérﬁm étimulated-TSl B cells still exhibit the Gl Cai surge eveﬁ
without grOgress into S phase (86). | ‘. P

Nevertheless, in 2ll cglls tested to date {in vitro), the tran-
sition of khe éells from Glito 5 phasg is tota%ly blocked by the
calmodulin éntagonists W~T7, R24571 or W-13 but not by the analogs
W~5 or W=12 which do no£ interferée with Cai action. These }esults
indicate thet even if Tadl content does not increase during the
prereplicative period,‘CaM funct;on is still required for normal
Gl/S transition of the cells i
Evidence.proﬁideg by virus~trans?ormed cells and solid tumors,
al;o suggestg a possible involvement of Cai in cell proliferation.
Increased amounts of calmodulin have been observed in several
cell lines compared'with their‘normal counterparts. For example,
chicken embr¥o fibroblast; infected with Rous sarcoma virus (87-90),
SV-40-transformed 3&3 cells and NRK cellslffansformed by Rous
sarcoma virus (91). This increased calmodulin cqntgnt is prob-
ably dgé fo an increase in thé synthesis of Caud, ra%her than
iﬁhip;tién of the dégradative processes. Similarly, transplantable
Aorr?s hepatomas contain more calmpdulin than normal or fgtgl
liver (73,92). Also, direct correlation exists between the éaM

L

contént and growth rates in rat hepatomas (93).

w“

———
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Cyclic AMP and Protein Kinases in Cell Proliferation.
Cyclic AMP was discoveféd in 1956 as the mediator of epinephrine

and glucagon—indﬁced glycogenolysis (34). since,its'discovpry, it -

has become clear that cyclic AMP is also involved in many other cel- .

-

luiar func;iOns such as Iipolysig,;steroidogenesis, etc. (94).

In 1969, c;clic AMP (cAﬁP)wyaé’propos;d_tb be a ﬁoaitive effector
on the initiation of DNA synfhesis'of fréshly isolated rat thymic
vlympyoblasts (95). Since thislinitial_observa£ion, cycl%c AMP has
been shown to stlmulaﬁe the initiation of DNA sxnt#esis:and cell

' prqliferatloa of a wide varietg of cell :yﬁéﬁ.iﬂ vitro (12). Moreoﬁer,
an_apparentfy ubiqditous surge of cyclic AMP occurs during the G1

Phase of most cell types tested to-date, both in vivo and in vitro (79).
The delay or inhibition of this surge 15 always associated with a
delay or inhibltlon'of DNA synthesis. ' Hecent evidence indicates that

. cAdP stimulates the activity of DNA‘pblymerase of mouse liver and

¥ - R
tumor cells (jo). _ : {

Cyclic AMP is known to function through activation of two pro-

tein kinases. These two cyclic adP—dependent'prote;n kinases'(typé‘

I and type II} exist as tetramers (two regulatory subunits and two
catalytic subunits). The catalytic subunits of both type I and II are

.apparently identical wuile the regulatory subpnits are diffefent.:‘

fSyelic adpP binds to the regulatory subunit of either type I or type

1

A

. . : Q ‘ ' . :
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II protein kinase which results in release of the active catalytic

subunits (97):

s, : '

Reqént.evidence suggests that cyclic AMP-dependent protein kinases

. are involved in the onset.of'DNA synfheéis. Type I and type II iso-

enzymes change their activztles durxng the G, phase of CHO-cells (98

AL

99) and rat fibroblasts (100) ‘Stimulation of DFA sjynthesis in T5lB
ceils by calcium addition, is‘preéeeded by an increase in the activity
of cAMP-dependent protein kidases (101-103). Both, DNA syﬁthésis

' and the kinases activit& are inhibited ﬁy a specific protein kinase
inhibitor of the catalytic subanit of;cAHP—dependent kinases.,

In addition, rat hepatocytes activated by partial fﬁﬁatectomy

Pl

undergo surges in tae activities of type I and type II cyclic AMP-
dependent protein kinases and also an increase in a nuclear Ca —CaM
dependent protein kinase (47). TPTX, which prevents DNA synthesis

of HPX activated rai‘hepatocytes, modifies or eliminates the pre-

-

replicative surges of the tﬁree protéin kinases. The®impairment of

type 1 actxvzty induced by TPTX can be reversed by 1 25(0H) D y ad-

ministered immediately after pr. It is known that 1,25(0H)2D3 in
combination with PTH or calcitonin can restore DNA synthesis of liver

v

.cells in TPTX-HPX rats (38). ':

\
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ry ' , . Rodent Sélivaéy Gland Cells. - A -

General description.

ﬁaﬁmalian salivary glands have grea} morphological diversity.

-

However, they are basically compoged of excretory ducts, intralocular

ducts and secretory endpieces. Gross anatomical classification di-
' ' : e ’

vides saliyvary glands in two groups. The major group includes parotid,

submandibular (submaxillary) and sublingual glands while the minor
group includes bucal; infraorbital, labial,. lingual and some others
disgiributed in the oral cavity. Salivary glamds are in§olved in the -
secrétipn of some substances directiy into the-oral cavity; the natu;e
of the secretory produc@ depends.On ?he specific gland and the species

involved. The substances secreted are mainly glycopfote;ns; sulféted—
L.} .

glycoproteins, sialylated proteins, water and ions (104,105). The
importance™ of the secretory product is enormous because they are‘di-

rectly involved in the first steps in the metabolism of exogenous

I s

nutrients.

‘It is proposed that secretory products synthesized in membrane-

r

bound ribosomes are maturated in golgi apparatus and then carried

-

within secretory vesicles which' fuse with the basal membrane releasing

their product (106-110).

Rodent salivary gland cells contain seweral of the best charac—
o h N
terized hormone-receptor systems. It is possible to study hormone
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action ané receptor relationship in the Samg cell. Activation of
alfa-adrenergic receptors stimulate saliva production and calcium in-

. : flux {111); the activation of the beta-adrenergic recepiors results in

secretion and syntresis of alfa-~amylase and other profeins (112&114).

These cells also have crolinergic receptors (129), a sensitivity to

substance P (111) and 1,25(0&{)21)3 recertors (115).

-

'Aioﬁg salivary glands, parotids have been the most extensively

< . . ' .
studied because they are easily activated and blocked by a wide wvar-

L.

iety of compounds. Fufthermore, parotids édntain a relativeiy pure
éopulation of acinar (endpieces) secretory cells. Ratlparotid glands
contain an ﬁnusually High.calci&h concentratich and 80% of it_is "
assoeiate& with alfa-zmylase in tﬁe secréto;y gfanuies (116—}18){
n.Acinar cell mecbrane hés all of the recéptors rrentioned above, as .well
as adenylate cyclase (113) and guanylate cyclase (112) activities.
Agmb;ane—bennd ribosomes account for 36% of total riBosoﬁes, indicating
a high synthedis of:e;pértable p{pteins_(ll9). Parotid gland cells
havé the tw;'types,of qaﬂP-&ependent'prdfein kinases (l2b) with the ’
type, Il isocenzyme accounting for 90%.o£ the total kinase ac?ivity (121),
. several cyglic nﬁcleotide phosbhodiester;ses a;d a %igh ratio of
adenylate cyclase/phosphodiestgrase (1292).

- The sfﬁthetic catecholanine ‘isoproterénol (IPR) interacts with

. the beta-agdrenergic receptor of parotid gland cells and tfiggera,
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several biochemical processes and physiologiqéi responses. Among these,
are the activation of adenylate cyclase and cAWP productica (118),
-~ . . J .

phosphorylation of nuclear acidic proteins (122), carboxymethylafion
. , _
of proteins (123), synthesis and exocytosis of exportablerproteins .

(122), phosphatidylethanolamine methylation (125), activation of pro-

tein kinases and specific cytoplasmic pro%ein-phoéphorylations (126-

hY

129).

Cell proliferation.

The major salivary gland: have heen oxtensively used in the study

of cell proliferation. Adult rodent salivary gland cells are not

‘engaged in proliferation, however; injection of (d1)~isoproterenol pro-

liferatively activates these cells which synthesize DNA 20f30<hogrs
11¥er. Thig ie followéd by a wave ‘of mi%osis'resulting_in an increase
in céll number and enlargement of the glunds (11,130,131).

" The salivary gland mode} possesses several advant;ges‘ovgr other

systems.. For example, the pr?replicative'pgriod can be followed in

- vivo under physiological condiﬁ&pns; the cells are activated by a

Y

single injection of,(dl)~isoproterenol (130).

The activation process is not blocked by hypophysectOmy,;adfe-

-nalectomy or extirpation of the superior cervical ganglion (132).

Isoproterenol activates 60-80% of the acinar cells but not duct cells

or interstitial ceils (133). The activation process seems to be §

-~ ., ' . st . .



- proliferation. The model investigated was isoproterencl-activated

. L
- ]

mediated directly by isoproferénol because inhibition of its-fgtra- -

ée}lglﬁgrmetabolism enhaces the DNA synthetic response (134) and the

resﬁohse to isoproterenocl is dose-dependent (130). Table III lists

in response to (dl)-isoproterenol.
. 7 -&1”

ngothesis.

the known prereplicative évents which occur inirodent salivary glands

The aim of this research was to amplify the role of CaM in cell
. ) %

rat barot;g glands. E | A
It has been shown that "normal" cells in vivo. depend on a physi-

ologicﬁl calcium qoncentratibq for the initiation of DNA synthesis.

This critical extracellular calcium réquirement is regulated by tae

calcium-homeostatic hormones.

Calcium,zparathyroid hormone, 1,25(0H)2D3 and calcitonin main-~-

tain the prolifeérative capability of several organs and tissues (e.g. '

liver, parotid glands, bone marrow and thymus). Furthermore, calcium

modulates the'pfogreaSion of the cell division 6ycie through the

-

acti#ity of EAMP, protein kinases, thymidylate synthetase, ribonu-
cleotide'reduciase, etc. -
Several authors sQggest that an’increase in the intracellular

calmodulin concentration during the late G phase is a reguirement

for the progression into S phase (73764). Other lines qf_evidenée

..
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* TABLE III. Time course of events occurring ir rodent salivary®

e glands after an injection of (dl)-isoproterenol.
ENZ YME OR.PRQCESS tDE (b) APTER IFR ., RE?EREﬁCEs
:Adenylaﬁel;yciase ‘-.04. _ . 135

- oadP asid cGHP ' - .25 : 136,137
Chromatin template activity . | - 1-18 V 138
RNA \ | 1-24 ' | 139-142
Alfé-amylase sécretion_ ‘ 2 | | 143 -

Carbamyl-P-synthetase and i
aspartate transcarbamylase 4-6 144

Ornithine decarboxylase,
putrescine and S-adenosyl-

Jdet decarboxylase ’ " 3 ' 145,146
Glycogen Q}ntpegig L 3-36 147
BHfLeu into hon—histone‘ ‘

nuclear proteins - 12 . 148
cAMP . - 12 ' 149

Thymidine kinase and

DNA polymerase : 18-43 _ 130,150
P04= into non-histone .
nuclear proteins . - 20 . - 122
" Deoxythymidylate kinase . ,
and deoxythymidylate ' '

synthetase: . ' 20-36 - - - 151




by

~support thé~hyp6thesis that calmgdulin'functinﬁ(s) during the late-':

G, phase, rather than an increase in calmodulin concentration, are

related to the initiation of DNA symtmests—(85,86).

.,
.

If a calquﬁlin increase during the late G1 phé?e is an aﬁéolute'

fequirement"for.chromosome replication, IPR should induce this change

..in rat parotid tissue. To establish a close relation between'Cad

) ' ' i
content in late G, phase and DNi synphesis, both responses must

1

exhibit the same sensitivity to IFR doses. lJoreover, the calmodulin

increase in late G1 phase must be directly related to TPTX~induced

inhibition of DNA synthesis.
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MATERIALS AND METHODS

Reagents.

