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When E4 cells, a-cell type selected for its

4

high clqnlng efflClencyIErom cloned baby hamster S
' { _
kldney cells (BHK 21), was. exposed to hlqh>pota551um

medlum (lme Na and ll4nm1%ﬁﬁ, prollferatlon, DNA ".
_ synthe51s, f%ne,structure, and mOrpholqu‘were

affécted.’ Prolonéed'eﬂposure‘ﬁb a high'pdtessium

environment resulted in cell dea h.ﬂbRestoretion.ofl
norm;T“eﬁvérohmental Na*-g* co ’iﬁioﬁs;(ligmgﬁand
, ' . - of AU "
5L 6mM reeﬁectively) after 24 Tours ip highipotassium'

- \ ! . . ! . LA .
p%dium'iﬁeucea a.moéerate,'buefv rieble, proliferative'
' eynehronf.;ll . o |

,‘; . - . ", " | - \ : t : \
e ) R : O
L The morphological response OF E4 to*high potas-y.

51um WaS;marked by cytoplasm1¢ vacuollzatlon, nucleolaR

. .
\ . L \\

condensatlon, an apparent 1ncrease in cell 51ze, and -_‘\ L -
I " * -

‘a notlceable rease in cytoplasmic prOjectlons; The

. most gfrlkl g ffects .on flne structure were aﬂdecrease

in cytoplasmlc den31ty, the appearance of micr tuhular

\n of rlbo-'.' \\

_.and mlcroflbr;ller mate;;al; the aggregatl

P.I
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5 The prollferatlve synchrony 1nduqed inE4 Lo .
& \ - o
‘ populatlons after release from hlgh potassxum block—(b'
AY ’ .
ade was moderate, and varlable, {35 - 65%). The\ . -

-

quallty and quantlty of the sync?rony was enhanceg\

when a metaphase arresting agent, colcemld was used

o N
3\

@‘ to segregate'the largest population,of synchroﬂously N .

3‘ -prollferatlng cells from the rest.A Thié»method “T‘ \;

¢! . ( SN =
rellably produced a large numbéh\uf hlghly synchropous A

G - cells sultable for the study of Gl or Sﬁphase cell

cycle eventsv‘ . o . ) '

f
1) - i
’
' ®
-
H
- 1 '
' < [
- .o
»
K .
. . .
. aﬁm -
3
N
B . .
.
r o
B
*
k]
¥ .
.
N ¢
r
, RS '
[
- . . o B
L
. a
F
kY
o
.




\\ . - v.- | N 1
.j‘. . -“ -h. ) .
K \ . ,
i S | \ : )
e - . )
: ]
3 \ . o !
2;‘;_ . , S \ .
"' - ACKNCOWLEDGEMENTS : -
;r{? \ ‘ ' .;":
& \ -
{'ﬁ 1 s
52% - w
| . . . ‘.3.\_"/ : ~.
I would like to thank Prof. J Gordin Kaplan for
his encouragement and ideas, andﬁggx,the freedom to - S '
- . cI .
.
inveSt;gaﬁe thie‘prq&lem. I would also llke to thank
. J. F. Whitfield andeDr. J. C.-Fenw1ck for thelr
assistance in the preparation of this thesis while |
"Dr. Kaplan'waSuon‘saﬁbatical-leavel
I am grateful to Dr D.. Stoltz for his contr1b1
utlon of E4, the subjecﬁ ceIl type for this work, and S
\\\ L .
" 4
¥ r. ; h \
¥ ¥y z : .
AR , '
: “-/ , \
e ’ A . ,
: £ / -
; i '
. i | h ‘ .
- ' ’ . é
) PR . b
s C s y
s -




I

Aﬁstractr‘l,-

& _Acknowledgemeﬁts_

List of Figures - ‘ o,

List of Plates

" List of "Tables

Introduction

" Thesis ',,

Statement of Thesis

Literature revieyw

.

Tons, transmembrane potent1a1 and
‘cell division = .

The cell cycle and cell synchrony A
brlef note i

t . . '.,..‘

The cell cycle

The duration of the cell cycle in
ﬁammalian cells‘ ‘

.Synchrony ln mammallan ce11°populatlons

Mﬂterlals and Methods ﬁ . -

1-‘.-.

Technlques of mammalian cell culture‘w,

fOrlgln*of“experlmental cells "

f A brlef.thtory of the E4 cell llne

\!'

N———— - —

Culture conditions

@

14

19

-

. T

m
R



AT T R ST

araman
T

% The chromosomal frequency dlstrlbutlon 41
L
& in E4- célls oL _ : s
% The karyotype of. E4 o 44 G
%; The growth morphology of E4 mono— - ' S !
i _layers : ° [
“The cell cycle of E4 "
%Z “ The effect of a high potassium environ- 1. 50 1
g - ment on the multiplication.of E4 cells - |
The inhibitien,of cell. prolifer- o - }
ation by high potassium medium . . = . o >
A P . N . . . :
. Cell multiplication in the presence 52
s -~ of normal sodium levels and varying o <

potassium levels

" Cell multiplication in high. potassium. 54
_ medium with varylng amounts ‘of ad-
dltlonal sodium - - . J%

The morphology of E4 cells 1n Response . 56 . ,
t0 high potassium treatment o ‘ i
Experlmental design for morphology _ :
studles . I .
nght microscopy: Sequentlal changesfa 57

.- in. the morphology of E4 cells before,’: o ‘
- during, and after high potassium, S - i i
treatment . . R . ‘ .
> : Lo © ’ . 2 .
The flne structure of E4 cells before, .- 58 , .l
during, and after exposure to hlgh : e )
pota551um medlum L : :E '

The effeqt of hlgh potassium treatmentﬂon '64
;macro—molhcul;r content

T Nl J“
' DNA, RNA, and proteln content in cells
) exposed to high. pota551um A




L% S —wdiie
i . | »

:i‘: L ‘ .‘-"’3
;ii" F -
g
B Medium and medium preparation’ 22
5} ' . - ‘ - h ' " ‘ b
& K ) . Passage’ prpcedures: E4 cell line 25 3
“ ' ‘maintenance - ;
v . e, : . L \-,"’d
- Control of PPLO infection 286
Prophylaxis.for PPLO-ihfection 27 LT , '
- Tissue culture glassware ‘and 28
plastlc ware '
Cytologlcal technlques :
%‘ Yo  Preparation of cells for llght ‘
i; - microscopy
] | .Chromosomal preparations -
Sl ﬂ' - Preparations of material for auto- B '
2 : ~ radiography )
ety L] ! o
i | <
Gelmsa stalnlng 30

‘Mmicroscopy

.Prebaratipn of autoradiographs

Preparatlon of materlal for electron-:

rizatiqn of E4 cells' 

Chemical Tecﬁniqpes ‘ 33
| General'disdussion |
Cell c?cle and cell synchrony. methods - 34
The duratloq ofiﬂmaphases of the - * ’
cell cycle. . % "
‘The Engleberg synchrony 1ndex’ ,—’4{ 37 o e
Results, "4 | 46 *

Partial chafdr




B L e

- ——

—ixe

.-

s i i
.
I
i

1} - G
(. . - . S . -
% ; _ “?he effect of high potassium-on DNA-. -  66. L
i " sxnthesis ! : _ - R
§ ‘Experlmental de51gn for uptake and R .
@‘; : 1ncorporat10n studies : o ST ,
S The immediate and prolonged effect "_67' o B N
‘ . of high potassmum treatment on the, =~ ° .o - T
. accumulation and incorporation of ' ‘ '
trlglated thymldlne- B
. The effect of high potasé&um on {Sy B i . _
”_phase in E4 cells T o ' . . 1/
The effect_of high potassiuﬁ treatf ' 75 d . _ - .
ment ‘on membranelpremeability R : - ‘ :
The lnductlon of synchrony in E4 cells ' 8l
N Protocol for block and- release
. - ' 'emperlments. , . ‘ ' -
" " Increase in cell number after release
from hlgh pota551um block .,
;
Trltlated thymldlne incorpo atlon 82
- after release from hlgh po¥assium
. block
: .The enhancement of hlgh potassium L - _
¢ ‘ ‘1nduced synchrony by colcemid- . _ L ~
Iv Dlscu551on . ‘ o 88
. -- . . . - 4
_ v .Ré%QEences . o _ 10
. | . " - 7 ‘ '
- : /
-] . .r.
‘ N
- ) f
. .
-e"\ . 1




.y

«

-

Figure Lo s AT ‘Péae
"l—i A schematlc representatlon of the 15
. cell cycle. L . )

" 2-1 Theoretlcal plot of percentage labeled 36 g ' é
. m1tosms data- o

2-2] EngIeberg synchrony index programme 38" .
for/APL computer language;. . '
3-1 Chromosome frequency dlstrlbutlon Ain ' 43 |
© E4 cells _ . ' - T )
3-2 Percentage-labeléd mitoses data-for; 49 ; -
q4 cell cycle analysis, ’ ' ‘
-3-3_ The effect of high' pota551um med ium 51 - .
- of prollferatlon. . ' ]
3-4 The growth of E4 cells 4in 118mM Na't 53
" .. -with varying amountg‘gf addltlonal K
'3-5 The growth of E4 ceils in 114mM K+ . .55 PO
/. with varying amounts fpaddltlonal Nd RS
?/3-6 .High potassium induce nucleolar' . 60 . T M_/ﬁ
/ ‘-condensaticn. oL ' : : o
i ' 0 . . :
- 3-7 The effect of hlgh potassium treat- - = 65~y - - '-"\
' ment on macromolecular'bontent in E4. BN
3-8 Total trltlated thymrdlne uptake in - 68 )
high potassium treated E4 cells. oo .
3-9 'Tritieﬁed thymidine ihcorpbration 69 ‘ e
-as. expressed as the percentage of the ‘ T “

total uptake of 1sotope.

.




3710 "The. 1ncorporat10n of trltlated thy- ' 70 - T
midine into.cold acid perc1pltable' T .
‘material in E4 cell@ exposed to “ve
“high pqta551dm . _ o T

4 Aip . LAY l ) '
3 11 The?accumulatlon of tritiated thy— 74
» .., midine by the cold acid’soluble. o,
: material of E4 cells exposed to. e
» high P tassium medlum. . T .

,3 12 s The autoradlographlc 1abellng 1ndex - 74"
» in E4 cells-during high’ pota551um o >
exposure._ proportlon of cells i T

S phase _ ¥ . CoLvL L Lo

e

-~

3 13f The affggk of Aigh - potaSSLum treat- 16‘ , ‘ .' o
S ment on the permeablllty of E4 cells.. . -
3-14 The response of metaphase cells re- 78
' - leased from colcemid blockade into -
hlgh pota551um medium o o K

/

J s

- .

" 3-15 ngh potassmum lnductlon of syn- O 83
: - chrony in E4 cells: increase in
cell number after_release.'

\3-16" ngh potass;um induckion of syn- -, 85 1 .
. chrony: in’ E4 cells" pattern .of . I
DNA synthe51s in: a - relaeased ‘ ' LT ) -
) populatlona R : . .- L ‘ T
‘ D - .
"3-17, Synchrony ;p E4 populathns after ¥
" a double blockade protocol: High )
ipgtassium ‘followed by+¢colcemid. :

‘b
« A




R AL Y RS S A .

. 3 o N EK] % - . " LI
- K 7 M : AR T, S
- "1‘ !y H . . - {7:‘. |. - ',

" ‘e ! Lo P ° .
t - . .. i g . i
. ‘ .'...rl d' ‘I'\' ahl ‘Q‘ ! ’ ) * o / ) ! e '
.: a ' '::H'r [ 'I' ) [ .' : :/': i ‘.- :
&' ; ’ t ' e e _ “r :-;"I -—:"'.- \ ¢
; - - 'LIST. OF PLATES . '
: ‘r.— try : - N * ‘-'_. ' '-il )
] ' | cj- o, ' ' ) V . 'J. | i ‘-‘ l. \‘;u- .
- to - ) . r N &
.Plate " ~ 1 .. : Page &
: G ven s oo T, .
- e . " foio . ) ,
, 3=-1 A r esentatlve photgmlcrograpli of a o 42 - oL
’ ‘.' , " chromosome dlStrlbut.‘LOI‘l of -the type used 3
- . " to determineithe chromosome frequency
T ~—-—~__dis*tr1bu’tlon of E4. ST, r
3-2 - Ka:r_fograms for E4° and BHK——ZI‘(baby ha.IrLster L 450 '
-kidney) cells. . ° . Tl ‘)
ey J . ﬂ ; t —___d—“—-_‘—'—i"\?
33 Growth’ patterns :Ln mcmolayer culf:ure““‘ E4 46" : 3
vs BHK 21. co , SAL L < ;
. . "'.:' « ! ."Lq' \g . .
3-4° An example of an ,a.u"toradlographa.c lly k“;{, D47 Gt
- ’labeled E4 prophase. s . er > ‘ L ‘
. . . . o~ :‘r’-——--
3-5. {An 1llustrat1 of the morp loglc € " 59 - P
. changes 1nducogi by high pota s:Lum treat"-" L R
ment 1n E4s ceflls - _ - . B . ?
3-6 Al'teratlons in the flne structure of 134 61 | .Y e
' ‘cells. :Lnduced lsy hlgh potass:.um treat- - ot . R
‘ment. , .f . e Tt 7. Lo IR :
. ” M N ‘é . x - _-' '1;.
3-7 The d;strlbutlon of ribosomes in the cytos "-553
po ‘plasm of E4 cel‘is exposed to. hlqh potassmum A
. medium. ° . . Com
N . . . S, 4
3-8. The 1nductlon of ‘bi- nucleated cells ;n E4 '__‘80
due to the inhibition of. cytoklnes:Lg\ in the ‘ -
presence of a high potasslum env1ronment coen
. . s . . N —"—‘T_“**‘
s ..f“' A . ) l : e ‘e |
. "‘:-‘:'@ ) v p N '\h‘ "
: Fa 0 ;
i i . .
! )"‘ T . ; - r)": r “,
. ' 3 \ o . \
S to . o~ ]
' " - ! /' ~ 1N
-c ] - e . / N L
' . ‘ o CT v
~ : - .



AN

.
¢
4.
Page
A
k)

i
JIST "OF TABLES
ﬁbr.Eagle's‘MEM
2.

-

|

k.

The formulation
élnd. MEM“lO"T .4

Rable
2-1-

PR
Ty

facit L AVES RIS ) ERENE



. I INTRODY - :
. I ODUCTION . -

» L : P

Statement of Thesis ' o ‘ ‘ . B

-

In"mammalian!cells,ras well as other cell types,.

e ‘ ’f'rd‘

substances are unequally dlstrlﬁuté% across the.lntra—

LY

cellular and extracellular boundary « Thus, concentra~l

tion and chargé gradlents are establlshed across the }

'
»

brane. o . _- . ) S

f . ’ v - . ’ ) \ef ; C e

The unequal dlstrlbutlon of potassxum 10ns across

the plasma membrane is in part reflected by a. trans

(plasma) membrane potentlal the magnitude of whlch

is thougﬂt to depend partly on the relatlve concentra—

tlons of that ron 1nsmde and outside of the c lls .

