nnnnnnnnnnnnnnnnn

Loyola University Chicago

Loyola eCommons
Master's Theses Theses and Dissertations
1955

Studies on the Use of Differential Centrifugation Procedures for
the Measurement of the Intracellular Distribution of Potassium in
Dog Heart Muscle

Rene Richard Kempen
Loyola University Chicago

Follow this and additional works at: https://ecommons.luc.edu/luc_theses

6‘ Part of the Medicine and Health Sciences Commons

Recommended Citation

Kempen, Rene Richard, "Studies on the Use of Differential Centrifugation Procedures for the Measurement
of the Intracellular Distribution of Potassium in Dog Heart Muscle" (1955). Master's Theses. 882.
https://ecommons.luc.edu/luc_theses/882

This Thesis is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It
has been accepted for inclusion in Master's Theses by an authorized administrator of Loyola eCommons. For more
information, please contact ecommons@luc.edu.

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.
Copyright © 1955 Rene Richard Kempen


https://ecommons.luc.edu/
https://ecommons.luc.edu/luc_theses
https://ecommons.luc.edu/td
https://ecommons.luc.edu/luc_theses?utm_source=ecommons.luc.edu%2Fluc_theses%2F882&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/648?utm_source=ecommons.luc.edu%2Fluc_theses%2F882&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ecommons.luc.edu/luc_theses/882?utm_source=ecommons.luc.edu%2Fluc_theses%2F882&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ecommons@luc.edu
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/

IES O 9 USE §F DIPTDARHTIAL CRPTRIFUGATICH
PAOCEDURER FPOR THEH NSASURRMENT OF THE INTRACELLULAR
DISTRIBUIICH OF PUTASSIUM IR DOO HEARD WUBCLE

vy

Thesis Submitted to the Faoulty of the Graduate Scheol
of Ioyola University in Partial Muldrfillment of
the Requirenents oy the Degree of
Easter of Science
1955

LIBRAKY
LOYOLA UNIVERSITY MEDICAL CENIEs




Rene Richard Xempen was bewvn in Kanlakee,
I1linois, Uaven o, 1928
s praduatod fom St, Ao Commandt
High Sehool of Sty Amns, Illinois in June, x% In
Septestber of the sime yoar he entered 3t. Josephts
Gollege, Collegeville, Indians, from which he recelved
the Degree of Bashelor of Selienos in June, 1950,
~ Ue mmwﬁ the Greaduate Sphool of Loyola
Undversity of Chiengo in Septenber, 1950,




ACHHIGULEDGIENTS

I wish to express my dsepsst thanks to Doctor
| opartmwnt of Physiclegy and Doctor

pesesreh and writing of this thesis,




Le

I1Xs

"'3 m m&*ﬁ’alm“s” TR E 2 RS EE SR A EREREER R R R R NS

PABLE OF CONTENTS

Fage
Wﬁmﬁmxﬁgita*wuuag«tﬁ*&%tﬁki%#’!l*ttiiv’-apumq;o&w»%*q%#ya

mmﬁﬁdﬁﬂstennto!lwu@sﬂtﬂtlalyﬁuw#mtﬁwu¢-nﬂ!*nl-iad#t#qcui

Ae ualitative Introcellular Losalization

of Potassiun by Histochenleal Teolmigues..sevese
B. mlitative Intracellulnr Ioealization

of Potassivm by Marcineineration %mm OB e n s
gg mww fgldgning 2ul %ﬁiﬁ%iﬁ&immtim m " EE T
De Coll Praatlonation by Differential

ﬂmtﬁv&mm&iﬁ”‘dﬁtﬂ!&ﬁi'ﬂ'!ﬁ‘ﬂlﬁ\nl.ﬂﬁﬂtl*ﬂ»ﬁi‘l“

&"% © G &

Wmt,&lmini§ka#ibv’g¥ﬁﬂttlli‘*t»ﬁi‘dﬁ‘i«‘#’ -
Praparation of Tissue for Hitrogen
mkﬁmmtimﬁtlﬁtﬂtéfnhiﬂein#wutyko4%woa«qﬁﬁﬁcﬁ x&
Q* ﬁ“ﬁmwiga‘tim WWGQ‘MQhﬁyniymﬁmbamvsyﬁi#h l?
De Preparation of Tiasue for Pobassivem
mw&&ﬁitpt»#;atﬁnaﬂ!taiwtqm!mqgwtﬁéiiquﬁ 18
Bs Preparation of Tisswe for Destermination of
Pesoxyribonuelsele Acid and Ribomueleie Acid..... 19

Wﬁﬁﬁﬁ@&i.‘tlli%“#&*&la#kt*%ﬁtt‘ﬁ*"iﬁﬂtliﬁﬁvﬁiiti. m
Ae Fotasalum Content in Cell Pracstions of Heart
Tigsue Tomeponized in Isctonie Susrose and
mtﬂ‘g W m 12@ BRCON m@”ﬁmgwuuvwcyﬂnwda 31.
Be ﬁ’%: ma&m Content i.n Cell Prastions of Haart
Tissue Homopgenized without Addition of Dilubting
Flwid and Separated by Fovees of 108,000 x ¢
for 30 HInUbeBe s wssvorsstnsoarosnsnarsssssssvrsas
Cs Potesalun Content in Cell Practionm of Hegart
Tissus Homogenlzed without Addition of Diluting
Pluld und Jeparsted by Poress of 108,000 x G
fw 1 Hmﬂ@‘*#i.*%t&%*i!l%ﬁ&i&&VQ&’W%MQ‘#Q&*!QQ
By Potasslom Conteut in Coll Practions of Heart
Tissue Homogenized without Addition of Diluting
Fiuid and Wamﬁm% by Porces of £;Q€3@ X Bevees 28




