NMBH3 «XapkiBCbKU MiXKHAapOAHUN MeAUYHUN YHIBEpPCUTET»
Kadegpa dpyHaamMeHTanbHUX 3aranbHOHayKOBUX AUCLMUNITIH
OK 4 «MeauyHa Gionoris»

CneuianbHicTb 12 MeanunHa

Jlekuin 2
MonekynspHi ocHoBUu cnagkoBocTi. Peani3auis cnagkoBol

iHdpopmauiil
Buknagau: KyapssueBa T.0., kKaHa.nen.HaykK, AOLEHT



NMutaHHAa nekuil

« MonekynspHi OCHOBW CraaKoBOCTI.

« Ponb JHK'y nepegadyi cnagkoBol iHpopmauil.

« bynoBa HykneoTuay.

« Xapaktepuctuka HykneiHosux kucnot: AHK i PHK.
« [orma monekynsapHoi 6ionoril.

* [lpyvHUMN Ma@TPUYHOIO CUHTESY.

[ EeHeTU4HUn Koa, Noro BacTUBOCTI.

HaBuyanbHa meTa

CdhopmyBaTt LiniCHe YABMNEHHS NPO MOSIEKYNAPHI MexaHi3aMun 36epexxeHHs,
nepenadi Ta peanisauil cnagkosol iHgpopmalil, a Takox npo ponb AHK,
PHK, npyHUnn MaTtpmyHOro CUHTE3Y i BNaCTUBOCTI TEHETUYHOIO KOAY.
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribose Nucleic Acid

WEwuhwmmmswwmlortha-n
of deoxyribose nucleic acid (D.N.A.). This
structure has novel features which are of considerable
blologml interest.
structure for nucleic acid has already been
po-nd by Pauling and Corey'. They kindly made
lMAr manuscript available to us in advance of
publication. Their model consista of three inter-
twined chains, wit uwphmphu-wthoﬁbm
axis, and tho bases on the outside. In our opinion,
this structure is unsatisfactory for two reasons :
1!) Wo beliove that the material which gives
X-roy disgrams is tho salt, not the free acid. Without
the mdw hydrogen atoms it is not clear what forces
would h\lﬂd the structure together, upomdly a8 the
tively charged phosphates
"Sn other. (;)Somofﬂwvtndor

Ano!.her Eg -chlm unwbum Thas also boen sug-
gosted by Fraser (in the press). In his model the
phosphates are on the outside and the bases on the
inside, linked togethor by h; n bonds. This
structure as described is rather ill-defined, and for

this reason we shall not comment
on it.

We wish to put forward &
radically different structure ror

assumptions, namely, that each
chain consists of phuphuo dx
elur ups joining B-p-deo:
bofuranoss reiduss with 35
lmhgu. The two chains (buc
not their bases) are rolated by a
d, i to the fibro
oxis. Both chains follow right-
handed helices, but owing to
the dyad the sequences of the
atoms in tho two chains run
in opposito directions. Each
chain loosely resembles Fur-
bcrg.‘ model No. l. that u.
he bases aro on the i

m helix and the ph
the outside. The mmn

oftlwmprandlheuom
near it is closo to Furbe:
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1
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I
%ﬁ%
il

lcTOpIA NUTAHHA

NATURE 787

is  residue on each chain every 3-4 A. in the z-direc-
tion. We have assumed an anglo of 36° between
adjecent residues in the same chain, so that the
structure npnu-l\orl()mnduuonmhohnm.m;
u.nturuA The distance of & phosphorus atom
from the fibre axis is 10 A. Anhophovphuumon
the outside, cations have easy access to them.
The unmm is an open one, and its water content

is rather At lower water contents wo would
expeot the to tilt so that the structure could
more compact.

. The novel feature of the structure is the manner
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Lio si
z-00-ordinates. Onaolthpmmunbupunmmd
i r i oceur. The

o
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struoture in the most plausiblo tautomeric forms
(that is, with the keto rather than tho enol con-
figurations) it is fmmd thay on.ly specific pairs of
bases can bond toge umdp‘ln aro: adenino
(purine) with thymm (vyr line), and guanine

(pnlnne) “woma u:l mm forms ono member of

a pdr on mha' chain, then on ehm assumptions
other

one chain is given, then tha sequence on the other
chain is automatically dotermined.