A(Troshln 1966, Schoffenlels 1967).. The characterlstlc

= S b ﬂ
membrane potentlal in non~prollferat1ng cells 1s kept =-

-relatively constant hy malntalnrng a*relatlvely—constant

. . i . ) . —r_‘ ]
transmembrane ion distribution. -However, intracellular
potassium levels are known to fluctuate during the cell



A . . . . . . )
. . . . '

_..‘ . N .0" )
cycle in prollferatlng cells (Jung and Rothsteln , o

, e ~

};' - "1967) and the membrane potentlal must fluctuate - .- {
i accorélngly | f. e -; L .

%g | . gﬁllular transmembrane potentlal is a con-. i': o ]

g{ -sequen&e of electro osmotlc balance in- all cells, ' ‘

g%l. uf.however a functlonal role for transmeﬂbrane potent}al f

ﬁi‘ j. beyond electro -osmotic balance is only understood for . ,

cells of néuro- musoular tissues. The depolarlzatlon-- . e

— _______..‘—-/ .- -

I "
-and repolarization of the plasma membrane Wlth gon»
& g :
sequent'changes 1n'the ttansmembrane potential is at ) o

[

the basis éf tHe function off these eells. Cone (1970),.

suggested that transmembrane potentlals may also serve

' o

to regulate the events of cell dfb : on.‘”Whrle Cone s

arguments are theoket;cal there ts some ev1dence that

transmembrane potentlals may play a significant role

in the regulatlon Qf thls process (Otr“etﬁal }972

MacDonald et al.. 1972) TheJalteratlon of extracellulat

pota551um concentratlon and/or shifts’ in transmembrane - - f¢

potentlal are known to alter 31gn1f1cant1y the. growth

rate of mammallan cells in cnlture (Kuchler 1967), but
- : |

the processes underlylng these pota551um—1nduced phenom-

ena- are not deflned
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LR TQ? wdfking hypothesié‘for;this thesis suggests .
F} L ) 'I ’
in fact a role for'transmembrane potentlal inh the - o
. r Y -
regulatlon of cell lelSlon. It is the intent of.thig . = _ 1
. ot ). o /
! ‘- ..
thesis to 1dent1fy the 1nfluence of altered extra- ° ,
cellular potaSsium ion’ concentration on the pro4 f T
r -1 -
11fepat10n, cell cycle, and structure of mammallan = } *
cells ‘in cuﬁture. R '_ : . -
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- LITERATURE REVIEW . ‘
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E Tons, Transmembrane Potential, and Cell Division

;‘g T N 1 o . - — P ,

:‘g’é". ~ ' . - ' " -:-_M;.'L:l * " - o 4

%ﬁ; Heilbrunn -quotes a paper by Bethe (Béthé"1930,:' R

:;;.' : . . .

cited by Heilbrunn 1952) in which the following lines’

éppéaraf“Just as in sea water, ﬁeﬁﬁétter Wﬂencq it v T
comes or how concenfratéﬁ it may_be,’tbé ratios of o -
Na'to Ca;-K'and.Mg'are-aiways the same. So toc in T l
the ﬁo@y fluidséijnices)-of‘animalltisSues the éamé ) - |

approximate ratio .between Na, K, and,Ca.is found. Oniy

. with Mg are considerable variations in ratioc to be

fourd...". Bésideé'this, ft'cqn alsbibe.stated that

the intracellular Na to K ratio -is commonly much less

L ' '

than one, while the.extracdellular or environmental Na

"to K ratio is always huch greater than one.

. . R [

The universality of these characteristics intra- S

cellular and extracellfllar fonic envirdnmehts suggests,

that such ionic conditidns are necessary for Ilife. _Since'
these specific intracellular and extracellular ionic

'I-'f,

environments also define the electro-osmotic conditions

for viabiiity; alterations in these conditions may affect

3 . .

¢




« viability of a cell or an organism, - T o

SR R

.Seme ions are known to.play-a role in cell | R k
?% divieioh. Calclum is recognlzed as a pr1n01pal ionic
f’i | |regul'_ate.r of ﬂ:e-ll d1v1510n ‘in vivo and in vitro | '
?% l (Whitfield et a{. 1973).' Iron has also been im-
) o

p;icated as a specific regulator'in the‘events of

mitosﬂs (Robbins'and-Pedé;son 1971). It is llkely
then, that other ionic specmes or ion related phenom-

ena are also. 1nbolved in the regulatlon of cell

division since éhanges in fluxes for one idnic‘species o

L

are(almost certain to affect fluxes of other ionic
epfoies. 4 -_ D
‘ /J . . ' - ' . —\.’

" The early experlments of J Loeb with the marine
-v

,flsh Fundulus heteroclltus (Loeb and Wasteneys 1911),

showed that theee fish were rapidly killed in.pure ;
_potassium selutions, even when the ion's concentrarion
was equlvalent to that found in sea water. The ability
fof the flsh to survive ‘was enhanced when Na was added
"to the env1ronment. Flsh surv1ved indefinitely when

~the ratio of. Na to K in the SOluthn was 17:1. Thls

ohservation~may serve only to prove.that marine fish .

—— ) YT e
. T .




have evolved to surviye best in the marlne env1r— Jnir"-ﬂ= g

onment but thlS observatlon also implies. that hlgh 'i / u

extracellular or extra—organlsmlc Na and K can affect

L
+

v1ab111ty

' Jung and Rothstein (1967) observed.fluctuationé ' .

in the intracellular\sodium:and potassium contents of

n

.;_syncnronously proliferating LSl?BY cells (Mouse 1ymph—.
oblasts). " In an exponentlally prollferatlng cell
wpopulation,'the cell'number, cell volume, and’ lntraf
.cellular Na-K content increased exponentially. 1In a
aynchronous population,lthe cell number increased in f

" a stepw15e manner, cell volume 1ncreased exponentlally

but the SOdlum and pota951um content of the cells o S

fluctuated throughout the cell cycle.' The potassium

content of these mouse lymphoblasts decreased sharply

P

below the control level just prior to, and 1nclud1ng,

the early part of S phase {i.e. a discrete period of 3
time in tni cell division cycle durlng whlch DNA, is
syhthesize@). The decrease ln potaSSLum content was
equal to(a;proglmately 20% of the total cellular potass~y;
ium, but there'was-a‘ﬁefiniteitrendlin the Na fluctua-

tions. The sodium content:feli at -mitosis and began to

BRI




. rise. The Na ¢ontent résurned-to contro

\

time for the next m1t051s. One t .assume that J

these fluctuatlons dhly 3 lected'osmotidibglanCe

adjustments. -Howéver Af this weré'true,'the éodium
and pota551um contents of synchronously prollferatlng

ey

cells should increase exponentlally or in a stepw1se

3 ’ \

manner. ' e ST o -

Jung and Rothstein (1967).Spéculatéd that Fhé

observed fluctuations in Na=K content were the means,

a
F

by which_the cgll regula;ed its prbgress thrquﬁ'the
growth-division qycle.‘ lf this speculation bé valid,
interference with these fluctﬁations in the intra-

cellular ﬁa/K ratio.should‘affect cell broliferatidn.

This concept appears to be at least partlally opera-

"I’

‘tional in llght of the observatlons on Kuchler and Orr.

S

Co

‘Kuchler (1967) and Orr et al. (1972) observed

that cell proliferation and DNA synthesis (as measured

by the incorporatfonAof tritiated thymidine into cold

acid idsoluble material) are inhibited in LM cells. .

.




(mouse flbroblasts) -and BHK 21 cells (baby hamster_
..:\ \ °
kidney) by decrea51ng the environmental Na/K ratio.

The ueual ratio of Na/K in tlssue culture media’ lS

G TN I A T

in the nelghborhood of 14: l (14 0), whlle the in- .

¥t

%} - hibition of prollfebatlon and DNA synthes;s occured

%: _at Na/K ratlos between 1;1.9 (0.15) and ‘1: 14 ‘ -~
%3 (0.071). Thls is not surprlslng in view of Eagle's 7 P y ,)
%f observatlon tkat- pota551um concentratlons greater )

3!

' tDan 50mM (i.e Na/K ratibs less than 3:1) 1nh1b1t
the Rroliferation of some - types of cultivated

mammalNan cells (Eagle 1956).

Kuchler (1967} ascribes the reduced DNA synthesis
~and prolifeyation in the presence of decreased Na/K.

ratios to an\inhibition of amino acid uptake.

The maximum r te-ef amino. acid uptake pccurs Qheﬁ the
extracellular Na/K ratio ‘is appfoximately ,140mM/10mM
(14.0), the usual ratio in stahéa:d'tissue culture ‘media. o
Reversal of ‘this ratio cdﬁpletelz iphibibs'amino.aCid-
uptake. Orr et al. (1972) beliéve bheueltered trans-

" membrane potenbial to be tbe cause for the observed
fnhibition of‘proliferatiOn and DNA synthesis. These

wofkers‘aiso found that cells placed in'media with -




'decreased Na/K ratios‘increased‘in volume;' Kuchler

(1967) showed that the lncrease 1n ‘cell volume was
-~

dlrectly related to an lncrease in 1ntracellular

-
v

potassium and a consequent uptake of water. -

»

| ‘ I
Orr et al. (1972) observed that these 1nh1b1tory

effects of a hlgh potaSSLum env1ronment;can be over—
come by-restorlng the normal m%dlum Na/K ratio.

This block4and¥relea5e'procedure elso partiellj

—
B4 4

sYnchronized ce;lsprolifefétienz ‘Most of the. cells
were found . to be in the q} bhase e%%thei:‘cyele {i.e.
,the %nterval origap b%?ween-the eempletion'of mitosis .
and the onset of.the_s_qf DNA synthetid bhase). The

studies of Kuchier (1967)and Orr etral.,(1972) show

that alteration of the extracellular Na/K ratio -and

- the neceéserily altered transmembrane potentiallmay

contribute to the obsetved modulation of cellular - i e ]

. - ' RS
. . . ' .

Uproliferatioh and DNA synthesis. The‘decreased’ -

cellular uptake of amino acids in the presenCe of high
potassium concentrations may also contribute to the

general observations. ' ' o .
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-

.MacDonald'et al. (1972) further examlne these

e

. effects of altered env1ronmental Na/ﬂjyatlos. They
consmder the parameters of 1on content, - cellular ' T
ATP levels, traaemembrane potential,_and’cellular
: [prolifergtion; ln-increase-ﬁn the’exterAal'potassiuml
| concehtratieh<frem‘l;75mM_-'128mM elicited a}biphasic
érowth respoﬁée:-?roliferation was-stlmulatedzby«K "
_coacentrations less than;‘or equal to, 70mM. However,
exposure to hlgher K Concentratlon eau;ed pre01p1tous
.: decllne in the rates of prollteratlon and DNA SynthESlS‘
(as meaetred by the 1ncorporation of trltlatedrthymldlne
into cold ac1d 1nsoluble materlal) Completeblnhlbltion-
of cellular prollferatlon occcured in.the pregznce'of
an external'Kuconcentration of 128mM. They also observed

|
|
4

that aells malntalned in medium contalnlng ll4mM K galned

44 mMoles of K and lost 14 mMoles of Na per llter of
‘cell water. The lntraceﬂlular steady state concentra— | | _ E
tions for both Na‘and K were establlshed after two . ; /
hours in the hlgh pota551um medlum, but the inhibitory '_ . -
- effects of thlS treatment were not manlfest until &. much

later tlme. These Qbservatlons imply that the process,

- which eventually results .in the observed block (Orr et

al. 1972) is most;li@ely a gradual and,nonvspeeific series
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~of events . The membrane pbtentlal was shown to respond

t
r

rapldly to dhanges*in ext&rnal K levels. Max1mal
trltlated thymldlne 1ncof/\ratlon occured at a trans—<

membrane potentlal of -17 m

rapldly declined when1
the potentlaL dlfference acros the plasma~membrane o

- .rise above —10mv.: No 51gn1f1cant alteratlon in AT

Tt

‘content was observed , g . ‘ f

Cone (1970) has suggested that membrane&potentlal

may play a SLgﬁlflcant role in the regulatlon of cell *

lelSlon.' He assumed that there 1s a functlonal oy

relatlonshlp between transmembrane potentlal and -the ‘g
ablllty of a cell to lelde. He postulated a complex. B

' system in Whlch 1ntracellular lonlc ratlos would

determlne membrane.potentiar, which in turn would reg-

)
'ulate DNA synthes1s and other events requlred for a

cell, to proceed through the growth- d1v1510n cycle.

-

Thus, the cell surface complex and plasma membrane are 1.2”
%

viewed as a‘commuhicatxons lrnk between environmental '

.conditions and ‘intracellular metabolic events. E

o . - ' ,'-h.:

[ - N - , . 4

. .
. . . -

,r

While increased environpental potassi‘ con-

centrations are known to rapidly and 51gn1 1cantly ' )

alter transmembrane potentlal (Macﬁspald et al..1972, ‘v‘g.

Vor RPNy

'l' ‘ ' . e A ) .

[ !
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Borle 1968) the—removal of env1ronmental calc1um 1ons'
2 ]

1s also known to cause a’ dramatlc reductlon in trans--

R S
+

s
e 2ot

By

Al

-

membrane~potent1al-(Borle 1%968) .. DNA synthesrs and

R T

-
523

-

cell. prqglferatlon ‘have’ been shown to be partlcularly

\.. '

A,
1
.
.