Chapter ~ Page

v
Ve

FER T ot 11040 1 41 (R Y L R R AR T 32“
gi?j%%gﬁmiiutyna-*ﬁua-waw«»'«anw*avumwuwan-«u-auaeuamutﬁﬁwﬁib 39
mmﬁﬁmgﬁiﬁvmnc»&w»pi»#acnacm*'*‘wa-»-»a-argwﬁt,«tcl## ,‘1
&Wmﬁi#iﬂ!##'atﬂ'&wttt!*t‘ti‘h%&'&l*l‘vi0*‘@"'**‘***3@*#‘ }Qﬁ&




LIST OF TABLES

TABLE

1. POTASSIUN CORTENT IH CELL FRACTIOHS OF HEART
© HISSUE BOMOGHELAED AND SEPARATED BY THE HOGEBOOYM
X Wm xﬁ immﬁfﬂ m@m*ﬁ*uﬁaﬁwttﬂoaytmtwmanh*i#

11, POTASSIUM CONTRNT I OBLL PRACTICGNS OF HEART
TI8808 m}mmw FITHOU? ADDITICH OF DILUPING
FLUID AND SEPARATED BY .PORCES OF 308,000 x G
wﬁ 3ﬁ ﬁxw-ﬁ@‘lttﬁ&ﬁ*!!iwt*%’*%!#i.vt&nl&#%tﬁt?boﬁ#

Yia, RECOVERY OF MATORIAL IN HOOEBOOM SEPARATION OF
: W f’ﬁ%ﬁ:ﬂ*f‘mu. A S S L I PP

UTENY m m mmﬁm P W TI83UB
08,000 x & POR

W mtmtaﬁsitiiﬁﬁv#!wbﬁﬁﬁti#‘!#t##%%itﬁv&%*t#l&!#!*ﬂi*i

RUCOVERY CF MATBRIAL IH i%fﬁiﬁ%ﬁ% BEPARATION OP
ﬁ‘ﬁﬁ ?mxémx%-&mmﬁﬁﬁ#uﬁﬁ*%*tt;%%m#g&&ttQa-r‘u&&ti*iintm»ﬁ

PAGE

33




Potansium 1s ons of the most vital substances in bio-
loglesl procosses snd may be sonsidered a baslo stuff of 1ife,
Being the lon of grestest abundanse inside the csll it 1s one
of hm important substonces in regulating the osmotic pressure
in the cell, It plays wn fmportant part in the dovelopment of
the me m@mﬁ&a& and in believed to be mmam& with
at loast pm of the mabimw of asll mbmmm It u
thought to W a rs.hai role in the mm&uwim of nerve mfmlua
M the esontraction of smmseles, It is W@mﬁb in many enzyme
systems, pyruvie phosphoferase, phosphefrustolkinase, fructolinase,
oholine www&aam malic engyme, phe

Tt 'ﬁtmﬁ@atﬁwa » aldshyde

e ;mm and the lactase resstion of sdencaine triphosphate.
The zimﬁm, sootate snd soenzyme A to Porm acelylegosnsyus A,
also requires potessiwm, 7he optimum concentration of potassium
for these enuyme estivitlos varice from 0,04 to 0,15 M. Higher
sxd m emmﬁmﬁ&m fend to inhibit many of thesse mm

aystense |
" tmes of the interesting facts with repgard to potassium

1




is its diotribution in the body, In the average human body X'
grems are found in the intracellular compartment while only 3

43 are found in the extrasellular spaces. This presenta a
Pascinating and A1r7ienlt problem which haa resulted with the
formilation of many theeries on the mashenisms of potamsium eew
gumilation In the sell,

8ingo potassium plays such a vital rols in eoll physe

iolegy, it was eonsidered Important to descridbe the dlstribution
of this fon within the eell, Ths advent of gell fractionatlon
techniques by difforential eentrifugation in w&m:iwlw resont
times bas allowsd a more preciss determinetion of %:&m localiza~
tion of mome of the chemioal sonstituents in sertaln cell struse
tures. For exsmple, meymes have boen locslized In the
mitochondrial frastion and for this reason it may be expected

that this oell fraction would contaln potassium, The resson for

apseiun being losalized in other parts of the sell may be @m-p
ficult to assemat this monent,

The peneral significawe of the present study way lle
not enly in the desoription of sellular loealization of potassium
but alse in providing information which nmay bear on wnanswered
m’b&%’ suah as the ecelluiar asowmilation of potassiume The
subjeot of this thesis is, then, a determination of the dlistrie
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bution of potaasium lon in certain sell fractions of dog heart
msele,




teasurenents of the loealination of potessium inside
the ecall have becn done directly by the histochen!

The bistocheicsl method s aﬁmﬁﬁw that of Masollum {(390%),
Basollin appiied a oobalti-nitrato reapent divestly to living
muele fibers, Tha potassium appeared us erystals of Mm
potassiun sobaltdenltrate. Under oil fmmersion, those o
m fast vieivie s mmimt yallow shovt vods with rounded

nds agatnst & pale yellow diffuse basigrounds The ¢

guite mm&a at roos temperatures so wmt&w are neaded to
maintain the reagents, siides, Mﬁmmg ote, at 0Y C whore
the erystals are sxoeedingly insoluble, Masolluz used the misw
2168 of a verloty of snimals, ineluding insssts which have widely
spacod bands, and coneluded that potassivm was lossted in the 4

Gereh mxs}, m used frosen dried frog muscles (whioh
haw amtiy spagsed bml + tormed the results of Wmm a5