Tt has beon found. cxponmully'" that the ratio
o; the amounts of ndemne.elo thymine, Alnd the ratio
of guanine to cytosine, are alwa close to unity
for deoxyribose nucleio acid. T

It is probably impossible to build this structure
with o riboso sugar in place of the deoxyriboso, as
mumomm-wmmdmmmdmnm
der Waals contao!

The pmvno\uly publuhod X-ray data** on deoxy-
riboss nucleio acid are insufficient for & rigorous test
8o far uﬁ__e_u]mqu. it is roughly,

of our structure.
compatiblo with ths oxpor ‘must
S e e

m t ts. of theso are given
in lollowing communications. We were not aware
of the details of the results prosented there when wo

devised our structure, which rests mainly Lhwgh nct
ontirely on publuhod experimental data and ste:

It _has not M sur notico that_the specific
we have post [y suggoests o

i “miechanism Tot tho gonetio mater,
S !
ditions assumed in building it, together with o set

of co-ordinates for the atoms, will bo published
lsow]

2.

Wo are much indebted to Dr. Jorry Donohue for
constant advice and criticism, especially on inter-
atomio distances. Wo havo also been stimulated by

£
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E
2

being roughly perpand.l
:f:w Lh:‘ Mtu“)fud baso, TI

i
i

l _., of the general nature o( the unpuhhlhod
tal results and ideas of Dr. M. H.
Wnlkln- Dr. R. E. Franklin and ﬂmr co-workers u

blog.sciencenet

James Watson, co-discoverer of DNA double helix, dies at 97 |
National Geographic
3D double helix spiral structure of a human DNA string



https://blog.sciencenet.cn/blog-200058-200400.html?utm_source=chatgpt.com
https://www.nationalgeographic.com/science/article/james-watson-death-dna-double-helix?utm_source=chatgpt.com

Watson JD, Crick FHC (1953)

e Knacu4vHa HaykoBa ctatTa «Molecular Structure of Nucleic Acids: A
Structure for Deoxyribose Nucleic Acid», ony6nikoBaHa y 1953 poui
B XXypHani Nature. Y Hin Oxxenmc [I. BotcoH (James D. Watson) i
®PpeHcic I'. K. Kpik (Francis H. C. Crick) sanponoHyBann moaenb
noaggivHol crnipani OHK, aka ctana ogoHuMm i3 HanBMOaTHILLKX BIOKPUTTIB
cyyacHol biosoril Ta 3aknana OCHOBU MOSMEKYNSAPHOI FrEHETUKN.

OcHoBHa ipes

PeBontouinHe npunyLieHHs:
monekyna AHK cknagaetbcs 3 oBox
NONiHYKNeOTUAHNX NaHLUoriB,
3aKpyyYyeHUX HaBKOMO CrifibHOI OCi Y
BUrNs4i NnoaBinMHOI cnipani.
Onucanu npuHuMn
KOMMJIeMeHTapHOro cnaproBaHHA
a30TUCTUX OCHOB, BiANOBIAHO A0
SIKOrO KOXEH raHLUor MoXxe
crnyrysaTu matpuueto ang cCUHTesy
IHLLOrO.

HaykoBUM KOHTEKCT

Mopenb cTBopeHa Ha OCHOBI
eKCrnepumMeHTanbHUX gaHux,
pesynsraTtiB PEHTFEHOCTPYKTYPHOIo
aHanisy, otpumaHux Po3aniHpg,
®PpaHknid (Rosalind Franklin) ta
Mopicom BinkiHcom (Maurice
Wilkins).

BHecok PosaniHg ®paHkniH
BBa)aeTbCS HEBIJ'€EMHOIO CKMaaoBOK
ICTOpII BIOKPUTTSA NPOCTOPOBOI
cTpyktypu OHK.



