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TEMINISM

In 1958 Crick proposed the central dogma of molecular biology :
Transcription Translation

DNA + RNA + PROTEIN
However, in 1963 Temin reported that in some cancer viruses a
reverse flow of genetic information takes place. Certaig BENA tumour
viruses synthesize DNA_ which n turn codes for protein, Temin’s hypo-
thesis, pul forward in 1964, is that in RNA tumour viruses RNA replicates
through a DNA intermediste. This was confirmed by the discovery of
an enzyme which makes DNA from a RNA template. It was also found
that if the RNA of the virus was destroved by the enzyme RNase, then
DNA synthesis was prevented. This suggests that RINA is acting as a

femplate for DMNA synthesis,
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h nents in other laboratories conflrmes o«
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ent DNA-polymerase has been found in the lymphocyte “h

1 T , providing some hope for future leukemig comiro], e
sion of the central dogma has been nuggested by Cyigk in lh%‘
undergoes replication o form DNA and transcriptiny (o for " DN,
‘then takes partin protein formation, RNA can v
tion to form RNA and transcription to form DNA, hhulu];.l"“
kes part in protein formation. In the diagram (Fig. 12,28 e theg
FrOWs ir 1te the ,Ill;lem,l transformation of itl.fﬂ'.l'muliun_ Thﬁ Solig
nes ;'lplnln! transfers that do not oceur in most cefls, dotteq
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Y RNA-dependent DNA synthesis,




1.2 Mechanism of RNA Transcription in Prokaryotes

The mechanism of RNA synthesis was worked out in late 1950 by the A
mveshigators, Jerard Horowitz, Samuel B. Weiss and Audery Stevens in jn .
experiments. The existence of mRNA was first shown by Spiegelman and cowor

and RNA poelymerase aclivily was discovered by Weiss in 1960,

Material Required

« RNA transcription requires;

| I. The enzyme RNA polymerase or DNA dependent RNA polymerase
_ 2. DNA template strand the transcription unit

i 3. All the four types of ribonucleoside triphosphates (ATP, CTP, GTP and UT
¥ 4. Divalent metal ions Mg"" or Mn"" as a cofactor

No primer is needed for RNA synthesis

. RNA Polymerase in Prokaryotes

- Bacterial RNA polymerase is a complex holoenzyme (hat catalyses transcription of
RNA. In prokaryotes, single RNA polymerase (RNAP) enzyme carries out synthesis
of all the three types of RNAs. But in eukaryotes three distinct RNA polymerase
- enzymes, namely RNA polymerase I, RNA polymerase 1l and RNA polymerast
M catalyse synthesis of rRNA, mRNA and IRNA respectively. Each bacterial cel
\of E. coli has about 1000 to 2000 RNA polymerase molecules. Mitochondria and
chloroplasts have their own RNA polymerases, which are similar to bacteril

polymerase enzymes.




FIGURE 111

e single RNA polymerase calalyses synibesis ol all the thiee Iypes
cnfi, the holoenzyme RNA padymerase 15 o large protein with
Gl of 4,850,000 1L is & BnYocuzy we ard consists of gwre enayme and

., l,l"mnﬂ

_L o tuﬂ,‘] is formed of Fouir tightly assoceded protein hains ey

fn with ‘molecular weights of 1 0,000, 1,500,000, 90,560, and 4,000 respectively.

s mon-specifically 10 DA remplale and migmies dowTsloeam il e sigms
|_|"-'— m m]'mm rﬂ!hﬂ