L}
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artifacts, He abowsd that Af a slight amownt of waber was added
o the dried prepuration the potessium was differventially ecne
Baresu (1934) uaing fresh fibevs from the frog 0ou~
firaed Macollum's results, He aleo shwwed that oven the slightest
sontraction Qmmd sn oven distpibution of potassivm and thaet
ng norasl mmng conditicns the potassium 1s losated in m
A bands, It seems mba‘h&m that the sven disteidution of potase
sorved by Gersh may vepresent a gontracted state of the
mscle, This is partisularly plausible in the lisht of the worik
of m & Paeier (1939) who demonstrated that during quiel
zmm t&m fibers of & blosk of m&a are in s contracted
state or are starting to contracte
Dubuisson (194,2) reviewod the whole quﬁimx of potassiug
Mw&mﬁim and felt strongly thet the localization as shown by
¥asollum, Buresu, and othews to besr a dofinite relationshlp 0
Jthe ohemdoal makeup of the fibers and 1s probably related to the
nopmal distribution. It 4u rather difficult to eriticize this
m«ai’ work booause the persons 1 element 1s very laportant in
suoch delloste worit, Mistochsmicnl methods have been eriticized
{Seott, 19333 Policurd, 19325 Gersb, 1941; Steinbach, 1947)
booause: 1) Mhey alter the intrasellular substances, 2) the sclor
and erystels laock chapracter which makes peglitlve 1dentirication




&

”

diffionlt,; 3) the poasivility of adsorption of reasents on the
eomplex oolle . ees whloh may souss admormal logallsation
of substanges, and L) the nsed of succession of treatwents (ese
ponially Quelng Cixaticon prosedures as guick freszing snd drying)

whalch may mmw oauss ahifts ar wmmgwﬁ alverations.

e mismimmmtim tochnigque 18 a
od essentially by Folisard and his oveworkers tm:m Thts
mothod simply sonsiste of mﬁng gagtions of tissues and heate
ing them in & red hot furnwdes so ad to burn away all the organts
ounds, Only the entire mineral part of the tissues remaing,
mpanged presumsbly s it eccurs in the 1iving oella, This
reproduses completely the m’fs‘lﬂmn and peneral featuves m’ tha
oells. Folfeard (1923) used fres-hand seotions of wnfixed tissus
or pararin ssetions. Later he (1929) and Gilesls (1930) showed
aﬁﬁitim’& sdvantases wmh frozen sections.
The most mtiafamwy oybologie and Dlne Mswa_w&:s
detells are cbtained by using pavarfin sestions fied with
mmm af nine xaam af absolute asleohol and onms part of neutral
formaling w mmmﬁ tiseve ash ¢an ba gualitatively exs-
antned for mmuwu by the micsocrystallographis tests m




droplats of the »eagents can be apolied on limlted ash partisles
by means of micpopipettes albtached to micromenipuletorss Another |
wethod of gualitative snanlyels is the dotermination of the water
soluble fraction of tho ashess The watey solubls minsral matter
osn be extrasted by eautlously dipping the slide in distllled
water, ihen the siide has deied, it is agein emeuined snd the
rarified wrons as compared to this contvols shows the removal of
the watay soluble minsral, whish fur the most part inside the

| pemaindng ounsista only of saleium

of fvon w&ww dorived rrom hemoglobin,
Several sritisimms of Policard mierodneineration method

for the detsrminution of potassium distribution ave recommized.

w A bands as compeved with unfiwed preparations. He eonoluded|.
that the aleohol«formalin fimation vomoved the potassium rom thé
A bands of those fimed siidems
wmm&mu {1930 obtwervad a loas of 10=4% of
sineruticn snd suggested a mothod
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whiish would vetsin sodium mond potamsivr in the ash during ineline

sration, They sugpentel

that the timeue be sublested to sulfirle

mhydride $o sonvert all ths ohlorides of potassive and sodium

to the sulphates vhish ars woeh more stadle and

migﬁzimmm
T tissues
galts tand to fuNe and canso

1% ave yeh in
mﬁm 'tmw ‘~‘1“:i’s‘~'s' ,_U ey

rosistant to

¢ the ashes (Poliensd & QM, wm)..,

s1a0 tron-induced mmmmmm,

o port in the resction alsc,

fororraphs of nonwineinersted

By somparisen of electrom:

slides with mioresrephs of insinerated slides th
inginevation complotely sveporates

show that elsctuoneinduced
sll of the potassium from the slide,

- ware able to

Also, the effect of fore
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nedixation on the potassiuve content of small pleces of m:u

mssles was dotermined and it was found that thia rixation pee
mves prastioally m of the potassiuwas

In elestron~induged micreinelineration the Z bhand doos
oot sontein eny and the 4 band has 1ittle ash However, aince
gpott (1932) found a high soncentrstion of sah in the A wad 2
vands after thormal mmmman of wnfixed matorialy the

ngim very limlted Infopmation so thet no flw conglusions
oan be nade,

, ’i'km mw uamiaﬂ ::sr m’mwm 3 mm m:& sSuape
slon %o lusreasiog mmrw forees thepeby isolating partisles
of varicus sisess The ooll components .




described the fsolation of mitoohondria from guinee pig liver,

' : ponentsy while othors bave desaribed the
pocadure for & more somplate Trestlonntion of a tissue inte
muwlel, mitoshoudria, submisroscople particlesy and soluble meter
1945s Sehneider; 194Bs Selmedder & &m&m z«amu

tims 1s that of Hogoboowy Sehmeider
tn this thesis ¢hiy mbthed will be »
of Hapedodm™ for the salke of brevitys

Pos firet step An this prosedurs 18
odll susperalon by first pasesing the tissue througt
snd then homegenizing the $issue mash in the Peltey :
hosogenizey (Potter & Klvehjms, 1930), Tals homogeniser brasks
the sell memboonss and suspends the cell cospononts vithout demage
%o an appreciable wmownt of muolel or othear ocuponsntss The use
6f thd Waring "Blendor” ip entirely unsatisfaatopry for the prepare
ation of homogsnates (Bogeboomy 1351) besause in liver, for
example, 1%e sction for periods of time surficient o disrupt
most of the eells resulis in the breskace of many of the mueled