MoneKkynapHi OCHOBU crnagKkoBOCTI

CnaakoBa iHhopMmauifa 3akogoBaHa B MNOCIIAOBHOCTI HYKITEOTUAIB
AHK.

NeH — pinaxka OHK, wo mictute iHpopmaduito npo cuHTes PHK abo
binka.

F’eHOM — noBHWUK HabIip cnagkoBoI iIHCbopMAaLLT OpraHiamy.

OcHoOBHI npouecu
MOJIEKYISAPHOI FeHEeTUKM:
« pennikauisg OHK;

e TpaHCKpunuig;
e TpaHcnsauis,

Basic Gene Structure

Polyadenylation
signal

v

e perynsauisa ekcnpecii Promoter 7 &
reHiB. gy \Vmggﬁm
ATG UAA

UAG
5” untranslated [ntrons UGA

region

” untranslated
region



bynoBa Hykneotuay

https://byjus.com/biology/polynucleotide-chain/

NUCLEOTIDE @By Hykneotua cknagaertbca
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| NH
o-pc A

OH NH,
= @
Phosphat ] Nitrogenous
gro(ijspp o base

a30TUCTOI OCHOBM;
neHTo3n (pnbosa abo
Oe3okcmpnbosa);
doocdhaTHol rpynu.

- A30TUCTi OCHOBU'

NYPUHW: afieHiH, ryaHiH;

NiPUMIOVHN: LUNTO3WH,

TUMIH, ypauwun.
Hykneotnam 3’eaHyloTbCA
doocdhoaiecTtepHMH
3B’A3KamMu.
KomnnemeHTapHicTb:

A—T (YyPHK);

[ — L.



bynosa [JHK

https://www.carlsonstockart.com/photo/dna-structure-deoxyribonucleic-acid-structure-illustration/

INHK € ocHOBHUM HOCiEM
Hass pais reHeTU4HoOI iHcopmaLlil.
I pyHKUiT:
» 30epexeHHs
crnafkoBol iHpopmau,it;
* TOYHEe KonitoBaHHA Nig
Sugar-phosphate yac penniK.au,iT;
* rnepenada iHgopmadlii
OOYIPHIM KIITUHAM i
NMOKOSIHHSAM;
» 3abe3nevyeHHs
cuHTesy PHK i Ginkis.
- HiBgaEh HNoka3un poni OHK:
_________ « pocnia pidpdpiTa;
« pocnig Eneepi, Mak-
JNleopa i Mak-Kapri;
« pocnig lepwu i Yensa

Phosphate
group

Phosphodiester
bond

5-carbon
sugar

A=Adenine \\W T R&
T = Thymine i
C = Cytosine
G = Guanine
5'end

©DaveCarlson



Xapaktepuctuka HykneiHosux kmcnot: AHK | PHK

AOHK

« [lBonaHutorosa cniparib.

* Mictutb ge3okcnpmbosy.

* AS30TUCTI OCHOBM: afeHiH, TUMIH, r'yaHiH, LUUTO3WH.

» Jlokanisauiqa: 94po, MITOXOHAPIT, nnacTtuan.

»  ODyHKUIA: 30epeXeHHs | nepegayva cnagkoBol iHdopmallil,

PHK
» [lepeBaHO ofHOMAHLUOroBa.
* Mictutb prboay.
e A30TUCTI OCHOBU: af€eHIH, ypauursl, ryaHid, LMTO3UH.
OcHOBHI Buaum:
 MPHK — nepeHocutb iHgbopmadito Big AHK oo pubdocowm;
« TPHK — TpaHcnopTye aMiHOKMCNOTH;
* pPHK — cTpyKkTypHWUM | PYHKLiIOHANTbHUWA KOMNOHEHT pubocom



[TopiBHAHHA JHK | PHK

https://kumparan.com/berita-unik/perbedaan-struktur-dna-dan-rna-apa-saja-1vdJNZIJNKBS8

Comparison of DNA and RNA Molecules

DNA Bases
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RNA Bases
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.



LleHTpanbHa gorma MmonekynapHoi 6iosnorii

KnacunyHa cxema:
NHK — PHK — 6inok.

