
MOLECULAR BASIS OF THE CHROMOSOME, THE GENE
AND GENE EXPRESSION
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O f  R e g i o n a l  R e s e a r c h  C e n t r e ,  R o m b u w e l a .
C e ll i s  the b a s ic  s tru c tu ra l arid fu n ctio n a l 

u n it in  a l l  l iv in g  organism s. A ll  c e l l s  a r is e  from 
the d iv is io n  o f  p re e x is t in g  c e l l s 1. Bbwever, the 
f i r s t  c e l l  o r  c e l l s  had a spontaneous o r ig in -a n d  evo­
lu t io n . Nucleus i s  a normal constitue-ht o f ; a l l  l iv in g  
c e l l s .  Chromosomes th a t are made' u p 'o f  chromatine

* i* t . ,

are con fin ed  to  the c e l l  n u cleu s, the number o f  
chromosomes depend o n 'th e  kind of organism. Her.e.r - 
d ita ry  m ateria l o f  "an organism is ' o rd er ly  arranged in  
one o r  more chromosomes so  that the chromosome i s  -r.i •
a complex and h igh ly  ordered o rg a n e lle  G enetic 
tra n sm ission rw ith the behaviour o f  the chromosomes in 
m eiosis  p rov id es  the p h y s ica l b a s is  fo r  Mendelian . 
inheretan.ce where the transm ission  and co n tin u ity  o f  
t r a i t s  from -ohe g e n e ra tio n -to  the next iS 'fa l lo w e d  
by the determ ination o f  phenotyp ic r a t i o s .' ;

The DNA-histone complex o r  the nucleosom e i s  
the b a s ic  u n it o f  s tru ctu re  o f  the chromosomes. These.

. p i . -  :  *

two components are p resen t in  roughly equal amount, 
by w eight. DNA or  d eox y r ib on u cle ic  a c id  i s  h igh ly  
s ta b le  m olecule conserved from one c e l l  gen eration  
to  the next. DNA i s  a polyan ion  w ith a continuous 
sequence o f  a c id ic  phosphate and i t  i s  thought to -b e  
n eu tra lized  and s t a b i l iz e d  by the h iston es  w ith  the ■ 
b a s ic  nature that a ct as p o ly c a t io n s . '

The s tru ctu re  o f  DNA which i s  the m olecu le in  
which a l l  precoded g e n e t ic  in fo im a tio h : o f  an organism 
i s  s to red  , was d is c o v e r e d 'in  1953. Each m olecu le 
o f  DNA i s  a double h e l ix  with' 2 strands th a t are/, 
id e n t ic a l  t o  each oth er  and are running in  op p os ite ., 
d ir e c t io n . Each strand i s  a polym er o f  4 n u c le o tid e  
namely Adenine (A ), Guanine(G) , Thymine(T) , and 
C ytocine (C ). Two strands are a ttra cted  to  each oth er 
and h eld  togeth er because there is  s p e c i f i c  H., bond­
ing between A o f  one strand with T o f  the o th er  and C 
o f  one strand with G o f  the o th er f K i q  . }

G C A T T G 
C G T A A C Two strands

F ig . 1. Two strands o f  DNA,
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As a matter of fact the base sequence of one strand 
is complementary to the base sequence of the other 
strand. Therefore, each strand has necessary infor­
mation to determine the structure of the other. Dif­
ferent DNA molecules d iffer in their length and in 
sequence of base pairs.

H istones are a s in g le  c la s s  o f  p ro te in s  but 5 :• 
m ajor types have been id e n t i f ie d  w ith  each type having 
minor v a ria n ts  in  s tru ctu re  but not n e c e s s a r ily  so  
in  fu n ction . I t  has been shown th at the h iston es  are 
n o n s p e c if ic  as to  DNA nucleotide sequence o r  to  s p e c ie s . 
Four o f  the tive  m ajor h iston es  th at are in v o lv ed  
in  m aintaining the s tru ctu re  o f  the chromosome are 
named as H^, H^, and H H istones H and Ĥ  are
th e  most con serv a tiv e  and h iston e  H i s  the le a s t  con­
s e rv a t iv e  during the evo lu tion a ry  p r o c e s s .