The brolken sells are suspended in isotonle susrose .
(0:25 ¥) bofors hosopenisation. Uss of water or other hypobton
solutions seuses prehibitive merphologieal alteration and tha
uss of igotonic golutions of sleotrolytes 8 CITEMNETS
mwemm wm&am&m&mﬁmtwm&mmmmﬁs
| The feacticuation provedurs is usually serried ouk
entirely in the oold, the temperaturs being maintained between 19
od 5° 6, The first fraction iz cbéained after the homagonate is
subjested to a usntvifugel Toree of 600X grevity (6) for 10 win-
utens This fraction, the gell delria fvaetlsny sontaing the
pa0leiy myelibrils, and umbraien 0ells as well as the fopaed
plemants of the bliood, The sccond eentrifugation s carrisd oub
on the supernstent fyom the first centrifugstion ab 18,000 x ¢
with the pawoval of the large gramls fractions A third frastions
atdon im svcomplished om the secoud supemstend at 57,000 x G
with the seperation of the misresomes, Ihe mmsining supernate
15 oalled the supemmate Crastion shieh cenbeins all the eell
abe whish vesiat the gravitatiowal forces applied.
Swe ofer types of differential sentrifugstion have been|
o (A947) enphastized the fmot that the isolatien




. . Lo frastions (witoshondris and mieromomos ) M@%
be arbitrary and on the basis of hils studies, suzposted that
there might astuslly exist & msre or less continuous spoetrum
of sises and chemiocal composition of particless Thers have besn
ather wvidence of this bloohemisel hetercpeneity {(Davme & ﬁmﬂm
1948; eller, 1951; Hygesrd & Bis, 1952; Patgen, 19;), both
mnongz the isolated mlevosomés snd to & losser sxbent anong the
oshondria, In order to determineg i a mixtum
enic mitoshondria exist, Euff & Sohmeider (1954) dsveloped
two methods: 1) pagicing wader high centrifugel foree and 2) by
yodimentation in & specifio gravity gradient. The packing teche
nidus consist of suspending mitoshondria in isotonls suorose and
packing ,
for 30 mirutes, They obbtained four distinet luyers of mitoshonirig
[The sedimentation technique gonsist of a diseonbinvons susrose
density sradient obtained by leyering OuJdp ml of 2,22 ¥, 0,6 md
gaoh of 1,59 ¥, 1.51 ¥, 1,42 M, 1,34 ¥ and 1,26 ¥ and 0.5 =l of
04636 ¥ suerese in a celluloid sentrifuge tube of approximately
o5 mh eapacitys Seoh layer of suerose sclution mizes with ade
jacent layers only minimally dwring the axperiment. Six nitow
lshondris senes were meparatods

Ho literature iz avallable for ths meesurement of the




i3
distribution of potassium in o coll component fractions WW
3 of Hopoboom or Kuff and Sohneider. A9 far
i available for the divect

ated by the methwd
centrifugal sepevetion of the esll frastions without the use of
dfluting riufd. If sueh a separation Ls possible, messuremsnt
of the concentration of potessium in each eell fraction may give
more acourate information s to the trus distribution of potassium
inside the oell. .
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wos The dose for both nembutal
hane was 30 mg per kilogram of body weights After allowe
ing about 30 minutes for the snesthotie to talis effect, the dops
were prepared for the removal of the hesrt, The heart was re-
moved quielly through en ineisfon between thoe third and fourth
ribe and sooled as quiekly as posaible in the deep~freezs (~25° ¢}|
without freszing, gontinued to beat, a noteh of
tigaue in the appP o ¢imate sren of m'ar A=V node was %am from
the ssptua which usually eaused cessation of all contractions.
The tissue was then prepared for homogenization by
foreing saell portions of the left wentricle thwrough & porforated
ateol disk in a tissue pross. The procetire removed most of the
blood vessels and groms connective tissue, This procedure and
a1l of the remaining procedures were done In ths o0ld,
In m ﬁrw group of exporiments, the tlissus was treate |




1
one half mrem of tissue mash wes plased in the PottoveHlvehjem
homogenizer and isotonis susrese added to make & 1320 Aflubione
The cell debyin, lerge gramile, and the supernate from the larze |
granule ssparation (hersivaCter referred to merely as the supere
nate fraction) were ssparated by forges of 600 x 8, and 18,000 x
[

In s sesond gevoup of experiments, no diluting fiuld

wos added to 30 prams of deg envdise tissus mesh: whiel was homoe
pimood in plustie aﬂmmm tubes and spun either at (1) &.

% G in the Intarnetions) ‘vigevated Centrifuge (for 30 minutes
or 3 hours) or ab (2) Manmmmwmxmw
sentrifugs {(for 30 mimsten or 1 houwr)s The later instrument was
made svailable te us thyeush the courteay of I I Abped at the -
isuwowpayuhiatrie Institute of the University of Illineia Celless

Upon removal of the tubes fyem the esmtrifupe a visible
separation was appavent; a supornate wod precipitate. The super~
M was carefullky poured off end bogsause no visible seperations
 prosipitate wore discernible, three arbitirary frsctions
wers choseny swmplas Trom the upper, middle, and bottem pewtions
of the prowipitates




"

Bash of these porsicns of the precipitate was bomogons
1z8d sgain in jsotonis suercses The suspensions were frsotions
ated acasndlag te the logsboom procedure in order to determing
whetber & differentlal separatien of gell constitusmts might haws
talom plage in the high speed pasidng procodures

thm wore taken ab esch step fer wm:ivw sualysed|
Pootometer (Overmmn & Davies 1947), snd nitrogen, snalysed b:
mmmam or Hosslerisation prosodures (Hawk, Csow, and
mmeysony 1951}  In one experinent analysis of ithe muslels
sadda (Vediin & Cebtn, 1954) wns carried oub,

