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SCOPE AND COST£NTS: A!cost all the genetic inforcation of the eucaryotlc

cell is contained- in the nuclear cbr=scr..es. ~ regulation of the

expression.of this inforcat1on takes place still re=a.1ns as one of the

_ areat cysteries of the Biological Sciences.
\;;.

In this tb~sis an attCl:lpt

to a:de. to look at a fel) of the cb~cal components that t::ay be·

involved in ~o process.

Q1r=atin (the interphase fOnl 'of the cucUyot1c cell. gena:::c)
"-

o~ a n·~ber of tissue culture ccll lincohao been fracti~ted uoiDg

-G.e:::c coyel tecbnJ,ques into itD four =jor compcnentD: , DNA, BNA,

",~tcueo ::md ricn-histooe proteins.

Of thellc four f'tactiolW the R.~ fracelesn IiJW rd::l1l1cd the' lcnot
, ".1

. -
fractian in chro::atin,io contra~'to the oplo1an of a n~r ox people

- -

at present. a cc::;Jlex fractl~n,.~te distinct ires ~ther cellular

• - lm!i C~tl:l. A-codel is presented' wbercbygeDc regulation in

~tlc celio takeo phce v1Q the .1ntcraetien of cbro=o=al

protein.~ UNA co:::ponento.
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I ImRODUCTION

. The principles involved in regulation of gene

expression was born in 1866, with the pioneering work

of George Mendel, it lay unnoticed by his

contemporaries until the beginning of the 20th century.' In the

years following,the,redi~c~eryof Mendel's laws, by De Vries,

Correns, and Tschermak, the n~ science of genetics was forced>

Morgan in 191p, working with the fruit fly Drosophila, concluded

that genes ~~ unique entities carried in the chromosomes of the

cell nucleus. Even in those pioneering years ~he gene had emerged

as the el=ntary unif of the blueprint of the organism. It beclll!lo the

biOl~gistGQ~ Today in the case of such sil:lple living things as

viruse~ and bacteria, it imoetkes as a structure of never ceasing wonder~

the epit~ of sil:lplicity and ca:plexity'colded together in harmony to

present the cysterious feature of life- tbe power of self-duplic4tion.

Since 1950 there han been a spectacular grawth in our under-

star.dins of the natur~ of the sene. This growth is due in faCt to,

firstly, our succeGGful applicnt~on of biochccicnl and biophyGical

techniques to discantle the gene and ~ine its numerous components,

and secondly, the exploitation of ~croorganiGQS such as viruses nod

bacteria to study how the gene functions ~~.

The genetic studies of the Urn half of t~e century hod

\
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indicated'that the cell's,blueprint.was stored in a ~efined ~er
, <,

,-

in the chromosome. How then were the 'plans of thE", biueprint trJlIlsforced

into a living organism?':
, ...

, It was eventually ,realize~ that t!te, pri1::arr' functional
"

"

property of the gene was to code for toe enzymes within the
. .

cell. This
'\

functional, propert~ was decisively demonstrated by Beadle ...

and Tatum when they showed that different genes in' Neurospora craSsa

controlled the presence of specific enZymes invJived 'in complex. ..
( .. - ~ -

metabolic pathw~s in the cell. Mutants which had ,lost ceFtain genes,
, ,

I

could nc"tsurvive under 'certain envirom::ental conditions because they

-l

no 'longer had the required ,enzyme to metaboli,ze one' or"core cet~bolic

'\ -. . - .
components the new envirotFent had ,presented to"the celL.

(Meselson and Stahl. 1958) ~d'the.role genes play in the synthesis'of
. \.... . - '. ~

, the vast 'Orray of proteins in the cell (Hoagland,' Stephenson, Scott,.

Hecht, and ~"ecn:~., 1~57,:, Nirenberg and Mattfei" 1961; .Warner""

!{ropf and ~h. 1962; Smith, Salas, StonleY,Wahba and Ocboa,'19/?5).
, • .- ',' I ...

. \ t' . • " ",

Since the ncady'sUties, the studY,9f how the,geneticitiforl:ll1tion '

•

ar~l

haw the gene reproduces
r •

1953), the chemical substanc~ of which,genes

.. This quickly led to an appreciation cif

Our present understanding of the che::li.cal nature of the gene

of the structure 'of DNA"comes principally froCl--the elucidation
I ' '

~atsonllnd Crick,

cade.

,'

otored' on the D~ is processed .into indiV!dual cellular proteins bas ,"

grawn into a very C01:lP1ex branch of science. Particularly for 80='
,

procaryotic cells, details atioUt the cediani= bf prote~n,synthesis-
~ - . . ,

are known, which a few year!FbefOre VllUld have ~been'.th~ught of as ..
unattai=~le. It IlllS through 11 CllSaive trust in pubUc; 'inte,rese and.. ., ". .

