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Envelopes.,

The significance of the problem of the nuclear envelope in
current cell biology, and the susceptibility of the problem to
élucidation by present-day biochemical techniques, are examined
in the Introduction. Part I of the thesigconsists of a review
of the various properties of the envelope as determined by
electron microscopy and other techniques, and of attempts which
have been made to isolate nuclei, nuclear envelopes, and other
subnuclear fractions. rrom the introduction and the review of
properties, it is concluded that four questions are both of
particular importance and amenable to biochemical investigatibns
7. How can the envelope be isolated, and what structural link-
ages with other systems are apparent?

2. What are the components of the envélope, and what particular
functional properties do they have?
3. How are the components spacially organised in the envelope?

4. Can the overall envelope structure be related to function?

From the review, it is also established that the only acceptable
criterion for an isolated envelope preparation is morphological;
that is, an isolated preparation is nuclear envelope if end only
if it has certain structural features identifiable by electron
microscopy. Of the published procedures for the isolation of
nuclei, only certain dense sucrose methods afe shown to be useful
for this project. It is established that, though published
methods for the isolation of nuclear envelopes begin with nuclear
preparations which are in general acceptable, none of them con-
forms to the criterion of morphological integrity; hence, none of
them (by definition) can be regarded as an acceptable envelope
preparation. This finding shifts the emphasis of the first of the
above questions to the structural linkages with other systems that
confer'stability on the envelope; this in turn is closely linked
with the rossibility of explaining certain other properties of
the system - e.g. blebbing activity, disappearance during mitosis,
contiguous chromatin organisation - which seem to be related to

overall stabiXity,

Part II presents the results of experiments directed towards the

Use other side if necessary.



establishment of an acceptable isolation procedure for the envelope,
the determination of factors increasing. and decreasing stebility,
and hence the explanation of the inadequacy of published methods
for isolating the envelope. In this work, hypothesés relatimg to
the involvement of the system in mitosis, blebbing and chromatin
organigation are generated. 1In chapter 4, the "purity" of the
initiel Bnglear preparation is established; a range of techniques
is investigated for the breaking of the nuclei and the separation
of chromatin from the envelope; and only two of these techniques -
low temperature incubation in EDTA and sonication in the presence
of magnesium - promise to give an acceptable envelope preparation.
It is shown that the latter prrocedure is preferable. DNase,
potassium ions and high ionic strength are all shown to fender
isolation of an acceptable envelope impossible. Loss of morpho-
logical integrity - i.e., destruction of pore complexés, is shown
to be concommitant with a2 reduction of enveldpe DNA content and
with collaepse of the remnants of the system into minute single-
membrane vesicles., Chapter 5 is devoted to a discussion of the
"standard procedure" for the isolation of the envelope - sonication
in the presence of magnesium followed by differential centrifug-
ation and centrifugation to equilibrium on a sorbitol gradient -
and the effects of varying all possible conditions in this
procedure on yield, composition and morphological integrity of

the preparation are examined, The inadequacyg ¢ published ]
isolation procedures is discussed in the light of these findings. -
Chapter 6 presents a thorough investigation of the stability !
properties of the system in isolation; the possibility of a .
molecular interpresation of the findings is discussed but rejec-
ted. The physiological significance of the findings of this
chapter and of chapters 4 and 5 is discussed.

Part III is concerned with the second of the general questions =
that is, with the identification of the components of the isolated
envelope. Since there is already a considerable literature on
the subject of nuclear and nuclear envelope lipids, lipid enalysdisis
is not considered here. Chapter 7 concerns the DNA bomponent of
the system. It is found that DNA (using preparations from mouse
liver and L-cells in culture) is entirely of the main band type
in the case of liver, but contains both main band and satellite in
the case of L-cells. It is also demonstrated that nuclei adsorb
as much addéd bulk DNA after sonication as before, reducing the
probability that the envelope pyNA is an artifact of preparation.
Chapter 8 considers the sodium, potassium, calcium and magnesium
contents of both disrupted and intact envelopes, prepared from
nuclei suspended in buffers containing either calcium or magnesium.
rthe significance of this study lies in the importance of electro-
static interactions in the nuclear envelope and in the variety of
ionic effects on the morphology and composition of the system,

In chapter 9, the engymology of the system is investigated. No
glucose-6-phosphatase, protease or succinoxidase activity was
apparent.H High levels of ATPase, NADH=-cytochrome ¢ oxido-reductase

and magnesium independent alkaline phosphatase wére, however,
found.

In Part 1V, the significance of the results of this study of the
nuclear envelope in cell bioldgy is considered, along with the
general applicahillity and potential solubility of the problems
raised and the prospects for future research. '
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Sl IARY

The sigaificeance of the problcm of the mucloar cnvelope inm
current coll biolegy, and the suseoptibility of the problem to
clucidation by prescni-day blochomical techmiquen, are examined im
the Introduction, Part I of the thesis comsists of a xoview of the
various proportics of the onveleope as dotoriined by electron
miexoscopy end othex teshniques, ond of attempts vhich have boen
made %o isolate nuclei, nuclear envelopes, and other subnucloay
fractions. Fyrom the Intxoduction and tho roviow of properties, it
is eoncluded that four questions axe both of particular importance
and amenable 10 blochcmical inveotigétions
. Hov can the onvelope be isolated, end what stxuctural linkages

with other systoms axc appazoni?

2. Vhat axe tho compencnis of the envelopa, end vhat porticulax
functional proportics do they have?
3, Hovw are the componomnts gpacially organised in the envelopo?
4e Can tho overall cnvelope struciture be xolated to function?
From thoe roview, 1t is also establiched that the only accepicble
cri erion for am isolated cnvelope preparatvion is norrholosicals
that i3, an isolatcd proparation i3 nuclear envelope if and only if
it has cortain gstxuciural fLeatures identifiable by electron
nicroscopy. Of the ;ublished proccdures forxr the icolation of muclod,
only ceriain dense-sucxose meothods arc chown to bo wseful for this
project. I¢ is cotablished that, though publiched methods foxr the
isolation of nucloar cnvelopces begin with nuclear proparations
which afe in general acceplable, none of them conforms to the
criterion of moxrpholozical interity; honco, nonc of them (hy

dofinition) can Lo regarded as an acceptable cavelope preparation,



Thic finding shifts the cmphasio of the fixrst of the above questions
%o tho otzuctural linkages with other systcms which confer stability
on tho onvelopes this im turn 10 closely linked with the possibility
of cxpleining coxrtain other proporties of the system = @.8. blobbing
activity, diseppearemco duwing nitocis, comtiguous chromatin organisation -
which ccen to be xolatod to overall otability.

Port X1 preconts the reoults of oxperimonts direceted towords the
eotablishnont of an accoptable isolation proseduxe for the cnvelope,
tho deternination of factors increasing and decroasing stability, and
henco tho axmlanation of the inadequocy of publiched methodo for
icolating the envelope. Inm this work, hynotheses relating to the
involvernent of the cyoten in mitosis, blobbing, and chromatin
orgenisation are goncrated. In chapior 4, tho “rurity” of the
ini¢ial nucleoax proporation ic eostoblishod; o ronge of %techniques is
investigated for the breaking of the nuelei ond the separation d
chrouatin £ron the envelopes and only two of tnese tochniques < lov
tamferaturo incubation in EDTA and sonication in the preosence of
@agnosiﬁﬁ = pronise to give an acccptablo cnvelope proparationoA
I¢ 3o chowmn that the lattor proceduxe ig preforable, Dilase,
potassium jons ond nigh ionic stxenjth ars all cihown to ronder
inolation of an acccptable cnvelope impoosible, Loss of moxpho-
logical integrity = l.e. destrucition of pore comploxos, is choun %o
be concormmitemt with & xoduotion of emvolopo DA contont and with
collorso of the reanmnto of the systsn into nimute singlo-mcmbranc
veooicles, Theoe last £indings ore fur hor domomsiratod in the next
two chaptors. Chapter 5 is dovoted to o diccussion of the "standaxd
procodure” for the imolation of the eavelopo - sonication in the

presonce of masnesium followed by differcnticl centxifugation and



contrifuszation to cquilibrium on a sorbitol gradicnt - and the
effecto of vaxryinz all possible conditions im thic procedure on
yield, compooition and morphological integrity of the preparation
arc oxomined. Fhne inndequacy of published isolatiom proccdures is
discusced in the light of these findings., Chaptex 6 presents a
thoroush investigation of the stability properxtics of the system
in isolation; tho possibility of o moleculaxr intexpretation of the
£indingo ic discusscd but rejected. The physiological significance
of tho findincs of this chopicy and of cheptors 4 and 5 ic discussecd.
Paxt IXIX ioc concerncd with the seccond of the general questions -
that in, with the identification of the components of iné'isolated
envelope. Since there is already a considexablc literature on the
gubject of nucleoaxr end nuclear envelope lipida, 1ipid analysis is
not considored here. Chapter 7 concexnsc the DIA component of the
cystom. It io found that DHA (using preparations from mouse liver
and L-cells in oculture) is entirely of the main band type in the
case of mouge liver, but contains both main band and  satellite 4n
the case of L~cells., It i also demonsirated that nuclei adooxrd as
much added bulk DNA after sonication as befoxre, reducing the
probability that the envelope DEA is an artifact of preparation.
Chapter 8 considerc the sodium, potassium, calcium and megnesium
contents of both disruptcd and intact cnvelopes, prepaxed from
nuclei suspended in buffors containing either caleium ox mﬁgnemium.
The significance of this study lico im tho importance of eleetxoe
stotic interactions in the nuclear envolope and in the variety of
ionic offects en the morphology and composition of the syotem. In
chapter 9, the enzymology of the systeom is investigated. Io

glucosc=6=phosphatasc, protease or suceinoxidase activity was apparaents



High lovolo of ATPasc, NADB-cytochzoue ¢ oxido-zeductase and mognosiune
indopondant alkaline phogphatone woze, howevor, Lound.
In Part IV, tho cignificonco of the zrosulis of this study of
the mucloor cavelope im cell bielogy io comsidored, along with the
goneoxel opplicability and potontial solubility of tho prxoblems rxaiged

end ¢the prospects fox future reseayoch.



LERODUCTIOL]

A% ¢ho preoont timo, 601l blelesy cohewn $vo majow limco ef
dovolepmonts R0 £4xot 1o o concosn with the sixusture and function
of muclode ozidog tho cceord with tho intowprotation ef collulawp
ulsrastructurce. Zhic lottor eonsosnrs o lowxe zonmge of problcas, but
tho study of ncrbrane oyotoms Tisuxcs vory oimmificontly in thisc rangos

Thoe problca of the musloar envolope preocnil, inm sovorad ocnses,
a point of intozscetion betuwoon ¢these tvwo limes of develepmonts I8
ig, on elcsizon niercsecople evidonca, @léarly o menbrene gyotemg oo
such 1% invites ouch tochniguen of oxcmination, icolotion and caolysis
a8 hevo hithorte becn opplicd to other mombramno systesse At the sane
timo, 4t pregents in woro or leog all living cukozryotie sells o
barrier to the poocoge of nuslois ceido and ribosemes, and poscibly
other mosrocolcoular asccablios (of onc or morc units), botwoem
nuelcuo ond cytoplasm; Dorcover, it oppeoxs to conctitute 2 olto of
oitochront of chwonatin, ond im gll pxebobili{y & point of initiation
of DA gynthcoic. Thno syotn has in oddition e mumbor of properiies,
the bioleogicol cignificanco of which ic 4ot present largoly myotezious.
It shovs, im pomy opeeics, “blobbing® cctivigys; 4t s contimuous
vith otheyr membrano gyotenoy ususlly, 44 disoppocys curing celld
divicion only <o be rcosscmblod cxound the G.m;htex’ nuclel during
tolophogse; 4% hoo unucunl peorrzoebility propertieng 440 cutor
surfoce often, 4£ not¢ usually, boarxs ribeogomen; ond g0 on. Hoot of

all, 4% 4o (oo faxr oo can be dotoxmined) univercally o doublo=
menbrand gyotemd, ond studded with hichly ozxzonisced sixuctural unito
knovm a0 “pore comploxnec©. |

Hov tho problem of tho muclear envolope is to bo handled, vhald

methods cre ¢ be browsht %o bonx upon i¢, dopond partly oa the



preeise vay in vhich the problea ic formwlated and partly on the
techniques available. The formalisation of this (ox any other)
problen in biology roquires ¢wo major stopos f£irst, the cmalysio

of the question, apparently teleclegical, of “thy doez X cccur?® o
vnhexe X 43 oither an observed (essentially tine=-indopendont )
otructure or am obsexved pattomm or ti&éccoume of behaviour (ox
“apparcnt mxfaction")g 'ema gocornd, 'sm cxanination of ¢ho observed
properties ox matuxe of X, the isolation of biolqgﬁ.oally noaningful
questions from this cxaminntion, and como aticmpt at _cromoc;@omlation
botweoen theso quostions and tho proﬁﬁcta of amnlysis of tho first
step. (In the cxprescion of the genoralised initial question given
hero, the usc of the qualificr "wny?" is j\iﬂﬁiﬁ‘i@& by saying that
the ansver then given must bo in the clact of cxplonatory scicnse,
vnich itcelf requixes end hence imcludeon an adequate deseripiive
sclence. %hercfoxo, more irmediatoly obvious, descriptive-seiencey
questions such ao "what is X7", "how doca X come ¢0 appoar as it

does?” oto. axe not only lcos gemoral thom, but oare alco included im,

the question “vhy does X ccour?V. Thic point will bo clarificd when
the analysio of tho queotion io oticmpted,) Aftor tho cxooSe
correlation and cstablichmont of cll bielegically meaningful
questions about X, attenpisc can be made ¢o ansvey cech of thonm
pxm;ided the tochniques xoquired for inveotigation arxo availablo,

In cpite of this formnliontion of procoedurs, hw@er, eoll biology
ronains, as biology nlvays (with tho excoptien of cvelutionary
theoxy) beem, o dosexiptive rether than on explanatory seionse.
Deapito the obundoneo of icolated oxplanatox;jr statemonts, a

genexrally applicable cuplans{ésy thoory of cell biology leading to



an v erotanding of vhat accounts fox the phenomenom of “living®,
is g¢dll faxr dlotant.

thon tho queotion “why does X ocoux?® is ooked about any
structure, such as the nuclear crnvolope, the quostiono actually
implicd are nany emd complex. A reasonable annlyeic might be an
followsse
1. WYhat functiono can X pexfoxmg that 4o, in vhot vays and with
vhat other Daterials and systems eon X, or componento thoreof,
engage in biologically cignificant behaviour? This question
concerns the "puxrposive" zopest of the obsorvod structure o it
"teleology™ in a rather narxover semse than tho above, more general,
question. It vill be rofexrred to hereinaftor as the puxrposivo
question.
2 The questions of origins gemerally, by what means was X formed?
This can be furthor analyced:-

a) The question of genotic orimin: VYhat io the gongtic

background of X - that is, of what portiom of the genotype

is it the phenotypic expression?

. b) The question of biochemical origin: Vhat éynthetio
procosses are involved in producing each componont of X, and
how, if at all, are theso processes controlled?

¢) The question of onvirommental orizin: What cnvironmental

factors (in this case, the enviromment will in gemeral be the
regt of the cell interior) can modify X as a whole or any of
ito components, both during and after synthesic?
d) The question of ontosemys Yhat is the ontogeny of X =
that ic, what are the de‘sils of iic developmental histoxy?

3 The question of logenye VYhat is the phylogenetic origin of

X?



4o Thoe queotion of oxromisations How axe the componentis oxganised

vith respeet to0 one anothex in opacce so asg to constitutec X? Inm
addition, wo may ask to wvhat cxtont tho prxosenco and rolative
position of all actual and potontial compomcnts 48 nceesgary, and
whnt combinotion of componcnts io cufficicat, to consiitute X

This corcllary to tho question of oxganisation necoscarily altexs
the approach %0 & £ifth quontion, implied by more or less all tho
forecgoings=

5. The quostion of compositions VYhet are tho components of X¥

I¢ cannot, in vicw of the abovo coxollaxy, bec ogoumed o priord that
any oot of compononts found cmpirically io both nocessary and
oufficients tho questlion is, hovever, ro¢ reoningless, come answer
being required before questions of orxigin ond organisation cam be
dealt vith. An aboolute ansver would £irst require a fully adequate
theoretical modol of X, which in turn would reguire answvers €0 tho
puxposive question and the question 6? oxrzanigation,

It io intcoresting <o note that the quostion of compocition
gencrates o whole new oot of quostions of the type "Uhy does X'Yocecur?®
Hoxre, X' rofors %o any omo of the compoments of X, Logleally, this
gives risc to am infinite wegressions o long oo thore axe structures,
othor ctructures can (im principlc) be icolated from them and
pubjcetcd ¢o tho sace inquiriecs, %his oucopingly diomisses any
gearch for “fundamcntal porticles®; tho prublem, howover, quickly
locaves the £icld of bioloy. ‘ne uaderstonding of a compencnt deoes
notv lead ¢o the understanding of o systom, and at each neow level of
analyois o ncy set of comcepts, nrow methodologics, and nov and moxe
specific types of questiom are oncouniercd. In shorio tho

progrespion fxom levol .0 lovel 45 the pxogxospion from onc seioneo



%0 anothexr, The some phcenomenon can bz seon in xoverse vhen ithe
firnt of the abovo quqmtiono = the rurposivo quecticn = 4o eonsidered.
The fumctions im which o group of ctxuetures (including the one undex
obsexvation) aro involvod nccessaxily take plase at @ higher lovel

of orgenisation than the single ctrusture in question; this highor
level will have itc ovn oboexvable otxuctures and scheudd, therefoxe,
by the sasic axgumeont ao above, give rise o o diotinguishable science
with an essentially irzedueiblo lonmuasge of its own. Tho nucloaw
cnvelope participotes in activities {n o higher-lovel sizuciure,
namely tho coll, The obsexrvation that tho sclonces portnining to
cells, to organcllos, to membrones and to the moleccular comnonents

of menbrancg nave notAas yet clearly separated reflects cither upon
the irmatuxrity of "cell biology™ or upon the ceoneral inadequacy of
abstract theorising.

Be this oz it may, of the cbove list oaly the purpooive question
and tho guections of bilochenical origin and composition axre amenableo
to current techniques. That of orgnnisatipn may becore 8o im the
Lot %00 distant future. Tnosce of gecnetic and omvironncatol oxigin,
ountu ony ond phyloseny axe largely _rounds for spcculation at the
worenty the first three axe the subjcet of devolopzmental biology,
and fucir ancwer muot awalt the fullex dovelopzont of this f£ields
the question of phyloseny iz pxobably in prinmciplo unanswerables
0f tho purposive quection and the question of coupooition,; only the
laztor is & suitable problom for such :cchniques as might bo applied
Y0 the isolatcd nuclear envelopoy <the fomer iz really o quostion
about the obsexved behaviour of the cnvelope in vive. In the hopo,
hovever, of forging meamingful linko botwoen the studies of adjacent

lovelo of orxrgonisation, it is tempting to ouggest that enswers to the



queotion of oxgonisation (and, porhaps, that of phylegeny) way have
pozo boarxing on ke anowor to tho puxpooive question. Certainly, it
iz not rocaoonablo to dionisg tho ruxposive quention ag irxclovant to
tho ctudy of tho envolope. In the sazms opirit, 1t oy be voxy wseful
to kmovy wvhat other systcen axe structurally linked, and by what

means, %o tho system undoy obsoezvation., This dormands o carcful and
thoxoush crxamination of the lcolation techniques used.

How, them, cam the quostion "Uhy does X oscuxr?” bes analysed when

X xrefors to an obgexved pottoxn of bkohavioux, such a8 nuelooe

cytoplasmic exchangc ox the dissolution of the nuolear eavelope
during mitosig? A possible analysié is as followsse

ie Uhat is the puxpose of X in the content of the next higher level
of oxrganisation from the aéructuroo geon to be involved? Again, this
is the purposive, “teleological®™ question, and it ultimately invokes
such otrictly bilological notions as that of survival value.

2 Is X cpontanoocuwo, or is it %rigg@r@d by somo envirenmental
chango? That s, io thexe some otimwlus to vhich X is the response,
and, if so, wvhat is its noturo? In biological syotomo, come
“ctimulus is generally ascumed to be present, X oftea being rogarded
as one clemont of a highly complex oet of closely integrated
PXoOCenses.,

3, o) Yith whot changos 4m which cysters and mateorials is X

agooeiatod? Tals io the inversc form of the purpooive question

discusood in the amalysis of senoral investigation of stxuctuxo X

b) By vhat mochanisnm does the ctimulus (if any) initiate X,
and zov io the stimulus sitwvntion itoelf nodified by X?
4. Vhat is the phylogenetic origin of X7

0f those, all but question 3(a) arc intractable by curront

10



tcehnigues. %The guostion of vwhother oxr not thexe is a siimlug, ond
1€ co vhat doeo the gtizwmlus ceouncist of, is cceosionnlly amswezxablog
morc usually, both this and the puxpusive guestion (question 1)
goncrate speculative answers on xather insufficicnt ovidenec. Such
angwers pay, hovever, be interesting and rpay in durn give xise to
hypothescs about the goneral matuxe of X and its relationship with
other procogscs. Novertholeos, the queotions raiscd by the gonezal
analysis of problens of "function” or paticrio of bchaviour provide
a gtimulus to dovolop new techniques and o iuprove oxisting ones,
The techniques reofexred to im the foxcgoing diccussions ecome
from severa. sources. Initinl observations depond upon micxcscopy,.
porticularly clcetron micxosecopy, coll phyciolegy and cytochenistxy.
Refincments witbhin ﬁheso £i0ldo can load directly to o number of
anowers; bilochemical and biophysiecal studies alce yicld imporxtant

information., In eoncidoring a gtructurc, however, the tcchniques

for iuvolation and enalynis of componcnic aro opocifically biecchemical,

Techniques im this £i0ld, too, may provide (at loast im pari) a
"oritiquo® of the structural ond funcélonal rroporties of the com=
ponents, sueh as 1o xsguixcd o obtnin am amswer to tho apparently
doninent guostion - nomely, what i the mode of opaeial oxrganicaiien
of the componcnis in tho otxucture?

In ounmnxy, the questions which moy be ankod about the nmuelenr
envelope and o which anowors can curreatly be oxpected may be listed
ag followgg=
1. a) How cam the gystem be icolatcd?

b) From tho icolation proccdure, cam otructural links uith

other systens be deduccd?

2, YVthat are tho components of the mucloaxr cnvelope, and what

19



Btzﬁcturml and funcéionnl propextico of these compoacnts aro relevant
0 tho gyoten ag & vholo?

3. Con ony concluoions be drxown cbout the way in vhich the components
axc asoombled to constitute the envelope?

8o Io 4t poosiblc, using availablce teshniquos, to relate the
ctructure of the cavelope to the lmovn funciions in vhich 1¢
participatos?

5. UYhat i tho purpose of the characteriotic patterns of bohaviour
of the systen? Tho negative converse of this question will perbaps
PYOvVe ROYC illuminatings' Can the consequences for the ecll of the
syotem®s failing to oxhibit its characteristisc pattoxrns of behaviour
be deduced from experimental f£indings?

A roviov of the propertics of the envelope vwill fellow, Thio
will generatc questions more or less opeeific to the problem in hand,
in eontrast ¢o the rathor genoral quostions derived above. To the
xreview will be a@pend@d,.as 2 gerparato chapter, an examination of
isolation procedures for nuclei and subnucloar fractions; these will
pertain specifically to the firot of tho general gquestions established
abgve, but will provide o necessary otartingepoint for subsequont

experimental work.
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CHAPTER 1

THE PROPERTIES OF THE NUCLEAR ENVELOPE

The existence of the nuclear envelope was first suggested by
Brown1in 1833, However, only since around 1950 have investigations
of the system becn made, primarily with the aid of the electiron
nicroscope, in a large range of tissues selected from a number of
species. Several properties, both structural and functional, have
thus been described in or postulated about the envelope. (The texm
"nuclear envelope” is used throughoﬁt this thesis in preferenco to
"nuclear membrane"(cf.Andersonz); "membrane” will hereinafier refex
specifically either to the outer or to the inner "leaflet" (Abelson
and SmithS) of the envelope.) Clearly, some of these propertics
pertain to the system alone, and may be expected to be found in

isolated preparations. The rest, however, pertain to the system in
8itu, that is, in interac .iom with other components of the cell.
None of this latter group of properties cam wholly be accounted for
by an investigation of the isolated nuclear envelope, though
information gained in this manner is not necessarily irrelevant.

The properties of the nuclear envelope may, therefore, be
sub-classified in two waysse

a) They may be gtructural or functional (in the sense used

in the Introduetion).

b) They may pertain either to the cnvelope alone or to the

envelope in interaction with other components of the cell.

The subject will novw be reviewed in the framework of this

classification scheme,



Ao PROPENRIES TIRFAINING 70 FEE ELVLLOFE ALOND

X STRUCTURAL

1. Taoc Dowble Hembrone

Cne of the carliocst xoportc of the double-menbrance naturc of o
nucloaxr envelope was that of Hartmamn4g in zo$ aoxve tiosue, Palay
and Paladosg oloo investigating scetioncd mé noxvo nuwelol, found the
folloving featurcss an innexy rmonbrano approxinately 13 nm acrossos
an aprarcatly groamule={ree outer rembxano some 7.5 nn acrossg and,
sepaxrating the twe, o "porxinuelear gpacae" ox cistornn some 20 nm
agrost. lrom tho cuter meabrano, tubularx projcetions ongorcd the
cytoplasm. (This point will be diccussced morce thoroughly undor tho
heading of ¥Blobo®s we infrn.) Im pleccs, the two membrancs of tho
envcelope appoaxced to fuce, giving rice ¢o diseontinmuitics ctretehing
for 28=-30 nno tangontially.

Theso discontinuitico woxro, im all probability, the envelepo
"pores® (v. infra). Howcevewr, at tho time of the papor by Palay and
P&ladea it was by no meoans cortain that the “pores” roprosented truo
diogcontinuitics in the envolopc. Afa@liumé, for exomple, in o papeor
vhich dcmono¢rated the docubloencmbzane natiro of the nuweloar mvelopes
of gea uwxehin and ctaxrfich eocyton, elaimed that o cingle thia
membrane stxotched aeroos the poved. Rehhun?, invegtigating snail
end clam cocytes, algo reported o doublesmembiano cnvolopo but
nentioned no poxo diaphreagm. Hatmcng, o0, though ho accopted tho
ubiquity of the douvble-membranc cnvolopo, donicd the exicotence of &
diarhrosm aoross the porce

Since this ¢timo, discusoion of the exictoneo of & poxo Aiaphrasgnm
hap slovly feded from tho litorature. Howover, Palay and Polade's

original beliof that the porop vexe soimple diocontinuities ig stild
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not gomorally accopted. In vory thoroush reviows of the ultrae
structuzo of tho nucloar cnvolope, Aboloon and Smiths reported thatd
thoy ecould £ind no cvidonco foxr the pore diaphrasm, vhile Franke and
Sche@gg did rot diccuso tho poooibility. EBoth theso gxoupe, howvever,
found doublosacmbrane cnvelopes in thoir matorial (2.0, pucloi from
anphibian ocosytes, Africon grecn monkoy kidmoy, cnd mouse 373 eultuxo
colls), and both cloarly rogarded the ubiquity of thic o wmuctural
feature ag fully establiched. Im feet, the only caso of o single-
membrane envelope vhich appoexrs €0 have beon reported 1o in nitvogene
starved yeast cells (K@ther1@). Log phaso growth colls, howover,
have the usual doublo nembxanc around tho awelous. Little hao boen
addod %o the literaturc about the dinensions of tho comstituent
nembrenes cinco tho roport of Paley and Paladoss hovever, thec
dimenolens of the porimuclear cisteraa are not establishod. Ga,ll11
suggoots o vidth of 10-30 nny Feldhorr and Eazﬁing129 in tho samp
volume, suggest 15 nm, Given such variationo, ond given the occcur-
rence of “blobo” in the cnvelope, 4% may bo ouggooted that the peri=
nucloar cistoxna ic not of conctant cize in any tisowe, and that ito
variability io symptomatic of the dynomie matuzo (l.c. otrustural
variability vith time) of tho cavolopos

2. The Pexc Complox

o) Homoyeomb otrustures

The £firat "porous muclear envolopo” to bo deoeribed vas that of

salemandor ooeytes (Callam, Remdall and @bmlim135 Callan and Tomlin14).
These envelopes wore removed f£xom the nucled by mnicxodisscection; on
exenination thoy rovealed, in the cuter monbrone ad loact, diceemne
tinuitics vhich on tangontial viewing of tho systom gave & "honeycomb”

apPearanco. Bovmy75 found sindlar onvelopos im locuot amd cockrooch



ooccyteo, Deixati and Lchman16 and Uerris and Jame@$7 in Amooba

Pxoteus, and Pollister, Cottmer and Hardia in igzoduzo £xog oocytes.

Howovox, thousgh Collan and Tomlin14

copoxrted an inner membrance thicke
neso of 15 nm, the corxcsponding dircnsion Lfox the ocutor membrane vasd
30 nm, Subscquont work on othox tissuzs proved thic latier dimengion
to be anomalously high (v._supzn). It wap chowm that, in addi{tiom

to tho cavclope, nuclol with wowsunlly mansive outor nembrancs wexo
gurrounded by a coxtical layers; 4% wes im ¢his layer that tho honey-
comb sixucturce could eleaxrly bo oocn.

Nevortheloos, despite some opposition Yo the bellef im “poxco®
(8jostzand and Hanzon193 Hartmenn’ g Sjéotrnndag) 1% was repeatodly
- domonstrated that poxes did, in fact, oxiot Im & wido rangoe of

tlssues. It memaincd for soms correlation betwesn these Fizue
poxen®™ and tﬁo “honoyconb™ gtxusturcs t0 be cffccted, P&ppa@21 and
Crolidney, Kostiz and Ff&j@l&?z cotabliched ¢this coxrolation; ¢the
interotices of tho honmeycombs im {mocha proteus were found o be
continuous with the pores in the cavelops. Since this tine, the
honeyconb @ixuctures have boen Lound im othor speciesy Beoams gﬁ;gé?g
for example, found a cortical loyer within tho docublco mombyrane of
nuclel from Gromaxing, & parasito of graschopper gut.

Honeycomb piruetuxcs exe mot, hovevor, widesprood, and their
oignificanco io ot presont wilmowm. Simco they may be roegarded
cithor aos stzuctural components of the nucloar @nvolopo or &g
structures contiguous to the envelopo, am icolated prepaxation would
probably account for their composition and oxganisation in somo
dotail, if£ not Lorxr thoir funciéion. Howover, thoy axo absent from
maomalisn livor; and thexcfore tho prosent investigation will not

yield any infoxmation aboug them,

14
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®) Porco and Arrnuld

Bicewnoionn of pozvo, ox opporcat diceontimuitico, and thole
ourroun@iig onpuli axe dmextricably bowmd togothor im the litcratuxe.
Poxco have ncvw bocn srof;ortoa in ol nuelod cubjcetod ¢o wlizasimes
taxal exondeatiens o0ige amd Lfzoqueoney vary £xom gpecdes o cpoelco,
voosibly £xen deouo to ¢dcoue, ond poEnogIs Ot i@ast im goRC 6008C0,
frem Lemnimroe Qo moture eollo dm ¢he sace tioouc. Somo cramplos of

poro fregucneles are oo follevwnse

2oblo 31 Xatororosidie variaticns of poro LECouoREy
~ Smoedon Pore fxoaucuey (pow pga) Regozonso

Onlon soot ¢ip : =12 . Bromton cnd R@@rm
Hels eoils %3 Piches ond CO@poxr25"26
Frog eodytoose
g&ﬁm gg:g‘g Mozster !
Z e hinodoxa @@éytoo 40=30 Aﬁ‘zolmoé
§iouidon ooddvamy gland  £0-100 Nonteded
Yotsahynoan 95935 Preonketd

Porco Lxoqueoney oay Lo am indicater of mofobolle notividy inm
the codl. Luphiblon exyihresytes, Lox cxamplo, kave voxy £6v peres
indocd ((Bzoky ond CGQB’CL% )s cueh ¢ollo shoy vesy l4.8lc protodn
mymﬁaooiﬁ and no divicien., Outcr dlomotoxs of tho onowdl axe
goncxaildy oxeund 100 no (C.Go h‘ioehmiz:zorg 1 Glves opproxizntoly ¢thio
volue Low mm‘m CORYBCO &Eﬁolﬂ.uoé Baves e come voluo Lo otare

Lioh anrd cco uvxchin ooeydos). Inmer Jioncgor ronowromonto aro
anbiguoud; 4% 4o not elcar im vomy ccoeo waothicy tho dlamoscr 40
that of tho poxe dtzelf or of {the fucide of the aﬁﬁauluao | Hovever,
goveznd voduco £op ammuius widi oze ovollablcs Afsolius® @voo
20=25 mn foxr cehincdozn cogytCos Réhhm7 Glveo tho coos Low

wollugean cosytess kaogg @ven T=18 mn for nounc liver and
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17.5-20 nm for jetrohynena; and Fronke and Scheer9 give 10-18 nm for
gix opeocion ef eophibien oscyten. Im xa$ liver, the poxroo appear to
oceupy somo 20=30)1 of tho ouxfoce of thoe nuclcus; thic is oquivalent
%0 o frequonecy of 26o40/ﬁ?° Tho oufor amnulus dicmeter ic 700 nn and
the Inney dicooter axcund 50 nmng  tho pore dismoter is wnceriain, but
iz probobly in the reglon 55-60 nno.

Anmald vore first found by Bahr and Boorman’2 in Chixonorme
calivary gland and midguds; heroc, tho nueclei are large amd have large
rorcs. The anmull woro found in identical pooitions on both sides of
theo cavelo o, and woxc vidsible in both tanzontial and $TORCVEXSC
section. Gallsso wvho o £irst bolicved tho annuli to be drying ortie
facto, bosrme eoavinced of their reality'after ctudying the nuelei of
Iritwrug, £ish, cchinoderm and anmnolid oseytes. Yatson's carliost
studie834 on the mucloar envelepe zovealed, in varioug oriomtationo
of the gpocinin, pores or diceontimuities vith which the annuli vere
aluays ascociated. Similar roports confizmed tho ubigquity of poxeo
and their agsociated anmuli over the noxt two years. Afzeliumé 8avo
@ vory detailed dosceiption of the @éz@s observod in schinoderm
coeyten; Keaugz end de Marsh35 invostigated chick cabryo, and provided
the first demonsiration of clectronedense matorial im poresy Davson,
Hossack and Hyburn36 gave an account of the nuclear onvelope of
rabbit spinal gonglia; here the 85 nm diameter pores wer? irxrvesularly
distributed, the spaeing detveon them vaxying from 25 .o 180 nr, with
o8 raised anmuwlus surrounding tho.depression of cach poxre. The
extrome ixrogularity hore may haveo re&ulted from distortion during

tho proparation of the cpeciming, for exampleo by uneven dxying,
The structures appoared to be relatively robust,;boing the only parts

of the envelope stableo to tho fizative used. ca21?7 cnowed that the
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annwlus overlaps tho poxc morgin, tne pore dlameter boing greater

than tho innor bud looo than tho outor dlamoter of the canulusg
Call37o Vendorlich and PrankoBgo'aud oeore hove dcmongtxated o Ting '
wiihin tho cmmulus vhich prcsumably corxooponded $o tho pore marginm.
Pran.c and S@heorg suggest, in opposition io Ga11379 that tho chapo
of tho povgin io cizcular rother thom octasonally oy:vetricy scomd of
the photographs gublisked by Abelson and SmithB cupport this viev.
Houvevor, tho quostion of pore morzin shape must for tho moment be
loft opong drying artifoeds arc @ifficult o avoid for cexrtain, and
tho cavelopo 1o not wobuot.

Rocent work hoo chown that the annawluwo ic sopoarable f{xom tho
root of tho euvelepe in cortoin tissues. Sonication dicrupts pea
peedlin; nucloi leaving the anngli intact (Yoo and Bayley39).
Yenzoo, Schidlovoky and Chondre®® fourd that negetive staiming of
ticzoue cultvre ecllo usins phosphotunsotate liboxated como ~nmuld
with to_c of ncubranc attochod. Comin o and Ckaaa!""1 have noxe
rocontly demonstrated thot the ammuli of mommalien cnd gvimn intoxe
phace nuclel moy be stobiliscd by a etellete orray of chrcnatin
fivreo fizmly atioched to tucny; the amnulucefibre complex ig
ceparable from the rost of tac aavclope. Such finding o may have
prempied Aboloon aud Smith§ to ouggost that the "pore compleox" be
vogardod oo o diotinet, ubiquitous orgaaclle; and, by implieation,
that 4% be distinguished f£rom the muclecr cnvelopo. Thio puggesvion

will be discucced presentlye

¢) %ho Mme Stxucture of tho Anpulug

T 24sot deseribed tho appoarence of tho anpulus ac an

Caldld
axrxay 0f cubuniic. Rebhnm7 pode similar obsexrvaticns but &id not

comment on iho noturc of the componenis. Ga1142 ooy theo ag



ribosoncelike cntitieo cxtending ccross the aumulug, Dawson‘ggagﬁgs
hod hintcd ot o comparable arvan;ement in tho rabbldt spinal ganglien,
but not ungil the woxrk of wutaona on the subjost vas i3 sugpeeted
that annulup cubdiviscion mignt bo videospxead imn 1ife, In this popex,
Vatson £irst onployed the toxm “pore complox® %o rofor to anmulus
(eisht cubunits), porc maxrgin ond pore lumcn contontsg folloving
Wischnitzor31 he rogoxded the pore complox oo a cylimdox. Vischmitser
had; in investigating Srituxug oocyies, reached tho couslusion thng
the annuluwg was a2 tubulax oifueturao 100 nm 4n dgamoter and some
150 nm. in vortical holgnt. It wos not, hovever, 2 simple tubey the
wall concictcd of cight micxocylivdexs cach about 150 nm in voxrtical
hoight and of come 10 nn diamotor.

Cuxiously, the vicw of the pore complex developed by Wisehmnitzer
ond VYatson rcecived 1ittleo or mo fuxrthor attontion for about tem
yoars. The view of the annulus as o mors or leop cirvcular arxey of
cight (oxr cometimes ninc) subunido hod beeome catablished during this
poriod, but 1i.3lc morc was undexnicod about fine stxucturc, [Franke
and Schoor9 found in amphibi n oocytos “omorxphous annulay wcotorial®
diffuce material oxtending vetweon noignbourinz subannuli, and
realily oot uﬁleos precauvgions wore taken to otabilice it. Loos of
the cuorxphous matowxial xondoxed the cubozmmuli more‘clearly vioible,
wnesc authoxn suggested that ¢the iumedicdsly currounding cnvolopo

be rogaxded an a stxuctural part of the roxe complex, and heonea,

prosunably, of the annumlusc. Abolcon and SmithB found ia the pommalian

annuluc ot leoact tvo types of slxucture: tho subaznulus, wihich like
Bitcchnit50231 they doceribed co o tubule, and which was get vithin
the pore marging and filamcnitous oxtonsiono of the annuvlus into both

nuclous and cytoplasn, winich accountocd {for the appaxrent overlapping
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of tho porc noxgin by tho annulus, This material had o diffuse
appearance in tangcntial scetion. It ds walikely that theso oxtonre
sions axo cquivolent $0 tho diffuse mateorial doseribed by Franltc and
Schecwxs the latior anthoxrs found many classes of fibrous material
(2o _4nfra), and they cmphaoised the sdrictly non-fibrous cnd none
gronulay appoagance of ¢this componont of tho annulus, The oube
amnular {ubvles ("minitubules®, of dimensions and configuxation voxy
difforont fron clessical microtubules) consisted, according to
Abelson and Smith, of 5«6 longitudinally-arranged filaments
currounding & demse contzal clcoment. They were destroyod by PEONLCEO,
but, walike the filanentous extonoions, woxe sbtablo in water.

d) St¢zucturcs im the Porc lumcn

The most commonly=ocbooxved structure in the lumen of the pore is
the so=called “contral opot® ox contral tubule. Pollister, Gettner

ond Yozd '8 34

firot oboerved it in frog oocytes, Hatsen”® im o variody

of tiosues, Gayw in Drocophila, and Hischnitzorﬁ in mm ooeytes,
but 1% romaincd uncertoin vhether tho object was o stzucture in the
pore complox, material poscing throush the pore, or an artifact.
wischnitmz'B i gave its diametor oo 15 mm; bug 4% subsequontly became
clecar that thio porameter was variable, In spite of somo failures $o
dcmonotrato central spots, the siructures have desomo recognised as
vidogprend im lifo., Honxo %40 demonotrated them im memanlian
tiosue culture colls, Wunderlich and mekaBa in Fetxabymona,

Chopman and vallach?® in S.Coxcvisiace HMorrian®! noted that the

gixucture wos commoner in impature than in mature {xog ooeytes, and
Franke end Schoor” conf{ixnod thiz by showing that 61% of the poxe
complexcs of lagval, but only 365 of thosc of mature, ogss contained

cent:al spots. Abelzon and Smiﬁké pozxcoived tho comtral gronmule as a



tubo eh e wmall conoiotinz of 6-9 lomgitudimally-axranged £ilomonts,
cxtonding o chort distanco into muclous and eytoplacn, ond containing
a deonge gramule uhich pay bo of ribonuclooprotoin matexrdal and can
often be rogolved imto cncldleor gramules.

Linldng the eonmtral gromulc (or tubule) to the anmulug (Abeloon
and SmithB), or to tho pore margin (Prenko emd Seh@@rg), io an axray
of “ptruts” or "intornal fibros of the lumen”, The number of those
io largo but unlmowm, and possibly varieblo; eoach strut is 3 mm
ecross, and may bear globular partieles of 5-9 mn dicme%or; Similap
fibrils often appoor to joim moighdouring annull in amphibian ocsytoo
(Pranke ond S@h@erg); this obgorvation may, however, be an artifoct,
1% 40 possciblo ¢hat cuch an axrray of struts may heve beon zesponsiblo
for carlier reporté of o porc dlephrogm (v. ouprao)s to disimtuigh
individuel struto domondg rathor high rcsolution gleotron microssopy.
Fronke and S@hoer9 addod to tholr dogceription of theo enphibien porc
complex tho sonical “tip-1ike projoetiong® paging Crom the cnnulus
ingo ¢he iumono Tho goneral epplicablility of thig observation is
unknotn,

Elcetron=donce Datcriael im tho pore hag boon soon by oeveral
vorkors, and has gonorally boen intorpre¢ed as matorial poossing through

o1

the systen, uvsually Lron mucleus %o cytoplasm, Koos oboerved

“otrecning® matoriecl on both sides of tho omvolope, apparcntly pessing
through tho pore, in enphibion oocytes; Stophcons and Swif%ﬁﬁg

palkking ocdmdlar.chbsorvetions on Chiremoruc oalivary glond, ecncluded
that tho poxro complen wight bo ¢the gito of RNA tronsport. R@bhun7
hod nndo similar obooxvations on mollugeanm 6ooyLOs, and Andorcon cnd
Beoens on Rhcﬂmiumé79 but horo ¢the otroening oppcarance wight hove
arigen from a collapso of tho oxtonoions of the annulus, either

tubuler o filorontous (¥ pupra) . Tho eurrent view om tho matter
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4o that tho porxe cecaplox 48 indocd tho cito of nesremolosuler trange.
port; ¢ho ennulus 4400l moy be involved (Franko and S@h693339 or
the contral tubule nay structurally roprecent tho transport moshanische
Zho varietion in comtral tubule fyoquency with netebolic activity
londs cizxrcunstantial gupport o the latter hypothesis, Xn addition
to the matezial apperdntly in paosage, imtra-lumcn patogdial hasg
cccanionally been obsorved im tho form of gromules (Gallqﬂ) ené
cnorphous notoriol (contioncd briofly by Frenko and Sehoer”) o

Not all Uﬁitors on tho oubjoet have, howovor, dcceribod those
dumcn contcnts. In port, this amny bo bosauco tho structures are
blelogicolly lebilo; in part, ¢oo, besaugo eortainm fixing and
stalaing proscdurcs dostrey thea, Abolson and SmithB chowed that
KMmO&, for cxamplo, destroyc tho comtroal Gubulo and tho ontizxo
ennulugc as well. Uarimooka, obsoxrving threo spocics of plant eclls,
and Barnos ond Davinbg, oboorving acidephil and bapophil c0llo im
liver, are asomg thosc vhe havo aggertod that pores are “simple holes®,

Tho dyncaic moturo of the pore eanplox (hero ogoin, "dynamie”
sinply ncens “voriable with time in otructural orgenisation®) hag
been cnphagised by a nunber of moems, Chenges ef poxd frequensy,
tho lability of uliragtructural componconts, amd tho geonexrally high
level of protoim turnovor @ﬁﬁﬁ§ll§£j$i€£3ﬁff£§?o) oxeopt in imm@ture
collso (Meriang7) havo holpod oota*lich ¢this point, VMOro re@on§xy9
Bl@@::51 chowed that o hale” oppoarcd wmound tho pere complox of rat
heort muclod whem tho oorcexzoro loagth wos mindmal (im sysgoele), but
diaappea%@d in diaptoleo whom tho sareoroxro was Glomgatcd, Bleon
sugzestod that this appoaransc was noet dvo to & buekling of tho
oavolopo; btug it procunodly reflcets o core orx loos cyslic chaonge
in tho mutual throo-@monsional oricntations ef the ultrastrustural

eooponents < o "dynanic” attributo im the somso of ¢this @iseussion,



30 RAboSEEOn

Ua%oome £irot oboorvod riboscmos adhering ¢o the outer mucloar
2opbrane o ¢o o pieee of rowsh endoplosmic sotioculum, The obgscrva=
tion hag cimeo bcom reportod sevoral times, usunally incideontally ¢o
the nain purpose of tho zosearch (ef, Paxksszg Dup?cwssg Piocher and
cc@per26; Gallqﬂ). Mo cimilar obsorvations have as yot boen modo
on the inncr mombrono, bud 4t would not be cosy to distinguioh riboe
somes om tho muslooplacmie curfaco on ascount of the sontigucusn
chranctin (2. Anfra) » Coxtodimly, ribeserog havo not boom reported
im the pordmuclcor ciotorna. 4 avobor of clelmg, not as yob
cdogquutely cubstontiotod, hove beom me80 to tho offoet that the poxo
complox, oF sem@ poart thorcof, consists of ribogseras or ribescno
PTOBURSOTT. G@iﬂﬂ? bolicved the subomuli Go bo Fibosomog, bocauso
thoy wore im gemorcl of oimiler sise ond bosauso polycomes con £oim
whorls, weughly oiodlor im gpposranec to tho annulus,. HOFTi&Q27
guggosted that A moy bo preoont o8 o strustural componont of tho
poro cecmploxos inm annulate laacllec; by implisotion, this rofors
elco to tho muelcar omvoleps. llany other opoeulations cboug tho
chcadcal naturo of tho pere somplox havo beem made, but ¢theo vieyu
involving E¥A, or norc gpeeifically ribogomes, has oppoaxrcd
repeatodly and has zocoived olaborato troutmont by Proako and S@hoerge
Tho £ibrillar commections betweom tho inmor subonnuld and tho mucloo-
lug, tho opporon® migration of domoo rodliko sonfigurations of
moloolar naterdial through tho control tubuvle, lod omco egain ¢o the
suzeestion that tho vhole ceaplox was o spesinldsod polysose, oF
porhapo an RNago gito for the £incl cleavage of polycistronis
possangers or the ultimato dogomoration of r-RNA procursors o tho

28S and 188 forms., Tho fibrillar conmostions woro intorpreted as

rikonuclooprotoin strands, poscibly m=FIA beoaring 183 ribosomal



ovbumdts oy "infermofor” proteoim, Hewever, cuch ingerprotetions aro
at proocnt tongotiveo, and an apperont functicnal connestion, g
betweon pore conplon and nucleolus, dcos not nocoosarily cmtall
ceapositionnl simdlarity. Koshiba, Smofona and Buschﬁa ghowed that
tho fine £ilomonts im poxo lunensg of Novikoff hopatena cgeitoes nuslol
wore deotroyod rapidly by popsin, but rore olowly by pronase or
gubtilioin; DNoago and, significantly, RiNasc, hod no couparoble
cffost. Trypoim hod a deotructive offcet om the lunom £ibrosg of
heacybeo orbryes (Dupﬁewsﬁ)e Tho fibres appoar, thorofore, to bo
otructurally nointoincd by protoin rothox tham by VA, Tho ddffosron=
tia} protense cetivity may regcdaest extromoo of YpH® im ¢the olomo-
caviromaent of tho pord cocaplex, vardcblo with oposles, or nay
rofloct o mosourc of locel oterie hinderanee to tho lurgor onsyno
noloeules,
In comnsluglon, though wdibosexes ore undoubtcdly attaschod to the
cutor mucloor mecbrenc, and though riboscuas, ribesornl progursorsd
and proounchly othor ribonusleoprotoin cpocios appocr to pass through
or bosomo sontiguoun with tho pore cemplox, 4¢ cannoet at ¢thiso stage
bo conclusively gtated thet tho onvolope has eny ribsnuclooprotein
componento othor than the abovo-pomtiencd euter notbrone ribesomos.
The cempocition of tho poro cemplex 1o by mo neoans £inolly ectoblishod.
bo
Elcotroldnetic proportico of tho muclous dopond on tho éiotribu-

blcotroldnotis

tion of chorgod groups over tho emvolepo suxloec, and ¢hus xoflost
gono aspcet of structurl orgenisotien om tho molceulex lovol. Vacgar
é§;g§55 found thot rat llver nueled havo aa apparent icedoloetric

point of around gH &, but this ecam be lowerad by DNA which is adoorbod

on tho ourfoee at 1o lomic sgtromgth. Sueh odgorded DNA cam boO



ronoved by Dileso, and ¢ho isoclcotric point 4o thug ralocf agoin,
A% o iomie strongth, mucleoar seatonts Doy leok cut and bo cdgorbed,
Thio phome—smen hao boen oboorved im rat livor at pi 6.0 £ 0.2 in
this leboratory; ot pH 7.5, houcvor, tho mucled wore moro stable
and no leaddng occcurrxcd; wmorcover, dications tond ¢o prevomt i,
Kichinoto cnd Liohormam569 naldng vwoo of fho rezoval of tho cuter
roobrone by citric asid (Gury, Pimoon and Hawthorm057)p invostigated
tho offcots en tho distribution of oharged groupo om tho imner
rombrano of portial (67%) hopotocteny and a verioty of phermnsological
ogents. 2<6 hours after hepdtoctomy, a 1.h-f0ld incroasc im elestro-
phosotic nobility ocourred in ho citrato muclol; &ho mobility was
thereaftor constant. (9107 hopotestony producod mo dotoetable shangoe
aftor 6 hours.) Theoo observotions worc not affocted by adronaloctony
(@oplotion of edromelinc and corfisontoroids), but tho moblility
inercase wog supproosed by cetimenyein D im odx tioos tho quontigy
soquired %o cuppross RHA gymthesic, ard by p=flvorephonylalaning,
Nercdronaldino, lemdoing radiation and EDTA hod nmo offoet on tho
ineroasc, X% wup concludod that tho mobldlity ehange was imdopondont,
ot loast imdtially, of RVA symthoois, and indopondont of tho disations
invelvod im DA cymthooio.

Cloorly, 0o Lorerocching ecnslusciens obout mucloar cmvolopo
ptructure folleow £ron thoso obsorvationo, but the zooults of such
studdos ooy uvgofully iilvninato tho preblon omrco relovent infornotion

io obteined from othor lines of imvootigation,

I FUNCTIONAL
The subject sharpotoristic of Ghis cubelass of proportics is
that of cmeymology. The ongynic conpononts of the mucloar onvolope

ore, howover, mot well upderstocd, sinco until rocontly no isolatod

26
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proparatiens vwere avalloblo, anf cemparatively feu oasymos com bo
studied in tho systca im vivg, Hovertholoss, a snoll ramgo of ostie
vities cam be discuscod; and engymes comronly progcomt in nembrene
gyostons vhich have provicusly beon demomstroted im the muelous will
bo memtioncd in pacsing, with a viou to assaying then in igolatod
envelopas at sozd lotor 0%a3e.

1. Emaymog aggoeiated vith tho Nucloar Envelopo

o)

Bvidense hagp aseurulated ovor the past decsde for ¢he proscreo

of gomo comporonts of cn cloctron trancport chaim im the mweloor
envolopo, though it is now clcer thot no complete chaim is to boO
found, Reces and Rowlam&sa ochowed that incorporatiecm of phosphate,
edeninc, orotlc ccid and glyocine into nusloic ceids cnd protoins of
rat liver muclol wes inhibitod by dinitrophonel, anoxie, csido and
chlorpremagine, Though no ATP symnthoois vas dotostod, NADH-
eytochroms ¢ oxidorcdustose and eytochrome ¢ oxidase aetivition wero
found, Ponniall gf a)?° chomod thet tho Porcor of thooo cetivi®ion
vas not & contamdnant, Suceinexidaso was not found, Both cycnide
ond DNepge eomplotoly imhdbitod eytechromo osddase aetivity, but tho
DNage imhibiticn could be rovorsod by cdd@ing RIA er polyethylono
pulphonato. Histonoso woro also found to imhibit, Botol and Klowom600
using rat thymus, focund thot 567 ef tho cellular ATP was o0 do found
in tho mueleds <¢ko muclod nmanifested corobic ATP oymthepio, inhibitod
by rotonone, cnytal cnd carbon momoxido; tho latter bloeck woo phote-=
reversible. Oligemyein block of oxygenm uptoko wos roleased by
dinitrophonol. Axpenito, with or wvithout BAL, govo mo inhibition.
The P:0 ratio hof o minimal value im the rogion 0.6«1,.0,
Kuzminacg§:§g61, uoing o mombrane proparation from gat 1iver

nueloi (ooe chaptor 2), rocovered respiretory aotivity, tho spocific
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oetivity boing 46 timos that im the wmuclol, NADH- cnd WADFHe
cytcshrcooe 6 ozidowreduetaso, glutemate dohydrogenose, ond cytochronc 6

62,63 » voing an amauluge

oxidago woxo found, Boregmey, ruak and Cranc
firoo noobrons proporation £ron bovine liver muclel (sec chaptor 2),
found WADH-cytoshrono ¢ exddorc@uetasc, NADH oxddage, awdcyicshrenc 6
o0sddosc., The first of theso cetivities was dopondent om OxXCZONGCUL
eytoshremo 6, wao 407 inhibited by Dilage (tho witochondricl ongyro
ig only 57 DMago imhibited), and was 267 imhibitod by the efdition
of 0,56 mg histomo/mg protoin, sufficiont complotely Co Anhibig ¢ho
mitochondrdal omoymo., Tho offost of DNago im this sase must bo
intorprotcd wih coution, sinco DNnoo was caployod im tho icelation
proscdurc, Tho inhibitiom moy bo, in reality, comsidercbly groater
than 407,

b) ATPason

Rees and Rcwlcm@%,, though thoy could dotost me ATP symthesds,
found in nuoleld o lig-dopondont ATPose astivatod by dinitwophomed and
inhibited by chlerpronasine, Tho setivation may, im foot, have koon
due to dinitrophcmol inhibitiom of ATP symthegis. Botol ond Kloc:onéo
found that ot looot somo of ¢tho L%Poco eetivity of rut liver muelel
vag onooxrovic, Uoling histoéhcaic&l otodning teehmiques, ncacly
dopooition of lead phesphatc om cnd orcund the sito of astivity,

Yascugund ond Tsmta@é‘%’ ond Yaougurd, b a165

found oen apcociatlon
botucen onvolopo ATPase cetivity and ¢tho ennull of tho pore oomplonog,
in pouse choxold plexus and cormalion tootio roopo6tivoly.

