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result of the heavy ohain switoh, s single idiotyple
determinant (antigen binding portion), is assoctated
successively with autofmt effoctor sites (constant
region) to produce first Igh, 'tha,n Igp and later
 Ig6 or IgA. At first, each of those proteins are
. expressed as membrane bound proteins and then,
ﬁnaliy.' at termimal differentiation of B~e~enagl as
s,aergt'cry'prp#éme; | | |
Heavy ohain switch from IgM to Ig6, IgA or
JXgE 1s known to be mediated by h’nnslacat&nu of Vn
region to a distant Cy region deleting the intermediate
DNA from the genoma, Trnaslocation ét DNA level,
-hbwtnm can not explain the switch from IgM to Igh
because both the proteins may be expréssed sinmultaneously
in a B c¢ell, while there is only one functional gane
for these proteins. Thig bas been thought to be
brought about by alternative splicing of a oﬁmmn
BNA transoript (21), IgM and IgD constant rogion
gewes are adjacent to each other, scparated by only
a small length of DNA, A transcript is produced with
a roade-through to the distal IgD end. This REA
transeript bhas tw polyadenylation signals inside
the spacer betveen Igli and XgD and at the end of
Igb (sce figure 2).
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- . ABSTRACT

_ . The discovery of highly ahnnﬁgmﬁfénd‘uiAQapread,
‘noucoding DNA, in eukaryotic genomes poses an
'inttigéing prodlem for its evolution. BEspecially,
presence of the ¢lass of noncoding DRA elements}
found inéiﬁevtbe genes and termed as introns is
most difficult to explain. The prevalence of
1ﬂtru§a‘émangmust 0f the genss of all the eukaryotes
' a@ggests that thay might have been present since
the origin of eukaryotes, The present understand.
ing of evolution of eukaryotes, steﬁﬁag from the
work of YWoese and collaborators, utates'thaﬁ,
eukaryotes originated together with prokarysies
from a comson ancestor almost imuediately after
the'crigiﬂpaf cellular iife. It would be of great.
futerest to sec wheiher the traneition from 77
precéllular svolution to cellular eﬁ@lhtioﬁ«@aﬁ
lead to the evolution of split zenes in eukaryotes
and eoa%inuans ones in prokaryotes., To accomplish
this the state of precellular genonos was
approximpted using the theory of Errer Catastroph
and Hypercyecle put forward by Bigoen and Schustor,
An hypothesis is developed about the umechanisnm of
this transition which suggests that in ote of the



three lines of descent 553)114; gens organi-zaﬁw‘

- ean zm@a reselt, which would Mnma'weﬂwawnt
of oukaryetes, The hypothesis, implies that
prosence attntmns and several other sgeeminzly
unrelated features can be linked with the most
fauportant attribute of cukaryotes, the mmaar'
envelopo. Onco originated in such a way, it is
discasged that they would survive and prevatl in
all the eukaryotes given the splicing machinary
and the nucleaxr envelope are present, The
hypothesis further implicate the reacon for tho
absence of introns in prokaryotes.



1. - IRTRODUCTXON

*Fho 1ine of demarcation between eukaryotic
and prokaryotie cellular organization is the |
largest and most profound single evolutionary
discontinuity in the countemporary biological
vorld®” (1). This is the most fundamental and
matural division of the Living systems. Eukaryotes
differ from prokaryotes in having their genetio |
materﬁai'emmsaé in the nucleus, in preserice
of membrane bound, DNA contuising sabcellular
organelles, in details of the molecular blology
0f protein and DPKA synthesis and, prohably, in
the regulotion of gone prr&ssaiw, Recently,
the unprecedented developments in the moleculow

biology of eukasyotes have nucovered one nore

AE,



basie difforence hetween the two groups (2, 3).
Host of the eukaryotic gencs are found split,

. 4.0, they possess DNA,which is never translated,
iﬂsiae their coding regloas, while the'pwukbﬁyatiﬁ
ganes are contiguous and are colinear with thair_
protein producte. The noncoding intervening
gsequences,also called introns, are found not only
in protein coding genes but in the geres of tREA,
¥RNA algo, The brokon coding partidnq,callad
exons may bo found separated from each other by
thousauvde of bases pairs. Ian addition to this
sosale organtzation of genes, eukaryotic genomes
are flooded with other kKinds of non-coding DEA,
vukfe repeated pequences, satellite DNA, none
functional gones, spacers, etc., causing what

' 1s called the Cevalue paradox*,

Introns, as a rule, ars transcribed with
the fellow coding pertions » the exons; but the
former get spliced out and do not appear in the
finnl RNA transovipt., It they do not code for
any function of the cell, why do they exist?

¢ The lack of correlation betweer relative
genetic complexity and DNA content 486
referred to as the Cevalue paradox (4).



éhy-nave they ovolved? Because their function

ia:§at clear, their evulutioa is esoteric and

the orfgin, difficult to eéxplain, They might

very ﬁen have & cryptic ‘and as yet unkpown role

in the life of a cell. Or, alternatively, they

are 'ptiai%ive:feaﬁweés' and are yet to de

elinirated Trom the eaxaryatio cells, This

dissertation is intended to discuss these guestions,
Introus are 6o ﬁi&aaprea@ that they

constitute one of the most fundamental attributes

of the eukaryotes, Con there be'any relation,

| established between the mosaie gengﬂarganizatton

and other features of eukaxyatﬁs? As diseussesd

later, a tatural and direect relationship can be

conceived between introns and the nuclear ervelope.

| A hypothesis is develaped in ordsr to dlscern

the ordgin of introns,



g, INTRONS IR PERSPECTIVE

No oultaryote lacks introns, Split genes

have been found in organisms as diverse as yoast,
slime molds, inse&ts, gea nrunida; anphibiang,
mamnals ($) and higher plants (6), Thess are

not only protein coding genes which harbor introns
but the vibosouwal {7) and the trecefer REA (8)

geﬁ#g have also been found to cottein them., The
wRHA geres, found split, represent a wide speotrun

of proteins : specialized proteins of difforondiated
celle mglobing, erystaline and jsmuveglobuling
hormone inducitle proteins-owalbumin, énnalbumiﬁ _
mﬂh@wm;mmwﬁmxﬂnmmmamswwmmh'
actin end collagen; hormone proteins - insulin axd



growth hormove ete. ($). Interferon and histone

do mot possess any introus,

!‘“/

The number of introns varies with genes,
fron twa (P-giobin) to 33 {vitolegenin) amd 51 |
(ecollagen). ~ The lengths of introns also vary from
few basos to several kilobages. Sometimes, the
coding portion ﬁay be just a minor fraction of

the total gene 3 90 per cent of of- fetopsotein
and 20 per cent of ocollagen genes are aaaeoding,_
intervening sequexzces.

The introns can be found at any position of
the genes. Thoy Cah ocour hetweon two codoms or
can split a cedon. They cam exist in the coding
 frame or ean iihabit the leader sequence. In sone

\g,e'més thoy are found between the 'veglons represend.
'mg tyo mm sites of the protein, while in other
protoins they sever its active site (9). |
" In the course of evolution, introns might

stick to their positions relative to some residues
of the proteins or translocate to some other position
in the same goue or leave it altogether. In case
of multigene familles, the intron . stays in the same
mé&tian amotg different membors of the family, but



occasionally 1t is found to have wandered a bit

in some genes (10).

The process which removes introns from the
primary RFEA travscript is formally called splicing,
Genoral ly same segments would always be recognized
as intrems, But in several cases alternative splica

ing patterns are observed : different portions of

 the primary transeript are identified as introms.
 Thig is generally observed in eukaryotic nucloar

viruses (11), anl innunoglobulin genes (discussed

later), Spiicing is very accurate, accurate to

~ the base. But sometimes the sequence at the houndaries

of introns are repotitive makiag the splieing»Pognt

| degencrate. For example, it is possible to splice

the pre-mifA of figure 1 at four dlstinct cutting

:5,positinas, all giving rise to the same nANA {2).

2.1

Introns do mot Code for ady Protoinm

| Since introus are spliced from the pro-mRNA
before they have a chance of petting translated, it
i8 believed tbat they do aat.c@de for any.?matetn@
This, however, does hot exclude the possibility of
thelr &razﬁlatioﬁ. separatély from the fellow exons,

¢n’ association with some other genstic elements



Table 1t Numbor of termination eoﬂons in some Introns,

in all the Zrames.

Introns

Suv—

O AN sy

’ Samber ox 'ramimtﬁm
codons r

Sice

2

3

\

fasulin, small intron

- of BRI géus of Rat

 Itisuldn, emall fntron
of RITI gene of fm;

Insulia. bigger mtmn
0f Human geme ‘

Insu lin, bigger intron

- of Rat gene

B ~Globin, szall intron
- of Mouse

i1

1

3

&

7

40 x 3
40x 3%
284 x 3

164 x 3

168 x 3




any introng 4s

~ But ﬁe~tzénser1pt corresponding to
found in the eytoplasm, 'A number pf introns which
e teruination
codons in almost all the frames (7o 1é t)s ?hns;
les Any base

have been sequenced, harbor several

zhgir‘traagiatian beeo&ea impossid
sequence uh&ch‘&pﬁeé for ?rﬁteims }
very xreaaenﬁﬂduletiama and addi tions of pazfnuelée-
£ ﬁhree;'héeéése |
the :ﬁame of the