*

‘,sen51t1ve to envrronmental calc;em levels, and‘%xtra—

i

-

phy A LIP3

celi lar calc1um levels

o

‘initiation of DNA syn h‘sls in mouse thymlc lymphoblasts

ve been shown to regulate the

PoR S
ot

]

At
TASTIE

R

]

*in.vivo [Whltfleld ‘et al. 1969) and 1n vitro (Whltfleld L
B 0 .
et al. 1971), in mouse 3T3 cells in V1tro (Boynton et

al - 1974), in perlpheral lymphocytes (Whltney and S
Sutherland 1972 Whltney and Sutherland 1973 Quastgh

1974), in bone marrow cells in vrvo (Rlxon 1968) and’ f ' .>

v ".‘

1n vrtro (Morton 1968%. and 1n a varlety of other systems." T

. 7 . . o 4
Q- . PR i L¥] B ¥
P + : . A N
B \ - . : .
L . . v . ¢ "

.. Alteration of the transmembrane potentlal and . . :

1ntracellular Ca+2°levels afe also 1nvolved 1n muscle

contractlon (Hoyle-. 1970 ﬁshley 1971) fWhen-the\membrane

~of a muscle cell rs.depolarlzed and Na-enters-and X - '

subsequently léaks out, calcium is released into the -q '," \
R : - . -q.
cytoplasm and the muscle cells flbrlllar apparatus »

contracts. If all*anlmal cells store some calcium (1n o : B
¢ : -t

structures such as mltochondrla) 1t 1s not unreason—d)
|
\_ l

aple to assume that pota551um—1nduced chafiges 1n the_ S

. . : ' - : N ' : . -

1 .
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transmembrane potentlal w1ll change the 1ntra-' - e T

) e
cellul?r Ca+2 levels and thereby affECt proliferation. g

' o4

‘ N _ . B "l
y ;o Although ﬁew Ain numberrothe studies on. the~ . L

I
|‘}

relatlon between extracellular pota551um and trans—

..

membrane potent;al prqv1de a reasonable ba51s for _*‘ ﬁ:,,-. )

suspectlng a regulatbry role- for potassmum in the e

cell d1v1510n process, a10ng Wlth the well establlshed v

role-that calc1um pLays.; o : 'l . oy L
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‘THE’:;cELL CYCLE AND. CELL SXNCHRONY A ammr NOTE -
. Eari) ‘ ¥ ! [

A LR e TR IR R S B S S i

}ﬂhéhCell gycle- D : . . .

g T

% . . The cell cycle was flrst recognlzed by Howard
i{"" _and Pelc (1953) N Thelr experlments w1th grow1ng

gf- ‘bedn root tLps 1llustrated that only a. llmlted number

L
of Cells 1n a randomly grow1ng populatlon were active-

1y synthe5121ng DNA at-any point in time. . They also’
i
found that there is a flnlte perlod of time between

o

.the onset of m1tosi§ and the completlon of repllcat1Ve
1? E DNA sYnth351s. hThelr experlments also implied that
another 1nterval of tlme must also exist between the

onset of DNA synthesls and the completlon of mitosis.
. The pre- and,posthNA synthetlc perlodsewere

e

deSlgnate& as’ Gap 1 (Gl) and Gap 2- (GZ) respectlvely
| The DNA synthetlc perlod was de51gnated as S phase
and the: cytologlcally vivid mitqtic perlod as M. TheSe

terms ﬁorm the opexatl al language of cell cycle S

-

‘the frame of reference:br oell cycle studles 'The,

5

ceil cyche is schematlcally represented 1n

JF;g‘ l l.\ . S L . :

"“ R . . -—-’I . o o . "~ --' .

experlmentatlon, and the phases which they desrlbedform‘
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A& i -NON-DIVIDING CELL

A

'Fig. 1-1 A 'schematic‘ repre-éentation of the cell cycle |
illustrating the four’ phases named by Howard and Pelc

f t (Gap“l; pre~-DNA synthesis), 'S . -
-(DNA sypthetlc), and G2 (Gap 2, post-DNA synthetic).
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The Duratlon of the Cell C zcle 1n Mammallan Cells _ S R

S L

The duratlon of the cell cycle of a partlcular
E@_ cell type under defined condltlons can bé considered - 'f ' )
%} '; to be relatively constant_trom bell_to,cell. Moreover,
?éi - each pHase of'the'oycle:ocoupies a constant ipﬁction': N |
%% ; of thisocell type's cyble time. 1In nammallan cel’s, _ | N |
§§1 the total cycle time- (Tc) can vary con51derably from‘xf” ¢
;; ‘cell type to cell type The baSiS'fOr most . of the . | . K
varlabllltyrls the Gl phase- 'The s phage 1n most ; '- - t~wf ‘ I

mammallan cell types averages around 6 8 hours, T
-~ - /'
although 1t ¢an be as short as 2 hours. The G2 phase

is always qulte short from 30 minutes to P h?ur, and

~ ih some cell tybes 1s completely non- exrstant
//

" Kubitschek (1971) and: MltChlSi//}iQ?l) describe in

}detaiilthe'varlatlons found in” cell cycle times.

' + . Lt ; -
i L ) /
+ . / s - — "r
- . -

Sznchronz 1n Mammallan Mell Populat;ons o . o - ‘él

i The normai growth pattern in a contlnuously

: o
prollferatlng cell popul tlon 3:Ln.va.vo or in v1tro,

1s completely randomnlzed wrth«respéct to the phases

1

of the Cell cycle. Such a populatlon 1s sald to. be

asynchronous. Patterns of asynchronous growth are

-
1

always associated with celi cultures in whlch the

1 . T . 3, '
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cell mumber is increasing exponentially. Tt is

possible te manipulate an exponentially proiiferating

e

cell population in such a way that most of tde cells

pass through the phases of the cell cycle together.

.
)

Synchrony can be 1nduced in mammalian cell
populatlons by either chemlcal ox phy51ca1 means
(Nlas and Fox 1971). This is done by temporarlly . '
gfl‘l bloéhnng the progre551on of the cells through the -,
cell cycleﬁ ~When an exponentlally proliferating e
population‘of cells is exposed to such‘a synchron- |

1zatlon procedure, the cells progress to a spec1f1cf

p01nt 1n the cell cycle rand accumulate at this p01nt

After a period of tlme, the blockade 1s removed and ‘

ol ey
o AT iy
Sonlan ey

i

T

~the cells which have accumulated in the blocked phase . -

a2y

SRS

progress‘synchronously through the cell cycle. An

alternative method for attaining prollferatlve

o
27
iE

BE

syncv/gny is the 1solat10n (or separatlon) from. the' |
population of ‘cells that are-all in one phase or_the' .
cell.cycle fTerisma and Taimadh,iiGL,LTerisma and . .o
/ialmach ;963),ﬁ The members of thrs selected sub-

population can then proceed through the remainder




3

of the cell-CYCle more or less in phase.

The production of synchronohs'cell populations

by induction or se;ectidn is desirable when the

process of cell division (i.e. the cell cycle) is

¥

. - !

being studied. It is cleafly advantageous to’have-

1

- .

large numbers of celi% a; the same stage ofzthé-cell

ocycle; ratﬁer'thag'be limited by techniques bdséd oﬁ

the e#aminatién_of individual*cells in an asynchronously :
;pfoliferating population.,‘It.shéuld be emphasized tmt

! ali methods gf'SYnchronizing cell prolifgration caﬁse;
\ the:celis to suffer some degree.ofl"unbalaﬁcéd"?growth
lkaoby e£ al. 1972). Synchrbnized cells, oqée released

from a blocka@é or allowed to proliferate fdi'some' s

., time afterfa selection‘pfoqedufe; will eventwlly lose

tﬁéir synchrony. All synchronized cell populations

will return to:an asynchronous state unless'randomne
izdtion i5 prevented by.a further application of the

- . '
' i

same, or anpther syhchronization'procedure (Engleberg

1964) . | ! .
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FI MATERIALS AND METHODS -
@:} . ;’\ ‘ e . ; :
& TECHNIQUES OF MAMMALIAN CELL CULTURE
% _— '
}}, . )
Origin of Experimental Cells . '
'\{»' Throughout the experimental-work presented in

this thesis, a clonally derlved line of baby hamster-
kidney cellg (Macpherson and Stoker 1962) was used
The llne de31gnated as E4 was obtained from D

Stoltz who 1solated thls cell line ‘from the BHK (baby '

hamster kldney) 21 (C 13). It should be noted, that

the term “cell llne can bg'applied'to £4 cells only
"in a tentative way‘51nce Ed cells have npt'been éomélete—
‘ly characterized. However, these cellé'héye behaved k
consistantly thrqughout the périod of experimentaﬁién'
coveréd in this thesisf ‘The paftial characterizatioh

o,

of E4 cells appegrsfin'the.results section. ' e

&

"AiBrief History of the E4 Cell =
! ' ( . .
The ofiginal clone E4 was gelected at random :

- from a group‘bﬁ colonies of BHK~iI\JQ}?) cells (Stoltz;
'fﬁnpublishedf,- E4, and other clones vere then screened

.
s




. v -
'

for their cloning efficiencies. E4 was‘fcund to
havé an efficiency greater than 70% (i.e. the
‘number of clones established in culture was at

least 70% of the number of v1able cells orlglnally

f
(

. placed 1n culture) I recelved these cells from D.
Stoltz after they had undergone between 4 and. .6
passages. l ‘ | _ o . A

. » - : d =

" The cells were malntalned on antlblotlc—free'

i © Minimum Esskntlal Medium (Eagle 1959) contalnlng 10%

Lt

15, g L 5

heat—lnactlvated Fetal Calf Serum. They were 1ndubated

at 37°C 1n as atmosphere of 5% C02 in air. The cells

Ao

POV

S

~were cultured as monolayers in 250 mi plastic tissue

ey
AR

'culture"flasks (Falcon Plastics, Oxnard, Calif.).

e

5. After several passages 'the cultlires were found to-be
{ék‘ - L. ] - . .
M severely contaminated with a mycoplasma-like

B
"

" organism. While cultivation of the organism on PPLO.
‘agar is the method of choice for-con?&rming the .
'presencefof PPLO lnycoplasma), direct obserVation-of'
the 1nfect1ve agent under negatlve contrast electron

: mlcrcscoplc condltlons was sufflclent to conflrm the

presence of an 1nfest1ng agent that elther was, or close-

« ly resembled a_mycoplasma (PPLO). This 1nfect10n was

=




treatif/gccording'to-thelﬁrocedure outiined on

N T TS LR

Pg. 26.

‘Aﬁtef the Pbe'iﬁfection was brought ﬁnder
%f ,cont#ol, theﬂMEM formulatioﬁlwas modified by
% . reducing the_Nazchj.level and-incorporating Ehé
%} non volatlle buffer tr1c1ne. This modlfled Eagle's -
%. 'MEM, desmgnated MEM—lO T, was used to malntaln the
% ¥ cell,llng and’ it formed the basal qomponent.of any
5 _ Lt

prerimenfal'medium. After twenty paésages through

, the modified melem large numbers of cells were o

'harvested from actlvely grow1ng monolayers and

€;‘!i

LGk

b

%zw ‘someqwere frozen and stored’ at 75°C to prov1de

ol - : '
S : - S . ‘

i reserves. : » . oo : oo
e /

% ’ \

Culture Conditions

e‘-‘c«‘é;:nt 5«‘
[

o7

E4 cells were maintained in monolayers in -

SR

antibiotic-free MEM—lO-T, in air.‘ For passage, the

-

AT E DI,
% ,1"_\"&:?!5 3
b &

‘ monolayers were always seeded at an initial cell

2

den31ty of 700 cells per cm? of flask surface.

uf

,‘: Plastic dlqusable tissue culture flasks and tubes
(Falcon) were used throughout the experimental work.

-—

The cells were péssaged every 3% daYs.

|l
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- Medium and Medium Pre&paration

N A Eagle's MEM was found to be a suitable culture

i " medium fcr E4 cells. It was chosen because of its

Yy 1
R

s;mp11c1ty, low cost, ease of preparatlon, and most
§ important the ease with whlch it can be modified. The

g ' formulations of the standard MEM and MEM-10-T are

; shown in -Table 2—1.

Tricine (Ejfris (hYdromeethyl) methylglycine)

L2

buffer was first_used for mammalian.Lell culture by

.Gardener (1969). The ‘inclusion of such a non-

-

'volatlle buffer allows cultures tc be 1ncubated in

A L PR e L AT L

Ly
e
St

alr rather than in a. mlxture of 5% C02 1n air. Th;s

SIS
Ao

method of bufferlng cell cultures stablllzes tie o

medium pH and eliminates the use of expensive CO.

incubation equipment. These buffers also eliminate
fluctuatlcus,in'meﬁiumeuhmduring grcwth,mexperiﬁental
manipulations, and routine pasSage procedures which

bedevil users of the standard NaHCO3 C02 buffer system. BN
Tr1c1ne (Calblochem, Los Angeles) is also belleved to

‘be useful in controlllng PPLO infections (Spendlove et

al. 1971). | | S i

/
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Component .~ Eagle's MEM MEM~10-T
Lo , mg/L L _ - mg/L
- Nacl - ' 6800.00 - 6800.00
4 KCle - . 400.00° 400.00
7 NaHpPOg-H0 .. . 140:00 . - 140.00
MgSO4°7TH0 . 200%00 200.00
CcaCl, (anhyd.) - = - 200.00 . 200.00
o L-Arginine " 105.00 105.00 -
: L-Cystine . © 24.00 - 24.00 e
- L-Glutamine 292,00y 293.00
i ' L-Histidine B 0 31.00 o
E L-Iscleucine 52.6b' | | 52.00
3 | ‘L—Leuciné : | .o 52.40 T | 52.40
g L-Lysine _ 58.00 "58.00
é L-Methionine ' S 15:00 .- 15.00
5 L—Phenylalapiné . . 32.00 .t 32.00
i L=Tyrosine - . 36.00 | 36100
¢ L-Threonine 4 '48.00 , 48,00,
Y E-Tryptophan . 10.00 . 10.00
i valine —- - 46.00 - . 46.00
%_ f Choline Cl L 1.00 f‘_'f{ l.00 ... |
5 Folic acid ~ 1.00 " L.00 '
%_ ~ Inositol H 2.0ﬁ‘ - 2.00- |
?- ' Nicotinamide ° 1.00 » ' . 1.,00 -
§\5xs D-Ca pantothenat Loo.. 1.00. ‘
§' Pyridoxal HC1- - 1.00 - - +1.00
: ‘Riboflavin . 0.01 ~0.01 -
%_ " thiamine HCl .1.00 . o 1.00 B
% . NaHCOj, ' -~ 2%00.00 2200.00
& -~ Phenol red .00 . ] 10.00 -
%}~—5//'GluCOse T 1000400 .+ 2000.00
%f: Tri_cine f**‘** * S | 1792.00

Table 2-1 Formulations for Eagles MEM ahd MEM-10-T,

an s
oL

AT o
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The cells were cultured USually in monolayers,

but some’ attempt was made to induce E4 cells to pro-~ - o
liferate in suspen51onT Although E4 céllsproliferated_
in suspension, they tended to~aggregate, whlch in turn
‘caused heterogeneltles in the cellular env1ronment
from cell to cell as well as dlfflcultles in determln—l
ing cell concentratlon. The bulk of the experlmental

. work and all routine malntenance was therefore done .

. w1th\monolayer‘cultures.

- The complete medium, MEM—lO:T:plus,fetal calf

serum was prepared in 500 ml batches under sterile'

conditions.. The medium'oomponents were either pre- :
pared as concentrates in_ the labOratory or purchased _
% as concentrates from Grand Island Bidlogicals (Grand

O P ST e e Yy i T e Y
N A B O
e o e LR L R Sl
.