Pennikauiga: AHK — OHK.
TpaHckpunuiga: AHK — PHK.
TpaHcnsauia: PHK — 6inok.

BUHATKM:

— 3BopoTHa TpaHckpunuis (PHK — OHK);

— PHK-BIpycy;

— Hekopaytodl PHK'y perynauil ekcrnipecil reHis.



LleHTpanbHa gorma MmonekynapHoi 6iosnorii

Biology diagram show concept of Central Dogma for RNA transcription and protein translation in cell

BIOLOGY @ @ ©

Central Dogma

DNA RNA PROTEIN
Replication Transcription Translation
G > — &y
Process of
Process of DNA Process of copying DNA . -
makes a copy of itself into mMRNA HERIEID Sy

from mRNA sequence



[TpUHUMN MaTPUYHOIO CUHTE3Y

MaTtpunyHumn cnHTes — Ue pyHaamMeHTanbHUN MPUHLNI MONEKYIAPHOI
Gionoril, BigNoBIgHO OO0 SIKOrO CMHTE3 HOBOI MOJEKYIIN HYKINETHOBOI KUCITOTH
abo Oinka 30incHI0ETLCA 3a iIHOopMaLiero, 3aKo40BaHOK B iHLLIKM MONEKYIi, SKa
BUKOHYE (pyHKLIi0O MaTpuui (LuabnoHy).

[TocnigoBHICTL MOHOMEPIB Y HOBOCUHTE30BaHIN MOMEKYNi BUSHAYaeTbLCA
NPUHLUMNIOM KOMMJIeMEHTAPHOCTI (O4N19 HYKNelHOBUX KMCMNOT) abo
BignosigHicTio kogoHiB MPHK i aHTukogoHiB TPHK (ons cuHTesy 6Ginka).

* HoBwWM NaHUIOr CUHTE3YETLCA Ha MaTpuLi ICHYHYOrO. Principles of

BIOCHEMISTRY _,

 Pennikauis:

— HaniBKOHCepPBaTUBHUNA MEXaHi3M;

ydactb [JHK-nonimepasu;

— MPOBIOHMA | BiACTAKO4YUMN NaHLIOIN.
 TpaHcKkpunuin:

— PHK-nonimepasa cuHtesye PHK Ha maTpuui JHK.
 TpaHcnauin:

— pubocoma 34ntye kogoHn MPHK;

— TPHK pocTtaBnse BianoBigHi aMiHOKUCNOTMU;
*  (JoopMyeTbLCA NOMINENTUAHUA NaHLIOT.




[TpUHUMN MaTPUYHOIO CUHTE3Y

[o npoueciB MaTpUYHOro CUHTE3y HanexarTb

Pennikauia QHK — cuHTtes godipHbol monekynu OHK Ha maTpuui
mMaTepuHcbkol OHK.

TpaHckpunuia — cuHTe3 PHK (MPHK, TPHK, pPHK Ta iHwwnx Buagis PHK) Ha
maTtpuui JHK.

TpaHcnauia — cnMHTE3 NoninenTuaHoro naHurra Ha maTpuui iHpopmauinHol
PHK (MPHK) 3a yyacTio pubocom i TpaHcnoptHux PHK.

* OCHOBHI NPUHUMNN MaTPUYHOIO CUHTE3Y
* HadABHICTb MaTpMUi, LLO MICTUTb FreHETUYHY IHGbOpMaLLitO;

*  BUKOPUCTaAHHSA NPUHLUUMNY KOMMJIEeMEeHTapPHOCTI Nig Yac CUHTEe3y
HYKNEeIHOBUX KNCSIOT;

* CUHTEe3 BiAOyBaeTbCA 3a yyacTio cneundivyHmnx pepmenTis (OHK-
nonimepasun, PHK-nonimepasn) abo pudOOCOMHOro KOMIeKCy;

* BMCOKa TOYHICTb KONitoBaHHA iHopMaLil 3aBOSKM MexaHi3MaM KOHTPOIH0
Ta penapadir;
« 3abe3neveHHs 3b6epexeHHs N peanidauil cnagkoBol iHdopmalil.