But when some

tides which are vot in multiplies
-such deletions and additions change
mRTA 4 ééﬁﬂering iﬁ'tﬁnctiénless.-
honologous introns ht dixfaiaat spe les wero cam@aréﬂ;
sevoral sich ééiet&éns/aﬂéitions w

evolving under some functional co

re found, A gene
straint shows a
snPPressea‘raié-éf base substitution hecause a
considerable auﬁbér_of:mﬂtat&paa are deleterious

and can 1ot be tolerated in the population. On the
contrary, introask;jhgve beon found changing quite
froely, suggesting that they do no h@ye any congtraint
opsrating on thom, In ad&itiOE to| the above, there

is one more evidonce, developed from the nsutrality
theory of evolution (12, 13), Bﬁg:Isﬁiﬂgthat introns

do not code for aty protein,




°

At the time of raproduction, ney mutations

pool, its frequency is very low. It ¢
evolutionary sigﬁiﬁeanea -only 1f 1t increnses iits
froguency steadily and ultimatoly repilees %né'et&ar
alleles (o mutation at the same position) completely.
This is called the 'fixation’ of a mutation.
'Accomizxg %0 the Darwinian theory of sslection, 12
the mutation is bayaful it would be eliminated, but
1f it conters some adaptive advantage for its host
it would inerease 1ts frequency and get fixed, just
because 1t oan alter the reproducibility or life
spa:a of the individuals harboring i1t, [But most

of the uutations arc neither éaleteﬁan.s nor usofui.
Eithor they are synoamas matations (not leading

to any change fo the aminoacid) or wcuL at some
noneptrategic placo where a ochange in the aminoacid
~@an be tolerated, Selection theory does not say
anything about this class of ‘mutationsg at least,

their future in the population is not ocponsidered

vory Wright. Hajority of mutations arj of this kind
and are ealied silent or neutral matatliﬁs; According
. to the champions of neutrality theory o moleenlar



svolution, neutral mutations can alao be ﬂx‘eﬂ,'

oven in the absence of any mseleotion

by ‘random drift'.,

It can be easily shown that|n
. are fixed with the same rate with Wh
in a population, Consider a eukaryo

prossuro, Just

eutral mutations
ich they appear

ti¢e genome

{ =10% np); the mutation rate is very low { = 1078

per base per goneration), and every

pame probabdility of mutating; thus,

assumed that every mutation occars

base has the

it ecan bé
t a different

site; Lot N be the average population size and v

the mutation rate per genome per uni

two gametes malke one individual, t

t time; since

total number

of mutations introduced into a population inm one

goneration is equal to 2Nv. Some of
would reach ultimate fixationy 1let

these nutations

' that a single mutation would reach fixation. Then

the i'ate of fixation
kK = oNva,
At the time of reproduction, a neutr

an equal chance of getting lost or g

al mutation has
etting duplicated

depending upon the fate of the gamete which carries

1t, It the gemete forms a gygoto it

would propagate

u be the probability |



otherwise it would bo lost, Since the mutation is
'nmtral,- the prwabilﬂiés of its being lost or
carried over are equal, Thus, the probability of
any aéﬁt .mmg fourd in the future genveration is
the Baﬁﬂo Thus, the probability that a paﬂicnlgr
gene wenld be fixed,

Therefore, k s v; i.e,, rate of base fixation 1s
equal tomte of base substitution (13),

931?' the fixed mutations have evolutionary
importance, and it follows frow the above that if
somo funotional constraints operate on a system,

"1ts mutation fixation rate would be slowed down,

~ the fraction of ithe silent sites boing smaller,
Therefore, mnamﬁcti@nal: DNA should change t*&st&ér

- than the mnctlbml one, Hithiﬁx a gone also, less
_constraf ned portions should change faster, The

third base of every coden has a greater degree of
freedonm than the gther iwo because of the degzeneraoy
of the genetic oodes 1t can chango without %ading

to any change in the corresponding mim acid. Vhen
a naaber of homologous genes of related species
- woere <compared, it was odserved that the third position
is unore va:ﬂablal than the first and second of each

" codon (1h). However, if two rRNA, tRNA or nom-coding

A



Table 2: Differeumce in the change ot bapea; in
. Evolution at First, Second and Third
" Position of the codons

' Geaxmrisﬁn
betweem

Tusulin, Coding
reogion

Insulin, Coding
regian

1”83 11%, S@ail
intron

Insulin, b:tggar
tatyon

R ~globin, smailer
intron

B ogioﬂin, bigger
intron _

Rat I & Rat II
gems |

Rat I & Human
genes

Rat X £ Rat IX

- geunes

Buman & Rat 11
genes

Housos & Rabbit
genes

'House & Rabbit

genos

_ Hunbor of
Dﬁtregﬁng?a at

113 113 118

16 18 12

96 95 96




DRA, 15;89 flanking regions of the genes, aré compared
no such pattern should be expectoed. Slmilarly, in
introns also this pattera should aat'- be observed
17 the introns do not have a coding function. When
some hotiologous introns were compared, all the three
positions showed siutlar variability (Table 2).
‘This proves that the muclear introns do not code

~ for any protein,

2. Puanctions of the Introns

Although 1t is not uecessary for Qﬂry bit.

' of DFA of o genmome to possess a functiom for the cell,
a8 there can be meaus by wilch certain DRA eloments
can ensure their survival in the genome without
coding for any fumction (15, 16), but the search

R for functions tfoi" tow genotic eloments, whose
functien ie net'amamnm can not he abandoned, In
cage ¢f introns also, some 'awbanisms and procosses
can be econcived which can help in their preservation
ard perpetuation in a genome during evolution
{discussed later), but there ave very importaut
functions introms ::z;n perform in the 1i1fe andg
evolution of a teld:. Most of the funotions ascribed
to is:trbns are of 'evolutionary adaptations! &ype;

13



-i.e., they facilitate genetic rearrangements there-

- ny increasing evolatianary veraat;@ity (2,3)9,17).

*T;Othor-direct phenotypie func tions have also heen

9

';§5f attributed to them, dut they are in the preiimimary

2:2.4

Yy~

stage of verification,
Phenotypic
The split gene organization can make it

possible to produce variants of a single protein.
by differential splicing of the primary transeript.
Eukaryotic DFA viruses customarily use these mecthods
to produce a large mumber of proteins from their .
petite genomes (10, 11)., They use the splicing as

- one of the means of regulation of geme expression

(18)‘ One primary transeript is spliced in g mumber
of ways. using dﬂt!arent segments as exons such that
nany ‘kinds of ®mRNA are produced. In vertebrates,
the best examples of differential spliciuvg are fomnd
in the expression of the antibody genes (19).

During the B lymphocyte ontogen&; which
produces antibodies, some sequential changes take
place in the immnnﬁglobul;n‘(lg) aeleculeé; Heavy
chain switch and transition fronm the menbrane bound

to the secretory Ig are among these changes. As a



result of the heavy ohain switoh, s single idiotyple
determinant (antigen binding portion), is assoctated
successively with autofmt effoctor sites (constant
region) to produce first Igh, 'tha,n Igp and later
 Ig6 or IgA. At first, each of those proteins are
. expressed as membrane bound proteins and then,
ﬁnaliy.' at termimal differentiation of B~e~enagl as
s,aergt'cry'prp#éme; | | |
Heavy ohain switch from IgM to Ig6, IgA or
JXgE 1s known to be mediated by h’nnslacat&nu of Vn
region to a distant Cy region deleting the intermediate
DNA from the genoma, Trnaslocation ét DNA level,
-hbwtnm can not explain the switch from IgM to Igh
because both the proteins may be expréssed sinmultaneously
in a B c¢ell, while there is only one functional gane
for these proteins. Thig bas been thought to be
brought about by alternative splicing of a oﬁmmn
BNA transoript (21), IgM and IgD constant rogion
gewes are adjacent to each other, scparated by only
a small length of DNA, A transcript is produced with
a roade-through to the distal IgD end. This REA
transeript bhas tw polyadenylation signals inside
the spacer betveen Igli and XgD and at the end of
Igb (sce figure 2).
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It the innexr poly-A signal is recoguized,
Igd mRFA is produced; 12 itamiml polyeA aigmllﬂ.s
recogunizoed a composite m 1s made from which Ca
and spacér cat be spliced out using the 'splicer
sites' (dndicated in figure 2, sce the next section)
and & contiglous IgP mEHA 1s gomorated (21).

Although the transition fors meabrane bound
| (M) to seoretory type imnunoglobulin does not ha#é
any 'c‘nre&t bearing upon the abeve mechanism, 1% can
also be accomplished by nltornative splicing of a .
comton primary transcript (22, 23). The structure
which makes a protein membrane bound is called the
signal peptide. It is a highly azydivphabic pepﬁdn
of tronsmembrane vasure, found on the C tersimal of
some membrane bound pro teins, Curlously enough,
slgnal poptide in IgM 1s codod by a separate axon,
A putative poly-A sdte aud splice sites are found
in the intron betvwesn Cud exon and the sigaal peptide
exon. When the ctell wanits to make secretory Igh,
the poly~A gite recognization is inhibited, nvow
splice sitée can wrk and can join the signal exon
with the main body of the miNA, which can code for
e membrane bound protein (23) (see figure 3).



2.2.2
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Alternativo splicing has boen itp'md o
genemite protein polymorphisa (pradnetgoa of
two sequences of the same protein in the sane

cell), in ovomuecoid proteins of chicken (25).

In addition to providing the apmrwnity
foy difforential splzeing tor varions purposes,
intron might hardbor many types of regulatory
sigoals ( as glif‘eady. ﬁiscusaeh about polys-A sigaal)@
for the é:pre.su’imf oi’ getie, It has been shown in
few cases by conmstruction of chimasric genes by

- manually deloting the introns and their spliocing

Junetiong, that they can not make any stable RSA
if the introu is absent from the gene (26).