The chémicals used were reagent grade. ihe'water utilized
was distilled and deiqnized: 'dl-isoproferenol: 1-(3,4-dihyéroxy-
phenyl )-2-igsopropylaminoethanol, Trizma: tris(hydrox&metﬁ}l)amino;
methane, EGTA: ethylene giycol-bis—(beta—am%noethy}‘ether)s‘N'-

: ‘. .

tetracetic acid: albumin: bovine Fraction V, calcein: (2!,7'-.[Ibis
[parboxymethyi]—amino)-meth&%];fluorescein and calf thyﬁus DNK,
were all obtainedfr;m S;gmé Chemical €o. (St. Louis, MO.); Sephaﬁex
G—25 (medium) ;oiumns PM-10, DEAE-Sephacel and CNBr ac%iﬁated
Sepharose 4B were obtained from Pharmacia Fine Chemicals (Montréal, .
Qﬁe.);'AFFIGEL Phenothiaziﬂe, DEAE-AFFIGEL BLUE, acrylamide, N,H'—
methylene-bia(acrylamidé), ammonium persulfate, tetramethylendiamine
" (T4ED), sodium dodecyl sulfate (SDS) and Bradford Reagent were all
obtained from Bio-Rad Laboratories (Missisagua, Ont.). Pluronic
F-38 was obtaine; from BASF-Canada (éexdale, Ont.). 3Hrmeth¥1-
thymidine (sp. act. 20 Ci/mmol, conc. : 5.0 mCij 0.060 mg in 5:0 ml}
‘and ﬁolton-ﬁunter reagent:.1QSI-H—Bucdinimidyl—31(4-dihydroxyphenol)
_profionate (sp. act. 2000 Ci/hmo;, conc.: 1 mCi) we;e‘obtained froﬁ‘

New England Nuclear (Boston, MA.). Halothane was purchased from

Ayérsz(ﬂdntréal, Que.j. Calcium standard (2.0 millimoles/l)_ﬂas



"

obtained fro; Orion Résa Iné._QCamsridgﬁ; MA.). Incomplete Freund's
ad juvant was obtai#ed from Difco (Detro&t, MI.). Aé§/scinti11atio;
gocktail was obtained from Amersham {Arlington Heights, iL.). Rab-
bit skeletal muscle tfoponin ¢ and rat skeletal muscle parvalbumin

were gifts from Dr. J.P. MacManus (Biol. Sci. NRCC, Ottawa).

Rats and two sheep were maintained in the Animal Facility of
the Biological Sciences Division of the National Research Council
of Canada. The rats used uefe males of a Spr§gue—Dawley specific
pathogen-free stfain which weighed between 130-210 g and were 7-8
weeks old. These:animals were maintained on g_light schedule of

12 h 1ight/12 b dark and fed Purina chow and water ad libituam.

[*N

Calmodulin Purification.

-

Calmodulin was purified from rat testis using affinity chro-
’ .
matography procedures according to Jamieson and Vanaman (152),
followed.by anion—eiéhangé_chéoPatograpﬁ; accordiqg to MacMaﬁua
(153). Testicles were o;tained from ovarﬂeiéht rats by standard
sufgical‘proceduras, immediately frézen.in'liquid,nitrogen and.
store&.gt -80%. Teatis were ueighea aﬁd thawed b?fobe hoﬁog;nigation.

) Tissue was hOmOgenized in a commercial- blender for 1 min in 3 volumes

of cold buffer: 20 mM imidazole, 20 mM NaCl, 5 mM MeCl,, 1 mM beta-



29 -

-

- mercaptoethanol, 2 -mM EGTA (ad justed té pH 6.5 with HCl). :Thg homo-

genate was heated qﬁring 5 min at BODC, cooled immediately and cen-

trifuged at 10 400 X g for 30 min at 4°C. The pellet was discarded
. . U

and ammonium sulfate (313 g/1) added to the supernatant. The pH

L)

- . . o
was adjusted to 7.0 with 1N ammonium bhydroxide and stirred at 4 C

[

for 1 h. 'The mixture was centrifuged at 10 400 X g for 30 min at

4°c. ' The supernatant was collected and adjusted to pH 4.0 with IN

‘sulfuric acid in 50% ammonium sulfate fthen stirred for 1 h at

4°C.‘ The mixture was again centrié;ged‘at 10 400 X g for 30 min at
4°C and the supernatant was discarde%. The pellet was resuspended -
in 50 ml of buffei cons;sting of 50 md Tris, 0.10 mi CaC}z, 1 mi ',
beta-mercaptoethanol and the.pH ad;usted to 7.5_Hith HC1, and.finally

. ' o
dialyzed overnight at 4 C against 4 1 of tlHe same buffer.

AFFIGEL Phenothiazrine Chromatdgraphy.

Caimodulin binds phenothiééines in presence of calcium. The
use .0f such drugs facilitates the purification of CaM.

The dialy;?d-material yas then pogred onto-a 1.5”& Bb cm coi-
umn of AFFIGEL Phenothiazine with a flow rate of 20?m1/h.: The ef-

fluent was recorded with a single path monitor unit, an optical unit

) at 230 nm ard a recorder with a paper velocity of 0.5 am/min. The

effluent was collected with a Gilason microfractionator in 5.0 ml/

fractions. Calmodulin bound to the column was eluted with 2 buffer

P

e
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consisting of: 50 mM.Pris, 5 mM EGTA, 1 mM beta-mercaptoethanol and
pH adjusted to 7.5 Hith-ﬂcis Practions containing calmodulin were

poélad and dialyzed against 4 1 of water overnight. .All the oper- .

: - : - e ' '
ations were carried out at 4 C. Calmodulin was freeze—dried, 'weighed

- .f

o
and stored at -20 C.

DEAE-Sephacel Chromatography.

Calmo@ulin'obtained from the AFFIGEL Phenothiazine éhromatbgraphy
'step was dissolved in 59 ml of a buffer containing 20 mM imidazole,
29 ms NaCl, 5 md M;CI2 and 2 mi beta—mercaptoetbanol and the pH
.ad justed to 6.5 w;th HC1l. Tha'aample was poured onto a DEAE-Sephacel
_colum (1.5 £ 30 cm) with a flow rate. of 8 ml/h and 5 ml fractions
were collected. The column was_washéd with 150 ml of the game buf-
fer, folloued by 100 ml of the loading buffer containiné 100 mM NaCl.
Calmodulin was eluted with an increasing gradient of 100-600 mM NaCl.
The fractions werggrecorded with a single path monitorﬂunit, an op~
tical unit at 235 nm‘and a record;r with a paper yelocity of 2 mm/
min. QalmOdulin containing fraétions were pooled ;nd dialyze& against
4 1 of uatér overnight. All proCéaﬁres were carried out at 4°C.

~

: : o
Calmodulin was freete-dried, weighed and stored at -20 C.

Ultraviolet Scan.

- One milliliter of calmedulin containing fractions obtained from

:



DEAE-Sephacel chromatography was scanned using a Beckman DU-8 spec-
trophotometer provided with a wavelenght écan program from 35Q. .nm

to 220 nm.

Electrophoresis.,’

Polyacrylamide gel elecirophoresis was carried out according ‘ _v.
to the system described by Laemmli (154) with @inor modifications.
:The acrylanide concentration was 4% in 0.125 A Tris and Q.l% spS (pH 6.8)°
for the stacking gel. The separatory gel (0.5 X 5.5 cm long) con-

Sk

tained 104 of the monomer in 0.375 H Tris and 0.1% SDS (pH 8.8). The

gels were polymerized by adding 25 pl of 0.1% ammonium persulfate
and 25 Pl of TEMED. The eléétrode buffer was 0.025 ¥ Triz, 0.19 o

glycine and J.1% 3D3 (ﬁH 3.3). 3amples were prepared in 50 pl of

electrode buffer containing l.mi¥ EGTA, 5% beta-mercaptoethanol, 5 Pl

Y

-

of bromophenol blue and 3 to 4 sucrose grains. Before loading, the

samples were immersed in boiling water for 2.5 min. The gels were

fun at 1.0 mg/ge; for 30 min and at 1.5 miA until the bromophenol blue
dye reached.0;5 e; from the bottom of the tube. fﬁe geis Were;étéiﬁed
over;ight witﬁ J.04% Céomassie blue and destained with 109 a&épic

- acid_by'repé%ifive ;ashings.

"Calmodulin Oxidation.

¥ The .oxidation of cal.odulin was perfo}med accordiné to the



ki "-"’.-".‘F‘ﬂm"ﬂ-—;-m.n-

_ ﬁéthod describe& by Hirs (155). Five vol. of 30% H 0 weire mixed:
with 95 vol. of formic acid (performic acid) 'and allowed to‘stand
“for 2 h at room temperature and 1/2 1 at 0%. The calm;duli_n sample
(ZE—EE‘IE 2.5 ml’ of formlc acid + 0.5 ml of. methanol) was allowed
v Lto stand at 0 ¢ for 30 min. PFive milliliters of performic acid wene

. . : ‘ .0
added to the calmodulin sample and allowed to'stand for 2.5 h at 0 C

and then diluted with 400 ml of water and freeze-dried.

Calmodulin Iodination.

The iodination of calmodulin was conducted according to the
) . . 125 '

- Bolton and Hunter procedure (156). One mCi of I-Bolton-Hunter
reagent was eiaporated under a stream of nitpogeh. Five Pg of CaM
_ : ‘ . 125
in 10 pl of 0.125 i borate buffer (pH B.4) were added to the I-

. Bolton-Hunter reagent and the mixture incubated for 30 min at 400;
The reactlon was stopped by adding 150 pl-of 0.2 M glycine in borate
buffer (pH 8. 4) and allowed to stand for 15 min at 4 C. The mixture‘
was poured onto a column (0.7 X 20 cm) of Sephadex G-25 M and washed
with 0.05 o Na.H2P04, 0. 05% NaNB, 0.25% (w/v) gelatin, 0.1 M NaCl,

PH 7.3. Fractions of 1.5 ml were collected and 10 pl of each frac;
tion were added to a scintillation vial plus 10 ml of scintillation,
cocktail and counted in a Beckman LS-255 liquid scintillation counter. -

1 2 * - . . ]
Fractions containing 5I—CaM Wwere pooled, cpm/lOO Pl determined and

then stored in small aliquots at -20°C.
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Calaodulin-Jepharose Coupling.

432 according to xHlee znd frings - Fort

were dissolved in

mrrDe
SLnT

GaCl,_, pi 2.2 and of ac
“~

oreviously swollen in 1% =1 of 1 mXd uf1 (was

n
vy
Q
e
-
L
5y

nixilure asitatre

{

533 ml of borote buffer in'a glasc funnel ¢o

tn

Wa

-la

source, The regin was recucpended in &) =i
™
ag;usted 19.p3 3.0 «it¥ HI1 and nixed

call_, 2.02v (&, v} Nai_,
. 4

-7

34"‘

resin W23 washed,with 03

¢ .
o -

Tre z..o

stored :{ 133.
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two

mg of oxidized caluandulin Z:osdlved

.

then enulsified with 1.2 ml of

Calmodulin was courled to cyanogen brbm;de activated

3 ml of J.1 i sodium korzte, 1.0 [

v five mg of calmddulin

.‘._‘(.1

el , 2.02
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+ 3
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ed with 1 liter
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vere wasked twice with 1.75 4 ammonium sulfate znd centrifuged ot

eaulsion was ‘injected intradermally in four differenmt pl

. - .

pack of each steep's neck. = ™~

“Antibody Purification.

The iuzuncglobulin fraction of serux was Obtained atcording to
+

. ) L,
Ly rrucedure of Harboe and Ingild (153) and subseguently, the spe-—
. i "

ibody which recognizes Ca.l was isolated according to tke -

0]
(3
kY
b

Le]

J
R
ot
b
o

methoé cescribed by Dedman et al. (1oJd).