Island; New York):. The fetal calf serum_ (Gibeo,

Ehre
R

‘various lots) .was always heat inactivated'by heating o )

S5

fany

to 560C'f0r 30—minutes.‘ Thls process removes p0551ble

Fats
a

cytotoxic elements present in the sera, and moreover

hY

R

15 thought to diminish the danger of contamlnatlng

it

AR
R
.\

>

VIR

cultures w1th PPLO (Fogh et al. 1971). . | - :

s
s

TF
B

SPLTRY

The stock solutions were divided into amounts

oy

jﬁ‘ " sufficient to prepere'one 500. ml bottle of medium,

i
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thus_reducing the handling of any ihdividual batch -
of solutions. ThiSapfo;;d;;;_reduced the risk of

2 - contamlnatlon as well as s_mﬁllfled the preparatlon of . . fﬁ\?

/
'medlum A 25 ml a11quot of each freshly prepared

w

to conflrm its Sterlllty.

_QPassage‘Procedures:'Ei Cell Line Maintenance

- ]

'The growth medium-was removed from two, 3k

o day old E4 monolayers and the monolayers were washed

. once with- phosphate buffered saline, pH 7. 2 before

—

. addltlon of 8 ml of 0. 025% trypsin solutlon. The s

trypsin was allowed to act for 2x-minutes™ then the

cells were harvested by gentle shaklng and transferred

¥

to a flask contalnlng 30 ml of fresh, pre—warmed

MEM~10-7. The cellfeoncentratlon in the resulting - ;?

]
'

e PRI SR TR LN S TR L B A T T T
L ;‘H et S04 " SIS . .

-suspension was determined'by duplicate hemacytometrio

counts and enough cells were removed from the suspen51on R

suspehsTon. The final cell.suspen ;on was divided into

|

Ttlssué,culture flask. The cultur s were incubated at

370c.,.

v
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. control of PPLO Infection - - S - S

During the course ofmthe'studies presented in =~ - S

.
e v
&yt

-

Tw ' ”,

this thesis, a severe mycoplasma (PPLO) contamﬂﬁatlon ¢ ,-:-?
was encountered An attempt to render the E4 cells

PPLO- free was made usrng the following procedure

j(Fogh et al l971) oo, St *‘:;M"TT

7’ f. L

v

i 4

The medlum of 1nfected monolayers was decanted o
and the monolayers were washed three tlmes w1th ?

1ster11e phosphate buffered sallne The washed

v . k. <

‘monolayers were exposed to sterile dlstllled water
contalning lOOug of kanamyc1n (Brlstol Laboratorles ;f.' | ' l

;e.;é Canada, Lot AE- 101 Kantrex) per’ ml for a pe&loa of | |
exactly 90 seconds The kanamyc1n solutron was de- ’;
canted .and fresh pre-warmed MEM—lO T contalnlng 200ug e
of kanamyc1n per ml was: added The monolayers were
incuba?éd at 3700 for 48 “hours; . afterwhich the dead

‘ cells'were remove;S by gently shaklng the cultures,
decantlng the,medlum, washlng the monolayers w1th

'phosphate buffered sallne contalnlng lOOOug of kanamycln”f’iA

per ml and\éddlng fresh MEM—lO ~T contalnlng 200 ug

kanamycin per ml. The cultures were 1ncubated at 370C
i - K
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nunt ¥ a good,growth was ach;eved- The celrb were then - .
passaged 1nto antlb;otlc freF-medlum, and examlned R
regularly for any signs of contamlnqtlon. If the
. [ .
, fcells seemed to be healthy after the third passage
4 )
, . & ¢ '
-. in antlblotlc free medlqu they were used for exper~ . S
; - . v,
| i ’ : . . o
3 .1mental work. o . ‘ T TR VAN
;j' ’ ‘. : ' . | : V -.a ] P . . -,. R " : LY
5 . B < N . . A - S, . b
¢ f * m 7 _ : . o . - . i
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: -+ In my hands, ,this procedure never freed the cells o e o
.: N ) KN ]
§ completely frdﬂfg;coplasma, but-the 1nfectlonrwas
3 reduced greatiﬂ\and malntalned &t an ;nocuous level
;E' - . . i ] )
fé’ ~ - " ' . ' Ll I“ .
& Prophylaxls for PPLO Infeetlon S L :
.;{:I‘ . - ‘ ) [
¢ . » .
15 1, . ' .
] " e Once the PPLO 1nfect10n was brought under: control. , i
- - e _—. ..
i Con : - : \ -
<= . the follow1ng procedure,was added to the routine cell . ,
& llne malntenance schedule.n The E4 cells W%Ee passaged
il -
% through MEM-lO T contalnlng 200 ug kanamyc1n per ml - W
% A P
%3 once 1n-every six passages. The cells were never/used e
ﬁl .for experlmental punposes durlng, or. 1mmedrately after, *
s . .
% . kanamyc d‘t eatment. = e e .o
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; TlssueJCultureiGlassware and Plastlcware = - . . o

e 7 Falcon dlsposable plastlc culture productsu-

¢ were‘used exclusmvely These culture vessels were o

.used dlrectly fgém the pre- sterlllzed gackage in whlch
. » e ur
B they were shlpped Alb partr§lly used packages were o
,. ) ¢ 9
o carefully resealed and stored in a‘dust- free cablnet
+

o l- . .
. . N K -
. .

* L]

Before use, all Ylassware was washed in X DR p
detergent (Glbco), “Tinsed thoroughiL in tap water,n K

/ .
andg- rlnsed in trlply dlst;lled water._ The glassware : : -

LI [N

L

Pl

was thepg/réed in a hét oven (1050C overnlght), .
n

'wrapped d sterilized, and stored in dust-free

™
N

by . condltlons. L . S
3 LI b ' : 7 ] .

g v : R 1
¢ - ' ) - o T e
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CYTOLOGICAL TECHNIQUES T o .
." ' . - Lt . * ' - - ¥
.Preparatlon of Cells for nght MlCIOSCOplC Examination .

The cells were. harvested from the monolayers

w ca

§ ‘by mechanical detachment or gentle tryp51nlzatlon,
P _ collected by centrlfugatlon and washed once. in PBS.
i i 3 .

The washed cells were resuspended by vigorous force ! "

' plpetlng dlrectly into fresh Carnoy s’ sclutlon -and

v fixed for S—mlnué;s. The fixed cefls were centrlfuged,

ENE O Rt

the flxatlve was decanted and 0.5 ml of fresh fixative ..

%u was added to the cells‘ A few drops of this cell

% : suspen51on were placed on a clean mlcroscope sllde and

% "1gn1ted immediately. ?he_slldes were stained w;th | .
L» —Giemsa 'stain (Fisher Scientific). . |
4 ;-

4

. . ,.A‘ . : . . ] i . ) . y-
(“ .. A P g i . - | :
¢ Chromosome Preparations

> . -
~ . N

.

E4 chromosomes were prepared according to Hsu

{| -

% (1972).. Thé final preparations were either stained
o o ‘ ) ) ' -
&— #with giemsa stain or nuclear fast red stain. |

R S

Pregaratlon of Materlal for Autoradlography \
gg - The cells were handled exactly as déscrlbed in
D - oo SN !
i the first two sections, but -the microscope slides . .
!@r ‘. -

[




. . |
. TR '
P ' Lo

were cleaned_before'use._ The slides were washed ' LRy

&
¢ . A

e ' first in soap and Water, then rinsed in tap water, - ’/;/

‘bi- distilled water, and finally 1n acetone. Once E

.the slides were cleaned they were stored in 4

dyst-free area until needed.

7

Geimsa' Staining Procedure

The preparedJSIides uere placed in fresh
Geimsa stain for QO-ﬁinutes The stained slides =~ ‘ :
‘were then dipped ‘three times in bl distilled water e

and‘passed through 3, 5- second changes of 100% ' . ' ﬁﬁ
acetone. The slldes were then tleared in two, 15-

minute changes of xylene and mounted in Permount

§‘> (Fisher Scientific) with a #1 coverslip.-

I Preparation of Material for Electronmicroscopy

Monolayers were washed twice in phosphate ' '
buffe;ed saline and fixed in 'situ with cold
glutaraidehyde solution for 1k-hours. (All operations
were carried out atl4pc unless otherwise speéified).

The fixed monolayers were gently scraped from

the tissue culture flask, the cells are washed tWice
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'uith 0.1M ohosphate huffer, and then'poat~fixed in

/;> ‘osmium tetroxide_for 1%-hours. The cells were then'
washed thrlce in 0.1M phosphate buffer, dehydrated
in an acetone serles, and flnally embedded in

~

Sperrs plastic.

_The embedded material_was then prepared for

examlnatlon by thin sectlonlng, stalnlng in uranyl

! acetate and counter staining in lead 01trate.

Ptepatatiou gngutofadiogéaphs

o The foilowiné descriotdoh'of the technique,

~as applled in this thesis, is more or less standard
The use oé hlgh speoaflc act1v1ty trltlated thymldlne
(New England Nuclear Canada LTD. Dorval, Quebec. .

-—"NET 027X) for the labelingsexperiﬁents allowed the

autoradiog: s to be processed within 48 hours of

FoRT oA W W T

- preparation.

S5 P L

A portlon of the bulk emulslon (NTB 2 Kodak)

| -.-—a -

was melted at 40°C and placed in a dlpplng jar. ‘The

4

. Lol

s
+

slldes were dipped in the emu151on for 3- seconds,

. .stood on,end and allowed to dry thoroughly. The dry,

TINS5 o e, e
SR SR R R
b F b - T R N




freshly d;pped autoreddograpﬁs‘were placed in light-

- tight boxes and‘stored at room temperature'for 4é
hours. After the exposure period,, they ware developed
in D-19° (Kodak), fixed in Fixer (Kodak),.and drled ..
at ;oom temperature. The developed autoradlographs'
Qere stained in nuclear fast red aocording.to‘Same

(1967) .

e

g
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CHEMICAL TECHNIQUES - ’ ' | #

' * The protein contenﬁ was measured according to the

General Dlscu551on of Technlque

The extractlve and analytlcal procedures

used for the determlnatlon of cell proteln DNA, e
and RNA are all standard methods and were used o

unmodified.

Nucleic acid extraction was done according

"o the method of Scott Fraccastoro and Taft (1956)

A

and the quantltles of nuclelc ac1ds were determlned
by UV speq;rgphotgmggry. - The RNA concentratlon

from the Scott's efﬁracﬁmgas calculated using the '
\ i . . .

—

correction described by Fleck and Munro (1562) .

Oyama modification (Oyama.and Eagle 1956) of the

Lowry procedure'(qury et al,'1951).

1
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CBLL CYCLE AND CELL SYNCHRONY METHODS

i

The Duration gf_;he;Phases cf the Cell Cycle

= A esfimate of ‘the duratieh of the phases_of_

the.cell eycle can be o;Lained-by using autoradio-

graphy ‘to follow a population of cells which have

beeh éhlse—labeled w1th the radloactlve DNA pre-

cursor tritiated thymldlne ( HTdr), as they pass

through the dlfferent phases aqf the cell cycle.

Cells in DNA synthe51s-at the tlme of the pulse wiil é@?
‘1ncorporate label, therefore S phase cells can be

-

traced as they: pass into m1t051s (M phase), since they

_ can be identified by the,autoradlographlc labeling '
that theﬁ will‘produce. When the percentage of labeled - i
cells in m1tos;s are scored at 1ntervals after the-
admlnlst:atlon of th 3HTdr pulse,.a graphical

-representation of theAdata can be psed td_detetmlne

" the duration qf the phases:of the Eell-cycie.

o

TR T T A T

Since mitosis is relatively short in duration

compared to the S phase; there are perioas'of time’

by S A S

“'in whch all -the mitotic cells will be labeled. A

FEN S S F

s

i




Csase L

v E . s

- “

plot of the data for: labeled mitoses vs. tlme (Flg
2—2) shqws two successive waves of labeled_mltotlc cells'
which ccrrespond to the'paasage of the pulse-labeled 8 | - ’
phase populatlon pa551ng through two~m1tot1c peraods
and one somplete cell cycle. The total cell cycle
durationi(Tc) is determined from the interval between
’ the mid-point of the two wanes of fgheled nitctic cells.
THe duration of the period of time hetween S phase and mitosis
(Tgo) is taken as;the‘interval betﬁeen the first
‘“<fabeled m1tosrs. T y OF the ‘duration of mitosis, ‘
is determined by the 1nterval of time between the
appearance of the first labeled prophase and the flrst
f' ; labeled late telophase. The duratlon of S phase, TS, "
is described by the 1nterval of time where 50% of the

mitosis are labeled before and after the flrst wave of
labeled mitoses. The duration of the -interval between
the end.of mitcsis and the beginning of S phase (TGl)

.+ can then be calculated from the dlfference between the

LY

AT AR IS T IS AT 2 2 ferrri -
Y

- Ttotalcell cycle time (T ) and the sum’ of Tgr TM’
T

G2 ThlS represents the standard method of determlnlng

and

r

the’duratlon of the phases of the cell cycle.
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ZFig 2-1 'An actual plot of percentage of
-labeled mltoses data cbtained from auto-

. radlographs prepared at intervals after the

administration of a S5-minute pilse exposure
to tritiated thymidine. This plot is an
axample of the type used to determlne the -
phases of the cell cycle.

24




b
- however several othér methods are also in use {Lipkin
t2

1971, Miller et al. 1972). . -

The Engleberg Synchrony Index ;

.

