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PHK penaukauus
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Peryaaumus akcnpeccumn reHos: PHK-nepekatovaTeAn

PHK-nepekatouatean - ctpyktypbl PHK cnocobHble cBa3biBaTb MaAble MOAEKYAbI (AMFAHABI) U B
3aBUCMMOCTU OT 3TOrO BKAIOYATb/BbIKAIOYATb paboTy reHOB - peryAMpoOBaTb 3KCMPECCUIO FreHOB.
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[ MnoTe3a mmpa PHK

PHK nan PHK-noaobHble MOAeKyAbI MOTAM cylLecTBOBaTb A0 BO3HUKHOBeHMS AHK 1 6eakos -
runoTtesa “‘mupa PHK”
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Origin of life

NEWS AND VIEWS

The RNA world

from Walter Gilbert

UnTiL recently, when one thought of the
varied molecular processes at the origin of
life, one imagined that the first self-
replicating systems consisted of both
RNA and protein. RNA served to hold
information, whereas protein molecules
provided all the enzymic activities needed
to make copies of RNA and to reproduce
themselves. The cycle that developed a
self-replicating system out of the primitive
soup of amino acids and nucleotides had
two radically different components'.

Now it seems possible that the informa-
tional and catalytic properties of these two
components may be combined in a single
molecular species. Last week in these col-
umns Frank Westheimer® described the
discovery of enzymic activities in the RNA
molecules of Escherichia coli, in which
ribonuclease-P cuts phosphodiester bonds
during the maturation of the transfer
RNA molecule™, and of Tetrahymena,
whose ribosomal RNA contains a self-
splicing exon™”. If there are two enzymic
activities associated with RNA, there may
be more. And if there are activities among

useful exon to pass from one replicating
structure to an unrelated one.

This picture of the RNA world is one of
replicating molecules that reassort exons
by transposable elements created by in-
trons. This process builds and remakes
RNA molecules by chunks and also per-
mits the useful distinction between in-
formation and function. Information stor-
age needs to be one-dimensional, for ease
of copying, but molecules with enzymic
functions tend to be tight three-
dimensional structures, whose forms are
unrelated to the demands of any copying
mechanism. (This dichotomy is most ob-
vious today between the linear order
along DNA and the structure of proteins.)
In the RNA world, the structure that
would be replicated has the full comple-
ment of introns. Some of the daughters,
by splicing out all their introns, would con-
vert to functional molecules, the rtbozy-
mes. A remnant of this process may be the
structure of transfer RNA, where a com-
pact secondary structure is broken up by
the insertion of an intron.

by arranging them according to an RNA
template using other RNA molecules such
as the RNA core of the ribosome. This
process would make the first proteins,
which would simply be better enzymes
than their RNA counterparts. I suggest
that protein molecules do not carry out
enzymic reactions of a different nature
from RNA molecules but are able to per-
form the same reactions more effectively
and rapidly, and hence will eventually
dominate. These protein enzymes are en-
coded by RNA exons, thus they, in turn,
are built up of mini-elements of structure.

Finally, DNA appeared on the scene,
the ultimate holder of information cop-
ied from the genetic RNA molecules by
reverse transcription. After double-
stranded DNA evolved there exists a
stable linear information store, error-
correcting because of its double-stranded
structure but still capable of mutation and
recombination. RNA is then relegated to
the intermediate role that it has today —
no longer the centre of the stage, dis-
placed by DNA and the more effective
protein enzymes. But a few RNA enzymic
activities still exist, the two described
recently’ 7, and possibly others in the role
of ribosomal RNA or in the splicing of
eukaryotic messenger RNA. The relic of
this process is the intron/exon structure of
genes, left imprinted on DNA from the
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Cnocobbl npeacTaBAeHUA BTOPUYHOM cTPYKTYpbl PHK
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[ 1peackasaHmne sTopuyHOM cTpykTypbl PHK:
AATOPUTM AMHAMMUYECKOro nporpammmpoBaHms HyccmHos

OcHoBaHas UAEA. MAKCUMU3aAUUA YHUCAQ CTMapEHHDbIX OCHOBaHMUM

AaHa nocaepoBaTeAbHOCTb X = X|...XL N
F(i,j)

OnpeaeAMM MaTpuULy AMHAMUYECKOTO NMPOrPaMMMPOBAHUS:

F(i,j) = MakcMMaAbHOE YMCAO CMapeHHbIX OCHOBaHMM Ha oTpeskKe (i))

ABa cayyasa (i <j):

|. Xi cnapeHo ¢ X
F(i,j) = s(xi,x;) + F(i+1,j-1)

2. X; He CMapeHo C X;

F(i,j) = max{ k:i < k <j-1} F(i,k) + F(k+1,j)



AAroputm HyccnHosB

* KOMIMNAMMEHTapHbIE OCHOBAHUA.