Two hundred ml of blood were obtzined from the jugular vein gf

* tre sheer in eack tleed. The blood was zllowed to clot for 2 h.at

. - o o
room texperaiure, followed by 12k at 4 C. serum was obtzined by
B : oL, {
522 X g for 10 ain at 4 C.” The crude

[¢]
14
R}
(13
'
e
]
&
™
= I
M-,
[ad
"
m
(2]
[ 4
Q
o+
1
ok
n

inmmuaroplobulzn fraction was precipitated by adding soliy cmmonium

-

sulfate to the serun (29 £/13) al), stirring the aixture slowly and’

7‘
. 0 L. .
fuged 2t 1lc 2232 L g for 1) Tin at 4 C. The precipitzted proteins

. . L , o o o .
then zllowing it ™o ctand for,13 h at 4 C. The zixture was centri- :
<i;:/

, -

. . - ‘[_

- o

lo 233 & g for 10 min-at,4 C each time. The finul pellet was sus-—
/ ‘ -

e

pended in %) x1 of waiter and dislyced overnight agaiact 4 1 of water
- .
- o . . .
and at 4 C. The dialysis bags were cuanged inic a beaxer with 53 ‘m¥

S

. -

- M . A . - . .
sodrur acetate (P 5.0 adiusted witk ‘zcetic ac;d) and dialyzed over-

-

- . ot ‘

night agzinst 4 1oof the same buffew follovwed by an édditional;overu‘ ‘
. ) ) \

- ) . - ) . : o

niget cialysis ageiast water. All dialyses were carried out at 4 C.
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" . . DYE-Ligand Chromatography.
The immunoglobulins from'the last step'were‘Centfifuged at
i ) o . N ' -
16 300 X g for 15 min at 4 C. The supernatant, containing the im-

" . , ° )
munoglobulins was dialyzed overnight at' 4 C against 4 1 of 20 mA

. Sl ' . .
KBEPO4 ad justed to pi 3.0 Witk KOH. The .immunoglobulins were poured
onto a DEAE-AFFIGEL BLUE column (1.5 X 33 ca) previously equilibrated

with phosphate biffer with a flow rate of 15 ml/h. The -effluent

, was collected in 1J ml fractions and recorded with a single path

optical unit at 230 nm and registered on paver with a recorder vel--
ocity of O.2 mm/min..

After loading the samp;e, the column uag extensively uasﬁed with
the same phosphate buffer untillfhe pen of the recorder_re;ched the
bag;l line. The imgqnsglobulins are qot retéined‘in this column,
novever, some proteins‘like albuming, protéases, clotting facfors
are adsorbed by fhe DEAE gfoups anq Fhe.dye iigand; The unuagted

proteins were washed off the column with o X urea followed by repeti-

.

: ) .o ' o
tive washings with water. The resin was stored at 4 C in phosphate

buffer plus. J.02% Naﬂj until next use. The non-adsorbed fractions

“»  containing ihmunoglobulin? were pooled and dialyzed overnight against

[ 4

139 md boric acid, 25 md sodiun borate, 75 msd NaCl (pd 8.4). All

S ' o
procecures were conducted at 4 C. /

weheiiabal
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'Calmodulin-SePharose Chromatogfaphy.

The immunoglobulins obtained from the DEAE-AFFIGEL BLUE column

were poured onto the (1.0 x.16'cm) calmodulin—Sebharose column pre-

viously equilibrated with: 100 mM boric acid, 25.m¥ sodium borate, -

.
.

75 m# NaCl (pd 3.4). The sample was loaded at a flow rate of 15

ml/h. Fractions of 10 a1 were collected and the absorbence was: re-
corded with a dual péxh monitor and an Optical'unit at 280 om and .

]

_registered on paper with a velocity of 3.; mm/ﬁih.

| The immunoglbbuliﬁs which recognize CaM as antigen were eluted /
with a solution éonsisting of & 4 urea; 10 gM EGPA, 0.3 ; NaCl and

ad justed t§ éﬁ 4.5 with HCl. Tﬁe flow ratqlwas changed to appra;i_
mately 5 ml/b and the vefocity of paper of the reﬁorder io-z mm/min.:
One milliliter fractions were collected a;d neutralized immediately
with 50 pl of 3 Q Tris. Samples containing anti-Cad were desalted *
using the PH~-1J co}umna in the following way: every 2 fractions

elgtéd f;om the“CaA—SepgarASe column were tixed and poured onto a
PHLLO colum, washed with 2.5 ml oﬁQ?heiborate buffer and ‘eluted
gith's.Omiof the same b;ffer- ;fteg deialting, thb.éamplea were *

dialyzed overnight against'a puffer cons;stzlg of 43 m imidazole,

130 =¥ NaCl and adjusted to pi 7.4 with EUL. All procedures were B
. . d , . ' . ' : ./'o ‘
, conducted at 4 C. After dialysis, the ant:body concentrat.on was

//

i estimated by measurement of the protein concentration and atored . '

—
v
-

.
- -
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at —ZOOC“TE_T.O'ml alidﬁots.ﬁ_The gplumns-were extensively washed ..

g

. ' : ~ 5 B o
with the loading buffer plus 3.02% Na _N, (W/v) and stored at 4 C

2 éu

until next use. .

'Radibimmnnoassay.

The radioimmunoassay was conducted according to the procedure

described b} dacdanus et al. (73). The aésay was perforzed-using

a R[4 buffer of 125 =i Tris, 75 m4 NaCl, 1 =i EGTA, 20 pe/l of al-

bumin and’ adjusted to pi 3.4 with HCl. The assay was performed in

L)

plastic tubes and the final volume of the reaction was 503 pl. The

reaction mixture contained tre following: RI4 buffer, 40 330 c¢pm of

125 _ . . e

I-Ca. (prev1ous¥y diluted in 314 buffer), standard amounts of
- i

calirodulin or tissue extractg (diluted with RIA buffer) and 100 pL
v »
of the appropriate amount of anti—Cad (diluted in RIA buffer). . The

tubes were incubated for 2 h at rodm temperature, and then for 18 h

+

. o * ". N : .
at 4 C. The antigen-antibody ﬁgmplex was precipitated by adding

-~

1.0 =1 of 21%) Pluronic F-33 and allowed to stand for 1 h at room

. “

temperature. The tubes were centrifuged at 6239 I Fid for 25 min..
The supernatant was then aspirated’and the precipitate counted using

l A K

a Beckzan Siogamma counter. .

Sd=pke Preparation.

- / ‘ . ,
Tiscues o ne testdd for Cau uqre renoved 'from rats under

*) v~

-

. . A .
. | . ) 4 | .
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at 4 C and the resulting supernatant stored in IJO Pl aliquots at

-

halothane anaesthesia by standard surgical procedures. The sémples
. P . .. - ) .
were cleaned of lymph nodes and adipose tissue and immediately frozen

in liquid nitrogen and stored at -80 C~until assayed. All samples

.,
.

were removed hetween 08:00 and 17:00 h. Sanples were thawed at a% -
and homogenizeﬁ 1:10 (w/v) with the isolation medium consisting of

10_&4 imidazole, 150 md NaCl, 19 mM HgClz, 1 mM EGTA, 1 m} beta-

mercaptoethénol and the pH adjusted to 7.5 with HCl. The homo-
- . 7

~

genizgtion was conducted using a teflon pestle—glass TRI-R homo-
genizer at 3000 r.p.m. and 1V up-down strokes. The samples were

)
homogenized in an ice-water bath at 4 C.
Supernatant or pellet fractions were obtained by centrifugation
{
S - S
of the total homogenate at 105 000 X g for 30 mfh,33~£_9/ln a Beckman

L2 058 ultracentfifuge, The supernatant and the particulate pellet

-

were diluted to thne original volume with isolation medium. Twenty

five microliters of' the total, supernatant or pellet fractions were

taken and used for protein determination. Total, supernataht and

L

. o_ i
pellet fracti.ons were heated at JJ0 C for $ min and cooled .iamediately.

The three fractions were re—centrifuged at 105 002 X g for 30 min

.

o,
-89 C until assay.

b

DNA Synthesis. . -

The determination of DNA-synthesis in rat parofid gland acinar

[
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cells .was conducted according to the procedure described by Tsang
_ - e, P - o
et al. (i49); 'Parotid glaads were refhoved by surgery from-light -

ether anaesthetized fats.ppévioésly injected with (dl)<isoproterenol

- - . . —r

- intracardially with 1.25 pCi/g body weight of 3H-me%hyi-thjmidine- 

. uhi}e-under.light.ether anaesthetic. . Parotid glands were cleaned .

4 -

. - N o . -
J;).in liguid nitrogen and stored at -80 C for no more than 48 h before

assay. All samples were reunoved between (£9:00 aﬁd 17:00 h because
of circadian variations in DNA synthesis (161).
DNA was extrécted‘according to the method descrited by Hopkins

et al. (162). Samples were thawed at 0 C and homogenized with 4 ml
‘ \

of cold 10% TCA-per 100 mg Of ‘parotid tissue using a teflon pestle-
., glass homogenizer TRI-R at 3000 r.p.m. and 10 up-down strokes. The

. - [+] -
samples were homogenized in an ice-water bath at 4 C. The homo-

* - \\}' o
genate was c-rtrifuged at 700 X g for 10 min at 4 C. The supernatant

r]
- -

was discardeﬁ and 4.0 ml of 1 I NaOH addéd to the bellef followed
by'mixing until it°‘was broken. Samples were tightly capped and
§lloued.to stand overnight at room ‘temperature. The next day; sarples

‘were cihilled for 20 min followed by the addition of 2.0'm1 of 2 N
HCl in 15% TCA, mixed and centrifugeg at 700 X g for 10 min at
. .. ) . ..

° _
\ 4 C. The supernatant was discarded and 4.0 ml of cold 134 TCA added

. *to the pellet, mixed until completely broken and centrifuged at

—
s

or saline éolﬁtiqn. ‘One hour before sacrifice, rats wére administered:

of lymph nodes, and adiﬁbée tissue. The glands were immediately froéén

kil i . ) .
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700 X g for 10 min at 4.C. The-aupernatant was discarded and the

peiLet resuspended in 4 o ml“of 5% TCA. The Eamples were héated‘at

85 ¢ for 20 min, cooled and centrzfuged at 700 X g for 10 min -at 4_ c._--

-
Y . -

One milliliter of the_quperﬂataﬁt,wasiadded to 10’ ml'of gcs.scin--

tilfation éocktail. The radioactiviiy from 33—1abelled’DNA-Hésr

measured wzth a L2-255 liquid scint111at1on counter. The concentrha—

nw
- - -

R . . . q'. o ‘ )
tion of DKL extracted was ‘measured according to the method of Burton -

(163) as :ﬁodiriéa b;,- Horking et al. {162). Five hundred p1 of the '

DNA extract)were mixed with O. 5 ml of 5% TCA and the mixture was

agltatpd and then 10 Pl of 5% acetaldehyde were added and the mlxture

 was mixed once again. Finally, 2.0 ml of diphenylamine reagent

v ) " ' o ' . . ) .
(20.0 g diphenylamine, 56 ml of 704 perchloric acid, 1000 ml of acetic:
éci&,:prepared'just before the assay) were added, 1.0 ml at a time
with mixing between additions. The samples were tightly capped and

. vﬁ | -

allowed to stand in the dark overnight‘at room temperature. The
samples were then returned to room light for 30 min and absorbance
determined at 600 nm in a SP 30 Pye Unicam spectrophotometer. The

samples were measured against a standard curve conetrﬁctgd'with in-

creasing amounts of calf thymus DNA ﬁetueeﬁ 10-150 Pg and treated

in the same manner as the sanple. The results were expressed as

cpm/}lg of DNA extracted. : .

Calcium Determipnation.

The.deterﬁgnation of blasma cakium concentiration was conducied

- e - e oo . . - - ) : . e 40..-..
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according to Rixon and Whitfield (35) usihg the fluorometric method

_of Borle and Briggs (164). Five hundred Pi of'bybod were taﬁen'bys”

CECL

cardiéc puncture. Blood was collected in éjfinges pre%iously moist- A

ened with 2 saline solution of heparin (15 mg heparin/5.ml 0.9% NaCl).
The blood samples were—centrifugedlat 700 X g for 10 min at 4 € and ~

= -

. . . o e ‘ - SR i
the plasma’ fraction was stored zt 4 C for no more than 24 h before

N

assay. The plasma-calcium concentration was determined using a

© e
-

<

Piske automatic fluorometric tittator (Fiske 4asoéfﬂiic., Uxbridge,

X : . b & R ' ' '. K -
. MA.). One hundred Pl of plasma were added into a mixture of 30-mg -~ .
calcein in 12 ml of 1N“k03.- The regplfing quorgscéncé was queriched
‘by titration uiih\d.25 M EGTA. The'valués were read against a

=

standard curve which was linear betiween 2-12 mg of calcium/;oo ml.