! l?,-ﬁf-. N q'. - C .
A variety of methods exist which allow an’

estimation of the degree.of‘synchrdny in a population -
.of proliferating cells. The Engleberg method

(Engleberg 1961) is based on ‘a caléulation of the

fractional increase in cell number per unit time
over any interval of time 'in which the. cell number in
a given population exactly doubles. The frégtional

5 increase in cell number per unit time, designated as

fﬁ. | R, is calculated from growtﬁ curfe of a cell o o

ﬁg : popﬁlation and cémpared tp-?he‘hypothetical.plot of

é; . - R for.énd expdnentiallyApro;iférating cell population

S T ' ' : :

" o . | . o - ‘
Eﬁ'fﬁ. ;% Tq:facilitate the calculation of the Engleberg 

tgﬁ Synchfony Indéx;-a computer prograﬁ} an ekampie of

ahis

N '
which is provided in Fig, 2-2, was devised in the APL

l‘_"-:n‘i

,.
k0

language for use with the IBM 1640 computer. This
program converts a growth curve to a plot of phe

. N . 3 - . -
fractional increase in cell number over the interval
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; K T T ! ‘
; _PARTIAL CHARACTERIZATION OF E4 CELES . . e
! Growth of E4 in Suspen51on and Monolayer Culture V? ”,
; : E4 Cells prollferated_under both monolayer E
i'f ~and suspen51on culture condltlons.' In all dases the -
% cells were. cultlvated 1n MEM-lO = and 1ncubated at’
HE s
o 370C. The cell number in monolayer culture doubled
o ~ -
i in approx1mately 12 hours and 1n suspenSion culture
- in about 11- ~hours. , I ' i¢3 -
i‘r ] 7 -“ - i ) rl_ ) ) - ~ S . - i . . . . . ‘
: The viability of the_cells was measured at N
gd ___—-Various points in the growth curve by ‘trypan blue
'y " ekclustn. A per51stentf%nd 1ncreh51ng non- V1able
;- populatlon was fotnd In the cells cultured in i 1“ N
N ‘ T o ~
g, suspensronp while the cells in monolayer‘culture exhibited
é no loss o; viability untll statlcnary growth was "
8 ach1eved.' E4 cell cultures 1n suspen 1on tended to s
. rapldly form ahd malntaln aggregates of. 2f15 cells even

‘ * in the presence of methyl cellulcse. ’ . 3
s ¢ s u i

, 5

oy ' .
rd T — T ;
a- e 9 " f
o ' .
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‘An attempt to adapt E4 to moﬁoJ :spersed suspens'on Lo o
N ﬁl * o : '
growth was made by repeated passage “in medlum contaln—'

P T

v ing methyl cellulose. However after 15 pa%sages no F W &

o

:‘_ . 51gn1f1cant decrease in cellular aggregatlon _was ob- e ’//?_F;

_Served B ' ‘ S ) ) )
< \ ¥ v . ’ A

N b - ' -

O o w7 H . T

;*,The Chromosome Frequency Dlstrlbutlon an“E Celis _
v N :‘: i ‘ f'7 .- o
. Monolayer qultures of E4 cells were,exposed N .

£0" the mltOth inhibitor colcemld (Grand Island , . %‘
Blologrcals, GIBCO Grand Island, N. Y )“ﬁ;sa cen- . - ‘_ %%
centratlon of 0.06ug per ml of medlum fo; 2% hours.

. * d Lo
. at 370c. The accumulated metaphase cells from several o Tl

’

monolayers were harvested by gentle shaklng ( 2

e

’ e 'y > &

procedure made p0551ble by the partlcular sen51t1v1ty
of mltotrc cells to detachment from the mouglayer i oo | .
j growth surface) Chromosome preparatlons were made 2 '31

' from these cells- 50 randomly selected well- dlstrlbuted
- 5

chromosome groups were photographed at 200X The =~ D

o °
‘o

uc‘hromosome number was determlned from sultably enlarqed . .
L
+ . }
, prlnts of" these photomlcgographs {(Plate 3- 10 E4 - : é\
cells were found to have a mean chromosome number of o B _ ‘\ .

63 compared to the 44 reported for BHK-21 (C~I3) -

w LA @
' S

(Flg- 3 l) - LT . .7 _\.:‘ ' .. ) . '. . ] -. . - . )_ .Q:'
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'CHROMOSQME:FREQUENCY DISTRIBUTION FOR E4 CELLS

t

- : ,
- Na. i . ?Tequenqy — >
56 o ~ s ; e -
3 57 . V-
28
59
60 v *
e 61 ; . 3%
W g2 R T -
63 - ° _ D Y R g S I
X 64 > 336 302 2 ' . : H
65 R v ,
o 66 * .
. " _‘67 o tae ¥* ) . ‘ .
" . 28 . * ' o 4 B
. _78 o " : ~
Average = 63
. . ) . ¢
L & ".Fig. 3-1 The chromosome frequency distribution
oW in E4 cells. The above distribution is based

pn direct counts made from 50 different photo-
i micrographs of well distributed chromosome
;nm‘ ’ preparations. '
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. The. Cell Cycle of E4 .

The Karyotype of E4 ‘ 5o : ‘
The karyotype for ‘E4 was not deflnltely
established butxan ‘attempt was made to’ compare

superficially the'chromosomes of E4 to the parental

" .BHK cell line. While a mugh more detailed‘study is c

‘required to properly asifss the karyotype of E4,

-

however cgude karyogrames (Plate 3-2) do demonstrate

¢ o

a strlklng 51m11ar1ty®between the chromosomes of E4

and BHK-Zl and suggest that E4 is triploid with ' o ’

respect to BHK-21, the parental cell line.

The Growth Morphology of £4 Monolazers :

by
E4 and BHK-21 monolayers in late exponentlal ’ . ‘ %%
growth were photographed in situ in phase contrast -

OpthS. The E4 cells were epltheleLd whlle the

parental BHK-21 cells were Splndle-shaped (Plate 3—3).

>

The cycle of E4 cells, cultured in MEM-10-T at
7°C was determlned by the labeled mitosis technlque. ‘5
Labeled prophase cells (Plate 3- 4) were seen within' 5.
mlnutes of a 5-minute pulse of. 3HTdr, which indicated

that E4- cells have no G2 phase undex theee condltlons.

'
oy .
1

3 . : T
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Plate 3-2, Karyoérams of.(a) BHK-21 parent cell

line and (b) clone E4. )
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Plate 3-3. The pattern of growth in monolayer
culture of (b) BHK-21, the parental cell line,
and (a) the E4 clonal derivative. These

._monolayers were photographed under Vari—cgigyff
" Phase Contrast optics (Wild, Heerbrugg) a

100X when they were in late exponential

growth.
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Platée 3-4. " An example of labeled prophase
figures observed-'in autoradiographs prepared
from samples taken within 5 minutes of the 5-
minute.pulse exposure to tritiated thymidine
(spec. act. of 1B ci/mMole in a concentration
of 2uci/ml of medium): . ’ ‘




oo

The pulse-~labeled cells were sampléd at the;intervals

[y

‘5pedifiedfin the plot of the percentage of labeled °

mitoses (Fig. 3-2) and the duﬁation'bf tﬁe phases
of the cell cydle were determined from'that'plot.
The total cell.cycle‘time {(Te) is approximately 12

hours and is comprised'Of'a,l-hOUr'M phase, a 5-hour

--Gl, and a-ﬁ-hour 5 phase.

"
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Fig. 3-2. - The plot of % labeled mitoses
_derived m the 5-minute pulse label of
" an exponentially proliferating population .

of E4 cells with tritiated thymidine

(specific activity of 18 ci/mMole at a

concentration of 2uci/ml medium). Thej

points represent the mean + S.D. of four
" samples in two geparate experiments.
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THE EFFECT OF & HIGH POTASSIUM ENVIRONMENT ON

THE MULTIPLICATION OF B4 CELLS

The Inhibition of Cell ProliferatiOn by High.

]

Potassium Medium a ' ' v

The cell number and viability 55’34'ce115 o ya
cultured ih MEM-10-THK (high potassium medium) was
folloyed for 96~ﬂ urs. The high potassiom treatment
| began 24 hours eﬁp r seeding fresh monolayere. High
poﬁassium medlﬁm ha's exaoplyrthe;same composition
as MEM-10-T except that the eodium and potassium
concentratlons were changed from 118mM and 5 4mM

respectlvely to lOmM and 1l4mM respectlvely The

total cell number was estlmated by counting all the
.cells within a representative area of the growth _
' 3
T

surface which appeaféd heelthy, and showed a L
‘ H

normal adherance to the Qrowth-surface; This can elsol;

be taken as.a measure of apparent viaoility.
% | .

Both the multiplication and viability df'E4 cells’

“were grossly affected by exposure to hlgh potaSSLum medlum-

,(Flg. 3-3). The loss of viability was. accompanled

?y a detachment from the growth~surface;and.e visible

deéredation of'nuclear struoture {i.e the complete 16ss

of nuclear structure followed by the formatlon of clumps

of nuclear material. 3 . 3

4
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TOTAL CELL NUMBER

Ic‘)q1 . _ '. : o r\\f‘.\\n]"_
0 - 20 . 40 . 60 .80 100 -

HOURS IN CULTURE

Fig. 3-3. The effect of high potassium medium
on proliferation and viability of E4 cells in
monolayer culture. The solid line {(—) ‘repre~"
sents the control cultures grown up in MEM~10-T
ahd the dotted line (---) shows the response of
_ the high potassium treateéd cells. "Each point in
_the mean® s.D. of 6 samples from 2 experiments.
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Cell Multiplication in the Presence of Normal

Sodium Levels.and Varying Potassium Levels .

Eagie’s MEM-10-T was modified by the .addition

of stf&cient KCL to vyield concentrations of 25}

50, 75, and 114 oM. Appropriate amounts of choline o '

chloride were added to each of the different media,
: S . ‘ ) 1
as well as‘to MEM-10-T, t0o ensure osmotic consistency -

between them.

'A series of E4’monolayers,‘12 hours post-
séedihg, were divided into 5,§roups and the fedium was

replaced in each grodp by one of the 5 modified media.

. The total cellular pr tein content per culture was

ater. The cultures were in-

determined 36 hours
cubated at‘3i§c over Ythis period. A concentration of " /
50 mM K produced a smgll, but significant (P .0l), ©
decrease in the growtR o E4 cuitufes. The effect on

: : 4 /
gréwih becomes incréasiﬁgiy‘pronounced as the K .

concentration is raised to 75 and 114 mM respectively  /

e  (Fig. 3-4).

‘L'A
H
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medium with varying concentrations of K. The
concentrations used were 5.4, 50, -75, and
114mM respectively. Each point represents the
meantSEM of the total protein content of 8
cultures from 2 individual experiments. The
shaded bar shows the average—protein content’
'iSEM for the cultures at the start of the
‘experiment. ' "

. Fig. 3-4. The growth of E4 ce?i}s in 118mM Na = 7
25,
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" choline chloride were added to?each,of the

- . E

' mOdlflEd medla as well as to MEM-10- THK to compensate

. Na concentratlon No effect’ on growth was noted at

. -58=

eli Multiplibation in High\Potassiﬂm‘Medium with

o

Varqug Amounts of Addltlonai Sodium

L

MEM—lO THK medlum was mOdlflEd by the addltlon

v

of suff101ent NaCl to yleld Na concentratlons of

' 25, <50, 75, and lleM _ Approprlate amounts oﬁ

for the osmotlc dlfferencés among them . The

experlmental de51gn was the- same as for the previous
experlment., he addltlon of Na to hlgh potaSSLum
‘ . LG% '

medium permil

ed growth of E4 cells at a ieduced
‘rate. ‘The magnitude of the effect gepended on the

concentratlons leSs than SOmM (Fig. 3—5)l

C
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 Fig. 3-5. fﬁﬁ\growth of E4 cyltures iJ 114nM .
potassium medium with varying concentrations . .
of Na. “Na. concentrations used were 10, 25,
50, 75€/§i3'118mM. Each point represents the
. meantSfM. of the total protein content of- 8 ’ ‘
individual cwltures from 2 separate experiments.. A
The shaded bar is the average protein.content
"for all the cultures at the start of the.ex- -

_ periment. g .
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. THE MORPHOLOGY AND FINE STRUCTURE OF E4 CELLS IN

r

RESPONSE TO H&GH POTASSIUM TREATMENT

Exp rlmental Desmgn for Morphology Studles

\\A series of monolayers ln exponentlal grgwEh

. . u
Y

phaseu(40 hours post seedlng) were divided into - 7

) groups of 3 and 21 cultures respectlvely, the

smaller group of cultures were controls _At.

o

-0 tlme, the medlum was replaced 1n each of the

éiperlmental cultures w1th pres~ warmed MEM—lO THK

and then 1ncubéted at 370C. The eontr l oultures;_'

—

.received fresh, pre—waxmed MEM—lO T and were fixed

at p tlme,. The experlmenpal,cultures‘uere‘

"Sampledathree.aﬁ'a time at 1, 2 3, andl 24 hours,’

. _ - 0.
’ . ) ; . ’ o w r‘.
during high.potassium-treatment. at 24 lhours, the

- medlum in the remalnlng experlmental cuﬁfures was

replaéed w1th fresh pre-warmed MEM—lO -T @nd re-~
; A

1ncuba ed at 370C These cultures were lso sampled

in gro Ps of three at L 2, and 3 hours

second edlum_replacement.’ ’ S

-fter the.




‘'way at e ch sampllng point. The selected mono- -
layers were washed once with sterr@e>Ear1e s Salts

Solutionf nd immediately fixed in cold glutaraldehyde’

™

solution. Wlthln two mlnutes of fixation the mono—

layers weri/photographed in phase contrast optlcs,

\
after . whlch the. fixed cells were scraped from the

"

qrowth surface and prepared for electromlcroscoplc

examination.

A Vil

Light Microscopy}V-Sequential Chagges in the

Morphology of E4 Cells Before, Durlqg, and After

xpoeure to a 'g Pota551um Env1ronment

The morphologlcal response of E4 calls during o _'ﬂ1
the flrst three hours of exposure to hlgh potdssium ' L

' medlum'(ll4mM K) iy marked by cytoplasmlc acuolization,

-

nucleolar condensatlon, an apparent lncreaoe in cell

e

size, and a notlceable 1ncrease in cytoplasmic
prOjectlons Twenty—four hours of exposure .to the

<E.hJ.gh pota551um environment does not substantaally a - i
; SN
! -

enhaddé_tme morphologlcal changes present after the T

flrst three hours. After the cells were)returned to-.
MEM L0-T medlum (5 6mM K} . the morphologlcal

appearance gradually returned to normal over the



‘restoration of thk normal Na/K ratio (Fig. 3-6).

58

@

> gradually returned to ‘normal’ over the next three

hour%.(PlatevG—S):

Tﬁeddegree of nucleolar_condgnsation‘was
estimated b§ scoring the oumber of nucleolar
masses present in 25 cells eelected at random’
from'the photomicrographs repreaeutative:f}each
experlmental and control group. The data sth

that 51gn1f1cant nucleolar condensatlon occured
during the'courae of. HK treatment and that

-

the‘copdensation of nucleocli was reversed by

i

I

'The Flne Structure of E4 Cells Befdre, urlng, and

After Exposure to ngh Potassium Medlum

Electronm1crographs of cells from each control

t+

‘ and experlmental group were prepared. Generally,

an 1nCrease=1n cytoplasmlc organelle_number and a
decrease in the electron densxty of the cytosol

were observed. The ‘cytoplasm was fllled with mlcro—

-

flbrlls apd mlcrotubules after. 3 hours in u}gh A
potassrum medlum, but tmenumberof these structures
in the cytoplasm after 24 hours of treatment was'

qreatly reduced re%atlve to the earlier sample

(Plate 3-6).