Evolutionary

The obsorvation that generally the aeqaen&es
of introns are not very important (because they
kee_p changing in tho course of evolution), bdut
lengths are, since there is no trend showing ﬂée_ﬁas@
in their length, leads to a very attractive weeui&ﬁaas

_the presence of introns can facilitate gemetic

rearrangezents which would inorease evolutionary
versatility (17), The prescuce of extra length
of DNA inside & genome or a gene wouid increase



the rate of recoumbination, since the frequency

of recombination is directly proportional to the

_ phyeiéal digtance betwaen the two portions of the
ggmg’geﬂac fn@ra&ae in :eaombigatian frequency

is desired because, eukaryotes lack some of ihé

. means hy which lower orgenisms can shuffle their
genes (like borimontal transfer of information
'ata@)(a?); This speculation con very well be
tested by eambﬁring variability of various gence
with veference to the numbor and longths of introns
.'thay possess., It follows from this hypothesis that
- slowly evolving genes would have szaller and lessor
puaber of introns, The observation that histone

| 'géhea, which do mot héve oany introns (28) and show
extremely slow rate of evoiution (10), is consistent
with this hypothesis., However, nothing Ban be sald
abont the gonverse hecause of the lack of information,

A very eleogant idea was put forwarded by
Gilbert about the ovolutiovary signiticance of
introns (9, 15), which seems to de consigtent with
a namber of exporiments, According to this thesis,
some proteins are composed of several structural or
functional units, called domalns, which are, more



or less, continuous strotches of aminoacid residues,
¥hen stmc%nra}; a domain can be mgardaé as a
pért ‘ef;a ;pwtéin woloonle which forms a ea@meﬁ,
continuous globular region, eapératea from tate
rest of the molecule, If the domain is a functional -
one, 1t would reprosent a collection of residues
forming an active site or an effector fusction
favolved i1 a parti.enlar function of the h@laaahp
*Intronms are there to delineate structural or functional
() domatns from each other', the hypothesis suggests.
Bach domain should bﬁ coded by one separate exon.
Tais kind of organization can give rise to new
functions, Just by recombining parts of already
oxisting onen (9). "

The hrgaaimtiun of XgG heavy éhain’nanﬂtmﬁ |
(c’u). region gemegives a strong sa.éporﬁ to this
idea, Cg canm be divided into throe well defined
-damim; éﬁi‘ % and GHS' each made-up of ahout
140 aminoacids. Each douain hag different effector
functions. €y, contributes to Fab portion of an
antibody with light chaln constant region, Caa
~ worke in complement {Exation, Cas is iml#ed in
cell surface interactions, The fourth one, 4 maller
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domain in the hinge region, passes information
from Fab to F¢, in complement fixation (ses figure
4)s It 45 shown that there are four exonms in this
gene, aﬁﬁ- segaaiwea of introneexon Junetions reveal
that each domain of ti:e protein :is fepreseated by
an oxon in the gem (29).

It has besn shown that domain magrangéﬁmt
has indeed beon taken place during evolution of
immunoglobulins (30). |
| | It 15 possible to earrelai:e exons with
sfrgemral aud functional domaine in hemoglobin
proteins also (31). The domain pattorn in hemoglobin
is not obvious. The three dimentional structure
does not ghow very distinct domains. However,
diaygnnal‘distanea maps drawn from its three dimentional
structure, show, that, three subdomains or conpact
structures can bo comcived to exist in the molecule
(32). ¥hen included fn the diagonal plot, oxon
boundaries neatly divide these subdomaing, with tjhof
exception of tho large contral exon which show two
subdomains (globin has three exons)., It suggests,
17 the hypothesis is assumed correct, that this
exon might be a fused product of two exons with the



=l

" elemination of the imtervening sequence,

Renmarkably enoupgh, in leghomoglobin gene, an
'anaiogousﬁplaﬁt pretein, this exon $« split into

tﬁb; the extra intron being at tae-éame plage as
 predicted by subdosain amalysis (33). Exon pattern

. ¢an de sorrelated with functionmal domains slso

(34). Most of tho residues in contact with hene

aad o 1 pepi»i&e - ’@ a poptide contact correspond

to the ¢entral eoxon and o(1 peptide « /3 1 paptiaﬁ
contact reosidues to third exon. (3&). ¥hea the
péptide earrespunﬂing to the centrnl exon was axeieeﬂ
from the rest of the prota&n and tosted for its
aefiviﬁy, it was found to bind with the hens

tightly and specifically (35). All these obsorvations
1mﬁiaaie that oxons correspond to stxuaturaiwnﬁﬂ
tunctional domins of hemoglobin proteins. |

Hien lysogyme, whose exon pattexn is kuéwa;
K'showa @éasiéarablc kanology‘with gome partiohs ot
T, lysozyme. Although large parts of T, lysozyme
do not have any correspondence in the hen, and

similarly, some portions of hen lysozyme do not

have any parailel im Ty, but a 75 aninoacid strotoh
i3 common in both of them and this is where the
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active sites of the molecules lie. ‘This stretch

ds ee&éa' by tuwo :eentral exons of the hen lysozyne
gexe (36), This,observation might appear circusstane
tial, but 42 consfdored in detall and hen lysozyme
is compored with other lysozymes, it would support
Gilbertts hybotue'siai

In case of alcohol dehydrogenase engymo, ‘:ﬁ)
two domaine can be defined « one binds to the
‘eamzyme'ihné other is responsidle for substrate
'spamﬁe&ty-' ﬁe of the introne delineate these
two sitos whilo other one interrupts one site (35).
A s,iin&lar situation f5 found in the chicken ovonmcold
: géna. whore three 1ntmns delineate three functional
domaing and one signal peptide, while another get
éﬁ fntrons split those domains (25).

s these ideas are correct, then introns can
play a very important role in evolution of higher
organisms, For the evolution of new functions it
wags belicved that after duplication of a gene, one
of the daughter products becomos nobnsfunctional and
diverges frecly from ite sister gene, B‘l‘tim'ately,
it iz possible that it attains a sequence whioh is
¢capable of performing soue new functions. Fow, more
efficient means are avallable with the wkaﬁatac
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for this., Take one function from one gens, anothey
fron gomewhers alsé; recombine them and get a ne¥
fupction. Introns arve there to facilitate this
procesgs, For example, for the evolution of homoglobin
~ iike fanctfon, it would be convenient to take a
heme binding domain, from a wore primitivo protein
like cy@tﬁhmme and ménbim it with an exon which
could give rise to a rudimentary hemoglodin waelecule,
This ‘type of evolution may be a very significant
feature of cukaryotes 3 the 'en blog!' re{wmbimﬂoﬁ',
One more evolutionary function has been
atﬁﬁbuteﬁ to introns § increasing the .fate of
divergence asionz some mewmbers of multigene families.
‘1t has boon obsorved in the caso of the tanden
Bultigene famildies that sjiﬁer,exxt members of ths
sane family smaintain an extremely high dogree of
homology with each othor. This homology is far
more than what is expected frem the normal rate of
mutation (37).;  This has beon thought of as occuriing.
bocause of *ooncerted evolution' between Varioﬁa
menbers of a family, i.c., they keep corrocting
each other's sequence by matching them, This
involves mechanisms like gene conversion and unegual
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érassinéovar, both of ihich are types of homologous
recombivation (37). Some members of these families
Beed to diverge fastor, and got rid of the disoipline
of the tamily; Introns can help them in this persuit.
The variadble iength b: intron would deorsase the
homology botween two membors thus, suppressing
homologous recombination, Thus, in this way introms
way help the outgoing menbers of multigene families
in their departure,

| It 18 cleoar that progence of introns gives
sukaryotes a profound evolutiomry advantage over
prokaryotes. PBvolutiorary versatility of eukaryotos
would bé auhaaaeﬂ bocause of then, This viow of
evolutionary adaptation has been criticized on the
ground that this is not anu adaptation in the
Dapruinian sense and does not confer any advantage

to the organism in its 1ife time or to its population,
ranted

But 4 the existente ot theso elements is gre
by; Bay, selfaynﬁgﬁrviné and perpetuating mschanisms,

the descendents of the population possessing introns
wou ld gaﬁn pore diversity and hence, more chantes
of survival in natural catagtrophics, So even
without helping 4in Darwinian evolution; introns
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oan support en inmense amount of diversity in
eukaryotes. |
Spiicing

ﬂﬁﬁrtﬁg iﬁaaseriy%ien, a coutinuous BNA is
made from the genes Both iutronic and exomic DNA

are'?evrasentad in this. However, before translation

introns are tailored off and exons are Joined
'pr@eiseiy; This process is formally called |
splicing ad always takes place inside the maclens.
s;aiezﬁg‘hag'to be extremely accurate, becanse the

~migtake of even ome base would change the whole

fiame aud render a mRNA fnnetiaﬁ;eﬂs;‘ However, in
some oases, at the junctions of introns, redundency
42 observed which eaﬁ allow the cut to be made at

_pore than one place, théraby making the requirement

of accuraey less stringent, Splicing 1s not mANA
specifig; 1,605 difforont type of millAs do not

have different mechanisms for their spiteing., But
¥Existtng evidences are sufficient to say that tRNAS
are spliced differontly from mRVAs.

s
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2.3.4 Splicing of pre-tREA |

Yoansts, Xenopus, Dictiostelium, Drosophila
and silkemoth all bave been found to contaln introns
in their tRSA genos, The intron location is comserved,
In most of the cases, the immg 1s found one base |
in the 3' direction from the anticodon (see figure
5). Intrai: size may vary from 13 to 50 base,
'Ptaaanc'e of intron does not alter its overall
secondary structurey only the anticodon loop is base - _‘
paired with a éampumtry rogion of iatron., Spliecing
mechpnim of tm:a; is well characterized (8): splteing
apparatus is located in 'i;.ha nucleopiasm (358), micking
and ligation functions can be uncoupled,. spucmg
activity requires ATP and Mg, RNA species corresponding
to cut fragments of tRYA and intyon can be located

(39, 40), |

The mechanism of tRNA splicing is fumdamontally
ditforent from that of mENA splicing, a yeast mutant
16 known whioh is defective only in tEVA splicing,
vhile mRNAs are spliced normally (81), zi‘ndicatzzzg
there are two-geparate mechanisas, The houndaries
of introns do not show any Pesemblence with consensus
sequence of mhiNA intron 3nnét£ons,.naither do they
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observe AT, GF rule (see the noxt section). A
tRNA precursor mutated at the splice site is
spliced accarately (42), while this is not possible

. with oRNA (43). Probably, the tRNA splieing

machinary recognizes the bﬁmn seconlary stractare
of the tiNA, cutting of anything that bulges out
from anywhere, 'i‘m sequence of intron is wot
;lapaﬂém, because an insertion of polynucleotide
as big as the Lac operateor does not hamper the

splicing {%). Fortunately, the Lac operator sequence

forms a perfect hairpdn and thus does not interfore
in the overall configuration I-o}t‘ tREA. Spileing
machinary is conserved over a wide range of orgonisms;
tREA Zrom yeast and humans can be spliced in Zenopug
and yeast can be spliced in humans (48),
Splicing of pre-miia

Hessenger FIA splicing is more complex than
the tRNA splicing. The secondary struc_tare" cdtertia
can not be used here, since mRNAs are so diverse
and introms are?&ig and numerous, that every
pre-nftFA would ghow a different bBase pairing pattern.
Instead of secondary 'gtmeture; the houndaries of

inutrons at the cxon Junctions are more inportant here.