I The @ Subunits: The core cniyme las two molecules of a-polypepiide.
~ This is coded by gene rpad. The a subumiits are needed for the assembly of
| core enEym snteract with seme regulalory proncines. and probahly belp in
 the recognition of promater.
: Th @ Subunit: Only one copy of f subumit 15 present in one molecule of
core enzyme of BN A pulymerase. It iz cneoded by gene rpol. The f subsmt

pinds with the incoming nucleotide o be adled o RNA chain and helps in

;[m-mlinn of first phosphodicier hind.
The 1) Subunif: 11 is encoded by ot gene and binds wilh the wemplate

gimpd or antisense grand of DNA. Theretore, hoth | and ¥ are catalytic

eohunits of core enzyme.
ymega (1) subunit: [t i coded by gene i and s 4 moleculir miss
0,105, It helps in enzymie assernbly but is mot raquined in cuzvime scnvily.
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2. s‘mn !ubuﬂ” tr'}

is formed of a singhe polypeptide cham, o,

sl it It recognise
: ! by the genc rpﬂf} I recigmses the .
EnFVme. It is encowded b me of BRYA palimerise 1 ¢ il

mlecuke divects the gore eAEy
region :r_l::y:f:r'ﬁmuutm codon. The a subunet recopp,
mqn.lm:l: in the promoter region of the codng strand (ie. poe
[INA These are —10 sequence and 35 sequence,

Therefore, ability of holoenzyme RNA polymerase o recogn o, -

is due fo o subunit, which also facilitates opering or melting of |
siibuini separaies from core enzyme onoe abowt 10 nuclenlides o inel
RMA franscripion
The core cnzvme wilhout sigms factor binds nonspecifically _—
DNA and can tramscribe DNA there, because it fails to recopne, Pl
on DNA templase. [t is also unable to discrimimate between 1he 1 ok
AR N W

Belix 1o be used as a template. Sigma factor recognises specific |
sites where RNA synthesis can begin. These sites are called promafy gy,
there arc different sigma faciors, one each Jod EVEry promuober s

3. Functions of RNA Polymerase

1. RNA polvarerase unwinds about |5 bases of DA arourd the iz
@ form an opeh promoter-DN A complex and prowides
fo act a8 lemplide fos Irs s cnplion

lﬂu T, = o
b HHFM of DNA starr mwinding after the waif
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13.5 Transcription in Bacteria

Aler rending this section, you Showd be able 1o

® Wlasirate the orgarizstion of bacteral geres e atypica| apermn

B M| b e Airucta of § hypaal hacieds AR poymer s
bR

W Jutline the even b that occur daring the Sree pheees of
TarACT e

B [Bmouas the role of bectersl promebers s sigme Lo in
s cripion Ink lavoe

B asirguivk Soninoe pendent iermieatan of rarsc ipiion fom

it-bepsbaia T D rreinaion of manscription

Synthesls of RMA usder the directian of DA |5 called trin-
scriptlon, and the RMNA prodec hes & sequence complementary
to the DNA bemplate directing its symthesia. Althoagh adenine
direcis the incorporstson of thymine during DA replicalion, i
usmilly codes for arcil during RXA synthesis. Transcriptios
prearates thood magor kinds of ANA. Transfir RNA (LRMA)
curries aming ackds duaring proteis syrihess, and ribossmal
RMNA (rRMA] mokoales ame companents of ribosomes, Mes-
seager RNA (mBNA) bran the memage far pralesn vy nibesis,
Bacterial penes encoding proteins imvobved in o relsted proces
e g encoding enzymes for synthess of an amino acid] are of
ten lcated chose toeach piber and are transribesd from a single
promoter. Swch o tramscriptional unit is termed an operos.
Transcription of sn operon yields an mBENA consisting of &
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Figure 13,22 Polyostronic s Menachonic mBlAs.  “owostore
mipAy are commenly cbsensedie Baciera oec sechaca lubanotic geee
Wi By Gl v W O T T RkAs

Ieader fodlowed by one coding region, which is separstod by a
ipact from the stcond coding reghan, and o on, with the fnal
sequende of pecleotides being the trafler. Such mRENAs are said
in be pelycistronic mRMNAs (figare 13,228) Each coding e
plan in the palycistronic mAMA is defined by a start and sbop
cisdon, Thus esch coding regiomn is translated separabely bo give
rise 1o 4 single polypeptide. Many archacal mRMAS are also
pobydistronlc, Howerer, pelycletronic mENAs are rare in oo
paryoles. Instend, their mBENAs are usually mesnocistronic
mEMAs (figure 11230} containing information of & singhe
pene. MM Thamicription [schion 15 3)