Uoing mombronous fragronts fron pannaliom liver nucleld, Zbarsky

ot al% end Pronko of alé? found ATPasc cotivity, eseomtially

upaffeetoed by the prosonco of coddun or potassiun ions. A¥Pago

cetivity dotcoted 4m memdromous natorial from novge liver and hopotoma

melod by Delektorskayn and Pomvoshohikomég wag 3<6 ¢imoo ¢thet Lo



muslcl, but agodn pa®x® agtivoation ard oueboin inhibitiom woxro not
obsorved. This &oca. not, ao adbarolky @t ol ocugsoot, necoosarily inply
that thoro 40 no ostivo ¢ramoport of alkell potaol iong im the muelear
onvolopas DolokGorolkaye and Poxoveshshikevo Leumd the ATPagse, 2Adlto
thot 4m nitoshondric, %o bo 50607 imhibitod by oligomyein (5 pz/ol)
ond gremieidin o (50 po/nl); ¢hin obsorvation contredicts that of
Laagondor? gﬁmal;@g wao apgozxrGod that thoso inhibitors have no cffest
om the mucloar ATPooo. Howovorp, tho hiotologicol otaeinlng sopults
dogeribed chovo guggost that 1€ vorkers on rombrans proparations £roa
auclcd hod rosovercd o cignificant murlor of poro ccaplexos im their
oaterdal, thoy might clso hovo rceovorod highor speelfic AXPuzgO
aotivity; tho scodivns=potassiun cetivation proporties of tho annulug
onzyme axre &t Progont uvnknotm.

e) DNA Polyzoraso

Caonings and K&Eoﬁmc]@ choved ¢hat 4m synchronous oultures of
hupon cmaden eollo, tritiatod thynidine lebol is initially ineoxrpore
otcd into DNA axound tho ourfece of tho mueleous amd the mucloolus,
Howcver, oynchrony woo attoincd by oxeoss thymidine treatment; i€ io
poesoible ¢hat the “incoxporatod” lebol nerely refleets oxehango
diffuocion botweon lebolled and unlabollod muelootideo, HKHigh intra-
nueloar concontrations of £xoo unlobellod thymddine prevents rapid
ontry an@ ineorporation of lobol boyond the periphory. Pavdousky and
Berlmmmg investigating nole mealy bugo, noted thab merc chromatim
attoshoont to tho onvolepe (v, 4nfro) cemstitutes o moecsoory but not
surficicnt conditicn Lox DNA roplientiom; hewever, Alfort and Da372
ougzzonted that tho onvolopo dogosmimes the rato of DNA oynthesls:
and in oddition much hao bocm modc of tho analogy botween DNA
oyathogis in cusaryotoc and ¢he conditions Laveuring the opplicabilicy

of the “roplicon” thoory im bosterial oystomsSe



Josob, Bronmor and Cugin’> cnd Jeeob, ﬁyﬁor and Cusin'™ firgt
ouggooked that baoterial DA synthogio 4o imiticted ot o peint of
otteshnont botwoon DI and tho guxfacc nembyama; subsoquont lavese
tigotion ao chown (4) that thore 4mdeod is sush am ottochnont (v,
ingen), (41) thot movly-oymthooleod DNA io ossoeiated with tho poimt
of bt%a@hmem%75’766 Simdlox thoorotical axguronts portainiag to
ou©a&y@tea779 cezbinod with £indingo cush ap ¢hoso of Conimgo amd
Ka&mfuﬂa7@ ond the copiriecl obsozvation of omvolopo-DNA attoehe
pont (Ve imfro), otrongly cuppert tho viow thot DHA synthesis 4o
initicted ot tho mueloar omvolopo. The deoomstration that lobollod
DHA procursors axe incorporatod by iselated cnvelepo preparations
vould, howevor, not confimm ¢this view; undor theoe econditiong it is
not oagy to distimgulch botueon the imitiation of DNA synthocdis ond
the activity, for ozaaplo; of o DNA gopaldy engyns.

2,

Other lueloor Fngymog

Sovernl cmgsymes, whieh im othor systemo aro er pRay bO csooelatod
vith nosbrones, have beon found 4m ¢ho muelous. X6 nay bo interesting
to sencldor tho pecolbility that these onsymes ere, im foot, agoeeiatod
with the nusleuy enveiopoe So faxr, mo such invootigetion hos boon
oodo, These onsyrmos includose |

o) Pzotonsen

A sopplox rongo of mueloor protoasos was reported im rat liver
by Deuncé cnd Ucdﬁajae Ser0 or 01X of theso oy rooiée im tho .
cavelopa; proteaco 0etivitios have beom roportod in othor nenbrone
pyotons (Ceg. Morrisen omd Nou@ath79).

b) Ngeindopondont Alino Phoophateso

This cmoymo 10 conoldorably purdficd im nuclocr froctions, and

eppoars %o havo a pH opticun of ardunﬂ 9.5 (£, Imoxy and @@g&@ogg).

Phoophatooo cetivitios wro eormonly found im geabrano 8y3tors ¢



o) Aldolase
The aotivity of aldolase is rothor unprodictable (Roo&ynm);
ruclei rotein less than do cucrose nuclei (Dounce and Beywsz) » Which
nay ioply eithor thot aldolase is o soluble cngyme readily lsached out
of the nuclci undor 20id econditions, er that it is assocliated with the
outer oembrome,

To this brief list may be added:=

8) DNA-depondent BNA Polymeraso

This engymo has boen said to be solublo (Romus _q_t__g_laB) ;
nevertheless, any aasoﬁiaﬁon of 4t with the nuslear envelopo would
be functionally intorosting. It could, for imstance, imply that RNA
syntheais ocours partly, or oven predominantly, at the site of RNA
transport.

b) Glucose-E~Phosphotase

Though commonly believed to be absent from nuclei, this engyme
hed 507 of the specific aotivity of microsomal preparations in the

merbranous material cbtained from liver nuslei by Kashnig and Kaspar&".

66 67

Zbarsky et ol and Fronke ot al™ ', who cppear to have worked with

cleancr nuelei, Cound the eotivity to be megligible,

III IMPORTANCE OF THESE PROPERTIES IN THE ISOLATION OF THE ENVELOPE

Prom the brief roview of the properties of the muclear envelope
prosented above, two sets of concepts can be derived:-

a) Problems: 1t chould be possible, ideally at least, to
confirm or refute, to extend, and to explein (i.e. to provide undere
lying molecular models and mechanisms for) the givem list of propertics.
The invostigation of the nuolear envelope desoribed heroinafter

constitutes an attempt to deal with a froction of these probiems,

b) Criteric for a nuclear onvelopo preparatiom: Clearly,

3

odtrate



material isolated from "pure" nuclei (see chapter 2) constitutes an
acceptable nuclear envelope preparation if and vnly if it manifests
all the properties which have been as.ociated, reproducibly and
certainly, with the nuclear envelope., The enzymic properties do not
provide suitable markers here. Some of the activities have been found
only in isolated membrane material, while the others (e.g. polymerases,’
ATPases) are not necessarily associated only with the envelope. This

means that the ultrastructural properties must provide the criteria for

a satisfactory envelope preparation: a double-membrane system, with
20-30% of its surface occupied by pores, the outer membrane bearing
rivosomes, 1s acceptable as nuclear envelope. The other features of
the pore complex may be regarded as a necessary and integral part of
the envelope system, or they may be regarded (as by Abelson and
SmithB) as structurally distinct. In the succeeding account, the
former altérnative has been selected on the grounds that throughout
its history (except perhaps during cell éivision, ¥. infra) the
envelope and the pore complex bear to each othera very close structural
relationship, andthe available evidence suggests that they interact
functionally. It may, indeed, be reasonable to suggest that without
the pore complex, which is its principal distinguishing feature, the
nuclear envelope becomes biologically uninteresting and that any
discussion of it would be of debatable value. Moreover, arguments
will subsequently be presented to show that the integrity of the
double-membrane system depends on the presence in it of pore complexes.
Therefore, the presence of a pore complex with all associated struc-
turally recognisable features will hereinafter be accepted as a

necessary criterion for a nuclear envelope preparation.
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B PROPERTIES PERTAIRILNG TC THE ENVELUGPE IN INTERACTION WITH OTHER SYSTENS

The word “interaciion®™ can have a variety of meanings depending
on the context in which it io used. GSome attempt at rigorous definition
must therefore be made at the outset of t.io discussion. In general,
two entities, A and B, are said to interact when the following two
criteria are satisfieds=

a) A and B overlap, mix or are contiguous, or exchange matter,

onergy or infurmation for at least some portion of their existences

b) If A and B can also exist separately, i.e. there are cases in

which criteria (a) is not satisfied, then tﬁe properties of A and

B are qualitatively differen% vhen criterion (2) is satisfied and

when it is not (i.e. vhen A and B are mutually isolated).

If these properties be once again classified as structural (essentially
time-independent) and functional (essentially time-dcpendent), then

the intéraction may correspondingly be described as structural or
functiénal (Cf. Introduction). In the first case, the structures (i.e.
composition, molecular organisation, ultrastructure, etc.) of inter-
acting systems are in part determined by and in part determine the
structure of the system under consideration. In the latter case, the
system under consideration is in some way involved in the detecrmination
of a time-course of change in the structure or composition of the
interacting systec, or by controlling the supply and distribution of
materials d;rectly affects their functioning.

In the case of the nuclear envelope, structural interaction may
involve either the cytoplasm or the nucleoplasm. Here, a question may
legitimately be raised; to what =xtent are the structura. character-
istics of the enveiope,>discucsed in the previous section, dependent

upon such interaction? This question can only be answered by an attempt

33



to isolate the envelope, obsexving the effect of successive removal of
components of the contiguous oystems. However, it scrves, even vhon
unanswerod, %o eumphasise the point that a distinction between proper-

tics of the system in isolation and in interaction is not a true
dichotomys it is merely a separation of the extremes of a continuum.
Functional interaction may be taken to include the pexmeability
properties of the system, the "blebs” which appear to pass out into
the cytoplasm and may be involved in nucleocytoplasmic exchange, and
the apparently passive involvement of the system in mitosis in the
majority of organisms,

I STRUCTURAL

1. Cytoplasmic

Continuity between the nuclear envelope and certain cytoplasmic
membrane systems has been reported many times i# the literature. Its
significance is not ag yet altogether clear. It may imply some
relationship between the permeabilities oxr other functional properties
of the systems; or a generative link between them, one set of membranes
giving rise to the other throughout the cell cycle or at discrete points
in time; or that the outer nuclear membrane is best regarded as a mexe
extension of, for example, the cndoplasmic reticulum. Evidence for
these conjectures can be revicwed here, but it is not at present
sufficiently direct to be accopiable,

watson34first noted the continuity between ‘he outer nuclear
membrane and the cndoplasmic reticulum, and betwecn the outer and
iiner nuclear membranes at the pores, in a varioty of rat ticsues.

He concluded that all these systems may be regarded as part of "the
same membrane system". Since this phrase is often taken to entaill
compositional similarity, or cven idemtity, to say nothing of functional

similarity, the conclusion must be viewed with cautiong (tendons and
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muscles are often "continuous” with one another in many higher
organisms). From further reports of the continuity of the envelope
with the endoplasmic reticulum (de Groodt et 3185, Park529 Hadek and

86

Swift  and others), it can safely be regarded as a fairly general

rhenomenon, at least in higher organisms. Hadek and Swift86
believed the continuity to have possible implications in transport
processes, and visualised nucleaf material entering the cisternae of
the endoplasmic reticulum, via the perinuclear cisterna, perhaps
finally passing into the cytoplasm. Barer, Joseph and Meek87 made

similar observations on locus testis secondary spermatocytes, and
suggested that the nuclear envelope might be generated from the endo-
plasmic reticulum. Hertigea believed that the annulate lamellae,
vwhich ultrasiructurally resemble the nuclear envelope, in human primarxry
ococytes mixht be derived from iﬁteraction between the nuclear envelope
and the endoplasmic reticulu ..

In other species, continuity between the nuclear envelope and

still other membrane systems has been observed. In fungi,for example,
the envelope appears to be linked through a double membrane to the

plasma membrane; this has been observed in the deuteromycete Stilbum89

and the ascomycete Mollisiago. In Ochromonas and Rhodomonas, Gibb391

noted continuity with the outer membrane of the chloroplasts. Such
considerations do not, however, seem applicable to mammalian tissue.
The crganisation of contiguous components of the "soluble" fraction of
the cytoplasm by the nuclear envelope remains a possibility which has
not, as yet, been investigated.

A point not frequently raised about the continuity of the envelore
with other membranes is that the links must in general be continually

broken and reformed, since nuclei rotateBo at an average rate of



1 rev/280 secs. It is improbable that the attached systems describo
a fixed orbit at the same rate,

2. Nuclear

a) The Attachment of INA

In bacteria, the "replicon" theory requires a point of attachment
between DNA and the membrane73°z4. Smith and Hanawalt?? obtained evi-
dence to suggest that DNA was associated with a lipoprotein complex in
some procaryotes, and Tremblay, Daniels and Séhaechter75 showed that
the DNA of B, subtilis was associated with phospholipid-rich material
of membranous origin. Bvidence had previously been obtained by Ganesan
and Lederberg16 that a cell-membrane bound DNA fraction isolated by
lysis and gradient centrifugation of B, subtilis contained the newlye
synthesised DNA. However, this membrane<DNA complex was stable only
in 10 mM Mg++; Such high dicatlion concentrations can give rise to

artifactual binding. Arguing largely by analogy with the replicon
theory, several groups of workers have suggested that attachment of
DNA to the nuclear envelope in eucaryotes may be a prerequisite of
DNA synthesis (Cf. Lark, Consigli and Minocha77, vhere thé discussion
centres on various mammalian tissue culture cells, particularly
Chinese Hamster). Circumstantial support is lgnt to this analogy by
the isolation of various DNA and 1lipid containing complexes fxom
nuclei (see chapter 2). More direct evidence for the attachment of DNA
to the envelope in a wide range of species is now abundant in the
literature.

Bisapultra and Burton93 demonstrated by electron microscopy DNA-
photosynthetic lamella attachment in algal chloroplasis. Duprews3
showed that chromosome fibrils are attached to the annuli of honey-bee

embryo nuclei., Woolam, Ford and Millen?4 showed that the chromosomes
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are terminally attached to the envelope in the pachytene stage in
mammalian spexmatocytes; the same authors95 showed that the synaptinemal
complex of mouse spermatocytes, the only chromosome readily wvisible ih
the electron microscope, is linked across the nucleus to the envelope
at the centromeric and distal sides; the former side is linked by &
heterochromatine-like basal knob. Comings and Okada41 showed that
stellate arrays of chromatin fibres are associated with the annuli of
the envelopes of many mammalian and avian interphase nuclei; during
cell division, however, despite the "random attachments" between
chromosomes and membrane fragments observed in the metaphase and
anaphase stages in human amnion cells (Comings and Okada96), the nature
of the DNA=envelope attachment is far from clear: The problem will

be further discussed when mitosis is considered (v. infra).

b) Peripheral Chromatin

It has become clear that, perhaps independent of any definite
point of attachment between the envelope and DNA, the presence of the
envelope confers upon the chromatin nearby a characteristic and
perhaps functionally distinct pattern of organisation: This "granular
perinuclear layer"” has been observed by electron microscopy in a
number of tissues. Farquhar and Palade97 reported the existence of the
layer in renal glomerular cells, and Bruni and Porter’C in human liver.
Patrizi and Poger99,fbund the layer to be most readily observed after

glutaréldehyde&OsO treatment; 1t extended for some 40=60 nm into

4
the nucleoplasm and was referred to by these workers as the "gonula
nucleum limitans™. In all these reports, the layerbwés found to extend
over all the nucleus, except at the sites of the pore complex, being
situated immediately below the inner nuclear membrane. This point is

made again, implicitly, by Franke and Scheer9 in their discussion of



the amphibian cocyte@envelopeg the model presented by these authors
shows the granular perinuclear layer exténding indefinitely arocund the
nucleus but becoming discontinuous some 10-20 nm from the annulus,

The structure of the layer has been subjected to careful investi-

1005101 213 Davies and Sma11'%2, The picture arising

gation by Davies
from this investigation ie as followss the bulk nucleoplasm consists

of randomly=-distributed structural units, but these same units are
arranged in ordered layers at the periphery of the nucleus. The "blebs"
vhich pass into the cytoplasm (v._ infra) contain similarly ordered
material. The envelope-limited sheets, frazments of envelope with
attached chromatin found in and around metabolically active or dividing
nuclei, again bear chromatin with a similar morphology. The moxrphology
in question is seen as a succession of electron-transparent and elect:on-
dense bands arranged in parallel to the surface; the transparent bands
are crossed, more or le.s perrendicularly, by a regular sequence of fine
electron-dense filaments. Howcver this morphology is to be iﬁterpreted
in terms of chcmical composition; it suggests that the layer has the
physical characteristics of a gel. If'this is so, then the envelope
orgenises and at the same time rests upon a matrix of gelatinous
chromatin., This point may be of significance both in the functional
properties of the envelope and in an attempt to obtain an isolated
preparation,

However, it is probable that chromatin organisation is determined
at least in part by dications present in the nucleoplasm. Calf thymus
nuclei, for example, contain 0,115 mg Mg++ and 0,024 mg cat? per 100 g
lipid-free dry mass; most of the former ion is apparently bound to the
DNA and most of the latter tq the protein, though externally added

magnesium binds to the protein and externally added calcium to the DNA
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(Mirsky and OsawaBO)o This data may azain be of significance, not
only in the mechanism of structural interaction between envelope and

nuclear contents, but also in the separation of envelope from chromatin
during an isolstion procedure.
II  FUNCTIONAL

LS Permeabllity Properties

The appaxent passage of electrcﬁadense material through the envelope
has been reported in the bug Rhodnius (Anderson and Beams47)o the rabbit
spinal ganglion (Dawson, Hossack and Wyburn36)9 young amphibian oocytes
(Kesse145)D and a variety of other systems. In the latter two of these
observations, the electron-dense material was said to be associated
with the pore complex. Such observations illuminate two preconceptions
which have been highly important not only in the investigation of
permeability properties but also in all intexrpretation of envelope
ultrastructure: first, macromolecules, and even particles of anything
up to ribosomal size, must be able %0 pass through the nuclear envelope;
and second, the most important, or even sole, site of such transport
is the pore complex or some component thereof. The empirical valida-
tion of these preconceptions has been the object of some of the most
careful work on envelope permeability.

Permeability to small molecules (inorganic ions, monosaccharides,
amino acidg, nucleoside bases, etc.) appears to be free. There is no
apparent diffusion barrier as in the majority of membrane systems,
though as Harding and Feldherrw3 observed (v. infra), there is clearly
a diffusion barrier to larger molecules. Anderson and Wilbur1o4
showed that isolated liver nuclei are permeable to sodium, potassium,
magnesium and calcium ions. Work on the swelling of nuclei in electro=~

lyte solutions will be discussed in the next chapter; in .general, such
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work implies that the envelope is freely permeable to the electrolytes.
The findings of Naora gﬁ_g;}os that sodium and potagsium both concen-=
trate in the nucleus has suggested an active transport system to some
vorkers, but it is difficul¢ ¢o see how active transport could work
efficiently in the absence of a diffusion barrier. It seems more
prcbable that the mean activity coefficients of the ions are lowered
by the conditions of the nucleoplasm relative to the cytoplasm or bulk
solution; such a difference might well arise from the high concentra-.
tion of charged groups (nucleic acid, histone, etc.) in chromatin,
Certainly, the intranuclear sodiumfbrms a separate pool (Langendorf,

Siebert and Nitz»Litzow106)

« Entry of more ions into the nucleus by
free diffusion may reduce the chemical potential of the intranuclear
vater, thus leading to Qater influx and an increase in nuclear volume.
According to Naora §§_§£105, leucine and alanine are slightly
concentrated in the nucleus. The mechanism here may be similar to that
rostulated above. Certainly, amino-acids in general enter the nucleus
30)

freely (Hirsky and Osawa » Many mono-and di-saccharides enter

amphibian oocyte nuclei very rapidly, presumably again by free diffusionj

e.g. xylose, glucose, sucrose and raffinése (Callan1o7; Goldstein and

108) 08 gtate that sucrose, added in

Harding . Goldstein and Harding1

1.5 molal solution in Ca-free Ringer, crosses the envelope more rapidly

in young than in old frog oocytes. It is tempting to suggest that

this corresponds to the greater pore frequency found in youngef oocytes
(vo_supra), Monné1o9 showed that lowemolecular weight dyes, both lipid
soluble and lipid insoluble, positively or negatively charged,

entered the nucleus freely. Feldherr and Harding12 summed up all these

findings by the generalisation that any molecule of less than 500

daltous can enter the nucleus without experiencing a diffusion barrier.



A variety of enzymes also penetrates the envelope. DNase, RNase, .

trypsin and chymotrypsin entry were described by Anderson11°

in iso-
lated liver nuclei. It is not, however, reasonable to conclude without
further evidence that the native envelope is permeable to these mole-
cules; such enzymes may well be entering by degrading the envelope and
contiguous chromatin and passing through the channels which they
generate, In fact, the entry of any molecule, particularly any macro-
molecule;, can perhaps be seen in texrms of a structural modification

rather than in terms of permeability properties of the ummedified

nuclear envelope. (Such findings may nevertheless be significant when

41

consideration is given 10 removal of chromatin and nuclear subfractionation.)

Amphibian oocytes take up haemoglobin (Holtfreter114)g liver nuclei
12y, ana ferritin microinjected

113

take up heparin (Anderson and Vilbur
into the cytoplasm of amoebae passes into the nucleus (Feldherr
In such cases, however, entry is not immediate, Ferritin particles

are absent from the nuclei a few minutes after microinjection, but are
present betwcen 1 and 24 hours later. Heparin enters more rapidly, but
in view of the marked effects of this molecule on chromatin orgaenisa-
tion, this result may be treated as exceptional. Axginine=rich,but

not lysine-rich; histones enter the nuclei of Vicia seedlings (Dick114).
In agueous media, thymus and liver nuclei lose proteins, particularly
histones (Stern and Mirsky1‘5)g again, protein molecules believed to
be of low molecular weight pass, albeit not freely, through the
envelope. This result can be related to the finding of Lorch and
Danielli"é9 that nuclei subjected to agqueous media prove to be
inactive when implanted into other cells. Protein loss under such

circumstances could perhaps be prevented by increasing the colloid

osmotic pressure of the medium used (see chapter 2). Amphibian occytes
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seem completely impermeable to very large molecules, e.g. egg albumin,

107 108,

glycogen and acacia (Callan ~'; Goldstein and Harding Bovine

serum albumin appears to be close to the critical size for penetration

17y

of nuclear envelopes; it enters Chaetopterus egg nuclei (Merriam
118
)

but not those of amphibian oocytes (Battin « It is important to

emphasise that molecular size; not weight,‘appéars to be critical in
determining nuclear envelope permeability. Stephens and Swift46
demonstrated the passage. of RNA between nucleus and cytoplasm in
Chironomus salivary glands - é long~-suspected phenomenon; but the
molecular welght of the permeating molecule is probably many éimes
greater than that of bovine serum albumin. In cross-sectional area,
however, it is if anything slightly smaller (assuming an extended
helical configuration).

The site of nucleocytoplasmic exchange of macromolecules has been
investigated using colloidal mét&ls. With 4=5 nm colloidal sacchari-

nated Fe particles, Moore et a1119 found that rabbit spleen

2%3
sinusoidal and Kuppfer cell nuclei were entered at all points{n there
was no obvious ultrastructural coxrelate. Feldherr and Harding12 con=
sidered this finding to be an artifact of sectioning of the tissue.

120,121 22 sed 2.5-5.5 nm colloidal

Feldherr and Feldherr and Marshall®
gold particles coated with polyvinylpyrrolidine (final diameter 10-20 nm)
in isotonic salt solutions. 1-2 minutes after microinjection into the
cytoplasm of amoebae, such particles accumulated round the nuclei and
passed into the pore complexes. After 24 hours they appeared to be
concentrated in the nuclei; the significance of this concentration
effect is unknown. The pore complexes of frog oocytes also bind the

123,124,

particles (i'eldherr subsequent reports confirmed that the

binding occurred specifically at the pore complexes.
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The nucleus also appears to exchange material directly with the
extracellular medium. De Bruyn, Robertson and Farr125 showed that
acridine dyes stain the intranuclear material but not the cytoplasm.

26 provided evidence that fat drcplets pass from the extra~

Epstein1
cellular medium to the perinuclear cisternalvié the cisternae of the
endoplasmic reticulum. Thus, evidence in favour of one of the con-
Jectures raised concerning the continuity of the membrane systéms

(v. supra) is provided.
2, Electrorhysiology

Electrophysiological parameters of the nuclear envelope have been

measured in Chironomus and Drosophila salivary glands and in amphibian

oocytes. In Drosophila, the potential difference between nucleoplasm
and cytoplasm is 15 mV (nucleoplasm being negative relative to cyto-
plasm), giving a potential gradient of the order of 104 voltq/cmo
The envelope resistance is about 1 megohm/bmz and the capacitance

127,128,

about 10°%pF (Lowenstein and Kanno . A porous membrane, pere

mitting free ion flow, would however have a resistance of around ‘i()"3

127)

megohms/cm2 (Lowenstein and Kanno In frog and newt oocytes, there

is no measu;able potential difference and the resistance of the envelope

is not distinguishable from that of the nicleoplasm and cytoplasm.

In neither type does the nucleoplasm of cytoplasm have a measurable

resting potential (Kanno and Lowenstein129), Attempts have'been made 1 20* 131
to correlate these electrophysiological species differences with ultra-

structural differences. Whether there is a resting potential or not,

material is generally present within the subunits of the pore complexes,

and one might expect ion flow always to be thus impeded; howe#ero it

has been shown (Y. supra) that ion flow across envelopes is always frec.

The investigators were unable to find ultrastructural differences

between high and low resistance envelopes,
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Ito and Lowenstein132 showed that ecdyson reduced the nuclear
ingity  in the Tsolabed solivary gland

envelope ion permeability e£|Chironomus to 1/5 its basal value ir1 hour.
The same fall, measured as an envelope resistance change, also occurs
normally during development. It corresponds to the chromosomal puffing
and to increases in the level of DNA and protéin° The cell membrane
resistance and cytoplasmic ion content, however, remain unchanged.
The difference between high and low envelope resistance, therefore,
might correspond to a difference in nuclear activity or concentfation
of protein and nucleic acid around the envelope rather than to any
structural difference_in the envelope itself., This suggestion, however,
docs not resolve the contradiction between high resistance and apparently
free ion permeability found in many systems.

Such observations as these question the validi:y of naive attempts
at correlation betveen observed ultrastructure and permeability. Desgite
the apparent similarity of pore complexes in all systems studied, the
freedom of ion permeability as determined tyenvelope resistance and
resting potential is not similar. When this is the case, while free
ion flow is assumed in consequence of simple permeability measurements,
it must be concluded that the kinctics involved in the two definitions
of ion flow are markedly different. Here, a detailed knowledge of the
molecular structures involved - presumably the pore complexes = might
lead to testable hypotheses explaining the apparent contradiction,

3, Blebg

So far, properties of the nuclear envelope which might be of sig-
nificanco in nucleocytoplasmic exchange mechanisms have been discussed
in terms of the continuity of the system with the endoplesmic reticulum,
the contiguity and possible functional linkage with chromatin, and the

‘remarkable permeability to many metabolites. There is, however, another
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set of properties vhich falls into the same class, namely the ability
of the envelope rapidly to generate outpocketings into the cytoplasm.
Often these outpocketings, usually known as “blebs", may be pinched
off and subsequently seen as cytoplasmic vesicles. Some writers have
speculated that such an event may be an importént step in the ontogeny
of certain cytoplasmic organelles. Others are content to percéive the
mechanism as a possible way of transporting high molecular weight
nuclear contents into the cytoplasm.

De Groodt gﬁ_g&?s believed bleb formation to be associated with
mitochondrial activity in neoplastic tissues in mice, on the grounds
that blebs appeared only when mitochondria were close to that region

of the nucleus. Anderson2 showed that isolated rat liver nuclei
developed blebs when exposed to distilled water or a range of elecirce
iyte solutions, but blebbing was inhibited by the presence of sucrose.
This provides a further justification for the inclusion of sucrose in
media for the isolation of nuclei (see chapter 2), if blebbing is (and
presumably it can be) associated with loss of envelope. This work

implies that hydration changes or changes in organisation of the chromatin
are responsible 7or blebbing (see chapter 2). Birdsell and CotaaRobles133
believed blebbing in E. coli spheroplasts to be due to complex=coil
formations from broken membranes. It is improbable that such a

mechanism underlies the appearance of eucaryotic nuclear blebs, but

the rapidity of formation suggests that either a fairly large pool

of envelope precursor can be brought quickly into synthetic action or

the envelope is inordinately elastic., Evidence.against the former
possibility is provided by the observation that a punctured envelope

does not reform raridly, and the nucleus dies (Miwsky and Osawaso)b



Electron-dense material was observed in blebs of Drosophila sali-
vary gland nuclei by Gay43°134. The electron density was reduced by
DNase both in the blebs themselves and in the vesicles apparently
pinched off from them. The lamellar structure of chromosomes at
points of contiguity with the envelope was believed by Gay to consti-
tute a possible abscission layer facilitating the development of oute
pocketings. The blebs here were surrounded by double membranes. Blebs
have also been observed in many mammalian tissues. Clark135 described

136

very large double-membrane omes in rat pancreatic acinar cells, Huhn
say them in monocytes, McDuffie137 in leukaemic and Smith and O'Hara138
in nonleukaemic leukocytes. In other species, too, blebbing activity
appears to be common, though by no means universal11. Those described
by Bennett139, McAlear and Edwardsa9, Moore and McAleargo, Gihbs91,

Hadek and SwiftS® and Parks’?

» vary in size from minute lumps on the
nuclear surface to convoluted massé§4filling the cell., All these blebs,
however, corresponding probably to the first blebs ever reported
(Cohen140), appear only to have a single membrane; they are outgrowths
of the outer membrane of the nucleus. Often, they appear to be contiguous
with the endoplasmic :etiCulum_or with the plasma membrane, and may
represent a flowing of membrane material from such a system into the
nuclear envelope, resulting in the sudden apparent overgrowth of the
latter. In isolated liver nuclei, very small blebs have been 6bserved
in this laboratory. They are abundant at pH 6.0-6.5, but largely
disappear when the pH is raised above 7, so long as dications are
present. Such outer membrane blebs, of course, contain no chromatin

~ and must necessarily be free of pore complexes if these structures do
indeed link the two membranes, as seems likely. Their significance

may lie in the transport of material from the perinuclear cisterna into
the cytoplasm. The mechanism of their formation, the subject of

speculation -above, is at present unknown,
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One final way in which nucleocytoplasmic exchange may be effected
is by the synthesis of annulate lamellae from the nuclear envelope;
there is a certain amount of evidence that such a process may'bccur141.
Since the annulate lameli:ae are predominantly cytoplasmic, and since,
if indeed the envelope is their site of origihD they pay well carry
attached nuclear contents, their synthésis may provide a specialised
transport mechanism in some tissues,

4. lMitosis
Although in some species, e.g. ciliates (Anderson142) end the

stamen hair of Tradeséantia (Wada143) the nuclear envelope persists

47

throughout dell division, it disperses late in prophase in the majority-&ﬁ-

cases and is not resynthesised or reassembled until the end of telorhasg,
The mechanism by which the breakdown of the envelope is brbught about
is uncertain, but i*s nature has invited speculation, Baud£c44§
speaking specifically of rat and cat liver, believed tho system to be
dispersed by some surface-active agent released by other processes at
the onset of cell division. Lettrﬁ145 suggested that, as the chromosomes
condensed, the surfaces of the envelope no longer protected by nucleiec
acid were attacked by proteases°. Other research, while not explicitly
postulating any mechanism, contains information which might be relevant.
Meeker146 for example showed that sea-urchin eggs ceased to divide{}in
potassium depleted media, but this inhibition was removed on the
addition of potassium. Mazia147 showed that 0.75 M mercaptoethanol
inhibits mitosis in sea-urchin eggs, with the resul{ that the chromo-
somes condense more and more on to the envelope and at last become very
muach shorier than in normal prophase., As yet, however, no widely-
accepted or accoptable hypothesis accounting for the phenomenon has

been published.
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Chromocome condensation is preceded in prophase in rat liver
nuclei (Philpot and Stanier148) by a coarse granularity of the nucleo=-
plasm, observable in isolated nuclei in the light microscope. The
granularity induced by ionic strength increase, reduction of pH to
5.1, addition of histone, protamine or 8 mM Mg++g is significantly

finer, Comings and Okada149

shoved the condensed prophase chromosomes

of the Indian /mintjac to be attached to the inner nuclear membrane,

each chromosome having seweral points of attachment. There was al®

attachment to the periphery of the nucleolus. As condensation proceeded,

the chromosomes remained thus bound but the envelope disintegrated.

It is probable, in view of the earlier work by these authors, that

the attachment points are the pore complexes in this as in other

species, The process by which the envelope is degraded may be any one

of, or none of, the above-mentioned speculative mechanisms. it is

clear that, by the onset of metaphase, the envelope has wholly disintegrétedo
The fate of the degraded envelope has been studied in a number of

150) the

tdssues. In onion and garlic root-tips (Porter and Machado
envelope and the endoplasmic reticulum with which it is continuous
break into fragments in late prophase, and these fragments sufround the
spindle, excluding mitochondria from the region: It is probabie that
the envelope resynthesised around the daughter nuclei is built at least
in part from these mixed fragments of the membrane systems. The endo-
plasmic reticulum and nuclear envelope are thus continuous in time as

117

vell as in space:. In Chaeopterus oocytes, Merriam observed that

the‘envelope becomes vesicular in prophase, breaks apart, and drifts

into the nucleoplasm and cytoplasm. In telophase, general cytoplasmic

vesicles (from which those originating from the old envelope are indise
align.

tinguishable in the electron microscope) &&iggnﬁthemselves on the

surface of the daughter nucleus and flatten out into a double-membrane



sheet; pore complexes, with siructure characteristics of those in the
mature nucleus, can be seen in the nascent envelope. Davies and Tooz@fls‘io
observing newt spleen chromosomes during division, described the fate
of the enve.ope. In prometaphase, the envelope collapses at points
from vhich the chromatin ;) contiguous in interrhase has previously
withdravm. Throughout the rest of mitosis, the system suxrvives only
as small chromosome=bound fragments, but the endoplasmic reticulum
remains intact. Reappearance of a complete envélope begins early in
telophase; +the membranous material takes the form of linked vesicles
which gradually increase in size and, shortly before envelope reforma-
tion is complete, have a definitely double-membrane appearance

(Mazia 47),

Though some species differences are apparent from this brief dis=
cussion, it is clear that, in general, the nuclear envelope collapses
into vesicles = probably single-membrane vesicles « late in prophase
and is reassembled from these or similar wvesicles in telophase. No
adequate trace of the pore complexes in the intefvening period,
however, has been described. Given the established tubulaxr nature of
the spindle fibres, it iS’cqnceivable that. some components of the pore

complexes contribute to the é&néhesis of the mitotic spindle épparatue.
Unfortunately, evidence whichxlemx convimeing support to this idea.

would de difficult to obtain.

III IMPORTANCE OF THESE PROPERTIES IN THE ISOLATION OF THE ENVELOPE

o

Except in a fev special cases, the pexrmeability properties of<a
rembrane system cannot be recovered in isolated preparations. The same
is true of electrophysiological properties. However, such properties
have an indirect relevance to the problem in hand: any structural
model postulated for the nuclear envelope must be consistent with the

functional properties discussed above. The breakdown and resynthesis



of the system during cell division raises the problem not only of ontogeny
but of maintainance of stability. The former property (see Introduction)
is intractable by present techniques; the latter relates to the struce
tural characteristics of the system in interaction. The structural
linkages of the nuclear envelope with cytoplasmic membranes and chromatin
(including the apparently specific DNA binding at the annuli) thus take
on ;reat significance, possibly explaining both the stability of the
envelope and its breakdown in mitosis. This renders more specific one
of the questions raised in the Introduction, and makes even mdfe
important a careful study of the isolation of the envelope and of its

attachment to other systems.

SUMMARY

1. The isolated nuclear envelope from rat liver is a double-membrane
system bearing structurally recognisable pore complexes at a density
of 26o494p%. Once a preparation satisfies this definitiori9 attention
can be given to minimisation of its content of, say, DNA, RNA and
histone to satisfy arbitrary criteria of "purity”. This ﬁroblem will
be discussed more fully in part IV,

2. An examination of the structure of the pore complex, as distinct
from the envelope as a whole, may be of value, since the pore complexes
appear to confer upon the envelope most of its characteristic
properties, notably chromatin binding and permeability.

3. Vhile no inherent functions of the system serve to define a pre=
paration, many are worthy of investigation since they may lead to
inferences concerning the purposive aspect, the "functions=ip$the=cell",
of the envelope. Such functions are outlined above.

4. Special attention must be paid in the isolation procedure to the

consequences of removing from the system eppended chromatin and
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endoplasmic reticulum. Knowledge of structural interaction and of the
factors involved in stabilisation and breakdown of the system may be
of great significance.

The first and last of these four points of summary greatly
increase the relative importance of the first question posed at the end
of the Introductién; how can the system be isolated, .and what structuxel
links with other systems are apparent? The latter half of the questicn
has been largely answered in the foregoing review; but actuél isolation
may refine and add deotails to the available information. The second
point directs the next threé seneral questions from the Introduction -
(vhat are the components of the system and what particular pfbperties
do they have? How are they organised in space? And can structure be
related to function?) - more towards the pore comrlex than towards the
envelope as a whole. Detailed knowledge of the ultrastructure of the
complex may be very useful here. However, a thorough investigation of

these points does not directly include an approach to the fifth
general question; what purpozes do the behavioural characteristics of
the system serve? Tnis problem belongs to a separate research topic,
aimed at elucidating the functions of the system in siiu rather than
its structure in isolation. Tais does not minimise its importance,
but rather detaches it from the project in hand.

Hence, this thesis presents an empirical examination of tﬁe iso=
lation and stability of the envelope under various conditions, together
with an examination of the composition of the isclated system.
Particular reference will be made throughout to the pore complex.
Parts II and III will contain a full account of the experimental

findings; part IV will be devoted to a general discussion of the

significance and interpretation of the results,
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There now follows a review of the techniques described for the
isolation and subfractionation of nuclei, with particular reference
to the preparation from nuclei of membranous and envelope-like

material.

REFERENCES

i. R, Brown, Trans. Linnean Soc., 16 (1833) 685.

2. N. G. Anderson, Expl. Cell. Res., 4 (1953) 306.

3, H. T. Abelson and G. H., Smith, J. Ultrastr. Res., 30 (1970) 558.

4., J. P, Hartmann, J. Comp. Neurol., 99 (1953)3201.

5. S. L. Palay and G. E. Palade, J. Biophys. Biochem. Cytol., 1
(1955) 69.

6. B. A, Afzelius, Expl. Cell Res., 8 (1955) 147.

7. L. I. Rebhun, J. Biophys. Biochem. Cytol., 2 (1956) 93.

8. M. L. Watson, J. Biophys. Biochem. Cytol., 6 (1959) 147.
9. W. W, Franke and U. Scheer, J. Ultrastr. Res., 30 (1970) 288.

10, J. K. Koehler, J. Ultrastr. Res., 6 (1962) 432,

11, J. G. Gall, Protoplasmatologia, 5(2) (1964) 4.

12, C. M. Feldherr and C. V. Harding, Protoplasmatologia, 5(2)
(1964) 35.

3. H. G. Callan, J. T. Randall and S. G. Tomlin, Nature, 163
(1949) 280,

14. H. G. Callan and S. G. Tomlin, Proc. Rev. Soc. Ser. B., 137
(1950) 367.

15. R. Bovey, J. Roy. Microsc. Soc., 72 (1952) 56.

16. A. Beirati and F. E. Lehman, Experientia, 8 (1952) 60.
17. P. Harris and T. W. James, Experientia, 8 (1952) 384.
18. A. Pcilister, M. Gettner and R. Ward, Science, 120 (1954) 789.

19. F. S. Sjéstrand and V. Hanzon, Expl. Cell Res., 7 (1954) 393.

20, PF. S. Sjéstrand, Int. Rev. Cytol., 5 (1956) 456.




2. G. D. Pappas, J, Biophys, Biochem, Cytol., 2 (suppl.) (1956) 393.

22, WM. H, Greidner, V., J. Kostir and V. J. Prajola, J, Biophys.
Biochem, Cytol., 2 (suppl.) (1956) 445.

23. H. V. Beams, T, N, Tahmisian, R, Devine and E. Anderson, Expl.
Cell Res., 13 (1957) 200,

24, D. Branton and H. Moor, J. Ulstrastr, Res., 11 (1964) 401,
25. H, W, Pisher and T. V. Cooper, J, Cell Biol., 35 (1967) 4OA.
26, H. V. Fisher and T. V. Cooper, Expl, Cell Res., 48 (1968) 620,
27. R. V. lerriam, J, Cell Biol., 12 (1962) 79.

28, P. Mentré, J. do Nicroscopie, 8 (1969) 51.

29, V., V. Pranke, 2. Zell, Mikr., 80 (1967) 585.

30, A, E. lirsky and S, Osawe, in J, Brachet and A. E, Mirsky (Eds.)
The Cell, vol. II, Academic Press, London and New York, 1961,

p-677.
31. S, Wischnitzer, J, Ultrastr, Res., 1 (1958) 201.
32, . F. Bahr and W. Beerman, Expl. Cell Res., 6 (1954) 519.
33. J. G. Gall, Expl, Cell Res., 7 (1954) 197.
34, M. L. Vatson, J. Biophys. Biochem, Cytol., 1 (1955) 257.
35. J. Keutz and Q. B. do Marsh, Expl, Coll Res., 8 (1955) 39..

36, I, N, Davson, J. Hossack and G. I, Wyburn, Proc. Roy, Soc.,
Ser, B, 14k (1955=56) 132.

37. J.G. Gall, J, Cell Biol., 32 (1967) 391.
38. F. Vunderlich and V. V/, Franke, J, Coll Biol., 38 (1968) 458,

39. B. Y. Yoo and S. T. Bayley, J, Ultrastr, Res., 18 (1967) é51.

40. J. H. lonroe, G. Schidlovsky and S, Chandra, J., Ulstrastr. Res.,
21 (1967) 134,

4Li. D. E.Comings and T. A, Okada, Expl, Cell Res., 62 (1970) 293,

42. J. G, Gall, J. Biophys. Biochem. Cytol, 2 (suppl.) (1956) 393.
43, H. Gay, Proc. Nat, Acad, Sei., 41 (1955) 370.

4ly. D, Chapman end D, F. H, Vallach, in D. Chapman (Ed.), Biological
llembranes, Academic Press, London and New York, 1968, p.168.

45. R. G. Kessel, J, Ultrastr. Res., 15 (1966) 484,
46. B, J. Stephens and H. Swift, J. Cell Biol., 31 (1966) 55.



X

47.

48,
49.
50,
51.
52.
53,

55.

56.
57.

58.
59.

60.
61.

62,

63.

6“..
65.

69.

E. Anderson and H, UV, Beams, J, Biophys, Biochem, Cytol,
2 (suppl.) (1956) 439.

N, G, Marinos, J, Ultragtr. Res., 3 (1959) 328.

B, G. Barnes and J, M. Davis, J, Ultrastr. Res., 3 (1959) 131.
C. C. idnell end P. Sickovits, J. Cell Biol., 35 (1967) 142A.
S. Bloom, J, Cell Biol., 44 (1970) 218,

H. F. Parks, J, Cell Biol., 14 (1962) 221,

E. J. Duprew, Proc, Nat. Acad, Sci., 53 (1965) 161.

K. Koshiba, K. Smetana and H. Busch, Expl. Cell.Res., 60 (1970) 199.

P, S, Vagsar, G, V, F, Seaman, /. L. Dunn and L. Kanke, Biochim,
Biophys. Acta, 135 (1967) 218, =

S. Kishimoto and I, Lieberman, J, Cell Biol., 23 (1964) 5i1.

. I, Gurr, J. B, Finean and J. N. Hawthorne, Biochim, Biophys.
Acta, 70 (1963) 406,

K. R. Rees and G. F. Rowland, Biochem, J., 78 (1961) 89.

R. Penniall, V. D, Currie, N, R, licConnell and ¥, R, Bibb,
Biochem, Biophys. Res, Comm., 17 (1964) 752.

I. Betel and H. li. Klowen, Biochim, Biophys. Acta, 131 (1967) 453.

S. N, Kugmina, I. B, Zbarsky, N. K. Monalkhov, V. S. Gaitzkhold
and S, A, Neifakh, FEBS Letters, 5 (1969) 3L.

R. Beregney, L. K. Funk and F. L. Crane, Biochem, Biophys. Res.
Comm,., 38 (1970) 93.

R. Beregney, L. K. Funk and ¥, L. Crane, Biochim, Biophys, Acta,
203 (1970) 531.

G. Yesuzumi and I, Tsubo, Expl, Coll Res., 43 (1966) 281,

G. Yasugumi, Y, Nekal, I. Tsubo, !I, Yasuda and T. Sugioka,
Expl, Coll Res., 45 (1967) 26,
Y

1. B, Zbarsky, K. A. Perevosthikova, L. N. Delektorskaye and

V. V. Delektorsky, Nature, 221 (1969) 257.

W. W, Franke, B, Demling, B, Ermen, E.-D. Jarasch and H, Kleinig,
J. Cell Biol., 46 (1970) 379.

)
L. N, Delektorskaya and K. A, Perevosghikova, Biokhimivae, 34
(1969) 161.

H. Lengendorf, G. Siebort and K. Kesselring, Nature, 209 (1966)
1130,



70.
4.
72,
73

e

75.

76.

78.
79.
80,

8i.
82,
83.

8.
85.

86,
87.
8s8.
89.
90.
.
92,

93.

55

D, B, Comings and T. Kakefude, J., Mol..Biol., 33 (1968) 225,

=

P. J. Pavlouwsky and L. Berlowits, Expl, Cell Res., 56 (1969) 455.
1. Alfert and N. K. Das, Proc, Nat. Acad, Sei., 63 (1969) 123.

F. Jecob, F, S. Bronner and F, Cuzin, Cold Spring Harb, Symp.
Quent. Biol., 28 (1964) 329.

F. Jacob, A, Ryter and F, Cugin, Proc, Roy. Soc., Sexr, B, 164
(1966) 267.

G. Y. Tremblay, M. J. Deniels and ll. Scheechter, J, lMol, Biol.,
L0 (1969) 65. '

A, T, Ganesan and J. Lederberg, Blochem, Biophys, Reg Comm.,
18 (1965) 82%.

K. ¢. Lark, R, A, Consigli and H, C. Minocha, Science, 154
(1966) 1202,

A. L. Dounce and R. Umeha, Biochemistry, 1 (1962) 8i1.
V. L, Morrison and H. Neurath, J. Biol, Chem., 200 (1953) 39.

As J, Emexry and A, L, Dounce, J, Biophys. Biochem, Cytol.,
1 (1955) 315.

D. B. Roodyn, Biochom, J., 64 (1956) 361,
A. L. Dounce end G, T. Beyer, J. Biol. Chem., 173 (1948) 159,

Y4, Ramz, J. Doly, P, llandel and P, Chambon, Biochem. Biophys.
Res, Comm., 19 (1965) 114.

D. l1. Koshnig and C. B, Kaspar, J, Biol, Chom., 24% (4969) 3786.

M. de Groodt, F, Derom, A, Lagasse, M. Sebruyns and l, Thiery,
Nature, 182 (1958) 103.

R. Hadek and H. Swift, J, Cell Biol., 13 (1962) u45.

R. Barer, S. Joseph and G. A. lleek, Expl, Cell Res., 18 (1959) 179.
A. T. Hortig, Amer, J. Anat., 122 (1968) 107.

J. H. lcAlear and G. A, Edvards, Expl, Cell Res., 16 (1959) 689.
R. T, Moore and J. H. lcAlear, Zxpl, Cell Ros., 24 (1964) 588,

S. P. Gibbs, J, Cell Biol., 14 (1962) 433.

D, W, Smith and P. C. Hanawalt, Blochim, Biophys. Acta, 149
(1967) 519.

T. Bisapultra and H. Burton, J, Ultrastr. Res., 29 (1969) 224,




k.
95.

9.
97.
98.
99.
100,
10%.
102,
103.
10k .

56

D. H, I, Woollem, E. H. R, Ford and J, ¥, Millen, Exptl. Cell Res.,
42 (1966) 657.

D, H, I, Voorlam, J. . llillen end B, H.R. Ford, Nature, 213
(1967) 298. _

D.E. Comihgs and T, A, Okada, Bxpl, Coll Res., 63 (1970) 62.
ll. G, Parquhar end G, B, Palade, J, Cell Biol., 93 (1962) 55,
C. Bruni and K. R, Porter, Amer, J, Pathol., 46 (1965) 691.

G. Patrigi and I1, Poger, J, Ultrastr, Res., 17 (1967) 127.

H. G. Davies, Nature, 214 (1967) 208.

H, 6, Davies, J, Cell Seci., 3 (1968) 429,

H. G, Davies and J, ¥, Small, Nature, 217 (1968) 1122,

C. V. Harding and C. Feldherr, J, Gen, Physiol., 42 (1959) 1155,

N. G. Anderson and K. M, Wilbur, J, Gen, Physiol., 35 (1952) 781.

105, H. Naora, H. Neora, M, Izawa, V. G, Allfrey, and A. E. Mirsky,

106.
107.
108,
109,
110,
111,
112,
113,
15,
115,
16.

117,
118.

119.

120.

Proc, Nat. Acad, Sci., 48 (1962) 853,

H. Lengendorf, G, Siebert and D. Nitg-Litzow, Nature, 204 (196L4)888.
H, ¢. Callan, Symp. Soc. Expl, Biol., 6 (1952) 243.

L. Goldstein end C. V. Harding, Fed. Proc., 9 (4950) 48.

L. Monné, Proc, Expl. Biol, led., 32 (1935) 1997.

N. G. Anderson, Expl, Cell Res., 5 (1953) 361.

J. Holtfreter, Expl, Cell Res., 7 (195k) 95.

N, G. Anderson end K. M, Wilbur, J, Gen, Physiol., 34 (1951) 647.
C. M. Feldherr, J, Coll Biol., 12 (1962) 159.

C. Dick, Experiontia, 24 (1968) 356.

H. Stern and A, E. lfirsky, J. Gen. Physiol., 37 (1954) 177.

I. J. Lorch and J, F. Danielli, Quart, J. lMicros, Sci., 94
(1953) L61. o

R. V. Merriem, Expl. Ccll Reg., 22 (1961) 93.

V. T. Battin, Expl. Coll Res., 17 (1959) 59.

R, D, loore, V. R, Mumaw end l. D. Schoenberg, J. Ultrastr. Res.,
5 (1961) 244,

C. M., Feldherr, J. Cell Biol., 44 (1962) 65.




121,
122,
123,
124,
125,

126.
i27.
128,
129,

130.

134,
132,

133.
134,
i35.
136.
137.
138,
139.
140.
1.
142,
143,
bhre
145.
146,
147,

148,

C. . Peldherr, Fed, Proc., 22 (1963) 179,
C. li, Poldherr and J, I, llarshall, J, Coll Biol., 92 (1962) 640,

C. 1. Roldherr, J, Cell Biol., 20 (1964) 488.

C. I, Feldhorr, J. Cell Biol., 25 (1965) 43.

P. P, N, de Bruyn, R. C. Robertson ard R. S, Farr, Anat, Rea.,
108 (1950) 279, o

N. A, Epstein, J, Biophys, Biochem, Cytol., 3 (1957) pp.567,85%.

We. R. Loevenstein and Y, Kanno, Nature, 195 (1962) 462,

V. R. Loewenstein and Y. Kanno, J, Coll Biol., 16 (1963) 421,

Y. Kanno end W, R. Loewsnstein, Expl, Cell Res., 31 (91963) 449.

J. UViener, D, Spiro and W. R, Loswenstein, J. Cell Biol., 27
(1965) 107, e

is, 5(2) (196s) 26.

S. Ito end V, R, Loewenstein, Science, 150 (1965) 909.

Ve R. Loewenstein, Protoplasmatolog

D. C. Birdsell and E, H, Cota-Robles, J. Bacteriol., 93 (1967) 427,
t,_Biol., 21 (1956) 257,

e Ut M

W. H. Clark, J. Biophys. Biochem, Cytol., 7 (1960) 345.

D. Huhn, Nature, 216 (1967) 12,0,

H. Gay, Cold Spring Horb. Symp. Quant.

N. G. McDuffie, Nature, 214 (1967) 1341.

G. F. Smith and P, T. O'Hara,‘géjggg, 295 (1967) 773.

Cytol., 2 (suppl.) (1956) 99.
I. Cohen, Protoplasma, 27 (1937) 48.

H. Swift, J. Biophys. Biochom, Cytol., 2 ( suppl.) (1956) 415.
N. G. Anderson, Seience, 117 (41953) 517.

H. S. Bennott, J. Biophys. Biochem,

B, liada, Cytologia (Tokio), 16 (1950) 4.

Ch. A. Baud, Comp. Rend. Soc, Biol., 142 (1948) 181,

H. Lettrd, Canc, Res., 12 (1952) 847.

G. L. lecker, Bxpl, Ccll Res., 63 (1970) 165,

D. llagia, in J, Brachet and A, E, Mirsky (Eds.), The Coll,
vol, II1, Acedemic Press, London and New York, 1961, p.77.

J. St. L, Philpot and J. E, Stanier, Nature, 179 (1957) 102,

57



i49. D, B, Comings and T. A. Okada, Expl, Cell Res., 63 (41970) 471,

150. K. R, Portcr and R. D. llachado, J. Biophys. Biochenm, Cytolo., 7
(1960) 167.

151, H. G. Davies and J. Toozeé, J. Cell Sei,, 1 (1966) 331,



59

CHAPTER TI0

LISTHODS FOR THE ISOLATION OF NUCLEI AND SUBNUCLE/R FRACTIONS

Bocause of the eomplex nctvork of membrane systems in mamnaliﬁn
liver cells, it is conveniont in ﬁhe isolation of the nuclear envelope
fifst to isolate nmuclei essentielly uncontaminated with other subcelluler
frections; imdoed, it is difficult to conesive of a satisfactory

envelope preparation which does not use the isolation of nuelei as a
first step!/ Once nucloi have boen prepaered, & technique for removing
the chromatin and the nucleoli must be dovised; this demands some
knowledge of the properties of the nucleoplasm and of the suscepti-
bility of its structure to a variety of physical, chenical and
enzymatic treatments. In this chapter, therefoxre, the discussion of
this topic will preceod the review of attempts to isolate the nuclear
envelope. This chaptor will congider:-

1) The isolation of nuclei.

II) The behaviour of the nucleoplosm under various conditions.

III) Attemptc to isolate the nuclear envelope.

IV) Attempts to isolato other subnuclear fractions.

I) THE ISOLATION OF NUCLEL

In general,lmethods for isolating nuclei can be discussed under
five ggneral headings:«

1. Those employing non-agueous solvents,

2. Those employing low pH treatment (usually citric acid).

3. Those employing detergents.

4. Sucroge methodgsse
(a) Those using rclatively low sucrose concentrations
(around isotonic) and low-speed centrifugation.
(b) Those involving donse sucrose media end high-specd
contrifugation,
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5. Others; ©.g. & few techniques involving glycerol, isotonic
" saline, etc,

However, this scheme of classification is erbitrary; the medium
employed involves parametors other than thgée suggested in the list,
such as ionic strength, pH, presence or absence of dications; ‘and
other factors in the preparation are important, ©.g. the method by which
the tissue is broken up so as to release intact nuclei, the temperature
at vhich operations aro performed, etc, DlNoreover, some techniques are
applicable to some tissués but not to others; the source of matérial
is, therefore, an important criterion in chobsing a method for the
isolation of the nuclei,

1. Nonaqueous solvent methods

Belfuz'e‘xxs;g first epplied this typc of procedure to calf heart and
guinea=pig liver tissue, finﬂing it necessary in ordexr to prepare clean
nuclei first to starve tho animels overnight. Nonaqueous solvent
methods were subsequently applied to a variety of mammalian tiSSuesz’B’&.