7
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All the introns seguenced have GT at their 5' and

" and AG at 3' end (46), The sequence instde is not
~ always the same bnﬁ gone amount of aggrement is
~observed, The congensus sequence is ¢

< P\ e

splice 1n¥ron | \ E o

Foxon

a?\,T‘F NCGO\“/G\

67 57 loo

aCcWG\TH AT

‘13 96  loc 100 Yt-671

The subgeript of each nnclecti&é represent psr cent
occurrence of the mogt common base (47, 48, 49).

| The sequence at the 5' ond of the intron is valled,
5' splicing sequence (5'58), and at the 3° ena; 35

splicing sequence (3'S8) (43). Splieing sequonces

are so cruoial that a point mutation G —>C at 5'SS
can stop the splicing completely (50),

- Small nuclear RNAs (SnRNA), generally found
in most of the eukaryotic wacleil, have booen identified
as the splicer REA. As first suggested by Morry and
Holliday (51), one of the SnRNA, the Ui RVA eontains
a contiguous sequence, complimentary to 5'55 and
3'SS 1% such a way, that intron which is flsnked Ddy



PE

them 4s looped out and the exon ends come in
juxtaposition, In this condition, the endonuclease
and ligase can do the splicing (see tigure 6),

The SnRNAs vhich exist in tho nucleus as
~ribonucleoprotein particles (Bﬁ?)g are found to
co-sediment with the large hmRNAs (usually considersd
as pre-nk¥As);s In & motant where U4 RNA has lost

the sequence complimentary to 5'SS and 3'SS, this
ca.—saﬁimaﬁtat&m is mnot observed (48)., This suggests
that SnRNAs may indeed be the splicer REAe, Spiicer
RNA sequences are conserved over a wide range of
eukaryotes (48, 52), aud 5'SS and 3'S8 of mANAs

are also conserved {as discussed before). This
suggests the preosence of a general mechanism in all
thoe drgeiismsg A chicken ovalbumiy gene is correctly
spliced and expressed 1un frog ooeytes (53). 4
chimaeric gome, constructed from a SVA0 exon and

- 5'838 and mouse (5 «globin exon and 3'8S can get
correctly spliced in Xouopug oocyte (54).

Both the splicing seqyuences are very smli' N
and it is very likely that %;he? would be to;ané
elsewhere alse. On random assigmments, 5'S¥ -3
jeguencgmﬂulﬂ sccur at every 2000 bases amd 3188
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at every 500 bnées. They have indeoi deen found
inside some inteons and ivside some exons too, A
3'88 is found 6 basés'insiﬂe aB exon in ovemucold
'gene; and the cells ase this S5 pocassionally and
produce a mEiA, 6 nucleotide short in length; é‘
corrosponding protein shewing a deletion of two
anine acids is also found in the cell (25).- Qhe,
superspliit gena;aelzagen, cgnﬁainimg 51 introns
possesses, a number of putative splicing siguences
iasidé an intron, These also have been found to be
enployed in splieing, since RNAs of intermediate
lengths have been found., An interesting thing about
these internal splicing sequences is that they are
found in pairs, in such a way that whichever sequences
are chosen first, for splicing, the resaltant
trnnacript also possess splicing sequences, &hich

- San bo recogunized again in a second spiicing event;
the final splicing would remove the whole intron

(85).
3’ss 5% 3% 55, 2%s 59&,*}:” S5
| . v ~



1f only the S5 are importent in splicirng,
the possibility of two splicing sites of two introns
gotting recognized ond skipping the exon flanked dy
| them cannot be ruled out, This can be avoided if
splicing is processive, i.e., starts from tho one
ond of tho seript and moves on to the other, splicing
the 1ntrons sequentially,

Splicing apparatus can be conceived as o
ribosome iike entity, comtaining an RNA and some
protein molecules. The ANA here would work as a
talér, matching the splieing sites and proteins
helping in this, snd nicking ond ligation, Probably,
it would be located at the nuclear mesbrane, Pre-
uRNA would enter from one side and tunnel through
the apparatus, to the cytoplasm, This speculation
doos not bave auny basis except the ohservation |
~ that mo mature transeript is found instde the mucleus.

R



3. " EMERGENCE OF INTRONS.

A complete expianation for a phevomenon
'as common and wiﬁeépread as ivtrous should, not
enly involve o mechanism for their origin but
aleo a mechanisn for thefr successful maintainence
arxé rrepagation during evolution., The ﬁaekim
for eplising appears o be universals yeast tHFA
precureor can he apliced in m#n (48) and chicken's
. ovalbumin gene 0an he expressed in frog {53).

This suggests that the sncesitors of eukaryotes
also posesszed introns spd had developed mechanisms
for thelr eplicing. The fact that %mokariatia
g;aw and some eukarvotic omes do zot contain

i ntrons, does not necessarily indicate that split

3
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genes arose from‘eomﬁiguang ancestral genes., In
fact, theories have been put forward suggesting
that épli% gene erganizétiea is a primiti%a
feature and prokaryotes represent comparatively
more.evalved organisus, which have got rid of
their introns (3, 56)., But there is ne reason
xér'sueh”an a priori assuaption, An hypothesis
is developed, syatbmat;caily}in'thia chapter, in
order to explain tﬁe svolution of introns, which
aaaxesaes tt§¢1£'tg the queption of the origin

and perpotuation of introns separately.

Origin o: Introns

Universality of introns in eukaryotes
suggests that they arose with the amergence of
the eukaryotes, Considering the currently accepted
viow of origin of enxkaryotes and prnkagyatés {37),
and a widely appreciated mechanism of preccllular
Vevolutian‘(sa);.a'hypothesis'is made to explatin
the origin of introns, Following are the éostulatae
of the thesis, each of which is discusged in
-detail in later sections or éhapters :



1.

2.

i

b

5.

Prokaryotes and eukaryotes share a common

ancestor, the *progenote state', rather

than eukaryotes having a prokaryote type

predeeessor_

The low fidelity at,ear;i. replicases would
iimit the length of the primeaval replicons.
Thus, the genomesof the progenotes existed
as small, distinet fragments of nucleis
acid. | |

‘The fragments' were circular sucleic atid
molecules, containing one or few genes.

The aistinet circles were linked with

each other only by a 'functional’ link,

When the fidelity of replication increased

atter a pe#ioﬂ of evolution, longer

gequences weve permitted and integrations

9% the fragments were allowed, Rudimenutary

'illegitinate recombinations' and corssiing.
oVers would mediate integration of all |

the fragments into one big 'chromosome'.

- Integrations were probably random and

wore target unspecific at this early stage

_ of evolation and would iuvariably resultf

33
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7.

34

in splitting of genes with a minor
fraction of 1ntégrations between the
- genes. '

- Transition from the RNA genome to the

DNA genome took place at this stage and

two (probably three) (59) lines of ascent

diverged, depending upon their strategy

to overcome the problem of the broken gones.
The organisms which were to become
ptekaryates, selgcted genomes with intaect
genes (integration between genes). The
ihﬂiviﬂuals which could use integrates

with broken genes and splice their broken
mgésages with the héip of the coples of
unsplit KSA fragments, developed a nuclear

auvelope to separate the transcription

, _ \
compartnent from the translation compartment’

and becane turkaryotes' the Predecessors
of, eukaryotes. |

Development of nuclear envelope, which

- Was a necessity for an efficient use of

broken genes, allowed, further prevalence

v_and_expaasion of the split genes and the
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splicing machinery which in turn helped
sukaryetes to acquire the immense amount
of adaptability.

3.2 The Fidelity of Heplication Limits fhe Length
of the Message |
The secound statement of the hypothesis
 follows tfon the heha#iaur of enaemhlé»ct selfe
replicating tnfapmatibnal molecules. It eaﬁ he _
derived gquite naturally that the number of molecular:
symbols of a gaifereéraauciﬁla unit is reatrictea,
“the 1limit being invergly proportional to the
average error rats of the symbol reproduction
(58, 60, 61). An hypothetical evolutionary

reactor is used in order to show this,

Consider the reactor in figare (7).
There are B species of polyvucleotide "‘1'-1‘2“'_
"-“*In’ in the solution, each defined Wy #ts
length and its sequence. Polynucleotides repiicaﬁe
using energy-rich materials as substrates and
themselves as eemplétass Total concentration o#
nucleic acid is kept at a constant level by a
flux ¢ . Enei@yariohhmaterials are constantly

added to and ehergy poor materials removed from



~ the reactor.

The replication which may be catalysed by
an enzyme, rep&i-éasa, is associated with a finite
error rate, The probability that a nucleotide is
replicated correctly is 4 (assuming that it is
the same for all four of them), If the ith
species hag V; nucleotides, then the prodbability
;’,f‘ »

, Vi
& =%

~ (assuming that the errors are independent of each = -

other), which means that fraction of correct mlym
nucleotides produced by (th species 18 O .

~ Tho rate of change of (th species is of
the form §
dxs . . \ ,
SR ARk - Dix + Ty Wk =6 11
di ' . »
whore - | 4is the rumning index, 1,2,35e04009 By
attributed to all distinguishable sequences; X, is
the concentration of itn specles; QC is the
fraction of correct sequences produced by C; AL_
is the adéptability of U th sequeuce to the
replicane and depends upon the concentration of
energy rich matertals too; D s the spontaneous

36



decay rate of 'L; Wik 1s the rate of reverse
mutation from K to L ; q>i, is the flux of
i out of the reactor,
It (ﬁtis the total flow out of the reactor,
the flow of ( would be

b, = ¢y = . [_2]

2 Xk
In the reactor, 4)‘: is adjusted in such a way that
kak F aonsiantc

In order to satisty this constraint, ¢ L has to b
steadily regulated to compensate for the overall

sxcess production.
L& » )
d}t -:.Z ﬂk-'xk -—-S(Dkxk = Z (Qk"“Dk)'Xk

=B *x

E k can be considered as the e¢xcess productivity,

Fron bqpatiom [2] .
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A |
2 X

Ou the saubstitution of 4)!, equation {1] becones

Z B X

Zk X" |
Xi = (\NL‘\ - EW) )Xa- Z 4 wik Xy (3]

where, W'l{ is called the selective value of L, Eﬁ)
 is the average excess productivity.