The b a s ic  u n it o f  s tru ctu re  o f  chromosome i s  the 
nucleosom e. The nucleosom e c o n s is ts  o f  a core  o f  
e ig h t  h is to n e  m olecu les made up o f  two m olecules 
each o f  H^B ,H^, anc  ̂ ^4 (F ig . 2) ' DNA i s  wrapped
arround th is  core  o f  .8 h iston es  w ith a s tr e tc h  o f  
lin k e r  DNA to  which the h iston e  H i s  attached  (F ig .3)
So a nucleosom e can be d e fin ed  as a u n it o f  about 
200 n u c le o t id e  p a ir s  o f  DNA organ ized  in to  a g lob u la r  
s tru ctu re  by ■■two.njoecules each o f  the fou r  saajor 
h is to n e s . The h iston e  H. lin k s  the nucleosom es with each 
o th er  to  make a chain  (F ig .4) the nucleosom e i s  
the f i r s t  stage  o f  c o n tra c t io n  above the le v e l  o f  
the naked DNA double h e l ix  and i t s  form ation in t r o ­
duces a s is ifo ld  red u ction  in  the . len gth  o f  the: DNA 
stra n d . An a d d it io n a l red u ction  in  len gth  by f i v e f o l d  
o r  s i x f o l d  can be ach ieved  by grouping o f  n u cleo ­
somes due to  the b in d in g  a c t io n  o f  h iston e  H -.
T h ere fo re , in  chromosomes DNA m olecu les are kept in 
a t ig h t ly  compact and organ ized  s ta te  occupying  on ly  
a few m icrons. On th e o th er  hand, i t  i s  reasonable 
t o  assume th at on ly  one double h e lix  o f  DNA extends 
from one end o f  the chromosome to  the o th e r .

E x isten ce  o f  genes had been e s ta b lish e d  w ith 
the d is co v e ry  o f  M endal's work s in ce  1865. By means 
o f  wide v a r ie ty  o f  p h y s ic a l ,  ch em ica l, and b io lo g ic a l  
tech n iq u es , now i t  has been shown th at r e la t iv e ly  sm all 
reg ion s  o f  base p a irs  in  the long DNA m olecu les which 
form chromosomos fu n ction  as genes. Furthermore 
a gene has d e f in i t e  m olecu lar bou n daries, a beginning 
and an end, and a p a r t ic u la r  sequence o f  n u c le o tid e s  
in  between and i t  can serve  as a tem plate fo r  r e p l i -
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caiion and tra n scr ip t io n . Genes are fu n ctio n a l e n t i t ie s  
cWj)i "NIA which are not :s tru c tu r a lly ' d is t in g u ish a b le .

5r the n u cleotide  sequence o f  one gene may e n t ir e ly  
heltv- eluded in  the n u cleotid e  sequence o f  another gene 
or u cleotid e .sequ en ce  o f  two o r  more gnes may
be oVfe apped or  the n u c leo tid e  sequence o f  a gene 
ma 7 ^ In d ep en den t.

11 1 T ran scrip tion  and the tra n s la t io n  are the f i r s t  
and second step s , r e s p e c t iv e ly  in a chain o f  b io ­
chemical events whereby a gene gains phenotypic 
expression through the form ation o f  p r o te in , Each 
s p e c if ic  p ro te in  o f  a c e l l  i s  c o n tr o lle d  by one o r  
more genes unique f o r  th a t p ro te in . However, a l l  
the genes o f  an organism , are not expressed a l l  the 
time. Genes are expressed on ly when i t  i s  n ecessary . 
D ifferen t genes fu n ction  in  d i f f e r e n t  c e l l s  a t  d i f ­
ferent tim es, and in  d i f fe r e n t  environm ental co n d i- . 
tion s. T h ere fo re , t ra n s cr ip t io n  which i s  the f i r s t  
step o f  gene expression  i s  a h igh ly  s e le c t iv e  p rocess  
copying on ly  ce rta in  p o rtion s  o f  the genome .at any 
one time.