Dounc@{gg_gés claimed that nonagueous solvent extraction of nuclei
prevented the loss of nucloic acid; acid-soluble phosphate and proteins,
Clearly, however, lipids will be extracted by such techniques and most
proteins will be denatured. Sinco nuclear envelopes may reasonably be
expected, in common with other membrane systems, to consist principally
of lipids and a complex mixture of interacting proteins, this means
that nonaqueous solvemt procedures for isolating nuclei will either
digsolve or domaturc the components of the envelope. This renders such
techniques inapplicable to the present problem,

2. Loy pH mothods |

In 1856, e G. Smith showed that acotic acid appeared to attack

skin and tumour cells, liberating nuclei, Not until 1937, however,

vas the possibility of using low pH treatment in the isolation of



nuclel morc fully exploited; Crossmon6 shoved that small numbers of
nucled were liberated whon cardiac museclo wags teased in 5% citric acid,

2

Stomeburg’ thom isolated nucloi by prolomged exposure of the chopped

tissue to 5 volumes 5% citric asid followcd by pepsin digestion, The
method was, however, not universally applicable. Stoneburg and Harer8
subsequently modified this procedure. Marshak9 also used 5% citric acid
but thercafter Douncoﬂoﬁqq omployed much lower citrate concontrations,
He found that at pH 6.8-7.0 citratc failed to stabilise the nucloo-
protein as adequately as it did at pH 3+8«L.0; Richtor and Hullinﬂz
used citrate at pH 6.0 in the isolation of nucloi from cerebral cortex.
Thereafter, citric acid at o concentration of around {5 was employedﬁjaﬂs'

Though theso low pH treatments appear to stabilise the nuclsoplasm
end eneble elean nuelei to be isolated rapidly (only brief low-speed
centrifugation 45 generally used), thoy have boen shown to be undesirable
for some purposes, including the isolatiom of the nuclear envelope.

Gurr, Finean and Hawthorn917

showed that citrate nuclei leck the outer‘
membrene. It is generally believed ¢hat nuclear contents of all types
are lost to & greater or legsser extent in eitric acid as coﬁpared to
sucrose procedures (Cfe refs. 18, 19, 20) s PFurthormore, nuclei at low
pH develop a granular appearance as their contents aro preeipitated,
end tend to be rather intracteble thereafter. Finally, protease treat-
ment of any sort (e.gs the pepsin trcatment of Stonsburg) must bo
avoided when the nuclear envelope is,required with all components intact.
Nevertheless, the result obtained by Gurr, Finean and Hawthorne17
is of great interest. If clean nuclei with intact envelopes can bo
isolated, then louw pH tfocatment may well provi&e a method for the
igolation of the outer membrane; but attention must be paid in this

case to the possibilitiocs that i) the treatment is also extracting

intranuclear meterial and ii) it is removing & large fraction of the
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cavelope proteins, both because of the low pH and becausc of the
chelating activity of citrate (Cf. refs. 21, 22),
3°A Dotergent methods

Clcan nuclei can also be obtalned by the use of a variety of deter-
gents., PFrequently, however, detergont eétraction is used in combination
with other methods (0.g. Allfrey, Littau and Mimky23, tho found that
detergents under hypotonic conditions ensbled calf thymus nuclei to be
isolated readily using lov shearing foreces). Bach and Johnsonak and
Uoda et 81°? used modis including triton X=100.

Triton X«100, however, removes tha outer membrane of the nucleus
(Sadouski and Howdem26)g this may acecount for the purity of the nuclei
- obtained by its uso. Furthermore, it is elear that detergents will
interact with hydrophobic regions, and therefore disorganise membranes
even at very low ooncentrations; 4in the concentrations normelly
employed they will disperse lipids amd denature, disaggregéte (or
perhaps aggregate) interact with and disperse proteins, Their neé
cffoct on any membrane system is therefore Gompletely unpredictable.
Hence, despite the apparent usofulness of detergents in lysing othere
wise intractable colls amd im cleaning nucloi, thsy must mecesserily
be avoided when an intact nuclear envolope is subgequently to be
isolated.

4. Sucrose methods

(2) Low goncontration. Stobilisation of nuclei in isotonie

sucrose-containing media vas first exploited by Hogeboom, Schneider

Tolode 27 28

and Palleds and Schnaider29' Liver was homogenised im 0,25 I

suerose containing 192 m1 MaCL, (later CaCl, - Hogeboom, Schneider and
Striebich3°)9 and nuclei pelleted by low-speed contrifugation.
In subsoquent preparations of the same matuxe, more hypertonic

media wore found to give more satisfactory results (Cf, Dounce ot 3131);
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tho stability of the muclei was enhanced by increasing the dication
concentration. Somo uncertainty persists ags to vhother calcium or
nagnegiuvn ig proferable im the homogemising medium; calcium remders
the nuclei more mechanically robus¢, but appears to inhibi¢ DA~
dopendent RNA polymerase activitsz, Under the conditions used im thia
laboratory, calcium also appears to favour heemoglobin contamination
of the “purified”nuclei more than does magnosium,

A ghort igolation time and buffexring of tho medium are.other
degirable features of suerose preperations of nuclei. This was showm,
for example, by Roodyn >, who found that the distribution of aldolaso
activity in subcellular fractions was & rather complex function of pH
end isolation ¢ime. At o pH of less than 6.0, nuclei tend to aggregate;
at much lower pH values, the outer membrane is destabilised. A pH of
8 or more destabilises the ontire nucleus, and extensive lossof compo-
nents ococurs, ascompenied by eggrogation, Taking into account the
minimal nuclear protease activity around‘pﬂ 6.0 (Dounce and.UmdﬁaEk),
it follows that & pH in this regiom 18 most suitablc for nuclear
preparations in the presént work,

(b) Dense sucrogse. Tho lowegpeed centrifugation and non-aqueous
solvent procedures desexribed abovo implicitly take advantage of the
fact that huclei are denger than wholc cells and, in‘mammalian cells,
denser than other subceollulay fractions. Dense sucrose methods take
.advantago of the samoc property, this time explicitly. There neccssarily
oxists some mediun - sucrose or sorbitol solution, orgenic solvent
mixture, eto. = such that, for any tissue homogenate, omly free nuclei
will pellet through it on contwifugation and all other fractions will
float upwards. In prectice, the high viscosity of the medium chosen
necessitates relatively high contrifugation specds and times for an

35,36

adequate preparation to be obtained., Chaveau, loulé and Rouiller
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doveloped the £irst denso susrose motheds all othors have dorived,
droctly or indiroctly, from it. The livors core heoogonicod im

2.2 11 sueroce without buffor or dloation, amd sucled vore pelloted

by high speed centrifugnticn, Despite the enphosis on curefully ccne-
trolled homogenisation, the work hos sevorsl weeknooscs., Aboomnse ef
buffor and of dications cust tond to moke rosults irreprofueible and
nuclei unstebile; horogoniscation im o vigcous medium necesaorily causes
icsal heating offosts; ond in tho sentrifugotion, semo muolol would
trovol o long @istomece ¢hreugh the sucrose, while ethors, imltlally
necy tho bottom of the tube, would travel omly & very short distonce,
Since poassage through the viscous guerose appears %o bo & very
important condition Cor dregging conteninating natorials auay frem the
nuclei, a pad of homogonate-free dense sucrose et tho bottom of the
tube is rcguircd ¢o emsuro o finite minimum distence of travel during
pelleting.

Subsecquent dense sucrose procedures have ia gomoroal used both
wffor and dloation; 4donic strongih contyol hes also boon intrefuced
in seme voriants, Othors have, im addition, uscd hocogenisatien 4n @
rolatively @iluto sucrose medium followcd by the preporotion of &
erude nuolecr pollot by lowespeod centrifugation, Nucleld are thon
purifiod fron cush o pellot. Teblo 231 summerdocs tho prinoipal
foanturos of a selesticn of thoce voriemtog othor variants ore cleorly
posaible,

Zable 2:4
Sucrose conge
gg ercnee in %ﬁg@:
is e}
37 0,32 1
38 0.32 11

39 1302
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L0 0,32 I s 2,451 6.8 5@ 9 wlug”t
phosphate
L3 0.25 I + 2,310 7.6 0,041 3aicCa”
_ Teig
42 0.25 I g.gzuﬁ 7.5 25 mM RC1 5 mi Mg**

It is worthy of moto that Johnston<g§:g%&3 heve shown, using sucroso
denpity gradients in a zonal centrifuge, with megnesium ions and bi-
carbonate buffer pH 7.4, that liver nuclei normally obtained as a
single pellet on pagsage through dense sucrose can be fractionated
into several bands, This probebly reflects some factor in the nucleo-
plasm rather than in the state of ¢he nuclear envelope; but
heterogenoity in envelopes prepored from a single pocllet of nuclei
isolated from rat liver romains a possibility.

5. Others

Igotonic salire was e satlisfactory modium for the isolation of
emphibian oocyte nuclei by microdissection (Callan and Tomlinb% , but
not for large-scale isolation prosedurcs (Hogeboom‘gg=g;27928)e
Glycerol wes employed at 407 concentration in the homogonising medium
by Philpot and Stanier199 to maintain tonicity and to prevent swolling

and aggregation of the nuclei in the ebsence of dication. Other

glycerol procedures havo beoen desceribed (Sehnei&erk s llegoe and
Burrovsl*ﬁ)° Such procedures are, in general, specialised ones valuable

only for the isolation of nuclei from relatively intractable material,

lethod of Homogemisation is importent in the isolation of nuclei.
A lov range of shearing stresses, the mean veluc of which is sufficient
to liberate but not sufficicnt o damago tho nuelei, ig preferable;
consequently the Dounco and Potter-Elvehjom homogenisers are most
commonly used, tho latter with a loose-fitting postel, Tho Varing
blender, which gives & high range of shearing stresses, is rarély used

unless the tissue is very fibrous (C£. Stern and Uirskykj), Emapucl



and Chaikoffks introduced a hydraulic homogeniser which, though success-
fully applicd in o number of tigssues, has not become widely popular,

In the case of rat liver, tho Potter-Elvehjem homogeniser gives
satisfactory preparations, and recourse to solvents other than buffered
sucrose medla containing dication is not nocessary. In some
laboratories, thc Dounce homogeniser has beon employed in preference
to the Potter-Elvehjom typo, which seems to have a rather wider range

of shearing forcog.

Conclusions

The demse gucrose procedures give reoasonably high yields of
apparently uncontaminated nuclei with, so far as can be agcertained
by electron microscopy, intact envelopes. For reasong discussed above,
homogenisation of the rat liver tissue is best carried out in low (iso-
tonic or slightly hypertonic) sucrose media., Tho totel volume of
material is usefully redused by the preparation of & crude nuclear
pellet by lowespesd centrifugation. The density of sucrosc in which
this nuclear pellet is resuspended must be high enough not to give &
thick interfacial pad when layered over the 2,3 lI sucrose necessary
finally to clean the nuclei, The choice of a pH of 6.0 or slightly
more is justified in the foregoing discusgion: llagnesium is prefere
able to calcium becausc it tends to cause logss contamination of the
nucled with hacmoglobin and doeg not stabilise the nuclei go effoctively
thet subsequent lysis is difficult. Too high an ionic stremgth, or
too high a dication concentration, causes the nuclcoplasm to preéipitate;
the nuclei are thercafter intractable (Cf. Battina « However, the
buffering capacity must be sufficient to meintain a stable and rOpro=
ducible pH, and the dication concontration high enough to prevent
chromatin leakage and nucloar swelling and aggregation, 0,03 M

godium phosphate buffer and 3 mll magnesium satisfy both sets of criteria;



potassiun ions arc avoided for reasons which will be discusscd
subgequently.

Ono point which hasg not beon stressed in the literature but which
has become clear om ovscrvation im this laboratory is that prolongod
expogure of nuclei to donsc sucrose causes changes of unlmown naturo
in them; they tend to swell; lealk, aggregatc and become rather
intractebles For this reasong 2=3 wvashes im the low-sucrosc homogene
ising medium are Usod after pelloting tho nuclei through denso

Sugroses

-ONDITIONS ON NUCLET

s Composition of Nuclei
According to Busch18§ nucloi isoleted by tho €itric asid and

sucrose procedures havo the folloving overall compositions:-

Zable 2:2. Composition of Nucloi

Sueroge Citric acid
DNA 11 pg/nuclous 9 pg/mucloug
RINA 3 W [ 29 ]
Protein M 7] ] 3 4] 7]

The heterogemaity of thesc threo major components has beon the
subjeot of much investigation. The nuclear envolope protoin, which
probably accounts for only 0% of the total muclear protein (Berezmey,
Funk end Cran350551)ﬁ is itself very heterogenecous (Cf. Frankotggzgész)é
Clasgification of the p?oﬁein into histone(gﬁé'é§;§$3335§§§"§¥“§390
2 I NeCl-soluble, dilute alkali soluble, and residual ®snvelope”
protein (Zbarskytggzggss)b is thercfore crude and somevhat arbitrary;
no obvioé% correletion betucen the presonce or absence’of particular

subolasses and structural or functional properties of the nuclous has

been dcmonatrated,



Other, relotively minor, compoments of nuclei have been examined
in morc deteil, Chapman and Wallach5h note that yeast nuclei contain
0,085 mz lipid/mg protein (3-4 pg/mucleus, taking the above value for
protein); the some value appsars to be applicabie in ret liver, Gurre,

77 celeulated that the phospholipid recovered in

Finean and Hawghorno
¢heir nuclei would be sufficient to account foxr 2.1 mgnolayers in citrie
acid preparations, and 5.6 monolayers in sucrose preparations. If
membranes are to be regarded os lipid bilayers with protein, these
values are’roughly consistont with the observed single membrane of
citric aclid preparations and double membrane of sucrose proparations.

7 with those of

Comparing the results of Gurr, Pineen and Hawthorme
Rouser;§$_§;?5, species differences in memmallien nuclcar phospho=
lipids can be geen;  however, such differences are relatively trivial,
and the overall composition = approximately 50% phosphatidyl eholine,
25¢; phogphatidyl othanolamine, and very low sphingomyelin contont =
is constant, Phospholipids ascount for 60=70% of total muclear and
nuclear envelope lipid (Gury, Finean and Hawthorn@ﬂ7g Keenam(g£=g;56);
this is consistent with the finding in this laboratory that auclel
contain 1 g 1ipid'phosphatq/17aﬂ8 g total lipid. The neutral lipid
oppears to be largely frec fatty acid and uncotorified cholestorol,
Little is %o be found im the literature concefning the carbo-
hydrate content of muclei, Yemashina, Izumi and Naka57 found tracos
of sialic acid, but this ves probably contamination; eerlier,

Pattergon and.TouBterSa, carefully purifying their nuclei, had found

no sialic acid, Glyocolipids aoppear to be ebscnt (Rouée?‘ﬂiLﬁlss)o

The iomic content of nucloi has also boon discusced. Neora et alss,

found in frog oocyite a Na?/K¢ ratio of 1.1 in the nucleus, as opposed'
to 0,72 in cytoplasm; Na?, hovever, had 3.2 times and K*2.5 times

tho oytoplasmic concontration im the mucleus. Intranuclear dication
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concentration was referred to im chapter 1. Leucine and alanine have
algo been found to concentrate in the nucleus. It is not known vhether
these results are to be interpreted as implying active transport in
the envelope or lower activity coefficioents in the nucleoplasm,

24

The isolation of the nuclear envelope necessarily involves the
disruption of the nuclear contents. In this sectiomn, procedures by

which the nucleoplasm mey be disrupted are discussed.

(2) Enggmic effects

Anderscnso showed that 1 mg/ml DNase at room temperature caused

a significant donsity docrease in isolated mammalian nuclei in 1«4
minutes, The nuclooli condensed and became granular, exhibiting
Brownian motion. There was a slight decrease in nuclear diameter,
and the envelope became more sharply defined. RNase did not give this
asppearance of solating and depleting the nuclecoplasm, but the nucleoli
collapsed into very small granules i thin 30 seconds, Proteases
caused swelling of the nuclei, and finally rupture and loss of contents.
(b) Ionic effects
Anderson and Wilbur61 noted that heparin, unless desulphonated,
depleted the nucleoplasm of fresh nucleil in 6«8 minutes at room tem-
perature, Other chelating egents have similar effects, but in the
case of EDTA the time required is im the order of hours (see chapter L).
Such observations suggest that the structure of chromatin to a large
extent maintained by dications. When the pH is lowsred, the nuclear
volume doorcases and the nucleoplasm becomes less responsive' to
heparin treatment (Anderson and Wilbur61; see also chapter 4). A
dication concentration of 10m!, however, changes the organisation of
the nucleoplasm so as to cause granularisation (Batti 49).

Increase of ionic strength (sodium chloride, potassium chloride
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or phosphate) from 1 to 50 mI decreased the muclear volume, but no
further shrinking was observed vhen the concentration was further
increased., Sodium and potassium effects vere indistinguishable at equal
62)

concentration (Cf; Hunter and Humter lore marked shrinking was
effected by calcium and megnesium chlorides at concentrations of up to
450 mi, These changes were readily reversed., 0.1 N HC1l reduced the
nuclear volume, possibly by extracting histones, Higher dication con~
centrations first caused swelling of the nuclei and finally rupture of
the envelope, DNage treatment prevented all subsequent ionic effects
of this nature.

(¢) Nonelectrolytes

Sucrose has no obvious osmotic stabilising offect on nuclei
( Anderson and'Wilburej); swelling can be observed in very dense
sucrose (see chapter 4). Salts generally reduce the rate of swolling
of nuolei in sucrose, the percent reduction being roughly proportional
to ionic strength (Battinh9). Swelling results in loss of contents,
perhaps as a consequence of chromatin disorganisation or rupture of
the envelope or both. However, Hunter and Hunter62 found the rate of
swelling to be inversely proportional to the exterxrnal solute concen~
tration, the effects of glucose, glycerol and sucrose¢ being essentially
similar,

The lack of traditional "osmotic” properties in nuclei vas dis~-
cussed by Harding and Feldherrsh; macromolecular species such as
bovine serum albumin and polyvinylpyrrolidine, however, caused
swelling or shrinkage of nuclei except at concentrations around 3 x 10”%3,
end it was argued that the osmotic pressure of these solutions was such
that they could be called "isotonic" with the nuclei. The failure of

the nucleus to show conventional osmotic properties, therefore, can be

interpreted in part in terms of its permeability to all small molecules.



(&) p¥ offocts
Anderson and Wilbur63 observed that nuclear volume remains constant
betwecn pH 5.1 and 8.9; there is shrinkage belov pH 5.1. Observations
in this laboratory are consistent with the latter conclusion; as the

i falls below 5, the nucleoplasm becomes grenular and the nuclei shrink,
A% lower pH still, dostebilisation and partial loss of the outer
wembrane is apparent. However, in the absenco of dication, the muclei

rupture and the contents gelate at pH values above 8; im the presence

of dication, mo marked volume changes are seen as the pH is increased.

Conclusionsg

The above disoussion suggests the following approaches to the
problem of removing the nuclear contehts in attempts to isolate the
nuclear envelopei-
(a) RNase may be used to breask up the nucleoli.

(b) DNase may be used to disperse the chromatin (Cf. isolation of
E, coli coll membrane, Kaback and Stadtman65).

(c) Chelating agents moy be used, after or instoad of DNasc, to dis-
perse and "golubilise" the chromatin, However, caution would be
required in interpreting the results obtained by the use of
cheiating agents, Such substances have been shown to dissolve a
large fraction of erythrocyte membrane protoins (llarchesi 22&2;22)’

and it is probable that dications are important in mainteining

the stability of many membrane systems,

(d) The nuclei may swoll end partially émpty in water or nonelectrolyte
solutiong,

(e) Alternatively, a high ionic strength, using either monovalent or
divalont cations, may be used to swell and burst the nuclei. In
such treatment, care must egain be used in the interpretation of
results, Callan66 showed that 0.2 I phogphate diszupted the outer
nuclear membrane of amphibian oocytes over a wide pH range. Thus,

high ionic strength may lead ¢o loss of envelope integrity.

71



(f) Exposure of the nuclei to high pH affords a possible means of
removing the nuclooplasm and recovering the envelope.

(8) Protease treatment and 0.9 N HC1 extraction, though they would
disorganise the mucleoplesm; are clearly undesirable in the
isolation of the envelope.

In addition to these possible approaches, subjection of the muclei
to mechanical stress by homogenisation, freezing and thawving, sonica=-
tion, eto, may usefully bé employed, either in media in which the
nuclel are stable or in combination with one or more of the foregoing

techniques,

III) THE ISOLATION OF THE NUCLEAR ENVELOPE

Starting from pure nuclei, the nuclear envelope may possibly be
isolated using techniques such ag those discussed above. The isolated
preparation must, by definition, meet the ultrastructural criteria
discusscd in chapter 1 if it is to be satisfactory. It may be inferred,
albeit tentatively, from the literature that no intranuciear membrane
systemsexist: no nucleolar membrane is evident (Borysko and Ban367),
and though intranuclear anmulate lamellaec have been reported in some
species none has been reported in rat liver, This absence of possible
conteminating membranes roduces the set of criteria required for an
adequate envelope preparation,

The isolation tOchniques so far published will be reviewed under
three headingg:-=
1. Isolation of lipid~containing complexes of unknowmn structure

from nmuclei,

- 2, Outer membrans preparations,

3. Total envelope preparations.

1. Lipid~contai complexes from nuclei

Wang, leyer and Thomas68 extracted nuclei isolated by low pH or
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nonaqueous solvent procedures with 1 I NaCl, and isolated from the
reglduc & lipoprotein fraction by thoxrough oxtraction at pH 12.5

followsd by precipitation at pH 6. Baoh and Johnsomz&

extracted nuclei
igolated in triton X-100 with a medium conteining an enionic polymer,
such as salmon sperm DNA, and recovexred an appagontly membranous
fraction containing ribosomal aggregates, lipid, and nucleayr DNA,
leaving the gross morphology of the nuclei unaltered. Illagnesium cone
centration was ceitical in ¢this procedure; épermmiine did not replace
the dication. The fraction was apparently of envelope origin,
containing very high NADH-cytochroms ¢ oxido-reductase activity, but
was highly RNase lsbile, The finding is consistont with the observa-
tion of Vassar.ggagg69 that DNA binds to the surfaces of nuclei, and

suggests that the anionic polymer was behaving as a complicated detere

gent; tho binding of DNA by the envelope is a very interesting propersy,

vhich may bo significant in the function of the envelope inm vwivo.

Jackson, Earnhexrdt¢ and Chalkley7o extracted nmuclei of questioneble
purity (4solated by an isotonic sucrose procedure using tris and EDTA
at pi 8) with 1 I NeCl, after which the insoluble residue was lipide
rich and contained traces of DNA and RNA, Ueda‘gg_géis described a
gimilar preparation, but their procedure included a prolonged lous
temperature DNagse gtep. The Y"heavy” and "light nuclear onvelops®
fractions obtained after NeCl extraction contained cytochromes and a
traco of RNA, and were lipid rich; DNA was not estimeted.

If nonionic detergents, used by Bach and Johnsonzh and by Ueda
gg_gggs fail to romove the electron transport onsymes, then these
enzymes presumebly exist in some part of the emvelope other than the

outer mombrane; the same is txrue of ribosomel aggregates., If all eor

most of theo nuclear phospholipid ig asgociated with the envelope, then

it would appear from the above results that:-
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(e) Tho emvelope ic not wholly dispersed by high concentrations

of NeCl, & view consistent with that of Zbarsky.ggug;53-

(b) Some part at least of the emvelope is dispersed, or

"golubilised®, at high pH.

It is intercsting to note the epplication in the procedures dig-
cussed above of the teehniques suggested for chromatin dispersal, visg,
high ionic strength, high pH, DNase and chelating agents.

2. [The isolation of the outer membranc

The above discussion suggests three possible methods for the iso-
lation of the outer membranes of clean nuclei:e

(2) Washing in a high ionic strength modium (e.g. 0.2 M phosphate).

(b) Vashing at low pH (@.8. 2.5% citric acid, pH 2.3).

(c) Washing in nonionic detergent (¢.g. 0.25% triton=X=100).

Tho first of these procedures, however, must extract many intra-
nuclear components along with the membrane, and probably ieads to
extensive loss of membrane components (C£., Dodge, litchell and Henahan71,
on the disintogration of erythrocyte Ighosts in high ionic strength).

Low pH extraction, though it undoubtedly solubilises intranuclear
components, doeg not extradét bulk chromatin or break up the nucloi,
lMembrane vesicles appear im the supernatant &fter low pH washing,
and can be pelleted at 100,000 X g for 60 minutes (Smith‘ggmg;16; 30
minutes is in fact sufficient). Though these authors admitted the possi-
bility of cytoplasmic membrane contamination, nuclear contamination and
the lov pH solubilisation of membrane proteins (lladdy end Ke11y21) wers
not congidered, The membrano&s appearance and the presence of ribosomes
in the preparation constituted the only evidenco that the pollet was
en accoptable outer muclear membrane preparation, |

The membrane vesicles in @ low pH extract aggregate vhen the pH

is raised to 6 and can be pelleted at low speced. The same criticisms



apply in primciple here that applied to the sboveo-discussed procedure
of Smith ot gl, though in practico it is possible that proteins dis-
solved in the citric ecid arc precipitated and rccombine with the
nembran2 vhen the pH is raised, In both procedures, the citric acid
can be replaced by 1.5 ecetic acid with apperently comparablo
results, implying thet¢ it is indeed the low pH, not any ionic strength
or chelaeting effoct; that is the significant factox.
Detergent procedures are gsusceptible to the came criticisms as
are such procedures in the isolation of muclei; <¢he detergent
combines with, reorganises, disperses, disaggregates and solubilises
various components of the systom, rendering it morphologically unrecog-
nigable and structurally and functionelly diffcrent from the native
membrane, Triton X-100 has been used, like citric acid, to prepare
cuter membrane ribosomes (Sadowski and Howdenzé); ¢tween=80 wasg used %o
remove. the envelope from amnion cell nuclei and the meﬁbranos were
often seen to separate; 4in such cases, the annmuli remoined attached
to the outer membrane (Comings and 0kada72). The annuli, as previously
suspected, eppoared from this work to hold the two meambranes together,
While none of these procedures promises to give rise to an ade=~
quate outer membrane preperation, the confirmation of the presenco of
attached ribosomes and the curious behaviour with changing pH (dispersal
at low pH, reaggregation at pH 6) are useful observations., lloreovor,
enother problem concerning the status of the annuli - is raised. Since
the structures appear to hold the ¢wo membranes together, and since one
procedure gencrates outer membranes with the anmuli attached whilc the
others do not, it may be asked: what is the nature of the forces
linking the ennuli ¢o the two membranes, and how do tho ¢wo sets of

forees diffex?
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36 Tho icolation of the total cnvolope

Previous discucscion has ou.gested that cleanm isolated nuclei may
be disrupted by nuclease, high ionic strength, high pH or chelating
agent treatments, with or without the aid of various techniques of
mechanical stress. Once separated from other materials, the envelopes
may presumably be isolated by differential or gradient centrifugation.
It remains to investigate various combinations of suéh methode, bearing
in mind the strict morphological criterion of an acceptable emvelope
preparation.

After the .icrodisscction technique of Callan, Randall and Tomlin73,
clearly inapplicable to bulk preparation, no isolation procedures for
the nuclear envelope vere publiahed until that of Franke7a. Nucled
were briefly Bon;cated in electrolyie and dication froeo ayucous modia
and centrifuged at lov speed over dense sucrose. Impure envelopes,
wrich were hovever suitable for eleectrcn microscopy, were collected at
the interfoce. The mothod conmstituted an apiplication of low osmolarity,
lov ionic strength and zero dication techniques,coupled with vigorous
mechaiiical disruption.

Zvaxcky 93_5575 developéd two methods claimed to produce sotic-
factory envelope preparations from nuclel on sucrose gradients. The
remuiting coterial contained olectron tramsport ongymes, monocation
independent ATPasce, arylsulphaotase and glutamate dehydrogenase
activitiec. The material vas 27=-50% lipid, and contained snall quane
tities of HUA and & traco of DNA. The methods involved treatment of
the nuclei with dilute dication-free buffer; the first used a
prolonsed incubation, the cecond a brief sonication, After reroval
of dense chrowatin, nucleoli etc., the suspension was layered below a

discontinuous sucrose gradient and on centrifugation the material was
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colloeted aft domoitios 1.16«1,19 g/nl, Atteﬁpts to ropeat the vork
in thip loberatory hovo not¢ bsem suescooful; the £irst proeséuro
gove ap oxtremeoly lou yiold, cad beth preccdurcs gavo enly 160 mn
8laroter vosicles vhich wore porc=£ro0 cnd aypésmntly singlo=popbronce
Tho isolatcd materdal eomnot, thereforo, Juctificbly bo ealled
muolear onvelope.

Similer motordal weos produscd by a very differeant method
}published chortly cftorwords (Kospar apd Kaehnie;%; Kashnig end Kasparn) .
It contodnel 637 protein, 25 lipid, 3% RWA and 57 carbohyarate (largoly -
hotose; no glucoscmine cmnd o small trece of sinlic aeid, as in the
preparction of Zboroky g_t__g_]js) s No DﬁA wos dotoetcd, Im controot to
¢the preparction of Zbarsky et ol, the glucose-6-phesphatase aetivity
vos found to be 508 of that in tho microsomes, This, however, mey be
attributed to the mothed uscd for the isolation of the nuclei (Blobel
ond Potter*?), uhich ic repid tut persdts comsidcrablo micresomal
contaminntion, Tho only rmegheonical disruption techmiquo found to
broglt open the mucledl woo confeation; this progedure w&s cesorddngly
used in combination with cholating agomt ard high ionlo strongth troote
ments (1055 u/v potossivn oitrato)s Tho emvolepo moterial, of donsity
arcund 1,16 to 1,20 g/ml, uas isclated on a susrose gredient contoine
ing the saro concomtration of potassium eitrato, On ropetition of
this work, porc comploxes have been found to bs more or loss none
oxigtont in the tangled oggregate of vesicles im the grodient dand,
though they persist in the DNA-rich pellot discorded by Kashnig ond
Kaspar, The apparontly d@uble-mmbraﬁe nature of a small mmber of
poattered rogions in the proparation probobly resulio frem &
fortuitous contiguity of two membranous Crognents.

Beregnoy, Funk and Cmneso 251 extended a modification of the
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othod of Ueds of_ol>2, dlocusscd above, to o bulkk proporcticd of
“nugloce caveleps®. AfSor prolensed dmevbotien of ¢ho nuslod with
Dago ot dew tomorature, ¢ho oucpeasien was @loporccd im 0.5 I H@la
cnd the imsolublo notorzdel polloteds A soabimotion 68 nueloagse
trectnont and high ienle stronglh axtrastica vas applicd o tho
problen of tho isolation of emvelepe from clecn (4f rather misshepen)
nuclel, Pores can bo soom in tho £lat, nonvesicularised regions of
the pollet but thoy oxe not cirevlor apd lock ennuli and gontral
tubulos. Tho ecmposition of tho proporation was 757 protoin, 4%
phospholipid (onhich st 4nply 22-2%% lipid, sinco phospholipid cecounted
for only 60=657% of tho totcl 1ipid; Roenmcn w%, 9% FIA and 9% DNA.
Reonemn gg__a};,ss Fightly eophogico tho eleso eomparcbility botucen tho
doteiled 1ipid composition of the preparation and that of the nuolei,
Howevor, thoir miggeoticn that the socovery of phosphatidyl inooitol
ic disproportionntoly high is net justified; Reusor MSS showed
that bovino livor mueloi, tho oterting motorial im ¢tho proparaticn of
Borognoy, Funk cnd Crano, ceatained rueh more phosphotidyl dnositol
then é4d rat livop nuelei, fxon the cozponition of whieh Keonan ot al
8rew thedr conslusions. The suggostion of Gurr, Fincan and Hawthorno
that nuelear envolope lipids oontaln mainly saturated fatty celds was
not gorroberated by this investigotion,

The lack of poro eomploxes in the material propared by Borezney,
Punk and Crano agoin suvggosts that thio natowrial eeamnot be regardod
os muolear envelepe, One furthor procefure for the iselaticn of tho
cavelope employing hish ionic strongth trootmont in combinatica with
psonication, alse yesulted in & tengled nass of poro«free fesicles
(Pronim ot a1%2). This vecult, whem eomparod with the forcgoing,
suggests thot high ifenic strongth trcetmont im gonercl diorupte the



envelope rather than assisting in its isolation. The final envelope
band in the 1.5 M KCl-containing sucrose gradicnt used by FPranke ot al
had a dcnsity of around 1,21 g/hlo Protein and phospholipid accounted
for about the same percentaze by welght of these vesicles as in tho
preparation of Bercsney, Funk smd Crane (y. supra), but DHA accounted
for 2.85 and RNA for only 3.6 of the total. Kleinig78 found most of
the neutral lipidsc of the nucleuws to be propent in this preparation,
and found thc neutral lipid and'phospholipid1xn@omitiona to be similar‘
to those revorted by Keenan gﬁ;g;?s in a difforent species. The
similarity betweon -he nuclecr and micsrosomal lipid compositions may
imply a ncasure of similarity between nuclear envelope #nd endoplasmic
reticulum, but tho comparison of total proteins attenpted by Franke
gﬁLgész ic impoosible to interpret. The polyacrylamide gel paticrns
of total microsomal and nuclear envelope proteins were superficially
couparable, but their extreme complexity and the prescnce of large
amounts of material at the oxigin precluded zigorous coiparison. No
final conclusion about the couparison between the membrane systems is
ag yet possible.

Of the possible tochniques for the isolation of the nuclear
onvelope discussed previously, no procedure as yet published has
applied RNase or high pH treatment. Hiape pay have booncavoided
because some workers believe the pore complox to contain HA (Cf.
Pranke and Scheer79)3 despite such caution, however, no preparation
procedure published to date ganeQates morpholo _ically recognisable
envelopes. The pore complexes are always absent.

Thiz revievw of attempito to isolate the nuclear cnvelcpe has
gonexrated a number of additional problemsse

(a) Vhy has the material isolatod lost its pore complexes in
all cases?.
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(b) Uhat other ocmbination of tcchniques can be applied so
thot the pore complexes will persist through.ut the

treatuent?

(c) Iz there any relationship betwecn loso of one of the
principal components of the system (protein, lipid, RIA,
ctec.) and the disappearance of the pore complexes?

(@) that ies the significonce, if any, of the lows [~ >
osmotic pressures of the media in whickall isolation
procedures heve been attempted?

IV ISOLATION OF OTHEX NUCLEAR CUMPORLNTS

Some incight into the biolegical significanco of a preparation
guch as thooe discussed above may be gained by an examination of other
techniques of subnuclear fractionation. 4 brief dicecussion of
methods for isolating mucleoli, chromatin fractions and the mitotic
apparatus will be prescnted, omitting those procedures which employ
detexrgents or organic solvents. Comparability between the propertios
of theso fractions and tnosc of the envelope may be of some interest,
particularly vhen the proparative mcthods are compared. It is
possible that componentis and properties common to, say, the envelope
and some chreratin fraction or the mitotic opperatus may be found,

1. Chromatin fractionation

Frenster, Allfrey and Mirmkyeo isolated chromatin fractione from
nuclel by woshing them in a calciumecontaining medium at neutral pH
remove envelopes and contaminants, and sugpending the residuc in ione
frec isotonic sucrose, Tho nuciei beca.e swollen (v. supxe) and were
bricfly sonicated, and highly aggregated material was recmoved.
Heterochrouatin was pelleted at 1000 X g for ten minutes, intermediate
chromatin at 3000 X g for 30 minutes, and euchromatin at 78,000 X g
for 60 minutes., From the final supernntant very cmall chromatin

fibrils woro precipitated by adding excess calcium. In the last two
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fractions the nighest xates of mucloic acid and protein precursor
incorporation vore founde

Othor chrxocatin fractionation procedurcs have in general been
modifications of this. VYasminch and Yunisa1, for oxample, used &
mothod vhich diffcoxrcd only in having & slightly longex comication time,
parginelly different centrifugation conditions, and a final precipitaiion
with cthanol inotead of caleium,

The intormediate chromatin fraction bears some reuemblance, fxom
an opcrational octandpoint, to the ecarly nuclcar cavelope preparations
of Franko!4, though the 3000 X g pellet of Pronster ot ol°C vas fairly
vell ceploted of emvelopc motexial., The preparations of Zbarcky et al
arc .gain olightly similar759 though here the suexose gradiont hes
+akon the fractionstion procedurce a stop further. Hethods for muclear
envelope preparation which uso Dlase or high ionic sirength, however,
do not resemble the chroratin fractionation in any obvious way.

2, Isolation of the mitotic ppindle arparatus

Procedures such as -hat of Kaacazo using hexomediol %o isolate

the apparatus in m@taphasé, dopend on the presence of the orgonic
solvent in the icolation nedium. Hﬁgia.gngéPBD hovever, had pro-
viously developed an isolation procedure vhich did not roquire organic
solvont; dense sucrosc at pH 6 vag used in the preconco of a thiol
roogent. The apparatus vas dispersed by high pH treatmont or ico-
tonic KCl, but dications o¢ebilised it ixreoversibly even at very lovw
concontration. The basic unit of the apparatus appears to be a 3.5 S

protein, vhich is tentativoly idontified with the globular 35 2 subunit
of each of the 13 fibrils of tho microtubular spindlo filament (Kiofer
EﬁLE%?a)e Treatment of tho 3.5 S protein with thiol reagents converto
it 2o two 2.5 S subunito.

The mitotic apparatus consists largely (907%) of protein, and
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accounts for 10,5 of tho total protein of the cell (Haziaes)o The
aiuo-acid comrosition recembles thot of actin amd the filamontous
rrotein of flajellas; the monomex unitsc are probably 1inked by
nainly culphur-containing bondos Tho spparatus has & high lig-
dependont ATPasc activity, clmoct aboolutely specific Lfor ATP.
Other minor components of the system are reporxrted to bo HNA, p.ly-
sacchoride, lipid and zinc ions.

I{ is posgible that scome paxrt of the nitotie apparxatus derives
from the nucloar pore complexess The fate of the latter during
mitoocic is not adogquately understcod, and they‘have in coumon with
the apparatuc ATPase activity, attachment to demse chromatim lknobs
on chryorosomes, and a fibrous structure. Morocover, tho mitotic
apporatus appears, generally speaking, when the pore complexes dice
appear, and vice-veroe, and the condcnsed chromogomes are attashed to
eachs the stability propertics of the two structures are comparablo
(sco Part II); and though its intorphase location io mot umdorsiood,
the mitotic cppoaratus protein ic proforxrmed rither than synthesised do
.novo prior to coll division. Such ovidence iz cixcumstantidl, bug
rendoxs the possibility of & roletiomship in ¢timo botvoon the mitotic
apparatus ond the rore complox worthy of investigation.

3e Icolation of nuelcoli

Muramatsues prepared aucleoll by layering cleam ion-froc sonicated
nuclod over fairly dense pucxose solution and collecting the pellet
after contrifugation at lov specd. The succosd of this procedure
refleeto the high density of nuclcoli; these potentially contaminating
bodics cam thorefore be removed fxom nuclear ghosts or envelope frage
nonts by low-gpeed comtrifugation, amd their absenece Lrom:the eonvelope
preparation can bo ascertained by monitoring the preparation im tho

electron microscope.
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PART IX

THE ISOLATION OF THE NUCLEAR ENVELOPE




CHAPY. R HRFE

CLUCRAL MATIRIALS AND NETHOLS

o  IEOLATION GFF HUCLLI

Tuclei vore igolated by & Aongo=-0ucIO3C proceduro sinilar ¢o that
of Harris and Aguttorq. Three molo albino rats (150-200 g) werco killed
by a blow on the head and the livers rcumoved as quickly as possible
and rlaced in ice-=cold homogenising buffer (0.32 M sucxose - 0,03 M
sodium phosphate buffor = 3 mi I4Cl,, pH 6.1). A1l subsequent
operations were perfoxrmcd at OoaSOC. The tisoue was ninced with
cciopoxs for 1-2 mimuten, tﬁe fluid decanted, and frosh homosenising
buffer (4-5 mls/z liver) addod. The cuspension was homogenisced in
approximatiely 30 ml aliqueots in o Pottox-Elvehjem homogenisor, the
pestle having an approxima:oly 0.5 mn clecarance and being rotated at
3000 xev/hino 5-6 up-dovn movemcnts, averaging 20-30 coconds eoach,

vere uocd. The homogcnate was f£ilterod through oight thiclmesses
in the 6x 250 ml. swinarook rotor K an TIS-E. Phskral 4L cenkrifuqe
of checosocloth and centrifuged at 600 X gﬁ?or 10 minutes. The ouper-
natany wvas carefuily decantod and the pollot thorxougnly xcsusponded in
4 vols. dcnce cucrxose modium (2.3 M sucxose = 0,03 M sodivm phosphate
buffexr = 5 mi MgClzg pH 6.1). Thio ousponsion was layoxed over 10 mls
dence sucrose medium in 37.5 nl capaciiy contxifu ¢ tubes and centri-
in Yne Spinco b cecktifuge, no. 30 rotor
fuged at 60,000 X g|for 1 hour. Tho pellet of cleen nuclel was suSe
pended im 5 nls homogenioing bufier and centrifuged at 6CO %sézggé
10 minutes; this final vashing vao porfprmed 2-3 ¢imco until the
supemnatant wvas clear and tho nucloi complotely freo of denso sucIoSe.
2. CONTAMIMNATION (F HUCLEX
Hitochundrial, nmicrosomnl and plasms mewbrueng contamination were

estimavcd in the £inal nucleaxr pellet by assays foxr cuccinoxidase,

glucosce6ephosphatase and 5%-nuclcotidase activitics xoopectively.
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Plate 331

Rat liver rueclen> opeT, ombedded and sectioned as described

(see text). Post-stainod with uranyl acetate.

a) Magnification X 15,000
b) Magnification X 25,000,
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Plate 3




(o) Acoay nothods

Succincxidoce wao assaycd by a modification of the method of Kingzo

Phe podacsiun forricyanide solution vas Treshly prepared before cach
oxperiment. Tne aooay pixture vas as follous, all golutions being
preincubatcd at 37008

2 mle 0.2 11 sodiun phoo; hate buffer pH 7.8
0.3 mls 0.6 M ouccinic acid, adjusted to pR 7.8 with NaOE
0.2 mls 0,03 1 potessium forxrricyamide in water

The mixture wao preparced in 4 ml spcetrophotometer cells; 0.2 ml
vater vas added to the reforcnce cell, and 0.2 ml seamplc thoroughly
mixed in the semple cell, immediatoly before recording co;menced.

The change in optical density at 450 nm wvas followed continuously at |

37°C on a Unicam SP 800 spoctxophotometer, using a scalo expansion of
X5 or X10. Protein was estimated (in Lowry uni.s, ¥v. infra) bythe

procedurc doscribed below, and the enzyme activity expressed as chang

in ano/Lowry wait/min.

Glucoce=-6-phosphatasc was assayed by a nodification of the mothod

of Suanson39 uwoing a succinic acid buffer. The assay mizture was as
follovs, all golutions being preoincubated at 37°C:

0.3 mls 0.1 M codium guccinato buffer pE 6.5
0.1 ml 0,13 M discdium glucose-6-phoophate, adjusted to pH 6.5
0.1 ml gample )

The sample (nuclei or totsl homogenstc) vwas thoroughly dialyscd
against the succinaie buffer and adju:ted to a concentration of approxi-
mately § mg protein/ml. The mixture was imcubatod at 37°C for 15
minutes and the reaction stoppcd by the addition of 1 ml 107 TCA.

The susopensien vas chillcd in ico, 1 ml of vator added, and the vwhole
briofly centrifuged. To the clear supernatant was added 0.1 ml 70% PCA,

0.2 mls 55 ammoniun molybdate in watex, and 0.1 ml freshly-propared



Ficke-Subborcy reagent (v. infza). Phosphate was cotivated in the
manncr doccribed, and the engyre activity expre:scd as pg phosphate
releascd/Lovey unit/15 minutes, The folleovwiug controlo were perforreds

(1) Incubation of glucooc=6-phosphate and buffer withous
ganyle, to deternine the extent of spontanecus hydrolysie,

(43) Incubation of buffer ond sample vithout glucose-é-phosphate,

%0 detormine the extent of phosphate relecase from the samplee
5'apucleotidage vas assayed by the method of Ezmelot and E904o

T buffer consioted of 0.1 M KCl=5 mM Mg012-o.05 M tric-HCl, pH T.2.
All polutions were again preincubated at 37°Ce The assay misttura was

as followss-

1.8 nls WK buffex
0.1 mls 0,1 1 codium AP, adjusted to pH 7.2
0.1 mls somplo, exhoustively dialysed ogainst TMK

After incubation at 37°C for 15 minutes, 1 ml 10% TCA was added
and tho suspension centrifuged bricfly after chilling in ice. To the
clear supornatont vere added 0035 mles T0% PCA, 4.85 mls water, 0.5 mls
5% anconium molybdate in water and 0.2 mls Fiske-Subbarow reagent,
frochly prepared. Fhosphate was cstimated as below, moking the appro-
priate correction for dilution, and controls were performed as for the
glucoce=-6-phonphatase assay. Activity was expressed as pg phosphate
roleased/Lovry unit/minute.

(b) Regulis

The speeific activities in tho nuclel amd in the total liver
horozennto vero calculé.ted9 and thue the recovexry of activities in
the nuclear fraction vas found (Tablc 3:1). It will be scen that the

nuclod vero cosentially £xee of the markor onzymes.

&9



Tablc 333
Sucednoxidanc Liver homogenates-
1 2
Lovxy uuits/0.9 mlo 0.21 0.30
Cacmge §n 500/nAn/0.1 oo 8.6%1072  12,2%10”
Speeific activity (por Lowxy) 0.41 0.40
Kueleise
Lovry units/0.1 mlo 0,048 0,100
Change 1n T g0 /min/0.1 mlo 6.2x10"%  14.011074
Upecific activity (per Lowry) 0.013 0.014
Reecovery im nucled 50255 3,505
Clucooe-6=phosrphatace Liver homogecnatose
i 2
Lowry units/0.1 ml 0,21 0.30
pg puosphate reloaced/15 minmutosie
Glucose=6-phosphate + buffexr 445 4.0
0.1 mls pample + buffex 16,5 20.0
Total asscay nmixturo 69 85
28 Py releascd/15 mins by casymese
Specific activity/Lowxy 228 204
Nucleis=-
Lovry units/0.1 ml 0.048 0.100
)3 phoophate rolcased/15 minutes byse
- Glucoue=6-phogphato <+ buffer 445 4.0
0.1 mls sample ¢+ buffer Zoxo Zexo
Total ascoy pixture 45 4e5
7 P, role 8c8/15 nins by onsyuncse
P8 %4
Zexo 0.5
Specific nstivity/Lovry £10.5 £5
Recovery in nuclcd { 4.6% £ 2.5%

920

0,18
6,TX10™
0.37

2

0,057
6.3110°%
0,011
2,9%

0.18

4¢3
2445
T4

252

0,057

4e5
ZeTo
4.0

Zoxo
£ 845
< 345%

(The acoumption is made that "Zero® implies “less than 0.5 ug®)

5'«nucleotidase

1

o3 phosphate/role~scd/15 minutes byse

LR + buffer 3.0

2

Liver homosenate (Lowry as above):e

2

2,0

on noxt page)



Fable 381 (ccnt®d)

0.1 mlo cam_ic « buffer 12,0 24,0 19.0
Total aosey uvixture 68 93 61
pc phosphate releascd by cnsyme 55 66 40
Spesific activity/Lovsy 262 220 224

fuclei (Lovzy as above)ie
s ploophote roleased/15 minutes byse

AP ¢+ buffer 340 3.0 2,0
0.1 mle cample ¢ buffer Zornn Zexro Zexo
Yotal aceay wixture 1.5 2;5 ‘ 2.0
p s Pg roleased by ensyroe Zexo Zexo Zexo
Specific aetivity/Lovry £10.5 £5 £ 8.5
Recovery im nuclei L 4e17% L 2.3 < B.Fb

3, PROTEIN ASSAY

Thr uwghout the cxperiments doscribed in this thosis, protein vas
assayod by o nodification @E@ﬁﬁﬁﬁdﬁﬁﬁ%ﬁéiﬁi) of the methed of Lowzy,
Roscbrough, Farx and Randalléa

0.25 mls somplo wero aﬂﬁoﬁ‘to an oqual volume of 4% sodiuvm dcoxye
cholane soludion in 0.5 M HaOH. This proscdure disperses PERbrancus
matorial, nuclei, etc. To 1 volumo of the resulting clear liquid 5
volumes copper=alkall solugion (50 vols. 0.1 M NaCH-50 vols. 45
HQZCOBoi vol. &5 sodium potassiun tartarato=-1 vol. 15> copper culphate)
wore cddod, followod by 0.5 volumes 133 aguevus Folin=-Ciocalton
roogont. Aftex thorough mixing, tho golour was dovelopod at xoom
tomperature in the daxk for 45 minutes, and the optical density vas
read at 700 an against e water blank.

Geveral of tho procodures uscd in the woxk subsequently described
intorfore with the devolopment of the Lowry colour., Dications inhibit

the dispersal of the moterial 4in NeOH-DOC, EDTA itself gives o

poocitive Louxry colowuxr, Caesium zivos an insoluble tartarate, so the

21



acony cannot bo pexformed in the prosence of this ion., All such

patericls were, therefore, removed fxom the camples by dialysio beforc
the agoay. DNHA, RA and nuclear lipids, hovever, were found to

producc no ncagurable Lowry colour even at high concentration,

bo DA AGSAY

DA wos assayed by & procedure dorived from Giles® and Myezxo®
modification7 of the method of Buftonao Anplay diphenylomine vas xee
exystéllised once from ethanol before use; the diphenylamine reagent
(455 recxrystallised diphonylamine in glacial acetioc acid ¢ /40 volumo
1.6 mz/ml agueoous ccotaldchydo) was frechly-prepared bofore oach
assay. Tne sample, in agquoous solution, was mixod with an équal
volume of 1 M perchloxric acid and incubated at 70°C for 20 minutes,
‘The incubated mixture vas chilled in ico and mixod with an equal
volumo of glacilal acetic acid, then centrifuged %o remove any
ingoluble matexriel., The supernatant was wuixed with an equal amount
of the diphenylominc reagent and the colour developed for 16-24
hours &% BOOCo The optical donsoity at 595 nm was read against a
giacial acetic acid dlani, Any abzorbance at 700 nm vwas subtracted
from this value, thus correcting for lighte-scatiex.

Carbohydrates wexrc found to intcrfore with the assay. In the
prescnce of sucrosc or sorbitol, a peale gxoom colour developed
irmediately on the addition of the diphenylamine reagent, and no
blue colour was foxmed. Such intexrfering substances wexro removed
from the samples by dialyoic before the assay. Protein and RUA did
not intexfore.

The concentration of DHA in tho original semple was calculated

by & method based on that of-Schneidergﬁ
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: 0.0, _ak 595 nm
Js DA phosphate/ml = 5.0

Assuming that im DRA (vith G + C content = 50%)
i TlA/pg DA phosphate o 325/96,
' L BoD. 8% 595 w32
e DHA/ml 5075 X 2’2?‘9
The validity of tnis procedurc is confirmed by the standaxrd

curve (£ig. 3:1), using d-AMP (Sigma) as the sample material. In

DA of G + C omntent c-BO%, the ratios-

P A-NP/pg DA = 1/2.6

Thus 1% can bo seon that tho DNA concentrzation in pg/ml is the
same whichever method of calculation is employed.
5.  RMA ASSAY

RIA wes assayed by the method of Schnelder’, Orcinol (BDR
Biocheulcals) was reoxystalliscd from dolueno before usc. Tho ogeinol
rcagont consisted of 0.9 g oxcinodl + 0.42 g FeCl3 in 50 mls 12 N HCl.
A 70°C perchloric acid oxtxact of the samplc was prepared as in the
DA esooy, and aftorx ohilling in dce and diluting with an equal volumo
of water vas centrifuged briefly to'pellet any insoluble maexrial,
fhe supernatant vas mixed with en equal volume of oreinol reégent‘and
incubated at 100°C for 20 minutess 4t wes then cooled in ico-cold
vater and tho optical density at 660 nm read as quickly as pozsibdle -
against a vatcr blank. The blue colour formed in this asoay io.
unctable, and a signi.icant erxor is introduced if ¢he sample is lefte
for morc than 10 minutes before reading., Caroful recoval of the
insoluble material from the PCA digest was important as prdiein gives
a precipitate vith the oreinol xeagent. Carxbohydrates were found to
glve & slight positive oreinol colour, and vere therefoxe vemoved from
the semple by dialysis before assay.

According to Schneiderg,
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)l{; F].NA phomphc,o/OOZ mlﬂ = OoDo C‘ot 660 + 00008 ‘=OO;?;5 (}lg DHA phOB./O.Z ml)

Assuming that pg RN&Aﬁg HiA phosphate = 322/96,
}Eg ZiXM,/ml o
Bggo/ml cemple - 0013 (pg VUL phoophate/ml) + 0.04
bid

%%g

Confirmation of thio i0 obtained by the standard curve (f£ig. 352),

0,116

using D-xribooc as sample, and the aspuoption thats-

pE Deribose/pg WA = 1/2037

The MIA concentration im pg/ul calculatod by the two methods io
the samc.

6. PEGSPHAYE ASUAY

Fhnosphale ves asgsayed by & procedurce based on those of Bartlett1o

and Earinetti?1o The dry cample was incubated in 0.3 mlo ¢ PCA Lor
15 minutcg at 14500. If orzanic mattor persisted after this time, 1
dzop 100 volumes Analax H202 vas added and the incubation @nniimued foxr
another 90 minutos, until the solution was eloarcd. After cooling,
3,75 mls glass distilled water was added and the mixtarce incubated at
100°C gor 20 nimutes to cleave any polyphosphates forﬁe& during the
removal of oxrganic matter. Thce solution was cooled to room temperature
and 0.25 mls 5% ammonium molybdaie in wvater added, follored by 0.1 mls
froshly-preparcd Picke=Subbarow roagonts Colour wao developéd at xoom
tecmporature for 10-4% minutes end the optical donsity ot 700 nm read
againot a8 wvater blank. The Piske-Subbarov reagent vac propared ao
foliowos= 80 g codiun motabisulphite was thoxoughly mixed by grinding
in a mortor with 5.3 g codium culphite and 2.64 g aminonaphthosulphonic
acid. Tho mixture was kopt dry in & dark glass boitle; undor these
conditions it was stable. Immcdiately before use, 0.44 g of the

mixture vas dissolved in 5 mls water with the aid of gentle warming.
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Befoxo each phosphate assay was performed, all tho glassware o
be wscd vas thoxoughly vashed in distilled wvater, to romove all

extrancous traccs of phosphate. 4 standard curve using NaﬂzPO3 io

shown (fig. 383).
Ts TOTLIATION OF LIPID

Lipid was extracted by the method of Folch, Loos and Sloane=

Stanley12

« Tho wet pollet of materisl wae oxtractod in a blendor with

19 volumen 251 chloroform-methanol and comtrifuged at 3,000 X g for
15 minutes to pellet tho non-lipid rooiduc. Tacupper (aquocus) phase
of an 8:433 chloroforu-methanol-uater aixturo was uecd to wvash the
crudc extract, 1 volume of this phasc per 5 volumes crude extract
boing used. This washing was porfoxmed twice, then repeated again
using tho upper phase of an 834:3 chloroformemethanol-0.3 M aguoous
NaCl mixture. The washed lipid eoxtract wao evaporoted to dxyness.
To providc blanl.s, ¢tho ocame waching precedures were carried out on
2:1 chloroforme=nethanol,

Total 1lipid wao estimated from o phosphato assay of the dried
extracts-

J phosphate/pg phospholipid = 1/8 (opproximately) & mM-W. irerqemic

Phesphote = A6-a€ M. Ghospholipids avemae  chout S00.

In nucloi and in membronous matorial propared fxom nucled,
phospholipid acecou:ts for 62-7C5 of tho total 1ipid (Gurr, Fincan
and Hawthorno13a Ke@nan‘g§_§;14g Kleinigis)o

Henee,

pg phosphato/}ag total 1ipid = 1/(373%77)

= 1/12 (opprox.)

S pE el lipid = B3 phosphate in washed 14pid oxtract X 12,
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CHAPTER FQOUR

PRELUTHARY ATTAMPTS TO IGOLALE .HE NUCLEAR FIVELOPE

SULLIARY
e Omn the basic of the discuocion of factors vhich cam wodify the
state of chromatin (chapter 2) o mumbor of procodurcs for the disxupe
tion of nuclel and the cubsequont isolation of ¢he onvolope aro
diocussod.
2. It is found tha:. nucloi caz bo brokcnm by DNasc ox pmteése treat-
ment, high ionic strongth XKCl oxr I{gClg, dication dopleotion, conication
in most aguoous media, ox high pH (2 8.0) in tho absonece of frec
dication,
3o Omly two of thoso procedurcs, monecly sonication in the proucnce
g dication betwcon pH 7.2 and pH 8,0, and lov-tcaperature incubation
with kDA, yield moxphologically rosognicable cnvolopes. HReasons for
preforring the fomer procedure, referring largoly to criteria of
yicld, contamination ond chemical intogeity, are discussed.
e DHanc, potassium and high ionie strongth trecatments aro found %o
destroy the cavelope, causing simultancous dicappearanco of the pore
complexes, venicularisation, conversion %o the oimgle-membrane foxm,
lovering of DNA contcnt, and o doereaco in donoity.
5 X%t i ouggented that thé prescnee of pore compiexea,, which doter-
minco tho moxphological integrity of tho cnvelope, dopends on the
prescnce of INA which can be removed by Dilase, potascium ionm or high
ionic ctrongth treatmonts. I¢ does not primarily dopend on either RIA
ox lipid.