Thyroparathyroidectoq[.'_

TPTX was carried out according to Ingle and Griffith (165) on

-

oy
halothane anaesthetized rats.

A small incision was made ir the skin

-

on the larynx. T?e sublingual glaﬁ&s were pulled apart and another

small longitudinal incigsion was made in the musculi covering the

trachea. The isthmus was broken and all the thyroparathyroid tissue
3 J . N - . ’

visible with the naked eye rulled out. The tissues were rejoined‘

and the incision on the skin olosed with surgiocal steples. The SHAM

.operated animals were su;gipally t;eaied in the ‘bame way, excert

ot
’/N:_/ J



.\" .l : '.'1‘ .

- PPPX effect (165). If the plasma calcium concentration after TPTX -
. AR - - > e, .

- - . -
<

. . - . -
.o . - . .

the thyroparathyroid complex was not removed. )

. -, T . - . . ' - - L~ . .
TPTX halved.the plasma calcium ddncentrdtion;.-Hoﬁevqr,'?he"
presence of extra .parathyroid tissue in some rats minimizes the

was above 1.50 md (6 mg of calcium/100 ml of plasma), the TPTX sur—

gery was considered not successful a.xid.v'l".hé results: obtained were not

uéed.

_Protein Determination. oo o -
The metsod of Bradford {166) was used ?b-defer&;ge the concen-

tration of protein in a specific ‘sample. _Om_s hundred-').ﬂ. .of sa.:qple_}

‘properly diluted with water were mixed with 5 ml of Bradford's re-

agent ;reviousl& di;uia@ 1:5 with w;ter and mixed. The.assOFhancé
of the mixture at 595 nm was mgaaured within the ne;i 10 pin. usifig
a sP 30\Pye Unicam spectrophotometer. The sé&ﬁles were c;mpared
again;t a staLdafd curve constructed uLing IgG as reference which

gave a linear relation between 10-125 J&-

~ -

Statistical Analysis.

statistical analysis was performed by appropiafe analysis of
variance~(id7); Since irgegular replicates were occurring within

the assays, the least significant difference (LSD) was used to

deteraine differences between groups..
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Calmodulin Purification.
— »

: o - .~ T - [

;Calmoﬁgfin was purified from 300 g of rat testis. The pellet -

v

.~ - A S o -

.fébt;ined éftefsisﬁelectrié'ﬁrecipititigg.ai pH. 4.0 was,fgsuspeﬁded
«e=T53 0l of 50 md Tris, 300 m¥ NaCl,- 100 P Caﬁlé; 1 ma befahmércagto- e
ethanol with the pH adjusted'to 7.5 with HCl._ Thé dissolved pellet

-

was poured onto’an AFFIGEL Phenothiazine column. JMost of the nom-

*

calmodulin prﬁteinéywere eluted by extensively wasning the ‘éolumn
with the loading buffer {Fig. 2). Calmodulin was eluted with a buf-

fer of .50 md Tris, 5 mAd EG&A,'I m beta—megcaptoethanol at pH T.5.

. T - 4 * . :
Calmodulin containing fractions were collected, pooled. and dialyzed

-
IS

L3

.c' againét'4'1 of wWater. . The, yield of CaX tuéigﬂt of lyophilized pro-
tein) was 82’mglor 273 mg/Kg of teét;s.
Calmodulin was further purified by anion—exchaﬂge chromato-

graphy using DEAE-Sephacel. This step was done-to eliminate minor

contaminants which may co-elute with calmodulin during the affinity
chromatography step.
. e . -

" Calmodulin was dissolved in_ﬁJ ml of a buffer containing 20 md .

imidazole,'20 md NaCl, 5 mid .\IgCl2 and 9 m% beta~-mercaptoethanol,

adjusted to pH 6.5 with HC}. The sapple was poured onto a DEAE-

-

Sephacel columr and:washed with 30J) ml of the loadihg buffer plus’
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Figure 2. The purzflcatlon of calmod¢11n by'phenoth1az1ne afflnrty
R chromatograahy. - - I .

-

Ca The proteiﬁs.pbtained from isoelec$piq ?recipitatiOn of tbe

- B3
- an

crude extract were poured onto gn AFFIGEL aheqothzazlne column .

. -
N- . s
- .-

(see saterials and Aethdds) Von—calmodul in’ proteins were’

washéd with 5ai Tris, 100p.1, CaCl 1o veta-mercaptoethanal

(pﬁ 7;5y;'Calmodﬁlin was elyted with the same buffer'excepf

CaCl, gas,substi:gted by Smﬂ EGTA;_The bar'indicates the ef- .

-

fluent pooled and dlalyzed extens1velj against water.
b L - - -

ey
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100 -ml of the same buffer containing 100 mi NaCl. Calmodulin was
. e ’ T . - " . * -

eluted yiﬁﬂ a-1inear éradienﬁ'of 100-500 mM NﬁC} (ng; B)J-Vft‘wéé

S Y -

released at‘a‘salt concentration of ' about ?SQ‘mM.
. Ultraviolet scan of the fractions eluted by é50‘mM NaCl con- ** . .

firmed.tle characteristic absorption spectra-of calmodulin (Fig, 4).

L

- .
" I - . .

Protein was measured by weight after'@iﬁl&sis against;watér and-
> . ST .
lyophi&izatioﬁ and was 37 mg or 123 mg/kg;wet tissue. Calmodulin

purity was slso deteruired by'sns-PAcg using 104 gels-and 50 pg of

' ’ . -

qam/gel_iFig. 5) - . S s

Iodinatidn of Calmodulin.

Calmodulin was.iodinated by tﬁé;Bolton}Hunter procedurs. and

separated from the Bolton~Hunter reagent residues and *SI—glygine

- sephadex G-25 i chromatography (Fig. 6). By qs;ng*this'prbcedure,

lgsl—CaM'ﬂag_eiuted in the Vo of the column. Fractions 10 to 18,

T 125.. - : L o ..
wirich cqntaiqqdf' ?I—Cam were pooled and stored at -20 C in aliquots

containing 1 X 10 cpm. Radioiodination of calmodulin was performed .
routinelyqevéry‘ihrae weeks yiél¢ing similar results.

A R

. : o Calmodulin-Sepharose;Coupling.

-

. . S-
.

Célmoduliq‘was coupled to Sepharosé:for use as a chromatographicf

.

matrix for antibody purification.. Forty.five mg of CaM were mixed .

with ten mg of CNBr-activated Sepharose 4B under the conditions

FRUOEY WIS S



graphy. .

Pre calmodulin from AFFIZil-prenst:iiatiné cnrdnatogra ny was

poured 9nto tne DEiE-Jeprucel eolumn, ws ceseriped in Yaterials
-

and .etrnods. [he co.umn*was wasned wit:s 150 2l of o ooffer

consisting of 22 =d Lall, 2. mi imizazole, & =d W/Cl o, 8 oml

beta-mnercaptdetnansl

puffer containing 1232 mi Null. CZalsogilineair elated ow in-
LY
creasing grzclent from 122 @m0 530 wo af Nall Tre our in-
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. . Figure 4. The absdrbtion ;pegtruq of calmodulin. i -

One milliliter of the protein eluted from the DEAE-Sephacel
C;_, column at 250md NaCl was scanned from 350 to 22Jnm on a Beckman
DU-B.spectrophotométer; ‘211 the values of -absorbance usctigned

10 the peaks correspond to those previously reported for Ca

by other authors (b2-04).
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5.  The €lectrophoresiis of, calzodulin.in 5DS-polyacrylamide.

At}

Polyacrylamidé'gel eieptruphoresls was performed‘using 1%
acrylamide and 0.2% sodium dodecyl sulfate. The sarzples were

o . . . ‘ N
héat-treated (130 C) for 2.5 min in the sample buffer before

~

electrophoresis. Fifty micrograms ofrcdlmodulih were loaded

per gel., The gels were eleqfropho;eged at 1.5 ma/gel for 30°

-

min and continued at 1.5 mi/gél until the marker dye was at
J.jem from the bottom of the gel. The gels were stained with

0.04% Coomassie Blue and destained with 10% acetic acid.

-

g



SDS~PAGE of CaM
(50ug /gel) .

—- 5.5 cm-
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Pigure 6. The purification of 5I-labeued Cad by Sephadex G=25
ghromatography.

Pive micrograss of calmodulin were iodinited by the procedure
desc:iqu in Jdaterials and detnods. The reaction ias'stopped

' by adding an excess of glycine. 'The mixture was ooured ontd

a jephadex $-25 column, and washed uigp a buffer containing .

-

4

{pH 7.9,. Fractions of 1.5 ml were collected. The radio-

0.954 NaH PO, , J-O5k Nak, (w/v), J.25% gelatin and 0.1% NaCl

activity of each fraction was tested. Fractions containing

Cai (lzﬁI-labelled CaM} were pooled and stored at -209C. -
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described previously-in daterials and Aethods. - The yield of the con-

jugated Cad-Sepharose was 2.5mg Ca¥/g gel. The CaM:Sepharose matrix
. . ) -

..

wag packed into columns to,be used in anti-calomodulin purification.

+

Antibody ‘Purification. :
. ’ "

Serun from each sheep was processed separately. The innuno-
globulins were precipitated with azmoniun sulfite and partially

pﬁ%ified.using DEAB-APFIGEL §LUE chromatograph} as described in Ma-
M . . .

.

terials and dethods; the anti-Cad fraction was obtained by passing

the Igc'é fraa the Dye-ligand chroaatograrshy step on the Cad-3epharose

. - .
\J columns previously prepared. The coluzn was ‘washed overnignt with .

a tre loading buffer and the anti-Ca4 fraction was eluted with o
urea, J.3 .4 NaCl, }J =4 :GTA, o 4.5 (Pig. 7). Two al fractions ‘

. [N A .
were collected and rapidly neutralized witrh 53 pl of 3 { Tris and

desalted iﬁ pre-paceced 2.~-12 columps. Anti-Ca! fractions were
pooled and dialyzed against a-buffer;cansisting of 22) =md inidazole,

-

1)) a4 NaCl, adjusted to oi 7.4 with HCl. The amount of anti—Cal

h\\\ cbtained was aneasured accordinﬁlto the procedure described in Jfa-

B
7!
- -

. . - o A .
terials and Jetnhods, and stored at -20 C in s=zall aliquots.

+ { Radioimnunoassay.

v

The ability of the anti;CaA IgG's to precipitate a known amount

125

of I<Cad was tested next (Fig. 3). The reaction mixture contained

+

S
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et

e

Pigure 7. . The purlfxcatxon of anti~Cad' by afflnxty chromatograohy
in Cad-aepharose.

The IgC fraction froa sheep's serum was poured onto the Zad-

‘Sepha;ose colu=zn. Non—pound‘igc was washed with fhe'loading

. ‘buffer consisting of 1J3Jamd boric acid, 25md sodium borate,

75m4 ¥aCl {p# 3.4,. anti—Cad was elited with a sotution

" consisting of odf urea, lJmd =CTA, J.3amd qul and ad justed to
. , .
4.5 with #Cl. T[he bar indicates the fract:ons collectéd,

. desalted LH‘D lJ columns and subsequently used in tre radio-

-

1maunoassay.

EFRUWT T |
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125_

‘Figure’ 3. The binding of anti-Cas to = ~I-CaM.

& B i . - . ’ . .

-
¢

Jarious amounts of anti—calmodulin of sheep A or B were added . -
125

1% 42002 cpm of ICad and processed as described in aterials

and detnods. The ordinate re)jreseants the percentage of cpm

=
.

bound to the anti-Cad. The non-svecific counis per min bound

weré subtracted. 'Tﬁe points are the means of triplicate yalues,

[y

e

e
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2

1251-Cam 40.0001cpm<ih RIA buffer, plus.increasing amountis of anti—

calmodulin diiuted,with RIA buffgbv(sée daterials and Methods).

Each samxple was”assayed in triplicate ahd the non-specific binding_

was“subtracted /from each sample (nq more than 300 cpm).. The anti-

calmodulin usdd in the‘asséyé of figure 8 was obtained from .the
¥ .

first bleed of sheep & and B.¢ In all subseguent éssajs enough anti~
. , . . . Ko .