' - . ' '
. \
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Plate 3-5. An illustration of the morphological
¢hanges induced in E4 cells exposed to high
potagsium medium. Control cells are. shown in
panel (a). Panels (b-e) represent 1, 2, 3, and
24 hours of high potassium treatment. Panelis
~ ¢f~h) show the recovery of normal morphology
1, 2, an® 3 Hours after the monolayers are .. .
FYeturned to MEM-10-T medium. The highly refractile
¢ells are in mitosis. The photomicrographs are . '
‘of glutdraldehyde fiked monolayers and are taken
inder phase contrast.optics on a Zeiss inverted

" ‘microscope at :160X.
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Plate 3-6.  Alterations in the fine structure of

E4 cells exposed to high potassium medium. Control

. cells are represented by '(a), (b-c) show the effects

cof high potassium 3 -and 24 hours respectively after
~initiation of treatment.and (d) shows the fine ' R g,
structure of a .cell that has been released from the _
high potassium medium for. 3 hours. The -original oo
magnification of-the=electronmicrograph-ia'30;QOOX

and the photo enlargement factor is approximately

IEX. - ) o . . . .

H
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‘The distribution of ribosomeSIWas‘also‘affected

by hldh pota551um treatment 'Three hours after the | o
cells Were placed ln hlgh pota551um medium the
rlbosomes became loosely aggregated as opposed to
the mor -or less eren dlstrlbutlon seen in the

.control {Plate 3- 7) After 24 hours of treatment,
the r1bo$omes were clearff'aggregated 1nto rosettesL

' When the cells were returned to a. normal Na K
enVLronmeht, thg rosettes gave way - to numenous,
evenly dlstrlbuted polysome grouplngs - The” amount-.

—of endoplasmlc retlculum lncreased above .the control

in response to hlgh potasslum treatment as well.

After 3 hours of exposure to high pota551um medlum,

the endoplasmlc retlculum appeared to. lose rlbosomes, '

. but it néver completely lost 1ts rlbosomes even after

24 hours ir high pota551um medlum When the cells
_were. released 1nto MEM—l? i the endoplasmlc retlculum
became heavlly studded w1th rlbosomes Poorly formedp
gOlgl llke structures were v151ble in the cytoplasm

cf the 24 hour hlgh pota531um sample in conjunctlon-i‘ ‘ .
with 1ncreased amounts of endoplasmlc retlculum , o 'M

-~
I

These golgl llke structures became very well organlzed

when the. cells were- returned, MEM lOrT (plate 3 6)
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istribution of ribosomes in.

: 4 cells before (a), during

; (b and c, 3 and 24, hours in high potassium
respectively), angrafter restoration pf a
normal Na-X enviranment (d, 3 hours post: ‘
release). The original magnification of the
electronmicrographs was 30,000X and the
photo-enlarging ,factor is 5X (N.B. ribosomal
rosettes in panel-c). '

Plate 3—7.' ihe
the cytoeplasm of

e
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~ THE EFFECT OF HIGH POTASSIUM TREATMENT ON MACRO-l

-MOLECULAR CONTENT

2

DNA, RNA, and Protein Content in Cells Exposed‘to

High Potassium -

A number‘of.E4 monolayere in eXponential groéth

phase were dlelded 1nto two groups. The  medium in

‘one group was replaced w1th MEM—lO THK, and maln—‘ ‘ o
'A:talned in MEM-10-T. After 24 hours the RNA, DNA, .
and proteln content per cellweredetermlned
accordlng to Scott (1956) and the proteln content

was determlned by Oyama's method (Oyama and Eagle

1962) The RNA and proteln contents of high

_ potassmum treated cells were 51gn1flcantly greater
thah the-controls,~P<.Olf;n each case (Flg,‘3—7).
The difference in average DNA content per cell

'between ‘high potassium tréated groups and controls

o
>

is not signi@icant- P( 20 but') 10 Cel{s that

1
"have been returned t MEM—lO T after 24 hours in

s

MEM—lO THK show a de lnlte return to normal
cellular macromoleculaé levels . ‘ _
'3 i T ‘ o

o

I
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THE EFFECT OF HIGH POTASSIUM ON DNA' SYNTHESIS

L . Yy

4

‘Experimeatai Desién;fof;thake add'IhCOrporatien Studies B
.E4 monolayers, eifher contfol or high poeassium ? .

-gaeated,»we;e continﬁously exéoséd to radaoactfvely |

'laﬁeled DNA precdfsor (high specific‘activity

trltlated thymldlne - 18 01/mMole) for a pefiod of

f

90 mlnuggs. Control monolayers were always studled'

. - o S
R —

in parallel with high potassium"treated cultures.
The trltlated thymldlne Was added to the medlum to
give a flnal concentratlon of 2uc1/ml The cultures
were sampled in trlpllcate by random selectlon at

1, 15, 30, 45 60 and. 90 minutes after addition of

isotdpe.‘ The hot" medlum was decanted and thei

Amonolayefs 1mmed1ately washed. w1th cold Earle's

salte 50 uthﬂ contalnlng 2mM thymldlne and O 1M Na- azade.
?he_cells were then scraped from the~sarface_of,the culture .

" flask and suspended in 2.5-ml oﬁ,dietilled Qater.“ The
readltin;ﬁsuspension Was placedeiato a fe;t tube ‘and ' :
0.5-ml was removed for protein analysis. The remainder

12 of the euépeﬂsien'was‘used for‘nuéleic-acid and :
séint;ill'ationt analysis.
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The Immediate and Prolonged Effect’of Hiéh Potassium

- Treatment on the Accumulationﬁand Inoorporation of

Trltlated Thymidine

'
=
Tﬁe accumulatlon and 1ncprporatlon of trltlated

thymldlne in exponentlalfy\proliferatlng E4 cells

that have just been shlftéd to MEM—lD THK (ll4mM K)

and célls that have been exposed to hlgh potassium -

o

' conditjons for 24 hours were measured over a 90

'materlal) and

minute'period The levels of 1sotope 1ncorporatlon
|

.into the DNA fract on . (cold a01d pre ipitable

accumulatlon in thgjéytoplasmic'

¢ "

precusor pool- cold acid soluble'materialj were

comblned to yle‘d an estlmate of the total uptake

- of trltlated thymldlne by E4 cells. The uptake

curves (Flg. 3 §) show a. lag of about 30 minutes

before any apprec1able uptake is ev1dent in hlgh

pota551um treated cells The uptake of the isotope

then proceeds at a reduced rate compared to that

“of’ the control cells. Slnce the lSOtOplC content’

of the cel 3 1s largely Q. functlon of Ege 1ncorp—

oration of trltlated thymldlne (Fig. 3- 9) the

-~

resultlng 1ncorporat10n curyes are 51mllar to the:

- 'ﬁ}

uptake curves (Flg 3710),

- e
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the cultures over -the first 90 mihutes of
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The'accﬁmulation of tritiated’thymidiné into.

the cold1aC1d solpble materlal of control and
| 4

hlgh pota551um “treated cells shows that hlgh potassmum”

treatment causes an 1nh1b1tlon of precursor accumu-—

e

:1gtlon (Flg 3—11). Both the lncorporatlon ‘and

‘- :Tumulatlon of precursor by cells that-have been
P

D

osed’ to hlgh potassium medium was greatly

'reduced as 1llustrated by the: approﬁrlate plots

\ﬂ:j - - R . ~

1n.F1gs. 3-8 through 3- ll .
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The'Effect 9£ High Potassium Treatment on S Phase -
. in E4 Cells ‘ I f e ‘ﬂ ‘ 'if' . ; | _h :&
The progress of ceIls 1nto and through S phase

was determlned from the labellng 1nde2 of auﬁo-.-;
radlographs prepared from hmgh pota551um treated

E4 cells. A 5- mlnute pulsé label of trltlated
, thymld;ne (spec1f1c actlv?ty of 18c1/mMole at a f \\\-
'concentratlon of 2ucl/ml/of medlum) followed by a
,one—mlnute chase with medlum contalnlng 2&%

.thymldlne wag glven tb E4 cells exposed to hlgh “ R

: pota551um medlum at - 0, 7 12 and 18 hours dyring

hlgh potassmum treatment Exponehtially pro iferating'

- 1Y

‘_control cel}s were 3Plse—lebeled at each sample ° - coe

.+ point. .
g
. . F
‘v The plot of {Lbeling index vs. tlme“(flé 3-12) T

| lndlcates that the propoktion of cells that are in ™%
. S phase 1ncrease; smgnlflcantly .bove the controls 'Fi'
iflz hours aftzr\the cells were in

pota551um medlum (P<. Ol? o The 51ze'of the S phase

populatlon ‘thien decreased untll the proportlon&of

3

oduced into hlgh

the , cells th t were in S phase was not 51gn1f1cantly

dlfferent;f-qm the controls at 18.hours’ (P( 1 but

=
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- _ The Effect of ngh Pota551um Treatment on Membrane

Permeabllltx

Exponentdally'proliferating E4 cellsﬁﬁere pre-

’

. label'e‘_d ’wi'tr{ tr"itiated thymidine ‘(1ac{‘/nno1é. ata. . .

\concentratlon of 2uc1/ml-of medlum) for a perlod of

5

3 tiours. The monolayers were washed once in pre-

-warmed MEM-lO~T.containing 2mM'"cold" thymldlne' ' ': : '
q--"' . . . _

\ (before the - wash medlum was decanted the mono- | - 0T

N layers were allowedfto stand at rOOom temperatures L\

4 \

- for 30- seconds), and then washed agaln with warm -f- ' :‘
- .

t
: parle's salt solutlon. " Fresh re*warhed MEM-lO THK

. . N 1
was added to

alf the cultures while the other ha}f ' 'ﬁ”

« received MEMrl'—T and were used as controls. ‘At
bl - ) . t .

[

20-minute intervals the medium was decanted'fromjr:_'.'

the‘control'and experimentallcultures-and.the .:;}

medium was adain replaoed'with eitherhMEMllO—T or.

MEM-10- THK. At-each samplrng-polnt,ja sample of
57:7 g "'medlum was taken from each culture and analyzed by ‘ T

501ntlllatlon countlng The data (Fig. -3- 13) show _

_ that smgnlflcantly greater amounts of trltrated
bt ’(_ )

- thymldlne leak out of the celrs treated w1tH hlgh
P
w0 potasslum medlum than from the controls. -Two .t 3

~ . -

l gylﬁes of

; : curin the .
. . ag are’ ev1dent,.one occu _g/&nﬁ_ - |
: . period betw - ané[}ﬂ/ﬁlnutes of hlgh pobassmum ¥ : ;g
‘ o LT , ¥2)¥;;\ : o PP ~° S

——
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treatment and the other occurlng throughout the

perlod between 80 and 120 mlnutes. S L s

- . . . . -1
‘ L
s . . - ' L2 -
. . . - X
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The Effect of hlgh Pota551um on Cytok1nesrs

v
&

- E4 cells/Were aqpumulated in mctaphase in

- the presence-'of colcemld (0. OGmgm/ml of medlum) o |
' for a perlod of 2% hours.. The cells were harvested _ "
P ' .
by ‘gentle shakrng (detachlng the mltOth cells Co BN

i . : - /
_selectively due to their reduced adherence to the » -

. 1' - s

growth‘surface)‘ " The Cells ‘were then washed free

\ . {

. of colcemld and’ lelded into .two lots, centrlfuged s e

nand resuspended again. One group was resusp\ndeﬁ

Away -

in MEM-lO THK whlle the other group, ‘used as

controls, was rLsuspended 1n MEM—lO T Each~
suspgn510n was lelded 1nto al;quots of 5 ml ea
whlch werke placed lnto plastlc tlssue culturejq
‘;?_.‘ flesks Control and hlgh potassrum treated metaphase
' cells waere photographed under phase contrast optics )
of" a zeiss 1nVerted mf?roscope at 160X at OﬁllS 39,

e £y .

—#&; 604 and 90 mlhutes:

o | i

' , . . ]
The ability of‘thg cells to ¢pmplete mitosis
t_\‘;\- . o - N - . \: .. -
v f o S )
~ Pt " . I
o . '
- B



% ADHERENT CELL

) SR

o

TIME AFTER RELEASE FROM COLCEM!D

-_Flg. 3-14. ’ The percentage of total cells which

are able to proceed -through mitosis| and flatten

fout against the growth surface. Co trols released

from colcemid block.into MEM<10- T a e shown by

(x———x)ipd the hlgh pota551um treat d cells by g
(=) Y X
.. D.
L]
& " . ..‘ ‘j." -
% \ 1 .

-

, 15 30 4 45 § . %0



was measured (dlrectly from the’ photomlcroqraphs)
' ’49J scorlng the percentage of cells whlch proceed to L
l“' flatten agalnst the growth surface The data , -
(Flg 3-14) show that relative to. the’ control
there is approx1mately a 15 minute delay before-
. | high potassmum treated cells flatten out agalnst'
the growth surface. " A large number of bi- nucleate‘."
‘cells (at least 50% of the adherent cells) were’
',seen in the'90—m1nute hléélhptassrum,sample
;o ihdlcatlng that‘eytoginesis was likely‘affected.

Plate 3-8 illustrates ﬂﬁe bi-nucleate cells.’

.g '\::._" ) - z ) .. . .
e ‘ o
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Plate 3-8. ‘A comparison of the control cells /. . .
(left) and the high potassium treated cells - A .
: (right) as they appear 90 minutes.after . / , .
. _ release from colcemid block. Note the bi- | N N
- © pucleate cells in the high potassium treated | . .

N sample. . - - ERE o hii{
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THE INDUCTION OF SYNCHRONY IN E4 Cells.

. ) . P . e
. . . .

protocol} for Block-and-Release Experiments,~'
E— - - o

E4 cultures in’midlexponential gfouth'phase'

were used in éll experlments unless otherW1se, o »

: speclfled. The medium of control énd experlmental

thultures was repladed w1th fresh pre-warmed MEM 10-T,

b

.cubated at 370C for 24 hours, and the medlum in all

high potassmum treatment. o

Fe-

and MEM-10-THK- respect1Vely The cultures were in- |

:cultures was replaced w1th fresh pre- warmed MEM-lO -T.
.The cultures .were always sampleﬂ in trlplloate and

"were sampled at varlous tlmes durlnq, and after, o a

E
! " . '> . .
P ——
-

Increase in Céll‘Numbet*AfterjReleese From HigH mﬁf\\

Pota551um Block ‘ S ,'_- >\\; o

The total cell number in four-monolayers cultures

' ' . ~.