INTRODUCTICH

4A prerequisite of any method for the isolation of tho nucleax

envelope is a procedure foxr disrupting nuclei in such a vay that the
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morphology of the cnvelope is not desizoyed. Broadly specking, two
approachcs ¢o the pxoblea of establiching such & procedure may bo
adoptedse

(a) The mucleld may be cuspondod in a mediun 4in vhich they are
stablo, and then bxoken by contxolled wochanical shocks

(v) Tho nucled moy be suspended in a modivm 4in vhich thoy are
unstable and ellowed 0 dicintegrate spontoncously.

The former appxoach makes uge of techniques such as variation in

the temperaturec of the cuspencion of nuclei, shaking, freeéing and
thaving, hormogenisation, repeated passago through & hypodeoxmic needle,
blending and genication. The lattor mokes use of proce&ureé by which
chromatin can be dootebilised (sco cheapteor 2). Vaxious combinations
of such techniquesc cam bo ecmployeds f£or cach combination, the
intogrity of any cenvolope libdrroged 4is ascecseod by clectron microsSeopy.
Onco the prieaxy critorion of the moxphological integrity of tho
cmvclope has boen satisfiecd, attention com bo given to the separation
of the libexated envelope fxom other nucloar matericl, and thon to
pxoblems of yield, comtamination, etec. In general, for omy proccdure
attenpied,; the following rointe are considoredge

(2) VUhat pereontege of the nuclei arc brolen or capticd, as
revoaled by phase contrast microscopy? ‘

(b) Com the nuclear cavelope be xccogniscd as moxphologically
intact wvhen liberated fronm the nucloi?

(e) Cau the liborated envelope be recoverod, e.g. by diffcrential
oxr dencity gradicnt centrifugation and some estimate of the
yicld be mndo?

(d) Uhat is the composition of the envolope fraction?

(e) Vhat is the stete of the cavelope in torme of eaggregation,
vooiculorisation and contemination? (Contomination is
dofincd tcntatively as the presonco of mucloolar matorial
or organisod chromatin frogments as dotermined by electron
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CAeroscopy. Vooisulaxisation is koot cvoided oo digpersod
chroactin ooy Bo Srapped in peclots of mocbromo, Lggrogotien,
AL extrxen2, nolkog contaminotion s @ofincd abovo Qifficuld

to dotormino, amd provonts rolicble detomaination of ¢ho
corshological imtogrity of ¢ho bulk of ¢he onvelopd.)

This ehoptor cucmoriges o investigoticn of the rango of teochmiquas
roforrod to obovo, amd ¢ho xesults ore diccussod im the 1ight of tho
information revierod in part X,

1L CROSCOPY

1, Phoeso econtrant md.coransony

lusloor guozonsicns afdor cpplicotion of soze txoatamcont woro
routinoly oxominod fop swollinmg, broakoge and loos of coatonts under
o Pu0 phnco-sontrost mieroscope using o & dmch 64l dunorsion objoctivo,
Concontrations in the reglon 15 mg/ml wore usod. Libaéated nugloold
and dense ehronatin fxogmonts oppoarcd as hizhaly wefractile bedico,
Hucled appotwred to Lo more or 1oos gphoriecal amé wore rendored lesso
refractilc as their eemtonts wers iéggb%)\é cut or Giluted,

2, é;_’g@*@rpm mierqs.@@i‘i‘z

Slcetron wlerogrophs were taken with an ATI X1 6D, operating at
60 1/ wAth o 50 micyon objoctive oporturc, Ilford 3: x 3% inch plutoso,
“peelial Lantoxrn Con‘éras“@y,, tore ugecd in Ghe nleroseops somora.

Hogative stadning with 2,061 comeniun nolybdato ot plf 7.2 wes

sarricd out an dooeribed by Hoarris and f.gui;*u“:oxﬂ o

fmbeddinz and thin soconinzg was carricd out ascordinzg ¢o the

oothoed uced by Harviso and Brc:ng tho dohydration of the natariael
involving 1% h (oo tomperaturc) trcatmont with 10/ othanol, £ollotod
by troatments of 5 mins cach with 30, 50, 70 and S0,” othcmol, Tho
process wog somploted by 3 X & h oxpoosurc to aboolute othanol cnd

2 X 15 ning to opoxypropono prior to cobodding im PAAR Opoxy=rosin.
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MECEAIICAL DISRUPTION TLCHNIGUES

Tho various procedures for mechonical dioxuption used in the work
dooexibed 4dn this chaptoxr were coxxied out as follows uvnleoss othervise
statoéSo

Incuboation at 5©G vao carxicd out for 16<24 hourc in the rofrigera-
tox, ond ot 37°C fox 2-3 hours in a wotex=bath,

Shakine was corriecd out ad SOC for 16=24 houxu,

Prooging and thaving: 1 ol of the suopension was immersed in
an acovonoc=s0lid CO2 pixture fox 1-mimuteg after vnich $ime it was
completely frogon. I¢ vas then immorsed in o large volume of water ot
room temperaturcy 5-10 minutes was roguired for completo thaving.

Pagssage throuzh hypoderxmic moodleo: 5 mlo of suspension were

passed into and wut of a 10 ml oyriage through a no. 6 necedlos
Oix such pasuages were porfomed at a mean flov rate of apprzoximately
0.5 mls/scec,

Homogenisations Vigorous homogenisation was cexxicd out in a

Potdor-Blvohjom homogemiver with a tignt-£itting postle (0.1 m
clearanco) wotated at 3,000 vev/nin. Six up=dovn rovomente averaging
10 scconds each vorc usod.
in A0 m\. cagocity Eubeg
Sonication: 5 ol aliguots of tho suspcensionfwere sonicaied
for 5 = S0 secondo at 21 ke/moc0 1}m3 agplitudo, in am [e.S.Loy

ulizasonicator using a 0.5 cm probe placed juct below ¢ho noniscus,

SUCROSE AND LOW IONIC STRONGTH EFTRCTS

In chapter 2, work demonctrating that cucrose and various salis
in lov concontration had an effect on the swelling of nuclei, and
thexefore pr:oumably on the ctability of ﬁhromating was rovicwed,
The work desecribed hore vas designed ¢o ascoss the applicability of

cuch cffects to the isolation of the nucloar envelopo.
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Huclel vore cuspended at concentrations in the rango 1-5 mg
protein/ml in tho following modiese

(o) vator

(b) Buffors at pH 6.1s=

(i) 0,01 M sodium phosyhate
(44) 0,01 ¥ sodium citrate
(148) 0,02 M scdiun caeodylato
(iv) 0.02 i sodivm Nemorprholinocthanesulphonate (MES)

The pH of 6.1 wvas choson initially because thic was the pH of the
nedia woed in the isolation of thé mucloi.
(c) 0,32 I oucroso inso

(1) vagoer
(44) 0.01 M sodiun phocphate buffor, pH 6.1

Various mcehanicel shoek procedures were applied to the nuclei in
these nedia (v. pupxe).

On lov=tcaperature incubation in theose media, the muclei became
somevhat cwollen and soue partial lossc of comients occurrecd. Both
owelling and loss of contents woro cnhanced by tho prescnco of Sucxose
but inhibited olightly by the prosence of electrolytes. Shaking and
incroaso of incubation temperature did not warkedly affect the rate
of losp of contonto as detemined by phasce contrast micxoscopys
nuclei vexro partially brokon butAaggﬁ@gmted in 0l) medin afiexr
freozing and theving or passage through o hypoderxmic ncedle, Vigorous
homogenisotion and 5 seconds® sonication brought about extensivo
breakage, but the cnvelope material released vwas in the form of an
aggrogate of mimute vesicles, morphologically unrecognisable as
onvelope and very difficult to sepaxate comploioly from other muclear
nRaterial,

e effcots of .he buffors on the nuclei could not be distinguished
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from cach othor at constent pH, indopemdcnt of tho mechanical shock
proccburc arplicd. As the pH was incxoosed t0 7.007.5, losg of contents
vag poxe markcd on prolonged incubation, but envolope fragmonto vere
not liberated. Cltrate buffor tended at theoe highor pH volues to
onhance the reloase of chromatin material. Sonication, howoﬁero fox
5 oeconds %41l produced o maos of mimutc membrancus vosicles wnrocoge
nisablo as nuclear cnvolope. These L£indings conflict with thooe
reporteod by Zb&f@kﬁ{gﬁg&&ae

I% was concluded that proceduxes of this type vere unsuitablo for
the isolation of the nuclear onvelope,

DICATION EFFECTS

Sinco dication lcvols appear ¢o bo significant 4n controlling the
otability of chxomatin, it was prcdicted that voriation of the dication
content of tho medium in wa‘eh the nuclei wore suspended might afford

possible methods for the isola.fom of the cuvolope.
Yator, 0.32 I sucrose, 0,01 M sodium phoocphate pH 6.1, and 0,32 K

suerose=0.01 1 scdium pnosphate pH 6.1 wore ocach nadese

(8) 1=5 oM HgCly,
(v) 2 i BaCl,,

(¢) 1, 10 or 100 m} sodium EDTA, pH 6.1, very hiah concentrabions appear

Maher dication concentrotions ceer khe Avdeoplasm gramvlor and {nkractable R e e anN
Huclei suspendod in these media were then oubjecied to tac range -

of mcchanical shock techniques described above.

luelei vere found to be stabiliced by dications, notably‘magneaiumo
lo significant loss of conton's oecurved on incubation at low orx high
temperatuve, and considerablo mechanieal shock was required to produce
extonsive broakege. Bariuwa did not stavilise the chromatin o
effeectively a3 did cagnesiun, but the logs of comtcnts imcurred by
barium treatmon. (Horrio oand Agutter1) woe not sufficiont to lead to

an efficient membrane preraraticn. Only 555 of the nuelei lost o



Plate 411

a,b) Envelope fraction from EDTA-lysed nuclei, negatively stained

with ammonium molybdate as described in text.

a) Magnification X 25,000
b) Magnification X 40,000
c) EDTA "ghost", cmbedded and sectioned as described in text.

Post-stained with uranyl acetate. Magnification X 10,000,



Plate 4:1
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significant portion of their contents, and the claxrity of the electron
micrographs suggests that the barium may have fixed the remaining
protein,

Removal of dications by IDTA was sufficient to‘cause narked
swelling ané loss of contents of the muelei in 16-24 hours at 5%,
Homogenisation, passage through & hypodermic needle and even vigorous
shaking of the resulting “nuclear ghosts”, however, coauscd fragmen=
tation end oxtensive aggregation. Raecognisable nuclear onvelops was
visible after treatment with 1mll or 10 mll, but not 100 mll, EDTA,

The presence of sucrose onhanccd the loss of contents; swolling and
loss of contents were inhibited by eleectrolytes to 2 small extent.
TCespite the acceptablc appeerance of the envelope surrounding the
~ghosts, two criticisms of ¢the EDTA technique as the basis of an
isolation procedure were evident:

(2) Attempts to scparate the "ghosts” from other material
by density gradient or differential contrifugation caused
eggregation of the emvelope both with itself emd with
other solid material of muclear'origin. This eggregation
wag esgentially irreversible, The "ghosts™, too, were

fragile and fragmented readily.

(b) Despite the morphological integrity of the onvelope, the
diometer of the “ghosts™ was on average some thrce times
that of the nuclei, Gross structural changes must theree
fore have occurred in the envelope, involving a tenfold
increase in surface area.

In addition, EDTA has been shown to solubilise much of the

protoin of other membrane systoms (llarcheosi and.Steershs Rosanthal
et als); honco components of the envelope mey have beem lost in the

isolation procedure,.
Sonication in the presence of magnesium at pH 6.1 liberated
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merbrane materiel in the form of £lat sheots, but the matexrial
appoared highly céntmimated with ch@matin and no pore comploxes
vere visiblo,

The effect of pH varlationm om these ¢wo procedurcs = lou-
temperature incubation in the presonco of EDTA and sonication in
the presenco of megnesium - vag oxomined.
pH EF?ECTS

‘ ‘i‘h@ pH of the medium in which ths muclei were suspended wes
node: - | | |
(&) 2.8-3.0 withvi,ﬁ% acotic aeid;
() 4.0 with 0,02 II sodium acotate buffor;

(¢) 70, 7.5 or 8.0 with 0,04 11 sodium phosphate or 0,02 I
- tris<iCl buffer. ‘

In each case, the medivm was made 4 or.5 ml ligll, and soniceted
until 90% of the meoloi wore broken, 'or was made 40 w1 EDTA at the
# of tho tuffer and incubated at 5°C for 16-24 hours.

EDTA ghost fFormetion was morkedly inhibited dy treatment of‘
the nuclei at pH 4.0 (which is close %o the iscelectric point of
nuclei, of. Vessar gg,gu;é)_ and eomploteiy inhibited by pretreatment
at pH 2.8-3.0_ (vhich appoars to precipitate the chromatin; congider=
chle granﬁlarisation of 'i;he nﬁoleoplasm is visible under phas@—éontrast) .
Even after ro-adjustment of the pH ¢o 6,9, EDTA did not induce ghost
formation after these treatments, ; | |

Incrcase of pH and increase of ten;perature appoarcd to destabillse
.the ghbsts. Instead of ghosts; envelope fragments, still morpholo=
gically intact, formed in EDTA at pH 7.0 or 7.5. At 37°%C such |
fraogments were formed at pH 6.5. At g 8.0, independent of the
tomperature, an immediate rupturing of all nuclei occurred in EDTA,

the released chromatin being precipitated as a clear gel which could
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not be dispersed vithout prolonged DNage treatment. Envelope
fragments embedded in the gel vere of uncertain morphology,since
electron microscopy of the gel proved impossible,

Sonication in 1 mM MgCl2 yiclds envelope fragments. If the pH
is below 7.2, however, pore complexes cannot be seen, and marked
chromatin contamination is evident (as at pH 6.1; .. supra). At
pH 8.5, though no gel of released chromatin fomms in the absence
of magnesium, no envelope fragments cen be identified after sonica=-
tion and only minute vesicles of membrane reméin. This observation
sggests that use of pH values greater than 8.0 tends to incur
envelope decomposition. In the absence of mognesium, though at
higher pH values the minute membranous vesicles released by sonicae
tion are less augregated, they are also very much smaller than at
lower pR values.

, Mol

I% is concluded that sonication in the presence of 1 mM Mgéﬁe
at pH 7.2-8.0 releases morphologically intact envelope fragments.

The possibility of separating these fragments from other

material, and of isolating the EDTA ghost material, was next examined.

ENVELOPE ISOLATION

1e Differential centrifugation

No method was found whereby a reproducibly satisfactory yield
of envelope material could be separated from other nuclear material
by differential centrifugation of the EDTA ghost suspensions.

An envelope-rich fraction was, however, isolated from the
sonicated nuclei by centrifugation at 30,000 X g for 30 minutes
after pelleting nucleoli, unbroken nuclei and dense chromatin at
3,000 X g for 10 minutes,

2e Sucrose gradients
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Both the cnvelopec-rich material isolated fromeomicated nuclei
by differential contrifugation and the EDTA nuclear ghosts vexe
pelleted through a 10-55% (w/ﬁ) sucrose gradient after 16 hrs centri-
fugation at 50,000 X g (average), irrespective of pH or EDTA content,
unless the ionic strength was high or KC1l was added to more than 0,02 M
concentration. On 30-85% (w/v) sucrose gradients, however, though

EDTA ghost material pelleted as with the less dense gradient, after
64 hrs at 50,000 X g (average), the envelope-rich fraction from
sonicated nuclei gave a band of apparent density 1.27 g/ml excepti-

(2) at pH 6.1,

(b) in 0.02 M tris-HC1l buffor at pH T.5.

In thesc twé cases, pellets again formed. These observations,
for which the explanation is not immediately obvious, will be more
fully discussed in chapter 6.

Addition of KC1l, 0.04 M, to the 10-55% (w/v) sucrose gradients,

either unbuffered or buffered at pH 7.5, led to the formation of
bands of apparent density 1.22 g/ml wvhen the envelope=rich fraction
from sonicated nuclei was applied to the gradients. After removal
of the band material and exhaustive dialysis against.water or 0,02 M
tris-HC1-0,04 M KC1 pH 7.5, no envelope material was visible in the
electron microscope. Instead, the material was seen %o consist of
a mass of small, apparently single-membrane vesicles without pore
complexes. NaCl did not mimic the effect of KCl at comparable
concentrations. It was tentatively concluded that potassium ions
exert & specific disrupting effect on the nuclear envelope in
isolation.

Sonication oxr homogeniaa@ion of nuclei in media containing

0.02 M KC1l releases similar single-membrane vesicles without pore



complexes; these vesicles give bands of apparent density 1.22 g/hl
on sucrose gradients. Again, NaCl at similar concentrations does not
have this effect; it does not appear significantly to reduce the
yield of morphologically intact envelope.

The compositions of the KCl gradient band of demsity 1.22 g/ml,
the no-KCl band (morphologically intact cnvelopes) of density 1.27 g/ml,
the EDTA nuclear ghosts, and nuclei, are compared in table 431.

The techniques used in the assays were those described in chapter 3.

Table 4:1 Composition of fractions

Haterial pg DNA/Lowry Unit pg Lipid/Lowry Unit

Nuclei 100 45
EDTA ghosts 76 36
1,27 g/ml band 76 210
1.22 g/ml band 61 290

. The EDTA ghosts, while showing a maintenance of high DNA/brotein
ratio, manifest no purification of lipid. This may imply that in part
at least the stability of the 1lipid components of the system is
maintained by dications. It is also noteworthy that tho RNA content
of the EDTA>ghosts (4‘pg/Lowry units) is much less than that of the
sonicated envelopes (40-45‘pg/iowry unit), an observation consistent
with the loss of ribosomes which occurs on EDTA treatment. Hoyever,
the recovery of protein from the nuclei in temms of Lowry colour
formation is comparable iﬁ the EDTA ghosts and the sonicated nuclei.
These results constitute further criticisms of the EDTA ghost method
of nuclear envelope preparation, since both ribosomes and lipids are
to be found in the envelope (v. Part I). However, as the pore

complexes are visible in the EDTA ghosts, this implies that the pore
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complexes are not stxucturally dependent on either RNA orxr lipid,

The reduccd DIJA content of the membrancus material recovered
from the KCl gradicnts is consistent with the lower domsity of this
mtexrial o

I is concluded from the foregoing that sonication in the
presence of magnesium, at & pH in the range 7.2-8.,0, is the most
useful technique by which nuclear envelopes can be isolated. The

addition of potassium ions at any stage in the procedure appears to
prevent the isolation of acccptable envelopes.

OTHER ATTEIMPTS TO ISOLATE THE LENVELOPE

In addition to the techniques described above, the discussion in
chapter 2 also suggested that envelopesmight bo isolated from nuclei
by destabilising the chromatin withse

(a) high ionic strength media, or

(b) treatment with various enzymes.

Muclei are dispersecd by suspension in media of high ionic
strength, e.g. 0.5 I MaCl, (cf. Berezney, Funk and Cznno7) and 1 M KC1.
FProm the disporsed material, which has the form of a fairly clear
viscous solution, mcmbranous fractions can be recovered by difforen-
tial contrifugation, polloting at 30,000 oxr 40,000 X g in 30 minutes.
These fractions appear in the elecctron microscope as minute vesicles
lacking pore complexes.

The envelope-rich fraction prepared by differential centrifugation
of sonicated nuclei (v. supra) is dispersed by 1 M EC1l or by 10% (w/v)
tripotassium citrate (pH = 7.5) (Kashnig and Kaspara). In the

membranous pellet recovered on centrifugation of the dispersed
material at 30,000 X g, the morphology has again been destroyed; pore

complexes are lacking, and the remaining single-membrane material is
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vesicularised and aggregated. If the fraction disporsed in such a
high ionic strength medium is placed directly on a 10-55% (v/v)
sucrose gradient, most of the dispersed material is precipitated in
the foxm of an intractable aggregate, unless the gradient is itself
made 1 M KC1 or 10% (w/v) tripotassium citrate. In this case, after
16 hours centrifugation at 50,000 X g (average), a band of apparent
density 1.19 g/ml or less is formed., After dialysis to remove the
salt and sucrose, clectron microscopy showed this band to contain
oniy an aggregate of morphoiogically unrecognisable membrane vesicles,

In the procedurc described by Kashnig and Kaspars. membranous
material was recovered from a high ionic strength sucrose gradient to
which pellet from differential centrifugation had been applied.
Besides the membranous band, these gradients also contain a large

amount of dissolved material, and a pellet. The pellet contains
nucleoli, dense chromatin, and some almost intact nuclei together
with morphologically acceptable envelope material, rich in pore
complexes. This pellet is, hovever, somewhat aggregated, and
recovery of the envelope from it would be very difficult.

It is concluded that nigh ionic strength treatment de@troyé
pore complexes and thus leads to morphological disruption of the
envelope. Any satiefactory isolation procedure for the envolope
must therefore not employ high ionic strength treatment.

RNase (British Drug Houses) added in 10 yg/hg protein concen-
tration to a suspension of nuclei in 0.02 M sodium phosphate buffer
at pH 6.1 or pH 7.5 had little visible offect after brief incubation
at room temperature. Prolonged incubation at pH 7.5, however, led
b the disruption of many nuclei; much loose debris of chromatin

and nucleolar material was released, ‘along with some envelope



shects and fxogments. However, it was not possible to separate the
envelopeo sheets from other material without subsequent sonication
« vigorous homogenisation, followed by differential coentrifugation.
Tho eizyme had little or no visible effect on sonicated nuclei; in
some cases the outer rims of the pore annuli beceme a little more
clearly defined after incubation for 1 hour. HNuclei pretreated at
PH 4.0 are not wisibly affected by Rllase even after 90 minutes'

incubation at room temperature.

Trypsin (British Drug Houses) in 10‘pg/hg protein concontration

disrupted nuclei in 0.02 M sodium phosphate buffer, pH 7.5, completely

within 20 minutes. MNo pore complexes wexre visible in the membrancus
parts of the remaining highly fragmented material,.

Nuclei in 0.02 M sodium phosphate buffer, pH 7.5, treated with
104yg/hg protein concentration DNase I (British Drug Houses) in the
presence of 10’4 M Mg012 were completely disrupted after 1 hour at
room temperature. (These conditions were used for all the DNase
digestions described in this chapter.) Again, no pore complexes were
visible in the fragments remaining after this time. Brief (15=20
minute) incubation with this concentration of engyme bad no visible
offect on the nuclei. Sonication after such brief treatﬁent,
hovever, yiclded frec membranous vesicles with no pore comploxes.
Other mochanical diszuption techniques fregmented a small percentage
of these paxrtially digested nuclei. Vigorous homogenisation or
passage through a hypodermic needle, for example,released amorphous
pembrane vesicles similar to those described above., Partially DNase
digested, sonicated nuclei gave both a band and a pellet on a 10«55%
(u/v) sucrose gradiecnt centrifuged at 50,000 X g average after 16

hours, vhether or not 0.04 M KC1 was present in the gradient. The
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band, of apparcnt donsity 1.22 g/ml, contained only minute apparently
single-membrane vesicles with no pore complexes., In the pellet,
however, pore complexes were vieible, but the envelopes were
intractably oggregated with other nuclear material,

From these findings it ic concluded that Rllase, while not des-
troying the pore complexes, cannot usefully be employed in the
isolation of the nuclear envelope. Trypsin and DNase both destroy
the cnvelope completely.

Further evidenee for the destructive effect of DNase on the
envelopo was obtained by observing the effect of DNase I (under the
conditions described above) on the envelope-rich fraction obtained
from sonicated nuclei, and the effect of DNase II (Worthington
Biochemical Corporation) on EDTA ghosfs in 0.02 I1 sodium phosphate
bufferu10°4 i1 EDTA pH T.5 at a concentration of 10 pg enzyme/ﬁg
protein. In both cases the moxrphology of the envelope was completely
disruptedafter 15«20 minutes' incubation at yoom temporature; no
pore complexes remained, and the membrane was in the form of nminute
vesicles,

The DNase I was shown to be protease and lipase free by tho
following procedure: exythrocyte ghosts were incubated with 0, 10,
20 and 40 ug/hg protein DNase I for 1 hour. At the ond of this time,

the suspensions were centrifuged at 40,000 X g for 30 minutes to
pellet the membranes, and the E280 of the supernatants was measured,
using a water blank. The differences in E280 betweon the four super=
natants were found to be attributable entirely to the eizyme concentra-
tion. Consequently, the enzyme catalysed no measurable release of

280 nm-absorbing or scattering materisl from the nucleiceacid-free

membranes. It was concluded that DNase I was lipase and protease free,
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The conclusi.bn is therefore that the enzymic hydrolysis of DNMA
agsociated with the nuclear envelope brings about the morphological
destructioh of the envelope. This is consistent with earlier results
(v. teble 4:1) which showed thrat, when the envelope morphology had
been destroyed by potassiuﬁ iox'x treatment, there wés a reduction of
the envelope DNA content and a concommitant reduction of density.

From this comparison of the potassium ion and DNase effects on the
nuclear envelope, two questions arise:=
" &) Are the effects on DNese mimicked by inactivated DNase,
or by the products of DNase digestion of chromatin?

b) Are the effects of DNase and KC1 additive?

To answer the first question, the envelope=-rich fractiom prepared
from aohicated nuclel by differential contrifugation was suspended in
0.02 11 sodium phosphate, pH 7.5, containing 1 w1 EDTA, The EDTA
alone was found not to destroy the envelope morphology after incubae
tion for 2 hours at room temperature, DNasel (10 pg/mg protein) in
this medium was inactivated by the EDTA, and hed no offect on the
envelope morpholo&r after incubation at room temperature for 90
minutes; Heterochromatin prepared by Ithé méthod of Frenster ggzgl;g
was incubated at room temperature for 4 hours with 410 )Jg/mg protein'
DNase I, After centrifuggtion at 20,000 X g the supernatant was meade
i ml @TA. This elear susponsion had no -ef’f’ect' on cnvolope morphology
after incubation for 90 minutes at room temperature, It was concluded
- ‘that the destructive effect of DNVase on envélope morphology was
mimicked neither by inactive DNasc nor by the products of DNasa
digestion c;f' chromatin,

To answer the second question, the envelope-rich fraction described
above was éubmitted to the following treatments:-

a) Digestion with DNase I under the conditions described above,
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folloved by contrifugation on a 10-55% (u/v) sucrose gradiont,
ion-free, at S0,000'X g (average) for 16 hours. The band of
membranous naterial wag enalysed for DA, protein and lipid
ag described in chapter 3.
b) Tho seme exporiment was performed, this time using & 40-55%
v(m/vﬁ sucrose gradient containing 0.04 M KC1,
¢) The envelope-rich fraction was run on a similar 10=55% (w/v)
sucrose gredient containing 0.0k M KC1, but without DNase
digestion,
The band materials from these threo types of gradient ere referred
to respectively as (&), (1), (c) in table 4:2 which summarises ¢ho
results,

Table 4:2 Compositions of membranous fractions

laterial ug DNA/Lowry Unit pg Lipid/Lowry Unit

"Nuclei . 100 45

Envelopesrich frac, 76 ' 210
Band "a" 7 58 2,0
Band "b" . 63 222
Band "¢" 61 290

The effects of KC1 and DNase on the composition of the nuclear
envelope appear, therefore, to be comparable but not additive, It may
~ tentatively be inferred that incmoleonlar terms their effects are the
seme - Yhat is, primarily a removal of DNA from the system,

If tho removal of DNA from the system is always accompanied by
moxphological disruption, end vice-versa; as appeérs to be the caseg,
then it must be concluded that DNA 18 en essential structural component
of the system.

Further supporting evidence for this conclusion (which will be

considered in greater detail in chapters 5 and 6, whem the critical
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factors in tho isolation and stability of tho cnvelopc are discussod)
is provided by tho eomposition of the membranous bend material found
in high iondc strongth (1 M KC1 and 10% (v/v) tripotasoium ecitrate)
sucrose gradionts, The band material in the tripotassium citratee
sucroso gredients is not, as Koghnig and.Kaspara claimed, entirely
free of DNA. The agsqy procodure used here { sce chapter 3) is more

sonsitive than that of Bartlett1o

which was used by Kashnig ond Kaspar,
and detects the low level of DNA presont im the band, The results

are summarised in teble 4:3,
Tablo L:3
Matexrdald pa DNAénggg Unit pe Ligigébowrg'Uni%

1 1 KC1 bend 16 125

nosition of high solt desraded envelopes

10% 'K3 citrate band 1% 128

It can be soon that tho DNA content of tho materiel has been -
dragticelly reduced, and the lipid content significently reduced, by
“the high ionic strongth troatment. The effectiveness of high elee-
trolyte concontrations in redueing the DNA level im tho envelope
suggests that tho association of the DNA with the envelopo io egsontie
ally cleectrostatically mediated.

In this chepter it has been established that the most promising
procedure for tho isolatiom of the envelope is sonication in 4mJ
magnegium at pH 792-8;O6 Hore precise dofinition of the appropriate
conditions of isolation, and the offoet of varying these conditions,

ill be digoussed in chapter 5.
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CHAPIER _FIVE
SHE XSOLASTON 02 SHR FMVELOPE: GRISICAL CONDELFRONS

JOR /U /CCIETABLY _JPREPARATAON

SULTIAE

90 A 08cadord presciuro for tho icolotien of puelcar OnvOlopos,
invelving condeotion of tho ma@loi im tho presocmes of magneciun,
éif?omn{?,ﬂ.&l sontFAsuzoticn cma pwei\.fi@ati@m cn o oerbiter grodiont,
i6 ootoblicaca,

2. Fho offost of vorying tho cenditions of thio presedurc (oonieatien
sondltions, esnecntrction of mwslol, comcomiraticm cmd pH of buffowr,
dlention ecneontration) ic omonincd im fezmo ef tho ozztoh% of mueloar
broakago, E@rphel@gy of ¢ho omvcolopo, ond ecnposdtion omd ylold of
tho envolepd.

3. [llorphologiecal doptruction of the oavolopd 48 brought about by
tho inclucion of potossium im ¢thoe modio, but not by vtrho inolusion of
seddun, Thig “potasniun offeet” is dlssuscod.

Lo Tho emvelopds ore found to @cm_a&m DHAg ¢ho icplications ef
¢his firding aro ddoeusstfle

INFRODUCTX O

In ¢ho provicus choptor 4% woo ootablichcd that tho meot prexaicing
gathed for odecdning o omudo musloar cnvolepo properatien wes cemtsolldod
c@mﬁ.@dﬁi@m in @iluvto, oiightly cllaldino bugfor im ¢ho prescaso of $rasss
of cognooivn, followed by difforomticd comtrifugotien., Im tho prosont
choptor, the prcoice conditicas of sondcaticn, pH, ionlo otrongth,
dleation soncontrotion cmd oowmetie proosure noccooery £or the isolation
of an aeeoptoblo onvolopo froction {oscording to tho egFitordia nmomtiomcd
in port 1) will bo dofinod im tho account of o otandard proporotien
procciuro, %ho offoet of vardation of thooo conditioms, which must Bo
ptudicd im dotoil bosauso of tho legical importanso of iscolotien (soo
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part 1), w413 bo oxomined vmdor ¢ho followdng hoodimgo: oxtomt of
bxoakngo of muslicl, oo dotorninod by phoco eontrost mdcroeseopys
norphelegy of tho omvelopo, o8 dotormuinod by megotive stodadng dm ¢ho
elcotron cderocecpo; Gooposdition of tho cmvolepog walativo yﬁom of
ox%vol@po op the senditiens aro voricd. Tho rooulte A1l cgodm b0
@oguocod im tho 1ight of posciblo otrustural inmteracticns botucon
the mucleor cnvolops crd ethor parto of tho eoll, cad of ¢the

choorved bchavicur of the cnvolepo undor varicus sonfd thense Tho
péssibﬁllﬁlw @f» fusthor purdfying the fméti.on by donoity grd@ien%
contrﬁ.ﬁigatﬁ@m ALl bo oxordrode

STANDARD_PFEPARATION PROCTDURE

R e

Muelol ia@laﬁ@@ by the prescfuroe é‘mms{bcﬂ in ehoptop 3 t:bro_
suopondsd 4m 0,02 11 ¢rlo-HCl, p¥ 7.7, Soatoining 9 ol lBly, %0 o
concontration of approximotoly 5 oz protoin/ml. A1l subscquont
oporations woro porformod at 0%, a 5 o1 dliquot of the cusponsien
vos condentod at po emplitude, 21 kefcce, Lor 2 X 20 soeonds 4m an
I'SE uvitragondenter using a 0,5 oo probo, Ainsorto@ Just bolew tho
acndiseuse Tho senicoted séepemicn was @iluted vith am equal volumo
of ico-gold water, mixod thoreughly, cmé cholen gontly foé 10-15
mdnutos, thon cemtrifuged at 3000 X g for 10 aﬂmu’téga Tho supornatont
w8 eazofully removed ond comtrifugod at 30,000 X @ for 30 minutoss .
tho xz_euo‘a fron this woo rdnsed with and gosuspomded im distillod
vater, mith gontlo panoagé through o hypedormie mocdlc. I¢ reprosentcd
tho grude pusloor onvolopo proparation.

The cucpensien wos layored onm o continmucus iop=frco 0=5,0 I gore=
bitol grefllont, or o otop corditel grediont, 0:9.0:2.0:3.0:4.0285,5:5.0 11,
and eontrifuzod in o Spimso SU25 or SU3Y- rotor ot aa ovorago of
50,000 X g Qor 16 houros, Tho bond of

pugd £4 ootoricl,

ond other fraotiomns of tho gredicat, woro eoxcminod,
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Sezo 807 of ¢ho muelod wore ecoplotoly framontcds vosy fou
oppooxcd eeplotily Antoet, cnd im thoco tho chrenotinm sonadrod none
graulor, A Lou ozgregoton, rothor £Abrous im OpponransO, WOFG
vigdblo, %“horo vao me fotcetablo ehange Am Mghteosattor ot 550 mn
ofsor ¢ho £ul} 40 cocanda’ gemdeatien,

Tavolepd corpholer

Fho @m@l@pd 6euld bo ocom dn tho olcotron Ciexeseopo €0 bo dn
£ogeonto of vasious az\.sobo contadning mall ceattorod plcees ef
ehronntin bud nothing rosgﬁxblimg mueloolor natoriol § emly o ooaldd
porélien of the patoriol was vacicularisod, ond the FOGOVOERY of pord
. geaplosog oppresdoated ¢o the roquired 20»5@70 of tho total onvolepo
CarfOe0 aEa0., '

Canpoodtien of onvoleno

%ho volues quotcd bolew (&ablo 5:9(a)) for tho rooults of L@wry,.
dphonylondno, oreinol and 1ipid phoophate aosays (oco ehoptar 3)
ropreoont the noons of thxoo optieal domnity soadimgs for the _c@loux'
socetdens eonscornody tho volues oaxo gubscquontly convortod <o »a
protoin bmAa RN and 14pid as docoribod bolew, |

The poodtien of tho pupificd onvolopd bond om the sorbitol _
gradiont gorrosponlcd to o domsity of 1,27 @/ml aftor 16 hours® ecntrie
fugation, Fxtonocism of tho eomtrifugnticn $ino to 6L hours 6id not
adtor tho pesitien of thlo bond, vhich was thoroforc coasluded ¢o
roprocont tho equilibriun position ef ¢tho omvolepo om the grodicnt.
Tho bond coterdal wos @4olyscd fer 2b hours ogadnnt o largo volusd
of élotillcd wator (2 ohangos), ond aoooyod clong with four othor
frostions fron tho grediont (sco £ig. 539). Uhom édolyocd bard
natericl wag loyercd em o cinilar corbitel grediont end roecontzifuged
for 16 houm, it forcod o charp bond ogoin vAth Goncity 1.27 /ode

e
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Fig, 5:1 First Sorbitol Gradient

Scan at 280 nm of crude envelopes centrifuged to equilibrium on a 0,0-5.0 M sorbitol gradient
(ion-free). The envelope band lies between densities 1.25 and 1.27 g/ml; the symbols
I, ITI, III and IV refer to the fractions recovered :
from the gradient and assayed separately for
protein, DNA and lipid phosphate (see text).
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0.D. at 280 nm

Fig, 5:2 Second Sorbitol Gradient

Scan at 280 nm of the original envelope band centrifuged to equilibrium on another 0,0-5.0 ion-free
sorbitol gradient, A sharp envelope band lies at density 1.27 g/ml. Comparison with fig. 5:1 shows
that, in this second gradient, material is greatly depleted in all fractions other than the envelope
band, fractions II and ITII being more or less completelyabolished.
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Plate 532

Nucleaxr envelepes fxom standaxd iao.la.tion procodure, fixcd with
2 o Mlag postfixzed with 0s0 4° cmbedded in Araldite, and stained with
nagnesium uranyl acetate and lcad citrate. Scotioned using an LKB
ultratome III (Adamond knife) and examined in Philipé EM 300 at 80 kV

uai_ng a 30 e objective apexture,

a) Hagnifieation X 19,500
b) HMagnification X 18,000

c¢) Masnification X 52,000

Photographs courtesy Dr. A. Everidd.
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In ¢hio oceoad @rodlont, howevor (3. $32), olgnificentdy loso
nateriad of iow @Q@Qi%y T20 £CEVAEcd o A gocond groflont wos not

thorofoere routinoly ucod 4a tho otcrdord procoiiurv,

Loblo 53%5 o)

Notordol Iipdad P DEH  Oxodinol  Logew
Crudo onvolepos 016 b3 | o0 S
Purdgicd omvolepos 025 06 08 13
Frastien X 075 015 HoDs 09
prcotion IX 02 065 " .2
Proeticn IIX Zoro . «028 e #052
Prostion IV - 005 115 ° +16

NeBo XIm {ahio tblo and horoinogter, “BEN® ctando for “Diphonylordmo® .

IN.D. = "Not Dotornined®,
AMdquoto ef Gnvol@pc suoponcier woso oponicated ot & po orpld tudo

for 60 scocnds 4m tho [ISE genleator cmd Diloso I cpd Riaso (90 3
omoymo/eg protoin) cAded, APtor Ancubation for 1 heur of ween tone
poraturc vith gontlo gh&rsﬂmg tho comleotien wao ré;;eaf:oao The wvholo
procc8uro s ropontcd thrco times, ‘cnd tho motericl wop thom dinlyscd
Lor 2k hours cgeainst 2 shanges ef diotillod wator. ‘ Tho dialyood
cugpcnsion wos Lroeso=dricd 4m woighod tubes, theosoughly ozz%z?a@%cﬁ:él.
wth 2:9 ehloroforn-cothonol, and dricd cgrdm. Tho maos of tho protoin
rogiduo wos @ompmm& weth tho mass of o driocd cliguet of umtrontod
onvol@fgoa, and %hé goncontration ef protoim im tko eriginal oaliquet,
the Lowry esofficiont (Leory Unite/ng protoin/ml) amd tho poreomtaso
by woight of protodn in ¢ho origimnld onvolopeo calouvlated, Tho
porsontogy by volght DA, RIA cpd 1ipid woro caleulatod from tho
ospoayo o8 dogerdbed in ehaptor 3. Tho Lowry ceofficiont wao Lound to
B0 1.62 Loury mﬂto/r:@/aipmtem {(ooom of & 'oxng?ix:emts),,

In ¢oblo 5:4(b), ¢his Lowry ecofPicicat 40 asou=cd @é bo voidd
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for tho protoim im cll frooctions from tho groddent, It 40 furthor
assuncd (from tho verk of Gurre, Pimsam cnd Hawthomeﬂo Kecman ot ol

ond Klom(gg) that 707 of tho 14pid 4m old fracticng 4o phoopholdpid,

Zeblo 5:9(b .
gertes gmee.

Crudo envolepes 20.5 8 ko5 67
Purdifilod onvolopoo 23 8 5 N
Frootion X 62 ' 2.5 NeD, 35.5
Proetion IX 23 10 w 67
Proctdon IIX 0 18, @ 86
‘Frootion IV 5 16 o 79

pDo = "Not Doeterminod®
Yosorordor, of e Fthy

Tho rosevordos of ZMA (inm tormo of éiphomylonine soleur), RNA
(ia torwo of oreincl colour), lipid (4m torms of pheophato) and protoin
(4n torns of Lowry) woro colouloted i‘or‘/th@ crudo and purificd onvolopes,
and oloo for tho 3000 X g pollot cmd tho 30,000 X g suparmﬁaﬁt of tho
difforonticd eontrifugetion, Tho Ligures presonted in table 5:2
represent the mecns of 3. zecdinzo. Tho purdficd onvolepo figuros
mré obtodnod by opplying tho sams quantity of erudo onvelopos as
contadnod in tho 6.4 mls erudo onvolops susponsion Co tho corbiteld
grodiont; oftor dialysis, the bond was rogugpended in o £innl volumo
of 6.0 mlo @40%41%0d wator. ‘

2oble 5:2(c) ‘ Ogtical Demsitics *
[aterial Yol, (mip) Lipid P ogN  Oreimel Lowxy
3000 X g pollot 5.8 %5032 o3 08 o35
30,000 X g onat | 6.3 037 035 022 | o575
Cxude cavolopoo 6.1 ;039 065 09 .24
Purified onvolopoo | 6.0 035 - L,035  ,06 o2

C\)CP\“"- D‘?\«C@\’\M‘Cme \ L;Pi} C = Lieig\, pkgsf\\a\-c,'
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Zabio 52324 )

. & Roapvary Qeen mushch

Lgtorio) Lipid P M?t\} Orodnol Mo
3000 X g poliot 2 %3 2389 2086 30 ¢ 0.5
505000 X @ onot %3 6 & 4 55 & 6 52 £ 0.5
Cruds onvolepoo 37 %3 39 &4 2 %6 18 % 0.5
Purificd onvolepos 28% 3 624 526 10 £ 0.5

TPTECTES

In choptor & 4t wog eotchliched that in %oo cei®e conisction
oeddvn ¢ho cnvolepe could net bo rosevercd, Tho folleting ozporiconts
voie] adai@m'__)& to elordify tho eriticol maturc of tho pR of tho moddun,

Zho oxudo onvolepo proparation Pregoduro tag ropontod roplocing
tho 0,02 II trio buffce with 0,09 [ pheophoto ot gl 640, 605, 7.0,

75 andl 840,

cad brocknso of

Tho musiel, ophorieal o highor pHl voluco, wero conomhot mdo-
chopon ot g 6.0 and 6.5 Vasiotica of pi over thio xongo A4 not
olgrifiecntly cléor tho pomonﬁ@ of mucslod brekom. AHLgrregetion,
herovor, inorooocd mogkedly oo ¢ho pH wos loucred end oo tho. g8
opprocshcd 8 ¢ho nuelod oppoared moro Sully dicpowrscf. Cencdotont
vith thic chsosvotien wag tho olight (cbout §7) dloinuticn of Aghte
oecttor ot tho highost gi. Cronuvlarity im tho musloeploca was not
opporcnt e

Peron woro notzocovosod ot pi 6.0, 645 or 7.0, but vooisulorioae
tiem ovor thic rompo AA4 moet cocn extonadvo, The room odeo of .
fz*af__@omo doeronscd vith dmescaciag pHo At pH 7.9 and 8.0 poxes woro
Viodblo, Chreontin sontcninotion woo coot cbvious ot gH 6.0, 6.5 and
8.0, Tho PR 7.5 proparation was inddotinguichoblo £ron motordal €300
tho otondexd procodurc, |






Yblo 535 ochewo ¢ho cerociticn dm tomw of Xipid pheophato,

& phorylcaine eolowr cnd &@tﬁy eoleur of tho 30,080 X g polloto ef

thooc ospordnontn. Tho frouros Lfor tho ptoriosd cavolepon aro

OLXC STRINEH

includcd for cerpusioen,
20bdo 623 v A
Stonfned 085 o235 .50 28 o7 47
CpH 6.0 .00 o33 51 ) 65 . .96
645 075 0295 o9 349 o60 .45
7.0 .08 0255 A7 5.2 o5l 7
7.5 -08 0215 AT 2.6 oG A7
8.0 075 A9 B3I 205 b A7

;I',JZ

Xa chaptor & 4¢ wao chora that cavodepo rorpholegy wos lest (4)

in tho proconeD of potagciun dems, (14) im Meh feade otrongth modia,

To olorify furthor thoso demie offosts, $hsoo 0oto of OmPOrAnORtD Wers

POFLerTods =

0)
* B

®).

I=tond of lmonkn

Tho
(960 1)

To tho trlo buffer in ¢tho ctondamd proporotien, HcCl weo
cAded So (3) 0,01 1 cnd (44) 0.0% 11 eoncontzatienc

To tho ¢¥.0 busPor 4a tho otandemd proporotien, RCY woo

8308 %0 (1) 0,08 U and (44) 0.0k I concontraticn,

Tho 0,02 II ¢rio dugfor of the otondard proecduro Uon roplectd
by ced@iun phoophoto tuffer, P 7.7, o tho follewing
cenconsrationss 5, 90, 20, &40 ond 160 1,

of molod

mesdcepdasn boecoy gromular onldy im Moh eoncontratieons
of pheophato buffor. Potasciun chleride at both ccasontrotiens
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(vaddle oeddun ehlordén) cowcod conpdoto @loporoed of tho muelod
oftor 20 pcsomdn® cemdeatlca, In potoocivn ehlerddo a 407 diciiputien
in ls.ghtc@éo@@ow coourscd, whilo im ceddvn chlerdéo traé A ght=oenttor
vap urchenged,
mvolepo cespholegy

Tho onvolepos propercd 4m pedivn ehlordds were coocor®lally ef
tho oomo appoozanrso of €heso proparcd im tho otomdord preecduro,
theugh tho p@m‘@@agaloz;oqub eloaror 4 eutdino cuggooting thod
ootopdal hod kocn leot Sgon tho perfphordos of tho cnmuwld. Im
potoooivn ehlorddo ne onvolopeo tworo ebtndnndy dnstocd, om ogprogatod
2000 .@{s’ Ao porO=£rco ncobronsus voodedon wao prepiscd, oocontlialddy
£5Co of greoo ehironcltin or mvelcolar seaterdmntion.

Cosaoition

2oblg 522 ‘

eemtionn S8, EuAP M lam i lHlp

009 I NGl 0,09 «065 623 A9 2.8 &7

0,00 11 © 0.0l 08 21 o5 246 o7

0,09 11 XC1 0,07 <085 o155 o35 4.8 036 19
00511 © 0,05 4085 4955 A0 1.8 .39 .2
PhoophatCs= | ‘ |
5 10,095 - 275 o575 = 258 =
10 &1 - 0403 +08 21 A5 2.6 N A7
20 0,05 075 o195  &15 2,6 a6 18
40 1 0.08 - 0235 58S - o9 -

zi @0 Eij 0 og@ o .6‘0 96‘6 < 092 >

PICATION /3 GLTREG AGTD IEDIes

=
3

. ZTho falletAng oxporiconts vore doodgned e ootchidch (4) whothow

the nogacoiun of tho genfeatien coddun eoudd bo roploscd by othor
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eatiens, (44) to that cxtont tho m@m@ﬁm ceasonSratica woo
oritiocl, Tao ofF0st of citrls cold Am tho codvn 2a0tocd of o alecs
tiea oo olco davootisatods oimso €ho T pH FCIevos tho eutos muweloar
ccobrono, the poooibility of ebtddndng cm dmnor coobronc proporation
uvedng cltric csld wop ouncalncd. Fho OnPordnento porferiod worose
o) Tho 9 23(;@312 of tho seadeation cofdun wes Foplescd by
(4) 9 =1 Ccly, (44) 9 1 BcClge
b) Tho cordecticon modivn was meds (8) 0.5 o1, (14) 2,0 =1,
(344) 5.0 =8 UG, dmotond of 9 1 UGEL,, But tho emeone
teatien wap cdfunted o 0.5 1 oo 4m tho otendard presodurc,
prior to dlfforonticl comtrdfezation. |
e) Senfeation oo porforccd 4@ tho wouwol moldun, eontodmiag
924 H@@lzg but prier to difforomticd comtrifugatien tho
owsponrodon wog Galutcd wdth (4) & volunoo, (44) 9 velunocs,
(m} 99 volvacs dmgtocd of 9 velvo of wote, or (4v) was
1ofe wnddluteds ‘
é) Thc otcaderd proscdure fer ¢ho ioolatien of tho cavolepe wao
pmfom@ on muelol oafter waching 3 ¢inos 4im 95 @:'Li';ﬁ.e osdd,
then woching twieo 4m tho comdentien coHdun (tﬁ*ﬁ.s%ml +
9 L 1B, R 747) pslor to comdectiea. Thuo, tho
ootabliched ctonilasd proccduso wag applicd ¢o muelod fron
vireh tho cutor coabrans hed beon woneved,

Btond of brcaknzo of muelod

SMchtdy Looo muelod woro escplotody ddoporsed 4m the prosomrso
of calcdun, cud clightly noro 4a tho proconed of bardum, thom im tho
PFOCOREO of crgRocdwn, Tho ombont of broakago éseranccd, and ¢ho
oxtomt of agprogatien of the comdeated natoricd incrocscd, wih
dnercesing pogrooivd ceacontratieny fa § £ cogrooivn, tho nuelces

placo wag cenothnt gromulor, Im ¢ho cltrie ceid wooksd muelod, tho
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muslceplacn tag vogy gramwor, cad tho meslod woro zoldotdvoly dntrase
$cblo o cerdoatica, Im coascguoned tho yiold of cmvoleopo=lilm
nagosadl wes Aeve

In tho proccrse of oll dieatdeons, imdopcafont of cencontration,
ceedptoblo cnvolopos Ath ooay porco eeoplonos woro mesvesod, AS
pogreodun esaecntraticns mueh groater or muel loco tham 4 ] comtord-
rotion wos ddgadfiecnty whca tho negrsolvn eersontwoticn uao leT 4n
confeatden or AALLORE eontFifugatien, maxnd vesdewloriontion
cosurrod, Tho motorhad ebtodecd fren cdtsie ceddezashed muelod
comsioted of o meoo of oggrogatod cnd highly contandncicd Roobronsus

voesislogs mo onvolepd motoricl was rosovarcd,

S o tien
Hedro 5251 nz

3 , g . - Bl Bl Lipid P
[z lm.sam;@au@;m Linia P DI Lewew rieia p T

5 1 - o1 - 15 - l3 -
201 09 225 JH5 2.5 o7 029
9 1 ( otondard) +075 0205 ok 2,7 o6 o7
0.5 1 A3 .39 o8 3.0 &7 o5

Robie 55 bz

) p
? % . e 073 P FADAQ P
a_somurediucation Wpld P BN Leuny TRas P Xz;m | Tanzy

0.5t 075 20 L2 2.7 &5 47
0.2 1 A2 A0 AT5 53 s .25
R A7 675 S0 b0 o75 +19
0,05 3 | o9 60 090‘ 505 67 092

Rablo 92 g @}

GC@lzp 9 05 13 030 2.6 o3 17



ho 30,080 X g “immce cocbsono” propesation wag coeaycd eo ugual,
amd ¢ho 100,000 X g poldot of ¢ho poolod eitrie celd wachos ef ¢ho
wuolol, eeatolning “cutor coabrand” motoriad (6£, Srith gf gg& jwials}

oloe oxcaincd,

50,000 X g podle .02 A9 .60 9.5 o3 +03
9€0,000 X g podrd, o007 Zord 075 {9 <07 09

OSI"0TIC PRESSUN:

In ehptor 2, ¢ho quostien of ¢ho cdgriflecncs of tho low
ocaotie progourc of ¢ho icolotion noddo of muelod and musloor cavolopeo
wao radacd, Po ascoss the doportonso.of this footor, tho otendard
codontion zediv vos nodo 27 bovino sorun albwdp, uhich 40 “4cotonde”
wWeh tho nmweloeplacn (Hasding ond Lv‘@l@!emx%ﬁ) o L mrercielcoulny noluto

wa0 Foquidrcd, tho cavolops beimg pormnoblo ¢o snold melesulos.

ho Smslucien of tho 60sU0 clburin nodS o obooKICMLO ASEOTOREO
%o tho ontcat of mueloaw bma&m@o during acfméi,@z;«.%i@m or to tho @oégmo
@’2 oerpgaticn of ¢ho aveloar fra@mmtéo Lavolepd corpholesy woo ned
signifleontly @lffosont Srem thot edoorved dm ¢ho omm procciurag,
- but oleng wth tho onvolepo fragnonts cooll anerphous objesto,
predably cazrpopeton @ﬁ" donatuzod proteimn, woro eboosved.
Coqmpordtion
Tho 000ays chou Adffarcrsos fren tho stondard precofwro thich’
oight bo opladncd dm tosno of tho ceatcaimotion of ¢ho cavolepeo
vith ¢ho exme000 protoine ' '
R0 G526

GoaRitiann IApdd P P Loy
Staniard 07 099 &3

&5 BSA v 055 945 37
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Another voricblo thich Aght comsoivebly cltor tho conditicn of

tho cmvolepcsdo ¢ho ceacoatzation of the musloer sucponsion cenieatod,

Inngocd of tho agvitrary 5 ng/od ef tho stondard procciuso, therofora,

seacontrations ¢f 0.9 22/6k, 1 sa/ml cad 40 ool pretoin tere usod.

G0 axtont ef mueloer broolwse and tho cavolepo Derpholegy wore

mot CfPosted by this vézéia%i@m@ ond 84phrayleaino and Lowwy oo0oyo

clco 04108 %o chow cmr HAgalficans @hémg@o X% wao cencludcd that tho

coasontrotien of muelei vondeatcd voo met o ordticol faotor im ko

DEOCCAVED ;-
Sedlo 527
GCongontration
90 me/ml

5 ng/md

1 m5/md
0.5 /e

SOIECATZON CONDL OIS
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#0790
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050

Tho Lallering footors dn fsho Dendeatica cenddtiens oo variedle,

ond ko chefco of voluoo usod dm ¢ho e‘é@m@w@ prosciuss rFeguiron

ospordronted Justifientiense

0) Tho voluao ef ouspcasien uoed

' B) To 0A0O of tho predo

6) %ho cendeatiecn $Aco

@) Tho comlAtudo

0) Tho Lroquendy of eooilietieno

©

o -

=)

[*]

b=

4]

o

4

Standosd o § oo

8.5 eno

2 X 20 ooeo
9 j=n

29 ko/oco

in %Rzo.f@m@tﬁm CzpOFAnontn, $ho conditions were verdcdse

0) Velume: 4, 2 ond 90 ol oldqueto of mueloar ocuopensiens

w0 comdoatod, tho ether cenditiens boing oo dm ¢ho

stondesd proccduro,



b) A 0,2 en probo was used inotood of o 0.5 em,

8) Tho 2 X 20 ccen pendeatien of t otonderd 5 o} allquet o
roploeed by cenlentien tlneo of 1 X 20, 2 X 15, 3 X 20 and
6 X 15 oeeo.

d) Sendection wap porforced at 2 pn copldtudo ond b o cmpld udo
Anstend of 9 F3s  This mcsocodtotod sexo c2add ehango of ‘
Sroguonsy; tut thio pmbamy“ @id not im{f-lmem@o tho reoud
{ coo bolew)s

0) Senfontien wan pozforod at 27 E.?@/@C@D at thich Scoquonsy
1}!@0 capmm@o'ia alpe 9 e

Extomt of muelonr brookormn

Zho ofR0et of Cho 045 6o prekd eouvdd bo mg;m&u@cd w&th tho 042
en probo, but o tetod of 3< mdnuton’ cemfeaticn was roguircd te OFFoet
$073 muolocy broakeos Fho ®mo roquircd for $O5 @lomipticn cnd dlge
porocd Ueo 20 0080 o8 2 g ond 15 0080 of & pm cpldtvdos  Tho
Froguonsy cofo o @bbowabio d£%orened, Under ¢ho otomdosd
eonditdens tho poreont muelonr brockego neronood merd e 1000
1noardy with ¢4co (semo 30607 aftor 20 poeog 60705 aftor 30 cosog
cad awovnd 9007 cftor 60 ond SO socends) o

Lo gomoral, cecopBoblo cavolepos (oo obtodncd wador tho ofondoard
a@nﬂ,@oﬁﬁ@i coadiens) woro obtadnod oo leng co tho ratie of cealece
thon tico/veluno @A et oneoch 8«9 cosondr/mly AF At ALd omsocd
thic valuo, Shom tho FO0OVOEy of paros dcerooccd 683 (he oxtont of
vogdeulordootien and condentien dneronsefy cemcever, ¢ho natoriol
644 not bard on tho corbisel Ereddont bu¢ pollotcd. lerphology wao
Andopondont of ¢ho prebo vweed ard tho frogucacy of tho ceadenticn |
OROFYo Xmexonso of coplitudd hod $ho comd offost op morpholegy 0o

ineroaso of tho ticy/volvao ratie.