[TpUHUMN MaTPUYHOIO CUHTE3Y

bionoriyHe 3Ha4YeHHSA

MaTpuyHnn cuHTEe3 3abesnevye:

TOYHE BiATBOPEHHS reHETUYHOI iHpopMaduil Nig Yac noginy KniTuH;
peanisauito reHeTUYHOI iHdopMaLil Yepesd cUHTE3 (DYHKLIIOHaNbHUX BINKiB;
CNaaKoBICTb | MIHITMBICTb OPraHi3Mmis;

PICT, PO3BUTOK, pereHepauito Ta aganTawito KNiTUH.

BucHoBOK:
MaTpuyHUM CUHTE3 — LE
YHiBEpCanbHUN MexaHi3aMm BioCuHTEe3Yy, PekxomenpoBaHi mkepena

. ) . Alberts B., Johnson A., Lewis J. et al.
3a AKOro nocnigosHICTe MOHOMEPIB 'y Molecular Biology of the Cell. 7th ed.
HOBI MOJSIEKYSTi BUSHAYaAETbLCH Garland Science, 2022.
nOCﬂi,ﬂ,OBHiCTfO MOHOMepiB ManVl"-'lHOT Lodish H., Berk A., Kaiser C.A. et al.

Molecular Cell Biology. 9th ed. W.H.
MOJIEKYSIN, L0 3abe3neyye TOUHE Freeman. 2021.

KOMitoBaHHA Ta peanisauito reHeTUYHOI | ehninger Principles of Biochemistry
iHdpopMauii BignoBigHO OO0 NpUHUKMNY

KOMﬂﬂeMeHTapHOCTi Ta reHetTn4Horo

Koay.



Pennikauiga AHK
https://thophick.blogspot.com/2012/06/replikasi-transkripsi-dan-translasi.html
3’

Parental DNA

Leading strand

Lagging strand

~ DNA pol 11l

Template
strand

Leading strand
Lagging strand

Template

strand DNA ligase

—F Overall direction of replication



TpaHcKkpunuis

https://owlcation.com/stem/Genetics-Part-1-Transcription-And-Translation

RNA
polymerase



TpaHcnayisa

MRNA translation and the synthesis of proteins by a ribosome.

BIOLOGICAL PROTEIN SYNTHESIS
(MRNA translation)

Gy oW\nNg Pr Ot

Amino acid

- Small
Ribosome subunit



[ eHeTU4YHUM Ko

* [eHeTUMYHUM KO — cucTema
BignoBigHOCTI MiXX kogoHamn MPHK i
aMIHOKUCNnoTamMm.

« KopgoH — TpunneT HykneoTuais.
* 64 KOOOHM:
— 61 Kogye aMiHOKUCIIOTH;

— 3 cTton-kopgoHu: UAA, UAG, UGA.

CtapTt-kogoH: AUG (MeTIOHIH).

BnacTtuBocCTi reHeTUYHOro Koay
TPUNSETHICTb;

OOHO3HAYHICTb;

BUPOKEHICTb;

YHiBepCaribHICTb;
HENEePEKPUBHICTD;
Oe3nepepBHICTb;

KONiHEeapHICTb;

HadABHICTb CTapT- | CTOMN-CUrHanIB,

FeHeTMYHMM Kog — Le
YHiBepcaribHa cuctema 3anucy,
30epexeHHA Ta peanisauil
cnagkoBol iHpopmalit,
BIAMOBIAHO A0 AKOI
NOCMIAOBHICTb HYKMNeoTuaiB y
mMonekyni iHgpopmauinHoi PHK
(MPHK) Bu3Ha4ae nocnigoBHICTb
aMiHOKMCIOT y noninentTuaHomy
naHur3i Nig Yac TpaHcnAuil.

OOuHULIEIO TEHETUYHOTO Koay €
KOOOH — TPUMNJIET HYKIEOTUAIB,
AKUN KOAYE NEeBHY aMiHOKUCIIOTY
abo curHanisye npo noyaTok 4vn
3aBepLUEHHST CUHTEe3Y binka



First mRNA base (5' end)

Tabnuusa reHeTU4YHOro Koay

Genetic code table. RNA codon table vector. The three bases of an mRNA codon.