..;;..
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support. and t\1:e judicial use of a limfted number of biochemical and

biophysic~l techniques. that the basic aspects of the mechanism'of

protein syrithesis emerged.

It soon 'became Clear "that while all cells carried
.
out protein sYnthesis in essentially the same

-)--:, ~ .
.,·r , • ,~, " ~

manner. the crlls from one species to another differed in twQ. important

respects. ~irstly. c~lls of different.spec1es.contained different, -

base sequences in their DNA - a result that is not too surprising 'when
I.. "". .

v '. • ,r
we.consider ~hat the cells'genetic infomstion ill 'stored in the

acr1,p:l-ee nucleotide sequence along one st;rand of-the uVThe

form of.
secA~d

•the basis of this{:thesiB,
rrJ·

transcribed, into proteins in

'J .'

diffe.;"ent cells.~is way. oneeell type may have a very different

·set; of -proJcin components from another depending upon its environment.

ito passage through evolut1on. and its pilssage through the differentin-'

way one cell "differs~from 'the"otner is

',name],y diffe~ent regi~ns "of the DNA a'l;e

tiOS" ~rocess "in .the ·o'l:ganism. The degree to which anyone gene' will be
" ~ . ,,\

. ernns.cribCd cnn varY from almost' no detectable transcription ·alY-m..~
. " "..
to a1cost continUous transcription throughout the lifetime
, . . "." " . ~ ') ..9:. .
II:"')s..an understanding of this gene re!!Ulationtill1~'the forces

• 0 '.

''- . '" . ,
nature Gtill retaJn from Us, and thUG prevent. us from understand and
,'" ~ / ~ , . . .. .. ". .~

pooaib1.y furthel; I:lodulatingthe .process of 11fe •.
.'.. .

. 1 . '!" -'. . -
Considerable progTess has" been llIlIde in understanding the lllechanism

'L' , '

of rcl;ula't1on. of bacterial gene expression (Jacob and Manod.. 1961;
r . ,i+ .' ~ ~.-, . - ...,'. _. .

Gllb~t.~and Mueller-BiU, 1966; Gilbert ~dMeu11e~-Hill. 1961; Eplltei~ and
. . ~ .

I!cclan'th,1968). Although the Gtudy of gene ngulati~ in procarYotes has .

,

. , ..
""
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Figure l~ The 73 me~apha.echromo.o ••8 of 4, BeLa cell.
"

(p'romWateoD 1970),
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been both interesting and ~!1:ant, it.'has nevertheless s,;,= .

limitstions. Many feel that a direct exd\llpolation of--processes in

bacterial celis to higher organisms "is far' ,too simple-minded. " The

eucaryotic cell contains many times more DNA with greater" complexity
, ,

. " " I
than the bacterial cell and carries vast amounts of info~tion. So
-. . '0 ' .. "" "

many" complex processes are going on'simultaneously"With thousands of
S ' . ". "-

proteins being s~thesized at a time, that it seel:led virtually ..
impo~sible"tosegr~gate individual processes for detsiled-snslysis.

However, attlimpts to, unravel the oucaryotic systm hsV~ improVed
" "

"considerably during the past few years due tQ toc:lmlcsl, progress in

isolation sud examination of various sub-cellular components arid tho
" .. .' .' . ...

, ,
__,,~itlons and processes similar toreproduce., in vitro,

" . -
occur in the eucsryotic colI in rivO'.

o -:-~
there are manyclol1r morphological differ~es between

, , , .

~iUty ,to
(. .

, those' that
\

procaryotic and eucaryotic cells. For cxBcple, eutsryotlc cells

'ponsens n~clei. nucleoli. endoplalllll1c reticulua and a g~igi apparatus.

theDe structures slone would indicate that the cu.earyotic dell hl1? a
. ~

very cuch core complex structure than that of tho procaryoti~ -cell.

mten weloolt at the nature of the genetic stedal in tho
.' .

,\ ."

oucaryot1e cell we "seo' that not only is there cucl1 core DNA prellant- - , - ."

in teres of I:lbsolute lIl:lOunt per cell. but this DNA ill' only paJ:t of. . . . .

11 very cOlllplex structure' - the ClIcaryotle chrocoslll:lle '- which &leo

Contains cousiderablecounto of protein and mIA.

"Thoehroecaome can exlsttn two forIU in tlI4 cw:aryotte cell.
" ' "~ ,

It CaD wet as a comPact. highly ordered strucbml during cell
\ "':- -/ . '. : .

- . i,I. - . ,_.'
\lI1t0i3ill. i!1g~hOVlll a prop~lIlt1on of _ typ1eal llDtapbuc "

o .

•






























































































































































































































































