928



Tho 0£L08% of Ging/volumo wotio on omvolepo eeiponitien 4o cheun
im €oblo 58, '

2ehlo 528

20 coso & cesr/ed 42 o265 )
3y © 6 © 0245 &85 b5
&0 °© & . .02551 030 &7
60 2 v S B 059
s9 @ 8 © o265 T obBS 095

DEFIERISTILAL CHREDRIUCATICE

T&m m&fﬁ’omw&&aﬂ. @an%mmga@i@m of mwelod dloruptod m@ow
_ cmm sedection eendiions wop neddficd eo folloupse

o) Fho cucponoien oo coptrifuged of 1090 X g fop 90 tﬁmmoa

b)) Tho 9000 X ¢ oupornatont wes eontriugod of 3000 X g for -
10 odmntes. _ |

8) Tho 3089 X 3 cupormntont wan eontsifuged ot 46000 X g for
| 20 cdmuton, | | | | |

d) Tho 90600 X 63 oupornatont woo eontrigvsed ot 30,000 &k g
gfor 30 mmueco. |

Tho four poddots wore onenidned dn b0 oloedren nlezoceopd by
rogetive otcdning and caciysed An Sopzs of Loy colowr, DNA ond
1pid pheoghato. | |
Epvolapo nemhole

tho polloto ot 1600 X g cnd 3000 X g eontoincd ebhwenntin,
macloold,; dnteed musloi ond o quontity of coewpheus patosdal, bud
Metlo meoegmionhlo omvoleps, 4% 90880 -X Bo Tatosdad rich da pero
esrplozos ond conGodndng ap@amngv mero chyoratin thom tho otondord ’



orud0 ocnvelopos uag sveovoxed; practieally no vosicles worc found
in thic poldot, 4“ho 30,000 X g pollot contadnod moxo vogieles, leos
chronatin wad soouact Lovor poro ecaploxes., Only o voxy fou tiny

cenbroncus voeoleles werxo loft im tho 30,000 X g cuocxnatont,

Losmoni tion
Tablo 5
. RE IO | Lipid P
olloh Lipid P | gl Lomy LisaE P s A
1,000% g .08 26 J69 33 .38 .42
3,000 X g Zoro .07 oAl PYTN 50 0
10,000 X g o0l 0225 465 566" LB L09

3000@@ bi¢ & coa aﬂ5§ 036 109 0&5 ' 022

G- RAL DI SCUSSE 0!

Stondord prosciuxo

“¥hio proccdurc woo chotam to givo g soticCostosy cavelepo prcepd.'? -
tlon accerding ¢e the morpholegical critorion. Moreovor, ¢thoro wag
13¢ele veopleularisntion, contonination by chromotin end nusilcelar
eatoriad wop ochoun to bo megligiblo, cmd 1ittlo opporent loos ccouxwrod
i tho ethor @ifforential contrifvgation Sxteotions, The emvolopo
Srootion centadng the highcet porcontasge of ¢the nuelecy bipiag 800
&7 of tho muclcar DNA 4o £inally recovored, DNA cocounting for some &)
by @5y rolght of thST o "P°Y cansidorably noro thon im othor publichcd
a%tcapto of 4oolatien of tho omvolepo),
pH_offostn

In senfirzatdon of previcus rooults (chaptor L), ¢the pd ronge over
thich onvelopos com be prepaxod by the stondard sonicatica prescfiure
3o cbout 7.2=8,0, Ovor the wholo 6,0-8,0 ronmge, DNA contont vasdon
rexo op Xooo idmvorsoly cith pHj low p¥ ¢xootoonto opplar o rondor

tho chrematin gramuler and mako tho muclod rosistont o gondcotien,
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ond oxo $hus wROWAGobI0, k0 E0Ero0 6f opgrognPea moflcsts tho
Copco of earenntin ecatcndnoticno

Zopdo otronzth of0csin

“ho deotsuetivo 050t of potasscivn em tho oavolepe, thich com
ko pcom ot cemeontsations oo Yew ao 0.0 U, 4o ret mdndelkcd by 0edivn
o ododdor @@ﬁ@omﬁmi@moo Hercevor, ceddvn deos mot ecuco €ho
i@mmm o DA comtont typlend ef p@%ogoim::s trootnont. Ulwn tho
dorde otrongth @f’ tho buf”oz? bi¥n] msloo&a wnmnﬂxm%:l@m OPPoCXo ‘&e
inesenno ( thero :&D on z’smmaso of Bl @@:n%om: cad o*z%ont ol cmgaa
%en) g teo lou cm deonde stmmgth OppoOKs €0 havo tho Saine) ofﬁ)@@o
Yhewo 4o, thomfo"@,, & @p‘@ﬁ&m&l i@mi@ o%mm%h Juot oo ¢hero 40 om
optinod g, but im tho eaco of demds otwomgth ¢ho L,@mal voRkwo @f e}
@pﬁm Eoponas @m tRm Jono dnvolved (oco ehaptos 6 for Lurthor
olobernticn of thio peint) ., An 0oCoRGablo ‘proparaﬁim A0 posoiblo
enly ovwor 0 Mriitcd feadc otrongth ranro, -

Risation 05£06%0 _

Bigher ozecosivo ar dncustdelicat dloctica o the senlentica ooddun
sodueos tho yiodd of oavollepd cnd ARGEOR0OS 400 B/ combcml; Ancufe
floSont alenticn olge ocoms $o preeto o looo of 18pid, o £inding
conodotomt whth ¢ho Fooult, quotcd 4m ehaptor 4, thot IBTA 60MOCO
18944 Goplotien,

Tho off00% of ddcaticn corsontrotien dn tho GALFOFORGACL €ORtFis
fuzatien codduy, hewover, mqmiﬁ'oa'agm cer2mt. Tho 1pld rotontien
io oloply dmeroccsed as dlection concontration Ameroencs. Tho offest
en DA comConG 4m ¢ho onvolepo 4o, hewovop, norc 66mplos. Tho
roguléo oxo pornegs boot Antospretcd ap Lolleus: Conolder 2 peolo of
DA, omo (B) dound ¢o ¢ho Oﬂﬁ‘@l@pﬁ; ¢the ethox (&) eccourring 4a tho
1dboratod ahrenntin, If o eortodn sensontration, =, ¢f magmcoivn 49
sequizod Go nodntodn tho imtogrity of tho rolcascd ehrenntin (4.0. tO



psoveat I locvinmg $ho . posold €), Lut omy enmmociun, ovca o cooll
Sroeo, 4R colutica A1) bird BHA frecd £ren peod € o pood D cuch
that Sho oxtcat of ¢hdo Linding 40 proporticand ¢o tho nizmacdun ™
comeontration, hoa o hoeve ¢ho Lollowing ocitunticase

Sozsonfratfen of 170 dn nolutien SvcatiAty of, THA da omolend
HOoxo thon, or cqucd $o, “sP B
. Botwoon govo aumdl O ' Do (Comoto X Aif)
050 - v | a

Tho feddeAng orpcrdrontod sooudts woudd corpebernto thio
hy@é@acsiosc '
o) I£LBTA wore oddcd o tho ouopondien of¥or comlcatien cnd
prior %o &lfforonticd contrifugation, ¢ho reouldting onvolepos wewld
'»@331‘5@1& EX‘?A soncontrotions equivolont $o ¢ho poold S, 2.0, cbeut tho
oom0 oo dm Cho otordord procc@urc. Fhio rocult coo Ap Loet ebtoincd
chom DDRA ot P 7.7 wen cdded to comdcotod nuslod te o £imnd
eongontratien of 9 . | o

BN R IApAA P

lotordand, Bedd P BN Lerw ISFA P foomy Ley
Stondamd ORv, -085 0255 .50 2.8 A7 017

m?A EZV‘OB%C@ o P‘r @E}? ? ogq ﬂ 'ﬁ 98 . 020‘6 OQ&}

b) Acditien ef osmecos DA Go $ho cuoponciea uméor tho otomdord
condtions would dresvnso tho cnewmt of IS bound So ¢hO omvolepo,
ohneo ¢ho eonn would bekovo ap DRA Mborate8 £ren pool @o Tho

. incidentally
valdd@ity of thls prcddetien do imvooHentod dn/choptor 7o

Roplecoront of commoocivd by ecledva cokes etlc opposont
digforoned to tho cavolepo propagatien, o foot whieh 4o cxploitcd im
choptor 8, ciom tho 4cnde cemtont ef ¢ho cavolepe 40 oncdmcdle Fho
uco ef bogfun, thilo 48 Dﬁm@cﬁno tho cnvoleps im o socoonably intoes

oBoto, 1o porhopo 2000 cetlcfrstory. The quality of w0 clcotren
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mderogrophs of miclos ghests proporcd in beriun (oec chapter &)
suzgosts that ¢nls dleontiom P£ixoo® tho protein to o considorablo extent
moroover, wkon this iem 1o imcluded, tho modiva strays fax boyond tho
Uindts of tho phyosleleziead,

“ho eltric cold rooulés do mot senfirn tho predictienm that cosop=
tablo dmner and outor ronbrane proparaticns cam bo obtaincd by
wasching ¢ho muclod in this mediuwn and aftoruords noddfying sudtably
tho eavelepe proporation., Tho pore coampleoxes venish after citric asid
troatnont, and no cvidomed swrvives ¢o show that tho proporaticns oxe
in ary way ascoptcble, Sineo high iomic stronzth wothods appoor fxon
tho phocphote buffor rooulis o Do inappdiechlo ¢o tho problca éf
isolation, profuecing @dnt@nmtiom ond nerphologlcnl digsuption, and
ginco dotorgont notheds vore dlssusocd inm choptor 2, ne nothod for
obtodning soparato imnor and outor onvelepo proporations oppears
posciblo ot this stago,
Sondention conddtionn

fnothey exitical foctor im tho omvolepo preporation is what
might bo formod the “cameunt of condcaticom®, vhieh fxrom ¢tho rogults noy
bo eoneludcd to bo o function ofse

ArpAitudo X prebo 8lorotor X gondcatien timo
Voluno of cusponcien o

and to bo indopondomt of tho eamcomtration of mucloi im ¢ho cusponsion
cnd indepondont (over tho ronge encninsd) of tho froquonsy of semlco-
tion, Uhile tho amount of oonication must bo oufficiont o dorupt
tho muclod, 4¢ oust not bo cuffisiont ¢o dotroy the poro eomplasos
cnd to comtaninato o g&boﬁgulaﬂao tho remeining noobroano. ZThot the
coount of cenication uscd in tho stonford prescduro 4 moar optinvm
15 juotificd by tho sxcination of mucloar broakoge amd Onvolepo
compooition and morphology. It 40 intorosting to motc that 4% follows

from tho depcndonco of tho offoect on volume rather than concontretion



ot to ezdtdend Luster 4o tho onirgy cap)lic& par ol, 2ot tho crorgy

oupdicd por rusdcug,

Yigugh tho c2i¥en of -bovdno comun olbuwrdn ge tho coddun
inezococs pretoln eantotinuticn, tho onvolepos o84ll ootdogy ko
corpholeiiocd 6FAtorlcn of Antcority, Ormotlo proncuso ccmmet bO
comsledod firon tro wocules to bo om icpertant fester dn do Acelction

fpocledih ol
ronklial eomb urntdan

7 i |
| Tho vardctien of GiEformtal contrifugation caditicas 2oodn
% tho folleAng Couelupieanse

q) Doturdcd poRlotod ot 9600 ond 5080 X g 40 ROD=CCCDFCACYD,
cpd Gonoloto of ucardy dnveet muolod, cmd (oo vevld Bo czpoeted fren
eho briof woviow of tho 100loticn ef cudmueloor Sxcetdens ol tho ond
of ehnptor 2) ef muelcold czd of doncd chrrenating predcbly losgoly
boﬁomshm::ﬁm ond dngerncdiato ehrenotin, | |

b) Uotopicd poddoted o 90,080 X 3 40 appoly cavoleps ond 40
vory #eh dn pere ecoplomoo;  cemo chronntinm A0 vigdblo, cf )ebocrvas
tden serseboratod by tho cocay socudtoe

6) Tho 30,600 & g ootordod oftor contrlfugctlen ob 90,000 X 3.
@oxatamo Fathop £otor posd esnploxos thon storderd cavolepoo ormﬁ Pits}
proportienntoly Lexe vogicuvlop, 85&@@0 24620 motoricd of o coobro
- ouo c@p@mm@ moeodng dm tho oupoma@m@o 4% 4o eomoludod thod t?ro
mu@xlou:? CavodeRpo, ovem w“mn vooﬂ.@mlaxioc@@ slo @@mi&wzaﬂ‘bly éoncog |
el RS Rolscmal S nem rame s Domﬁ,cy 4o m@maocﬂ,, avilelng v&%ﬁ‘a
ehrentin "@@mecr:é.mt&cn% whon %ho BeRO @@:mlo:zoo 050 £ox0 4
olvricieincoPs

g@ol vidwo ok Gho oamditel seoddons
In ¢ho otondesd proporatien, oswdo cavolepes £xen difforontiod
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contFisugotien ax0 “purdLicd® by cerbdted groddcat combrifupaticn
{oosbitel 4o weod dn proforonse te oversso Boeamoo of %o looow
vicesodty of bAgh domoity = coo choptor 6) . Hewovow, tho eenpoodtica
of ¢ho purdficd cavole;os 1o elosoly cindler to thot of ¢ho puse
onvolepos, theugh tho soletive yioddo of sotoricl ced cnolycds of tho
sosndndor of tho grodicat dnllento kot o looo ef ald esaperents
osours em ¢ho gredlcnt. Tndo less nay BO rogaWlcd odther oo $ho
seovall ef eontcodnants o o5 %ho_ prefuct ef cavoleopd éogradaticn.

520 0t VAcTpodnt 40 mero tonoblo thom tho cocend At & com-
oidorablo cosunt of cavolepd poroiotn em tho grofidomt, 0imeo o cosend
Groddont rozevos vory cueb loss cotoricl thom ¢ho £480%, ond oineo on
tho cceend groddcat tho domodty wonino ot oround 9,27 g/mdle I
follewo thot oftor corditel gredicat eontrdfugnticn ¢he cnvolepes axo
%o Bo sogomicd es 2000 comtordnotod them tho erv@o onvolepos frem
dlgcorontiod eontrifugntien.

“ado comsiusicn 41lvrdnates tho A4rflieulty of ddceuocdmy consopto
cush oo “ccateniantien’, “purdity”, 0t6, vith roforones to O rosree
zodcovler syoton of bleledecd erfddn 6f vhich o dofimiticn io
largoly or ontlrely cporationol, Suporficially, 4¢ cdghd BO brpa]oy-ol sl
that ¢ho BIA/4pad watle Tould Bo o wooful indisntor of contardnotisen
dn Sho e00C of tho muelocr onvolepd, Lug 46 ocm bo ooon thot cmudo
cnd purdficd cavolepos hovo como e 2000 ¢ho ooco PHL/2pid patios
tdo potdo 40 ned, thcroforo, cm cdoquato norkop of Geateolnnticns
AlgorRotavaly, 620 Mt ooy kot tho mrelear omvOlopd CeROhOtn of
only ot oot of motordols thieh 4o both mocosscry crd cugelolont to
cororato o eerplon which koo o norphelogy 4domtiend wASh that otatod
in ¢ho aritorien of dofinitlen of thec oyotons. Homovog, 4¢ hao boom
chota thot RN trootoont romoves Mpido vithout @i6eopsarily dootroying

{»‘?\«'Q)\
the covoleopd Dorpholesye tho[eonclusion that Mipdds axd WARCEEaOCNEy
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dm ¢ho oyston, cnd hored eeptcdnonts, 4o vmootiofostorys 4% gives
to tho Mdpido o highly cobiguous otrvetural welc 4n tho RUBRCYS,

3o problooy 0f eentcnimntien anf purity wild bo @losucocd
thorougidy dm ehoptor 19, Por tho procomt $300, ¢ho emly pooiblo
cofindtion of ¢ho mueloor onvelopo 40 4m ¢ho oot cnnlycic oporstioncl,
Tho feeloatcd aveloce omvolepo 4o tho moterdal found 4n tho .27 g/od
oorvdteld boad of ¢ho ond ef tho standnrd preporatien doceribod abovo,
DR/, GONETRD |

Im the abconao of en cecoptablo dofindtien of comtondmnticn, €ho
quostiea Pis ¢ho BUA ¢ contcoinont?® 4s not moomdnzul, Peoitivo
ovidomeo o cheu thot DI 4o am oocontdol esecperont of tho oavolepe
10 0o felleugse

o) Uhca ¢ho BIA comtont of tho natordod £alio bolew o eortain
loérol, th:) oxpordcoatod Sindings indlento that norpholeziecd intogrity
Lo dduoys 1e0%, tho poxv ccrplosms bolng im coch eooo dootwoyod.

b) Phlo cbooxveticn, uhich oppoars o be gomorolly truo, moy
bo esploincd im ono of ¢To Toysse

(4) Comtodn coto of ecnddticns @iorupt Gho Onvolspo,
thorelyroloasing tho TMIA ottechod %o 4% |
(41) cCortodm ooto of coenddleons someve DIA £ren ¢ho oyoton,

md 00 o eencoqeones of Ghio cerpholosient GA0Fvpticon 6BEURrG.

©) In ehoptor &, o 60CO VNS G00OFAbeA Uideh bolongod TROgUiTEs
cally %o €k acsesfl of thoso p@sa&blo claosess Thio wep ¢ho offoet

ef trontoont ef ¢ho omvolepo wAth protocgo, ldpase osd IElooo €Feo

Heroevor, thon tho cavolopo 40 intcet im vive 48 4s (83 3w/}
Intinotoly 0opesdotod tith DA  condtmontion of EMPe~30emo0 4m Aéoosds
40 coro or loon cednsddont With cavolepo brockdesny ond 4% 40



proboble that olose attechment of the DNA with the rest of the onvelopo
can be ceen en the moloculer level, ag tho cmvolepe appoors to be the
sito of initiction of DNA gynthosis, Horecever, ell attempts to
isolato the nuelear envelope which havo so far bocn published are
contont to iselato from nuelel mezmbranous noteriel with low DNA
eontont. Vhcn DNA eontent ie low, the morphological oritorion is
novor satiefied. Pinoclly, in the (essenticlly oporoticnal) dofinition
of tho onvolope adoptod in this thesis, DNA is roproducibly found to
be o componsnt of the isolated system. Xt is conoluded that DNA s

an ocsential esoponront of the nucloor envolope.

The range of cxporimomts 4m this chopter has showm that the
otandard preccdurc Lor onvelopo iseolotiom prefuees matorial in which
the DA eontent 48 ca low os poosiblo while nalntainming morpholeglcal
integrity. Large-sealc “oontenination” (obvicus inclusion of organised
chromatin in the preparation) is present only whon the pH is too low,
the ionic atrength or thc dicotion contont too low or ¢oo high, or the
anount of sonication oxcessive or inmsufficicnt. So far as can be
dotormined, the standard procedure, in torms of integrity and of DA
ond 1ipid contont, and im terms of yield, optimises all the varicbles
involved in tho preccdure, Vardation of any of those conditions makes
the preparstion in some woy less satisfactory,

IHE POTASSIUL! IFFECY
A gpecinl fipding of this ehaptor, consistent with results in

chgptor 4, concerns the potossium effect, Sodium (or ccesium - which
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also foils ot 40 ¢l concontrotion to disrupt tho cnvelope in proparation)

do not mimic this effect, It ic clecar that potassium of all
Donocations, nust bo omitted from the isolation mediunm,
Howover, all workors with tho exception of Zbarsky g_g_g_;_s have

used potassium, with or without high ioniec stremgth, in attempts to



a0ednto ¢ho muelocy cavolopd. ZNMC 0£5000 sano®iutos end roosen Fow
tho £odluso of thooo obtompto (coc ehaptor &) o Hetovor, 0 intorprot
¢ho offoet in meloculor oy 40 mot otredGhitfervasd, (zd FOQUAFeDse

o) 0 dmvostlgoticn 68 €ho R€cat of potasoivn ea tho Lcelotcd
cavolopo rothor thom 63 wusldold dwing Aosupticn. Inbest muelod aro
net coontreycd by leu potossivn comelntratienos

B) Zho dsvootigaticm of tho offoests of othor femo, pH condd ¥lens,
oo, evor o ronge of copcontrotiens en tho dcelated cavolepd.

Chnoptar 6 Lo dovotcd loxgoly te oueh dnvootigoticasg hewovow, it
chouldd Bo matcd im cdvanco tha§ o cotiofootery intogprotaticn of ¢hio
cusdous femle offest ooy Bo pensiblo omdy dm torss OF ého otsuetural
ingoracticns vAthin ¢he muodcus, wother thom im foxmo of ¢ho onvolepd

otsusturo AG001Le

96 1o Lo Curw, Jo Bo Pizcon amld 3. . Houtherno, Bieshin, Blophyms.
A@E’GD 70 (QSZDE) 2}@60

2, %, 1, Kocmomy Ne Boroonoy, be Ko Funk anfl Po L. Crano, Biechin.
Bieshyn. Leta, 203 (1970) 547,

30 Ho Klodmdg, J, GoAd Blol., &6 (1970) 355,

Lo 8o Jo 8xith, H, Do NAdorg, Re Snotoma ard H, Bucoh, Lipl, (ol
BoRoe 55 (9559) 185

S0 €. Vo Hosdlng ced G, Poldhore, J. Gon. Fhyslode, 42 (9959) 9955,

Go Io Bo Shownly, Re Ae Porovechehilkeva, L. 11, DORckberckoyn cod
Vo ¥o LolokGoroky, Hotws 229 (1269) 257,

933
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CHAPER _SIX

2800

S

Vo ¥ho bchavieur 0f $ho 4celotcd muelocy CrvOlOpd B OUCFEB0 gradionto
@dgrored £ren thot er 0eTeltod gredicato esentodndng dho ocmo dend O.’ZLJ
hovdng ¢ho cood gHs |
2, Suowaco and eeFRdted wosd thonoolvos Levmd to offtet tho ecrpesition
of tho oyotcn, ‘
3o G0 0f%0ct of coldun and poteooivd dean en Cho otcdAlity cad eeae
pooidtien of ¢ho cavolepo Copomécd en ¢ho consomtrotlen ef Aca dm tho
£08ivn,
bo  Lulem 08K08%0 € seTpocdticn m&s@abmw arsopcd £oen onden Go
cnfen; no fwo fous cppocscd 0 afF0et tho omvolopo 4n cscstly ¢ho
cono way ot the seno ssneomtratienn.
5@' Tho cf¥cots af chalntdag o@m@go chonging dectien sencontratiens
ondl obomang pH em tho cnvolepd Goro algse Amvostlantcds
] 6o Gho sooullo cxo Acouoccd TAth o vAow So Ehoir poosdblo phycicloe
checd cAgnifieaneo, toiding coocunt of tho edoorvod AALForoneon in
vohovlieur Botuccn tho doelated omvél@po md ¢ho cavoldopo 4n tho mwelcuo.
7o X% 40 owpucd ¢hot me cotdofostory crplonntien fer tho roculto of

¢ho relosulor Icvol eom B0 offorcle

XEERORUC TLGH!

X6 woo optobiiched dm chaptor 5 ¢het tho cxudo sueleor cavolepo
poliod propomed by dlfforontlol contrifusntien of seafentod muslod
could bo firecl of "oceatcdaonts® by ¢ho use ef corditel grodiontos
4o quostliens Uhdeh oricd fren So £inding erese

e8) Cca ¢ho e@z?m%@?l;/ b0 roploecd by ethor nenolcetredytos,

Collo DUBHFOCO? '

b) Thee 4o tho OfFOES cn tho bokovieur of tho cavolepd en o
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grodiont of protscalont v th e or of ineludlen of
4eany OoBo K d0mo?
ho finddrg Gocesibod 4@ ehop®@rs & and § thot potaooivn iens
gceronsy €ho oCchilidGy ef tho ciwolepo, dccding o o rolueticn in
30 eentcnt amd deco of cospheleglend dntegrity, owssooto thot
fuethor dnvootigoticn ef tho &@fvets of verdeus deuo em B0 oyodca
cicht (AVO vooful inforctien chout tho £osters Scnfimz to 4a0FOOLO
op €oernaco tho otobildty of o onvolepo 4m Asoloticms
gho oo of ¢ho ok €ocerdbod 4m ®hdo ehoptor io Go cotoblich
inPornaticn obeul ¢ho otdilty of tho onvolepo 4m icelatden, ond
eeopes0 thio S 4C0 otcbildty Am tho dntest mwelous, vhich {eLermoe
Hen -CQy kovo oene phyclelegiecd odgpistieonsc, £%abdlity 4o condterod
co norpholegienl datcardty oo dstormincd Ly 0lcotron Cleroceepys
46 40 comrodotod tAth o cenpoodtion cad groddont bohcvicur of ho

covolepe wdfor ho ¢onddtiens wcch,

CAIPARISCN 07 SUCLOST, AMD SCRRKROL GRIBLITYS

L 2 e

shooo aperinonts Eonenotrato ddfforonsos botwoon ¢ho offceto

en tho cavolopo ef cortAtel aud oBvEPesO.
liothefn |

| Cxudo nuslory omvolopos propaxodl by 8ho otczlnrd proccduse (oos
ehcptor 5) woro cuoporfcd 4m totos o o censontretion of cheut 10 mg
protedn/tl, 0,25 mis of thioc SYSEORMen wose loyorod ea o § ol 0.0<
5.0 I} fencfroo 0esbitol groddont oo dooesAbed 4m oheator 5, ¢ em o
0.0=2,5 11 (den=Fro0) ousreco grediont, Sexbitel croddontn toro come
trdguscd fe 96 hauro % 50,600 X g (avozogo) in o Spirso 739 rotor
ot 5% ov:éo grcl¥ionto voro coRtPAfused for €4 heuro umilor tho

00D OcnEAtienn,
%0 omvokepo bond pedevosod fren oveh O cesbitol greddcat oo

@adycod theroudily (2 X 92 houro cgodrot o 0PE0 volvoo ¢f wotew)



ondl FO=CORBFALNVSGCE ¢ O Cusros0 grcidonts oidloely, €ho cavoldepo
Tond socevorcd £xe3 cveroce groficat @om%@";m@aﬁ;i@za o< tho exueo
CRVOIOPO0 TR0 FC=ContFALYsCd en o gorvitel @rcddcnt,

FhoCo aspoFloonto Cos0 FOpcolnd wodng exudo onvolepos H3diAcporood
in 0,02 I K81 palhor thon walop,
- BoowiSin
| - Shough o bond oo vicible dn $ho Mgy VAoecuy cuesecs Erodiomt
| of%op 16 Woo Shiio bodng oo chert o o o o bond “ﬁ;@ shosspon,
a3 0avodope bord ozpocscd wAth opparomt Gonodty 1,27 /ol oftor 6b
hewn eontFisugation crd z::éro prodengcd eontedfusaticon Ald net olbor
480 pecdtian, Zho cotoriod ef thio bamd hed Sho cosphelesy and
eooponidtien of tho oteaflerd crvolepds, -

' Hevovor, won tho emu@o cavolepcs ©ose cuoponrded iAm @9@& 1 e1
gothor &hen woter, ho e@a&lﬁl@?ﬁm doncity of tho bond oppocsing in
$ho cucrono GReddont tas rodvecd o 1022 ofol. Op $ho oosbitel
groddont, e omués cvoleps cuopordod Am REA govo me bond Bul o
poliot, | |

ko bond S?C@OVOE’C@ £ren cogvdted prediont eontrifuvgntien of
cxudn onvolepts Fooungonesd i water Gave o band of tho como €onch &y
on OUOR0E0. Binddosly, ¢tho bozd ef Aonodey 9.27 /) Fosevosod fren
tho ouworeco grefdoat gove o apparonlly 4dontdesd bord on 0oxdAtod.
Hovowor, Gho mg bond of wotesdod oboorved dm tho cuerose rodieond
ogtor Sho onvolepao ma@'bcom cwopordod dm RCX oolutden govo, oftor
M odyoiso, o ponoé en oorbilel. Fho pollet fesmed ed 0esLLTER
creddont €CBtElsucatics of tho RCl«onvolopo cuspoacien govo o bend of
@onodly 9025 ofcd o@aoqmm 0oatFifugotion 6B CUSFerl,

Thoco Feoulto teRo 4ndopondont of ¢ho cencontrotica of Cmvolopo
cuoponoica amlﬁio@ o ko grpediont An nent ecocs, Hemovowr, o velurd
e? natorhAdd grootor tham 967 ¢ho veluno ef ¢he grefdont 1od ¢o

dlotortion of thy greddont cnd 4sropredusiblo Fooulis.

9



Bordo crd podiots obleincd fwen cavolepd notericd Gideh hod
boom Greotcd vAth KL colutien GAA not cerotdtwo norpholeglecily
£eoptoblo cavolepd, but €r0iotod of eFc3atos 6f ciruto up}ztly
pinlo=combmno voodedcs Leadng goFo escplonog,  Poticociun Sens
oppoer e dorurt ko dgelotcd omvolero ueh a9 -thoy ddosupt tho
onvolepo @urdns ¢ho doelatlien preecso (oo oheplor )3  omzacuro ¢o
000 Il BC 06 woen Scopepdture fe@ 9 cdmute (this bolng Sho cdedovn
Moo soguised to propavte epledromo fer oloetren nicrecsopy) bmought
obeut coxe or Looo esrploto dlosuptien of ho 1e0Ratcd OBVOLERO o

In ca ottoopt So cxplodn Sho @fforopecs Botuoon cuexoso cnd
00ox380l Eroddonto, tho offoets of ousroco cndl ComdiGel en CEVORORO

ecopoodieden Qurting dnelotden vicrpe dnvostigatod,

TS OF CUGRACT /LD SORBISOL OF LiWILOPL COLEOSTELe

“ho otoedresd preecduro for tho icsloticon of czudn 6'@?701@938 0
CRdALACh by Sho a@ﬂiﬁé&cm of oordltol or suaroro ot (a8) tho sondsation
8¢030, ‘(b) tho dfcorontiod eontrdsucotion otozo, no enrbehyiroto
Bodrg psoccad dm tho reddvn ot cogdice oternn, Tho esnponitica of
the soowdedng cavolenos veo cd%cblﬁ&ahc@ by tho preecéusco for Xpld,
protoin cnd IIA coooyo Eoc@:m@c@ in @M@fgozﬂ 3o
ROOuA G

Pablo 651 choto tho roculto ef thic oxporicont; ¢ho cespocdtien

of credd crvolepos propascd by tho péondesd procoluzo oxo ineludod for

cerporioen,

RoHAo B '
Genfdsfiony of credloro doelagion M B pAma R/
- ” Loz Mpdd R Loy

Sexftengica dn 2 11 goEhdde) 043 266 0647

Seadentien 4n 41 Cuereco 0456 2,9 0,20

PLEL, ecntmlfurntien dn 2 11 corditold 042 259 0,20

Pirr, eontmifunntien da 9 11 ovesoco 0b3 2,8 0,995

Standord prescduro PN 2.7. 047

42
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HoBo Xm ¢hio 6obAe crd hosodmaftor, tho fiuros quescd mofor to tho
coons of o optiend Comsdty socddngs, me oticopt boing ordd ¢e
corvort thoeo valuco o g of protoda, B4 er 14pdd, “BLIT otcmds
Lor “Aphcayleriso coleus” o “Lipld F° Loz “Adpdd phosphote colsur®
(Ce. chaptor 3).
Elocponi.on
Gerposdoen of 0 OFF00t0 of dnclusdon of 2 I oexdited v 4 I
ouereso vidth tho obondord procciuro locds da 46C0lE to e obvicus
dntorpsototden of tho mooultn., Omo poociblo imtospsodutien could Bo
op Lokieange
o) Votor oploteo 2ho orvolepd of 031 eeopenonto, portieuviarly
pdd, |
b) Sexditol protceto ho crvolepo opodnst Mpdd doplotien by
>GD$OZ°0 I2pad phoophoto valuag thoroforo tond $o 4Amsronso
solatdvo to veduco fer othor eecponcmts A€ corditeld 4o preécm@.
6) Suveroso protests ¢ho cavolepos agadnot Loth éoz;lo@ik@m ef Mpld
ond Eoploticn ef protoim by wokor. BIA 000ty velwos theroforo
oppoor Go e lenorcd rolotdvo $o valuoo for othor GeIpeRcntss
Frea ho ferogedng roowkeés thopo 40 no rocsen for ceaclu@ng thod
thio 40 tho Boot pooolblo imtosprotation, Homovor, FCoUlts of oxporie
mom;a e tho ofk0etn of nemesaticons om onvolopoo 4n sorditel cad
ceereco grefdonto (V. Anfen) aro zoadily oxpliechlo ondy A€ thio
intorprotation 4o cesoptcde
| ConduoBvily noopuroonto ohovod thot mo cAcrificont eeatonination
by 02cotrokytos ocovrrod 4o ofthor tho cueroco oF tho cosditol, Both
tho oucresod cnd tho cordited colutdens hed opprordontoldy tho ocmo oH
volueo oo dotdllcd wotor, € opponrs, thomoforo, thet €ho offdoets
on the ecopeciticn st bo vedorotood An toFs of 4ho corbehyarato

sedutos eheoodvode
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FERICTS OF FRVRLOPE DISRUFTION ONf GRIDXISIT BFMAVIOUR

Tho rosults doceribod cbovo (y. oupxn) suzzoot thot potossiuva
ehlosddo pay hevo o dloruptivo ofkoet ea tho mueloar cmvolepo im
igolation, a3 4t oppoars te hovo @Guring tho pre6oos of FGOVOry £ren
tho museloug, I¢ moy oloo b0 prodictod ¢hat DNaco treotmont ot reom
teoperaturc, or brlof gonleatien of tho envoleps ouspomnien, will
oindlarly disrupt tho gystom and leed to cemparablo bohaviovr on
grodionts, Tho rosults of such ogporizzn%n Eay o pogardcd as
%ypic&l of tho bohavieupr of @i@rupt@ﬂ nueloar cnvelopes on gradicmbs,
ond nay provido wsoful ecmparicons with ¢ho rogulio of more notheddenl
inveotigotions of fonic offooto om grodicmtos
llotheés

0) Crude cavolepss TOFe rosugpondod im 0.0% M KC1 o o congonte
rotion of cbout 10 mg pretoim/nl, thom dicdysed for 12 hours cgoinot
a largo volune ofA@iB%illc@ wator. The rosulting euspomgiom w/ale)
layorod on o 0.0=5,0 11 cosbitel grediont, iomefxoo, £g doseribod
carlior in thic chaptor, cnd contrifugcd for 96 hours ot 5%,

b) Csudo omvolepos wOre rémunpomﬂod in o senll volurs of 0,09 I
coddun phoophnto buffor, pH 7.5, coatedning 10° It gC2,, cnd
im@ubatdd for 20 mdno ot reen tomperaturo with ao;My%@ protcin
pangroatic DNago. The digontod omvelepos weors thoa aubj@@t@a to'
oorbitel gradiont comtrifugaticn oo doseribed abovo.

¢) Crudo emvelepes wore rogugpondod dnm 5 @ls wator and soniecated
at 27 ke/scs, Q)mj coplitudo, Lor 5 sesonds uoing o 0.5 om predo vhieh
just pometratod ¢ho condceun. Durdag thic process tho cusponsien wos
coolcd im 460, Tho ocugponciom was thon contrifugod on o soxbitod

grodient oo doserdibod abovo,

Teblo 6:2 cumonrisoo tho oppooranco 0f tho thxoo abovo gradionts
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oftor 96 hovrn? eombrifugatien, cecmming ot 280 mn, UNoteriol ot tho
ropdoous of tho grofidcat (Ftopt) , notorial édotzibuted botwcom tho
cordoeus ond ¢ho xwm leection of tho cmvolopo band ot 9,27 /ol
(“0odubidiocd®), the bomd, cnd tho podlot, arc roughly eonparod O
o, &y Oy @ié. The ¢ozn “goluvbildood® wng uscf Lor natosial iAm ¢ho
uppor part of ¢the greddont cimeo ¢his catericd Ald met ceatter

poosurably ot vioiblo wavolongthso

Band denndty f/ml) Pellct Top Solubiliscs,

Hemo (C£. Choptor 5) 9127 e o RS
5 cceoo gendcadtdien > &0 >0 e
Efaco, 20 ciautoo, roea ompe DAfFuCO. (o) oor e
0,04 1 RC1y &alyscd DALLue0 - ¢ So0 o0

Tren thoco pooults 4¢ oppoars that, or éloguptien of tho onvolepo,
tho following ¢hongoo 4am tho graéiont bobhovicur may be oxpoetodse

a) Tho omvolepo band dicoppoors er Bosenos AffusO.

b) 4 pollot gomorelly bosozos ovidond.

6) Thoro is o morked inercnse im lewedonnity, geacrolly fene

ossattoring noteriol o the uppor port ef tho graﬁicmt@ and 4n

ooterdial collostcd at tho mondooun,

Tho copdoous ootoxdal rolodsed from tho disrupted envolepo,
hoving o donpity of 1.0 @/l or looo, 46 probobly 1ipid (Cf. grodiont
rocults deceribod im choptor 5); ¢ho pollot matorial oppenrs to bo
roloaced nuclolie osid or muelcoprotoim, Tho &igappeaéamo of tho
band at donsity 9.27 @/l dcmomotrates tha¢ moro or loss 0ld tho
envoldepe io dostroysd, zathor thom o gposifie froctiom of it, by

tho conddtions coployod.

RRECTS OF pH ON THE 1SVELORE

Tho otobllity of tho doeloted omvolepos ovor o rongo of pH



valueo wos imvootlgatod by froontzent with varicus scdivn gheophato
and €rlo<HCL bufforo ond oncmiming ¢ho eceopecdtica of ¢ho wachod
cnvclopo and ito bohoviour om sorbiteol gredionts.

Mothedn

0) Czudo cnvolepds nwore rocuoponded $o O consontration of cbout .
10 o3 protodn/nl im 0.0 U codiun phesphato tuffor (g 6.0<9.0 4n
oBopo ef 0.5) or 002 11 trig<HCX pH 7.5, 8.5 or 9.0, cad voro contrie
fuzcd Lor 16 hours on oorbitel gradicnto (ve pupra) eontodadng ¢ho
poz0 bugtfor ot the como pHe At €70 crd of this ®co the grodionto
uoro seoancd ot 280 no and the band donsity ond gquontitico of matorial
im tho pollot, condscus and uppar part of tho gredient rocorded ap
©p ¢p ¢y 088 00 8bBVO. loxe presisc cotimntiom of tho alotribution
of material im tho gradicnt wao mot mocoocewy cimed QooQys wézeo
perforced on onvolopes washed &n buffors of tho some p¥ volueo
(v dngro),

B) Crudo onvcl@ﬁoa woro guspondcd (5 g3 protoin/ml, 5 ol
volunos) 4w tho ocso xongo of pheophoto ond trlo<itl bufforo ovor tho
BH ramgo omd, oftor imcubotion fer 20-30 mimulco ob Feon CIPOrce
fure, wero eontrifugcd at 0,080 X g for 30 minutoo. Tho polloto
woro agoaycd for DNA, protoim apd 1ipld op dosexibod im choptor 3, and
ﬁ;ho ratdeo ef @phonylonino eoleur/Lowry eolovr (BiN/Leuzy), &lphonyle
cino colour te Mpid phoophato eolour (Dfil/Lip. P) omd 1ipid phosphato
to Lowry colour (Lip. B/Loory) rceerdcd.

c) Zho supormotontc from theso waches woxo rosovercd and ¢ho
optieal donoltdos ot 260, 280 cnd 500 nm dotozmdncd uwoing o Umdeon
SP 500 opcstrophotenctor. ZFho valuce o 509 mo wes ¢cltom 05 ca
eotinato of light-oenttor, amd tho volues ot 260 and 280 nn xoughly

eorrcoted for Mght-osattor by the folleing proccdurd e

&
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Prea tho Bobyo oquation, 48 By = Mght=centtor ot uavolongth )\ﬂ
and B, o 3gat-000ttor of wavolonsth Ago thon, for o Dolutica of
conotont eaacomtraticn, particlo oigo, poth-lcngth, 0%Cos=

R L3

'}ﬁi o >\2

"2 13
. )ﬂ

Homso,

R & »

260 % [0)
CRRGER D foed o q&
Re0o _é?’}@a 0 dbe?

Thorcfoxe, iL Bpgg 50 tho oboorved opticol dencity ot 260 mo ond Bogo’

40 tho eoro eptdecnl domoity cerzoeted for lightesonttor,
Eagp” © 326@"@5@9 X W67)
Sirdlordy, &€ 323@0 soproncats tho E%@ cerrootod for ghe=ceattor,

Tho £iguroo Bpgo® 02 Bypa® providd soo inferncticn en tho quantdtlos
- of muclofe osidd ool prototn dlogolvod 4am ¢ho cuporantont aftor tho
wveohdng, X£ tho supornntomt sontolino DHA but no protoim, thon 32600
Tould Bo axpostcd to BO opprordnatoly twies Eg‘%

Ingoefor oo the opoetrepheterotor Lo am 4moffieicnt dovieo far
éotordadng centtor, apporontly cero seattor ot 500 mn 8005 not imply
that sectter 4o mpeoooeridy some ot 260 or 280 ma, Tho Dogg® Ond
BQ%O songtftuto, thoroforo, wppor 14mdtoc for tho cboorbonce valueos
Rooulgn |

Toblon 623, 63k cmd 635 ourrardoo, Foopcetivoly, tho dilotributica
. of onvolepo materielo inm ¢ho gradicate ot @ifforomt pH volues, tho

conpogdticns of tho tesched 30,000 X g poiloto, GRA tho opticcd
dompd tdes ef tho woghing cupornatcntoe
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Zoblo 623 BLLoot of rd e

Bufior cllot Xop Solubiiicod

Phoophato 6.0 - oo - (<)
695 hd o ® (¢)

7.0 - £ (<) o

Te5 4627 hid (<>) $

. 840 1427 (¢) oo oo
805 Diﬁﬁm}o . @ s PR
9.0 - Daffuco = oeo Sob

PEAOHCL - 7.5 | = _ e a_— @
845 Di£Rgo (¢ o000 000
9.0 DifLuoo () FUSY FIS

Tho sellent footurces of thio ot ef Fosultés appear o boge

o) Ao the iR vicos ovor this rongo, 06 oore notordal appoars to
bo romoved frem tho onvolopo until tho envol@pé boecmes AifEuB0, ‘

'®) Phoophato ond tric-HCl appecy o hove gomowhat @dgforond
offoets, partioularly o¢ pH 7.53 thic is cn oxcmplo of thoe
849Poronaos- betuoon ho offeets of @ifforont domo o ¢ho envolepo.

@) Tho onvolepe bord ot pH 7.5 con bo obtodned only over o VORY
1isdteod wamge of"p}ﬁ @onﬂmiom. Thio 48 comoniotomt with tho zogulto -
doseribed im ehoptor 5, which chowod that the enmvolepo coculd only bo
isolatefl £ron the mueldous ovor o vory 1iodtod pH ramgO.

ebhlo 63l

Bugex Y dte d P/

Ph@apha% 6 o@ 0 .2}7 2 P 0 025
éoﬁ‘ @J}ﬁ 2,0 De2%
790' @M 'ﬂ,9 9022
75 05 262 Qe
8.0 Q&2 22 0,20
845 0,26 0.6 - 0.3

Tedo=tICX | 75 040 303 0.3
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o valwoo fer WRo<H0l of pH 8.5 and beth bufPors ot ¥ 9.0
wore not dotosnincie

Hoso, agodn, o @fsoronso botuoca pheophoto and trdo<HCR duffor
ot tho ocno g cam bo dofcstod. It 4o opporont Cren tho rogulto thot
inexoaoing ¢tho pH te o valuo groctor tham 8.0 brings cbout axtonsivo
brookdotn of %%Q CRVOROEI § j@h&s agoin 40 ceasiotont vith rogules
‘ddgcucood dn ehoptor 5. Ceopocdtion dooo not othozwAco appocy &o
vcszﬁ? drcnaticnlly with pH, though tho zogulto eould bo imtosprotod
as chedayg o nosdown poreontogo Mpid ot pH 7.5

- Soble 6325
Bugior

Phoophato 6.0 08 935 o .08 0135
65 012 " o925 o) 12 125
740 019 92 0 319 o942
7 o5 026 «303 o) 26 #7905
8,0 028 KIS 0 028 P INS
845 032 A75 = 002 029 2155

TrAo-EE 75 o RY: o35 .37 07

Hogo, ddfforonscs botweom tho ﬁw@ burording syotons éz-o ovon
mero obsdlking, cnd p¥ 7.5 omcPges o3 o meve obvicusly clmifiecnt
valuo dn ¢ho zﬁ%ﬁo » Teprooenting the poiat ot whieh the rotie EZ@@O/
ng@" io ool Th4Oo 2otie oy bo wogarded os $he rotie of DA
ronoved te protolm xCmeved; heTovor, esmpapicen wAth tcble 63 cheun
that tho imtorprototien conne® Bo oo oloplo (tho B/ Lowry ratio
boing gmdt@é ot ¢hio poimg thon ot noihbeuwring volmos) o

Digeusnion

Elcsetson cfleresocpie otuaios on tho rwotosrdad socwlting fren
vomvdi!,@poa treatod by tho thevo=doosribed onge of buffors indleato
thot corgholegy 40 Gontroycd by pH valuos laos than 7.5 cmd grostow

than 8.0, Ne poro cemploxos aro feund;  tho coberao io pEcdednontly
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voodeulardcody cad tho voodelcs aspoar %o Bo by ord largo cimglo-
cordranc. Porhopg tho boot imtorprototicon of weoults would Bo ag
folleToe A% 3R 7.0 or bolow, [TA do rocsoved £xen tho omvoleps of
cn incolublo muslceprotcin eeoplox wvhieh pollots im the gexbitold
groddonto. * The somoval of LA tomds to dootobilico tho omvolepo ond
2008 to Xeco of cosphologieal imtogrity. At pR 7.5, tho BNA 40 met
gomeved o tho aamd oxtomt cnd coxpholegienl imtogAty 40 motodmed.
Hovover, tho Bgeq® of tho waching supornotont oppocss o eantragies
thio ototcoont, Tho controfdieticn noy bo ovorsesd by notiag that
oxuéo omvolepon ‘wovo usod dm ¢hooo oxporimnto;  "eentodnsting LA
ooy hovo com somoved Am podublo fesm of the higher pH, dcavimg tho
cocomtdad “atructurnl®. BNA in pecition., I¢ 40 moteblo thaf wotome
woshing of ¢ho ocavolegoo, thich aloe renoves o lewrge cquantlty ef DA
in tho ompo&-mtént » ROVOF(R0less lécsvoa corpholofeally intost
onvelopas Wik o B/ /Loury rotio of 0.46-0.47,. ‘ |

Tho dELoronens bo%wocm. trdio cnd phocphato Busloring roy Bo
rodntcd to ¢ho dicotien-binding proportios of wmiealcod t¥As. X¢ oy
Sherofero o proddeted (Cf. choptor &) thot ¢rhs Tl rorove aleotilean
£ren tho oynten and hopeo eomco 14pid @oplotden, %o ooocy xooulés
ouggoet that BNA €oplotica hoo cdooe oecurrod o c8o2 otcnf.

Tho oot importont gonoral eeaclunien £rea thooo aporimonts 40
thot c:all P chorgen con imsupr oorked codlfienticns ef morpholegiead
intogrity ord omvolepo ceopositicn. ERAO Koy curgoot thot 0lcotroe
- otoBle dntorcetdons cro oigmdficont dm otabilicing tho cmveolepogy 4G
koo ougrooto that ¢ho crdtdecd moturo of tho gH of tho dcolatien
neddun 40 o Sunoticn ef tho proportios of tho cavelepo sathor thom

tho proportos ef tho thelo mislous.

BFECLS OV DONOCATIONS ON THE JSOLATED

In ehoptors & and 5 4¢ wos ostobliched thot oeddun ced potassiun
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dens digropcd dn ¢hole offcots em tho mucloce omvolopd Guwding ¢ho
proeons of dcelaticn, Corlicr im this choptor (v. cuora) it wos
chotam €208 potnosivy aloo crortod o drotmetive offoet 6m tho 4selated
Cavolepd, Tho pOrdoonts rou focoribedesantituto o nero thoreugh
invoo®onticn ef ¢ho Ardlcesdtion cnd AgLororeon boltunoon tho  affeets
of oA cotall demn on ¢ho musloor 0BVOlepl.
[letheln

Tho oxpardconto confuetod woro malegeus o thoso porfertod in
the iavostdgotien of §3 offcedo crm tho cavolepo (¥, Qupro) s=

o) Czudo omvolépos TIF0 ésmrimgc@ on corbitel grodlonto eone
todpdng (4) 5950 1 KC2, (14) 25600 1 NeCh, Im odditienm, oquilibrdun
coatrifugatien ca ousreno gredionts (0<2.5 1) ovor tho como rone of
ion seneomtraticns wao porferncd, Rogwlto of thoso oxzpordconts vore
intorproted &m Sorms of tho Aifforones botwocn cueredo ond oorditold
o3 Rele) s} as wold og Cho Alfforcmcd Botwoca ceddun and potoooiua offeeto
a ¢ho pusloar cavelepd. |

b) Czuds cavolepoo — rocuspondod 4n coluticas cemtodmdng
(1) 5250 1 X2, (84) 90500 1 NeCl, cxd tho polloto ferred on
contsitugotion ot 30,000 X g Lor 30 rimmtos aoooycd oo doooribedl cbovo.

s) Tho cupommotents £ren thooo wachiago Toro FCeoveEod ond tho

532600 and 1%28@‘3 @otormdnod oo deceribed im tho i ommordcontse

Rogulen
Rebio 626
Lan eonccatmagicn 20120t £00 Solubiidnod :
K2 5 1 (<)
7705 i <
10 1 - oo
5 o S S00 FS
20 - s s S
&9 3 - o SO0 &0

/{ sont/8)



2eblo 626 (eons?d)
Len geaconEratian

HWebl 25 1
60 1
920 21
300 1
600 1

TS

bl

o

Ag before, tho oycdol °«F undop “bond demsity” Acplios that mo

band wos forzmed dm tho grodiont ot oguilibriun,
At oufilelontly high coneontrations, both oedivn cnd potansivn

dostroy tho cavolopd oxphology.

At thio pelnt, tho onvoleps donsidy

- 8eoreqsos g‘ tho point 40 reoshed af @ifLoront soncomtrotiecns of the

tuo eations, Fuprthor imercace in iemde otromgth locds to imeronso of

donpdty of tho nmecbronous remaont of ¢he omvolepe, cnd pelloting.

Tablo 6:7  BLLs

Lon gconeontraticny

L 90 3
20 1
&0 1
89
950 o1

Held 9430 1
250 &1
680 1

9e27
9427

@

&4

L%

Solubddond
Lol

&
&6

It 4o opparont from thoge dato that tho ecacoatzation of oithor dom

roquircd ¢o canmco gone porticulor chango im ¢ho omvolepo 40 oo o

gaxco oo highor on o ocusroso grodiont thon em o corbitel gradionte

This 40 scaclotont with tho obscrvotion (ve. oupro) thot 06,04 13 KC1

- ecuscs polloting er corditol but bamding em sueroco grodionts,  Tho

volro ef tho hypothcods thot cuereco pretcsts ¢tho cmvolepe ogoadnot

[AS)
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doplotien of both 1pid ond protoim, Uhilo cerbiteld protests 4¢ enly
ogodnot Mpdd éoplotien (o oupro) ooy beee0 oppaxont im iatorpzoting

Shero eboorvatieonse

Zoblo 6:8  Fffbe Lzegesotiens on onvolong 06anondtion
Zen_sopsontraticn Mihezy PAYXARAA R Fapid R/Logig

L 5 0,39 265 0,96

10 £1 02 2.2 0499

95 1 0sl6 2.6 0,98

20 1 052 304 - 0697

80 - Qeb7 249 0,16

250 £1 0467 o7 0.0%

NGl 90 &3 040 2.2 0.8

20 o 0,32 909 0,17

39 21 00&9 502 ©e‘36

. 60 =1 0.52 363 0416

‘320 d.l @068’ 3&09 @Qﬂb

300 cJ 0,70 540 [RIN

500 1 < 0440 £ 0.5 0,20

90 1 REX ¢ 60 I NeCl 0.2 2.8 0,45

phesphato pH 7.5

Seddun and patocoivn ehlerddo peluticns of tho somd gGonedntree
tden voro Lound So havo tho como pH (dm tho oomd mamge oo ¢ho i of
dosdiled wotor); 46 wap sopeludod thot ¢ho offceto eboorved aro duo
¢o Qifforonson im cotien of tho iemo thensolvose With incroaoing
goncontrotion, potoosdvn nay be rogomdcd oo wornoving £irot A
(scducdng tho Comolty), thon W@tc@n, and @Anodly Ipldd, Tho offceto
ceovr of levor coneomtrations dm wotor thom ¢hoy do 4m $ho prosonco .
of ooxbitod or cuerocay geddun ooy bo pugawicd op hoaving soughly
tho sez0 Offoet oo potnosiun, but of Mghor fomds otromzthn, Thio
:’Lé ot bost o tcmtotivo cxplonctien ot procoat, bud oarvos o dnddento
tho gonoral ¢rcnds of tho rosults im o oioplo ond sooconobly cseusato

BONNOT o



I¢ wdld bo molcd that ¢hio hypothoolds deos met oxplodm tho values
edt0dnod cf Meh sl concortroticns, Uhon eeoplots drcdkdem of tho
onvelepl? 4o opporcnt.