- ’ . . .
. 12 o
Caul was used to précipitate 35% of the ?I-CaM'(4Q 000 cpm) used
ot o : N
per assay. It should be noted that the IgG fraction which did not

125

bind to the Cad-3epharose did not precipitate TI-Cad.

. Figure 3 illustrates the immunization times and the time course

- of fhe anti-Ca. production in both shéep. The results are expressed-

as the amount of anti-Ca. necessary to precipitate 35% of the total

.12
cpm of bI—CaA present per assay.

¢

Figure 10 illustrates a typiéal standird curve constructed

With increasing amnounts of Casl, 40 000 cpm of 5I—Ca.‘d and enough’ ¢

IgG td precipitate 35% of the label. viach point is the mean of

three separate determinations with‘non-specific binding subtracted.‘
Usiné‘the desc?ihed conditions,.it was possiﬁle to detect Cal be—‘

tween 10 and 2030 ng/assay, -
st;ndard dilution éufves for Cad, trbpoﬁin T and ﬁarvalbumin

were generated by aixing 1JJ_ pl of the appropriate dilution of each

' ' - 12
protein into the mixture of buffer and 40 0JJ cpm of 5I—CaM. The

_reaction was. started by adding the anti-Cad. Rabbit skeletal muscle

N

.
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Figure 3. - The time-—course of 1mmunizz119ns and antibody production.
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The redlolnmin0rSoey wal COnuucted accordinit 12 the
descriied in fmlterizic anc Jetnods.  The nssay was
ina final volume 9f 550 pl wnd using a ouUffer cons

lefial Iriz, Tiad Nell, 1z 2374, £J pg 2lbumin

N »

43000 cpa of

-
.

tissue extracts and the approp§ate anount of anti-Ca.

pr

i)

W
Jre rezction mixture contained HIA buffer,

"I—Cad ctandapd z.ounts of pure calmodulin or

The

is5ays were proceszed s previously described in Materials

and fetnods. XNon-specific binding was subtracted. The

results were plotted in logit-log pzper. Zach peoint rebresents
. -

the, ‘mean of trfplicate'assays.
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. . ‘ - .
iroponin C snowed some crossreactivity witrn anti-Cad Igd (Pig. 11)

but approximztely 5JJ times zore troponin C was reguired for 1X%

pipding., dat-'sseletal ?uscle pirval bumin .was not recﬁgnized by

" anti-Caid when présigt at a.lJJJ.foldvexéess.

A -4
»

N ] L ! .
Deterrination of Calmodulin in Rat Tissue =Zxtracts

"Dy pRadioimmuncassay.

)

“ Dhe ustll sample to dDe assayed for calmodulin content was " a

. -

P~ '

paro{id gland extract.  To dexonstrate the-specificity of the radio-

-

imouncassay, it was necessary to spnow that fractionation of a tissue
o .

extract and subsequent assay of the fractions resulted in-a high
. .

recovery of the tdtal Cas value. Sasnples were assayed in three-—"

different dilutions and by addition of;gnown.émounts of calmodulin.
.o X . ~ u ’

<
into the sauples to be assayed.

'Table IV illustrates the calmodulin content ©of various tissues
4

- N ‘ B . .
» obtained from intact rats. The recoveries of calmodulin from the

’ supernatant and pellet fractions in rat testis, parotid glands and .

liver were 92%, 89.24% and 88.44% respectively. The'&ifferencg in -
. ’ . B 2t IS ’
calmodulin content of testis with-liver or parctid glands was sig-

.nificant (p <.05). The distri?gﬁjLn of calmodulifn in- ¢t liver- and
. N . ~ '.qan'} .
“ T aRE

parotid g¢lands i; almost equal between supernatant'éﬁi peliét‘bf

a 105 000 X g centrifugation. By contrast, rat testis calmodulin

i A
»

is predominantly found in the supernatant fraction (76.6%) cdmpaféd
/ ’ . (/ . - ' ) . / .
I ' . - . .

-t

-
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‘Figure 11. .The specificity of anti-Cai .in a competition radioi

.was 'subtracted and ihe results plotted on lopgit-log paper.

i

assay. -7 v

. ©
-

Various amounts of caulmodulin, trooonin C and parvalbumin,

' , | | 125 ' .
were mixed wz(h 43222 cpz I-Cai and éhough anti-Cal

N .
to precipitate 35% of the label in a final volume of 5J0

-

pl/assay. All the assays were ‘processed/as described pre- )
. . -

.
viously in daterials and retrods. ,The non-specific binding

.

Each point represents the mean of triplicate assays.

.
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. PABLE IV. Calmodulin content in different rat tissues. -
. | | _ "/ . “CAL“ODULIN CONTENT
' FRACTION
' POTAL ' SUPERNATANT . PELLET .
105 000 % g . 105 000 X g

TISSUE | ‘ . . : ; \ L

“PESTIS o | : L
pe/e'w wi 1206+49.89 924+90.24 196+30.58
LIVER : ' . o v
pe/e ¥ wt 495243 .20 251432.05 | 155+34.50
ng/mg prot. 0.72+0.11 0.71+0.19 0.62+0.09
. , _ , - . }
PAROTID- GLANDS . . - o
neg/g w wt 548+02.15 . 233+27.64 -~ 256+29,88. ,
pg/mg prot. . 1.1340.15 AL 1.15+0.16 s 1.53+0,26

’.'.The radioimmunoassay procedure was utilized to determing th¢ CaM

content in rat testis, liver and parotid glands. Total homo

speed supernatant and pellet were assayed'. The valles are expressed ag
. . .‘ . .

}.{g of CaM/g,w‘ Wi’ or pg of Cai/mg protein. Values are means + standard

- error of ten different determinations and some Beterminations assayéd

at three different dilutions. ' ) : : . K/



with the pellet fraction (16.26%).
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© Effects of Isoproterencl on DNA Synthesis.

. Before investigating the effects of isoproterenol on the CaA
content of rat parotid glands, it was necessary to confirm?fhat iso-

proterenol stimulated DNA synthesis of rat- parotid glands and to

*

deteraine the time course of the event.

In a series of experiments, two groups ,of animals were considereds

.t

one group was’injected intraperitoneally with' 150 mg of Iﬁh/Kg body

weight dissolved in 0.2 ml of 0.9% NaCl; theé second group was in-—
o »

jected i.p. with 0.2 ml of 0.3% NaCl. Parotid glands were removed

at different times after inject%qn of IPR or-sa%&ne. DNA syntﬁétic

éﬁtivity gasldetermined by measuring thelincorporatiOn of 3H—thy:midine

intq the DNA extracted from parotid glﬁpds (pee laterials and Methods).
The results presented in flgure 12" 1ndlcate that DNA synthe51s

in rat parotld glands was stlmulated by IPFR 1nqect10n.' The initi-
).

. atzon of DNA synthesls began at 18 h after IPR admlnlstratlon and

the maximum aot1v1ty was at 24 h (157 92 + 20. 16 cpm/Pg of DHA) Which

. represented a.6—fold increase over the control value. (2é\36 + 4.18

+

cpm/Pg of DNA) The differencp betweenIIPR—treated animals and

saline treated animals was highly significant (p <£0.001).

. ' \ Lo



" Different groups‘of ani‘nals 'received an i.p. fﬁjegtion of 150 -

1

Pigure 124- The ability of isoproterenolfto stimulate DNA synthesis

of rat parotid glands.
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mg IPR/Kg body weight in 2.2 ml of 3.9% NaCl or 0.2 ml of

. R : '
J.F% NaCl only. ' Parotid glands were removed at different

-

times-after the initial injection.- One hour before the
. L N |
removal of parotid glands, all animals received an i.c. in-
; . ‘ . ‘

jection of 1.25 pci #F Ji-thymidine per gram of body weight.

DNA synthesis was-deternined as descdibved in saterials and

.

N L]

dethods. Points are the means + standard error of the mean
- » -

a

of values_frbm 10-20 rats and from two different experiments, -
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Effect of IPR Dose on DNA Synthesis.
.* In order to determine tih:z effects of different doses of+-IPR on
. V H L] . | .
DNA synthesis, the next experiment was performed. 3even groups of.
. .

.animals were 1injected witir tie following doges of IPR: 5; 105¥2j, ’

¥ L]
. - N -

59y 79, 190 and 150 mg/Kg body weight dissolved in 3.2 ml of J.2¥

'c‘\_ ’ 3 . . . . '
QaCI. . Parotid glands were assayed for H-thymidine .incorporation

.

into DNA (s;e vaterials and dethods). The results'iilnstrated in

figure 13 indicate that DNA synthesis ﬁas stimulateq in a dose-de-

’

. perndent fashion. The mazximal resnonse oi,scerved was with doses be-

tween 25-150 mg/Kg body weight. _ . -

. v

Effect of IPR on Calmodulin Content of 105°000 X-g

. ! Supernatant. . K T . e

A series of experiments was conducted to determine the.time
o . ) N . ,

course of changes in calmodulin content induced by .d single injection
- -

.
:

. - 1
of 'isoproterenol.,

One group of animals was injected i.p. wWith 150 mg/Kg bodf weight

of IPR in 0.2 ml of 0.9%=NaCl, a second group of aiimals was injected
N ‘ . L .
with 0.2 ml of 0.3% NaCl and a third group of animals was sihply
manipulétedlbut<pd£-injected..'Parotid glands were removed immedi-~
B' . . . ’ * ] . -,

.f*atélj'égter in jection or Hanqling for "zero" values or,at different - -

- -
Y

‘times after the initial treatment. Calmodulin content in the 105 000

. , EK-

A

-
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_Figufe-l}. - Effect of dose of isoproterenol on DNA synthesis of
' rat parotid glands. ) . . _ -

A ' e
Jeparate groups of ratis were injected with 5,13,25,50,75,120
or 15J mg of IPR/Xg body weight dissolved ir J.9% .NaCl. Twenty
three hours arter the initial injection, all animals were in-
. 3 N
jected i.c. with 1,25 pCi Y~thymidine/g body weight and the
“parotid glands removed one nour later. DNa synthesis-was
measured as described previously in daterials and dethods,
and expressed as cpm of 3H-thymidine incorporated into DNA

per pg of DNi. Points are méans + standard error of the mean

of values from 1J0-14 rats and three separate experiments.
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X g supernatant waS determined by the previously described radio-

>

immunoassay p_g_cicedure. Samples were assayed twice and in triplicate

-

within each assay. Results presented in figure 14 indicate that IPR

causes two significant (p< 9.02) transient increases in the San -

- content of 109 300 X g supernatﬁﬁi of rat parotid-tissue. The first

.

surge occurred at 3 h after IPR injection and increased to a value

*

of 804 > 133 }18/8 w wt compared to 243 + 64.-31- FS/S o “; foi- saline

" treated animals and 267.33 + 35.33 pg/g w wt for manipulated animals.

Thé‘second increase occurred between 15 and 21 b after proliferative

“% - - -

' . . .

. activation and peaked at 13 h at a value of 887.03 *+ 174 Pg/é W owt
compared to 315.27 + T4.51 Pg}é W Wi in éonirg}s;

The "two-fold incr?a;e in Ca¥ coateﬁt at.la h was still eGiéent

when the values were expressed as pg CaN/mg prd}ein. Isoprpterenol

. treated animals had 2.0 pg CaM/mg protein while controls had.only"

J.98 pg Ca¥/mg protein. The difference betwedh two group; was
- ) :
.si-gnifica.nt (p < 0.02). T ,
The small changes in the CaM content in fﬁe 105.030 X g super-
nataﬁt between O and 2 h after IPR or sqline injeqtion uere not sig-

nificant {(p > 0.05) compared with controls uithoutﬂinjection and were

probably due to stress elicited by the procedure of injection.

Effect of Isoprotérenol on Calmodulin Content in’

" Potal Homogenate.

In order to deternine whether the calmodulin increase-in the

\ IS
<o _.
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Pigure 14. The abzlztg of :.so;:roterenol to stlmulate calmodulm

accunmlanon in the 105 JJJ X g supernatant of rat
parotid glands. : - .