H H y TAKXK€ BO3MOJKHbI MNMapbl H

* cnocob ceBopaumBaHMs nocaepoBaTeAbHOCTU PHK aAMHBI L
oTobpakaeTcsi B CUMMETPUYHOM MaTpuue LXL

* HOHYC AASl KOMNAMMEHTAPHbIX OCHOBaHWUM paBeH |

* 0 B NMpOTUBHOM CAy4ae



AAropmt™m HyccuHos

* PEKYPCMBHOE HaXOXAEHWE HAUAYULLUUX CTPYKTYP AASl MOANOCAEAOBATEABHOCTEMN

* UTepaTUBHOE PaCCMOTPEHUE MOAMOCAEAOBATEABHOCTEN B HaNpaBAEHUE YBEAUYEHUS
AAVHDI

* Ha KQKAOM LUare 4YeTblpe BO3MOXHbIX CAy4Yasi MOAYHYEHUS HAUAYULLEN CTPYKTYPbI

Nunumaamsaums:
F(i,i-1) = 0; oTi=2a0L
F(i,i) = 0; oTi=|l Ao L
NTepaunmn:
Ot t=2 po L:
Ot i=I| a0 L-t:
j=itt-|

g

F(i+1,j =D +s(x;,x))
F(i,j) = max; max{ F'(i,k)+ F(k+1,j)}

L i<k<j-1

3aBepLUeHHeE:
Hauayuwas ctpyktypa onpeaeasietcs aas F(1,L) npoueaypoi obpaTtHoro npoxoaa



AAroputm HyccnHosB

Cayyan |: oobaBAeHME HECMAPEHHOIO i-FO OCHOBAHMS AASl HAUAYYLLIEN CTPYKTYPbI,
HaMAEHHOM AASl MoANoOcAeAOBaTeAbHOCTH (i1 ,j)




AAroputm HyccnHosB

CAyyan 2: oobaBAEHME HECMAPEHHOTO j-FTO OCHOBAHUS AASl HAUMAYYLLEN CTPYKTYPbI,
HaMAEHHOM AASl MOANOCAEAOBaTEABHOCTH (i,j-1)




AAroputm HyccnHosB

Cayyan 3: poobaBAaeHME criapeHHbIX OCHOBaHWUM (i,j) AASI HAMAYYLLEN CTPYKTYPBbI,
HaMAEHHOM AAS noanocAepoBaTeAbHOCTH (i+1,j-1)




AAroputm HyccnHosB

Cayyan 4: budypkaums - obbeAMHEHUE ABYX HaUMAYULUUX CTPYKTYP MOAYYEHHbIX
AASl moanocAaepoBaTeAbHOCTeN (i,k) m (k+1,j)




AAroputm HyccnHosB

NHnumaamsaums: .nnn“““..
F(i,i-1) = 0; oT i=2 po L
F(i,i) = 0; oTi=l ao L n 0
ﬂ 0 0
n 0 0
“ 0 O
“ 0 O
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AAroputm HyccnHosB
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F(la.] _1)
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max{F (k) + F(k+1,))} ﬂ 0 0

“ 0 0
n 0 0
“ 0 0
0 0
0 0
0 0




AAroputm HyccnHosB
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AAroputm HyccnHosB
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AAroputm HyccnHosB
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AAropmt™m HyccuHos
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AAropmt™m HyccuHos
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AAropmt™m HyccuHos

F(5,7)
F(4,6)

F(5,6)+s(4,7)
max{F(4.,k)+ F(k+1,7)}

l4<k< 6

— MaXxy

F@4,7)




AAropmt™m HyccuHos

F(5,7)
F(4,6)

F(5,6)+s(4,7)
max{F(4.,k)+ F(k+1,7)}

(4<k< 6

— MAax <

F@4,7)

k k+1



AAropmnt™m HyccmHosB
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AAropmt™m HyccuHos

[Mpoueaypa obpaTHOro npoxoaa
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