Bacterial RMA Polymerases

EHA |z symthesized by enzymes called RNA palymerases, In
bacterie. o simgle RMNA polymerase transcribes ol geres. Mosit
bcterial RMA podymerases contain five types of polypeptide
chaine o, @, 17 m; end @ (Bgure 13,25 The RNA pobymeras
core enzyme s compesed of five palypeptides (hwo o subuanits,
B @ wnd ) and cutalyeen RNA synthesia. Inberestingly, the
sabunits that form the core enzyme are comserved in archaeal
and gukaryal ENA polymerases. However, their BNA paly
mirascs considl of additional proteins and are langer and mone
complex than the bacterial enayme (e fable |55, The sigma
fuctar (o) has so catslytic acniviey bt helps the core ensyms
recogniee the prometer, Wihin sigma & bousd 1o the core en-
eym, the sin-subanit complex B3 wermed RMA polymerase
halasnaymwe. Only holossyme can bagin tranucriplion, bt
the core enryme :u'l.pln:ﬂ RMA syethests omoe it hes been
imitinted

Stages of Transcription

Transcription isvalves three srpamate processe; in#ation, dlon
gathar, and ermlnason, which sogether are often referred o &
the tramcripiion cycle (figure 13,24} Sigima factor s critical o

133 Tracripbon in Bactevis 305

Figuwre 132 RNA Polymarass Srurters.  "Be haoeneyre (N
oanpien ol The bacesum M agon o, Proien sorlsos, That oor bac ihe
DM, i et e e o o Pe o G The — 0 and — 35 el
i the prommer Jie e psllos e imered S0 50 B cowred by e

B bt ir A view

thet initintion proacms, It positions the RNA palymerss corr 4
zyme ai ihe promoter, Many bacierial promoters have two char-
acieriatic irstusee o sfguenod of uix baies jofben TTUACA ) sbout
15 buse pairs before (upstresm) the transcription starting padnt
amid 8 TATAAT sequence called the Pribnow boa, usually shout
10 b pairs psiveam of the tanscrptional stari ste | fgare 15.25;
alsa hgure 130500 Thess reghon are called the — 35 apd — 10 sibes,
respectively, becamse these are their distances in nucleobides
wputreamn of the first nucleotide to be irenacribed (e the +1
site]l. Sigma facior recognizes the =10 and =15 seguences, and
directs the BN A polymerase core enayme o them. & Slape of
Transcripiion

At this paint in our d|scession, it s worth soting that bac-
terial celle produce mose than one type of sigma facor. Fach
wigrni fivor preferentislly directs the ANA polymrais io & dis-
tingt st of promotere. For instance, in £ coli, most genes have
promebers recognited by & sgma fector called @™, This sigma
factor recogmizes promoters having the — 10 and — 15 sequences
wherwm in figure 13,25 and table 13.2. These sequences are the
consemsus sequemces jor 0™ recognized promoters. Promaoters
recogmized by ofher sigma factors have diffevent consenses
sequences. The mse of different sigma factors o iniiate tan-
scription is & commpn bacterial regulstory mechanism, = we
descrils in chapter 14 Our focus bere B on ranscription of

gines recognited by o™,




»a ﬂ-—ﬂl B mer ol Carwame Fepl et and Lge eieor

Figuie 13,34 The Bacterial Transcription Cycle.
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Oince Bound b the promaoter, RNA polymersss wnwinds the
DA (fgure 13.26). The — 10 site i rich in adenines and thymines,
making # easier to buvak the bydrogen bonds that keep the DNA
doiibils randed; when the DNA b efwound o this reglos, it W
called an open complen. A region of mmeound DHA equivalent 1o
abua 160 B0 base pain bocome the “transcripeion bublie which
maves with the BENA polymerase as it smtheszes mENA from the
twmnplaie [1MA strand during dongation (figwre 11.27). Within the
transcription bubble, a tempomary RMA:DMA bybrid i formed. As
e iigma facior dissoclates from the other subumits and can
help amother RNA polymerase core enzyme initiabe transcription
ilguire 13.24).