. hd o
T~ ] / .
. . e

Different groups of'arnimuls were 1nlected 1i.p. with lﬁb”mg

of ‘IPR/Kg body weight dissolved in J.2 ml of ¥all or aa in-

Jection of J.2ml of J.3+ NaCl ornly. Amotker control group

- did rot receive any 1injection but was arnipulated identical

-

to the isoproterenol, or saline groups. Parotid glands were

removed immediately for “"zero™ values or at different times

after the .initial treatment. Calmodulin content in the high-

speed supernstant was measured by radioimmunoassay as de-—

_scribed ir daterials and Jdethods. Pointg are the means +

standard error of tkhe mean -of values from 5 to 7 rats per

group and from two different experiments.



. Medmy

NOILO3MNI ¥314V SHNOH

°1] (4] 6

9 & ©

L

T T 1

uoi2afut OU- IIU0) -
* .

B ) P
sujos o~ N

../\\ .

’

/

*|0Ua910300S}

¥ L
192 @ -

=

-

(_3-(3] x yBiam jam 6/67) NITNGOW VD




- e . . & N .: B -

el e -

105 Ooo-x_éAtrépfidn c$psad by IPRVinjgcfioh was due to a subcel-.

lﬁiar rodiat;ibutiun'§f-ca{modulin.or f&';n‘inE?que in the t§§il _
calmodulin content the next sbrigg of;experiments ierg p;ffﬁrmad.
One group ér animgls was injecfed'intrap;ritoneally w;th 150
ag of IPR/Kg bedy weight disspived-in 0.2 ml 6f J.9% NaCl ana a
control group was injected i.p. with 0.2 =l of 0.9£ NaCl. Parotid

" glands wére removed at-35,1§;ang 34 h after IPR or saline. injection

-t

and the calmodulin content in the total homogenate was determnined

by radioimmunoassay. Values presented in table V vere obtained

from two different experiments with each samaple assayed twice in

%

triplicate.’

T

Phe results indicate that the total calmodulin content was

increased significantly (p < 0.05) by IPR at 3 h after in jection
(704 :;41.38 pg Cai/g w wt). " No significant difference was found

beiween IPR and saline'treated groups at 18 or 24 h afyer injectian.

v

Effects of Different. IPR Doses on the Calmodulin

" Surge at 18h After Injgctién;

It was demonstrated that an injection of 150 mg IPR/Kg body
weight caused an increase in calmodulin content in the 105 000 X g
‘supernatant at 18 h after injection.

A series of doses (5, 10, 25, 50, 75, 100, 150 mg/Kg body weight)

AN



TABLE .V. Effectsjof IPR on the calmodulin content of tcta?
: ' homogenate. - . ‘ °

CALMODULIN IN TOFAL HONOGENATE
pg Call/g w wt

: TINE AFTER INJECTION . }
o HOURS ' _
Y 3 18 ' 24
_. TREATNENT . .
ISOPROTERENOL  704+47.38 516+48.73 529+45 .44
SALINE 462+51.44 585+43.08 © 564+80.63
P

Separate groups of animals were injected i.p..uitb 150 mg of IPR
in 3.2 ml of 0.9% NaCl or 0.2 ml of 0.9% uacl;- Parotid glands were
removéd at 3,1é or 24h after the initial injection. Calmodulin was meas—-
. ured in the total homogenate by the radioimmunocassay procedure described
in saterials and iethods. Values.are expressed as pg of Ca¥/g w wt. The
values are méans + standard error of fhe-mean‘df two different experi—
ments and four QEQgEminations. The number of rats per group in each ex-

periment was between T to .



C A

of 'IPR dissoyked in 0.2 mL of 0.9% NaCl were administered by iiﬁf _

in jection into diffaren_t groups of animals. Parotid glands were

removed at 13 h ‘é:fter injection and calmodulin content in the - »

fThe‘;éaults presented in.r;gﬁre 15_§ndicgp;d that the.CaH
'—increa“sé at. 13 h.'afte.x_' IPR injact:i.d'é deﬁended on. the amount of iPR
injeét€a. The maximum response was obtained with 100 mg of IPR
which resulted in 732:: 64.33 pg CaM/g w wt. This value reprea;nted
a 2=fold increaée ov& the lowest dose injected (5 g reaullied in |
945 pg Cad/g w wt). The difference between na;imal and minimal
doses was significant (p < 2.02). Daafs érea£er than 100 mg/Kg.body

. weight did not cause a further increase, s

Effect of TPTX on DNA Synthesis.

Fl

Three different protocols were used to determine i'.he effect of

i

TPTX on activation of DNA synthesis by injection of IPR. The first.

protocol consisted of two groups of TPTX animals and two SHAM-TPTX

~

groupas. Twenty four hours after TPTX one group was in jected i.p.
with 150 mg IPR/Kg body weight dissolved in 0.2 ml of 0.9% NaCl

and another group with saline only. Opa SHAM-TPTX group was injected

with the same dose of IPR and the second SHAM-TPTX group was injected

with 0.2 ml of 0.9% NaCl. The second protacol consisted of two

groups of TPTX apimals and two SHAM-TPTX g’rm:ph*. Forty eight hours

"



Figure 15. The ability of dirfezent'cdncentrat;ons-or iiopboferenol.
to stimulate calmodulin accumulation in the 105 000 X g
_ supernatant of rat parotid glands. :

Separate groups of animals were injeé.ted i.p. with 5, 19, 25,

~ .
~

50, 75, 100 or 150 mg of IPR/100 g body. weight dissolved in
J.2 m of U.9% NaCl. Eighteen hours after the initial treatment,
the rat parotid glands were reaoved. Calhodulin was measureéd )

in the supermatant. of 105 0JJ X g centrifugation by radio-
. ~ .
N : _
immunoassay as'described in Materials and Xdethods. ‘Values

are the means + standard error .of the mean from ‘5"1&6 9 rats.

-



L

ight x10°8)
-~

CALMODULIN (ug/ g wet we

w B %m0
1 Y r— |

~N
Y

jl:
c—50 100 150
ISOPROTERENOL

(mg /7 kg body weight)



7/

8

affer SUrgery, bne TPDX group and one SHAM-TPTX group was injeéted

"with 150 mg IPR/Kg body we:.ght in 0.2 ml of 0.9% NaCl. The second

. SHAM-PPTX group was m-Jectad. with .0.2 ml of 0.9% NaCl. In the th:.rd

e

protoool the sa.mq pr‘ogedure was used exg:apt IPR or salme was injected
12 b after TPTX oFf SHAN-TPTX treatment.

Twenty four hours._after the initial injection, blood samples

~-sere taken bj cardiac puncture for determination of the plasma calcium

i
'

soncentration and the parotid glan&s removed. DNA syntneésis was

assessed by measuring the incorporation of 3H-thymidine into the DNA
. . L] B !

extracted from parotid glands (Qee daterials and Methods).

The .reaulta presented in fahl.e VI,-indica.te. that th;a plasma -

calcium concentration was significantly reduced (p < 0.001") from

' -

"2.14 mM i(avg) in SHAA-TPTX groups to 1.16 md (avg) in TPTX groups.
Twenty .1;onr hour TPTX-IPR treated rats were stimulated to ‘synthesize
‘nua, however 43 or 72 h TPTx-IPé‘troatad rats showed DNA synthetic
valuﬁs similar to those of nor;ua.l-sa.iine tﬁated r‘a.ts.

The difference betﬁeen.tne'3a-t£ymidinoruptake;into DNA of the
24’ n TPTX-IPR treated rats with 48 or 72 h TPTX-IFR treated rats

was significant (p < 0.01).

Effect .of TPTX on the IPR-Induced CaM Surge at 18 h

<

in ‘105 000 X g Supernatant.
Because IPR did not induce DNA synthesis in 48 and 72 h TPTX

.

" rata, an opportunity existed to find out whether the CaM surge was

TR

1oy



TABLE - VI.

' "Effect ‘of TPTX on DNA synthesis.,

3

H-THYMIDINE INCORPORATION INTO DNA AND
THE PLASMA CALCIUM CONCENTRATION

' TIME APTER TPTX (HQURS ).

24 48 72
- _cpm Pcd , cpm -~ PCC - cpm PCC
TREAT AENT pe DNA mM pg DNA  mH ‘pg DNA  mf
TPPX + IPR 132.30  1.28. 20.46 1.35' 16.65 0.99
. ‘ +30.14 +0.70 +8.61  +0.146  +4.0T +0.06
TPPX + SALINE S 17.68  1.15  17.24 1.16 14.49 1.05
SHAM-TPTX + IPR 173.41  2.19 186.33  2.16 129.75 . .2.20
+35.00 +Q.80 +68.93  +0.023 +22.26 #0.06
SHAN-TPTX + 3ALINE 28.36 - 2.10 34.14  2.10 27.95  2.10
’ ' Y 12.95 +0092 -':0032 10.118 "'3.52 :0:09

Different groups of animals were

subjected‘td TPTX or Sﬂkﬁ;TﬁTX.‘The
rats were 1n3ected with 15?/yg of IPR in 0.2 ml of 0.9% NaCl or 0.2 ml of h

e 9% HaCl at 24, 48 or T2h after the initial surgery. All groups were 1n—- ‘

jected ji.c. with 1.25 PCi of 3H-thymidine at 23h after IPR‘O; saline in-

L4

jedtiqn.'One-hour later,-blood samples were taken énd parotid glands re-

. - . Y A . oo
moved. Plasma calcium concentration was determined as described in Materials

;-

and Hethoda~and—e;pressed_as mmoles/1 .DNA sfntheais measured as deécribed in

daterials and dethods and expressed as cpm/Pg DNA. ‘The values are means + .

' standard error of the mean of 4-T rats.



" also inhibited. In these experiments, 24, 48 and 72 h TPTX and the

corre'spéndi_:'ig SH'MI-"I‘PTX animals were injected with 150 mg IPR/Kg
f *

. body weight. in 0.2 ml of 0.9% NaCl. Normal ajimals were also injected

. - . 4 -
AR ' *
Y

with IPR or saline. Eighteen hours after injec't‘ion of IPR or aa.li;xie; .

blood samples were collected bx eardiac punc‘ﬁure apd the parotid ' 0

.

glands removed. The calcium concentration in the plasma was deter—

mined.and the Ca content in the parotid glands measured by rgdiéQ
ix'z-muﬁda.s"ay.. " | |

The results p.resent:e“d in table VII 'indicat.e't'h'at' "pla.s'mg. .calcimﬁ
concentration was 1.18 mM (avg) for TPTX rats.’ ,Th;;.. plasma c'alciu.u; ‘
ééﬁc_entration Has.z.?:‘.?‘m:.b(avgj for SHAM-TPTX rats. The differences

be.titeen the plasma ca’lclium concént_z;'atj;on 1;1 SHAM-TPTL and TE’fx gZroups
were significant (p %'O-OOI). .
Ta..bl.,e' VII shows.the effect of IPR on tke Cal éontem; at 18 b
after IPR injection in TPTX, SHAM-TPTX and normal rats. The surge A

of Cai at ld'h was stlill present 1;1 the 24 h TF“i‘X-IPR treated animals

(735 + 33.42 4 '(‘:a.\l/g w uf); but the surge ua.a. not present .in 48 b

. TP’P);-iPR trez.:.t_ed,a.nimals (321 + 43.Q1 p.g CaM/g w wt) or the 72 h
Tf’Tx-'IPR- ti‘eated animala (312 + 46.‘81 pe CaM/g w wt).. A'significanf *
dlfference Ha.s found petueen the Cai content in the parotld glands

of 24 b T,PTX-IPR )A(ted an:.ma.la and 48 or 72 h TPTX-IPR treated

rats‘(p < 0.02). - _ \

-



' T#BLE .VII.i Effeot of - TPTX on calmodulin content of the 105 006 Xeg
- ‘ supernatant. :
ri
'CALMODULIN CONTENT AND
THE PLASMA CALCIUM CONCENTRATION
_.-"" ' ) . .
i v TIME AFTER TPTX (HOURS)
28 a8 72 X
z N _ .
pg PCC BE ‘PCC - ug - PCC
TREATAERT g W Wt mi 2w wt mM g wowt __mM
CrPPX + IR . 785 .. 1.23 321 1.04 ~ 312 - 1.28
o +38.42  +0.06  +43.01 +0.39  +40.81 +2.08
 SHA4-TPTX + IPR 603 . 21.7 728 2.3  : 709 . 2.17
I ' +27.10  +0:06 . +117.43 +0.05 +103.26  +0.06
NORMAL + IPR S 707 - 836 -
| . 45409 - +39.79 - +116.93 -
NORMAL + SALINE 33 - 366 - 434 -
< +41.09 - +25.59- - +66.18 -

Differentngroupa.of animals were oubjected to TPTX or SHAM-TPTX. Oo-
erated ratS'and normal oontrol rats were injecfed iQp. with 150 mg of IPR

in 0.2 ml 0£°0.9% NaCl at ‘24, 48 or T2h after the initial surgical treat-

ment. Blood samples were taken 18h after the IPR or saline injection and f

the parotxd glands removed. CaM content axpressod as ug/g W wt was deter-
mined in the 105 000 g quernatant by radlo1mmunoaasay. Plasma ca1c1um
concentratzon 13 .expressed in mmoles/l. The values are means + standard

error. of th ~mean of. two aeparated experlmenta. The number of rats/group

‘in each experlment was betueen 5 to 9.