2ebio 629 PERotn of, cetleaq en gocovel of Bl omd protolm

ton sareentratien 53@2" i@i@:
X 5 C9.70 0 - 940, -
90 £ -~ 1.86 9443 -
95 &1 © 2400 9 29
20 1 L 4.8 - 4409
40 1 9156 : 0,85
250 =1 S 9423 : 0.69
Metl 40 = Hot &otorrfncd
20 1 Mot dogorninsd
30 1 - 9062 _ 095
60 21 1430 : 0.7
909 &1 0.79 0ls7 -
920 £1 0.65 042
3e0 1 1469 095
500 o oo | >2

0n secpogdoen of $ha roculto surmasicod 4n €edlo 69 with ¢hoeoo
in tebloo 636 cod 617, 4¢ moy bo concludod that tho Offcato of o

givon donlde otrongdh aro eszporchlo on waching ond om grodiont eontrie -

fugntiem; houovor, $oblo 6:9 sugzests thot rothor Aowpo creumts of
protoin cnd muclode ccld cro roreved by vachin: 4m tho lev lende
strongth coddo (5 o2 BOY; NeCl up o 60 =°1), I¢ 40 poseiblo thod
thero 48 ipvemploto polloting im ¢hooo ﬁa@io ot 30,000 X g oftor 30
nignutos, perhops boscuco cnvolops f‘m@cnéo rcpod omo anothor clcetroe
otatieclly and tho ionds otromgth 18 0o low to ecunmtoract gush
Fopulcden. Inocoploto polloting 4o oloe Q@pamm%. im tho enco of tho
580 £l NeCl wogh; bhoro, heuovor, ¢he icmlis strongth cust bo cuffielond
Co CuppEooo repuloien, cnd ¢ho foiluro of tho partielos to pollot ot

198



30,080 X g ooy b cxpdndncd dm Somno of tho vopy coodl oocm partiedo
0o, 509 1 NS Uwingo choud ostecso ZNA doplotien bud rot co rush
Wpdd coplotden (teddc 6:8) 3 o portieloo of £oodreao im Ghio puge
poRniea WA Chorefero pechcbly bo of lew donodty. I8 tkdo 4o tho
8320y pEogYBly cucsece ard cordilel potaonticto the roaccesicticn ef
the scoeved BUA with o fecgmoato, ddred pollot ﬁ\_m, oCcsurs dm
cFoficato ot hdo cold ecnecmbroticas
Diosunrden | |

Tho vosy oumcd offoeto of démie otron %h 60 CEvClopd GoTpcii¥len,
oerphedory cad grodiond boﬁmvﬂ,ow? am:il ho di\,f’ﬁbm"% oRfRets wowtnd
by, dlsogont eotdens, upport &0 hypothcols {(vs oupro) that olootzoe
ototie inBorcstlons ave of undew Aoportoncy dm Cotomdming tho otrusture
of 1o muelcne omol@po (1% ooy bo monosicd thet olcatronr rAGREOCODY
| phevo porc eenlcmao o Lo obeblo 4m 205 o« QoD Ot&aw@l ot 0% Por
ot oot S0 cdentons Yhic ooy cugeost thot hydzephoblc imtorestieas
ax0 @et @ prinosy dozostonsd dm €oformindas ¢ro wowrphodery 6F thoso
otrusturco, cueh interestions bodng vockened by $ho Joucrod élolootsie
constonty heacvcr, ¥ho s @onditlions woudd aloce o%x*oﬁgﬁﬁcm ho
alrocdy odgrigiecnt olcetrectatie bordo ¢§

IG 40 metchlo thad of cecascatrations Lolew thoso moqguircd ¢o
eogpado $ho onvalepo Corphalezieclly, 0.36 00411 NeBl, tho poro eezplexon
Bosero charply €oincd co 42 coorphous nmatordal hiao beca lost fren ¢hod
comudus pozicotor (€L, Abcloen cnd Saﬁ.thﬂ) o Thio ooy 4m foot roprogond
o £3r0t obogo dm dogpcfaticag o vepy onoldd coount of matosdal 40 ook,
dimousFiedont cdgadfioratly to clter tho donodsy ef ¢ho omwolepo bub
ougicdont moocyrihly t@ onrieh @&'{5 Uppor POXto of o grAlong < OeBe
85 1 61 Tho Fooultn wAth €0 1 sodivn amd 90 potasodun, in
wadch Qo o orvolepd Corphol8E” &8 eootweyod, ovngoot that tho
oeddun aaﬂ petacoden offcets aro additivo of thoco saascentratiensy



Gt odztusy ef ocles hao cwsh tho poro 0f€cet em tho cmvolego oo 95
or 20 71 potoosivi, Prebably, thorofore, ¢ho gediun amd potogoivn
ofecsto aro cdaodldor dn nochandon ot thooo 16T eemccaltrotions,

In quongy o (hooo goouldte, 4t oppoars o, o 167 cercontsne
tdens, sodiun and posaocdun ieao 1cad to tho deoo of sopeacnts fren
tho cnvolepo and o soncoguoat lovordng of «?Qmﬁl@ys and o Srogmontotion
of tho gyston which, imexoasing tho room @he@gs Gonsity around tho -
portledoo probobly imcxeases olcatroptotie sopulsien ot tho pH voluso
uoed 40 ko omporiEomic. At O cortaim cedcomtroticn, o eritdenl
coount of "otmetural” BDIA hap bocm mmvcjﬂ ond ¢ho cavél@po corghoe
dogy eoldepeony o seneoutrotion of potoccivn yoquized o bFAng
cBost thLo ofgost 1o in tho exler of 95 1§ tho Oeflun-cencontratlen
50 consddorably hig?m'\z? ( oround 60-160 1), A% @mxcam‘ém@imo of oakto

abevo theso of which tho »::@ﬂh@?l@@ 40 ﬁaoﬁmycl Ae00 &b whieh ¢ho
domod ¢y of tho cyotos 40 rdadndccd < Mpld and protein cxro weneved
fren ¢ho 0y0%C0, tho conodsy ropldly m@mwos o30dn, -and tho
ooobronses bug largoly avsloepzotoin rormens @f tho qyoton pollots em
groeddcatos

Dung thio o’bmoﬁltyaimmogé, heTovery ¢ho ofOoto of tho tue
cotdean oro eneo oapodnm wothor élogdodlor, Lipdd 40 soroved ced Aice
porocd coro canplotody by tho petaooiun; o vhossus cunpcacien ef Ao
bt ceottor secults vhon tho potossiun sercongraticn 40 im tho
FORZ0 25%@@ 1o Seddun evor Ghio coneontrotien romgo ToISVes oco
Vpld, cnd hydrephedic intosaotions ( proourdhiy) véo_ﬁgcozm BliA<doploted
fragronto locd o cozogaticn cnd dneroace in iﬁ@mw@@aﬁ@o&-e

A% very Dgh ool concantrations, in e oxdor of 905 I ((aoee.iloa
invootigations of cuch cenddtions woro med coxricd cus odneo dootruce
tden of tho omvelepe io coro er loso tetal) , aggrogotica 4s loos da
ovddonso, Prebably tho inuto, nuelodc=00id €oplotcd Cordreno



vocdelos tideh meondm of cueh donls otreagthc cdoerd deng and olcee-
twootatie sopulolen 1o ogodm oigadfleant, Wlls hypethcoio 4o
onppertod by o ropld crd derovorsiblo opgrogoticn uhich cocuro whom
tho oold% 4o weooved by dlodynds ogodnot diolillod wotor er phoophato
tuger g 750

Under ceatdltions of hich Lomse otrongth, dn gencrol , nodordal
rdeh im Mpld io cogorntod $wen ontordal wich in mm;; cn groddonto, |
tho fercor ¢onds €o fleat ond tho lottor fo pollot. Ao tho Londe
otrength 4o Quwthor m@ma:ﬁc@,, ¢ho DHA-ghoh matoplod d0 Puethor
cografods TWIA 4o ddocelved and vosfedos aro soloaccd whideh bord cn
cEoficato of o fonnity of crrund 4,20 gfed (6. Kochmdg ond Kooporos

Proalo of 639) o

OFLR XGNEC EVFLCES CU 9

“ho forogedn; rosults susgont that, whilo cloetrostatie offkosts
oro dportont in centrolling tho senpocdtien cnd henoo tho perphelezy
and greddont behovieur ef auslocy onvoleposy nob an‘:’»&@m &m%o £ho
scne offcets, BisPoromsos botuoon nemeoctions havo boom (onenotratods
ddeforensoo Botuccn cadens romddn €0 Bo invootdzatod. Furthormore,
cdddtlonad oviddomeo 4o zoqulmd for tho Rypethools thag dpid 4o
soneved fren tho cavolepd by choloting asonto, ad thot O 6oREoqUCREO
e sonoving Mpid 4o ¢e dmewouce tho Gonodly of ¢ho gyoton., Tho
copordoen botwocn tho orfoets of EDFA ondl nogpecdvn tAll thorofero
bo dmvostdgoted, |
Mothellr

A BoLere, cesdited grpedlont eontsifugaticn cnd tho centonto of

ocuporantons ond pollot bofero and aftor vaching cnd eomtrifucing of
30,000 X g fer 30 nduutos wwe ancsdincds. Im thogo axnpordoonts, tho
foldeTing lende eonddtions core Amvootigotodse
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o) 69, 920 cnd 330 1 ety cnd Lol (%o escpazo with odcdios

seneontrations of 1cLd) g

B) 04, 05 cad 340 =3 WEDPY

e) 190 =1 cud 960 < BT,

Sho @lcoddun cold of LDTA Gos adJustod $o pll 7.5 with 9 11 LicoH
pFier o ucog  tho IEL, 0o found o havo o g of avound 5.0, bud
c8duoctoont of tho g ¢o 7.5 wth HolR oodo mo dotootoble M Ltorcnes
to tho ropulese

anulin ond dlospnndea

Zablo 6390 curepdcos ¢ho offooto of thoso verdeus csaddtions ca

ool mrefdonto,

Xomde eentiiienn Poliog Zep SolabdMncd

E@cﬁmg €9 1 s o0 (o)
' 920 1 @ o6 s &
. 300 = s S 000 oo

N 60 o1 9027 o (<) ()

120 1 9627 o < (<)
300 1 9627 - ° (<)
MEBR, 065 - . TN (<) o
B®TA 96 o1 9427 () oo oo
460 1 © 56 S8 &b

Howo, 0godnm, tho Qaoh (=) cicmifios Pmothing 60Goet0d" o

Tho caldcnt foaturos of theso pooultn ogpoor €0 be, first, thot
AcPoront cndons, ko distoront oabliens, do dndced MVOQE‘&D&&‘;&@OIM
@ sroront ofF0sto em tho muslocr omvolepo; ocgend, Chot covmecivn
deng ecuco polloting of ho onvolopo, pescibly boocuso ef tho pocoval
of Ybound wotor (¥. 4ntxo) ond tho comsciuont imcronco in buoyond
éonolty; €drd, thot YA deso, ovom o low eonecntraticn, onrich
tho condseus of tho geedicat cad thoroferc probodly mOmovon ddpid,



but ooy alce scoove ofhop eeopemonts Lron tho cnvelepo. 900 1 LATA
.Goucos cosphedeAcnl dostsuotien of tho cavoleps, Lut ¢hio ooy o o

Boplo dezde otocasih @fﬁa@t.m@hw than o ggoedsic eolouding cotlens
Tho coddvn Sencsncontraticn of 900 1 IDTA 4o Lofixdy high ot g 7e5e
Zoblo 6343

Bnegiangeus off00tg om onvolops

_Sgmondéden

Ioale gonditicnn I4ni8 PAleTey
NeSi0g 120 £21 0,20
HoX 420 £ 0.13
IGEL, O 1 0.5 346 RN

0.5 Ii‘l A @O&B 63»08 . , @oﬂg
3.0 1 0449 25 019
A 0 0ok7 3ot 0.95
900 £ L 0.82 bod 0420

Tho pefhvny itzote crll ledddo woro Gerporcd 0t enly €90 Constie
tration sinso tholwr offcoto ot 0ld consontratlens ucod <oro Gl@co:&év
cemparablo ea greddonts, In tho thevo wooults, tho 90 €1 EDRA
cavolepo eoapesiticn AALLORCE Lran thot of tho ntondord proparation
conéitiono ondy im hevins o hMighor DHA/IApAd cmd o Loror Wpid/
protoin rotlo, 1.0, oheuldng cpeedfie 1ipld doplotiem, A% 100 I
@on@ommﬁﬂ,@rmg howover, [9%0 ogpoors $o roculdd An ontonrsdvo pz"otoé&m .
éoplotien as wold oo Mpld doplotion. Fhe ecncoguont coporont DEA
crsAahncat moy Uoll cseount for polloting on tho graddont.

Se®un Ledido, B00, cPpoLrs o Gamso cord Wrdted IdpAd ﬂoplom@ag
but thido 49 procrcobly not oufficdcnt $o dmsrooeo €ho omvolepd dcacitye

Mfczéa%e 4oms cppoor to enuco opeodfically o éoploticn of protoin,
Teplonatien of ¢ roouwlés with nogncodum domo 40 not oo | |

otrdGhtfortard, 1€ untor 40 Fogardod ao Goploting tho omvolepo of

all ¢k cajer cempomontso 0 Cor0 or osH 6eRAFablo ozteatso, %h{m

4% 0oy o swpoooted ¢hnt, oo ¢ho cogmosivn eoneontrotion Lo imexococd,
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¢ probeats agadnet tho roroval of, £irst, DA, cceond, pretoim, cnd
Finadldy, Mpid, Justhcr imopooco of cogescivd eemsontratien oo nob
Wwing ckout oy oig;nlﬁém@ oehonzo in ceopocdticn, Gheugh ¢ho omvolepo
notoFdal eeaginuon ¢o pollot em @?é@iﬁomog wtdd 48 gooshop cbous-

1400 1. Tho oavolepo Ao chon dloporocd, cespholegienad dntegrdty 4o
cootroycd, cad the cocobramews roraort tords to vosiculopdeo. ko ‘
viocous oucpomolen o0ulting 40 of low Ught=cenltor, cnd Dilie
coplotod coohrane £Pogaouts com bo roeevozvd by €iLforontiod
@:mﬁsﬁu@'&@m (€€ Boroomoy, Fualt ond Cgmo&.@

®obio 6392 Aeeoinmeoun OfLeC an_ronavold of FiA ol
Zomle gcpditionn N ‘Bzég"
WE’K@E 920 1 ) 1,80 Qb2
| §fats 920 1 o 0,80
235@51,2 B 1 4670 9,28

05 % 089 0:5%

3,0 1 0.205 0,96
WA {0 1 0.37 - 0,07

‘B@@ Eﬁ . ' @m59 ©o‘ﬂ75

| %ho ro?ldtﬁlvoly plow; B%@O/EQG@G poto of tho oefdun nitsoto
veohing ouporaatont cupperes tho coplonotien fer tho aooqy zosuden
(v. oupry) ¢hot ¢hio cnden petontlates tho somoval of pretcdm,
Srdlerly, ¢ho doorocen 4m thls ratie oo tho BEYA eemcomtyatica 40

g0l co@ cupporto tho hypothools that the cholatinmg cgont aloo tordo

to ¥Caevo protoin ob tho hﬂ,cﬁnor‘@@mommt&mo Fro cuggeotlen ¢hob
imezonco of mogmocivn @@:@@omi?a%i@m dooxooson o candonoy Ler mﬁo&
to romevo od} ecmenonts, LHA boing protostcd cemcthal POfero protoim,
46 clos m@ghﬂy cupzortod by ¢ho figuwrcs quotod im toble 63126

TR, FLSSUSSEON

34me0 tho 0F500ts om tho musloor ocnvdlope of 6 wA&D rango of

€0



sonde cenddticas have noy bocn dnveotigotod, tho sigdficoned of thoco
offcoto for the widerstonldng of tho oyotcd oo o tholo whid Bo &pge

- ouoccd undcy Chwce hocdingoe  €ho colcouloy rochondony of ¢ho offdeto,
cerprdoen 6f Cho ctobility of tho emvoleopo 4m $ho musicus cnd in
doolatieon, cnd the phycieleZleal pigmificoneo of ¢ho £inddnrg,

1500 meloemdor pachordon of ¢hy denfe offoetn

An ogplanctiea of ¢ho demde offosto of tho neloeulcy lovel ot
havo sveever0 6 tho theaziog @f celutdon chcdotsy, ord Aght bo
corzoberated by copisical cecounto of demie OfRCOED 6 purd ‘@r@toim
in colutien., .

In oguoous oolutien, tho offLotivo 0Lso of the doa (kD W&%@
dem 0450) 45 o functica of tho wahydrotcd dem oico apd ¢tho hydsotien
aualbor. o Sorne of thocoo com ko obtoimed w@Wieh cemia@zmblo R EEHE
oden fren emyotellesroghic otudicg, but ¢ho lottor (Cho ovorage muboP
of wotor nelceulog bound por den), Uhdeh com B0 ecleulatod fren tho
tranoport muieoy, dldfuolean proportlos, fen-ozehonso propostics, ots.

. of ¢ho dem, vardon camormouwsly cseerding %o Sho nothod of EotoRAnatica.
Comsoquontly, ¢ho kydrato@ dem cico cheusn oo éo;powﬂo@@o om ¢ho
nothed of enleulation thom em tho den conecxnodly A€ 4o mob uvmucuold,
in dlcousnden of predloms im plgmicol chordstsy, ¢o codcet the valvos
vhdeh oot ootdckesterily csplodn ¢ho @hmm vRAGEH @\‘@aoxvoﬁcic:m
A thout senoddoraticn of thoerotiend OppEERSIotCnOns, Mhommg
covoral. dntorprototiens ef fendo 0£Pests en pooreoloculcs SemploRos
cueh oo ¢ho muslocy cavolopd oxo pescdblo, Por oscaplo, cosh dom KRy
bo cencddored dn Coro of (o) tho predability of ito catey imte o
partdeulor otweturcd oito (o Rmetien of hydrotcd dea 0ico cnd of
chopgo dlotsibutien ard otorde hndoranes creund ¢ho odtc) omd (Bb) tho
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proboildilty of 480 ecucing dioruptien oftOF catsy., Uolmg this oppreceh,

4¢ odght Bo argeed ¢hat (4) potassiun hoo o highce prcdobidlity of



‘

catosng tho Dli=pololn Lalnso ot the poro sooplox thon hoo oeldun,
(44) oftor o cortudn u-lop of Aeas bovo catored o w0, $ho
peekebiddton of dlorrpilen cxo oqual Ler codum and potogoivn, Such
ca dmtosprototien rogudres thet tho hydrated aedbvn dem hop o gxocteor
gedivn then tho hydrceod potescivn dom.  Albcomo(ivoly, ho cavolopo
otrueturo ight bo cenoddcred opondont em beund Ubﬁ@fo cmd the offoel
er Qny dem 4o thepcfore Cotermincd by ido oﬁ’c_@% on thdo t:ai‘gog*a
otrustuwro, %hio procuccbly cocmo that potescivn hog o gxootor offoed
thom celiva em ¢ho wator ohructurc over (ho fooporcturo PoRgo
@mﬁ&om@g honed 4o tcadoney ¢o bimd wotor wwot bo grootor; homeo
potancivn rust hovo o grootor hylratod dem oico thom cedduni,

Furthor cenpllentiens nxo intrefuscd thenr censidorntien 40 Aven
o dfoturdeaecn induecd im tho gyoton by é@m whieh hovo adwocdy

catorods  thot 40, tho @t

dea Go ontor 4o intornelting tAth o
pycieclly dAFForont oyoton fren tho (2=9) ™, cud 46502 chonsos tho
oyoten oAl Quelthcr, no cadter waothor the offcet o dooerdbod 4m
Soren of Protebizdty of ontsy or of c:a,témso%m@m\’); ! roooeanbly
coandotont coplonstica ndCht Bo gooshcd 48 ¢ho offces of, sc&s o} |
the aladd cotad holddes Goro th@mu(;%aﬁl,y Amvootlgated, Howovor, €ho
valuo ef ottadning cueh o coluticm wowdd have e Lo Todghcd ogodmod
tho laek of physdelesiend solovemso of tho gpootor post of oueh o
otuly, amd opcdnst ¢ho quentlty of fnfesmaticn cbeud tho Looters
@otosdndng otebidisy of $ho mrelcar cavolepo dnm goaowad ubdch @}b
Rudy woudd yhold,

Zho AERicudsics fahercat 4o pelcouler atarprototleas ‘@f tho
obeozved ofcets 50 fusthor Lldvdnetcd by ccocunts of deale offceto
@2 puxO protolmo lu oolutien. Sueh offcets aro wovally comrcld@orcd |
vader tGo hoclingos ©ales of wotor beurd por ©edo ¢f protodn, cad

coloo of ool bound por £olo of protolm, ot o (Avom colt ord protoin

62
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comeortTatien fn coluidon. Dulld cad BEocto?, Am o pagor CocXimg TAtH
Sho 0£Fceto of ¢ zengd of coddo ea cquecews codufens of oy clbuoim,
ohiew me dxiontle CALToroneos kotuoom coddvn cafdl potoocdivn chlexdédog
i tho procomeo af $ho 1ettor, tho prxotcia Bindo rolativoly cero of
Loth wator cad desg, Tyl Cho ALX0FonREo 40 not (rcote IR codun
dedddo cnd @lectica halddoo, vosy 246eke wotow but o (Fout €0l of
00de 40 bevmd; on ho muelceor onvolepl, howovor, tho CLLCets @?
#hozo oalés woro coca o bo very &groront. Both muanidimo hyésee
chlerieo apnd weeo wore fovmd Go bind oxtcacivoly ¢o cgg cibvvdm (up
W 32 or 3J 0oloo por £0l0 of pretodn) cnd vator BAnréing wos vory
grootly soduood. (Brco, oven of 4 I7 concontrutien, oo foupd to @ioe
Upe eho weolon? cavclopo olpveturog  ¢his ooy sugpeod ¢ho olcrdfliecnse
of tuber blndins, o O groctor sﬁ,im@amb then WA therte cuopcated
of hydsephchio dutorceticus, im ¢ho colatonnnsd of crvelezo OSFRCHURO) o
Cho Arpeosibility of ontropolating Sren tho fladings ef Buwld cnd
Becono ¢o tho ddtucticn wegoxding $ho mveloer cuvolepo 40 eloow, omd
fusther cophcodcon ko crormous @ALClcully of ofboupting of thio
obogo oam omploncticn cb ¢ho coeldcoulor lovwol of tho ebcorvatiense

205000 NECOANLY OF tho onvoderd dm $ho Frolown end Sn, Agolotien

¥ho fostero tonMing to Alorupt tho cavdlepo 40 Acodntien cad o

dooGebddico 4% dn oitr 43 ¢ho mueloun 0x0 lorpgoly ceporabio.

Loyend tho ovwporfledod zoscablomsos, hewover, covorc} pednts of

digsorones esonm Lo neted, cad theoo podnto of €ALfOoronco occa o

¢oport €@ the proocneo or cbooreo ef om ooyr—otsyy inm tho élotributien

of orgoniocd bullr nosre—olosulos 6a tho ¢we oidos of tho cmvoi@gzogo
9) Tho centdticas Aiorupting tho icelotcd omvolege do mol

cetunlly ddorupt tho cavolepo im tho muelcups ¢he czvolepe &nm ¢ho

nuelous eom otdll Bo wocezrhcod aftor prolenged twcatmomt TAth Bilaco,

potaociv, @ o ;3 of orourd G,
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2) If cm oitcost ic nodo Go gelnto o crvokozo of o gl ef
7 or balcy, ¢ho cotorinl ¢btdacd ig vory whch An 1Ay txootmoal of
tao doelntcd comveleope b cuch o g deon mot GAve Eiferich catoricle

3 Toatorat of ¢ho doekatcd onvolepa tAth LDTA w0y clo&ﬁ;m&ﬁ
8o coxphelezyy woin, ecatigreus ohpezatin (Ipcoss. to prowet tho
czvoldepo 4o thdo euco (oo chaptor &) o

I¢ ooy bo dmfeorsod $won thooo @cmi@oze;;%imo et &8 @hm::s&m
B0 otteehod $o como porl of tho cavolepo, ¢hon, Lndepcniont ef ¢ho
inokntica proecturo vacl, o cmvclepo WAL bo vorpholesicnlly intcot
2a thoto poarto., Im tho olcetrom cderegrophs publichsd by Kochmlds cnd
zmg,m*@ ol by Jooni M‘g s Ouch imbost soRoeno ovo v—igmibio; FOPC=
t4ticn of thoco propasatiens dn (wdo Atheretory ohow thot oveh
soglons Anfocd cceennt for on unproddetcbln, clucys very omndd, but
aducyo groccn® port of o teotdd conbrrnsuo r:a’écx’:sai chtodnrcd,

Coavercody, 46 ooy ko cz?gw.c@' oS the stoninrd presciurd docepibod |
in chootor § yiodio enly o 55:5@2&1300«1 @%m:@t:m froetien = o ausloe=
protoln ee—plost of Cofimed ;@?;‘h@l@gyo Heuowor, whsn tho dofindtiens
es tho vogdswo cﬂ&c;u@w Ceenfens. oxo esnoidozed, thio é@@mmﬁ
beedly dotm, w0 cosphole dend, or eytoleAend, ofindtlean ef tho
sceezgmiocd elpenotin fecoficns Oy on &10&9 ovorndd OppPCOFORGO WRLoR
@oﬁm@ ceaddClong €8 olootren :&@@@D@@;@yo ez gho qgcamm e% the
pueldoor CavOLopo £eco mat colusddn tAth Shat ef ory of theoo reeegndocd
frostdent, Tho cdtcenstive, eporatiennd @ofinlitlcn of Chrecntin
Secetions on mroresslcouler eemplonos énpived £ren ruslod by proccluson
cueh ap theeo cutdincd o tho crdl ef chepter 2 deco not drsludo omy
precciurcs eenparablo wdth tho stendamd procc@uro for Cavolepo
doedatlen. Phuo, (ko muelcor oavolepd ueddfics oo o chrenatin
frcotlon nclther corphole dendlymy oporctienndlys

Wovostaokeos, tho cmvoleps 1o nerphodeszisclly éopondont ea tho

-~
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JE0BCACs of Blil, 42 1ot eurenlin, cid wnistbicdly portieipates dn
posdphorad ehrecaiin esgendoction (soo ekepior 1) e tUo polnto
Cx0 proovnidbly mot varclabed, DI amd grotolm, vAth perhioms ether
eaopenomes, ko up Tho pero ecejplaxon tiieh cppocy o ergusdoo ho
008 0f tho cavelepo (cortadnly ho cmol@zm Goddcoros and vocieud=
cxdooo waca tho pere eeponos oo dostioyed) .,  She U ottoehcd Go
tho cavolepo (procenbly tho dmncp cordroms) roy bo segesded oo o
Secus oxeund vhlich @(‘;hc;f porpherol dnbromusdoce Catordiol A0 ergendcods
oueh notosAod go::ecov:::bly‘ drsludes tho perc=sorplces BilA, Shuo, totald
dlomuptlen of $ho porfiphosald ehrenntim mosoopdtatoo dlosuptien ef tho
cavedepe, cad VAGOSVCFO0. ZhAo cemclupien 40 cenoiotont with tho
ghoosvotions @fw perighorad eiwerntdn orgpniocticn and of tho &loe
- oppecraneo ef €ho cavolopo chcm tho chwenatin 40 woergerdocd dm
wdheecds (oo ehoptor 9).

Tl cooeval ownicots ¢het oot of tho Mpdd 4o met econtrally
invelwod dm ¢ho ctrzueturcd ergomdcction ef tho cmvolepcechrenatin
caoplest, cnd thio dn fusm cxplodns o GAvon tho diection dopendcacd of
Lipid bindlng < ko osposont otobiM ey of tho oyotcn dm choloding
cgomtse Hewovow, $o coplodn tho @ifLororcon of eboorvod offoet of
8 6 4n tho fso0loted cnfdl moa-foelatod cmvolepo, tho tltzatien of
cugfase grewps cnd the conscguent mmﬂ:m cdloaEptien of ocny ehsenctin
srocont Mot bo dmvelnd. Fho otmuctuxol ofhildsy of ¢ho Sotal
nvslous $e Bllaco cnd potooodvn nny dopond cdthor on oﬁozﬁ@;mmdﬁfmeo
of tho cavoleopo 04tco 2abilo 4o Acolotcd psopagatiens, or on eenpotl-
tiem Lo ¢l dootmuetivo oomé by ¢ho bull: fatromvsdocy chrenntine
ASorantivoly, ko BEllepero seplon Mnlkngoo toy bo brelon bug ¢ho
posiphorad chrenotin ooy scocdn cuffioiontly dntast Go keop tho
cavelepo 4@ on opparcatly otadlo ototo, Xf this last oxplaactiem 40

S0 008 weotWddy oia/pli@abioo ¢ oy oloo oxplodm why doolobien F tho
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onvolopd oftor potuosiva or DNasc troatnont of the muclold ig
icpoociblos the cmvolope, oftcr tho troctacnt, is ombirely stobilised
by tho periphorol chxenoting ¢hus, brookoge of this chroootin (which

ig inovitoblo im ¢ho isolation attempt) dostroys tho eavolopo,

oZeal xolovanc) of tho Lindingg

[itesin, oo dligscussod abovo, nay ke regoxrded oo involving
cnvolopo dostabilisotion gonoraliscd over tho whelo muelcer surfaco,
Blebbing cetivity ( coo cheptoxr 1) nay bo z*ogéxdc& ag o Dore o 10s8s
localined dostabillicotlion. Tho omset of chrezatinm eondonsotion in
mitosi's i0 asposicted wAth increasod dicoltion £flux imto thd muslousg, -
end 0lgo WAth pogirun cedivn and potassivn contont of vholo e0lls
(Jung ond Ro%hstoimé)o %ho chrorogsoncs arce thought to cendomso em
the poro seoploros (coo choptor 1), ond tk:;o oxtroro cheonges im chozgo
distribucion vhich probmably accempony €hig presoss ooy diotort ¢ho
prodesdscatly olestrestotic binding forces which otobilico tho omvelepd
tangontioddy, ﬁhuo ﬁr’i@ge@lm the ¢6llapce onil disporscl ef tho
eavolepo. X% io imtoxrostimg that this @@11@90 = gogonecration into
mimuto olnglo=nerbrons vVosiclos = 4o corpholegically caparchlo to
tho €¢ogeneraticn causcd by petassiun cad DNeso _im ¢ho imolatcﬁla oyoten,
Ié i, glven tho dbovo infornntion, co:mco&veblo_ ¢thot o sharp imroéao
of potoscium influst into tho muclous ig respéngﬁblo for tho rcmov:;;l
of tho pordmuvclcoy donso chxoantin which proeodos ohmaoacao‘ candone
gationy ¢ho condompationm moy 4¢0elf bo @ue im part €o tho dleation
4nflux, though this canmot Bo tho whelo oxplamation sinco oioplo
ineroaso im ¢tho cnbiont dicaticn concontrations doos net dmdueo
changes oinddar $o thoco imvelved im prophaso (oeco diseussien im
chaptor 1) . Purthor to this hypothcois, it i imtercsting %o moto
(Jung cinéi a@th@faoimé) thot o repid ofLlus of homseations £xon ¢he

coll cscuro aftor the onsot of division. IP tho £luzco im tho nuclous



sougaly paraldod tho fluzcs 4m €ko whole c¢0lk, ¢hon Somie @oﬁﬂi@iom
in tolophuco muot Bo owdtablo fer tho pegomozotiea of tho omvologd
cad of tho porlsucdowy chretin ceno, Elor-c)@}org Uco&wzj hap
saported that occcauschln eesyltco €oprivod ef potoooivy @d noat Gﬁvﬁ@og
- @vioien scoouzineco uhoa potooniun 4o c€dcd o tho medun,

2cldng dnso cesounG ¢ho cuggootien (coe dhoptors ¢ cad 2) ¢thog
LA ?0@)13&@0@&@@ do dndtlosed im LA otteshed ¢o the cmvolopo, 4¢ may
bo dnforred ¢hot o otoble ehrerntin=0nvolepd 0eaploz 48 BOGOLOOTY
Gurdng @éo 8 phooo., It 4o intorostimg, thoroferc, o netc thol Jumg
ond R@fshﬂ&cﬁmé weport oy eodd potescivn centomt of tho encot of
¢this otago dm the o2l 6y8los

I 4o woooeachleo to ouppesc, thorofero, that wouncsceiecns (ond
posticulerly potosoiun) cro dnpertont in brioging dbeut tho veriewo
otrustural and fuwncticnol shonpos im ¢ho nuolooy cmol@pb ohdch hovo
bocm eboorvod dn o muTbor of coldo., Dicotiens cro, procunsbdly, o
olooys procont dn cufficicat comsontraticns Go obcbilico Upid, ondl
ehangos in cogpooden cud ecldelivs Aovolo kooeno doportoant enldy dm
ghroontin sentonnotdcn 4n pmpheoo; Chanszoo dn leecld hydrezon Ss@nﬂ
cobivity, 48 thoy cesur, oy mot bo of groot odgmifiecnso in nitends
cad DI gymthocdosy  4m BAchbing, heoowor, 4% Lo esncodveblo ¢hog cueh
@hdagos creund g T.&° o Acportont dm vczeﬂ,m o oen binddng
caopgdoo bottoen dnmop nd cuter conbrono, oF imor cordpomo ond
ehrennting ced botooca tho conbramos cazl porQ 6eoploncs. A Aorzo,
UpHP Anduecd écercaco of strcagth of chrenotin cud pero cenplon
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COMPONENTS OF THE HﬁCI.EAR _ENVELOPE
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CHAPIER SEVEN

TdE  DITA  COMPONENT OF THE NUCLEAR ENVELOPE

SUIGARY

1.  The standaxd procedurc for the isolation of the nuclear envelope
is applied Yo mouse liver and, vwith minor modifications, to Lecclla

in tisguc eulturo.

25 The DNA of the envelope is found, im the case of livor, to

contain no detcetable satellitoc, In envelopes fron L-cells, howvever,
the DA consisto of both main-band and satelliio.

3e Froc DIVA 2ddecd to a suspension of sonicated ox unsonicated

nucleld adhcres %o the surface and is recovercd in the envelope Lraction.
The implications of this finding arc discussed.

IITTRODUCTION

The oxistonce of DNA in ¢he intact nuclear cnvelope and its
apparcat otatus as an cssontial stxuctural component of the system
gencrate the following problemsse

(a) 1Is the onvelope DA a random fraction of the total mucloar
A, or is it o speeific Lraction, relatively homogeneoous?

(b) Iz the onvolope INA exchangeable with any free DNA added to
the nucleoar suspension? It oy be either that the DHA
rceovered in the oc.volope is present in the onvelope in thoe
intact nucleous, and is not contaminated during isolation
with other nuclear DiVA; orx that tho cnvelope in the nucleus
io cosontially froe of amd otructurally indopendont of IDNA,
and that tho high DHA contont observed amd tho structural
dopcndence oa this INA are artifacts of proparation. By
addinz labelled IHA to conicated nuclei and dotermining the
fraction of tho label rocovexed in the cavelope fxraction,
i¢ wvould appear posciblc to distinguich betwoon theoe
poooibilitics,.

Heteorogenoidy 4m the DNA can be determined by centrifugation
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through caesium chloride of the total IJA extracted from the systom,
In tho case of rat, the hetexosoneity is not clearly seon. HMouso DNA
is, hovever, clearly differentiated into main band (some 90;) of the
total) and a single satollite band (1C% of the total)'. For tho
experimonto described im this chapter, therefore, the procedure for
the icolation of the nuclear envelope established in chapter 5 was
adapted to mouso matexial. The cntixe procedure proved to be dixectly
applicable to mouse liver; ¢the results were idomtical o those for
rat liver in tho conditions wsod and in the noxphology, composition
end gradient behaviour of the rooul ting cnvalope. Im tho case of a
mouso L=cell strain in tisoue culiure, howvevor, though the mothod fox
isolating the onvelopo from tho nuclei was identical with that dese
cribed for liver, tho method for isolating the nueloi diffored from
that used in the case of liver, Lecell nuclear envolopes have the
same ovexrall composition as liver envelopes (ses chapter 5).

THE ISOLATION OF L-CELL HUCLEI

L=colls xecovexod from the culdture medium by contrifuzation at
800 X g for 10 mins were ruptured by osmotic shock and mild mechanical
(L."“g‘ﬁ — hottom of pmy_)
disruptionkgnd tho nuelei wexe rocovercd by difforentisl contrifugation.
The colls wexeo suspondeod in 1020 vols 0.01 N podiuvm phosphatc buffer,
pH 6.5, containing 1 my MgClzg this congontration of mognosium was
pufficient to stabiliso tho nucloi. After incubation at 0°C for
5=10 ming, the cytoplasm was swollam but the nuclof had retainodihoir
original diametor so far as could bs Judged under the phase contrast
microsacope.

l ‘\!-Sv&gu'cl'u\u-l v\'sotws ko \oro)u&g gfb“t\h\%)
Throe gentde passages thxoush o hypodemic noedlgkwas in most¢

cacses oufficient to break the colls in this condition; 1=2 moxc

bassages vore ugsed if morc than 20;5 of the cells remainod intact ao
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dotemmined by phase cenirast nicroscopy. The nucleil were pelleted by
contrifugation of the ouspersion ag 800 X g for 10 minutes, and aftor
1 vach in the came buffor appearcd to be £xec of cytoplasmic contanination.

TED_ISOLATION OF DIA

DA was icoloted fxom total nuclcl and £ron onvelopes by a
irodification of the proccduros of Harmurg and Yalker and HbLaremBO
The cuspension was dicporsed in 155 sodium dedoeyl sulphate and shaken
vigorously with chlorofcxmsoctancl (2431 v/v). After contrifugetion
Yo separato tho phaceo, tho upper agucous phese and intoxrfaco vere
rocombinod and nade 0.3 M ccdium trichloxocotato. Extraction of the
suspencion with an equal volume of chlorofcxmsoctamol was repeated o
further six times, tho lowor phago and interface being diccarded
aftcer contrifugation Lollowing cach oxtraction. Nusleis asid wos pre-
cipitatod Lrom tho romalning agueoous golution by the additien of 2
volo othomol omd ctorose ovemimats ot 500. Ich of tho nuclcic asid
procipitaton almost irmcddately on oddition of ~ho othanol, but come
materdal is proecipitatod rather morxe slowldy. Phcomel was avoidad in
thic segucaco of oxtractions, oineo 4% vas found to produce & xubbexy
and intracinblo agsregato Qith envelopo protcing 4% i possible that
DNA could have beca leot im <his aggrogato.

The nucleic ocid wao redicsolved in 1 ml 0.9 coddum dodecyd
sulphate = 0.01 I codium citrato, pB T.3, cnd Riasc added to 0.9 mz/
ml concomixation. Aftor incubation ot roca tcoperatuxe for 90 minutes,
tho solution wog cubnittod to a furthor 3 oxtractions with chlorofomas
octanol. %he DA was {inally precipitoted by the addition of Nall
to 0.5 M soncontration and 2.5 vols abzolute cthanol. Al tho

ingolublo materinl was preeipitated in 2 hours at «20°C,



Lowxry and orcinol assays of the final material in solution at a
concentration of 1 mg/ml shoved no detectable eolour fommation., It
was concluded that the DNA preparation contained less than 0.8%
protein and less than 2.5% RNA.

EXAMINATION OF THE DNA X THE ANALYTICAL ULTRACENTRIFUGE

Analytical ﬁltracentrifugation of DNA isolated from mouse liver
nuclear envelopes was carried out to establish vhether or not the DNA
represented .a random or a specific fraction of the total nuclear DNA.
Methods

DNA prepared as described above was dissolved in 10 mM tris-HC1,
pH 8.0 and the solution mixed with CsCl (Brisish Drug Houses), AnaleR
grade, to & final DNA concentration of 3=5 p&/2.5 wl and a donsity of

1,751,720 g/ml. DNA from Micrococcus lysodeikticus, having a

donsity of 1.751 g/ml (Schildkraut et a1%) was sdded in 1-3 jg con=
‘centration as a marker. The solution was then contrifuged at 44,700
rev/min in an M.S.E. Analytical Ultracentrifuge at 25%C for 24 hours,
and the gradicnt photographed in the ultraviolet (260 nm), using
bromine or chlorine gas filters end Kodak film (Hennig and Walkers).
The photographs were scanned with & MK IIIC double-beam recording
microdensitometer (Joyce-Loebl and Co;)a This experiment vas
performed on cnvelopes andtotal nuclear material from both mouse liver
and mousc L-colls,

Results _

Fig. T:1 shous the results for liver. The main band and patel=
litc fractions are clearly distinguishable in fig. 731(a), ropresenting
DNA obtained fromvhole muclei. In the‘envelope DNA, however, the
satellite is not visible (fig. Ts1(b)). Treliver envelope DNA

appears to contain only main band material,
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Fig, 7:1

Microdensitometer scens of CsCl gradients of mouse liver and
liver envelope DNA. (See text for experimental details,)

Total mouse liver DNA

The satellite (density = 1.691 g/ml) and main band (density =
1,702 g/ml) fractions are clearly visible and clearly distinct,
The Micrococcus marker DNA is represented by the peak of
density = 1.73%1 g/ml, o

Mouse liver envelope DNA

The main band peak (density = 1.702 g/ml) is visible as before,

‘but no satellite DNA is apparent. The relative diffuseness of

the main band peak may be attributable either to fragmentation
of the DNA during the sonication procedure, or to marked
heterogeneity in base composition, and hence in density, of
this small fraction of the total liver DNA, The Micrococcus
marker (density = 1.731 g/ml) appears &s before,
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Tho wogulto obtadncd frea L-e0ll mucloi oro chom im £ig, 7:2,
Both nuelci and omvoleopos centcdm both nodn bond end satolldto
Sraostionss

In £, 723, tho sooults for tho D 4gelotod £ron cavolopos
prepared frea Mvor zuslol im tho proscn@o'of 0,02 [T K1 ox0 prosontod.
Theeo opvolopos axe élorupted, Heuover, it 1o enco egodm apparont
thet ¢tho cotodlddto frectiom is cboont, The groso DA ecapocitien of
the eavolepo appoars therofors %o bo imdopendont of .%ho intogrity of
¢he onvelops, |

Pig. 73k chous tho prosonec of both soBollito ond moin-bond
motordal 4m DNA 4selotod by tho procoduro deseribod oorlior im thio
chaptarf?m.the 3,000 X g pollet of the soniceded Adver musloi,
This pollet comtadns domso ohrematin (largely hoteroehremstin cnd

- seme intomrofiato chrenatin, CP, Pronster at @6) odeng vAth nuslooldi.

Tho rosults obtoined wAth mouse Mver indleato thet the INA of
the onvolepo 4o not & romden fraction of tho totol muelooaw DNA, The
sotoliite Croction, whlch agcounts for oo=o 167 of tho DIA 4m ¢ho
puoloi (Bend 0% ol') 40 cboont. This finding 40 comsdotont wth
zoporto whish ouggost the sotollito ic cosesiatod with oither tho
muelosdd! er tho hotorochromeiat,

In L-coldo, hewever, thoro 1o cotollite ascesiotod with tho
envolope, %blo differonco Botweom tho livor amd Lecold matoriel
indiocntes mo core than o difforonse in the meon effinity of sotollito
for the emvolope im the tuo colletypes, cuch ¢hot tho cotolldte is
roodily removod by the isolation preceduro im tho enso of 1iver but
not in the ease of L-cell envelopos; the affinity im tho oaso of
dver may e Day nét bo 8o 16T as o Tao- funstionally insignicicant
in_viva. Ozo pocsible omplonctica for tho obsorved difforomes 1468
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Fig, 7:2 L-cell Envelope DNA

Microdensitometer scan of CsCl gradient of mouse L-cell nuclear DNA.

In contrast to the liver envelope DNA, it can be seen that both

satellite (density = 1.691 g/ml) and main band (density = 1,702 g/ml)

DNA fractions are present, in more or less the same proportions.as

in total nuclei. The Micrococcus marker appears at density = 1,731 g/ml.
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- Fig, 7:3

CsCl). gradient of DNA from mouse liver envelopes
isolated in the presence of 0,02 M KC1. The
morphological disruption of the envelope does
not significantly alter its DNA compositiong
the satellite is still apparently absent, '
(cr. fig. 7:1(v)) ~ Bottom of
" Meniscus : _ ) : Gradient
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Fig, 7:

CsCl gradient of DNA from 3,000 X g pellet of sonicated
mouse liver nuclei, Both main band and satellite
fractions are visible,
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in the zatos at waieh tho €21llg aro Alviding. Tho raten fer tho tuo
typos aro cuch that, in o remden conplo of @ colds, tho probebility
of £inding ot lonst 1 601l im S«phoso 4o oigpifieamtly greator im tho
€830 0f tho Lecollo ¢hom im ¢ho easo of Mver, I£ DA replicotion

io oocoeicted with the omvolepo (cco choptor 1), thom €ho prcebobility
of doolnting omvclepes with mﬁplﬁ.@utiag DA i9 sueh grooter 4n the
casC of L=collo thom 4m tho eogo of diver., I£ 9080134%e 40 csoociatod
Ath tho cmvolepe enly whilo 4¢ 4s boing ropliented, them omvolopo-
aggesiotod sotolllite mignt bo oxpacted to appear im an oOYREhFONOUS |
L=goll eculture, but not¢ im esmparablo croumts im ldver,

Tho £irot con@ltloncd hypothoois, that DNA wcplicoticn oscurs on
or 45 4ndtictod om tho emvolopo, 40 supportod by considoroblo cxporie
montold ovidoned as roviored im chapter 1. For the pesond hypothasis,
houovor, mo indoponéont coplrienl oupport cam bo foumd, I¢ 40
p@éaiblo that tmns@fipﬁ@m ight bo to oome extont agsposiatod with
the crvoleopo, end ¢hot only tramseriboblo DNA A1l therofere bo
agooclated with ¢the eavolopo during interphaco., If tho oatollito
froction is not transeribod im vive, of, Plorn gtz;m%g, thon ¢thic 4s
senoistont with tho obsorvaticas and forogedng arguncnts.

Tho extont of assoehatlen of FlA ynthoods with o cavolopo is, -
houevor, quostionablo, NI polymeragsceo appear to bo polublo in réost
@aacamws i¢ ¢hio 4o go, thon ¢thoy conmot have o high offiniRy for a
romdrano froetion, Nowortholoos, syathesis of Filh im the rogiem of
tho emvolopo, perhops within ¢he poro comploxn, night im poart evoseemO
tho cnorgotic problod of poascogs of thoso moeresolosulos £ren nucleus

to oyteplaca,

JHE IGHANCGEABYLITY OF THE FIVELOPRE DNA FRACTION

An otteapt wes podo Go dotozdno whother tho omvolopo INA wao

oxchangcablo, by iselating omvolopds £ren umz.atéono@. auelod 4n ¢tho
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PrOLORED 0 OxCIE80 32}?’@3101@0110@ D, Tho cxtont of labol im ¢ho
4codntcd onvolepss chght bo sogerded as o moswro of tho oxchansodbility
- 0f O onwlepo DHA, amd hored as o woacuro of potomtiald PIIA
contonination during dsolotion.

HBovtovor, 4% wan Leund that tho oxeoss DA boumd o inmdost puclod
a0 woll ag to ¢ho omvolepe Croctica of comicateod muclods Thdis mads
intorprotaticon of binding ¢o %hb onvolepo @lfgicult, Pugthor ospori-
ponts o oircumvent tho AAfficulties of imtosprotaticn wore thorofore
undortaion em the bopdo of the Pellewdmg crgucsng, theugh cioplo
@@néluoﬁ,@m o0 1ot posoiblose

 Sico DIA binds Go dntact muelod, procuncbly o Gholr curfasos,
to an @zgéom (v. infrs) vhich @opords oo tho satio Rotucon tho eone
contration of oxeans PIIA and ¢ho Geacomtrotion of tho muelod, tho
DNA mpoy Bo pogaexdcd an @@@upyiﬁg bindngepitos (not m@oasaﬁily
'ép@@ﬁfﬁs.@ o OF hemezemseus, oF ovem @i sereoto structural entitics) em
tho nuelear surfosc. I oero of thoco binding-0iton oro occupicd
during ocenfleaticn by A roloascd from the imtorder of tho muslous s
thio may bo sogarded 0o esatcnimntion. Such o presoss WALl loovo loos
oitos avediablo for inding Dy cxeoss { Aobollod) DNL Thoroforo, tho
eecpardoen of tho cacunt of Aobol bourd ¢eo iatost nmuelod itk tho
coount bound te the cavoleps fractionm of sonleatond musiod {ond theres
foro resovcrod im ¢ho dcelotod cuvelepos) W1l AvVo o miosuse of tho
sontcoinaticn of tho cavolepo by intronwclosr [NA duwring sonieotion
ond Lcolatien. I¢ wos f@ﬁm@, (Ve dnfro) that oxtramoous ickollcod
DA bevnd in ciniler cacunto to both intost muelod and ¢ho cravolopd
frootien ef comicatof muelod. Pren thio 4t wvas tomtativaly eencludod

that the esatoninotion of tho ocmvolope by DA during comdentien is
Bogligiblo,
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lothaedn
3%p2bol3ce oodm bemd oouso BNA wo obtadnod £ren Lecollo im
culture by tho rs@ifieation by Flezn %9 ef tho cothed ef Ualker
ond Nelaror®, [or resevery £ren tho oSl groddont, tho BRA weo
dlalysed Lo 2 X 92 hours azndnot o large wlune of distillod water,
“ho follewing exporimonts wore porforrofse
9) A oories of concontrations of inbollcd DIA wno oddod to
clquots of muclod; ¢ho muelol wero theon rcsovercd and counted.
2) A cicdiar serion of concontzations wos oddod to cliquets of
sendicated muclod; ¢ho onvolepds wore thom izolatod and counted,
Thoso osmperiments gove o moamwro of the binding o 1ebol to

nuslod and ¢o omvelopos, cad honed wors oxpostod to providd cn indioqe

tiom of the omchomgOobility ef tho DA, Rooults wore omprooscd ao

c @%@%‘%@ X 4007, Simen tho surfoso aroo of mueleod o axon of
cavolepos woo proportdonal to tho concontraticn of muclod (scmicatod
or ungendeatoR) , and oined the quontity of muclenr DNA or protoin was
godlorly propertioncd e the soncontroticns of muclced, tho regults
from theoo tuo esperinonis werd comporable with oro anothor,

3). Tho offoet of noxo ox loos prolemzcd imcubatien of tho
muclod with tho lobol om tho mosovory of lobol im nuslod
end cpvolepos wan dmvostigated, Imcubotiens woro eorxiod
out at 5°C for 0, 2 and 96 hours,

L) Tho binding of AcHollod radnm bond DNA was ceperod with ¢he
binding of Ackolled patolliteo.

In all ¢hoco oxporirontso, the nweloi (ocondceted or unsondcated)

wore obtadined £xon nouso llvor and pugpendod at a' concontration of
5 0g protodn /o} dnm 0,02 U telo-HCl buffer, pH 7.7, contoiming 9 ml
g6lye Tho 1cbollod DWA solutlon (= mls) and distdlled wotor (y mls)

woro im eosh 6ago added ouch thot < ¢ § o 0.5 0o,
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In tableo 7:1 and 732, tho Ligures quoted arc ooamo of thrco
zoadingo ted gofer o tho totod counts/mim cdded, mot %o tho counts/

2in in any givea voluze,

Keblo x5, . Roopyoxy of counts im dntoet mueiod

Gounto/ruia 086l Counta/min xosovercd < cgunts e —
219 204 93
1,097 1,033 oL
2,19, 2,077 o,
5488 2,019 37
40,250 2,433 , 24
22,030 | 603 2.7

Tho rogulds oxo conpiotont with {;}xo codol of o findge mubor of

binding=oitcs foxr LA om ¢the muoloar ourEsaco, trith- vory otreng binding
ot cosh oito, The loot vai&o:, hotover, sugzects o complotoly

aitffoéon@ offect, Tho oposific cetivity of tho DIA howe was 4860
sounts/min/0,D, valt ot 260 m, implying thot 22,030 counts/min © be7
0.0, units, The loplicotion i that this concontsation of DA (0.5
s oddod é@ 2.5 oo auelod) ig sufficiont ¢o dioxupt maeloi cquivalont:
to 2.5 L 5 = 12,5 D@lpre‘tom in guch o way 0o to @ootroy tho bipding

of tho aueoss PIA,

Reblo 722  DRosoves
Ceum‘mgm&mga

of counts im cavelopoq

Regoveryy in omvolonog

A£8808 " Besovozod <% Rogovoms HOGovOEy, 1B muGlol
249 474 . 80 0,85

9,097 - 987 _ %% o 0,97

2,99 1,739 79 0.8

5 480 1,88, .. 35 0.%%
10,968 1,826 18 0,85

22,030 598 2,3 0.85



The results im tablo 7:2 shov o pottorn similayr to those of tablo
7:1, ioplying tha¢ & similar model can be used in the explenation of
tho findings, If the binding sitoc on tho nucloi are assuned to be
located ontircly on the surfoce, then tho last column of table 5:2
suggests thot o roughly constant poreentage of tho sites (115 2 56675
is romoved whon tho nuclei are sonicoted., This removal moy be intore
proted ag dlsruption by the sonication (e,.g. the site may be mede
unavailable by membrane vesicularisation) or as occupation by tho
intranuclear material,

Since both nuclcl ond emvelopos take up freo DNA ¢ho intorpro-
tation of this oxporiment is more complex than planncd; o¢learly,
simple exchange of lebelled with unlabelled DNA cannot be assumsd.
However, if the removal of binding-sites on the nueclear surface is
taken to ropresont occupation by intremuclear material, maoximum
contomination is boing asgumed and the rocults malte it possible to
give an upper linit for the oxtent of contamination of the envelope
by intronucloar matordal during the isolotion.

From teble 7:1 it con be eoncluded that nueclei cguivalont to
12.5 mg nucleaxr protein arc saturated dy gomc 2,075 counts/nin o
0.46 0.D, unito DNA/ml ot 260 pu = 0,094 mg DNA' 2. Loss of 115
of the binding nites thus implico occupation of the surfoeos of the
nueled by 1.2 X 10'3mg LN¥A. The 12.5 mg nuclear protcim is equivalent
to sbout 1.25 mg onvelopo protein. Thus the oztont of DNA contemimn-
tion during igsolation as detormincd by this proccduxe is in tho ordor
of 1 ug/mg cnvelope protoin,

This suggestion that contamination of tho envolopes by imtroe
nuclear matorial during isolation is mogligible is, however, dopondont
for its validity on the validity of tho forogoing assumptions,
Possiblo binding~sites for the oxecoos laebelled DNA moy already bo
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cecuplod by intramuclear matorial, 8Sinco, hevover, the binding of
lcbeolled DNA is very strong, this would imply that oxtromely strong
foreos pust bind the intranuclear natorisl to the cnvelope (oinsc tho
exceas DNA cannot, from the assumption of thio argument, replasc such
matorial)., If the forces arc extremely otrong, houevor, thom thay
mugt procunably operato in vivoe; ond if this 48 so, it i3 of dcubfful
valuo . to consider tho bound material as o contaminont,

1%t 45 concludod from these results, therofore, that the onvelopo
DNA is to only o smnll extent (<15 contaminotion; tho remainder is
to bo regarded as o ronl componcmnt, Howevor, & result that romains
to bo expleined is that which suggests breakdown of the binding sites
on cddition of oxcoso DA (opprox. 2,2 X 10 eounte/min = 0.9 mg/
12,5 ng nuclocar protoim; 1.c. 10‘pg/mg total nucloar protein),
Further ¢o this rxooult, onvolopos isolated aftor addition of 3 X 105
counts/min lebolled DNA to the scnieated muclei, end thercfore oon~.
taining about 40 ug label/mg protein, are completely disrupted on
treatmont with o further 25 pg lobolled DNA/mg proteim; contrifuga-
tion of tho dispersed envolopo at 30,000 X g for 30 minutes lod to ~
the reoovery of only 200-300 counts/mim in tho pollot, and tho bulk
of the protoin remainecd im tho supermatent. Thio io eonsistent with
the £indinz by Baeh and.Johnsonqq that DNA removes o lipid-rich,
protein-gontaining frection frem nuclei if cdded in oxcoss,

In conoclusion it mny be suggosted, therefoéo, thot Srec DNA in
low concentrations binds vory strongly to muclear onvelopes. In
higher concontrotions, it disrupts thoe system. According to Bach and

Johnsonﬂ

» Other polyonions might bo oxposted ¢o have ccmparedble
detorgent~-liko acticns on the onvelope,
Two furthor quostions arisc as a consoguonco of theso

Lindingos=
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a) Deos satollito DVA shoU the samo binding propertics as naine

bend DNA?

b) Doos furthor binding, or disruption of tho cmvolopo, ocsup

on imoubaticm of the cmvelepo with o mero than saturating
coount of DNA?

Tablo 7:3 proscnts the rosults obteimod whon intaet muslei were
incubated with 32Pa1abollod sotollitc DNA, im the ebsence and im the
presenso of moinebond matexrdal, It can bo scom that the binding 4e
vory clogely sinilar im the ¢wo types of DNA, and seperate binding
sltos comnot ugefully be asouned. (1.7 X 407 covnts/min/ml = 1 ng/nl,)

Zoblo 7:3 Bindine of gsotollite DNA to nuclod

(a) Loin bond cboent

gount§£mim cddod Ceuntsgmin reoovercd ﬁ Rogovery

180 144 78
942 895 o5
1,856 1,610 87
L, 750 1,574 33
9318 1,639 18
18,502 697 3.7
(v) progenso of 2,19% eounts/min main band
ag%%%ﬂe& Sounta/min rocovorsd % Rosovery®
180 2,091 es
92 2,003 6,
1,856 2,180 N
4,760 2,067 30
9,318 1,958 47
18,502 L. 487 2.,

© Recovery horo is coleuleted as

Coumto rosovorod

Counts main band ¢ counts satellito

Binding of tho two types of DNA only ocours at concontrations

loss than those reoquired fully to saturate the available sites om tho

miclear surfacesS.



Zablo 7:4 eeapaxcsg tho posoveries of labollod main band MW in
tho onvelepsg, 3,000 X g pollot and 30,000 X g supermatant frastions
of somdeatod muclod (C£, chaptor 5) aftor insudaticn at 5% Lor 0, 2
end 16 hours. Tho velues orpross tho counts rosoveorcd im oaeh
frastion os persontoge of counts added (10,968/min incubated with
12,5 0z nuclcer protoim inm oll €2808) .