R ¥ 4 equatipn [3] i.svre;sresented in matrix
form Wil ana wik can be summed into one matrix

‘Wn Wy - s s e Wiy .-\

.N\Q \I\lgz
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therex‘cre,'
% = Wx —E{) X a1
Let VI;Y — KX |
KY=R KX
> X =(k)Y
where, X is la “nxn matﬁx
Y, = x“\i,‘r'm,,‘xl—v. - e+ Xy

T

\j“' :dr\\ Ky + Xpg X2+ - - -+ KnnXy

"'ch\“ht - - K '
From equation [ 4],

- \ -\ v -\
(K'Y Y = Wy -Ewy Y

V= kWY - EY
KW\(‘ = W



“Let K be the matrix that diagomalises W .  Let
the eigemralues of W e N R N2 , e An

9, = (M- BW) Y sl
E(D)remsins invariant after the transfor-
nation, and its value becomes -

D AP ¥
EQ =
2y

becanse, =Y K = 0) as the condition of constant

total concentration dictates.

Bquation [ 5] tells how the reactor would
behave in time, Each species and a distridbution of
¢losely relative species, derived from it by
erreneous copying which are similar in sequence
and adaptibility to the enzyme would act like one

type, called a quasispecies, A quasispecies whose

- 4o



;> A 1s‘be16w ii(t) would decrease its rate of
production and uitiiately die out, @hg\one'With
A nigher than E(t) woula grow but simultancously
help'the’ E(U to increase. W) woula steadily
inereasé and the number of quasispecies ﬁith

"higher than it would decreage. Ultimately this
would tesult in thé selection of only one quasi.
species which would always keep its A | higher
than E() . |

Ed) — Arex. L]

To calculate the value of XWMxx in terms
of kuown paraﬁeters consider the matrix W . Its
structure is such that the diagonal W { elements
do have some finite value while the non-dlagonal
eloments have magnitudes which diminish as one
goes avay from the diagonal. This is because the
probability that distant relatives give rise to
by reverse nmutation is very low. Only those elements
would contributé'to N which are in the immediate
viscinity of the diagomal., Eigenvalues of such



a matrix by second order porturbation theory can
be given as = -
-
Wk + wWhkm

\Nmm"" Wk\(

Assuning that i;'he second term is very small as
compared t6 \Wpm(the assumption 1s valid, as
shown by the study performed by Eigen and Schuster
(58)), and can be numerically meglected.,

Moo < Wo

prom (61,

g < W

jrwrom['s']

Ertn £ A&, =D

Ek +m + Dm

R 7
‘ Am
B Sy o
&NX > &W\:\V\ - .6‘.‘|
Vmax
9 = &
V mox = ‘.—]—J

42
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Equatien {7'1 is an important generalization.

‘"The number of molecular symbols of a self-reproduci

ble unit is restricted; the limit being imversely

_Proportioval to the average error rate per symbol ¢
-fachirb'(ss). This theory is. consistent with some -

experimental observations. The REA viruses, prokaryo-
- t%; and eukaryotes possess replicases (DNA polymerase
and repair/recombination funetioas); of diffeorent
fidelities. Their genome sizes never exceed the
threshoiﬂ predicted. using the fidelity of replication,
In case of the O B- -phage:; getome, the size is exactly
the same 88 @fpradiateﬁ, because of the optimization~
1nvolved ﬁg the phage cycle, demanﬂsmor@ and mere

- genetic material wvhile acouracy of the replicase

¢ 1imits 4t. In the evolution experiments with
replication system, where in yitro self-replication
is'@erformed on the lines of the reactor Just L,
discussed, any sequence leads to the selection of

a quasispecies which is always the same for the
replicase used (62).

Fidelity of the earixest replicases must have
been very low because of obvious reaséns. This would
1imit the length of the distinct sequences. Any
self-sustaining, seif-replicating system has to



have a minimum of rew‘genés. 1.0, for transla%iqn
and.replication tumationQ; This would demand oxie
stence of longer messages or many, small, distinet
messages. As We have already seen caapetitiné can
allow only one sequence to exiaf.
3.3 Small Sequences of Distinct Heésages can ceaéxiﬁ§
If Linked Through a",‘hypercyele :

Ve are thced with a dilemma that the Ieagth
0: the genes/genome is restricted beaause ot the
accuracy of the r@plieaseg and the aocuraey of
replicase can mot be increased without increasing
'the ieﬁgth of the geme coding for it, The problem
however, can be overcome by totroducing some
cooperation between distinct quasispecies. it can
be shown iiat only a second order, aatoeatalytie
and oyclic co»peraticm can bring stability anﬂ
coexistence of two distinct nucleic acid sequences
(88). On introduction of a second order, eyclic
cooperation term into ‘.3] .

; K 7. % K-
*L'—'-‘,(\N""EL’O)XL""XK-_# Wik X ¥ L (-1 0N

ia= 1.;253;;-@;9 ﬂ:g
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This type of second ordex cyclic cooperation has
been termed as 'Hypercycle! (58, 60, 63-65).

: Hypefayeles enﬁsisti‘ng of several moeuzbers have
been studied amalytically and it has been shown
that hyperoyclic organization can ensure stability
of larger quantity of information, using a llmited

accuracy of veplicase (58).

What can be the physical source of cooperation |
between two nuclele aeid' sequencga? For the purpose
M'nlustmtion, let us consider a tim member
hygereyﬁles ) ;lil .ian‘ﬁ ;112 are the two nueleic acid
| specioé which contain as much information as peﬁitﬁed

by the threshold (figure 8). I,0 on N
translation, produces an engyme E’_ which replicates
I,; I, has a folding pattemn which makes 1t an
ideal substrate for Eg; 12 can As»ma:vwe replicase

E, which helps in the roplication of ;. E; and E,
are the agents of cooperation and work either by
increasing the rate of replication or by roducing
the accessibility of their target nucleic acid’
towards hydrélytie alse.mgé». This is the kind of
organizat;lon‘ most primitive kind of hypereycles
would have (63).



| in an advanced stage of precellular evolution
vhen replicases had gained a fidelity of the order
of 36‘3'or iG‘a, the individual sequences could be
as big as two or three rudimentary genes., These
seqaénees would probably be circular ioleoulas of
RNA, Kere;tbeth the points deserve some elaboration
because of their pivotal 1mportaﬁea in the hYpetheéisc
Molecular evolutionists favour RNA over DNA for
premordial genetic ﬁaterial on account of two
arguments, Figstly, oxy-sugars are more readily
formed than deoxy-sugars in the simulated probiotic
synthesis experiments and secondly, RNAs can become
more diverse targets of selection at the gemotypic
" level also. Whether a nucleic acid sequence is
selectBd or not in evolution would depend upon
the ppatélns it makes, but if it 1s RNA 1t can be
selected or rejected by the virtue of its folding
pattern also, vhich determines its suitabllity as
template for the replicating engyme, Folding pattern
of a RNA species, alse determimnes its degradation
rate t more the mumber of bases pa1r§§ less liable
it 1is to the hydrolytic attacks. ‘I'htakgcrucial for
its survival in a population of selfe<replicating

molecules.
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The assertion that these fragments were

. cirecular is made again for two reasons. The

~eireular moleeules'are more stable and can withstand

3.4

rigoaraiggof hydrolysis. There is no free ond,
To remove a base two bonds have to be hroken and
two stacking inmteractions have to be interrupted;
while in the lincar DNA, gradual chewing at the eud
i8 very easy. Sincélthe'same replicase has to
repltgate both + and a §trands, both of them should
have a folding [attern recognizable by the enzyme.
Symmetric arrangement of the recognization sites is
responsible for this in the RNA phage, kel .
It 1s easier to have eymmetfie orgaﬁizatinu in a
circular molecules than in linear onss., |
Iac?eaee'im the‘Eiﬁelity of Replication Allow
Integration of Fragments into One Genome

As the hypercyclic precellular systens

evolved, the'tiQelity of replication improved,
This could have taken place by sorting out the

 best sequence for the basic replicase and by

introducing one or more proofieading functions imto
the enzyme. Increase in the fidelity would permit

exigtence of bigger sequeunces. The structural
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' integration of individual fragments would become
permissidles This can very well take place by
Iusioﬁ-of, otherwise hypercyclically linked circular
tragﬁantsa The fusions would be probably raundom,
and‘meﬂinte& by rudimentary, 'illogetimate' and
néa-homologous recombination ¢vents and by unequal
erosaihgﬂovers. As discussed below, thi® is the
time when the transition from a single stranded
genome to'a double stranded genome would take place,

and thus, above processes would be possidle,

1f they are random, most of the integrations
would take place inside the genes with a minor fraction
going botween genes., This would result in gaint |
ohromesames; with a number of genes broken beﬁa-_uae}v
of the presence of other geﬁes in them, Alémaai
fraction of integrates would, however, have all the
genes intact. This would éorreaponﬂ to tﬁa‘fusiana

taken place only between the genes.

Integration of small fragments into one
gaint chromosome would be of immediate advantage for
the system, In a hypercyclic organization, the segre-
gation of genetic material at the time of division
of the cell would be very inefficient one, When'all
the members of the hypercycle are multipiied, they



would devide, and very seldom both the daughter
eeile/ﬁcnld get a full complement of the genetic
material, Most of the time one daughter cell would

roceive all the members of the hypercycle, and other

one would lack some members and hence would soon
disintegrate, The integration into»a single
rapiieation unit would solve this prodlen where
,ail the members of the set are structurally linked.

This is the time when transition from BNA
to DNA genome would take places The argument which
suggests this 1s as iellows ¢ The selection operates
at both phenotyple and genotypic levels in the
bypercyclic state, An RNA species is selected both
because of its translation products.and its target
function., The former being an indirect 'effect’ of
the sequence of the gene and the latter as a direct
manitestation of its e;;equeném The target tunction
means how efficiont a substrate the RNA is as the
template for the replicase produced by the previous
member of the hygereyclégg This imposes a restriction
0f dual functions on the evolution of the sequences

.4t has to work as a target of a replicase and has to

S?Odﬁ;?‘ei af'_;lj‘rﬂsép.l'ica‘sé/.‘ A mutation which can be

i
/



éGVantageaus for the translation product would not
be allowed Juét because it makes the RNA a less
efficient target for the replicase, The gingle
nt&nﬁdﬁd nature of RNA gemerates myriads of folding
patterns, However, when the fragmented genome is
structurally integrated into a gaint chromosome, the
hyperéyclie couplings become dispensible and hence
single strandedness is not required anymore. The
system would readily turn to double stranded genome
and shed off the restriction of the 'genmotypic

- selection?, It 1s known that DFA is a better form
for the double strands than RNA, so a transition
from RNA to DNA would be favoured. But initially,
the system must have mavaged with RNA double strands
only and later gradually shifted over to DRA.