_ e %
3 4 L . -

- - - "A, e i
it e g v

r
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T

Effect of Injection of CaCls on.DNA Synthesis of TPTX
. Animals Treated with IFR.

. . . s < 1S
If the 48 h TPTX-induced block of IPR-induced DNA synthesis was

-

due to hypocalcemia and a failure to elicit a late G, Cad surge, it.

1

- .follows that restoration of %he plasma calcium level to the physio- *

- .3

logical range should evoke a calmodulin surge and subsequent ‘DNA

synthesis. To test this hypothesis the following experiménts were
B . T
. - (" I
performed. : : :

~
\'.

: Forty eight hour TPTX animals were divided into jwo different

groups and both werefinjected with 150 mg IPR/Kg,body-weight_dissolved

'in 0.2 ml of 0.9% NaCl. Calcium (0.5 mg/l00 g body weight) as cacl,

dissolved lin 0.2 ml of 0.9% NaCl was administered i.p. into one group
while 0.2 ml of 0.9% NaCl was injected i.p. into the secon& group.

- ) ' ' . . : /

CaCl2 or saliﬁq\uas injected afier the initial IPR administration |
‘at either 0,'q, 12, 16, 20, 24 or 28 h.' 3H-thymidi\.ne at a dose of
.25 pbi/g body weight was injected i.c. at 23 h after the IPR in-

" jection for the rats injected with Cé.Cl2 or saline at 0, 6, 12, 16, .
20 and 24 h. '?H—thymidine 1.25 pci/g body weight was injected i:if

. _ _
Ve 27 h ‘after IPR for the rats injected with Ca012 or saline at' 28 h

after IPR. Blood samples and parotid glands were. removed’ one hour
after the 3H-thyln_idine injection. The control group consisted of -

.normal rats .and no injected with CaCl, or NaCl. However, this con-

ol

-



£ \ .-
—‘2‘..‘
: ) ' ) 3
) ) ¢
B "trol group was injected uith.tbe'saméidoae of IPR and 23 h later

with 3H-thymid'ine i1.25 Pci/g body weight) and their parotid glands

renoved 1 hour after that.

-
—

The results illustratéd in figure lo indicate that cacl, (2.5

mg/ng & oody welizht) injected at the}times described after the in-

itial activation by IPHR did not restore the.normal DNA synthesis

exhibited by the control group of normal rats (140 + 26.3 cpm/pg DNK).

a

Bffect of Injection of CaClp on Plasma Calcium

o .

Concentration.

.;' ‘ - | . | _ _i:)

The results from the last experiment demonstrated the fajilure
of a CaCl, iajection to restore DNA synthesis of 48 h TPTX + IPR

treated rats. The next experiment explored the possibility that
r

the CaCl2'inJection did not restore the plasma calcilum concentra-

. tion.
Two groups of animals were subjected to TPTX. The plasma calcium

-~ ' concentration was measured at 1o.h after for one group and at 48 h
\
after for the second group.: cacr, (225 mg/100 g pody weight) was

in jected 15 mir later, and the plasma calcium concentration measured
at 0, 5y 12, 20 and 45 min after the calcium injection. The values

for plasma calcium concentrat:ion are illustrated ir table VIII. It

¢

is evidert that the plasma calcium concentration after a calcium

.

) S injection in 48 h.T?TX rats did not differ from the values before *

+,



“ry

i.c. with'BH-thymiaine (1.25 FCi/g body weight) at 23 or 27 b

o ey

Figure 16.. The effects of Caﬂlé injection on DNA synthesis of

parotid glands in hypﬁgpicemic-isoprotgrenpl‘jreaied
rats.’ ' ;

Forty eight hours after TPIX different groups of rats were in-
‘jected with 150 mg of IPR/Kg body weight dissolved in 0.2 'ml of
0.9% NaCl. Experimental groups were injécted'i.p. with 0.5 mg of
calcium as CaCl2 of IPR[IOO £ body weight dissolvéd‘in 0.2 ml of
. N gt : . '

0.9% NaCl, ‘along with the IPR injection or at 6, 12, 16, 20 or

28 n after the initial IPR injection.' Control groups were injected
i.p. with 0.2 ml of 0.9% NaCl along with the IPR injection or at

6, 12, 16, 20 or 28 h after the IPR'ihjection. Another doht;ol

groa§ of normal rats was injected with 150 mg of IPR/Kg body

- weight dissolved in 0.2 ml of Q.9% NéCI. Ali groups were.injeCted

after the initial IPR injection. One hour after the'3H-thymidine
. \ - .

injection, blood samples were taken and parotid glands removed.

Plasma calcium concentration and DNA synthesis were measured as.

! A

described in Jdaterials and Jdethods. Values are the means + the

standard error of the mean from 3 to 5-rats. The shaded area

represents the mean + the standard error.of the mean of the valggs

]

. o

obtained from the coantrol group of normal animals.

-
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TABLE YIII;. Effects of 03012 1n3ect10n in hypodhlcemxc rats on
- plasma calcium concentration.

.

PLASMA CALCIUM

mM
*
. . TPIX y
16h° e 48n

TI4E FROM CaClp ' s

"INJECTION (MINUTES) : -
a5 ) 151+0.03 - 1.234+0.07
o 1.40+0.053 1.23+0.05
+5 ~ 1.53+0.146 - 1.49+0.06
+10- - . 1.88+0.015 © 1.4240.01
+15 . ' 1.64:0.23 . 104010002
20 - 1.4040.07
+30 1.43+0.12 ' 1.40+0.03

+45 - © 1.32+0.085"

Two groups of rais were §ubjected_to TPTX. Blood samnples were

taken at 16 h after TPTX for one group and at 48 h after TPTX .for the

o A
ay

sécond.group.i Both groups were injected i.p. with 2.5 mg of célcium
as CaCl,/100g body weight. All animals were faste& 24 h before the
calcium injection. Blood‘;amples weré taken from both groups after the
calcium injéction. The plasma calcium concentration is expressed as
mmoles /1. The values are'meang + standard errorrof the méaq of 3—5

rats.

ik



the injection. However, the plasma calcium concentration of 16 h

TPTX rats was increased sign‘ificati_.vély (p < Q..OZ)— hetween 10 and

5

15 min after the calcium injedtion.

92 -

-



v

. DISCUSSION

v
B
The aié of this ;esearch was fo inveqﬁigate the possible relaigbn‘
between the eﬁimOAulin content during.the érefepi;c;ti?e‘period ;nd i
DNA.synfﬁesié in fétrﬁarotid glands activated b;&ﬁsqprbterenol.
Cell iéproduc;ion is a vital process in evefyior;aniéﬁ Eg.g.:growfh,

develobnent, regeneration after injury, defense against foreign sub-
stances or other organisms) which is under baijﬁced control (168,169).

Several lines of evidence suggest that resting cells decide io;énter
the S phase and proliferate during the G, phase of the growth-divisioh

-

1l
g ; : C
cycle. However, the nature of the master mechanism(s) is still un-

known,.
The presence of extraceliular calcium ions during the Gl/s

transition period iéﬁnec&ésary for a succesful cowpletion of the cell

I3

cyclé. Other evidence suggpstS‘thai calcium fluxes during the early

prefeplicative period initiate the progression through the cell cycle

* Y

,(170)3 However, the.réquire@ent of calcium fluxe; du;ingyyﬁe qarly

. part of tﬁe cell division cycle is s;ill controversial (46). for

example, alfa-adrenergic agoﬁists which promoje calcium influx in rat

parotid gland acinar cells do not stimulate DNA synthesis (112).
Other ions have been pdatulated as key factdré in the control

of cell proliferation. Nonethelesas, these iona do not have the unigue

characteristics of calcium which enable it to be used as a cellular



-
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regulator in.a variety of well defined: processes (171).
It is known that the calcium ion executes its tasks through sev-

[

eral anionic centers, one of which is calmodulin. It must be poiﬁtgd _

- A

-

out that the reguiatidh.éf-églmodulin dépgndent eﬁzyﬁes can be modi-~
fied either, by'increasing the calmodulin concenfration wifhout al-~
tering the“amo;nf 6f c#lcium or ﬁy increasing the caléium Foncenfrai"
tion while -the calmodulin Qoncentration remains cénstaht (68-T1),

Calmodulin links the two ma jor iﬁiracellglar messengers: calcium

and cAMP. Calmodulin affects the metabolism of cAMP by activation

L]
-

of adenylaté‘cyclase and cyclic nucleotide phoaphodiesiéradg. Both
regulators (cAMP and calmodulin) act through the activation of sev=-
erai prdteip kinases. The substrates affected by the calmodulin

dependent protein kinases are enzyme-specific, neiertheless, those

substrates modified by the cAMP'depeqdent protein kinaégs are not

x

enzyme-specific and sometimes can be altered by several protein kiﬁéses
(172).

It has heen‘noticed;tgat increases of Ca¥ content precedes DNA .
synthesis in some cells buf not others (73-86). When such an increase

occurs it suggests a possible involvement of Ca-calmbdulin'in the

‘events leading to the initiation of DNA synthesis. NRK cells infected

.-

with ASV tsLa23 do not.require an increase. il Cail to enter S phase

(85), and T51B cells exhibit a CaM surge before DNA synthesis when

\gtimuiated with serum + caleium (74). When these cells are only

bt A AT bt et ARt et -
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. treated with serum, they still exhibit a Ca surge but do not syn—

G

thesize DNA (86). It sﬁéuld be noted that only total CaN measurements

' were‘cOnsfaefed, This.does not exclude the ?ossibilitj'gf intracel-

lular redistributign of calmodulin occurring before S. phase.
In both studies described above, cell progreasion from G1 tos

Phase was blocked by CaM antagonists indicating a positive requirement

'of Ca-Cal function(s) for S phase entry.

I

At the beginning of the bresent study it was considéred that
calmodulin might be involved in the initiation.ofggNA synthesis of
rat Eﬁrotid glands activated by isoproterenol.' Tﬂe relation betygen"
Cad a;d DNA synthesis could be reflected by ch;nges.iﬁ the cellular

content of Call dufing_latexc phase of*the activated glands,

1
One of the difficulties of this type of study is the detection
of calmodulin. .Host studies use the activation of a Caif dependent
enzyme (e.g. cycliq nucleﬁtide phosphogiesterase) by a Cal conta{hiﬁg )
extract as a refkédfion of the CaH content in the”extr;ct. éné&métic :
assays onlj provide[infB;mation on the CaM available to the particulgr
enzyme. It is-assumed that there is no interferénce of sonme other
melecules capable of a;tering thé enzyme activity or CaM binding.
chef p;océ@ures_requirelfhe production of antibodies against

calmodulin and their utilization in a radioimmunoassay. Since CaM

is a very conservative protein and shares some’ homology with other
o el

Ca~binding proteins, }adioimmunoaasay development is a diffig



et turag .