Teblo 7: BfRfost of incubation on digtributien of 1abol

Yeoocddoto Incubotion
Zroction icolation 2 hro. 16 hrs.
3,000 X g poll, 6.3 549 5.0
30,000 X g snot, 765 80.0 88.6
Bnvelopes 972 %e? YN

Xt can be seon that o stoody decrocse of the cmount of label in
both ingolublo frootions (ono consisting maoinly of hetoreshrenatin,
nucleoli, cte., tho othor of onvolopes) occurs over the period of
incubation, with conscquent onrichmont of the supernotont fraction,
This result may be talken to indicato that therc is a timo-dopondont
element in the disporsal of the envelopo by DNA, and that DNA also

digperses insoluble bodics other thom the onvolopo.
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CHAPTER _ EICHT

ZONXC  COLPONINTS OF THE WNUCLEAR RIVELOPE

SULTIARY

1o Tho seddun, potaosiun, caleiva and mognogsium eontonts of intast
and digzuptod omvolopos wero dotormimod. Tho dication ecomtomts wero
found to bo falrldy high (10100 pl/Lowry Unit) and to dopond im o
somples uway on tho inteogrity of tho gystom.

2, Uhan tho onvelope proparatiom wag ropeated uwsing 1 ml Ca Ci,
instond of 4 ol LZ@Clzs i¢ vag found that the magnescius sontent of tho
systorm wos incroaged ond ¢ho coleiunm comtont dosreased.

36 Tho results arc diseuspod im the light of published data on

lon=-protein and ion-INA intoractions.

INTRODUCTI ON
In paxt XY of ¢thisc ¢theslo it woo ostablichod that olostrostetisc
intorogtions play o mojor role in the dotermination and onintonsmee of
the onvelopo gtzusturc. Tho inorganic ion eontont of the gystenr nay
thereforc &0 impeortant in eontrolling ito inmtogrity both in vitro and
- dn vive. Im choptor 6, o cooplox ranmge of ionde offocto on the
ecapocition and merpholozy of tho cnvolops wos deseribed, Furthermore,
tho iondo contont of tho muelooplosk 4o high, ond the ioms (porticulerly
dications, Cf. Uirsky and Osech) oppocy to bo of considarableo olgni-
ficanee im the organisction of chronantin, Por thogo roasons, an
ottcmpt was 0add to dotormime the ion conteont of the igolatod envolops.
0f ¢ho iono invecstigated, mognosium ond caleium were cstimated
bocouse of tholr sgignificont levels im various ehronatim froctions,
and bocouso of ¢holy probablo significance in orgamdoing the envolopo
1ipid (oce ohopter 4). Sodium end potopsium are present im high
concontrotions dn ¢ho nucleoplosm, ard have vidoly difforont offocts

on (envelopo morphology. Tholr levels in tho isoloted system aro

thereforc of some intorest.



fmong tho £ostors oxpoetod to dotormime the meoults of thio
invosBgetion vas ¢ho pxosoned or cbooneo of o particuler Som im ¢ho
igsolotion modin, Uognosivoy eonmtont, for oxamplo s Dight bo oxpcoetod
¢o bo highor thon ocolsivn contomt booouso ¢ho formor,; but not ¢ho
lottor, dem ds prooons im the comicatdon rodivn, To control for
guch an artifaest, tho propmqﬁim wag ropeoted weing ecleium instoad
of eagnooivd im ¢ho dgolotien modiun, and tho dication contonts of

the tuo preparations wore cozporad.

NATERIAL S AID METHORS

Loolation of ¢ho onvelopd

Envelopes roferrod to im this chopter as “lig-omvelopss” wero
ipolated ascordinz to the otonderd proccduro deporibed im chaptor 5.
Tho proparation éeseribod in thio chaptor ag Co~onvelepes® waon meds
by o procefure idomtical to tho standoxd procodurc, oxeopt that the
(O i Ugclz of the gomlcotiom mcdiun wos roplaced by G&Clz.

Intast onvolopos isolated by sueh procoduros woro of tho soao
DiA/protoin ratdo (0o ehoptor 5) . Thoy wero ddozuptod by rosuvgponcion
in 20 ' KC and comtsifugation at 30,000 X g for 30 rnutos.

Aftop igolotion and dioruption, the onvolepos woro racuspoadod
in glass d4o%illcd wator and dlolysed ogoimot o large velumd of
glooe dlotillod wotor for 2 X 42 hours, .

Liboration of fons for onalysig

4 volune of the dlalysed emvolope cugponoion having o dotormincd
protcin content wep drded in o test-tube and digootcd for 5 hours ot
100°C with 0,5 oo AncloR mdtrie oeid (Britich Drug Houses). At tho
end of thio timo the orgomle pattor heé. been dostroyod amd o clow
colourloss solutiom rooultod. This gsoluticnm woo diluted with be5

vols gloss distilled vator ond i¢s domic combont doterminod, TFor tho
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dotordination of M@gw ond €™ on aldiquot of tho dilutcd coid digest
uag moutraliocd with € I HeOH onfl d4ceddvn EDTA cddod to o £finnd
conecntrotion of 5 plle

Coxo tng tokem to cngure that oll glosstosw was thoroughly washod
eh glooo distillod wotor boforo uso, Contomimetion wos a080sscd by
tho uso of am cavolopo=Fxoc HNO 5 digest (dvionk) o

Dotexdnotica of don conto

Tho diluted digeots wero analysod for iemic ecupemonts using o
Unieam ZP S0A Atemic Absorptlieon Speotsopheterntor. Tho cndssion
spoctra of geddun (589 n) ond potosciun (766 nn) end the ebsorption
opectra of endedun (423 mm) and magnooiun (285 mo) worc uscdl 4m tho
detorminotions. Tho ingtrument was colibrated uwsing standord solutions
of the iomn under invontigation. Al} determinations voro psrformed im
triplicate, Tho results wore ORprosscd as 2 4on/Lovry Unit im tho

original onvelopCe.

RESULTS
Pablo Bg‘l
isa
Sediun 105 38
Potosoivn 0.6 (VIR
Caleium 50 - S
lleenosivn 30 27
pliLowry Unit (diorupted onvolepos)
Scdiun 25 23
Petasoiun 0.8 19
Calciuvn 25 -3
llagnesiun 28 27

" 1t eppoors (moglocting tho high, probobly ancoalous, 105 PDI/Lomty
Unit for gedium im tho first coxporiment oam intast emvolopes) that



digruplicn of tho oysten with 20 £ RC1 redmeod thoe quomtity of
colciuvn and geddun beumd ¢e tho oystoa, Tho bound pogmesivn romnimcd
at approxirntoly the scmo lovel, whilo the potassivn levol imesoccod,

In tablo 832, theco £inmddngo oro ecopared with tho rogulis
obtaincd with envolopos proparod im ecledvn chlerd o,

Toble 8:2 Cnvelopos prepored im Call,

Ion Lowry Unit (imtoct envelepos)
g ment J xpexinont 2

Soddun 28 . 29
Potasoivn 0,3 0.3
Coleivn 18 26
Mognesiva 51 &7
gm@@@ Unit (@ioruptod onvelopos)
Scédum 33 25
Petopsivm 0.7 ' 0.5
Caleiun 29 . 199
Nocmosiun 2l 26

Horc, sodiun end calsiun lovols are not nmarkedly affoetod by
éloruption; t¢the potacciun lovel 4o ogodn ineroascd, but tho cogacsiun
lovel 4o moxkoddy lovcrcd,

DX SCU SSX 0N

The opporent similarity of omvolopes preporcd in caloium and
megnesiun (cheptor 5) does net oxmtent to thoir ionic compositions.
This presupsbly implies coze qualitative difforence in the elootroe
static internotions in the onvolope, and honco a @iffercmce of
otructure at tho molcguler lovel, between calsiun and magnesiun
Wop&m@ioﬁs. Tho regultso aro difficult to exploin givem the
informotion avadlableo, cnd the following diseussion 1o neocossarily

spoculativo,



187

Boforo an cxplonntion of thoso dfforonces ig attomptod, it is
igportont to mote that these sopults cre eonsistent with tho vaelucs
dven by lixoky and 00@\:7&1 for tho quantitics of dlcation coseciated
with chromntin, Ascuming

1 Lotzy Undt = 9,62 mg omvolopo protedn/ml
thon tho levols of mognooium, for oxcoplo, are 4@ the rong

(3.2-8.4) x 10~

gn ions/hg protoin.
Agouning furthor ¢hat the 1ipid-Crec dry mans of muclod eongsiots of
protoin, R ond DNA, Thom
100 g lipid=<<roc dry nueldd contalm 76 g protoin

(Cg. Bugeh’ °

Thus, i€ the negnecivn concontration im tho eavelope vere equal
to that ovor the nuclouvs as a vhole, tho consomtretion im tho nueloi
would bo

-ng ions/100 g 24pid-free dry pass

(2.5-6.2) X 10
= 0,059-0,146 ng Mg*’/100 g lipid-frco dry mess.

Tho value quotcd by lMiroky and Oscwa £for totol nucled io 0,915 ng/
100 g lipld-froe dry moss.

Neroovor, thin lovel of mognesiunm io equivelont to 9 ion/50 m2,
o mean spacing botucen tho ions (ossuning random dictribution) of somo
7 nm. This valuo is caleulated from the assumptiocn that tho onvolope
containg 107 by voight of tho total mucloar protoin, 1.0. heds ps
protein/onvelopo (CL, Bma@hz) » and that ¢ho gurfaco ares of tho
envelops 1o about 100 }B%(ﬁ 108nm2) » eosuming o redius of somo 3 pm
for tho mucloi,

Taldeg es ardenotie tho prosomeo of nosmosium opd coleivn in
both shrenatin and tho onvolopoo, tho results nay be exploincd by the
following two hypothoeos. Othor oxplanations arc possiblo; tho ono

prosontod here is chooen bocouse of tho rolatively small nunbor of



um{c;ooéod osgunptiens 4t invelves, but i¢ roxsins wry tomtetive at
proscnts =
o) In ¢ho prosonco of nogresiun iems, tha onvolopo talkos up
o configuration puch thaet i¢ binds caleiuvn otrongly but
mogrosiva vory uworklye
) Tho maintenoncd of this configuratica dopends cm thecd
otructupnl factors thich also (otostins tho torphologioal
intogrity of the systenm,
Iin o muclooy suoponsicn contelning oomo 5 ng protoin/ml, then
according o tho mognosiuvn lovolso im tho mucleus quoted by Mirgky and
Osewo (o, ouprws), vis, 045 mg/900 g lipid-free dry mossy, cach 9 Bd

=10

of sugponsion eontaing some 90 T gm-ieno LJ@;M’ ossesicted ih protoin,

Bach 9 ol ef ¢ho buffor im which tho muelol are sugponded contains

“’é’g@oiom mg“(q 1 polution), This laxrge oxesss of mogrnesivn thidld

10
lead ¢o megrosivn binéling with tho chroratin, and pﬁctmbly %o o
conEOqUon® &iopla@aé@mt of ecoloiun, Howover, acserding te pastulato
(), tho 13iborotod eoleiun vALl cambinc with ¢ho cavolopo and ho
oxeosp ef magnesivn A1l mot, Im tho 4selatcd omvolepe, thorofLoro,
vhich hoo boom woshed £x00 of tho oneoso magnosivam, ¢tho saleiva 1ovol
but not ¢ho nogeogivn lovol koo beom Anoroased. OB ¢txeatoonmt of ¢ho
onvolepos with KC1, ¢tho otruocturcl fcotors vhioh doteornime Dorphoe
legical imtogrity and tho s0% of molesular sonfiguwraticas of tho
gystom erc mofificd. Tho consequcnd maﬁmning of caleivn binding
eouson less of much of ¢ho oxecas calsiuvm,

Sdlarly, twe hypothosos moy bo guoked to oxpladm ¢the rosults
obtadincd uvoing onvelopos propaxeod im CaClZQ These ores=

o) Iam tho presomeo of coleiun Loms, tho envelopo tekos up o

eeafiguration such that i¢ binds mosmeciuvn strongly but

eclcivny vory wookly.

988
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b) Tho mointenoned of this comfiguration doponis om thoco
ptrusturol factoro wnich alge dotoxmdne tho morphelegiend
intogrity of tho gyston,

In this cage, tho exedss coleiun lborates nognosivn £ren tho
chremntin, and ¢ho mognesivn, bud not tho oxedsgs of coleium, binds
strongly with the onvdlepo. Howowoy, the rogulding oxcoso of
rogmosivn in the omvolepe freetion ig obsorved omdy se long as ¢ho
onvolopo is morphologically intoct.

The nonocation binding io ronarkablo fer the WLLoronsc obacrvod
botucon geddun and potassivn lovols. Thig éiffercncs poy havo beon
aozgorated by tﬁm fact thot tho nucloi wore Lcolated im tho prosoneo
of gediun amd tho cboomeo of poltosgium; howovor, & nuilbor of gteps
in tho igelatien -~ pordectiom, difforomtial eontyifugotion, washing,
grodiont contrifugotion and dlalyeis to xomevo sorbitol -« axo all
corrded out dm the obsonco of sodium, Any looscly-bound sodiun would
thoroforo bo m:égvcé tho syoteme |

Gonorally, potossiwn trootnont appears $o imerocso tho onount of
potossiva bound ond to doswroase the omount af‘ oediuwa bound, This moy
be intorproted es o diroet digploscmont offeets The lovol of beund
ooddun in tho intcot cmvolopd io wory hich - eenparcblo vith tho noge-
noodun levdl - cad noy reprogsont tho eountoriens of ¢ho muclels asids
at p 7-8. Roplocsoont of sofdum wdth potassciuvn ap tho cowmtorion moy
be tho dmdtiel chompo loecding to Gostabildcaticn of tho syston by potassium,

I¢ 4o ponsible that sueh o proesoss ooy 0 phycdelesieally signifle
conte A% tho ond of nitesls, the eavaoleps {maymhosim goons %o Anvolve
convorgien of tho cmvolepo Lrom voglsular o ohcot Lormg 4,06
dostabiliging the veglcular form xolotivo Go tho shoot fome This

convercion noy invelvod, as o first otep, tho ropleeczont of potagsium



wth sedivn oo ¢he csuntesicas of tho muelcie asid groups aoosoioted
wdth tho envolopo. Such o roplocczont mdght be initlotod by, in
part, tho oxtrusion of potassivn fren the e0ll (Jung and B@thst@ins) .
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CHIPER TR

2IEYTC  AGSTVILISS _ AGSCCIATID Wil b TUCLEAR ISWVIIOPH

SOLTT

10 %ho igvostigotion im tho nusloar cmvolope of oix ongynes Ao
Giseugsed; tho oagyoos oxo NiDH=cytoshrons ¢ osddorodueteno (B.C.
14609903) p £5PecO (B:6:306.103), Flucoco=Bophosphatusc (BeCe3elo3.9),
sueednoxidrse (2.60903.99.1), allmlino phosphntase (S« e3delodols) and
protecsos,.

2, 0f thoce emgyios, gluceco«Gephosphatase, ouseinosddass ond
protonso voro found to bo ebsont. Tho 4mplications of this ere
édgouscci,

3 Alkadim phoophotaco cetivity uvas found to bo dnhibitcd by both
caleivn end pognesivm, bud kigh im ¢ho absenoo of ddeatlon.

Q; ATPogo ootivity wes found to be dleotion Aopondont but nono-
cation indopondont. HWo cupport was found for the hypethooic that the
ectlvity is aspesiated vith the poro cemplox, . N/BX opd eyveshrono 6
in eombinnticn rofuwecd the mot AT? lysio in mueloi and intast oAvolepos,
suggosting thot cxddotivo phosphorylatien 1o coupleod to tho clzetron

trangport chain of the gystom,

IHTROPYCTLON

In choptor 1, the ectivities of casymos agsosicted with tho
nuclous and pogcdibly csoesioted with tho cnvolopo wao discuscod. Im
tris choptor, Lfour of theso onsymos - NADH eyteshrand ¢ oxidoxrcdus
tage (2.0.106.99.3), ATP200 (2.Ce3e6e143), olkalino phoophntoso (E.C.
30943.9) and protooso - aro oxemincd im tho musloar cavalopo, and
the doplicetiens of ¢ho £indimgo Ler work on tho strustuzo and
function of tho syoston aro dliocusccf. Inm oddd.tlon, the mdersoennl
cnd ndgoshendrial nogiter cnsyroo usced im the invostigatica of ¢ho

contonination of tho nuelol (soe chaptor 3), monoly lucosoebe
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phocphntase and succlnorddesc, are invostigatod hero im the igsolatcd
onvolop3. X% 4o poosible Ghat thoso engymos «xe regovored im tho
cnvolope fraction and ore dotoetable im i¢, vbile thoy are mot
é2%eetoblo dm the auclol, vhors there is seme ton times oo owoh
protoin and honce only 9/10 of tho spoeific cetivity.

Tho imvootigotien of oosh emgyno ds prosontod ond dlscusced in

turm im the light of rolevamt date alwcody in tho literatuzs,

NAPH-CT1QCHROUE C OXXDORIDUCTASE (B.C. 9,69

‘Bvidonoc for tho oceurrence of this cnsymo in muelel found by
Reon and Reulond , Pemndcdd gt 03% and Botel and Klowen®, and in
eombronous proporotions frem nueleoi by~Kuzmina(ggag;&9 and Bexrosnoy,
Funlt and Craa@59 wug discussed in chepter 4., It ronoing to donome
otrate the cccurromce of the ensyme in the nueleur envelope amd o
eptimato i%s rocovory in this froaction, Inm viow of tho findings
digeussed in chopter 1 by tho above-nentionod vorkors, it is algo
NEEessary: o |

2) +to invostigute the rotononc congitivity of tho engyso &n
the onvelope;

b) ©o cstchblish uaothor or not tho engyno is coupled o &
nechendgn of ATP cynthesis, Thic moy be detormined by
obocrving the oficet of NTP on the ongyie ootivieys

¢) to cstimato the offoct om tho spocific cotivity ef tho
cagyre of dicruptimg the envelope morphologically, for
esaaple by pretrastnent of the cmvolope with 0,02 1M KCl.

igth

%he assay vroccfure wos dordved from that of Sioter’d
ond used forrieycnido as a olcetron £ecOptors

Tho cocoy cistture eonsicted ef e

1.5 mla 0.9 I pheophoic bulfor, pH 7.5: £incl concontrotien 0,05 U
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0.9 nls potasoiun eyanddo, 9 s £ipnl concontration 0,3 ]
0.4 nls 0,03 I! potossivn forsdeyonidos ° “ g Rl
0.1 ols 0,015 110 a o 0.5 =1
1 ol wator

0,2 mls saplo eontadming cond 6 Lowxy vmite/ml ( aquoocus suogansion
of muclol, or onvolgpog)

Tho potascivo orricyonido and 1907 golutions wore froshly
prepored, and oll celusions wore proimeubated ot 37°C for 30 odnutos
bofor0 0By, ThO asooy wes porformcd im oilica cuvottos in o Undcam
TPEOO opestrophotomotor, tho ehongo im cboerbance ot 420 mm boing rcad
over an intorvel of 2<5 ninutes egoinst a blank containing mo NADH,

o scalo omponocion of XI5 boing cmployed,

Tho folleving varietions of ¢ho basic assay proccdurs were
porforned s -

o) The 9 nl vator ropleced by 0.1 mlgo 9 1 rotomens im othonol +
0.9 mlo wotor (£irnl rotcmonc consontration 0,03 1),

b) 9 ol wntor ~opleecd by 0,2 mlgs 0,05 I %L1l + 0.8 mlo water
(£inod pegnosivn someconiration = 3,3 o),

6) 1 ml wotor ropleeod by 0.2 mls froshly-propored sodiun ATP,
0,05 Iy pH 7.5, + 0.8 mls water (finul LGP concontrotion = 303 &),

&) 9 ol wolor ropleced by 0.2 mls 0,085 It L, + 0,2 mle 0.05 I
ATP, P 7.5, ¢+ 0.6 nls untor,

In 611 cosos, glacs @dstilled woter wes used, N'DH end ATP woro
obtoined from 3igmo Biechoaicals, rotonono from British Drug Housces,
Pooulien

Afeor the essay proccfures, Loury essays were porforacd om ¢ho
oooples used and tho cnzyme ectivity oxpressod in E&E@ waito/Lotwy

Unit/minuto,
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oblo 9:9(e) Recovery in onvelopo

Engzyne activity

Laterig) Experimont 4 Experiment 2 Experiment 3
R PPN
Nuelei (035 «038 070
Intact envelopes .25 19 26
Disrupted envelopes 21 23 25
Purification; =
Intact onvolopes 7.4 5.0 347
Disrupted envelopes 6,0 6.9 3.6

o).
From theso results it cppreys that NADH-cytochrome ¢ oxidoreduce
tase is concontrated in the nuclear enveolopc independent of its state
of integrity. The close similarity in the purifications of the enzyme
in both intoct and potassiuvm-disrupted envelopes suggests once azein
that, while potassium treatmeg? disorganises the system it does not

solubilise eny large quantity of protein (Cf.chopter 11).

Table g:1gb) Rotenone sensitivity
By comparing the cotivity of the engyme im the sbsence of rotenone

with that in tho prescnce of rotenons, the percontage rotenens sensi-
tivity is caloulsted, assuming more or less complete inhibition of the

sensitive component,

Treatment Experinent 1?A Estporiment 2
No roteonon2 «285 27
Rotenone 255 .255.

% Totel activity:~

Rotcnone=-sensitive | 10.5% 5%
Rotenone-insensitive _ 89 .5% o5%

The engyrme thus appears to be predominently rotenone=insensitive;
the diminution in sctivity brought about by rotemone, if it is

significant, mey represent trace mitochondrial contamination.
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2ehlo 9:49(e) ST ofkont
¥ho cetlvity of tho ongymd was ncasuxod im the proooneo of TP
ondl cogmesiva, and clog, Lor seatrols, im tho procomec of ATP aleno

ced nognopivn alonc, The rosults choom rofor. o intact Ccnvoleposs

Conddtiann Dsmoriront 4 ‘axperinont 2
Controld 925 029

g . «23 026

AxP Z0%Q Zore
AT? ¢ g 4070 ZQOX0

Sindior rosul$s vore obtairod with nuelci apd disruptcd onvolopos,
Uhdlo megresiun has mo inhibitory offoot om ¢hd cnaymo, cetivity 4
eomplotoly abolished by ATP wnother or not magnesium 4s presomt, Two
expleantions for thio obgervatiocn are possiblos-

(4) 422 hos come direst inhibitory offcst onm tho cmaymog

(44) ATP 1yois ("rofuctivo dophosphorylotion”) drives tho

cleotron tranoport chain bagkverds co that mo mot HADH
odddation is chacrved; precumebly thic would requiso
surficiont intyinsic magneciun in the onvelope to astivato
the AT ape (Cf. eheptor 8). It should be moted that 0.05 I
ATP reprosonio o comsidorable oxeess, NADH end Lorricyamido
boing presont im much lowey coneontraticn.

AxRaso (B.C,35.6,1 234)

AfPoso astivity im nuelcd (Reocs and IRO\:J],zm@lB s Botel and Kl@wem?’)
and in pombranous matoricl derivod from mucled (Zborolgy Még
Doelektoxrolkogye and Pomvo&hohik@va73 Ironle gﬁ%ﬁ%’ was digouscod An
chapter 2, uherc the cuestions of nonscation dopendoneo wero radsod.
In €ho Lollowing cxporiments, both nonocation and dication offoets
axo Anvestigoted, end tho pesoibilicy that tho ATPuse 49 assocloted
dth ¢ho pore complexz (Yasuguad ond Toub@gg Yagugumi Mﬂ% i

S
:iéxé;nivgggi,,\ In eddition, nince the possibility rcmains from ¢the



H.DH-cytochrezo o oxidorcdustoss omperinontsg thet oxidativo phose
shoryloticn coeurs dn tho cavolope, &ho 0ffost en me$ ATPase cetivity
of NLEH + oybeohrord o 4ig invootigatod,
Ilothedn

Tho ceony proecluse wus based en that of Loppy ang Lops;rzzo

cad tho bogle agsoy minture wog ag folleus:e

1.5 0l 0,15 I Histidine<dnidasolo, pH 7.3; ZLinol concontration = 0,41 I
00‘3 Dl 0005 U SO&UQ I\LTPg Kx}{ 7038 @ @ = 2.5 ﬁﬂ
0,1 0 0,051 Lgblys e @ z 2,5 Bl

0.3 cl Sample (opprox, 1 Lovry unlé/mi)
All solutions were frochly propurcd and proincubaged fop 30
pinutes at 37% boforo Cosay. Incubation of tho assey nistturc wag
posrosod ag 37@(3 for 30 mdnutos and 0,15 ml 70;5 porehloric ceid wore
then added. Tho sucpensiom wes eontrifused briofly and the supcernntant
aseoyed £or phegphate ug doseribed im choplor 3.
Zro folleuving vardaticns of this bagic procséurc woro porfernofse
a) To cotosuine tho pH songitlvity of tho cngyn2, the histidince
dctlngele tuffor ws mode (&) X 6.8, (il) g 8.0,

b) %o doteraine tho dlestlon doponmdoned of tho casyme, tho Lgll,
was repleccd by (i) CcCly, (i1) Sediun iDTA, pH 7.3, both
0,05 11,

¢) %o doternims tho momscotion dopondonco of the onsymo, tho

butfor wog mede 0,09 U WeCl and 0,01 o1 KC1,

d) To éoformine the offoct of olosirom Lringport on mot AT

Iysic, 1 g MADH ond 50 g cySochran2 6 wore dignolved in
the bugfor. Yho largo exeoss of 1VDH was woed to ocacuro tho
csourroncC of olcotrom trunoport for o sigmificant portion
of the incubction ¢imo; 4f exddetive phosphosyloticn was
eoupled, this weuld imsuyr o gignificent xoductien im tho

finol eoncontration of inorganic phosphatc,

b

R
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A1l those experinonts vere oorricd cut on atandord onvelopes,
end the oxidative phosphorylation and oenocation cotivation cxperie
monts were also porformced using envelopos disrupted by washing in
0.02 I1 XC1, Blonks wore esoayed to determims (&) the ancunt of
phosphate released from the samplos (eamvolopes ond muelei) im the
assay mi#turc in tho cboence of ATP, (b) the extent of spentansous
lysis of ATP, The zesults of the assays, correoted assording to these

blanks, wore oxpressed as ug phosphate relcased/10 ming/Lowry unit,

Results
fable 9:2(a) Baslo ATPase assay

latertad o T
Nuoled 47 2,5
Intcot cnvelopes 16.0 17.9
K’-&iempteﬁ envelopes 16.3 15.8

Purification in onvelope:=
Intoot envelopes 3k 71
Diarupted envclopos 3.5 6.3

These results indicato that the muclear ATPase is eoncentrated
in the envelope, but no significant differcnee botvwesn intoot and
disrupted envelopes ccm bo scen, This may imply either that (es pro-
viously suspeoted) potassium treatment disorganises rathor than
solubilises the pore oompléx protein, or that contrary to the
findings of Ya.summi9'10 ATPase is not pricarily cssooiated with the
pore complex; a more or less random distribution of the activity over
both the poro comploxz and tho rest of the envelope would have to be

assumed if tho pore cooplox protein were rcanovod on potassiun treatoent,
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E¥pa r%f'{ xporimont 2
Mecl, 16,0 179
C&Clg 8.0 747
FDTA 71 0.3

These results chow that when magnosium is roplege@ by colcium
tho ATPase activity is approximately halved, whilo removal of all
dication reduces the activity to 2-7% of that im the prescnoe of

magnesium,

Ioblo 2=gj o) pH_cffects

ﬁ p%m minutes/Lo
= Experimen geﬂment 2

6.8 1.9 2.7
T3 16.0 17.9
8.0 8.3 9.1

The reduction of aotivity is vory marked as the pH falls bolow
7+3, but somevhat lecs markcd as the conditions bocome more alkaline,
This implies cithor on asymmotry of the curve of cnsyno aotivity/pH
or a pH optimum slightly abovo 7.3.

Table 9:2( d [lonceation activation

ng Pq/‘io ninutes/|
Cornditions Rxperinon erimont 2
Intagt onvolopost=
Without monosations 16,0 179
WVith monocations v 155 1.1

Disrupted envelopes:=

7ithout monocctions 16.3 15.8
7ith monosations 13,2 16.8



ficont offoot is oboorved; this 4o congigtont vith the

findings of Zbarcky o% al6, Proals of @18. ond Deloktoerolnnya cnd

Pemvoahehﬂ:ova? cn tho conceatien indeopondonee of muslocy ATRPASO

cotivity.
Toble 9:2(¢) Effcot of INADH
ug Py/10 minutes/Lovry -
Londitions @gm% Txporizont 2
Ianteot onvelopes: =
Uitheut NADH + Cyte. ¢ 16.0 17.9
Vith NADH + Cyt. <] 1.8 3’3

Disrupted envelopes:-
Viithout HAZH + Cyt, © 16.3 15.8
Uith NADH + Cyt. o 10.8 1344
In both cases a reduction of the appareﬁt ATPase activity hos
ocourred, but the rcduction is significontly geeater in tho case of
the norphologicelly intoct cnvelopes. Two cxplanations arc possible:-
(1) NADH er cytoohrome ¢, er beoth, directly inhibit tho ATPase
of tho onvelope. If this is so, then tho results suggest thot
morphologiocal dioruption of the onvelope vith potassium particlly
prevents the inhibition, presumchly by some roarrangenont of the
inhibitor binding sites, or bloecking of such sitos, which leavos
the substrato bin@ing sites funetionally unaffected;

(41) Oxidative phosphorylotion con oseur in intcet but mot im
dioruptod cnvolopeo. The not ATP 1lysis ic therefore less,
provided the cnvelopo is intact, im tho prosence of NADH than in
its cbsence,
in view of tho observed offcct of ATP on NADH-gytochrono ¢

cxidoreductase asctivity, the czplanation invoking oxidotive phosphorye
lation becomes preferable. It involves the use of only ene hypothosis,



vize that NADH or cytochrome o direetly inhibits ATPase, and $hat ATP
directly inhibits the NADHsoytoohrone o exidorodusteseo,

Zn tho proparations of morbronocus material from the muclous
doseribed by Boroznoy, Funk and c?cnes cnd by Franke of ge glugose=
6-phosphataso vas prosont im only trase quontitios. Tho prepasation

1, hewovor, chowed glusosceSephosphatace with a

of Kashnig and Kasp:mﬂ
speoific cotivity 5075 of thot in the rdoroscacl fraction, The dnves-
tigation of this enzyme in isolatcd intect nuclear envelopes was
undortaken to explain tho controdiction in theso results, At the
outsot, two explanations appear possibleo:e

(i) since glucosc-f-phosphatasc 4s an unsteblo onsyme (Beaufay

ond de Duvo! 2) it may have boen destroyed in thece preparations

in which its cotivity wos doteoted only in traco cmounts;

(43) Since it is @ifficult £o remove all traces of microsomal
contamination from nmuclei, it is possible that the nuclei
prepared by Kashnig and Kaspar” wera more highly contanirs ted
than thoso used in other prepavations, Extensive microsomal
contomination of the nuolei may hove resulted 4n similar
sontcmination of the Cinal matorial,

If the former explanation, implying o high glucose-6-phosphatase
cetivity in the envelope, is preforred after further investigation,
then this will hove considersble significance in diseussions of the
struotural and functicnol comparability of endoplasmic roticulum and
nuelear envelopes.

Hethod

The assay proceduro used was that of Swanson13 » Gosoribed in

chapter 3 of this thesis, Intact end potassium-disruptcd envelopes

wore used. Envelopos were prepared from both “pure®~nuclei and "crude”



nuclod, ¢ho lattor boimg oode by the Lollowing presedurc: the liver
honogenate prepared o0 dceerdbod in chopter 5 was centeifuged a¢

800 X g for 10 mimates, Tho pollot, oféer coresul decomtatien of the
superaatent, wasg rosusporded ia 10 velumes lce-eold homegenising
buffor and again contrifuged at 800 X g for 90 minutes. %his washing
vag ropeated twice, and tho finol pollot was talmn to roprosent o

orude nuelcar proparation,

Rgsulto

Table 9:3 Glucogo«<6-phesphatase
Jg P,/30 mins/Lowry

Hatexisl Ezporicent ¥ Teooriment 2
Pure moloiz=
Intaot envclopos Zore Zoro
Disrupted envelopos , Zero Zero

Crude nucleise
Intact envelopes 548 645
Disruptcd cnvelopes &5 koS
Hore, "Zere” inorganic phosphate rolecse inplies less than 2 ug/30
oinutes/Lowry unit,

Tho results chow that whch nuelod @.m cxtensivoly contoninated
wvith mderosomnl matericl, envelopes propored from thom eentoin |
Blucogo=6=ghosphntase cotivity. Tho intogrity of the omvolopes is
not rolovent. Sinso onvelepes from pure nucled havo ro detooctable
aotivity, tho estivity would appoar to zoproscnt coatcninngion,
Howovor, in the matoricl proporod frem tho erude mucloi, tho cetivity
ef tho onsyue i low (eompare results for totol livor henegenato,
chopter 3). Thiso suzgosto that the iceclation proscduro moy partioclly
inzotivate eluooao-é-phoaphateaé; Nevorthcoless, the procedure

desoribed by Keshnig and Kasparﬂ involved, like tho procecdure

201



desoribed in choptar § of ¢this thosldo, sonfcation amd grodiong
ecnteifugoticny A% oy Chorofore be prodlieotod thot im tho notoriol
propered By thoso wosltors cueh of tho glusess=G-=phosphatono wog
insstivotod.

I¢ 45 eomcluded ¢hat musloar cmvolopes Gontadm mo doteetadlo
Blucoco=6=phosphateoo. A nuelcar cnvolepe proparaticn eocntoining

thio ocngyne is eonfonminntod vith oleresenosn,

luelod preparcd os doserdbed in chaptor 3 eomtadm o troce of
cuecinoxidase aotivity (spceifie cotivity = 57 thot in total homow
genote) . Though this moy reprosent quantitativoly mogligible
cd tochondriol comtaminationm, i€ cll the astivity woro rocoverod in
t‘.&o ocnvolopes 1¢8 speeific cotivity would now be somd 307 of that im
tho total homogenntc. This is not nogligible, and furthor investigee
tion of the cxtent of mitochondrial contamirvation would be required,
For this rcoson, the succinoxidase aetivity of tho envelopo was
investigated,

The assay method dordved from that of Ringu” was used os desoribed
in chepter 3. Tho cetivitios of intect and potocsium-disrupted
muolecr onvelopos wero eorpored with those of nuclei and of total
liver homogenate,

Besults

The results were coleulated im terms of change of opticol density

ot 400 nn/sdnute/Lowry unit,

202
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Table 9:b  Sucsipeddosy
Changs in E@Jmﬂute/bm unit

Tatogi ol -
Experdront 3 Experiment 2
Total homogenate 042 0.37
Huslei 0,044 0,010
Intoot onvologos 0,019 0042
Disrupted envelopes 0,007 0.042
Speedfio aotdvityse
Intact envolopos ‘ 455 3%
Disrupted envelopos TeT50 335

Proa those results it is concluded thaet:=

a) Tho roeovery of succinoxidase cotivity im both imtect and
disruptoed cnvolopes is such that no purification of the enzynme
from the nuclel is diceerncbis, Presumsbly the ensyme is dige
tributed more or less randonly ovor tho sub-nuoloar frastiens
obtainod during the isclation procodure, its opeeific aotivity
being sindler to that of tho nuclei im all fractions.

b) Tho cetivity appears to bo lescs in the dicrupted tham in
the intoot envelopes, but it is doubtful vhothor this difference
is signifioont,

6) [uclear envelopes are essentially frec of suceinoxidaso
aotivity, The ;ssmall trace of activity which is prosont mey beet
be regarded as mitochondriel contamination, though elcotren
pierescopie reculis eghow that no distinguishcblo mitochondrial
fregoents are precsent in the envelopos. However, the axtont

of sucpinoxidese contaminction is roughly cqual to tho extont of
apparcnt centemination by the rotenonc-senscitive component of

the NABH-oytochrome ¢ oxidoreductase.



LRRALINE FEOSPRIRLST (RaBn$ad2509)
Mogporfun=Aadopspdont olmlinn phoophotose cotividy im Xdvor 4o

soneontrated An ¢ho nusoar frostica (Trory ond D@@mow)? In ofher
oyatcon, oikalins pheophatano 4o Foguontly cosesdntod vith ccobronss
(c2. Fomell%)g 40 4o, Choreforo, Pecoiblo thot 4% hos hich
cetlodty dn tho aueloryr Oomvolepo.

fiotheda

Fho ogboy prosofvro Woo o rodifigotien of tho oothed ef m@ﬁc@@wa
Tho cocay sdsture eensiotod ofie

1 ok 0.% U Dethopelordno-R0d, 8 9.5

¥ 51 0.05 I IDYA, c8Juctcd ¢o g 9.5 Ath NelR

1 g} 048 I gm@aa@aédgh@ag@%e@msm@ to pH.9.5 tAth HOH

‘ @55 .mle watoR

025 alé m@p@mmﬁ@a 8¢ envolepes im wolop

A1) scolutdens wore prodmewbatod ot 37°C for 30 mimutes; the
inoubotien was ecrrded out ot 3796 for 30 wdoutos, A% Sho end of
this time, 0.3 ols 60; poreohloric aeid voxo added o tho odxturcs
cad tho presipitatod protoin maév%@. by contrifugotiens, Tho supore
natonts tore thop ootlonted fer imergonis pheophatc os doseribed. dn
chaptor 3.

Po dotormminoe tho extent of élmaﬁ&@ﬂ Gepondentt of the alkelime
phosphatose a@ﬁinﬁy, the ozporiment wos repoatod using 0,05 U
u@ﬁla or 0,05 11 @eﬁlz instord of (DTN Ins all copos, the ongyro
cotivity wes expreoaed os pg phesphete rolonssd/lery wndt/45 mins.
Both intoot arf potossiun-disrupted onvelspos woro uscd, end their
cetivitlieos esmporcd to that of umsonieated nuelel,
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Lotorial
Huelei 1.1 1.8
Intact cavolopes 23 3%
Disruptod cavelepoo I ' 2.k

Uhcn tho IDTA wos replaced with caladum or magneciun, no
cetivity wes detoeted, 4.0, phecphate reloesed wac less than
0.5 pg/Llowry walt/15 oinuteo.
Froem those rosults 4¢ wos coneluded that:e
a) Tho alkalire phosphatece activity undergeec o 2- or 3-fold
purificotion in tho icolatiom of tho omvelepe; ¢tho cetivity
ooy thorefore ho oedd o bo iwgaly assoociatced with the
onvelops .
b) Thore 1o no significamt difforcnco botwoen tho astivitioo
of intaol and dicruptod envolopCn.
e) Dications ot o f£imnsl concontrotion of 13 il inhibvit the
cngyne both im tho mucleld ond in tho iscinted envelopes.

ROTEASES

In nuclcd isolated waing o rango ef proeoduren, protense eotivis
tdos with leeal mosdon of A volues of 3.05 3455 Le5; 70 and 9,0 and
o ninioun (soro cotivity) ot Pl 5.8 havo boen roportcd (Dounco and
Hm‘iﬁa‘g). Nowo of thoso igolotion proccénros, howowor, invelved the
uoe of coatrifugation thrsugh denso vsucmso.

Sineo ¢he cotivitios oro imoroaged when dﬁ.amp%icm of extroe
nuecloor orgamelldes i moriwd, 4t io poscible thoet tho protoases
adhore to the surfoses of the mxolei. cnd are conssguently purdificd
in the iselnted cmwolops. In the following exporicents, the protcaco



cotivitios of "purc® and "exudo® muslei wore corpowed with tho
astivitios in envolepon prepescd fren than,
[lotheds

Hueled vero icolatod oo deseribed im chopter 3 (“pwro” muclei)
end “orudo” puelod wore proporcé by the cothed docoribed im this
chaptor under ®glucoso=6-phosphatase™(yv,. suprs) . Envelopos were
isolatod fron the muclei by ¢tho stondard proceduro deoseribod in
chaptor 53 petassivnedisrupted cnvelopes were not used,

The assey procefure was thot dosoribed by Dounco and Uma‘ﬁaqs;
The aseay mizture eonsisted ofie

1 ol ocuspension of muolei or envclopss im wotcy

1 ol 2,97 hoemoglobin in 8 M urea

7 81 0,1 ! buffer, Acetate buffor vas used ot pH 3.0=h.5,

phosphate tugfer at pH 5.8 cnd 7.0, end tris-glycino ot i 9.0.

A1l soluticns were preincubated at 37°C for 30 mimutes amd the
ineubotions were earrded out ot 37°C for 2 hours. At tho emd of this
time 2 nis 5% triohlorsgotic ceid were cdded, tho preeipitated protein
and nuoleie aeid roroved by sentrifugatien, end the eptical density
of tho pupormatont of 280 am dotermined, uoing ¢ BouscheLamb 'apcetm-
paoterctor. Rosults wcre oxprossed in terms of 0.0, undts/Lowy unit

nuclocr or oavelepo protein,

Ropults

Agble 92 g g)
p i}
3.0 23 «195
55 «985 205
LA 125 #1140
5 8 010 Zero
7.0 «110 o345

9.0 085 +050



Thooo voalwes ore in eleco aexrecnont vith tho rolotionship botwoen

pd and protoano cetivity im mueldd propared im 0,25 I cucPose«3 ]

Ceclg cheum by Dounco omé Umiiam. The £igurod gquoted by theco euthors

dié not, however, rofer Go specifiec cetivity, bus to ¢ho wolative
eedvitios ot the ronge of ¥ valuos weed,

Toblo 9:6{b)
-4

3.0
3.5
5e5 | ,
5.8 .003 010
7.0 | o3 435
9.0 25 .18

Conparisen betwoen the values im thig and ¢tho previeus tablo
chows o 3-4-fold purification of pretoose cotivity in the ocnvolepo
froctien fron tho muolel. Thic enhantersnt of cetivity appecrs ¢o be
rzoxe narkcd at the lower pH volucs, though tho significance of this
cboorvatien 4o Qovbtiul,

In purc muwcloi ( the proparcticn of vhieh dmvelvod econtrifugation
through 2,5 11 sucrose), cnd im tho otondard onvelepes proporcd from
purc nuslei, mo protocse estivity uas é@t@@%@bl@. I$ was ecneluded
from this oboorvoticn that ¢tho proteace cetivity of tho nuslous, and
heneo of tho onvolopo, roprooents cono fosm of oxtronvelecr sonterie
notion, Tho oliormative explonatien - vis, that protonso eotivity is
ro08ily inhibd¢cd dn puxe muclod, vhile tho prosemec of comtenimonto
protesto tho eagyno - was dismisged on tho groundo that disruption of
the muelod by senlection, cnd oomsoquent rormoval of tho pm%oti@n -
tho imdticl otop 4m o dsolotionm of tho omvolopos = £031s to doeroaco
tho apporont cotiviGy.
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Tho progoneo of protooses aetivo over o tAde pH ramge im other
cub=collular froctions (nitoshondsricl, mierooenad ¢66,.) Ao Eonorally
rogerdod on roprogonting lycesaEl esmtoninotien, I8 45 thorofoxo
suggooted that tho apporomt musloar protocse cstdvity dopondo om
contanination of tho mucloor proporntien vith lysesezoo. Hemovor,
until othor sub=collulor Crostions ore removed from tho musioi by
contrifugotion throuzh the demse suereoe nséiva, tho muslold will bo
in eontesct with cuch protecso-rich bedles, Thio Justifies the uco im
the precedureo for isoclation of muclei of o pH close to thet ab which
the protoase astivity is minirnd (see chaptor 3), |

Two elosges of ensymes have boon considercd im thio chaptor:e
o) Theso which seom to bo boot regarded co sonteninomts of
musled, and honee of nusicesr onvelopes, im icelotion,
b) Thooe which appoer to bo notive o tho onvolope. 0f ¢those,
ATPago, alkolino phoophateso and NADH-gytochremo e exidercduetase
havo boen eoncidored horo, |
Evidonse heo been presomnted Cor o high roto of brealdown, ond
perhaps o moasurc of oynthoois, of ATP in ¢tho syotom, This sugpeots |
& high local encrgy requircncnt, vhich mey possibly be related to
synthotic processes; 0.g. DA replication, or to onergy-requiring
transport processes oporating betwoem ruclooplesn and cytoplasm
(eee chopter 1), I¢ 4o uncortoln which tramsport processes aro
likely to require emorgy; poosibly tho passcge of mossomger RIA
into the eyteplosm, or tho assembly of ribeseror (4f fimal stages
of this prosess cceur neor the surfece of the nuoleus) ,may be
cndothormic, Information om this poesibility could be gained by
comparing the ATPase cotivities of nuclear envelopes fron colls
differing in their rates of protcin synthesis.



Tho phogphataco cetivity at high pH veluco appearc Go bo folrly
nonenpotdific; inergomde phecphnto was rolescod £rea both ATP cnd dA=ALP
ot P 9.5, a0 woldl ao £xon gluesso=Hephoophate. - Tho blologieal
ocignifiecnso of tho clkolino phesphateso is nystoricus. I¢s progeneo
in ¢ho cavelepo ooy, hewovor, cscount for tho opparont csyunotry im
tho plet of ATPoco astivity cgoinst pH.

Tho absonso'of Glucosc-G=phogphatase, sueelnesddono anfl protoaso
egtivition fren tho onvelepo provides, firsg, o mothed wheroby tho
purd ¢y of o mueleor omvelepo proporation cam be ostimnted, cnd sceond,
en inddeatiocn thot tho omvolepe ia.no% functionnlly conporable with
merosennl, mitochondzial or lysesenol nombranco. Any sposulation
on the dogroo of Adontity botwoom tho mveloor eavoleps and ono oF

othor of thoso systems cmat tako this conolusiem into coscunt,
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CHAPTZR _TH
DT _PROBLEIS OF XSOLATION AND EDENTIFXCATION

The cigndficonco of tho sogoful otufdy of tho ioolation proscéure
dovolopod for o mczbranc oyston was fully discusced im pard I of this
theodo, vhoro o nunbor of spocdific problems ascoeiatcd with tho
isolation of the musloaor cnveldeps woro rodscd, It tos scop that the
firot legleod sequircmonts woro:s

o) Dofimition of tho “mucloer onvelopo” 3

b) Dofinition of tho torm "isolation’.

Tho rogquired prescdurc them bosano eno whieh, im cecoxdanco with
those dofimdtions, gove o roprodusibly setiofootory cnvolepo
proporation, A nunbor of contimgont probloms thon aroce. Theso wares:

o) [rioing fren tho Aofinitiom of “igolation”, tho prebloas ef
Tpurlty”, “contondnation” and Peouplotonoss® g

b) Ardising fron the study of struciural intorostions of tho
systen vith othor syotons < motobly the oppordod ehroratin ond ondoe
plasnde rotdculum = ¢ho prodblon «f tho dopondonso of tho onvolopo, ap
dofinod, on tho prozomes of thooo other systomo,

hilo old tho provious problomg may bo 1lluninctod by ompirical

otudy, only the lasterontionod ic cepable of dircet orpirienl polution.

A mogor poxt of the oxpordrontal vork deseribed im poyt IX of the
thoodn wos, therofora, dircetcd towards ea invootigetion of tho
significance of tho otzuctural intoyoetionn, This wns chomm ¢o be
portdieularly importont im view of tho work dono inm othor lcboratorics,
in vhich "onvelope” prcparations £oiling to meot tho eritorio of
dofinition vero dosexibod. X¢ w00 noccogery to oshk of cuch worlk

(v. chopter 2) uhy nmorphologhcal broakdewm of the cavelope hed

eseurrod
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o) Prea tho point of vicw of ¢ho envelepe iteolf; oould sore
relationshlp botwoom tho loss of imtogrity end tho ioas of ome of the
principol gompeaonts of the syoton (protoin, iipid, INA, RNA) be
ostablichcd? |

b) Proz the point of view of ¢the exporinontal precedurc; what
techndques or paramete&a defining tho caenpositicn of tho medivm were
neceasary in maimtaining integrity, ard, ccnvorsoly, wore responsible
for tho locs of integrity?

This ohoptor 7ill be devoted to o full dipeusnsion of all thege

problems and quostions in tho light of the oxporicsmtal reosults,

1. JHD DEFINITION OF THZ RIVELOPD

212

In choptor % 4t woag cptablishod ¢hat tho only aseoptoblo dofinditien

of the muclear omvolop® was norphologicals o fu@cticnal definitica
boged on cngymic or pornoability properties 1o mot poosible in the
light of current knovledge. According to this dofinition, & nmucloar
onvoleope proparctienm hap tho following proporticss

o) Xt is obtaincd from nuclei umsontoninated bj othor eellulap
zorbrone pystoms ond contoininz no intermol cembroncs, sueh as introe
nusloor anmelate loxwdlloo,

) It 43 o doubls monbrame systom, et least omo of tho conpencnt
zorbrones bearing ridbesomos,

6) Ito curfaco aroo 15 coocupicd, in tho easo of rob liver, to tho
oztont of 20-307 by poro eomploxos, consioting oscomtinlly ef cmulld
of oight subupits and in sozo ensos contral tubulog o "gronuloes®,

Uhile this dofimition 49 4im 1té0lf necoptobleo amd whilo it
providec a sound bogis Loy oxperiront, oo dooexribod im this thoois,
it conteing cortoin iphoront problens whon the objost ef vroccarch is
to conolidor tho compositien, otructusroc amnd function of tho gyotem,

Theco problems arc ap follows:
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a) The dofinitien of tho omveleps io indopondont of its
eagynatie cstivity, 1ts poreochility proportios, ote., It 40 pessiblo
that t@o or Corc proccdurcs vhorehby coesptoble omvelepas can be
isoloted would givo matorial vhich difforxvd im thooo rospeets.

b) Provided tho chovo morpholegical exiteria cxe satiofied,
othor morpholezicel Lo5tors = 0.8 the groos intogrity of tho systen,
vhother it b2 im the form of muclear ghosts or of small fregnents <
are irrolovant,

¢) Horcevor, tho dofinitiecn of tho materiol 43 indepondent of
its composition., This peint is very important. It is possidble that
tho sonposition of thoe system veries acscording to the isoiation
proocfuro cheson; horee, since presunchly eomposition detormines
engynotic and poramocchility functions, tho emzymal@g;}' of the system
will also depond (4m prineiple) on the iselation prosedure, In
eddition, tho dotolls of the orgenisotion of the syoten im sposs,
boing depondont on tho conposition to & groater or lossor extent,

will not bo preciocly conniraired by the definition,

2, JHB ISOLATION PROCFOURT

Fundepentol to tho prodblors stoatod cbove io the foet that no
singlo sot of icolation conditions 45 wequired by dofimition,
Provided tho isoloticn proccdure 18 im cesordamee with tho @rieéria
statedl, 4.0, provided that 4t rosults im nerpholegically csseptoblo
patordcl, it io rot ethorwioe econstraimncd. Am im_ﬂoﬁmﬁ.to numboﬁ' ef
procoduren is fron thic point of view poooidble; ond it 4s mot |
unreasencdlo to suppocs that oceh procefuro will givo natoriel unique
in eempesitien, orgonication, cagymolezy, grocs morpholesy, p@xﬁe&bmty

ote,
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Furthor esasidoration of ¢ho probloms amd thoe definition, however,
eenplicato thio vieupeint. The merphelegy of tho oystod, ap roquircd
in ¢ho definition, 43 o profuet ef tho m organdsation of the
Syotcn; vwalle 1t reooims 4mpoessidlo to arguo thaet tho opesifie
norphelogy roquiros o umique neorenslceuler ergoniootien, it 4o
proboble thot ondy o iiaitod roenge of such pedos of orgomisation com
cegount for it., [Heeromolesulor ergonisation, im turn, daponds oa
two faotors:

i) Tho cempocition of tho ayoten,

ii) The physice=chemieal paramoteors dofinimg ito immodiate
envirenncnt, .

Agein, 4% 45 probeble that sovoral éi fferont set‘;a of eomponents
in ocrbinatien with & munber of sets of physico-thszieal poaramoters
ocn acoount for o singlo obsorved mode of organiscaticam, but notwithe
stonding this rcdundoncy on twe lovels, these conoclusions follow:

o) While sevoral differont oempesitions ore posoible in a syston
of whioh the ésfimition 45 nmorpholegieal, tho commesitiom is mat
completoly unrcstricted im prineiple;

b) The physico=thomieal parsmoters defiming tho isolatien Pro-
ceduro aro, bocauso they offect orgomicotion cnd hones worpholegy,
algo of signifiecmoo im the definition of tho oystem i%self. This
pocng thot in cny moomingful dofinition of the 4sclotod nuelear
envelope,
ARCOAZACA.

It now follows thot the iscolctiom progodure cttecpted moy fail fer

oro of two reoscns (dlstimguishoble legicolly but not empirically) :
a) Undor tho conditiorme uscd the soparatien of a zorphologically
inteet nuclear envelopo frem tho surrcunding sizvcturos esnnot bo

achioved;



b) Uhile tho mucloay cavolepo ecm bo soporated fren curroundimg
strueturos, ito ccopocitica wrdor tho sonditiens wecd 4o such thod
undor thoso cono physlee-ghenieol comditions 4t €oils ¢o gointadn
morphiclogiecd intogedty.

The odeptien of o partisulor single proparctien presodure for the
nucloar onvoleps, mo rattor how orbitrory tho eholes, is therefore
coseaticl 4¢ tho gyston .S.i:s o Yo dofincd consictontly. Im toxns of
¢his choice, tho problems of contaminotion, purity cnd complotencss

can bo considorcod.

3o FURLIY, CONI/ ZION AND COIPLEIENESS

In dofindng thoso throo tommo, tho basie problom 1ios im tho
inoppliocbility of the notiom of “chordceal puxity® ¢o o meexenglcgulay
gyston of Ylolegicol erigin. Im tho past, o similar érgumem; hos been
opplied ¢o tho dobatoblo ehemieol purity of ipolated pmé@i&m (Pirie1) .
Reeent cdvancos in the undevstending of protein stﬁéﬁm » Cud the
theories of omsynolozy which are depondomt om tho eonsopt of o
protoin aposies of whﬁ.qh tho cotivity cam bo congidorcd im iscelation
fron other opoclos, have groatly dinimdched the gelovanes of cuch
arguronts. I¢ 18 poosiblo that, 1 in tho future o vnderstonding of
podhrenc gtsucturo roachos the lovol of surront undorpbanding of
grotoln étm@turo, cnfl thoorios of m&brone function beseno ao cloorly
ostabliched oo thoeghos of onsymology, tho pm"blorj of purdty will lose
rolovanco horo, ten: tho situation will thom bo eno im chich ccobranes
com bo eleorly ond cimply dofimed im torms of compositien, structure
end Lunetdon, At precont, hewovor, these ¢ermo cpo the gbjoed of
roseoreh xothor thon dofineblo soneopts im vicw of whish furthsy
ropooreh oon toko ploso,

In tho cboonso of cn oppliecablo notion of chcadccl purity, the

dofinitien of tho puecldocy onvolspo, 1ike that of othor nexbrone
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oyotons, 1o oporatiornd, Homeo purdty, comtcoimnticn and coxplotonoss
oro dofincd dm rolafively orbifrapy COmng., Thoose oo oo Lollsus:

a) Ao shevn obevo, tho ioelatien prescdurc 4o of pPicary doportonce
in the dofimition of the oyston. latesiel ropredueiblo in both more
phology cmd seupesition io to bo ozmpoetcd of o oinglo iselaticn
procofurc, and doviationo from tho s¢ondord seopecition uwador theso
ototed comditicno moy bo regarded cs contonimntion (0.g. 4€ BHA io
prosont 4n exeoss) or oo imsemplotcmess (0.5. A emly o 16w quontity
of 1ipid pheophato hos boon roseverod) .

b) Tho hictory of oxporimonts om blological coubromes hos shomm
thet, 08 op copdricol goneraliscotiem, membrone systcns oontedn in moat
tiocues moot 6f tho e0llular 1ipid, while they contndm 1ittlo or ne
PrA, In tho invostigatiom of tho nusleor cmvelopo, 4% is thorefore
reasonzble to oxpoot to iseloto nmembronous matoriel richer im 1ipid
But pooror im DNA thon totol muelei. As dlscuseod im shopteor 2, momy
vorkers, Uhilo rogsogmicing this copirisal sonstrodme, bave falled o
wosopnise tho prinngy of tho norpholozdonl exdtorion im all such work,
As o result, thoy hove iseloted matorinl rieh in 1ipid and elmost firee
of DHA but impostible to deperibe os musloar emvolopo; 4m thio theois,
it has beon shown thot any coseptoblo nusloor cavolopo proporation
st eontadn o ocertodn mindmum lovel ef DIVA, It besoncs poscsibic to
speck of eanteninotien vhom, for orarple, tho DHA lovel oignificontly
oxceecds ¢this mimimun voluc,

The “purc puelear onvolepe®, in current oporctiomnl terms, must
be dofino@ as tho notoricl foumd im tho serditcl bond im ¢ho otanderd
Froparation procedurc deseribed im cshoptor 5., This dofinditlonm 40
noseosarily tentative, but forms the basgis for dofinitions of
“gontemination” and "eonpletcnsss® which ere im cseordonce with tho

forogoing restirictions on tho meaming of tho torcs,.
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03 ZLEORT/SDE OF

Clesoly roloted Go ¢ho problons of eomtomination and esoplotonoso
and bearing dircetly en tho cspericomtal imveotigation of tho preblon
of igelatiea of the mucloor onvolopd, 4g the cgues@;i@é of 4to dopom=
donco on tho oyotcno vAth thich 4t nomifosto stzustral intoracticns
in vivge Xam torg of tho morphologlcol eritorien of dofimdtica of
the onvolepe, it wno chem im pord XX of this thooig:

o) Thot 1ipid docs mot appoor $o bo of primery dmpertonso im tho
dofinitien of tho syston = 1.0, romoval ef 1dpid dcoéa’a@t nceoosorily
sause morpholegiecl bracldlown;

b) Thot, siodlarly, ENA dcos @ot oppecr to do drportant;

@) Thot tho protodn contomt 4o the fostor most highly voarioble
with vorictions in tho eonditiens of propogation, ond 45 probobly of
considerablo dnportanso in dotornining tho a@@aptabili%y of porphology:;

@) That BIA 40 cocomdlcl %e tho imtegrity of tho syotem.