In goneral moat of the exporinzents were carpded out in
duplicate exespt for Experiments 13 and /il whish wers domd in
triplicate and Reparizents #6 and #7 whish ware dome in quadwaplie|
sebo. Only cne potassiuve determination was dons for sash frac=-
tlon axpept fop me #13 and Al i whioh duplicetes were

In gouersl the nitmogon debterainations were done
' fments #15 and #16 wilch wore emrwied |
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"

ioately 10 mierowmoles are placed iuto previously welghed
yrvex test tubess The tubss sr»e again weighed and the weight of
sles determined by differences Tho following procedure
soupletely oxidises all of the orgsnic materisls Twe nmls of Lilt
dilution of HpS0j s added to the tubesy The tubos sre heated
pontly wntll the tissue bescuss ghovred., ¥The heot i then ine
preaned uabil the white smole in the Sube disappears, The tubes
are removed fyom the heat and allowsd to eool, Two dreps of 30%
HoOp nra sdded and the tubes wehsated wmtll thw fluld becouss
slear, If the fluld is net completely clear, the Hp0z procedurs

After dipeation the smamples are diluted with 15 wml of
0s5 H NaOH and distilled water te & final voluws of 25 ale It
wes pointed out o us that good presision in the Nesslerisation
procedune was ebtalned only 1f the acldity was controlled, e
are_indebted to Dr, Jo Helohlor and Mre Den Zlegler for ald given
in this procedure. The follewing procedures wers employed to
ssgure this consistenny. Theeo fo five wl sliquets are titeated
with 045 B HeOH and the amount of aliali neoded to completely
moutralise the aliguat is thus detorained, Ihis smownt 1a8a 0u3
SRR ysod for nitrogens The

EE R e ER A AARE. & AWM LIANE S

ul is added to each aliquet to be ana
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volumoe 1ia made to 9.7 ml with watsr., Thves benths of a ml of
Heuslerts reagent m rapidly added and the Lubes shaken immedliotew
1ys After ten mimites recdinge are taien on the OGoleman Soestrow
at & wave length of 550 u

In Hwporiments $0 to /12 insiuafve the Micresifeldahl
A for nitvopsn was employed, A change feom this method to
the Heeslerts procedure was made bogamuse of the anull amoun
matopial available for amalysis in the mitochondrlal and supsmate
feactions, The MovroeEisldudl methed nesosaitutes that e sertain ||
minieinl amount of nitropon, 100 to 200 nisre-mples, be present
in each sample for cood presision, The gamples obfalined frem the
mitoshiondris xod w&m&nmﬂaﬁm sontain enly wbout 15 to 28
mlorowcwles whish iz conslderably less than this minimsl mmouwnbs

. With respect to other mﬁ%am gontaining sdeguate of

sitrogen the analytiesl results cbitained by the ifle »ngsxm

sduce may be comparable wit: these obtained by the Nesslerises|
Proohiure . suthors feel that only limited come
pavison is wwmw& singe sufficient control studles were not
porformed wbtah would indigate that the two methode could give
assontially the sane reculis,
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slenty of potassium aoe placed inte previsusly welpgbed 100 m
pyrox test tubes. The tubes are ogain weighed and the woisht of
oach sample datermined by dAlffevanse. /Aprroximately throe mi of
rated 1IN0 s edded por gran of tissue to sach tubes The
fubes are heabod until the tissus cosmplat digeolves, and then
the hest 1s incrensed until the volume is reduved to aboub 0,85
wle Pllutioms of 10, 25, 50, end 100 md are mafle &
bow mush potessium 1a pressnt and appropriste amounts of LANO,y
Pfor the internal standurd sre added: The yeadines ovre taion on
the mmwmmv Plans Photomator whish qmﬁmaww measres the

Gy im m

To ono m?. of a mtmv m@@mm {207) is added 2, m) of
pold triehloroscotis asld (TCA) and the mixture is centrifuged,
The procedurs is repested with 2,5 wl of TCA and the supernates
which sontain the seid soluble fragtion are discarded, The folw
lowing solvents are mized successively with the aeld insoluble
feaction of the timsus snd the suspensions centrifured in order
bo pomove the phospholipids: 1) one ml water plus L ml ef 95%
otiryl alechel, 2} © ml etiyl nlechol, 3) 311 alvohwl ether mixtuvel
whish is vepested throe times, Pho pesidue i then trected for
16 bours ab 379 g with 1 B KON im order to hydrolyss the ribose
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from the vibonuclefe asid. The mixzture is then noutralized with
6 ¥ 1Cl, ons voluwmw of 5% T0A is added, and eentrifuged, The
procipitate 38 washed onee with 5 wl of 5¢ TCA and the supsrnates
are combined for the ribose determination of ribonuelelc asid,
The yesidue 15 resuspended in 5 ul of 5% 90A and heated sk 90° C
for 15 miautes to hydrolyse the desoxyribose m e deson
nuslels m&m The mizture is gentrifuged, the m@&pﬁ.mm waghoed
onse with 2,5 ml of 5% TCA, and the supernabes ave comt

the desoxyribose detormination of wmbwwmm aglids The
|oreinel vesction for riboss and the diphenylesine rescticn i‘w
desoxyribose were dons scoording to Volidn & Cobn (195h)s