Genetic Code
Second mRM base

U | C | A 2 G
UUU  phenylatanine | UCU UAU  Tyrosine UGU  cysteine
uyue @ luee s WA Niciol
UUA Leucine UCA i2e UAA UGA STOP
uuc ¥ | uca Juaa T Jugg mpeten
CuU ccu CAU e | CGU
CUC Leucine CCC Proline CAC . CGC Arginine
cusx 9 |ceca ™ CAA  acuwmne | CGA  #©
CUG CCG cag ¢ CGE
AUU ACU AAU  acarsgne | AGU  serine
AUC Isolglt;(;ine ACC E—— AAC (Asn) AGC (Ser)
AUA ACA ™ [ AAA  ushe | AGA A
(AUG neSTaRT ) ACG ang ¥ lage
[ GuU GCU | GAU  aqparicacia | GGU
GUC Valine GCC  ppanine GAC Asp) GGC Glycine
cuaA ™ | agca W@ GAA cuemcscd | GGA Y
GG GCE Gha ™ | cee

Third mRNA base (3' end)

o@lolcloBlocoBlocoBolc



[ eHeTU4YHUM Ko

KniHiyHe 3Ha4YeHHA

[na nikapsa 3HaHHA reHEeTUYHOro Koa4y Mae NpUHUMNOBE 3HAYEHHS,
OCKIJTbKMW:

TOYKOBI MyTaLil MOXYTb 3MiHIOBATU KOQOHM, WO NPU3BOANTb A0
3aMiHM aMiHOKUCIOT (MiCeHc-MyTallil), yTBOPEHHSA nepegyacHuX
CTOM-KOOOHIB (HOHCEHC-MyTaLil) abo NOPYLUEHHSI paMK/ 34UTYBaHHSA
(ppenmMwndT-myTaui);

3MiHU reHeTUYHOro Koay nexartb B OCHOBI 6araTb0X MOHOMEHHUX
cnagKkoBUX 3axBOptoBaHb (MyKogicyudo3y, ceprnornodibHOKTIMUHHOI
aHeMil, gbeHIirnkemoHypii, Mm'a3080i ducmpogbii JrowieHHa ma iH.);

MPUHUNNUN FreHETUYHOIr 0 KoAy BNUKOPUCTOBYIOTLCS B MONEKYISAPHIN
aiarHoCTuUI, dapMaKkoreHeTuLi, nepcoHarni3oBaHin MeauLmHi,
reHoTepanii Ta TexHonorisax pegarysaHHa reHomy (CRISPR/Cas).



BucHOBOK nekuil

AOHK € martepianbHOK OCHOBOIO CraaKoBOCTI.

Peanisauis cnagkoBol iHpopMmauil BiabyBaeTbCcAa Yepes
TPaAHCKpUNUito I TpaHCRALUIlKO.

FeHeTUYHUM KOL 3a0e3rneyye ToUHE NEPETBOPEHHS iHpopmalii
HYKITEOTMOHOI NOCSIAOBHOCTI Y NOCAIAOBHICTb aMiHOKMCNOT Birka.

NMpyHUMN MaTPUYHOro CUHTE3Y NEXNTb B OCHOBI pennikadil,
TpaHCKpUNLUil Ta TpaHCcnsAuil.



KOHTPOMbHI 3annTaHHS

4 )
7ika ponb MPHK, TPHK I pPHK'y FAki BNacTUBOCTI Mae reHETUYHWIA
CUHTE3I binka? Koa?
\¥ J
-
LLlo Take npuHUMN MatpuyHOro
CUHTE3y?
g ) Y 4yomy nonsrae ueHTpansHa
aorma mosekynsapHoi 6ionorii?
4 h

Yum BigpisHsaoTbes AHK i PHK?

\ J [
N Axi dyHKUil BUKoHye [HK?

Aka byoosa HykneoTuay?




[Eamaemo ycnixiB y HaB4YaHHi! J
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