To thoeo four points oy bo ndded o £Afths

o) Thot tho cmdeplesaie rotioulun, thieh weo chown 4m ehaptor 4
to be vory probably aoseoioted with the outor nuclecr mombrone, connot
bo uholly rcooved fron ¢he muelcus without sorious omogo ¢o, ond
probebly reuevol 6f, tho outor rembrono. (Tho gmin@ipal ovidence for
this otatomont sencs £ron seanmning olestron uﬁcr@u@@pyzo) HNovoxtholess,
oithor the endoplosmic potisulun concogmed is vory cooll in quontity
or it is ofyplenl, olmce nmo glusose-Sephosphataso estivity is deteetoble
in tho omvolopos ¢o which it prosuncbly remndms attochod (CP. z0f. 3).

Tho osgontial PNA 45 aoseciated with pordphorad chroostin, oither
the porimuslear gono discussed in ehoptor 9 or semo diotimct Sroction
dirootly accosliatod with t'e pero complez cpf possibly ecncorned im
DNA replieaticn. In primoiple, it is possible under o dofincble oot
of oxpoz-ﬁ,mmai corditions to mdmindoco tho contont ef ¢this INA (ond
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the eentont of ondoplacnie rotieulun appondcd %o the envelops), the
1iodting soquircoont of theooo oppomded oystors boing @opondont em $ho
conditions.,

Clven ¢tho arbitwory rostrieting exiteric eotobliohod im tho @ice
cusglon of purdty, centoninotien ond cempletcacss, 1% mew appoars that
tho boot peosiblo iocloticn prescduro 45 the ono im ubich tho
norphelesical critarien 3o potioficd and 4m which ¢ho comtont of DNA
end cndoplosmie rotisulun com roosh tho lowost miadcun,

OF THE REJUIRTMENTS <OR STRICTURAL INTFRACTION

Xt hos Deen cxgucd that tho roguiromeat for otructural intornge

TR

5. ABSOLUTNES

tioms with ohromatin, and porhops vith ondeplosmic rogioulvm, 4n tho
nodmtonanse of onvelepo intogwrity, 1o dopomdont wpom tho Apolotien
conditiono ueod. Thus, modntonango of the asyr=etry of aictributien
of pasrenioloeulos on tho twe 0idos of the omvolope wos occem in part IX
of thic thosis to protost the onvelepe ageinmot disrupéi@m by potassium
iono, by high cencontrotions of EDTA, ond ovem for o 4o by lane,

| Xt is peooible that im thoe ioelotion modiun thero axo 0ildly éiorupting
footoro, and thot tho quontity of DA in omvolaopos of tho stomdard
proporotion oovdd vith impurity Bo lovercd 4f moro sulitablo condd tions
woFo found, Hewovor, 4t Lo orgucd thel ocuch lovoring 4o pot im
proetieo pooodblo; tho ovidemes for this clodnm 4s:

o) Tho rongo of oxpericcnts Gooeribod im cheptors 5 cad 6 of thioc
theslg, Thoro tho veriotiens in tho conditions of icolatien amd tho
lenie and othor offosts on tho cnvoleps woro Ei@orously oxplorcd

b) %Tho foet thot im vive ¢ho omvelopo io througheut tho coll
eyele in contest with DNA and other maerenslosules, dlotributed
coymaotrisally coross it, oxcept pognops éuring the fermatien of

cortain blcbo (singlo-combromo typos, which include me pores ond heneo
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oxe 238 eeplote or rocegmdochlo onvolepd), owd during cA%esdo Ohon
¢ho ontlso cavilopo 4o AlozFuptcd,

Homeo, sltheush o senpecitien, and theroforo tho opporont AOFome
domeo ea ptrustursl dntoscetien WALh Lith, ef tho omol©m would oppoaw
READD L0830 o vory TAth €ho fcolotion cenditieno, 4% 0oy Bo owgued
ghot tho rogudrorant, of oot for chromatin ond poescibly for o
cefhorn 68 attoshod ordeplocaic rotloulun, im nodntononed of cavolepo
dmtogrdly 4o oboslutos Tho adtermative cegeocat (4o cony woyo
profarchlo, ced dopldeitly uccd dn port II of this thoofo) ostondo
'@1&@ dofindtion of ¢ho onvolepo to Ameludo the roguimod soatiguoun
otructuross Acecxddng to ¢Mdo agguncat tho onvolopo 40 Qofmcd oo o
doublo morbrone 0yotcn, Aordved fron imtost b cocontllally vecene
toadnntod mwelol, boogding the roguivcd dlotribution of peso 8e_ploson
cnf 0loe $he cdofrwn cosunis of cndopleccie roeulv omd ehrecotin
to eodntodn 4¢o corpholecliend dnmtorpity, Thic cofimitica hao
doportant doplicotions for tho cenpendtien, ond honed tho strueture
cnd dnhoront funstion, of tho lom‘vol@po.;

o ZH3BIZNIIIG OF TH3 PAVANEETHS OF TR XS0LASEON LIt

1t woo chem 4o post IX of o heolo thaty wafor tho conditicas
fer otaniowl cavoleopo doclotiony the imelucien of potaocium, oF tho
cdjuotoont of ¢ho nofdun Ge tee hish an lende otrcagth or too hWda op
to0 16 o g, lreusht bzut Aloguption. ¢ 0oy Focdng o dovosdmo
vrothor $hooo eendd®ens ro oboolutoy  thab oy uothor potoscivm
in mexo tham 15 < eoncontratien, CF pi bolew 7.2 OLCey WARR olunys
@logupt tho cospholery ef ho muslooe cavolepQe
Agodm, tho o{:f“*ca% of oueh @@a&%&@na ouwnt Bo modatod s ¢ho Gome
pegitien of tho” st 00e Tho om@epﬁﬁgﬁm\jy ef tho cavolepo to thoce
~conddtions; faflccd, ooy bo FOECRICE oo A ledactiag Surthor Sho proe
teotlan of the cavolops by contlguaus mosmemolcaulcs an vive.
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(Tho coon imtracollulor petoselun comscatraticn, Lo oxomplo, 40
rother zoro thom 15 o, amd I8 4o Amprodablo thot the meom intracsllulor
g novor £ollo 50167 7.2.) Howovor, this loods o tho imtorosting
prodlon of tho dofinahility of cuch termo oo goneomdratien, piH,
lende otromzth os. in imtrocollulor eomportncats. Tho questicn of
tho physlologicol- wolovaneo of the demic offoets dooceribed im dotodld
in cheptor 6 1o iopertant bocouco of their pesoiblo iavelvomont 4m
tho medificotion of tho ototo of tho oavolepo cnd ¢tho zéoxﬂiphoml
chronotdn éurding tho ¢21l eyelo; to noko o cleoar ototomont of those
inpligaticns roguircs tho tromcforoneo of concopts Lron tho im vitre
o tho Ag Vive cifuatien, |

Tho problen of Sorfincbility hes throo mojer £ooots, which awe
follewos

6) Tho dofinltions of coneontrotion, denlc otrcagth and g
(underotosd 4n 400 “procticad® semso, e the negadivo logorithn of
concontrotion) dopondl om tho opplicability of statiotiosd cenoidoro-
tions te o very large mumbor of nolosulos opx iong of tho spesios
urder ecasidorotion. Uhonr the numbor of &omo e colcsules 45 nod
loxgo, as in o cubeolluler ecoportnont, sush considorations erc
insppliochblo, Ior onraplo, im o bullkk solutiom of g3 = 7, 4% 48
sooningful ¢e opoal: of o ecncomtration ef cozo 6 X 4076 hydzogon $onty/
liero, but "o concentrotion ef cbout 60 hydrenon iomo por cubic nicxen®
hon no meomdnz. 4 )mB euld be & roasoncbly Aorgd v@m;:@ to consifor
03 o hemegomeous cubeollulor eenponomt ot ony given idnstont, I¢
folleus that (wnilo by dofinition om dom or molceulo cust have on
cstdvity, o ehcalecd potomticl, ote.) 4m gomorel tho commonly uscd
chendcol peranctors hove ro moopdng A Vive. |

b) Bven if sueh ccncepts could bo opplicd im vive, the problon

of tho dlstributicn of “finod”-ehorgos om rombyonoo, lerge proteins,
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0%Be, tho problcn of “bound” ond “Srcoly roving® wotor celeculon, apd
tho preblen of ¢hy poreontazo of any glvon velurd escuplod by wvater

oo opadnot tho poreontozo cscupdcd by meme=agucous catesiol, colke 46
cloar that tho cetivity eeofficicat of cmy dom or moloculd UAXY im
goreral bo very £o¥ £ron wadty. Agodn, activity io mmml{;}i@

- thio eontoxt, bu$ scmnot o dotormincd ompoxicontally. Tho @oGormine
tion of tho fostors controllding cetivity ecofficicont im o pimgle
corpartnont, ovom of ome imstom$ im imo, 49 o tcehndenlly imponsiblo

e) Tho nottor 4o furthor eemplicctod by tho dymcoie (oo dofimed
in choptor 1) moture of tho e2ll, At ocoh imstont inm Gime oll
péopomios of 0ll semurt~onts roquiro redofimition. L Weowavercsed
B da o sunll voluno hoo mo oigmificomee in tho doscordipticm of tho
integratien of imtrocolluloy aotivity; o cwroge pH -é%mre tho vhole
€31l hog ne pecming im tomo ef tho functioncl intorcstiens botwoon
campartoonts, cvon ot o cinzlo imstomt 4m tino, Cortoinly, tho
“introcolluley fll® of diccussiens of ompordmontol vork, unich 1o
ucuclly both timoeavercgof and cpuco-avoroged, hoo no mooming ot all
in toron of enlluloxr cetivity.

Roturning to $ho cace of ¢the nuslear envolepo, tho foctors o bo
ecncidcrod insludo cefiunm ard potossium cetdvitios im cubserpartments
o tho poriphorol elwomutin cnd tho eyteploc sontigucus with tho
envoleopo, end tho i {mogetive log of hydrogen iem cotivity) of tho
sao gubsepoartaonts. Ino gubesmpertnents must be considorcd to bo
onald and mmorous, im cscewlomes vA¢h tho domsmotrable hotoregonoity
of tho poriphorol chronatin (CF. Davion®), tho tongonticl hetorogonoity
ef tho onvolepo 48celf (e.g. tho dlotribution of poro eomploxes and,
ot loast om tho cuter gurfoen, ribesenss), crd tho diotwibution of

other ncobrane oystcas im tho contdgueous oytoplocn. For cash
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cepartont, with can wpdorotonding of the lesal onvolepo coopositica
ced the quontity of DI otteshod, o%e., 4t =ny bBO possiblo to gfoate o
eritical petasclivn eomecatrotion, pH, 0%8., abovo vhich tho cmvolepe
ig disruptcd ond bolow vhleh 4% ip Antost; bug ¢ho cothed by whiech
this cam bo eebicovod fron ip vitge oxporicomtaticn io not obvicus.

In ouroary, vhilo i¢ 4o wancsocoory and ovem cigleeding to thimk
of the varicus dicruptivo londe offcsto im obgoluto togng, anfl whilc
theso offoets eloarly dopend on envolepo compasiticonm, thoro 4a ot
prosent 0o woy of oxtropeloting from ie vitrzo studdes of tho subjost
te tho in vive cltuatien amnd of cotoblishing tho phyciological
signigicanso of tho offoets im othor thon opoculotiveo $oFmB,

Tho preblom Alseusood boro 1o not opcedfic to tho nuslesy onvoloepo,
bug appears im 0ldl attompts in coll bilelogy to provido o physleow
chenicel intogprotation of intrcoecllulor phemeronn. I combination
with @igficultics ouch ap theso (doseribod fer tho ocaso of tho nueloar
cnvelope im choptor 6) ossosintod with tho nolccular imtorprotation
of in vitro codiffications of noeremslosuler syotcmg, it prosomto at |
thic tico o eomcoptual Sopogse im eoll blolegy, to oversero whieh now
toohniquos, cnd posoibly o wholldy mow oppronch o the subjost, pay Bo
roquired,

1. N. W, Pirdo, Biol, Rovd., 15 (19L9) 377.
2. R, Koy, Porsonal Comnunicatien ¢o tho Autheg.

3¢ 4. logkos, P, Jlclovies and €. T Polado, J, Colld Bigl., 49
(1974) aés,

Le H. G, Davios, J, Coll Soi., 3 (1968) 129,
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CH\PTR _ELEVE]

FEOSPEGEI  FOR JFURTHTR _ROSTARCH

oy of the findings dosexdbed 4im ¢this thoois cuggest thot further
ooxdog of ospesloonto- decligned wath ciomiler in pimd odght 41duvi-
mge furthor ioportomd proportios of tho muclear onvolopo, cnd parhops
havo implienticns for tho otudy of ncobrone systcns im moxo gonornl
torng, ¥uturo investigotlions of this typo night £oll into ono of
tho fellering €lnssons
1o JEIGYII0I06Y
| 8) ATPogy. Tho baole proportico of o very netive limaso in tho
muoloar cmvolops woxre Geceribed im chaptor 9. Tho hi@‘a cotivity of
thio onsymd ¢onpts opsculeticn os ¢eo its functlon, I?:i.ré%. 0e20 PAFE
o« tho oetivity moy Bo cooesiated wdth an clomcntary cloetson trancperd
cholne Although dircet domomotrotion of oxidntive phopnharylotien by
dotcrminetion of BP0 watios 40 not poosiblo whca tho ATP 4o bodng
ropdddy conounod, tho scduetlen of nod ATPace estivity in tho presonse
of NABH ond eyteshromo ¢ arguchly providos cm inddrcet Gomonotrotien.
In ¢ho cbsored of HABH, thepcfozo, tho phosphorylatien oyotcn pay
oet 0o on ATP000. - v

Hotovor, thoro muot romadn semd ATPOSO net exploincd by ¢hio
cpguront. Xt 40 eancodvablo thot this oy functien in vivo $o supply
onorRy Lor cortoln 0%0300 im tho prescos ef DITA roplication, if indeed
roplicatien 40 imitdotod ot the muslooy ourfocd. Ageinm, 4t may
provido tho oworgy Fov ¢rongpert of Q-RNA and ribosesnl proewrsors
into tho eytoplara, Lit8lo Ao lmem cboutg tho dotails of such
tranoport proecsoesos  they would appoar g priari to be oncrgye
reguiring,

®) Adcayd, Cyelage. Om tho bosio of tho come high ATRPoso cetivity,
and tho woight of ovidonece suggeoting that sortein oterold hormones,



tho cotlens of Uhidch are probably codiated through 3%, 5°-cyclic AP,
oot ot the muecloar lovol, 4¢ 40 ouggostod that tho muclecy envOlepo
dght sher cdonyl eyclege cstivity. Thic ensymo im gomeral oppearsd
to be assecioted with tho plagan mombranc; 4% ooy thoroforo Lo
mméawﬁly o oordyram0 onsyne, X£ ¢hip 4s aov and 3£ 4¢ oesurs im tho
nuelous ot adld, 4% must be asa@@ia%:@d vith tho envolepe,

Tho esdotonso of NiDH-sybechrom 6

oxtddorcductasc in the omél@pe 2uzs0sto that othor elostren trangport
chadn cezpeacnts might bO progomt. Cytochsomd oxidase has boen
ﬁp@r‘@c& in tho oystem by Borognoy, Funk and cmms@1 » but ito oposicie
oetivigios dn intoet ond ddoruptod énvolopag ror_ai@ to B0 dotoerpincd,
It would bo of imterest to corpoarc the cotivity of this onsyro vdth
that of the NADl=cytochreno ¢ eddorcdustnso.

&) DA Polyrozann. Tho procedure vhercby this ongyms might be
@oonotratod 4o not obvieus. XIncorporationm of lobolled DNA prosure
goro imte tho enveleps DRA vould provido incoaclusivo ovidomeo; o©a
thoso groumdo 4% would not bo possidlo to Aiotimguloh dotuocn tho
polynoraco amd o DA zopady Oongyind. GCleoar dcnonstsadion @f the TNA
polyroraso would, hewever, provido erueiol cvideneo in fovowr of tho
hypothooio that DA indtiotion 15 oynthoodgod ot tho onvolopo.

2, XONIC CONIIT

In choptor 8 $ho ooddunm, potospivm, caleius cnd nogmeciva soatonto
of intact ond i:zomaaiumoﬂigwpted onvolopos were ecomporcd. X4 wao
6lear that dloruption cignificantly oltered the ionic c@m%om 3§ 4Af,
a8 wos orgeod in part IX of ¢ho ¢thopls, oleetrosotatic bords oo of
rrinory dcportence im tho modntononed of aavelepd dmtogrity, thooe
chengoo im onvolopo 4om lovelo may be elosely roloted ¢o ¢tho nelcsulow
nature of the losc 6f intoEity.

220,
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I¢ vould ko inforcofing o cooparo ¢ho @mngos brought about by
@lozupting ¢ho gyoton vith potoocivn Leno wAth ¢ho echangos broushe
cbeut by othor wooas of Eoruptlon, 0.8, chonsos of pH, freosing amd
thordeg er brlof Minge txroctmont. X the offosts on ion 1ovols of
thooo @ifforont troctuonts oro ai@iﬁoxm;;ly diggoront, thio pdght
ioply thot ¢ho molesuler matures of tho gorphologiecl disruption
tochnigques axe algo Aifforems,

The poosiblo prxosonce of @yt@@hzémoé ord eytochromo oxidaco im
tho envoleps aloo coko 46 vorthuhdlo to oxcaino tho iron and copper
contont of tho oysten. This may, in coobimatien with valuos for the
opooifio cotdvitles of tho olcotrom tromoport cazyros, @Ve o COOOURD
of ¢ho confont of cloctron trongperd intoz%aoéliateg in ¢ho nu@lo@

cavolepos ecempurcd $0, for oxcmplo, mitoshordzia,

30 Pg@i‘??f:IFYS
Tho grering bedy of imfornation concorning tho 13pid eontont of

tho xm@leugz oné nucleoe @nvelopaas ”&ia a0t netehod by infermatien
coroorning the protcin contont, ProlMminory imvogtiga%iono'ﬁln ¢hdo
Lleberatory havo ghemm ¢hot 0.5 7 soddiun EDTA os:%rcbfc& ceno 303 of tho
envolopo protodn ot p 7.5 and 607 ot pH 9.0 (7 in cosh ense cdjustod
wAth IcOH) » * Tho bullk of tho cmvolopo 1ipid i olgo omtrestod by Shig
troatnent, BDNosc oloo solubilicon some 607 of thoe pwotom, 0.25 I
K€L 0e70 407, but ceotlc 0ol8” cnd 0,02 11 HE1 looo than 10%. Thio
laot rooudt 4o im{:omstim& @Evon tho dromatie offoets of 0,02 11 KCL
ca cnvelopo rorpholezy. I¢ would oppocr that this typo of norpholozie
eal dootrustion may have ¢o bo imGerprotod im tormo of roorranzonont
in tho omvolepo of sortadn conpomomt nuere—sloculep, rothor Shom
colubllisation of cuything othor ¢than o conscidorablo froction of tho
BNA. At X000t SO of tho onvelepo protoin con bo Golubilincd by
butanol oxtmcti@mé in the proooneo of 0.5 =1 BDTA, pH _'LSG-S@@.'
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The tema golublidsod, as uwascd cheve, moons that the protcinm

rentdns in tho cupormntond ofto: contsirvgation ot 100,000 X g Lox

1 howr, Heoover, on polyceryladdo gel olcetwophorosic, tho bullk of
tho protcin solublilisccd by thoso prescdurcs rcnoins ot the origia
urdor o Ado rango of pH and demic strongth conditions, cmd in both
¢he proooneo and Heenso of EDT o Only undor the conditions @ogeriked
by Mncsxﬂ-;' doos ¢he cntiroty of tho protoin mdgrato into tho gol and
gopazate into elooy bande, which, ofter stalning, op-oor to bo about
12-15 in nuobor, %The boand pottorag of tha protoing Qx’ﬁm@toél by odl
tho obovo pfc@c@uma seon very 6logsoly aimilarq anfl sdnidor in muaber
ond dlotributicn ¢e tho pottorn. produscd whon oatiro eavolepos
dipporsed in S0S axd mun em gels,

[luch moxe elzboration of ¢this work is mocded bofore meaningiul
sonclugions about the onvolopd protoim cam bo drova, but tho inforate
tion glven cbovo indicates that, vhile the omvoleops protoim ghows O
@onaiﬁémblo #ooure of hoverogoncdty and prordccs to bo difficuls
to handlo {tho proeipitotion of ¢ho j::eat@:!.n at gol purfosos ioplicg
o nogked tondonsy $0 eggrogata) s ot least o numbor of weoful
colubdligotion procofuzes ecm be omployod. |
ZTHE PORE COLPL T

Tho pore ecuplox hog beel A0Boribod in ultrostructural tomms {s0o
chopter 9) im roporkablo detedl, amd cexd portions of 4t axre probobly
agoesiatod with highly opocifio- fUROtions; tho eomtral tubulo, for
excapla, is provobly inportant im tho tronsport of MIA fron mucious
to eytoplagn, DLlcstron micxossopy eam bo opplicd ¢o monitor ¢tho
ingegrity of tho Aporo‘coaplosz undor o roago of eenditlons., Zhore
aro dndieatlanc that the otrusturo ecn be diooggregeted 4im gtogos.

- Podrly vigorous noeshondeal treotment, for oxcmplo ropeatod paopage
through o hypedornde nmocdle, appoars to roenove the eontrad Gubules
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Ioge and 0,04 1 NeCl appeoar $o renovo tho cnorphous matordal
ffca‘tho perdphory of tho onmulug, By oxtonsionm of such dechniguog,
i% 4o posoiblo thot o ooro or less caprohonsivo domoldtion ef tho
poro cooplox com bo cghibvcag removing ond ultrastmueturally
&5inadle portlon ot o ¢ico by earoful mondpulatden of tho conditions.

A techmlquo for tho iselatien of tho pore complon would, thoroe
fore, opem up o xogcorch projest with imtorecting ond icportontd
implicotiens, Romoval of omo ultrcstructural ceaponont coupled with
thorough studion of the chongo im ceompooitlen of ¢he ooodindor rdght
ultdnatoly zosudt im o completeo doscription im BoiG@ular tormn of o
norphologleally dofincd omtity. Tho significcnco of ¢his for c0ll
biology Lo ovidomt, givon ¢hat tho poro complon moot probodly formo
the odto of transport of RNA cnd sribosennd procurssrs $ren mvelous
to eyteplaon cnd the oito of attoshuont of Dl '

No method 1o oo yot availoblo for ¢ho isolation of tho poxo
complox. Im sccorchimg for o method, hewover, advamtose mdght bo token
of tho Lollewing foctos

o) Lipid doos mot copocr (oco port 11) Go bo ecritisnld im tho
oodntenanso of morgiologicol imtozrity of tho onvolopo, 4.0, 4m €kO
ozgond gotien of ¢he pore complox. ‘

b) Vory drlof (1-3 sceondo) sonicatiom of tho isolotod onvalepd
diorupto mero 6 tho ncobromcus parg ef tho oystcn thon tho pero
complores, inplying thet, whilo the lottor axe very consitivo <o
changes of physice=chericol eomditions, thoy are ncchapdeally moro
robuct thom ¢ho reot of the cmvelepo,

Uoroever, oinco {ooe chontor 6) tho cemditicno unmdor wndeh tho
poro eozplo 4o dostobiliscd oro woll undorotcsd, these cenditions

can be avoldsd im ¢ha porxo complon igelotien prescluro,
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In ¢hig thoolg, cprevlotions oo to tho imvelvomont of ¢ho aveloow
cavoleps 4n mitooio, IIA oynthecds, and othor Procossos erdtical Lo
601l Lunctien hcve boom gororated, ond sevaml agpeets ef its otruse
turad roloticnasips ond intordopondonso tith other m@m:oloeulw
systems havo beoh olarifiod, I¢ nou romaing to dovelop thege Linfdngo,
both theorotiend cad czporinontol, oleng 1imds sush ag thoso guggested
in ¢his loot chogtor, I¢ 4o probable that the growth of idoag in this
£i0ld A1l dopord on ¢the acerotien of Imeﬁlcﬂ@ chout tho ecnpogition
of tho omvolepe cmd tho dotedlo of 1%o onsymlo functdons.
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An electron microscopic study of membrane features has been performed using
negative staining. Hemoglobin-free human erythrocyte ghosts and membranes
from rat liver nuclei have been observed in the electron microscope after nega-
tive staining with ammonium molybdate and the uranyl acetate—oxalic acid
complex, both at pH 7.0.

The surfaces of partially empty nuclear envelopes have been shown to be
covered with pores approximately 500 A in diameter and surrounded by annuli
approximately 250 A wide. Many of the annuli appeared to be composed of
eight subunits. Individual annuli have been found to separate themselves from
the overall membrane sheet in regions where the membranes have undergone
disruption.

Hemoglobin-free human erythrocyte ghosts have been shown to possess mem-
brane holes or pits, approximately 140 A in diameter. These pits are very sim-
ilar to those formed by complement hemolysis, but are fewer in number and
may be slightly larger. The erythrocyte pit structures have much smoother
edges than the nuclear pores and do not appear to be composed of subunits,
though this cannot be ruled out.

Apart from the pit structures the surface of the erythrocyte ghost has an
overall fine structure. Within this fine structure individual protein molecules
have been located, though it has very often been difficult to obtain sufficient
contrast around the molecules owing to the double layer of membrane beneath
them on the specimen grid. The uranyl complex provided a superior contrast to
ammonium molybdate at this order of resolution, though it tended to impart a
more granular texture to the electron images than did ammonium molybdate.

The results presented are discussed in relation to the possibilities and limita-
tions of the negative staining method when applied to membrane systems.

In the present investigation, mémbranes obtained from human erythrocyte ghosts
and rat liver nuclei have been studied by negative staining with ammonium molyb-
date and the uranyl acetate-oxalic acid complex.

It has been proposed independently by Muscatello and Horne (22) and Munn (27)
that ammonium molybdate has desirable negative staining properties for the study

1 Present Address: Department of Cancer Research, University of Nottingham, England.
15 — 701831 J. Ultrastructure Research
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of membrane systems. Mitochondrial and microsome preparations were investigated
and a good preservation of membrane structure claimed. A negative staining study
of low molecular weight proteins has been performed by Mellema et al. (/9) using
the uranyl acetate-oxalic acid complex which can be brought to neutral pH with
ammonia without precipitation. This stain, which offers excellent electron contrast,
has not yet been used to any extent on membrane systems.

In order to reveal detail on or within a membrane surface, a negative stain must be
able to surround or penetrate to some degree any fine structure that is present. While
penetrating a membrane surface, a negative stain may structurally alter components
of the surface and thus create artifacts. A comparative study using different negative
stains may show that some stains cause more membrane disruption than others (72,
21, 22). At the last resort it may, however, become impossible to rule out the pos-
sibility that a negative stain which is considered to have desirable staining properties
is not causing changes within a membrane at the molecular level. Such changes could
occur either tefore or during the drying of the stain-membrane mixture on the
specimen grid. With these reservations in mind it is nevertheless generally accepted
that negative stains have the ability to preserve and reveal structural detail within
biological material.

MATERIALS AND METHODS

Preparation of human erythrocyte ghosts. Human erythrocyte ghosts were prepared by
modification of previously published methods (13, /4). Seven-day-old packed erythrocytes
(group O +ve, in acid—citrate—dextrose) were obtained from the Blood Transfusion Unit
of the Royal Infirmary, Edinburgh. The erythrocytes were washed three times in isotonic
phosphate buffer (pH 7.0) at 4°C, with removal of the surernatant and buffy coat by aspira-
tion. Hemolysis was then brought about by the addition of 5 volumes of 0.01 M phosphate
buffer (pH 7.4) at 4°C. The ghosts were collected by centrifugation at 12 000 rpm (23 0G0 g)
in the M.S.E. 6 x 250 ml angle rotor for 30 minutes. After 6 or 7 washes in the same buffer,
ghosts of creamy-white coloration were obtained which appeared intact in the electron
microscope by negative staining (/4).

Preparation of rat liver nuclei. Nuclei were prepared from rat liver by modification of the
methods of Sporn et al. (26), and Widnell and Tata (28). The livers of four overnight starved
rats were removed as quickly as possible after sacrificing the animals and placed in ice-
cold homogenizing medium (0.3 M sucrose and 0.003 M MgCl, in 0.03 M phosphate buffer
at pH 6.1) and were minced for 2-3 minutes, with a scalpel. All subsequent operations were

FiG. 1. A typical nuclear ghost. The large circular structures are flaws in the carbon backing film.
Negatively stained with 2 % ammonium molybdate (pH 7.0). x 10,000.

FiG. 2. Part of a “nuclear ghost” that has undergone disruption. Negatively stained with 2 % am-
monium molybdate. x 10,000.
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carried out at 0-5°C. The fluid was then decanted and the minced liver resuspended in fresh
homogenizing medium (5 ml/g tissue). The suspension was homogenized in a Potter-Elve-
hjem homogenizer with a loose-fitting pestle rotated at about 1000 rpm. Four up-down
movements of about 30 seconds each were used. After filtration through 8 thicknesses of
cheese cloth the homogenate was centrifuged at 1600 rpm (approximately 600 g) in the 8 x 50
ml swing-out rotor of the M.S.E. Mistral 4L centrifuge for 10 minutes. The pellet was
resuspended in 0.03 M phosphate buffer (pH 6.1) containing 0.003 M MgCl,, and sucrose
added to 2.2 M concentration in centrifuge tubes. It was then centrifuged for 90 minutes
at 25 000 rpm (55 000 g) in the Spinco No. 30 rotor, and the pellet of nuclei resuspended in
the homogenizing medium after removal of the supernatant. The nuclei were further purified
by 4 or 5 washes in the homogenizing medium, with centrifugation at 1600 rpm for 10
minutes each time.

A limited degree of nuclear disruption was brought about by resuspending the nuclei after
the final wash in 0.01 M phosphate buffer (pH 6.1) which contained 0.002 M BaCl,. This
salt presumably does not have the same nuclear stabilizing power as MgCl,; it was also
found to act successfully as a bacteriostatic. After being stirred magnetically for 16-20 hours
at 5°C samples were taken for electron microscopy. Negative staining revealed that approx-
imately 5 %, of the nuclei had lost a substantial portion of their contents.

Negative staining solutions. Ammonium molybdate was dissolved in water and the pH
adjusted to 7.0 with ammonium hydroxide. The volume was then adjusted to give a 2.0 %
(w/v) solution. The uranyl acetate—oxalic acid complex was prepared according to Mellema
et al. (19). The pH was adjusted to 7.0 with ammonium hydroxide and the volume finally
adjusted to give a solution 2.0 %, (w/v) in uranyl acetate and 0.08 M in oxalic acid. Sodium
phosphotungstate was prepared by dissolving phosphotungstic acid in distilled water and
adjusting the pH to 7.0 with sodium hydroxide. The volume of the solution was then adjusted
to give a solution 2.0 % (w/v) in phosphotungstate.

Negative staining technique. Single drops of the membrane suspensions were picked up
on carbon-coated specimen grids from a strip of Parafilm. Most of the fluid was then drawn
off by touching the side of the grid with a filter paper and a drop of the negative staining
solution likewise picked up. The excess stain was then drawn off with a filter paper and the
thin film of stain and membrane material allowed to dry. The procedure was carried out at
room temperature.

Electron microscopy. Electron micrographs were taken with an AEI EM 6B, operating at
60 kV with a 50- objective aperture. The magnification scale of the microscope was calibrated
using a carbon grating containing 2160 lines/mm. Ilford 3} = 3} inch plates, Special Lantern
Contrasty, were used in the microscope camera.

FiG. 3. A higher magnification of a disrupted region of “nuclear ghost.”” Negatively stained with 2 %
ammonium molybdate. Arrows indicate the subunits of a pore annulus. Some of the pores have
electron transparent material at their centers. * 50,000.

FiG. 4. Part of a “nuclear ghost.”” Negatively stained with a 2 % solution of the uranyl acetate—
oxalic acid complex (pH 7.0). = 30,000.

FI1G. 5. Part of a thin-sectioned nuclear ghost. The plane of sectioning is tangential to the membrane
surface. Positively stained nuclear pores are visible (arrowed). * 50,000.

F1G. 6. Part of a thin sectioned nuclear ghost showing the double nuclear membrane (O NM, outer
nuclear membrane; /NM, inner nuclear membrane). Contamination is present on both membranes.
*50,000.
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OBSERVATIONS
Nuclear membranes

The small percentage of nuclei which were observed in the electron microscope to
have lost a considerable portion of their contents were selected for this study. These
“nuclear ghosts™ were easily distinguished from intact nuclei, which were electron
opaque bodies showing no surface detail by negative staining. The relatively empty
“nuclear ghosts” and torn membrane sheets revealed membrane features even at
clectron optical magnifications as low at 5000 diameters. Figure 1shows a typical
“nuclear ghost™ negatively stained with ammonium molybdate. In regions where
the electron beam has penetrated the membrane material, the nuclear pores are
clearly visible. These pores consist of electron transparent annuli filled with electron
opaque stain. A smaller amount of stain surrounds the annuli. The annuli have an
inner diameter of approximately 500 A and an outer diameter of approximately
1000 A.

In places the nuclear membranes appear to be undergoing fragmentation. This
resulted in the isolation of the annuli, which must have a greater structural rigidity
than the surrounding membrane (Fig. 2). This disruption was probably caused by
the spreading forces applied to the nuclear membrane at the time the excess fluid
was drawn off the specimen grid. At higher magnifications the annuli of the nuclear
pores often appeared to be composed of 8 or 9 subunits (Fig. 3) in agreement with
the observations of Gall (9) and Franke (7, 8). The annuli sometimes appeared to be
distorted. This again may be due to the spreading or disruption forces applied during
the preparation of the negatively stained specimens. Essentially similar results were
obtained using the uranyl acetate-oxalic acid complex (Fig. 4), but sodium phos-
photungstate revealed the nuclear pores less clearly.

When thin-sectioned, the nuclear membranes were shown to be double and to
have many positively stained annuli showing in regions where the plane of sectioning
was tangential to the membrane surface (Figs. 5 and 6). These observations supported
the negative staining study and indicated that on the negatively stained ‘‘nuclear
ghosts™ there must very often have been at least four layers of membrane, except
where the membranes had undergone disruption.

Erythrocyte ghosts

Hemoglobin-free human erythrocyte ghosts were studied by negative staining with
ammonium molybdate and the uranyl acetate-oxalic acid complex. These ghosts
appeared as intact membrane sacs which had collapsed onto the carbon backing film.
They thus presented a double layer of membrane material through which the electron
beam had to penetrate. Figure 7 shows part of a typical erythrocyte ghost negatively
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FiG. 7. Part of the surface of a human erythrocyte ghost. Negatively stained with 2 % ammonium
molybdate. The arrows indicate pit structures. = 150,000.

F1G. 8. Part of the surface of a human erythrocyte ghost. Negatively stained with a 2 % solution of
the uranyl acetate-oxalic acid complex. The arrows indicate pit structures. » 150,000.
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stained with ammonium molybdate. The membrane surface contains many electron
transparent rings or pitlike infoldings into which the negative stain has penetrated.
These pits have an outer diameter of approximately 300 A and an inner diameter of
approximately 140 A. They are randomly dispersed over the membrane surface and
are found in very variable numbers on any one erythrocyte ghost. Sometimes the
central hole of the pits appears less distinct. This may be because these pits are very
slight infoldings containing little stain.

When negatively stained with the uranyl acetate-oxalic acid complex (Fig. 8), the
pitlike structures appear similar to those observed with ammonium molybdate stain-
ing. The pitlike structures have also been observed with sodium phosphotungstate
staining (//), but this stain tends to cause a rapid disruption of the nonfixed erythro-
cyte membrane, as suggested by Haggis and Harris (/2).

Detail of the erythrocyte ghost surface

The membrane surface surrounding the pit structures (Figs. 7 and 8) has an un-
evenness of texture that makes it readily distinguishable from the carbon background.
A survey of this surface has been made in an attempt to locate the hollow cylinder
protein molecules previously isolated from erythrocyte ghosts (/3-15). These mole-
cules can be released from intact erythrocyte ghosts when they are made to undergo
fragmentation by distilled water dialysis followed by a freeze-thaw treatment. Figure
9 shows a representative negatively stained field containing the isolated and con-
centrated hollow cylinder protein. Most of the molecules are oriented on their side,
giving rectangular profiles (approximately 170 A by 130 A) with four cross striations.
When oriented on their ends they appear as rings (approximately 130 A in external
diameter).

If located on or in the erythrocyte membrane, it is likely that these molecules will
be revealed less clearly in the electron microscope than when they are in the isolated
state. The structures indicated by the circles (Figs. 10-12) have rectangular and ring-
like profiles and may represent hollow cylinder protein molecules situated on the
membrane surface. Some individual molecules have been observed on the background
(Figs. 10 and 11, arrowed) so it cannot be stated without reservation that the particles
seen on the membrane surface are in their true locations. They may have been released
by the negative stain and have settled randomly on the membrane before the stain
dried.

DISCUSSION
The nuclear membrane

Negative staining with ammonium molybdate at pH 7.0 has been shown to reveal
clearly the pore complexes situated in rat liver nuclear membrane. The uranyl acetate—
oxalic acid complex at pH 7.0 was also found to be a successful stain though it pred-
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uced a more granular background. The annuli of the nuclear pore complexes tend to
be broader and more irregular than those observed by other workers, who used phos-
photungstate as the negative stain, usually following osmic acid fixation (7-9, 30, 317).
The octagonal symmetry of the annuli proposed by Gall (9) has been supported by
the results presented in this study. The ‘“‘subunits’ of the annuli are approximately
250 A in diameter, and their edges appear to be continuous with the surrounding
membrane. The fact that the annuli are able to separate themselves from the sur-
rounding membrane (Figs. 2 and 3) does suggest, however, that they have a greater
structural rigidity than the membrane. This apparently mechanical disruption of the
nuclear membrane by the negative staining procedure was also observed by Gall (9).

The nuclear pores trap a considerable quantity of negative stain which makes them
stand out very clearly. Some of the pores have central electron transparent spots
(Fig. 3), which is in agreement with thin-sectioning studies (/8, 25) that suggested
the existence of material within the nuclear pore. The permeability studies of Wiener
et al. (29) strongly suggest that some form of barrier exists within the nuclear pores.
Yet on the other hand an accumulating amount of evidence suggests that there may
be nuclear-cytoplasmic transport of material via the nuclear pores (25). When nuclear
membrane preparations containing less nucleoprotein contamination are obtained,
the negative staining technique should be able to resolve more detail within the nu-
clear pore complexes than has been possible in this study. It is probably reasonable
to consider that the nuclear pore complexes perform important cellular functions for
which they are structurally specialized.

The erythrocyte ghost

Most previous studies on erythrocyte ghosts by negative staining have shown the
membrane surface to be relatively smooth and featureless (72, 22). Nevertheless,
Haggis (1) has shown that erythrocyte ghost fragments negatively stained with
sodium phosphotungstate possess pit structures similar to those observed on the
surface of intact erythrocyte ghosts in the present study. After treatment with the
plant glycoside saponin, erythrocyte ghosts have been shown by negative staining to
be covered with an almost hexagonal array of 85 A holes (6). This observation, how-
ever, was very rapidly explained by Bangham and Horne (2) and Glauert et al. (10),

F1G. 9. A representative field of the isolated and concentrated hollow cylinder protein from human
erythrocyte ghosts. Negatively stained with a 2 % solution of sodium phosphotungstate (pH 7.0).
#150,000.

Fics. 10 and 11. Parts of the surfaces of a human erythrocyte ghost. Negatively stained with a 2 %
solution of the uranyl acetate-oxalic acid complex. The circles indicate structures on the membrane
surface closely resembling the hollow cylinder protein molecules. The arrows indicate free hollow
cylinder protein molecules on the background. * 150,000.

F1G. 12. Part of the surface of a human erythrocyte ghost. Negatively stained with 2 % ammonium
molybdate. The circles indicate structures on the membrane surface closely resembling the hollow
cylinder protein molecules. The arrows indicate pit structures. * 150,000.
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who showed the holes to be artifacts produced by the interaction of saponin with the
membrane lipids.

Complement hemolysis has also been shown to produce pitlike lesions 80-100 A
in diameter in the erythrocyte membrane (/6). These pits have also been interpreted
as localized changes within the lipid phase of the membrane. The complement-
induced membrane pits are very similar to the pits observed on untreated intact
human erythrocyte ghosts when negatively stained with ammonium molybdate or
the uranyl acetate—oxalic acid complex, but are present in much greater numbers
and may be slightly smaller. It is possible that the repeated washings in hypotonic
buffer used to obtain hemoglobin-free ghosts may have produced membrane lesions
and that the pits on untreated ghosts are membrane artifacts. Because of the close
similarity between the two types of membrane pits, it cannot at the moment be
claimed that the action of complement is essential for their formation, as claimed by
Humphrey and Dourmashkin (/6) and Coombs and Lackmann (5).

The holes or pits observed on the surface of the untreated erythrocyte ghost differ
in several respects from the nuclear pore complexes. First, they are considerably
smaller, and second, they have very smooth contours. The second difference tends
to suggest that the erythrocyte ghost pits are not composed of subunits, though this
possibility cannot be ruled out. The variable edge thickness of the erythrocyte ghost
pits is also a feature not observed for the nuclear pore annuli. This suggests that the
erythrocyte ghost pits may represent localized infoldings of the membrane rather
than structures standing up on the membrane surface.

Haggis (17) postulated that the pits he observed on ghost fragments might be
places where stromalytic outfoldings from the membrane had broken off. The authors
consider this to be unlikely since no free stromalytic tubes have been observed on the
background adjacent to intact ghosts showing these pits. Also, varying lengths of
stromalytic tube have been shown by Baker (/) to be left attached to erythrocyte
ghosts negatively stained with sodium phosphotungstate.

Fine detail of the erythrocyte ghost surface

Both the negative stains used throughout this study have shown that the surface
of the erythrocyte membrane has a detailed fine structure. This fine structure does
not appear as an ordered array of subunits, but as an overall random unevenness of
texture. It has been possible, however, to locate, with reasonable accuracy, individual
particles which closely resemble the hollow cylinder protein molecules previously
isolated from erythrocyte ghosts (13-15). The clarity of the particles on the membrane
surfaces is not as great as when they are in the isolated state. The electron micrographs
presented do nevertheless show clearly that the surface of the erythrocyte ghost is
not featureless. It is probable that there are a large number of proteins (e.g., blood
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group antigens and enzymes) that are located on or within the outer surface of the
erythrocyte membrane. These proteins may even be organized in characteristic spatial
arrangements, as suggested by Johnson (/7) for the enzymes located on the surface of
hamster intestinal microvilli. Proteins on or in the surface of the erythrocyte ghost
have beneath them two layers of membrane which will reduce the ability of a negative
stain to contrast the proteins. Thus the difficulty regarding the precise location of
the protein under consideration by negative staining can be readily appreciated.
The fact that some free molecules can be observed on the carbon background adjacent
to the erythrocyte ghosts may be indicative of their having been released from the
membranes during the negative staining procedure.

Several groups of workers have been able to show membrane-associated molecules
or particles by negative staining (3, 4, 17, 23, 24, 27). Humphrey and Dourmashkin
(16) were able to visualize a 19 S hemolytic antibody at the edge of sheep erythrocyte
ghost fragments, but they stated that it was invisible on the surface of the membranes.
The hollow cylinder protein from erythrocyte ghost (22.5 S) has a very easily recogniz-
able rectangular profile when lying on its side and is thus brought just within the range
of visualization by negative staining when situated on the erythrocyte membrane
surface. The clarity with which membrane associated molecules can be visualized by
negative staining depends primarily on the degree to which the particle stands up
from the membrane surface and can accumulate stain around itself, and, second, on
thickness of the membrane layer or layers beneath the particle.

The efficiency of the two negative stains employed throughout this study has been
investigated at different electron optical magnifications. At lower magnifications
both ammonium molybdate and the uranyl complex provide adequate contrast. At
higher magnifications the uranyl complex appears to afford a superior contrast to
ammonium molybdate, but it does at the same time give a more granular texture to
the electron image.

In conclusion it can be said that the results obtained using ammonium molybdate
are in general agreement with those of other workers (217, 22). Negative staining has
been shown to provide a successful means of studying features of membrane material
over the entire range of electron optical magnifications now available. At high
magnifications negative staining has the ability to reveal detail on or within cellular
membranes at the molecular level.

The authors wish to acknowledge the fact that electron microscopic facilities were made
available by Professor W. E. Watson, Department of Physiology, University of Edinburgh.
They also wish to thank Mr. J. N. Brown for the skillful technical assistance he provided.
The helpful comments made by Dr. A. H. Maddy, Department of Zoology, University of
Edinburgh, throughout the preparation of the manuscript are gratefully acknowledged. P.A.
is a recipient of an M.R.C. training grant.
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SUMMARY

1. A strict morphological definition of the nuclear envelope is established, and a
procedure for the isolation of envelope fragments consistent with this definition is
described.

2. The composition of the isolated envelope (% by weight) is: protein 64%; lipid
23%; DNA 8%; RNA 5%.

3. The nuclei and envelopes contained little or no detectable succinoxidase,
5"-nucleotidase or glucose-6-phosphatase activity.

4. It is demonstrated that the application of techniques reducing the envelope
DNA content to significantly less than 8% leads to a loss of morphological integrity of the
system.

5.1t is concluded that DNA is probably an essential structural component of the
nuclear envelope.

Available information concerning the nuclear envelope of mammalian liver
suggests no characteristic functional property whereby isolated preparations of the
envelope can be recognised as such. However, electron microscopy reveals the following
characteristic morphological features: (a) The envelope is a double-membrane system;

(b) under certain conditions of negative staining, some 20-30% of the surface can be seen
to be occupied by "pore complexes”?. The latter are complicated structures comprising an
octagonally symmetric annulus®, a “central spot™®, and occupying the space between these
possibly a diaphragm® or struts®. It follows that any preparation of nuclear envelope is
satisfactory if and only if it is a double membrane, and 20-30% of its surface consists of
pore complexes with the above-mentioned ultrastructural features. Only when this criterion
has been satisfied can consideration reasonably be given to the “purity” of the preparation;
this may be represented, for example, as the minimum attainable DNA/lipid ratio
(assuming most of the nuclear lipid to be associated with the envelope). Material of
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membranous appearance, prepared from nuclei and having a low DNA content, does not
constitute a satisfactory nuclear envelope preparation unless it satisfies the criterion of
morphological integrity.

Nuclei were isolated by a modification of the methods of Widnell and Tata” and
Sporn et al.® . Three male albino rats (150-200 g) were killed by a blow on the head, and
the livers excised as quickly as possible and placed in ice-cold homogenising buffer (0.32 M
sucrose-0.03 M sodium phosphate buffer, pH 6.1-3 mM MgCl, ). After the liver had been
minced with scissors for 1-2 min, the fluid was decanted and replaced by 80-90 ml fresh
homogenising buffer. The suspension was homogenised in a Potter—Elvehjem homogeniser
with a 0.5 mm clearance, the pestle being rotated at 3000 rev./min. Five to six up-down
movements of an average of 20-30 sec each were used, care being taken to ensure that the
temperature did not rise above 5°. The homogenate was filtered through eight thicknesses
of cheesecloth and centrifuged at 800 X g for 10 min. The supernatant was carefully
decanted and the pellet resuspended in 4 vol. of dense sucrose medium (2.3 M sucrose-
0.03 M sodium phosphate buffer, pH 6.1—-3mM MgCl, ). This suspension was layered over
10 ml of the same dense sucrose medium in 35-ml capacity tubes and centrifuged at
60 000 X g for 60 min. The pellet of nuclei was resuspended in 5 ml homogenising buffer
and centrifuged at 800 X g for 10 min; this washing was repeated 2—3 times.

Electron and phase contrast microscopy of the nuclei showed no contamination
other than traces of collagen. Succinoxidase, assayed by the method of King’® , had 3% of
the activity of the total liver homogenate. 5'-Nucleotidase, assayed by the method of
Emmelot and Bos'?, and glucose-6-phosphatase, assayed by the method of Swanson'! | had
no detectable activity. It was concluded that microsomal, mitochondrial and plasma
membrane contamination of the nuclei was minimal.

Homogenisation, passage through a hypodermic needle, freeze—thawing and
shearing in a Waring blender failed to lyse the nuclei; these observations are consistent with
those of Kashnig and Kaspar'?. Osmotic shock had no effect if the magnesium
concentration was greater than 0.2 mM. The nuclei were disrupted by sonication after
suspension at a concentration of about 5 mg protein/ml in 5 ml 0.02 M Tris-HC1 buffer,
pH 7.5, containing 1 mM MgCl,. (The conrentration of nuclei in the suspension is not
critical). 2 X 20 sec sonication at 1 um amplitude, 21 kHz, in a M.S.E. ultrasonicator with
a 0.5 cm probe was used at 0°. The suspension was then diluted with an equal volume of
ice-cold water and centrifuged at 3000 X g for 10 min; intact nuclei, nucleoli, collagen and
dense chromatin were pelleted. The supernatant was centrifuged at 30 000 X g for 30 min;
the pellet of crude nuclear envelopes was rinsed with and resuspended in distilled water.
Electron microscopy, using 2.0% ammonium molybdate at pH 7.0 (ref. 13), revealed on the
envelope fragments pore complexes of the expected structure and frequency. There was
little membrane vesicle formation (see Fig. 1).

The envelopes were purified by layering on a 5-ml sorbitol gradient, 1.0-5.0 M in
distilled water, and centrifuging for 16 h at 25 000 rev./min (50 000 X g average) in the
SW 39 rotor of a Spinco L centrifuge at 0~5°. The envelopes were recovered from a narrow
band with specific gravity 1.27. Centrifugation for up to 64 h did not alter the position of
this band; it therefore represented the equilibrium position of the envelopes on the gradient.
There was no pellet, but much dissolved material remained in the upper part of the gradient.
The envelopes, after 24 h dialysis against water, showed the same morphological integrity
as the crude envelopes.
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Fig. 1. Nuclear envelope fragment. Fragment of nuclear envelope prepared by the procedure described
in the text. Negatively stained with 2% ammonium molybdate, pH 7.2. Magnification, x 25 000 diameters.

The most significant features of this preparation procedure are: (a) The absence of K*
from all media; (b) low ionic strength throughout; (c) No DNAase treatment of the envelopes.
Any variation in these three criteria leads to loss of morphological integrity. However, K*,
high ionic strength and DNAase have been employed by other groups in the isolation of
nuclear envelopes. Berezney et al'*, Kashnig and Kaspar'? and Franke e al.'® all used high
ionic strength media; the latter two groups used high K™ concentrations, and the first used a
prolonged exposure to DNAase. Attempts to repeat these procedures in this laboratory
have yielded unsatisfactory results. The method of Kashnig and Kaspar'? gives a tangled
mass of membranous vesicles essentially free of pore complexes. The method of Franke
et al.' gives highly vesicularised material with few pore complexes, most of which lack the
characteristic structural features. The method of Berezney et al'* gives envelopes in which
pores are visible, but in general the annulus and central spot are lacking. All these envelope
preparations are of low DNA content.

The approximate composition of the envelopes obtained from the sorbitol
gradient was as follows: 8% by weight DNA (assayed by the method of Giles and Myers'®);
5% RNA (assayed according to Schneider'”); 23% by weight lipid (measured as phosphate
by a slight modification of the method of Bartlett'®). The remaining 64%, after enzymatic
removal of the nucleic acids and extraction with chloroform-methanol (2:1, v/v) te remove
lipids, was protein. The most significant difference between this composition and that of
envelopes prepared by other groups is the relatively high DNA content, which may account
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for the relatively high apparent density.

The pore complexes were rapidly destroyed by treatment with KCI (= 0.01 M) or
NaCl (= 0.25 M), or by exposure to any high ionic strength medium irrespective of the ions
used. The most significant fact to emerge from these observations is the extreme sensitivity
of the envelope structure to K*. Concommitant with the destruction of the pore complexes
was the release of outer and inner nuclear membrane material in the form of minute single-
membrane vesicles, of diameter generally less than 100 nm. Inner and outer membrane
could not, of course, be distinguished in this highly fragmented form. At the same time,
there was a reduction of around 40% in the DNA content of the remaining solid material
(i.e. the material which could be recovered by centrifugation at 30 000 X g for 30 min). It
was concluded either (1) that DNA is an essential structural component of the nuclear
envelope, being probably associated with the pore complexes, so that removal of DNA
from the system causes morphological destruction; or (2) that high ionic strength and K*
treatments destroy the envelope structure directly, and in the process release any attached
DNA.

To distinguish between these possiblities, the envelopes from the sorbitol gradient
were treated with 10 ug pancreatic DNAase/mg protein in the presence of 5 mM Tris-HClI,
pH 7.5, containing 1-10™* M MgCl,, at room temperature for 10-15 min. This treatment
destroyed the pore complexes and led to the formation of minute single-membrane vesicles
from the remainder of the envelope. DNAase inactivated with 1-10™% M EDTA, or the
products of DNAase digestion of chromatin, had no effect on the morphology of the
envelope. The DNAase was shown to be essentially protease and lipase free by the following
procedure. Erythrocyte membranes, prepared by the method of Maddy’®, were suspended
in S mM Tris—HCI-1-107* M MgCl,, pH 7.5, containing 0, 5, 10 or 20 ug pancreatic
DNAase/mg protein. After incubation for 1 h at room temperature and centrifugation at
40 000 X g for 30 min, the absorbance in all supernatants was the same. This demonstrated
that the enzyme was not catalysing the release of protein or peptides or scattering material,
from a nucleic-acid-free membrane. It is concluded that removal of DNA leads to
morphological disruption of the whole envelope, which implies that DNA is an essential
structural component of the system.

The destruction of morphological integrity by K*, high ionic strength or DN Aase
treatment results in material which does not meet the primary criterion for a nuclear
envelope preparation cited at the beginning of this report. It is reasonable to interpret all
these effects as involving primarily the removal of DNA, and postulating that the pore
complexes are stable structures only in the presence of DNA. When the pore complexes are
destabilised by the DNA removal, the two membranous components of the envelope
separate and fragment. Thus DNA is, on this interpretation, required to maintain the
morphological organisation of the whole envelope system; it cannot be said to stabilise
either one or the other of the component membranes.

The finding that nuclear envelopes are associated with significant amounts of DNA
is consistent with the results of electron microscopic studies which have revealed apparent
structural linkages between envelopes and chromatin fibrils in a range of mammalian and
avian cells®® 22 It is possible that this association has significance in DNA replication??+2*

More detailed investigations of the nucleic acid components of the nuclear
envelope, and of the ionic sensitivity of the morphology of the system, are in preparation.

Biochim. Biophys. Acta, 255 (1972) 397401
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