‘The double stranded genome would be tav#ared
because it can help in insreasing'fhe fidelity of
the repliéation groceés. Some of the correction
mechanisms like postereplication repair, etc., are
possible only with the double strands. In such
processes if a mismatch is encountered by the repair
enzymes, the errancous nucleotide is removed with
the probability of 0.5. However, if a repaired

strand is subjected to homologous recombination,



the chancé of the erraneous nucleotide surviving
'(in.the progeny is reduced to only 25 per cent
- {because there also the corraction is doﬁé with 50
pér cent éurity, se¢ reference 58).

The prebiotic translation mechaniém would
also favour the'éifferéntiation of the genetic

materials into the hereditary aund the messenger

molecules, the Iatar bel ng responsible for phenaﬁypic |

expression only, <The models of prebliotic tmﬁnslaﬁién
(66), proposing the concept of the static template
surfaces for translation (66,.67), are particularly
relevant in this context. According to this model

a messenger molecule is permanently ocoupied by the
the adapters (proto-$RNAs), such that it is never .

free for replicetion, For replication, a different
moleculo of the pame 'quasispecles' is chosen, It

means that two aifferent molecules of the same

\ sequence perform the functions of the heredity and
the phenotypic expFession from the very beginuing,

It would be highly advantageaus for the system if

\

the molecules are adapted to their respective
functions, without changing their sequences, Here~
ditary material must be very stable and it should be
possible to achieve high fidelity with this; the

s
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“\aigble stranded DNA 18 a poweriul*eanﬂidaia for

this. The ‘messenger function can be performed

only by a single stranded nucleic acid: it fanilitétés

decoding and high stability whereas, high fidelity

" 45 not at all crucial for it. Thus, RNA and DFA

differentiation should take place at this time.

- DEA is for more stable molecule than kﬂA,
firstly because it is double stranded (very fow
groups are exposed for hydrolysis) and secondly
the internucleotidal bonds in DNA canmt be broken
easily in alkaline medium while mild NaOH can break

down ,RNA into monomers.
The Divergence of Prokaryotes and Eukaryotes

The postulﬁfed hypercyclic organization
represent the 'progenote state! (see the next
chapter), trom which the prokaryotes and ecukaryates
have developed, After the sprée of inﬁegratﬁon)
two types of chromosomes would resulty with split
genes and with intact genes. Intitially, these
chronosomes would coexist with their rragmenﬁea
counterparts (all of them do mot zet integrated),
the singie stranded RNAs. The individuals (cells)

which had chosen the intact chromosomes became the

5



ancestor of prokaryotes, Others which had chosen

their genomes frow the immense variety and gquantity

Z of chromosomes with split genes became the ancestors
of the'eukaryotes; ,Initiail?, the second line of |
ascent was extremely difficult to start, but once
it took off it would enjoy the boundless amount of
adaptability offered by enkaryotic organization.
The initiation is difficult because it requires the
emergence of splicing as a preeonaitian. A tentative

mechanism however, can be suggested taking the
advantage of the possibility, that unsplit individual
RNA fragments also co~existed with the gaint

chromosomes of split genes, The messenger transeript
produced after the trauscription of split gene would
anneal with unsplit RNA fragment in the reglons
cérrespanﬂing io the cbdihg portion, The extrasf
portion would loop out and could be cut and the ends

be ligated (figure 9).

This 45 a scheme different xromwéeutemporary
splicing apparatus, which i%i case of tRNA utiliges
overall secondary structure of the pre-tRNA and in
case of mRNA, the boundaries of the introuns, This
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mechanisu has obvicus advantage over the ome postulated
tor the premordial splicing, which would have given
way to the contemporary one quite promptly. The

contemporary mechanism set the coding portion free

from the constraint of the splicing function, while

the ‘primordial mechanism demands that coding sequence

must not be too differemt from the splicer RNA.

- The onset of splicing has to be associated

- with the localization of the genome in a separate

comparatment, This is necessary becanse in an
one compartment system (1like comtemporary bacteria)
translation and transcription take place simulténeonsly;
The intronic DRA #aald bé translated together with |
the coding one before it has a chance éf gettling
spiiceﬁ._vwith the lineage leading to bacteria,
however, thefe is_nn problen, The problém of
compartmentation is discussed in the next chapter
in greater detail. |
Perpetuation of Introns

Having desoribed the mechanism of origin of
introns, ome has to consider their maintenance too.

Cells certainly have some mechanisms for the removal



of its extra DHA, for ecxample, some times in

.  somatic cell differentiation, some specific segmenss

:.,or DNA are deleted from the genome. No trend has,
?E-ﬁowever, heén,absefve&. in the direction of |
"deerﬁﬁsing the amount‘arlabn»codiug intervening
_nNA. enee the spzieing maehinary 1s estahlaahed
and a nuclaar'eavelnpe is tormed. introduction of

hff nevw introns would be tolerated., Introns must be

conttaualiy added to the system. The total DNA of
0011 ghould represent a dynamical equilibrium
stgte of deletion and_aadition process. Occassion~
ally nﬂa‘elemenﬁé can prﬁpagaté in a genome even
1f they do not confer any phemotypic advantage to
the system (12), Some of such elements (Selfish
eleméats) do tﬁis\either by hitch-hicking to some
crucial gene or by possessing a property of selfe
propogation (like transposition) inside a genoue.
It an element aénxei some pelective adwahtage oz
tevolutionary adaétation’ type and its deletion
mechanism is net~vé£y prompt it would spread in
the bopulatxon (15, 16). Introns prohably reprosent
this class of DNA, they are tightly bound to the
gene they 1nhibit; they coufer evolutionary advanta-

ges to the whole genome and to the gene (see

55
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" Section 2.2.2),

Two types of mechanisms can be conceived
for the evolutionary propagation of introms, which

are aénsistent with some obsgervations.

Amplification of Already Existing Introus
Primordial cells must haie*had exceedingly

low number of genes, as é@mpared to the modern

cells, 'The additional gemes which are seen teday'

have been derived from the archaic¢ stock. And it
@ .

"the hypothesis that predecessors of the eukaryotes

had'their genes split 1s correct, than the genes
which are derived from them should also be split,
vConventionally'it was believed that mew.

genes arise after duplication of an old one followed

by a drift in itg sequence by mutation ana recomblna-

tiaum Ultlmately,a, by'chance it attains a sequenee
which on translation can make a useful protein.

This process is highly implausible, since the

number of sequences,a normal gene length can attain,
approaches astronomical figures, and the-meaningxul"
gequences are a very minute fraction of that numbaer.
Resultantly on the evolutionary time scale a populae

tion will never be able to test sufficient number
\
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ot them. The more favoured idea of the gn bloc
recombination of alieady existing functions is

used to generate new functions (as discussed in
Section 2.2.2), Tnis method of production of new |
genes would inevitably give rise to the new intronms.
‘ Following processes can generate and at the same

time lead to the origin of the new introns.

1) | When genes duplicate by usual methods like,
unequal ernssiago&er, etc., 1t is highly 1mprohable
that dug1i¢atﬁpn is exact, 1.0., no exdra DNA gets
duplicated detween them. Some spacer would inevisa~
bly appear. It, later in evolution, the spacer,
together with the termination signal of the first
gene attains a sequence of splicer sites and the
Joint product of the two genes makes # meaningful
protein, the composite gene would become functional
and the spacer would be established as an intron
(tigure 10).
The structures of im#tzoglcb‘ilun genes

suggest that this might have been the first step
‘in their evolution (29).
2) ‘Insertion of an exon with its flanking regious
{parts oz intrﬁns), inside an intron migh? prove
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Benoticial for the construction of a new gene,
This process results in the formation of a new
intron (figure 11). |

.Hemoglobin gene could very well have arisen

by such a procedure, the exon, corregpouding to

- heme binding portion being recruited from a gene

like cytochrome (see section 2.2.2).

'3) " An exon within a gene, on duplication with

its flanking regions would generate a new gene, with
au additional intron and eXon. One possible
mechani sm may'balthe unequal crossingover mediated
thraugn respeetivgvelements present inside the

introns (63)(s§é figure 12).

This duplication can take place by crossings
over hetwaen the two exons also, if any haaology

exist between them (figure 13).

Several genes could have evolvad by this
mechan&sm. Collagen gene represents an interesting
case st;;ngly suggesting the cecurensgy;x such -7 R
unequal recombination events in its evolutionary
history. The gene has a total of 51 introms, The
Middle 14 exons, correspond to a region of protein

where three o(-helices supercoil to form a triple
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helix (69){sce Lehinger, Biochemistry for the
Structure of the Protein)., This region contains
repeats of aminpacid triplet Gly~-X-Y, where X and
Y are often proline andﬁydroxypmline: Each
exon in this region is & multiple of 9 bp, which
code for the rapeatingvtriplet. an_oi 14 axoné,
two contain A5 ?ﬁ,'aeven eontgin‘ﬁéuag, three 99
bp, and two 108 bp. Large and small introms are
alternatgé_in\a pattern 1 99 - 45 » 99-54. 108 «
54 « 99, Aforesald type of duplication must bave
taken place in this gene, since unequal crbésiﬁgavgr
betwoen aifferent exons would be a very likely
event {because of their homology). If reeombiﬁafiaﬁ
between two exons at non-identical positions takes
place inside the 9 bp repeat, it would result in
disfuption of the helical structure of the collagen,
‘and thué be deleterious. Ther}&ere, exon aihé would
always be kept as muittpleof 9 vp (69).