.and five suspenslon cultures_was, determlnod at hourly

. ~

Lntervals For .25 hours follow1nq release from hlgh e

.

pota551um block The cell number in the suspen51on

+

cultures was determlned by hemacytometn{c counts,
l

. and the number of cells 1? the monolayers was detcrﬂlned—

. from a.measured and representatlve area of -the, grdwth

o 1] . . . . N k

- ) . . o e " . )
9 ' - \ v s 4 : ©

NI . . LT e
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R surface by dlrect count. There-was“littleroxlno . ‘
- 4:. ' jtf-. .U .
; 1ncrease in cell number until about 8. hours post - - = . .- s
- eleaée (Flg 3*15) At thlS t1me,'thete5Was 5 '
wave of prollferatlve act1v1ty .The appeafanee‘ SR y
Ly

- of thlS wave of prollferatl e act1V1t§31nd1cated that hd

. . #' 0 -
lr:nu\ a certaln degree of ny had been ‘induced: in R
".\ the populatlon. The degree of §ynchrony (i;e )- o : btlif}
the efflglency of the-lndhctlon ‘method) was estlmated e e

by: Engleberg S method (1961) and whs found to! range -

from 35 - 65%. VR L ¥ S . ? > //
".-..‘ ) ) . X .. -.-) . . o e ‘ T
- & e toa ) -_ E . - K .' e

Trltlated Thymldlne Incorporatlon After Release

Ty
'Q\?' Erom ng Potassmum Block

The,proportlon of CEllSuln s phase (1 @i

e

L

Co*

actlvely syntge51zlnq‘DNA) just prlor to, and ‘ ; ; 5

Y after_ rele%se,from hlgh'pota551um block was"

\ ‘ . | N -\ o, ﬁ.. |
assessed by analy51s of the labellng 1ndlces of '“'_, _ ? SR
"'autoradlographs prepared from pulse labeled Eég e . ,
1 L -
c'W‘s. /;pe pulse dhase protoc¢1 is the same as- . =<'L \ﬁ§swl
| : ST s
. Prevmoué&y descrlbed for. the. ceII cycle analys\f G e -
: PN s
fT_u Lhe cultures were sampled just p:lor to medlum : '

R ({frreplacement at . 30 mlnute 1%terVals for the, _%_L“ ? L T e e
P ) . R o : .- L
"'f\t% next 7 hpu%s and at GD mlnute ucggf?a}s between.7 ‘ f o
. . ' . o .0
L and g héurs post—release.‘ Exponentlally proilferat- ot T
Q-. ' ‘ }-Q .‘: .Vp:q ) ' . € . |

Ty ; : ot . . " v LT
. ) o R . ro . . . e . . . o .
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Flg 3 15., High potassium. lnductlon of synchrony

in E4 “&ells as ‘indicateéd by the ‘pattern of 'the ‘\\

Increase in cell number after a release.from a-

24 hour high potassium’ blockade. The -plotis

constructed fron the normalized growth curves-
: (based on the % of the maximal cell humber in
“+ _ 'each curve) of five suspension cultures and.

represents the mean ¥ SD of 7 &ultures:.

four monolayer cultures.’ ,Each p01nt on the graph
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I ; \_‘ / e -
. . a o ' . D . ’ ) : N
- - ing cells were sampled at 0, 6, and Q_ﬂburs to . .
C SNy o . Lo N e
obtain a contrel levé€l. ¢ o ‘ .

o . - . ’ - . » ' . . »

°

The labellng lndex of hlgh pota551um treated v

_ cells just prlor to release from 18 hours was not °

\gﬂgnlflcantly lower than the éontrol value

{P .1 but- 05). The pattern of labeling 1nd1ces
- & X 4 . ¥
“__‘_"aftef—releasg_igig: 3-16) 4 lndlcates that at least

—— e
S— ' ,
~ —— e .
——

-one populatlon is p01sed at the. Gl S lnterdeE‘~m~;fh

J i g whlle the bulk of the cells pass synchronously

. thn__g_ S phase between 6 and 9 hours Post-releaée ; .u . ‘3

A

The Enhancement of High Potassium_Induced<§ynchrony ] ' E@

Ei:celcemiﬁ ;* _ " ‘

— -i;{l ‘The synchreh¥71nduced by: hlgh potasslum bLPCk_ S

- andhfeleéée Wwas varlable ‘and moderate in degree:f

B The degree of Synchrbny was_EEhEhged by . blocklng )
. TS -

the hlgh potassxym generat‘d\snghronous populatlen,

[

*whlch passes through mitosis between 9=and_}2 hours

£l ) * —

A, —
post—release, wlth the metaphase blocklng agent |
‘*\d\ | ? colcemld (GIBCO, Grand Island, N Y ) . Coicemid %~_--: o e

.\\\\ was added to the medium of hlgh potasslum synchronlzed

: Cé\l at a concentratlon of-0. Osugm/ml of culture
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LABELED

60f v potassium ¢ (40,
0 cont;ol | LT e

0 2 4 & 8 0
‘TIME AFTER RELEASE FROM HK -
o -HOURs- - -

 Fig. -3-16. 'High pétass(um'ihductioﬁ:of synchrony -

in E4 cells expressed as tie, proportion of cells
synthesizing DNA (S phase cells) at . points in
time. after restoration of normal environmental
Na-K.céncentrations. The persentage’ of: labeled
cells after a 5-minute pulse exposure to high
specific activity tnsitiated thymidine (18.ci/mMole

. at @ concentration of-2uci/ml. of medium) in

auto;adiographicﬁpréparations were scored. Each
from two separate experiments. The controls are

‘'shown by (o—o) and the high pofassium

synchronized cells by (X—X).
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' ‘medium.forfa.period-of three hours'commencing'at.

.nine hours post~ release. -The accumulatéd'metaphase ;:
q

L cells were harvested by gentlygsﬁaklng the flasks,

-

o

. "to 70% in thetlnterval between - 10 and 11 hours

~ *

collected by centrlfugatlon, washed free of- colcemld
and released Tinto colcemld {ree medlum The " tod%}

er per culture and the m;totlc lndex were

0

. The 1 1t1al mltOth 1ndex was determlned from slldes

prepared from the colcem1d7sefected populatlon just
; .

.prlor to washigg'the cells. “Over the-flrst hour,'

A

the mitotic 1ndex decreased from 92% to 2% (Flg 3-17).

The cell nuﬁber did not increase at all thrl about

10 hours after removal of the colcemld blockade and
fi

then 1ncreased raprdly at about 11 hours post—release,

o peaklng at 12 hours . The mltOth 1ndex rose&from 6

The degree of synchrony 1n1tially present in the cell
population followinq the.high potaasium block~and~l

release and the subsequent colcemid selection was
.”aPPIOXimatelylgz%:f 1 e
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Fig. 3- 17 The synchrony 1nduced in E4 cell \\-
populations after release from:a 24~hour. "
high potassium blockade and a Zk-hour . " \
raccumnlation ¢f mitotically synchronous cells 2'

mean . + SEM for 5 cultures.

by golcemld treatment (0.06 mgmy/ml of
mediui) 1is 1nd1cated by, the pattern of

mitotic indjces in these synchronized
population Each point represents the

M .
c& .
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Elevated extracellular potassrum levels in A
comblnatlon w1th reduced extracellular sodlum
levels affect the prollferatlon and flne structure
of E4 Te ells 1n culture. When E4 cells are exposed
to blgh pota551um medium, ‘the morphology, fine .
structure, ard DNA synthetlc rate are immediat&ly -

.'affected subsequently the prollferation, the

smacromoleculat‘content and the v1ab111ty of these

cells-are affected Restoratlon of the normal Na K

,ratlo in the medium reversed many of the observed L

EEfeCtS of hlgh POtaSSLum treatment,_and induced - Yo

,partlally synchronous prollferatlon (parasynchronous) e

F

"1n the E4 populatlons. The current explanatron of B
the- effects of h1gh potassrum medlum suggest that f&f

Valtered transmembrane potentlal elther dlrectly or

. -

'1nd1rectly affects a. nuclear response whlch is re-

-

flected 1n the observed phenomena (MacDonald et al

1972)? Some of the observatgons reported for E4 ce 1s

are not‘novel; but E4 does represent & new subject’



ell line. .= . .- o
The temporal relationships‘between'thé deorease ' y
: X o
_in the transmembrane potentlal result1ng from an
elevatlon of extracellular pota551um concentratlons‘
(MacDonald et .alw 1972 Borle -and Loveday 1968) and a

~ . 3
the 1§£&bbt10n of" th¢ uptakerand 1ncorporatlon of '

;ﬁ\\h_’/?&ogenous trltlated,éhymldlne by E4 cells as well , {
as ?HK—Zl (Orr et al. 1972) sugge tﬁat there is a A o
fairly'qlose‘relationship Heteeen the'twoieveﬁts -

’ * The patterp of trltlated thymldlne accumulatlon into

.

" the coqd ac1d spluble fractlon of cells exposed to s . -

hlgh potasslum medlum oompared to’ thHe controls'
(Fig.- 3= ll) 1ndlcates that the aecumulatlon of
thymldlpe is 1nh$b1ted and that there ﬂg;.be-a net.
loss of thymldlne from the cytOplasmlc precursor pool

- «The pattern of trltlated thyﬁ\flne 1ncorporat10n 1nto";m
the cold a01d prec1p1tab1e material over the f1rst

’90 mlnutes of exposure to hlgh pota551um ‘medium

+ - (Fig. *3 lO) shows that there is an apparent 1nh1b1tlon-

mlnuteS‘- :- .

of. nuole051de 1ncorporatlon for ahout 3

. duced rate.” It is not clear from these data whether A
LY

P 0 SN



the nhlblted thymldlne 1ncorpotatlon and accumulatlon!
\.are related events, but 51nce there 15 some trltlated

| thymldlne in the acid soluble materlal at all tlmes,

an 1nh1b1t1on of trltlated thymldlne 1ncorporat10n | o g
wonld ;ndlcate an inhibition of DNA synthe51s.- Since.
the amount of tritiated thymieinemin the:actdisolnble
material beginS‘tojdecteaseﬂat'aoprokimateiv the'éame.
Jf, time aeithe inconporation-of precursor resumes; the-
aséumbtionacenlbe made that DNA svnthesisvwas irhibited"
‘and has ndw'tecoveteg’partially from-therinhibition

S

while the ‘influx of thymidine'remainedifnhibited,

Al

The inhibition of thymidine aconmnlatidn could'
he c;useéfby inhibitea Na-K transmembrane fiux,”bnt'
there lS no ev1dence that thymldlne accumulatlon ls:
coupled to the transmembrane movements of sodlum and
Pota551um an the -same way as amlno acids and sugars
The sodlum-pota551um gradlent theory of. amlno aCld
and sugar trangport (Crane 1962, Crane 1965, Kuchler
1967, Eddy et al 19677 Schultz and Warren 1970) o o

¢ States that the movement of sodlum and pota551um gons

_ down thetr respectlve gradlents, across the plasma

‘ membrane, drlves the accumulatlon of amino aCldS ' —



—glﬂd

‘Kuchler (1967) has observed that ektracellular Na- K

I
ratios similar to the Na K ratlo of MEM ~10-THK

»

medlum do inhibit the accumulatlon of ! amlno ac1ds by '

mammallan cells, ahd that the mechanlsm for amino

ac1d.transport depends on Na—K movemehts. It is un-

11kely that the 1nh1b1tlon ‘of DNA synthe51s obseryed

~

.ln the mlnutes follow1ng exposure to high pota551um

medlum_ls caused by 1nhlb1ted‘sod1um and’ potassium .-

coupleditranspert mechanisms, since in spite'of the -
continued inhibitory conditions for Na-K-flux, p&é
synthesis resumes after intervals‘of;%.ahd‘Z‘hodrs

n T4 cells_and EHK-Zl (orr et al.‘1972) respectively.

M

An 1ncrease in plasma mefnbrane permeablllty was .

observed 1n hlgh pota551um treated cells as demonstrated

lby the 1ncreased leakage of tlltlated thymldlne from x
L

pre~1abeled cells (Flg 3—‘13) Decreased transmemhrane_

A Dotentlal is believed to cause a decrease in the

calcium blndlng capacity of the plasma membrane and

- the permeabilfty of the membrane is in part dependent‘
on _the amoun;\g;;1a1c1um bound to it (Rasmussen 1970).

aBorle (1969) has descrlbed the calc1um bound to the

plasma membrane-glycocalyx ‘complex as a large and

T

-




. readlly exchangeable cellular calc1um compartment
ThlS ca1c1um stockplle would be 1deal to supply in-

qreased 1ntracellular Ca+2 under 01rcumstances where .

[y
.

‘ the cell required that ion. It4ls p0551ble_that th;s-.
éalCium cqmpartment is anElagous to'the‘sareoplasmic-' . a R
reticulﬁm in muscle'cells (Ashley 1971 Hoyle 1970)

v adding- and removrng calc1um for the 1ntracellular
env1ronment in response to changes in- the trans—
membrane potentlal. Consrderlng the establrshed
role for calcium in the regulatlon of DNA- synthesrs
(Whltfleld et al,_1973), a high pota551um rndﬁced

~release of_caleium into the cytosol in reepense'to-

. & rapid decrease invtransmembrane petential could

. V . - . * ’ [}
explain the effects'of high pctassium on DNA

synthesis as observed ih E4 cellsl The elaboration

of micretubulan and microfibrillar components in the
L ’. . . »

cytoplasm of treated cells-can also he relatedJfo

‘calecium. R . . 1

e S———— s 2 e




treatment, - o ’ e .

concentratidns.

R

accordlng to the data of MacDonald et al" (1972)

and Kuohler (1967), 1ncreases after cells are exposed .

to hlgh pota351um medlum Thls lncrease 1n lonlc

F .

strength would act to "salt out" rlbonuclear PrOteln-

1n51de-the cell. Increased. ionic strength mlght

also. act to’ stablllze the mlcrotébu1es and'mlcroflbrlls

»
that have formed in response to hlgh potassium '

By

o
r,

The macromolecular coritent of E4 cells is 51g—

nlflcantly altered ‘with respect to RNA and protein

.

(p<. Ol in each case) afte; 24 hours in. hlgh potassium

-medlum while the DNA content 1s not 51gn1f1cantly

different than for the exbonentially‘proliferatinq

control cells (P< 2 but ). 1), see Fig. '3—'.5 These

- data show that the metabollsm of E4 cells is unbalanced

by hlgh potass;um treatment. A normal macromolecular

‘level Iy re establlshed in B4 cells sampled 24 hours»

7
after the hlgh pota551um medlum was replaced with

medlum contalnlng the usual sodium and potassium

P

.. ‘ S
S
'’

The growth experlmenfs'showdthat‘EQ_cells lose




- ‘o . . . "

3lviability,,contrary toVOrr's.observation (Orr et‘ : ”_‘ o i
l 1972), after a 24 ~hour exposure to a hlgh | | |
‘pota551um env1ronment (Flg 3-3). The’ dlfference o . ‘i;gdf
in response could be due to 1nherent dlfferences.
between E4 cells and BHK 21, or to dlfferences rn’
the hlgh pota551um medlum used in each case. Orr S,

-

medlum was rlcher w1th respect to amlno acid pontent -

and v1tam1n supplement than MEM 10-THK and it has"v . v ‘- °
.a Na concentratlon of 60mM compared te only IOmM in, ~~
MFM*lO THK - The increased env1ronmental amlno ac1d
concentratlon and v1tam1n supplement may partially

-

counteract_nutrlent depletion due to the lphibited

Na&K_coupled ndtrient accumulation. The data for

" E4 cells suggests that Na concehtratiohs greater

1

than 50 mM in hlgh potass1um medium do- permlt

b : .
prollferatlon of cells” atsreduced rate (Fig. 3-5); ’
therefore, the relatlvely hig Na‘ooncentratLOn ln. Y

‘ ;6rr.s medium probably perects .the cells from the . ; /ﬁ‘
ﬂhlgh pota551um tox1c1ty If amino acid accumulatlon . -
i o . \

is inhibited by hlgh potass1um medlum as suggested d'“

by Kuq&far (1967), then the 1ntracellular amlno ac1d '.‘.\
pools would become depleted after some tlme The

amount of tritiated thymidine in the aord soluble T U L

D

s

/ . ‘ oot : : ‘a.
T ! . oo ’ : . . .

e e e e g i e T



»fract;on of cells contlnuously labeled Wlth isor
9 .