In the first sories of experiments, sell frastions wers
separated from tlssue homogenized in lactonis susrose socording
to the dirferential centrifugation msthod of Hogeboom, et al
(1948)s ‘e distribution of potessiws, nitrogen, as well as the
potassim/altropen ratios in these oell fractions eve shown in
Zable I, Potessium concentration is expressed in terms of millle
equivalonts (meq) per Yllogram of wet tissus weight, HNitrogen
eoncentration is sxprossed in mits of meles (M) per illogram of
wet timsue welght, The potassium/nitwogen ratioc is slso mn
expression of consentration and may bo a botter unit since the
notusl welght of eseh fraction may be A1rfioult to assess, sepos

n order to aseeytain the recovery of materisl at esoh
step of the cell Practiomation, sanples of tissue from the same
heart wede determined direstly without homopenization for potas-
slun and nitropan, These valuss are Indlsated In the tep horde

2
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sontal colum of Table I wnder the heading "Somehomogenised
Saples®s The valuss sompsre favorably with yesults veported by
othars for the gonsentration of potassium (Manewy, 1954) in nore
Afver the tissue was homogenised in isoteonie susrose
with the Potteredlvehjem homogenizer, aliquots ware tmien for
analysis, YThese vesults are reported in the segond horlzgntal
solum of Tsble I under the heading “Homogonate™s The average
potasaiun and nitrogen wvalues of thres smmples apgrec very well
with the nenehemogenived valuss »ithin a range whish is nobt parti~
sularly larees Ths nitrogen doterminstions were done with the
Pesclorisation proasdure in this serfes of experimnts

{1iquots of the hemogenats were then soparctsd ints sell
fraotions with the remlts eprearing in the lewsr portion of
Tabls Iy The totsl nitropen dtstridbution in sash frastion 1z
similer to the Alstridubion of the total protein salgulated from
the data in the litessture (Tndwig & Chemutim, 19501 Sehneider &
Hogeboom, 1950}, The nitrogen valuss, in other words, plves & °
quantitetive estimation of the mmownt of emoh component #epareted

ossdure, Ho literature was foumd for the dise
tribution of nmitropsn in the compenemts of heart tiamues
Thi 861l debris Crattion, wiish presumsbly is made wp
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mainly of musled, ayofibils snd unbroken sells, eontains sbous |
1% of the total tissue nitwvogen with only 20F of the total potas|
slwg, . S2nse the ssount of potassium is not proportionately as
large s the nitropen, potasstun/mitromen ratio is 254
of that of the whole tiseus, Thers apmears to de falrly pood
sgresment between tha three sanples,  Since the wyofiveils sone
stitute §O0«80C of the whole tissus (Canbavew & Sehedharty, »!@ﬁ!-?é
the high nitrogen sonventsation uey be due larpely to this well
The lavge gramils Prastion, which presumably i prodome
mtazy nitochondrin, oon poughly 7% of the tetal tissue
Mtvogm. Sines the potasaium sonsentration is relatively lowsy
m also, the potassive/miteopen watie is lowey than that of the
total tissus, «lthough greater than the esll debois frastion

sdpis separation, which
and other cell componw

ants whlch vosisd mkmrw fopees of w,m ® 8, sywears 4
spens The smownt of potass |

¥iun preaent is relatively mush greater so thad the ratio ef
potassiwy/attrepen 1 soms 5.6 times that of whole tlssuss Since
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 probably only s eamll pard of this frastion,
i svous vore Justified to asaribe these resulis to the “eytow

In the last two M&mm solusns of Table I, the totals
obkained by sumving the potassium end nitvogen voluce of the eomw
ponent Ceactions sre given, The totals sgreec vory well with the
wonle tissus sumples and show u rogovery of abous 97 to 105 pere.
oant for both potessius and nitvopens This appears to be good
eonfimpation of the presistion of the sepsration and coalytsicsl

zﬁw to us at this pelnb, mammmmm
&ammmm; sithough Llsotonie, way be sueh an waphysiclo.
el proceduwrs for tha osll sonstitunents that potsssium ney
wagily ;ove fyom one compavtment to ancther during the separation,
: oot of the potassium in these oell fractions, M

aell Peastion, it was sonsidered that a eentrifugation procedure

without the addition of s diluent might be feasible, In this

atteapt, fovess of 108,000 x.& wera appli
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the sld of the Spinse Wodsl B Ultrasentrifuge. Twe Crastions
wore cbtalned, & mmah and a preeipitates This supornate
will be hopetnafter bo referred to ms "Indtial Supsymato® in
osdor to distinguish 1t fros the sunsmmatbo m&@a&mﬁiﬂ*&gﬂ Hogebode
seprvetion,

The analysis of the Initin) supermate is piven in the |
sotond hordsontsl colwon of Tabls I, Its potsssium conventration |
18 sifightly hipher then that of the monehowogenired tissue sewploes{
| 8ince the nitrogen sontamt 1s enly about vme half of the smtrol
tissus pampley the W%&M&mm ratio 18 vroughly twise thst

Mm&m&mmmm in Tubla I, 1t sppears that Yelas
tively more nitrogen 18 sxtruded: m pobassivn. This w be

related to the absens ‘
wut so that sn antificial wm‘k&m wos domes The prew.

sined and feund to be practisally the ail 4

pesaipitate Indleabing thet ne large meparation of the somponeits
oscurved, Dowever, 1t appears thet the upper portion may have =

lower nitsenen valus and a hichoy potassiv/nitronsn retie. |
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Ukherwice, these wvaluss agres well with the results cbtalned for
the homoganate in Table I,

In vedey to asserbain 1f a partial soparation wmicht
have osoupred, the Hogoboom fruotionedion procedure was enployed
on esch porticon of the presipltates The velus for nitrogen in
sach portion of the presipitate wore found to b practiexlly
identinal with the respsotiive velues in the other purtions of the
precipitate indlcating thet there was sssentislly no separstion.