A set of exons can get_duplﬂcateﬁ together,
This has probably taken place in o{ ~Fetoprotein and
aihumin:genes, vhere a set of 4 exons have triplicated
. Jointly (70). Stiucture of conalbumin gene is also

suggestive of a similar duplication : 4t can arise

4
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by a ﬁuplication of an ancestral geng already

‘split in seven or eight pleces (71), The

Ovomucold gene may also be a product of an ancient
intragenic duplication (25).
Ingertion of New Introns

Not in all the cases is it possible to
éxplain the existence of introns by auplication?

“or contimuation of already existing ones. In these

cases when homologous genes are compared it is found

that introns positions are not conserved or sometimes

‘an intron is missing or Bas been added at a mnew

position, Fér example, in actin gene family, introns
interrupt varidhs genes at éiffereht positions and
gones from different organisms also show sometimes
different locatious of introus (10). 'Thare is no
obvious domain - exon correspondence in this protein,

This can only be explained by ranlom deletion or

insertion of a few introus. In other genes also,

where introns are randomly arranged and chango their
locations, it may be necessary to postulate the
ingertion or éeletian of introns.

This kind of insertion can casily take place

through a humber of illegetimate recombination
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methods, mediated by transposable elements. DRA
viruges or retmvimsas. ete., (72, 73). Since

| many copies of the genes exist, insertion or aeletion
in one gene wouiﬁ not be lethal for the inﬂividaal,

1mmed1ately.v



A, TRE CONSRQUSHCE OF SUCLEAR ESVELOPE

¥

5.1 The Three Lime Descent
G#ﬁwaatiaaally it was believed that

 eukaryotes arose from an ancestor, similar to the
contemporaryprakaryotes, quite recently in the
early precambrian epoch. The assumption was made
basically because of the difference of the level
of complexities of the two elasses, Siunce the -
&wkaryates bave more complex cellular orgonisation
and ge’n@ﬁe. they must arise :f.‘rém t‘ha prokaryotop
vhich are simplér (74, 27, 75). This view of |
oarly cellular eﬁ'a?latmn is undergoing axteaé&va
revisions (75, 76, 59, 77-79). Voese, Fox and

42
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others have propounded a theory, the three line
ﬂdéeen$ theory, that both eukaryotes and prokaryotes,
arose together, with a third group called
?Areﬁ%aetéria‘, from a common ancestor vexry early
in the history of iite (59, 77, 78), The ancestral
form which was far simpler than auy of the prokeryote
living today has been called as the ‘yrngonbta:@té@i'.
The three groups which represent iﬁé'ﬂOIt tundamental
trichotomy of 14fe arp ~ the aruﬁgaeteria including’
methamogenes and halobacteria, the eubacteria,
iavolving common bacteria and oynophytes and the
' eukaryates; In the beginning, eukaryotes had only
the amcleés as the attribute of being eankaryotio,
This form has been termed as 'urkaryote'. The
cytoplasmie orgonelle owe their origin to the
lineago of eubactoria,some mombers of which
establishoed syubiotic relationship with the nuclear
host and ultimately became an unnepa;able componont
0f the eukaryotic cell (I;gure 1&); |

The three line descent theory, unlike the
éonrentiénal view is supported by some experimental
evidences. The primary structure of ribscomal HEAs
from a.knrge_nnmber of organiszs and organclles have
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been characterized and compared. The comparigons
were done with the oligomucleotide sequences,

A A ' K _
obtained from the T1 e¢ndonuclease digestation of
rREA, rather than with the complets sequences..
The ocomparisons reveal that the sequences cluster
into three eoﬁapﬂleuonsly distinet groups, While
the members of the same group are extremely similar
to each athgr, the different groups show such a.
vagt difference that they are called, the three

) ¢
primary kingdoms, They correspond teo areﬁhagtaria;v
eubacteria and eukaryotes, This observation has
been explained by the hypothesis - o

"%he three lincages diverged at a .
presumably wexy carly stage when gem tﬁn
organization and machinaxry for gone
expression were undergoing rapid Darwintan
evolution in the direction of increased
effeciency and acturacy. The profound
differences betwoon these lineages are
best inlerpreted as independently |
achieved solutions to the problems of
hov genss should best bo organized ani
expressed®, (75),

h i'he tine of divergence can be assumed to
e at least 3 billion years or more because that



is when earliest blae greon algae are found (60},
In addition to those gonealogical evidences,
difforonce at the phenotypic level between

Ziarehbaeterta. eubacteria and eukarvotes are compelling
enough to make us postulate the turee lino descent

4.2

bypothesis. There are strong reactiows to the
theory, but most of them arc semantic in mature
(Roference 81 1s a mors serious criticism),

The Hypothesis is Consistent with the Three Line -
Descont Theory '

Ono of the most immediate implications of
the hypothesis @weaenéeﬁ in the provious chapter,
for the nrigin_ﬁtvintﬁbns is that the eukaryotes
and prokaryotes arose simultancously from a common

~ ancestor. As is clear from the previous seotion,

the three line descent thecry says exactly the

same, At the time of traunsition from 'hypercyclically!

organized, fragoemted genome (REA) to an integrated
genome (DNA), the lineages of proksryotes and
eukaryotes took off. The lineage of the ancestors
of oukaryotes {the urkaryotes) had introus, splioing
machinary and the nucleus, whiie the prokaryotic
lineago bad a bare chromosome with unsplit genes.

65



It true, thie hypothosie throws some light
on the mystical progenote state. The early self-
replicating gystoms with hypercyclic prggniaati#xx |
can be considersd as the progenote state, This
iﬁate would be oharacterized by, fragmented but
byperoyclically linked genomes, single stranded
(etreular) RNA as the gonetio material, a rudisentary
cell membrane and avaerobic heterotrophism, It is
considersd anaerodic because, N0 oxygen was present |
in the atmosphers and hetorotroph becau se’. it could
utilize emergy rich monomers abiotically synthesized
by the action of UV, etc.

e i am e

The mgst fundamental and’, universal attributes

of contenporary uvxng bheings, like the genctic
code and translation apparatus, etc., must havo |
evolved to at least their rudimentary form in the
progemote state, This is expected bocause of the
universality of these features in all the three
 groups, The rest of the features which aiffsr
'within the groups bave beon acquired later by the
individunl lincages.

As far as the origin of archbacteria is
concerned, it can easily be speculated that they

s

¢é
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‘belong to the same stock which selected uusplit,

integrated chramésagaa but because they had chosen
the anaercbic habitates they diverged from the

-gther prokaryotes. Both urkaryotic and prokaryotic

organzéms mugt have ecutriba%eﬁ to the trangition
of the reﬁueing atuosphere 1§$6 nn.qxidising ona.
The gradual trangition would diminish the regions
of low oxygenccity which ultimately would get
restricted to places like marshes, etc., Thus; the
sphere of areﬁ%a&%eria would becowe limited to such
habitates. Their independent evolution would
shape their hioéheﬂistry into its 9re§anﬁ wakesup,
$hou1& the organisns répreaenting the progenote
gtate, he found today? It is very unlikely.f It is
unliksly, since hypereyclic organigation eén not
compete with structurally iinked gonomes, and wvnlﬁ

attenuate %o oblivion (58).

The Nuclear Envelope

According to the hypothesis, developed in
the previous chapter, the survival of gaint chronosones
with split gencs requires coevolution of an envelope

.

around it. It is mecessary to scparate the & )
transoription compartment from the tramslation =
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compartment. If the same compartmont is used

for both the processes, traunslatioa would start
while trdnﬁ@riptiaa is still going on, and the
_immtéa'uoulﬁ &é traugiated even bsfore it ad o
change #é get épii@cdf Bigarre traunslation products |
wouil;d be formed, Similar thing would happen to
ribosomal and transfer HNA also, for exanple, it a
rﬁ&gets assenbled into a rihosom,’ ‘ﬁi,:‘*.h ﬁt-ﬁi
intron 1n, the resultant ridbosome would be funotione
~ less. A solution of this problem is ¢ separate

. the compartaent of translation from the compartment
of transoription, which can casily be achieved by
éngstﬁe.tiag an envelope around the transeription
sit‘e} To generalize § "Ths compartment of !msatioﬁ
aust bo se éaraeaﬁ from the compartment of forumation®,

One of the iumplications of this idea 15 that
evolution would not favour introns in one compartment
syotoms., "Absence of comparitmentation mean absonce
of instron.® This has indeed been observed § 1m0
prokaryotes, no chloroplast and ne mitochondria:
have introns in theiyr genes. (The exanmple 62
- mitpchondrial cytoehrome ( introns, does not violate .
this rule as discussed in section 4.5)., Thaere ave
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- some HRiAs, which do not code for any protein or
cytoplasmic RNA, but instead work inside the
" mcleus onlys This class of HEA which never have
to go out of the nucleius are called small mcelear
RNA (Sn REA; involved in spiicing @xs indicated in
Section 2.3.,2)s According to the princi ple stated
above their genes should mot possess introms,
Fortunatoly, a gene for ome of the Su Ria, the I ,,
BEA have been charactorized and have beem shown to
harvor no introns (83).