-tope . decrea ed’an treated ‘cell 5
© . ] i P S, suggeetlng that e L
there 19*a net depletlon df nutrlents from the A

e
‘,cytoplasm (Flg 3 ~11). ‘Cell death Weul\_then re—

‘sult from ajilteral starvatlon process. T ‘t‘

. . . e~
W .o . . P 2

The autoradlographlc data (Flg 3 12; 1n—'. o t : ' ~
g ' .
dlcates that hlgh poﬁa351um treatment caused a

- o e
tran51ent 1nh1b1tlon.to cell cycle traverse by a et e

o

'retardatlon of the rate of movement through s+ : >

phase. The cells appear to procéed through only

. one mitotic perlod after the-completlon of § phase
Il"
and there was no- further x:crease in cell number
o e ’

(Flg. 3- 3).- When E4 cells were. returned to a -

nornal lonrc en?;ronmen&,they appear to be B
:partlally'synchronlzeﬁ w1th-respeet to the.phaeeé_ L
. of the cell cgcle (Flg. 3 15 and Fig. 3-16). - -?i
| Orr{suggests that hlgh pota351um block -and=z | ‘

release mlght provrde a us ful way to synchronlze : ' -

the prqélferatron.eg mamma ian cells in culture = - ,

rL(OI‘)‘: et al. 1872). - -4" : . . SR : . -,.
P ¢ st ) RIS 7 ’ ‘ o
' “, | *.:\ -~ ‘ : B

The synchronj 1nduced after release’ from high

o N

. . f . . - . - - - .
st - ' / . " .
N . - . : ! s
.
.




-

et

poti§51um blockaderls characterlzed by th

L3

_ of several synchrcnous suprpulatlops (Fig. 3-

16)
(§\and a reasonable varlatlon in the eff1c1 ncy of - 1.=' N
. \ B AN
: _synchronlzatron from experlﬂent to experlment (3 —

3

65%.syhchr0ny} . The. majorl%y of’ the cells were ob-ﬁ

e,

'“‘hours er restoratron of the normal Na-K ratio. -

Based on’ the tlmlng of the E4 cell cycle, Flg

lt appears that thlS populatlon of cells is'b

- n

presence IR

p served to ass through m1t051£%betWeen ] and 12

%

3-2,

lockedm

over. a—large portlon of the Gl phase, conflrmlng

g

Orr s observatlon of. partlal synchronlzatlon

BHK—2l by §igh pota351um medium (Orr et al l
by q Gl blockade .; ‘o‘:f' -

: S ‘ \ . [l

'As prgviou§ly‘stated,'the synchroniqis i

by the tran51ent retasdatlon of cell cycle tr

-

. caused by the plle up of cells in S ﬁbase (Frg.fa:izlxﬁhﬁx,.

and the eventual blockade to cell cycle trave’

4 .

Gl ‘as a result of hlgh pota551um treatment.

&
RJ . 4

'synchrony 15 detectable 1n ﬂhe patternsﬂof 1n

v

..ln Cell_number and the proportlon of cells ;q‘s

{
phase when _the cells were returned to normal

enﬁ?ronmental condltlons.f 1f the 1nh1b1;$ons

0

Na—ﬁ flux- by hlgh potasslum medlum (Kuchler 1

Of ) a.-

972)

nducedt

aversé « .

3

rse in

,Thef

3
.

crease

Na*K

ot
of : .jx*

967)

LN
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© inhibits the accumulation of aming aciTié__“"i;n‘-Er; celis,".“

’exhausted ahd become limiting” for proteln blO—

-of prollferatlve acthlty was dependent n the
rthat a sodlum—pota551um coupled mechanism is in-

flnate,_the p0551b111ty that the physical forées oo

that havezgaused the formatién of rlbosomal rosettes

“ tein synthesis as well.

‘SlnCe the autoradlographlc data show that a

e e _,(\

3 = T s / .
‘ ‘ L ' ; B A DR

Fe

then the-lntracellular ‘pool. of amlno ac1ds would-be | |

®

+

synthe51s. Therefore, 1t is llkely that the h PEEREPE ¥

. V.

'ireactlon-or procegs. The observatlon that 1n—.

creased sodlum concentratlon n the high’ pota551um

medium permltted some prollferatlon, and the’ degree

3 | I3

-amount of sodlum added (Flg. 3-5), stron ly suggests -

- -

.

volvedm' These-data aﬁihe agaanstﬂ but_do not elim-

-

. and the condensatlon of nucleolar materlal mlght

meghanlcally interfere w1th the machinery of pro-
o A 1

¢

AY

The multlple synchronbus populations: 1nduced

~

‘by high pota551um treatment may be an artlfact of .

the tlmlng of release from hlgh pota551um bligﬁade,

mall

. \ .
phase synchronlzed populatlon 1s~1nh1b1ted from ‘;L_
1proceed1ng through the cell qycle due to a nutrl—
tlonal deflcﬂt and not a’ block to a spéblflc Gl 7 ?'F

o




~cell cyqle traverse (Toby et al.: 1l

»

-58-"

[

~ e

proportlon of the populatlon is. at the Gl—S boundary .

These cells may: not have had timé to enter S phase
before thp cells were released from the potassxum

blockade or they may have/peen trapped at the Gl -8. - ‘“5

-

S,
boundary_ﬁue to the depletlon of nut;&énts It is also S
w 1

p0551ble that these cells represent a rapldly cycllng

. sub- populatlon or a- sub-populatlon of cells that is ’ S

.spe01flcallywblocked by,hlgh pota551um at. the Gl—

boundary. ' v o S A T .

[ . o .
) ' . . .o . il
“ : N

The hlgh potass1um 1nduced synchrony was enhanced o )‘

by selectlng out ‘the major populatlon of” synchronlzed

S

cells as’ they passed through m1t051s w1th the metaphase

arrestlng-agent colcemld. Large_numbers of\h1ghf§ﬂf, . o

synchronous'cel{s.were obtained with this p'ocedure and

%could.be releasedfinto ‘colcemid-free megiumrto ﬁpogress-

through Ehe?cell cycle synchronously (Fig. 3-17). all ,

synchroanatlon pr0cedures do indu some berturbation‘to
s

2) ahd most methods

|.

result in unbalanced growth (Mltchlson 1971) The : -

toﬁél cell cycle time for double synchronlzed E4 cells
. . ¥
{i.e. hlgh potaSSLumxfollowed by colcemld) does'not-

,seem to be altered as lndlcated bY the 12" L. ’ .o
1 7
LA f /
' C : /
.[ ] - C ‘ Tj<, -'. / v



malian cells.

RN S .

A

hout interval betwéen release from colcemid and the

. ] ,
[ . . . o~

ﬂsubsequent wave . of'mitosis-(Fié' 3417)' The DNA

‘ynthesls data (Fmg..3 16) are cohsistent with

the tlmlng of “the . E4 cell cycle, namely a.9 hour

lnterval between the peak actlvlty and the tlme of
-

reLease°1f the blockade is at mid Gl but the dur-

1] b
a

' atlon of the wave of act1v1ty in the populatlon of

| cells that pass through S phase at 9 hours post rejw

lease and the small populatlon that pass through 8

—_—— e
——— _.___—/ -

'-w1th1n the flrst hour after the cells are returned

to’ nof&al Na—K env1r0nmental ¢ond1tlons lS remarkedly‘

short,,lastmng.only one hourlln each case. The
- - ’ ’ o

duration of ‘the S phase in a non-synchronous popr -

ulation (Flg 3-2) is 6 hours.- In,spite of the an-.

omalous S phase, Ehls high pota551un¥colcem1d syn-

_chronlzatlon procedure does prov1de rapld method :
: of obtalnlng ‘a hlgh yield .of synchronlzed tells
from monolayer gultures, and in 1ight of the répld.

. bassdge of cells through S phase after synchronlz~

ation, might provmde a good system to study the

»

initiation of DNA synthe515 in synchronlzed mam-~

. l




. concentratlon 1s elevated abbve a- certaln 1eVel it

.

]

hi:ﬂ A model -for the‘regulitien_of the-cell.'.cy'cle by T o
. AN . _ . _ ‘ g .
transmembrane potential can be constructed by in- ) v .

* -

tegratlng some of the hlgh POta551um induced’ phenomena |

and the establlshed calclum-cyblpc AMP hypothesms; ' A ’ ‘

4

for the control of DNA synthe51s., The mltogenlc

-action of-calc1um is closely assoclated w&th the

] . —r .-

cellular nyilc AMP levels (Whltfleld et al. 1973) y .-

Wlthout detalllng the 1ntr1cate cycllc AMP -caleium

interactions, or the body of ev1dence whlch supports : "

the cycllc AMP- calc1um hypothes;s, 1t is useful . to
- \
con51der the ba51c 1nteract1gﬂ of the system

+

Essentlally, ‘calcium can stlmulate cycilc AMP. B ‘%\J o 1‘
. 4‘

‘formatlon w 1ch in turn has a mltogenlc effect belleved

to be centered around the actlvatlon or 1n1t1atlon

of the S phase in the cell cycle» When the calcmum ' -/ZQ:D

feeds back to 1ﬁh1b1t the mltogentp component of .

:the system. Thls work squests that a natural cycllcc
AMP ca101um regulatlon may exist and regulate

the 1n1tmat10n S phase 1n prollferatlng cells.. . _ .1
‘This. regulation would requlre "... a brief endo-

'genously generated increase in the cellular permeablllty

to calcxum at an appronrlate point in-the | o
<



Slo1~

-
cell cycle whlch would provrde the lnternal ce1c1ﬁm \
,surge needed  to trlgger DNA synthe51s“ (Whltfleld
et al. 1973),,or an endogenously generated release

of Ca+2 1nto the cytoplasm from a readlly exchange-
Vable cellular calcium compartment._ The inter-
relatlonshlps between transmembrane potentlal decrease,
membrane permeabdllty, ca1c1um bindlng, and the
_cyclle AMP—eaL01um hypothesis would comprlse a
regulatory mechanism‘withinrthe cell cycle'if there

a

was. evidence thatlalterations in transmembrane
potentlal occur during the cell cycle in prollferatlng
E mammallan cells. Jung and Rothsteln (1967) have
observed perlodlc shlfts in the 1ntracellular
Pota551um and’sodlum content.over the mammalian cell
cycle in synchronously prollferatlng L5178Y mouse_
flymphoblasts. While no dlrect demonstration of de-
creased transmembrane potentlal a55001ated wrth these
Shlfts in cellular ion content has been reported, )
the loss of 20% of the céllular pota551um content
'JUSt Prlor to S phase would certalnly cause a decrease
in the transmembrane potentlal, and thereby cause—an

increase in the membrane permeablllty or a release,

of cat? due to the decreased binding capacity for

#




1 .

Pl

RPEERNEN _-'10_2-.

that:mineral.g Although ‘the relathpshlp between

|
the observed behavzor of E4 cells in response to
hlgh pota551um treatment, and the DNA synthetlc
regulatory actlon of CYCllC AMP and calc1um,'

|
agpear opb051te in effect, ‘the apparent tox1c1ty

- of hlgh pptassrum medium- (Flg 3 3) may mask any

p051t1ve .esponse,
J . L . L]
1 - v,

Cyclic ANP and.calcmum can also be related to "

e

i
the appearance of the mlcrotubular and mlcroflbrlllar

components observed in the cytoplasm of treated

ells (Plate 3= 6) Borlsy et al (1972) have shown

that exogenous cycllc AMP stlmulates the assembly of

mr}rotnﬁ’les 1n-cultured chlck dorsal root ganglla
l
Since calc1um can elevate cycllc AMP levels in

mammalian cells (Whltfleld et al. 1973), any lncrease

in the 1ntracellular calcium level due to hlgh

PotaSSLum treatment could possibly stimulate the “ .

formatlon of mrcrotubules and mlcroflbrlls
Weiseﬁberg (1972) has reported that microtubular

assembly 1s 1nh1b1ted by -a ca101um Eoncentration of

50mM, however the envlronmental calcium concentration




)//r:; high pota551um ‘medium is only, 1. 8mM, therefore.
even if plasma membrane permeablllty to calc1um'.
is- maxlmal and the 1ntracellular and extracellular

calc1um concentratlons arevin equlllbrlum, the “y*

.

. )
concentratlon of calcr\‘ would be far below the - inhib-

ltory level reported by W91senberg ' The large amount
lof mlcrotubular and mlcroflbrlllar structures in the |
cytoplasm of hlgh pota551um treated cells may also
account for the 1nh1b1tlon of cytok1nesms (Flg 3- 14)
since such 4 network of strqctures,mlght mechanically”

T ———

restrict the process.

Lx.

In summary then, it’ can be stated that high
-”PotaSSLQm'treatment affects DNA synthe51s and cyto-

plasmic‘fine structure;"and reshlts 1n,an inhibition

<

. - of cytokinesis ‘and. prollferatlon If E4 was exposed
| to hlgh potaSSLum medlum (ll4mM K) for an extended |
-permod of time the cells died. . When the cells were
: returned to medlum w1th a normal potassmum
+ concentration (5. gmM K) after a 24-hour exposure to
~higl‘l pOtassium medium, DNA’ synthesms and prollferatlon
proceeded synchronously The synchrony 1nduced in

E4 populations by hlgh potassmum treatment was moderate
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. ’ ‘ A [ . . .
in degrée and rather variable. The quality of the

'synchrony'was enhanced by a'subsequent colcemid

selectlon»and—release tlmed to SEgregate the‘

A

synchronous pota551um lnduced populatitn as it moved

through mltosis. Thla co '»atlon of érocedures L

rellably ylelded afiarge number Of hlghly

synchronous cells and may prove useful in the study

of Gl and partlcularly S phase cell cycle eveﬁts

y
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