P rote in s are syn th esised  on ribosom es which 
are in  the cytoplasm  o f  the c e l l .  The coded in f o r ­
mations in DNA i s  sen t t o  ribosom e by messenger mole­
cules made up o f  RNA (R ibon u cle ic  a cid ) which i s  
complementary to  DNA. T h ere fo re , mRNA(messenger RNA) 
should be syn th esised  on DNA by copying the necessary  
b a s e  sequence and th is  p rocess  i s  c a l le d  tr a n s c r ip t io n . 
Transcription  in v o lv es  on ly  one o f  the two strands 
for any given gene o r  at any given reg ion  o f  the ch ro ­
mosome. But stra n d -sw itch in g  can occu r  arid mRNA 
for a d i f fe r e n t  gene may be copp ied  from the o th er  
strand. The re a c t io n  o f  t r a n s c r ip t io n  i s  ca ta ly sed  
by th e enzyme RNA polymerase When on ly  a p o r t io n  o f  a 
genome is  being tra n scr ib ed  s e le c t iv e ly ,  th ere  must 
be a system to  make i t  fu l ly  fu n ction a l and resp on siv e .
A model that exp la in s  th is  s e le c t iv e  tr a n s c r ip t io n  
has been presented in  terms o f  the 'op eron ' concept i n 
micro organism s. A ccording to  th is  con cept (1) th ere  
must be someway to  repre.ss those genes which are not 
been tra n scr ib ed , (2 ) there must be a mechanism o f  
derepression so that genes can be expressed when i t  
is necessary ? (3) there must be a re co g n it io n  s i t e  
on DNA fo r  the RNA polym erase t o  beg in  i t s  tran s­
cr ip tion a l a c t iv i t ie s ?  and (4) th ere  must be a t e r ­
mination s ig n a l fo r  tra n s c r ip t io n  t o  s top . The reg ion s
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o f  DNA th at .determines p ro te in  s tru ctu re  are < 
s tru c tu ra l genes. T ra n scr ip tion  o f  these s t r  "“ '1 
genes are c o n tr o lle d  by regu la tory  genes or  - vl -  
l in g  elem ents o f  DNA to  which in d iv id u a l stru  -f . l 
genes or  groups o f  them are lin k ed . C o n tro lli . f e.-‘ • • 
ments are termed as o p e ra te r , prom oter, and ter 
In a n ega tive  c o n tro l system o f  the operon , the * 
re p re sso r  must be removed from the op era tor  re g ie 1 or 
RNA polym erase to  b ind  w ith the prom oter reg ion  to  
i n i t i a t e  t r a n s c r ip t io n . In a p o s it iv e  c o n tro l system, 
a s p e c i f i c  p r o te in  should b ind  to  the prom otoer as a 
p r e r e q u is it  fo r  the' p roper b in d in g  o f  RNA polymerase 
to  in i t ia t e  t r a n s c r ip t io n . Once the tr a n s c r ip t io n  i 
in i t ia t e d  th e RNA polym erase tr a v e ls  along DNA and 
sy n th es ise  mRNA U n til the term inater sequence i s  
found, which s ig n a ls  the enzyme to  d is s o c ia t e  from 
DNA. The c o n t r o l l in g  system o f  s e le c t iv e  tra n s­
c r ip t io n  in  m icro organisms as d escr ib ed  by the operon 
con cept has n ot y e t  been found in  h igher organism s. 
However, th ere  m u st,o f co u rse , be se rv e ra l kinds 
o f  r e co g n it io n  s i t e s  on DNA f o r  the RNA polym erases, 
a system fo r  s e le c t iv e  t r a n s c r ip t io n , and a term in a l 
t io n  p o in t  f o r  the p rocess  in  h igh er organisms to o . 1
I t  i s  b e lie v e d  th a t h is ton es  are the gen era l repre jrs
o f  DNA w h ile  the nonhistone chromosomal p ro te in s  * I
are the d erep ressors  th a t in v o lv e  in  the prom otio ’. 
o f  t r a n s c r ip t io n a l  p ro ce s s . I t  i s  shown th at anc » c

m olecule c a l le d  heterogeneous RNA (HnRNA) i s  a ls 1 
in v o lv ed  between DNA and mRNA in  the tran scrip ti-.. 
p rocess  o f  h igher organism s. In th is  system , f i r s '  
t o  HnRNA and then HnRNA to  mRNA.are thought to  be 
tra n scr ib e d .

The p rocess  o f  p ro te in  syn th esis  on mRNA by 
con v ertin g  th e  in form ation  to  p ro te in  s tru ctu re  wit 
the use o f  ribosom es is  c a l le d  t r a n s la t io n . P rotein  
are l in e a r  polym ers o f  am inoacids. The sequence o f  
n u c le o t id e s  in  genes codes f o r  the sequence o f  amino- 
a c id s  in  p r o te in s . Each am inoacid in  p ro te in  i s  co d  3 
by th ree  a d jo in in g  n u c leo tid es  in  DNA. This se t  o f  
th ree  bases i s  c a l le d  a t r i p l e t .  Front end,the lea-, r 
and the t a i l  end, the t r a i l e r  o f  the mRNA are not 
tra n s la te d  during the t r a n s la t io n a l p ro ce s s . Leade 
sequence i s  the b in d in g  s i t e  o f  ribosom es. Ribosome.-. . 
b in d  at the lea d er  sequence and t r a v e l  along the 
mRNA passin g  t r ip l e t s  w ith a d d ition  o f  aminoacids 
in  a sequence coded by th e t r ip l e t s  u n t i l  a nonsense
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t r ip l e t  is  found which s ig n a ls  fo r  term in ation . Thus 
the f in a l  product o f  a gene, the p r o te in , i s  syn­
th esized  in  order t o  carry  out the gene ex p ress ion .

The knowledge o f  gene, gene ex p ress ion , and 
other re la ted  techniques open the door f o r  g e n e tic  
engineering , where genes are m anipulated. In the 
near fu tu re , a g r icu ltu re  seems t o  be th e  one th a t 
is  l ik e ly  to  be b e n i f i t t e d  most due to  the impact 
brought about by g e n e tic  en g in eerin g .

F ig . 2. The hucleosome
w ithout DNA

DNA

inner h is ton e  
core

F ig .2 . S in g le  nucleosom e.

F ig .4. A chain o f  our nucleosom es.
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