_antibody directed against the antigen. '

rat testis. Affinity chromatography in AFFIGEL Phenothiazine fol-

125

task.
The :adidiﬁmunoéssay dqtéctb immuﬁ@genic molecules pr;ﬁeﬁt in

a sanple, without interference from non-related proteins. In-spite.

.
"

, - R :
of the advantages, the radioimmunoassay must satisfy at least two

requirements: 1) utilization of a nearly pure antigen for immuniz-

®

-ation.and labelling; .2) production and purification of a specific

-

-

During the present-study CaM was purified to homogeneity from

iowed by anion—exéhange chromatography in DEAE-§§phaq;1'were used

for purification. Ultramioiet scan of the purified CéM demonstfated
the abscence of nucléic acids or other proteiﬁ'GOnta@inants in the
preparation. Also, SbS-PAGE of CaM demonsirated the absence-of minor
protein contaminants coeluﬁing with calmodulin along the pur;fioation‘
procedure. This CaM of-high-pu?ity grade was subsequent}y utilized

for iodination, coupling 40 CNBr-activated Sepharose and immunization

~

of two sheep.

Since CaM contains only two tyrosines, it is advisable to use a -

labelling method which does not have Tyr as the iodine target, such
as the Bolton-Hunter method (151). This method labels proteins with
I in the epsilon~apino of Lys residues.

Calmodulin was utilized for the consiruction of an affinity

chromatography matrix which was used during the antibody purificatione
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This Gaﬂ-sépharbae matrix was utilized im order to separate immunio~
,glqbulins which did not recoEnizefCaH as antigen from th; specifib
anti-CaM fractions. . S T

- Since CaM is a very conservative prétein,'it is difficult to
elicit an immune response against it. Several methods have been
. . l . - ' "
reported in the literature to overcome this problem resulting in a

-~

variety of fesponses ﬁnd spféifipities-of thg antibody‘obtaiﬁed_(73,
150,160,173,174). It was i;;ided tq use the method descriged by Van

Eldik dnd'ﬂﬁtterson (1535, because it is pos;ible to elicit an immune
résponse‘using s@ail amnounts of CaM. This metheod utilizes nativé-CaM

) . . * . T ———
or oxidized CaM as antigen. _ ‘ \\,/ .o

The oxidation of calmodulin was performed using performic acid.

' Since~the molecule does not contain dys residues, the only amino acids

»

susceptible to oxidation are the nine methionine residues which are

convertga to Mei-sulfoné.

The immun0g¥obulin fraction was purified from the serum of
immunized éﬁeep. ‘The anti-CaM fraction was obtained Ly ;ffinit&
chrpmétngaphy on the CaM-Sepharose column previously prepared. This
step increases the titre of the antibody. It also eliminates the
immunogloﬁulins'which do not recognize CaM as ligand thug, increasing

the specificity of the antibody to be used in the radioimmunoassay.

It was possible to elicit an immune response in both sheeps

‘however, qnly the antibodies from sheep A and bleeds 3-6 were used



_gg
during this”investigatioﬁ. This wég done ih‘or&er to.minimi;; hétero—
. geneity on the Eyidity of fhe'diffarent ahtibodies:oﬁiained._
In order to evaluate the specificity 6f_;;;‘anti£ody obtain;d,
‘e c0m§etition assay uas‘pegf;rméd (Fig. 11). It is'blea;?thgtgpfxfi
._ﬁarva;Sumiﬁ did not crossreact with the an%ibddya Troponin C‘shoua'
BOmé crossréactivity, houevér, 505-fold more Troponin C was required
 for 30% competition with CaM. This crossreactivity was seen in all
antibodies obtained against Céﬁ.using different nethods (%3,158,173,_
174), the reason being that Troponin C and Céu share 56% direct homo-
logy and 70% conservative homo¥0giés; | -

Taple'IV describes the differenceé,in CaM content of thfep
differentltiasueBAQf rat. Acq;rdiﬁg to these values, testis contains
a significantly higher concentration of CaM than parotid glands or
liver. It is noticeéﬁle tha{_testis contains 76% of CaM in the
lsoluble compaftment and 16% in ‘the part%qulate-frgction;

The recovery of CaM from ﬂoth soluble and particulate fractions
. was nearly 9%% for the fh?ee.tissues‘whidh indicates that the anti-

body was detecting the same antigen in total, soluble and particulate

fractions.

¢

.The prgaence.of Qaﬁ in rat parotid glands was first suspected

by Ku and Butcher (175). During the fractionation of a parotid gland

extract using DEAE-cellulose chromatography,-fractibns were found
. ”~

.

which stiggiatpd cyolic nucleotide phoaphodiéateraae. However, there

A



-
.

was‘no‘dataﬁabqui the amount of calmodulin present .in the parotid
gland extrabt;
" When IPR (150 mg/Kg body weight) was injected into the *rats, their

fﬁ\parotid glands respphded h1 incorporating 3H-thymidine into DNA be-

tween 18 and 30 h‘éfter'IPR‘injection;"3H-thymidine incorporation is

-’ -

- a commonly éccep?ed measuremen}'qf Dﬁa synthesis. This represents a
six—fola increagé over th§-§0n§r01 values injected with saline
solution.‘ Tﬁé prereplicative period'of.rat pqyotid.gland cells activateg
by isoproterenél‘wés Shown to be between 0-18 h after IPR_injection.

. The increase in DNA synthesisiax é%ﬂp.after the activation was dépendenf

‘on the dose of IPR injected. The maximum DNA'synthetic activity was

~ achieved with 25 mg IPR/Kg body weight. *

The examination of the CaM content in rat parotid gland acinar

cells duriﬁg their prereplicative period, indicates that CaM in the

soluble fractions increases significantly at 3 and 18 'h after IPR. The

second surge in CaM subsides to the normal levels at 24 h after IPR

3

(Fig. 14). Table V illustrates that the increase of .CaX at 3 b is’
due to an incregase on- the synthesis or inhibition of degradation of
CaM, whereas tihe 18 h increase is a redistribution effect. This profile

»~

of CaM during the prereplicative period suggests that CaM may be involved
in the onset of DNA synthesis occurring approximately at 18 h after

IPR. Nevertheless, it is clear that increases in the total content of

CaM during late Gl phase are not an absolute requirement for DNA syn-
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The increase in CaM at 3 h could be a response to an early depletion

Vel . *
. .

~, of c}toplasmic proteing.duringﬁsecretioniuhiphloccura between Q-é.h
P then IPR injection (124).‘
The r;Ie of Cgﬁ in ;at parotid gland acinaf cells is completely
unknown. This is not the only sysiem in which CaM is mobilized after
a specific §timulus. ACTH induces CaM translocation from the cytd;oi

r

to the'nﬁclear membrane in adrenal cortex (1?6);‘dopamine releases Cal
from striatal membranes to cytosol (177);s GnRH promotes a redistribution
of calmodulin in membranes (microéowes and perip}agmic_mémbrane) éf
pituitary cells 6178).- Furtker experimgéﬁs,are still necéssary to

determine the exact subcellular components involved in the mobilization

of Cad in rat parotid gland acinar cells activated by IPR.

The next step was the examination of the surge of Cail content at
13 h in the soluble fraction after increasing doses of IPR. Figure 15

demonstrates that this prereplicative surge can be induced with doses

- . !

4

from 50 to 150 mg of IPR/Kg bquLreight. It was shown previously that
DNA synthesis occu}s even uitﬁ doseg ;f 1) mg iPa/Kg body weight, but
the surge of Gad in the soluble fraction at 13 h'is not evident with
- do§é§~petueen 5-25 mg IPR/Kg body_ueight (éigu;;é ;}fand 15). Tyis
- » suggests that the increase of Cai ;n the soluble fraction at 18 h after

]

IPR is not required for subsequent chromosome replication. However,:

it can not be excluded that small changes in Ca content at 13 h
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occurred with IPR doses between 5-25 mg/Kg body weight which might not

4 . .
be detected by the assay. Probably, the development of af in vitro

‘system for rat parotid gland acinar cells, and the exact knowledge of
. R - r . :

the. number of cells ihd@ced‘%o.divide by the different doses of IPR

'would'provide vaiuable %nfdrmation to exciude this later possibilitj._
. Tﬁe low—calcium condition.indﬁced‘ﬁy removal of the thyropara-
1 " . .
:thy;oid gland cOmﬁlex doeé‘not stop DNA synthesis induced by 150 m
of IPR in 24 h TPTk rats (fable VI). The same ;Esé of IPR did not
stimulate DNA synthesis in 48 and 72 h TPTX rats.’

r.,

Phe résults,presented iﬁ table VII indicate_that s}milar to the
.DNA synthetic response (Table VI), a low calcium condition caused by
, . \ .- |

2} h #PTX does not block the surge of soluble CaM at 18 h in IPR-
s%imuléted parotid glands. Also, the soluble cdntené'of CaM at lé h
did‘ﬁbt i;crease in 48 or 72 h TPPX rats. This suggests a direct co-
relation between the c#lmodulin surge at 18.h after-IPR and the-DNA‘
" “aynthetic response which is also initiated at 18 h after IPR. However,
it is also possible that long—term TPTX (48-72 n) affects an early
gtage of pferepiica;ivé development on which the Cail surge at 18 h
and DNA synthesis ;reﬂdependent.-

_ This evidence suggested that calcium homeostatic hormones and/or.
extracellular calcium might modulate the CaM surge in the'spluble

fraction at 18 h to the same extent as DNA synthesis. These hormones

(PTH and 1,25(0H)2D3) may modulate cell division by maintaining an
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optimai extracellular éalcium concentration qnd/&r by affecting the ..

activity of %ther intracycle regulators such as calmodulin and protein
kinases (47). Unfortunately the effects. of PIH and 1,25(0&)2})3 on the

Cad content in late ¢ could not be examnined.

. The next steb was the examnination of the role of extracellular

- -y .
.

calcium in the initiation of DNA synthesis. It was found that caleium,
¢’ .
iﬁjection into 43 kR TPLA rats during thre prereplzcaf;ve reriod did not

restore DNA synthesis at,24 h after IPR activation. This failure %o

-

CLL ’ : s ,
restore DNA synthesis in 43 r TPTX rat parotid glands could be due to
. i

a failure to restore the plasma Talcium concentration. This may ﬂave
been the tase bgcauSe a single injection of galcium as CaC12 did not
significantly affect the rormal plasma calcium concentration within

4% min. However, thg samne dose of calcium-inducedla transient infi;ase
in thevplasma calciu;h;oncehtration of lo h TPTX rats. ;This could be
explained by the fact that 1,25(0H)2D§ is absent from ?laama at around _
48 n after TPTX (179). It is thought that 1,25(0ﬁ)293 stimulgtgs
inteétinal calcium absortion by inducing the appearance of several
proteins during the calcium absortive process of %ntestxne (180). Thus,

there eXists a possibility of some 1,25(0&)2D dependent process or

3

n

molecule which is responsible for the transport of calcium through the

blood vessel epithelium, which might be absent in 43 h TPTX fats.

In summary, during the present investigatioh the relation of Ca¥

to DNA synthesis in rat parotid glandé was examined. modulin in
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. rat paflotid tissue was detected by ﬁsing a specific radioimmunoassay.

P A SN
L
o

;4 ‘DNi synthesis between 13 and 30 h, with a maximum at 24 h.

The DNA synthetic response- to IPR w'as‘dose—depex':deut. Furthermore, IPR

/

indiéed_ah increase in the total concentration of Cad after 3 h and a |
. A . ‘ . : - . . . X . ,' ' « \:\
.+ °" transient redistribution after 13 h after activation. This redis-

tribution was reflected as an increase of CaX in the soluble fraction.
. - *

Calmodulin increases during late Gl”uere not required for DNA synthesis,

However, the concomitant dissapearance of the CaM surge at 18 h and

.t
+

DNA synthesis at 24 h in 48 or 72 h TPTX rats suggested a possible .
relation betwéén both.responses. Calcium injection could not restre
DNA syntnesis becduse of the failure to res¥q:e the normal plasma
calcium concentration.in 43 b TPTX rats. This indicéfes the need fgr

calcium homeostatic hormones to probe a direct relationsnip beitween CaM

in late Gl phase, and DNA synfhesis in’ long-term TPTX rats.
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