Thae peaction catalyred by RMA pedymersie |5 quite simalar bo
that cutalyzed by DNA polymerase (Gpare 11.10), ATR GTRCTR
amd UTF are wied o produce RMA complementary to the DNA
wmplate, apd pyrophosphaie (s preduced a8 Fbensdeoide
maonaphesphates are incosporated iste the growing RMA chain,
Pyrophesp hate i hydrolyzed 1o fisdl the process. ENA synthesis
oo proceeds s a8 57w 3 disection wilh mew nisdest|des being
wdded o the 37 end of the growing chaim, msking the RNA
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Table 13.2  E col Sigrma Factoss and the Seqguendes They Recogn|ze
Sigrma Factor Consendus Promouer Seqisences’ Genes Transcribed from Promater
| ™ TRACAT TATAAT Bl fjenes
| o™ A THGLA T, Trar mitragen irii Linbwesiidti
| o TIGACA TCTATACTT Tt for tatorany phase and firen swponses
| -~ TCTCNCCCTTGAA CEECATTA Ganes for has-shack respanse
l i CTAA COGATAT et hor Chama i Bne motikty

1 Wieh tha enzegeme ol ike o™ promeizn, o Cerseen, wopse ax led i -5 ol =10 el The o~ it padettoe i damed o -4 5 -]

I iy R

Figure 1338 imnistion of Transcrigtion in Bareea,
tscior of the F8A polgmense Boiperayme & respomible for pmAoning e
TN ETEy TV DRTEeTh 1 thie IRDmanee. Sgma Facii MROngriaes TAM SInrs in

Thi wgr=a

Thf g B P D ieed o =15 a0 Ther oithel) Cfivlesedl = "0 D
e ey, B [l o e - 10 s arsencs i form 5e, ogen
romplex. The sigma Baoior dmncioes fom the fore enpyme aher

MR g A i

complementary and antiparallel to the template DNA. As elongs-
tinn nf the mBMNA oonfinues, single-stranded mENA i released,
angl thse rwo stramds of [MNA& behind the transcr ptios hubihle e
same their double helical strecture, As shown in Bgure 1324,
RMA polymerase ks & remarkable enzyme capable of several ac
tivities, including uswinding the DNA, moving along the tem

plate, amd synihesizing KN A

Hustmotcie beivg
a1 e 1

#‘!;:H‘Hm

s L THITTT

Ry points:

* KA polyF it Shoas along M DNA, CRaErg an SDes
compies g § move

# Tha lergale slrand @ sesd b maks 4 compeman oy copsy o INA
af an FRak-DOrA Tl

# The 186k m pyrihessec in & § o 3 dieechion wing rboreciecsde
Irphrspfufen s precumion. Popfoaphse o relassed Fof ghoan)
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thart Ul s sabertrioes for T in e BB

Figure 13.27 The “Transcription Bubbis.”
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Figure 1120 Facior ingependest Term inason of Transoiptios

Ths type of = rmingor Lorters o e repes g @ &b seguece
dowrpmamfum e mpeet & protein caled kol ihmudstey Iemmingtion

Termenstion ol trenscrsptios ocoars whes the core RNA
polymeerass dissociates from the emplate DRA. This is broughi
abosst by the ierminator. There are two kinds of ierminators. The
furst type causes facton-indepen dent term inatien (fgere 13.28]
This terminabor consists of an imverted repeat follewed by an
A-nich nacleotide sequence. BNA polymerase transcribes the
inverted sepeal, bial B pawiss within the A-rich reglon. This
allows the inverted mepeat to Fold back an itscll forming a
heairpin -shaped sem-lsop strociare. The A- L base pairs holding
the DA s BNA 1ogethes in the transcription bubble s oo
weel o bold the RNA:DNA duplex together and RMA poly-
mieraae falls off.