. o exasption L2 the low valus for the upper porilon In the
sell debris fesction, Ww the nitvogen valums in Table X, |
debris frastions W 4o be about Fhe same with the exneption
notods

mm&mu&&mm’ showa in Table IEX, the
turation of centrifugation in the Spinco sontrifuge was extended

Phe vesults of this series are semewhat similar to the
b inrgor volune of the
initisl supoynate Pragtion was obtained which wes a little Qif-
forent in gross appesrsncs from the previous experiment (Table II)4
A somiwoleny layor was obsorved at the top whish is prosumably




pholipids (Stelttantter & Ball, 1954)s The
alum copesutration velative to the

seniued WG  this fractions
mwmmmmmmmm in the mmwwj
soed layeps of the WM%&:‘ ware in the same erder of |
“xport @xﬁa oo widoly varye |
Wt te precipitete, The lows figure is believod to be eloser bo
the tue velue sines he tokel of the frectionated velwss shom |
Iepoboes: separations pives o walus woleh Lo weh elossr bo |
sats with Fs

Low nitropmt veluss 7epe found in the osl) debwis
tvmatdon of the wpper portien of the prosipitate in Beperiuont 76|
sble 111} e was chooewed in Uxpopinent J15 (Tedis I1)s Tolis “ 
balieved to o dus to sontasinetion by supermetes The suewmte |
MMW ws Migher Lo the wioor pertles of the precipitais in
gnt J16 bub appeens to be the samwe in Expesiment 1Y,
In the last experisant of this series,; on anslyais

of tho melelis selids was verfoprasd, The ropuits show that thove




26

seens to be o alipghtly lower concentvation of the muclele aelds
in tho upper powtion of the precipltate, Nowsver, sines only
one exporiment was carried out it is rfolt that Whls vesylt noeds
%o be interpreted cautiously, | |

The normal blelogisel variation of tho mtmwmw
zon ratios In the nonehonopenized tissue samples mmm@; bow
tween the difforent hearts seons vesariably constant in the oxpore
wing the Hesslepizabtion procedure for nitrogen (Dopore
tments 713 to #17), s s rather Interesting in 1ight of the
fact that the potassimm tmgs«m mtmﬁ# aro dependen
varisbles,

frastionated with s miltispesd &%Mt of the Wmamx
m Centaifuge Hodel PR-1 at forees of a% % O for 30




PABLE I
POTASSIUM CONTENY IH CELL PRACTIONS OP HEART TISSUE
HOMOGENIZED AND ﬁmmm LY THE HOGEBOOM PROCEDURE
T ISCTORIC SUSROSE
o ma
Be5 795 Lok 109

» 1 +99 3943 96 2.0 3941
Tube 2 8042 2,03 395 T9e1  2u00 3945
Avernge 786 2,085 38,0 8.6 2,01 39,0

Coll m’gzah

| - 1
E w Hog/tile N » Molea/tllo

% Rocovery




TABLE XX

POTASSIUM CONTENT IN CSLL FRACTICNS CF UBART TISOUD
HOMCGENIZED WITHOUT ADDITION OF DILUTING FLUID
ARD SEPARATED BY PORCES OF 108,000 x ¢ FOR
30 WIRUDTERS

Bieb 096 8T2

PRECIPITATE : o
Upper Foptiom 781 1.97 397

Wiadle " 81,1 242, 3642

HOGEBOOY SEPARATIONS OF UPPER, NIDDLE & BOTIOM PORYICHS

Call Debria mwawm W&t@

- -

W ¢ Fortlon 1.20 0429 058

Middle ¢ b 1L 0,33 0453
Bottom ¥ 143 0433 0,56

X » Hog/%ile ¥ » Moles/Kilo E/N « Meq 5/fMole ¥




TABLE Ila

SEPARATION OF

RECCVERY P M%&& w Z’ﬁ){} BOOY

ﬁmw i*wﬂm 2«07 105
Hiadls * T 102
Bottom ¢ -5 1 ‘ 103

¥ = Moles/iile
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PUTASSIUN CONDENT IN CELL FRACTICHS OF HE.RT TISSUE
HONOGENIZED WITHOUT ADDITICH OF DILUTING PLUID

AND SEPARATED BY PUBGES OF 108,000 x G POR

m VAT
..

Lk

’KN‘J

?ﬁ:.mmxmm |
Upper povtien

utddle .
Bettom "

2?-&33« i
2409

2431
2431

28,1

1&‘3"3

1,60
HUCLEIC AGID mwmzzwmﬁ
m #AT

PRECIPITATS

Yopar portion

Botton

4

. %
106
10k

/Y » Meq K/Eq B
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RECOVERY OF BATERIAL IN BOOEBOOH SEPARATION OF
THE PRECIPITATE

oo X

w i

Upper : 2423 9%

adle * 2,36 102

Bottom " 2438 02
| ¥ « Molea/iilo




The alm of this investigation was to study the distris
bution of potsssiw inside the eelly The results of this stuly
indieate that differentlal gentrifugation procsdures which sepas
rabe sertain callular compopente may not be an a&mk& means fop
attacking this problems As indicated proviously in this thesis,
the major difffeulty appeared to be the wicertainty that potassiue
amm w W ylm ﬁwimg the sourse of the fractionation |
) 1ly with the use of :mma volumes of diluting

Dempite this diffioulty, a rough separation appeared to
be effested by the Wm of Hopeboon sinse the potassiwy/
nitrogen retios wewe a@mtm};w diffovent in the frastions
obtained, The mitoshondria had & lower mmmmtrmm ratic
than the whole tissue and this figure might be valid z sinimal |
value since 1t 18 a relotively mgmm mﬂﬁm %a would | j
[be Mﬁ on the sssumption thet movement . of potassiun into the
hondrinl foaction did not ‘&«ﬁm place at a rapld rates A
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since 1ts potassiun/nitroren ratio s lower thon that of the
whole tisaue bubt the histolopleal hoteroroneity of this fractlon
rendors difficult any Tar reaching aconcluslons to be made, Tho
conbaxination by the supornaie fraction, for exmanle, may Lo rs
high as 1008 since the wet welpht of this fraction is about twice
that of the orlginal tissue., The corroct potassiun/niltroren ratle
obbalned for the supewnabte mey alsc be gubjoet to sonsiderable
eryor. (ne Important factor would be the galn of potassium md
nitroren lost from the other components, It is more lilely for
potasaiwn £0 be extracted than nitrogen sinee the proteln molegule
would be less moblile and less apt to penetrate a resirieting
manbrang .