Once the splicing machinary is establiched
and the exvelope is formed, Pt"e&enn-é" of introns
would bo consolidated., Not oanly the already split
genes would remain gplit, splitiisg of the now
genes would also be favoured (by the procescess
deseribed in section 3.7 and 3.8), because the
nosatc organization of gesoomes confer several
evolutionary advantages (discussed in the ssoetion
' 2.2.2). Presence of nuclear envelope around the
genetic material stipulates conditions, very mftarﬂnt
from the prokaryotic organization, Fox exanple,
horfizontal transfer of information cannot take place,
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rogalation of gone expression is altered, mode of
" the mRNA utilization is differont and monocistronic
transeériptional unite are necessarys
in pﬁ&awo%@ a tell can receive and

utilize, DNA from cells ar'tba sane species or o |
raiata&épecias, iv its life time,by the processes
ot ‘ﬁmﬁeﬂm%m; conjugation and transforoati on,
This process, called hori za'atél tran.a:éor of informae
tion {.2?), fs possible here because DFA bag to cross
ouly one barrier that is the cell meubrame to reach
" to the genome., The horizontal ﬁiansser is not
utilized naturally, in enkaryotes because of the
~ second barrier, @ﬂeteq by the .;ﬁuélanr ;aﬁvelwe" and

the hostile eytoplasm. This blockage to a very
mpﬂriaat source of variability 1s compensated
in enkaryotes by mechanicme J4ke gh bloe recombination
-ass:i.até&- by introns as 4l soussed earlier,

Existence of the angxeair ﬁnfsloye mwcoasiate
the use of mRNA in o different way. The prokaryofiec
BRNA is Bighly unsteble; esomeiimes, even hei‘aija the
conpletion of transcription it starts disintegrating.
This 1iadility 15 ossential because it makos the
transerd pﬁami regalation vesy effective, =+ &

-



the half-life. of mRVA is very small, the rate of
protoin synthesis can be changed by merely alteriag
the rate of transeription (84). However, such an |
unstable mRNVA ¢annot work in eukaryotes primarily .
because; the transcription and translation is une
cou pied, by the nuclear envelope. The enkaryntié
nRNAs are highly stable (hecause of the cap and .

the pa!yaA tail), and hence the regulation at traasa ;'
lation beenmes significant, Besides this, the
eukaryotic condition provides two additioml

levels of regnlatien - the splici rg @ transport

of mANA acress the nualear menbrane,

_ The mnnpciﬁ%?nnic nature of the messagE§‘ |
in eu&aryntés may élsa be a sonsequence of nuclear
envelope. In the prokaryotes where polycistroniq
 meeseges are found, the ribosomes draggle behind
the polymerase and the ribosome nearest to_t@ax

. polymerase molecule is almost attached to it,
Between each gene in a polycistronic mRNA, are weak
transeription tersination signals, These signals.
are skipped if the ribosomes keep following the
polymerase, If, because of some reason ribogomes
are unable to ioliaw the polymerase, the transcripte

fon stops at the first terminmation signal encountered



(85). The reason for this is not known, but the
ta@i*téatrs out of 4 polypeptides of 'QB RNA«.phage

| replicase' belong to host translation gyston (EPTa,

Ts and 81) and one of the aat£Vatofs ot naimal RNA
polymerase the () factor is EF-Tu of the translation

- systen, indicate a tigat‘coaplins»betnaen trasslation

and transcription, From tﬁase obgorvations, if we

assuse that the eaﬁpling botwoen the ridbosomes amd

RNA polymerase is essential, for an‘aahiﬁdered_
trauseription of polycistronie messengarsg'the

- nuclear emwelope would not nllow’tha existence of

-

4.4

polyciotronic oporous in eukaryotes. The euvelope
intersects the transeription from the translation,

The Extranuclear Conpartments

At the time of transition from hypercyclie,
progenate siam to éenular-wganimtian; diffexront
fates awvaited the membrane systems of the two majof
lineages. Prokaryotes developed a wall outside to
their cell membrane while membrancs o:‘urkafyutaa
gained the properties of exocytosis/endooytosis
and extonsive invagination. These are.the properties
which can be instrumental in the development of the
nuolear envelope (and mitoohoudria/ehloroplast as

7
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- well)(87).. The nmclear envelope which is a double
menbrane, bas been considered as, coalescnce of
fuvagivating cell membrane, These foatures of the
membrane would nllow the n’rl:aryotga to develop
the mechanism of engulfing particles of supramolecunlar
sizes. '?he‘in$efaal membrane system would enadble

them to increase the total volume of the cell, while
the prokaryotic cells would be ‘-Qapt&vated in the ~

boundaries set by thoir cell wall {Prokaryotes
would have to live upon only the diffusable food).

The seltérapiienting systeﬁs of the progenote
state, presumably depended upon the supply of energy
rich monemers synthesized ablotically in the suviron.
ment by the acti#ﬁ'of UV ete, Ultimately, this had
to be replaced by endogenous production, bg"using
“the solar enorgy or by oxidisivg the reduced materials
obtained from pin peytosis oxr diffusion assimilation,
'mis; would be accompiished by the development of ‘
the eleetron transport chains, the vectorial transport
of proton across the cell membrane and the ATP

synthesis apparatus,

Contemporary oells produce their ATP by two
processes, the pubstrate level phosphoryiation and



the electron transport system, the later constitu te
. the major portion of cell's energy production, The
mechanism of ATP synthésia through eleptﬁbn iransyurt
pysten ié explained b§ widely accepted cﬁemi&somatic
- theory (88, 689), According to this theory, when
electrons fLlow, éown‘the eloctron transpert chain,
located in the cell menmbrane of bacteria or inuver
" menbrane of mitochendria, the protons are translocated
across the membrane irnm the inside to the outside
- medium, This veetorial translocation of hydrogen
jons leads to establishaent of an electrochenical
gradient across the mmmbréne. The electrochenical
gradient, then is used to drive the ATP syuthesis
(88, 89). |

As the size of cells iucreased in the urkaryotes,
the naahervat‘aleatman transport chaits would become
{neufficient to establish gradiants strong enough
to drive the ATP aynthesis, The number of elcetron
tragspurt chains can increase only to a limited
'exteat.'theiiimit being set by the surface area of
the membrane. The volume of a cell wonld increase
with the third power of its radius, while the
surface area, with only the second power, Thersforxe,
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1t will not bo possible to accommodate sufficient
nunber of electiron traﬁapartzehains in the cell
menbrane (90). '

| A solution of this problem is to make scpagate
éodparﬁments.tar enorgy transducing systems, As 1s
clear from fhe‘requiremant of proton gradient for
ATP symthesis, the compartuent must be a close oue,
The nature of the functions these comparfucnts
have to perform, is such that they should contain
théir own DNA and protein synthetic machinary inside
themselves, This requirement is necossary because
some proteins must be inserted into the membrane
enly fyrom inside, iavégniave the required asymnmetry
of mezbrane for veotorial fanctions, fhe evolutian
of the ehlnﬁaﬁiggt and mitochondria was an outcome
of thip requirement, There are two contrasting
viows about the érigiﬂ of the two organells - the
autogonous and the sywmbiotic hypothesis. According
to the autogenous evolution theory (27, 87, 91, 92),
invagination of cell membrane around a plasmid or
some other DNA elomont, formed the first mitochondria.
But the eadésymﬁtatie theory #ays that, the yn&kéryotie
¢eil which had acguired the apility of pinocytostis,

15
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- engulfed some respiring bacteria, which instead of
becoming the food of the cell became a symbiont
(79, 2?; 75). This idea owes its origin to the |
1mménae amount of similaritfes between the bacteria
aﬁa mitnﬁhenﬁ:&a/chloroplast: similar electron
transport system, size and organization of genome, .
and protein gynthetic wachinary, etc. Vvhen the
chloroplast riNA seéuenﬂes were compared with rest
of the organisms, ﬁhey‘fell_into & group which gsv
Autherwigg'made up of prokaryotes only (77). Siﬁiiar
analysié has put mitochondrial rRVA also into the
group of bacteria (93). These observations point
towards the hypothesis that at least the genetie
material of chloroplast and mitochondria is derived
from thé héeterial pool. This, however, does not
constitute an evidence in favour of thevorthoﬁnx
endoymbiotie theory, since the membrane system,

still can very well be supplicd by the recipient,

Although neither of the hypothesks can be
accepted conclusi#eiy at this stage, few trends can
- he conceived about the early evolution of mitochogﬂria'
und_ehl#roplasti Getomes of the gymbiotif bacteria
or of autogenously developed progomitochondria would

1o0)se genes whose functions can be alldwed to express
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‘by the nuclear genome, For example, the genes

whoge products can bo inserted from outside into the
membrave, This tremd would be favoured becauss it
reduces tho autoxomy of tho organelle and allow the
hoet o have complete control over the duplication
0f witochondria/enloroplast, ﬂaéidaa thiﬁ. some
changoes would be necessary in the hiasynthetia ond

- metabolic machivary of the organelle, to avoid

ouddiing of eytpplﬁﬁm&@ fanctione with @rgaaalle?ﬁ '
functions. There would be sorious problenms,if
cytaplasmie oifiAs con get expressed in mitochondria
or mitochondrial ones in the cytoplasm, FProbably,
this 15 what lod the mitochondris to develop &
modi fled genotic dode (94).

”;ﬂI&ttoné of the Maveric Mitochondria

- According to the 'thasis of compartments?
no introvs should be found in bacteria or mitochondria.

~ That has‘indecd gomerally been observed but severdl

genes in lewer suiaryotes have been found to contain
severél introns. Apocytoohrome gens of yeast (95,
96).and‘c£ Agpergzilius {(97) contain five to seven

and one iatman@)r@syeetively, These introns, oconsidere
ing their splicing mechanien, do vot violate the

77
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basic premises of the hypothesis proposed in the

- earlier sectioss. Organization of those genes is
- such that final product ean be made only after the |

removal of the introms. Removal of the intross
eaploys a mehiizag’y radically aiffereut from the
nuclear splicing. The prececding intron wokes a
protein in collaboration of au exon, tne.mtumseg
which removes all the introuns from the RNA transcript.
The final trauslation can take place ouly im the
processed mANA. Traunslation is separated from
transeription not through a spatial monmbrane but
by a functional barrier. HMorsover, these introne
are not obligatory for the survival of the mitochondria,
mutants are &'nomi where all the introvs are missing
and apocytochrome progein is made normnlly (96).
An Intron is not for EBver

Host of the introns are as stable as exons
in evolution, but occasignally some of thom are
mnm} leaving their gencs., %he mochanisms which

desoribe these deletions doos not challenge the
goneral mechanism proposod for the origin of introns.

‘One of the 'oC‘—plika globin pseudogens has
lost all its introns (98). The deletion is so
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accurate that mot a single base is da!tt@d from or
added into the maéin'sg framos. stmiar phenomenon
has beon observed for a pseudogene of human imzunoe
glohulia (99); From the organization and sequence

' of these peeudogenes, it appears that they are
reverse tranéevipﬁnﬁ products of a fully processed
wAliA, which bave been conveyed back to the chromosome
by some retrovirus like eloment (100), There are
few choervations suggestive of this ¢ pseudogens

bas been translocated to a chromosome differsut from
its family location; 1t contains repeat sequences
like the rgtéo#imu terminals; & stretch of poly-A
is found at the end of the genme (99, 100), IXt would
be quite an aesthetically appeanling h&mth&aia that
a retrovirus kidnapped the aREA and insorted its
DRA copy at a random site. |
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