The mcond kind of termingior is wermed fecion-dependent
termmator becasse if regaires the asd of & prodem. Thee best: ctudsed
termination fcior |s rho otor (p). Rho fscior can be imvelved
Im tmmscription termisation of all types of genes, buf ifs sction
I8 beent stwdied for profein-coding genes. Current models pro-
pose Ehal rtho hinds to mBENA ot a sie called nat for rbe- whilinsticon
iie. Ff rhe o bind, red must be froe of ribosomes, & shown in
figuee 1239, Rbho uses energy smpplind by ATP hydmlysis
mmlhnlm-lﬂi,uimuur.ﬂqhﬂﬂhl“l
polymerase. However, o’y rale of movemest |5 shower than
that af ANA polymerase. Thes rhe can oaly cich up with RNA
polymersee If the pofymerase pames of @ rho dependent pause
site. If this ocours, tho casches up with RNA polymerase and
cases IMA polymerase to dissociate from DA, How rho does
this is nat comipletely dear. However, it is knossm that rheo Esctor
has hybrid RNADNA helicase activity. This sdtivity may cuse
umsindisg of the mENA-DNA comples. & mBNA Spnthess

‘. _/ﬂ/\"

Figure 11,39 Rhe Faoior jpl-Depersient Terminaiion of
Transceigtion.  Thi s sine manck fov v oeization s
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15.3 Mechanisms of Gene Regulation af T!'nns:ripliun Level :

induction and Repression
¥ gy,
n

A st of genies will be switched an when thers 15 necessiy [0 mciahols,
subsimee. When these genes are switchee on, enzymes are produced. This pheng,

wcalled foehietlon
Er'mﬂur.'_l., when a mebolie noeoded h_:,' haeieriom 1% ||r-|l.'HI'-5!.| if eXcpe ;
mediam, hecterian stops it symihesis and B gene aancited with s mery), |

is muemed ofl, This & callod feedback repression,

1. Induction and Inducible System (Inducible Operan)

1 H i
switched on' i PRy,

I genetie indection the gene of genes an meluccd o '
mENA. neederl Jior the synihesis of reguired enzyme or ensymes. The bz,
which induces the gene fir proteln svnthesis or enzvme production s ke, .
inchicer. The plenomenon of induction can be demonstmicd by growing £

different nutrivional smedin s follows:
& When Escborichis colt are grown in a culture mechium contadning ulvee| g
produce all those enzymies, which ore needed Jor the Breakdown of glvoeny Te
symibesiz of all other enzymes ts mantainesl a0 the mmmwn level

When these £ codi are grown in a mafium containing lactose, the synifes;, ’

enzyme fpolachosidase increases manyfolds hiz eneyeme hydrolyses Jge,
mier ghacose asd gilnciose. The svnibesis of oiher eteymes s redeced con slerh,

* When Ecclerachia cofi are grown on glucose medium. they contsin jus| frace
of frgalactosidase (an eneyme that hydrulyses nctose into glucose and galacyng,
IT these bacteria are imnaferred into 3 medium contai ning hsbose, the concenrayy,
of this enzvine increases munyfold that enables them to metsholise factow Hery
subsirate faclose bas acted as inducer activating the specific gene 0 synthess,

the required eninme. i

In the above experiments subsinales glycerol and laclose act as inducers fiy 4
synthesis of required enzymes, The enzymes whose synthesis can be induce by
adding substrale are called inducible emzymes. The gene complex reswisible for
the synthesis of inducible cnzymes is called ‘inducible system’