| In order to overacss sone of these AIffieuvliles, it
seemed pogsible that a partial separation mipht be ef'scted by
centyl furation in the sbsense of diluting fluld., %his precedure
was not suceessful, Perhaps one resgon 1s that for an sdeguate
soparation, a certain amount of flutd volums is nescessary for
airfereantial wovement of tha componenis to ocour wrler the DHrow
gent condition, If the centrifugation time was extended, the
yviscosity fact or of tissue homogenized without the use of dilute
ing fluld might have been overcomss A second reastn wWAy be that

aggregation of the cell components vecwrred. It hes bson roported
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o

that diluting fludds whieh eontain electrolyis tend to agmresate
and it may be possible that the contact of oxtracelluler luid
with introoellulsy material mmy have beoen su’flelent causo to
prosote appregation in the present gysten.

Althourh the present data ig subjleet te conslderable
potential ervor, it may be possible that some of the dota obtalned
w#lth the Horeboom method or the differontial paciing method are
sctually olose Lo the corvect values, The smouni of potassium
found in tho mitoshondrial fracticn eould be a true ssilmate of
the amount assoelated with this component 1 it could be sssumed
thﬁﬁ thore was 1little movement of potassiumm durding the fractlione
ation. Yhe eell debris Iracilon has a consliderabls amount of
contamination but the value adjusted for some of this contanine
ation {(1.08. the sunernate) may be close to the true figure, The
gupernatoe has a high petassium/nitrogen ratie but 1t may be pore
footly ressonable to Find wost of the essll potassiunm in the cyio=
plas: proper, [bwever, 1t ia undoubbedly more judiclous o as-
epibo leas than movse meaning to the dato at the prasent stage of
our lowwledre,.

“heme appoared to be mone evidence that mlcrogomes wore

lavered on to the uprar portion of the proeinitate durding hirh




37

speed {100,000 x G) centrifugation in the absence of ﬁiluﬁiﬁg
fluide  The upper poriion of Lhe precivliiabte had a low nlirogen
content lodicating that fellowing the early separation of heavy
mateprlals or lov speeds, there 1s an overlay of suall particlos
rpom the suncrnate waleh is deposited ab the nicher centrifugal
Pleld., If this result were Lo be azoribed to the presence of
lapper sooumts of supernate, 1t ean be gcaloulated that the potass
siwn eonbeat siwuld slso have boen altored sipnificantly. Since
this was not the ease, thls result appecrs to slralfy that miero-
sonel soparablon way be posaible in the Tuture without the addle
tion of a diluting fluld, Although the nuclele seid dota apneora
to contradiet erfeoctive mlerosomal separatlion, ahia daty wog Qe
tained Crom one heart only and appears less simdificont at thls
polint.

1t may be of some value to note soww possible approaches
in the future investigations fo (uds apparently unsolvable proe-
blene One procedure wileh may ba erployed is to vory tissue
concontrations by altoring the volume of Ailuting fluid, I
potassis coneentration ls wnaltered vr dilutlon, thdis would
1pdteate that potassiwne shlfts are not Tomprbont 1o these studies.

T shese shifts de tale plage, an extrapolation of the data to

sepe dilublon may allow a eoleuletlon of fhie distrilbution of
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pobassivie  nother prosedure mey Lo Lo coniriluns fow lenger
intervals of tLud. 4 thipd progedure thab mmy bo followsd 1z to
isolate cortain cell commononts sugh ng nitechondrla and nuelol
and deterning the ratoa of exchange of potassiun with the ald of
radioactive potasslwa, I7 the rates of exchanpe are low, Lt may
be possible to consider the data in thls thesis as relatlively
mafrected by movement of potassium durdng the feactionation

povecdurcs.




1. The distributlon of vetassiuz and nlterosen wos
moagured in gell fraciions of the dor myooardium obtained by
using the oell fpactionation teebniqus of logeboom, et al. lost
of the votassiug was found in the sucernate fraotlon, The aoll
debris, dtochondrlis, and supsrncle rpacting had potasainy/nitro-

mon patios of 10,0, 17.%, and 122, wespectlively.

3
*
e}
3oiok
b

Lot epavitational forood, 000 x G and

Gy wore emoloyed alse In ovder Lo af et o goperation of

s X

ylthoud e addlition of a d1lutine Madd.

foum tlssue i
A suporoate and wescinltate woro obialned but no Maethor gopare-
tion o coll cowponenis was obtained as deterained by fraction~
ation by the Jopeboom procsdure off proglolinte saaples taien
feom vardious areas of the vroclipltate. Uhwe data does, Lowevor,
indisate thet o poasible separstion of tne mleronsmss oeoLred

s urmer vortion of the proeipltato,.

10 th

v,

3, In cme exveriment the dlsteibublon of nucleolc aelds

n the varlous ereas of the precipitale were determined. Desoxy-

P

5

pibonueleic aoid was distributed ovenly throushout the preciplitnie
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sold wao distrilated evenly thwoushoul the w»recipitote Indlentiag

Thpse are the resulits of only one sxperi=wont.

lie Intevpretation of the daba ia 419 leoult sinee the
movenent of potassium betweon feeetions Qiping the fractionation
prosadure 1s wunimown. Further astuldy ia necosscary bofore a thopw

ousl: svaluation of the present data is pousible.
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