Anialysiz of 1otal mRNA present in the cells befare and after
shows that no foe mENA i present before lactoss s added o the
of lactose triggers svnthesie of far mRNA, Here laciose is an j
associated with the sgevmes of lachme metabolism sysiem fon ke i

addion of lagig
mediurn, Addifiee
nducer end gens
nducible syerem

2. Repression or Repressible System
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Tiai- DAL Horamsieds, s ey wsic an RNA Neirnjlae
Sy kel aric] sywthesis. With the very bnportan] ex-
ception of vimaes wigth an BNA penome, these enzymes
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the exeyme enber Use host cell, The reverse transerip-
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{retvo s the Latin prefic for “hackeeard ™)
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A o), sl thee o Eubiandl (W S5000) 8 simgly &
protealviic Oaganend of U § subunll. The smy Bene edl-
ol G proteine of the virad covclope. A0 esch end of
th liear HNA pomome are long termaal repeat (LTH)
wequesees of & few hundred meckeotides. Transonbed
infe te duples DA, these sequidcss Bcilitile mbe-
Eralion af the viral chromosome mibo e hest DA and
ronkpim promoters for virel gene e preasion

Reverse transrmpinses catalyzn thres difforess re-
wethons: (1) BEMA-dependent DA mmihesis, (1) HNA
degradation, aml [3) DNAbepemdenl DMA synlbesis.
Like many DA amed RNA polymerases, reverse tran-
seviptases comtain #nt* . Each transenpiase & most ac-
ftiwe with Chee RNA of ite owmn vime, Wt each can be uwsed
enprrimenialy L make DA complemenlary Io o varl
ety of BMAz The DA and BENA mnthess and BNA
degradation sctivitiea (se sparale sctive oled on Be
pEctedn. Bor DA synthesis 1o begin, the reverse [Fan-
mcripilane roquines & piriseer, & ovllular LRNA obilsinid
wharing am earlier infeclion and cerried wilhin U viral
partiche. Thit tRNA s hes-pasred ot i 07 onel with n
oomplemme lary seguence i e viral BNA The mew
DMA strand = synithesiced G e 5= dinsction, as in
all BAA arud DNA polyonerasse reaclions. [beverss Lran
seriptases, libe RMA polrmerases, do nob have 3°=5"
o lrealligg exoimec leases. They jemwrally have ermor
e o abwmal 1 prer 20,000 nockeolides acded. An emor
el Uds high s extremely unusuad in DNA replicstion
i nppears o be a fenbee of meost sneyes that eepli-
cafe the jenomes of BNA vinoes A conssquence s &
higher mutation rale and Gsier mabe of vicd evolalion,
which & & [Eetor = the Ieegomnl appeamace ol Ew
strning of diseasr-rausing retronmrises

Heverse iranscripiases have becomse Impostant
redgems in the sroady af DA-RNA relstionships and lin
DA clining techinegues. They make poasilde the syn-
Mhgis of [INA coinpleimealiary o & miENA ekl
s aymihetic [A prepared in this manner, called oom-
plementary DNA (elPNA), can be e i clome col-
lular gemes {see Fig 9-14).



al the telomere's single strand imto the duplies DA, per-
haps by & mechanism similar to the initkstion of homol-
ogous genetic necombination (see Fig. 25311 In mam-
mals, the looped DNA s board by two proteins, TRFI
and THFE, with the Witer protein mvolved in fommation
al the T loop. T loops protect the 3" ends of chromoe-
s, making them insccessibde Lo nueleses and the
engyTees that repabr dowble-strand breaks (Fig. 263600

In protozoans {sech as Tirahgmema), boss of
lelomerase aclivity resiills in o8 grsdaial shomening of
teloamerres with each ovll divisban, witimately leading to
the death of the cell line. A similar ink between Dsle-
mere length and cell senescence {ceaastion of cell divi-
gion) has bsen olserved in umans, bn germe-line cells,
which contain telomerase activity, telomere lengths are
mairdainamd; in somatic colls, which lack telomerase, they
are nol. There & a linear, inverse relationahip between
the length of tebomeres in owltured Ghroblasis and the
age of the imdividual from whom the fbsoblasts were
taken: telomeres i human samatic cells gradually
ahorten as an individual ages. [T the telomerase reverse
transcriptase is introducesd nfo human somatic cells in
vitro, tebomerase sctivity (8 restored and the oellular life
span increases markedly,

[5 the gracual shortening of tedomenes a key Lo the
aging process? Is our natural §fe span detemmined by
the kengih of the ielomerss we are bom with® Purther
research in this area should yield some mecinating
imsights.

Some Viral RNAs Are Replicated by RNA-Dependent
RNA Polymerase

Some E coli bacteriophages, including [2, M52, R17,
andl Gy, as well as some cukaryotie viruses (including
influenen and Sindbis viruses, thie latter associated with
i form ol encephalitis) have RMA genomes. The single-
strancled ENA chromosomes of these vimises, which also
Tunetian as mENAs for the symithesis of viml proteins, are
replicated in the host cell by an RNA-dependent RNA
polhymerase { ENA replicase ). All RNA vinses—with
the exception of retroviruses—must encode 3 prolein
with RMA-dependent RNA polymerase sctivity because
the hoal cefls do nol possess Lhis enEyme.
The KA replicase of most BNA bac-
teriophages has a molecular weight of
~210,000 andd consists of four subunits,
Ume subumit (&, 650000 B the prodoct
al the replicase gene encoded by the vi-
ral RNA amd has the active site for repli-
cation. The other three subunits are host
proteins normally involved in host-cell
prolein svnilhesis: we £ coli elongation
factors T (M, 0,000 ) amd Ts (M, 45,0000
{which lerry ammo &yl-tRMAs to the
ribnsomes ) amd the profein 81 (an inte-

gral part of the S8 ribesooal subanit).
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These three host proteins may help the BNA replicase
locate aned bird to the 3' ends of the viral KNAs.

HMNA rephcase Bolaled from Qf-infected £ ooli
cells catalyzes the formation of an KNA complemsemiary
it the wiral RNA, i A reaction squivalent to that cat-
alyvzed by DNA-dependent KNA polymerases. New HhA
stramd symihesis prooeeds in the 5'=3" direction by o
chemical mechanism klentical to that used in all other
mckeic ackd synithedic reactions that require a template
RMA replicase requires BERNA 38 18 template and will nod
function with DA 1§ lacks o separate proofreading en-
dompclease sctivity and has an error rate similar to that
of BKA polymerase. Unlike the DNA and RNA poly-
merases, BNA replicases are specific for U BNA ol
their vam virus; the BNAs of the host cell are generally
not peplicated. This explains how KNA viruses are pref-
ereilkally replbcated @othe host oell, which oomnlains
many ather types of B

RNA Symihesis Offers Important Clues to
Biochemical Evolution

The extracrdinary complexity and order that distinguish
livimg Eroam irsndimate systems are key manifestations of
hundamental life processes. Maintaining the living staie
requires Dl selaoted chemioal tramsformations acceur
very rapidly—especially those that e environmental
energy sources and synthesize elaborate or specialized
cellular macromalecubes. Life depends on powerhol amd
selective catalysis—enzymes—and on  informational
sysiems capabile of both securely storing the Blueprint
Tor these encymes and sccurately reproducing the bioe-
At Ffor generalion after generalion. Chioimosoimes. -
oode the Bueprint nol for tee cell bt for te snzymes
that construct and maintain the cell. The paralle] die-
mandds for mformation and catalysis present a classic co-
nurdrum: whal came sl the information nessdes] o
:].I'I:":'Jh' siructure o the engymes peeded o maintain
anel tramsmit the informaion®

The unwveiling of the stractural and fumctional ©om-
plexity of RMA led Carl Woese, Francis Crick, and Leslie
Oirgeel Lo propaose in the 1860s that this maeromobecule
might serve & both information camier amd catalyst
The discovery of catalviic RMNA= took this progaossl From
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