From molecular biology to
biomedicine
Molecular biology



NHdopmaumna xpaHutecsa B JHK
Information encoded in DNA

THE UNIVERSAL FEATURES OF CELLS ON EARTH
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(C)  templated polymerization of new strand

(D)  double-stranded DNA
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CTpoeHne HYKNENHOBLIX KUCIOT
Nucleotide structure
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[HK noxoxa Ha Koka-Kkony
DNA similar to Coca-cola

KOKa=KoJI1a JITHK
Coca-cola DNA
H20 H20
Caxap/Sugar Caxap/Sugar
(caxapzal (ne3oxcupu=603al/
sucrose) deoxyribose)
docdar / docdar /
phosphate phosphate
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Y DHK v PHK ecTb 5’ 1 3’ KOHUbI
DNA and RNA have 5 'and 3' ends
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PHC. 5.3, Otpesok nomeryxaeonapioi wens JHK

OHK npeactaensieT cobon cBepHyTble B cnvparnb

[BE B3anmogencTeyroLme 1 aHTunapansesribHbie
NoNMHyKneoTuaHble uenn. ObpasoBaHMe BTOPUYHOW CTPYKTYpPHI
BO3MOXHO BCIeACcTBUE NpPosiBlieHNA 3pdeKTOB
KOMIMJMEMEHTAPHOCTW
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LieHTpanbHaa gorma/Central Dogma

DNA
DNA synthesis
REPLICATION DNA
i RNA synthesis
nucleotides TRANSCRIPTION
: RNA

protein synthesis
TRANSLATION

PROTEIN

amino acids



TpaHcKpunuusa -
cuHTe3 MPHK Ha
matpuue OHK/
Transcription is synthesis
of MRNA on a DNA

template
MonekynapHaa malumHa

PHK — nonnmepasa/
Molecular machine RNA
polymerase
JTanbl/Stages:

1 — Initiation/MHMUMaLNS
2 — elongation/anoHrauus
3 -
terminationTepmMmHaum4
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conservation

Genes are located on the chromosome/
reHbl PpacCriosyioXXeHbl Ha XPOMOCOME

human X chromosome: 155 million nucleotide base pairs (~5% of genome)
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RNA transcripts

I DNA of E. coli chromosome | ‘ ;

gene d gene e
o Y 1 4 an EEEA
- ‘-

3’ gene b y gene c genef geneg

- TN

5000 nucleotide pairs

CuntbiBaemas uenb HK Ha3biBaeTca matpuyHom
NN HEKOONPYIOLLIEW.

[TpoTHMBOMONOXKHASA LieMNb Ha3bIBaETCHA KOAMPYHOLLEN

[1na kaxkgoro reHa ogHa u3 uenen JHK
KogupytoLlas.

Pa3Hble reHbl MOryT CYUThLIBATbLCA C
npoTusononoXHbix uenen AHK
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YCTPOUCTBO reHa/gene structure

6a3anbHbI 9NeMeHT NpoMoTopa

1
|
Upstream TATA Inr Downstream
element element

,D,OI'IOJ'IHVIT J1IbHblE PErynAaTopHbIE

TATA-b60KC SNEMEHT
KoHceHcyc TATAa/tAalt

[TnpuMmnaonH-6oraTbin y4acToK
B TOYKe Hayana cMHTe3a
PyPyNt/aPyPy



Regulatory sites are recognized by protein
machines/PerynatopHbie y4acTku y3HalTC4A
benkoBbIMM MaLLMHAMM




Additional regulatory
elements/[ononHUTENbHbIE PETYNATOPHbLIE
9NEMEHTHI

MecTa cBA3bIBaHUSA DEMNKOB-PErynsaTopoBs.
benok-perynatop MOXeT ycunmaaTb UNu
OCrnabnaTb TPAHCKPUNLUIO

Places of binding of regulator proteins. A
regulator protein can enhance or silence
transcription



* 3HXaHcepbl MOTYT pacnonaratbCa Ha NPON3BONbHOM PACCTOSAHUM B
nobo opueHTaunm No OTHOLLIEHUIO K y4acTKy cTapTta
TPaHCKpUNL MK

* Enhancers can be located at an arbitrary distance in any
orientation with respect to the starting point of transcription

r activator protein
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(I TATA box —
enhancer start of
(binding site for BINDING OF transcription : _
activator protein) GENERAL TRANSCRIPTION : C

FACTORS, RNA POLYMERASE, MEDIATOR,
CHROMATIN REMODELING COMPLEXES,
AND HISTONE-MODIFYING ENZYMES

V chromatin
Y 4 : remodeling
— — complex

histone-modifying
| =y enzyme
RNA polymerase bound to

TRANSCRIPTION BEGINS general transcription factors



Regulatory sites are responsible for tissue
specialization\PerynatopHsie y4acTku
OTBETCTBEHHbI 3a cneunann3aunto TKaHeu

start of transcription
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Regulation of transcription by hormone
/Perynauunsa TpaHckpunuun
FOPMOHOM

cytoplasm

O .
oestrogen .

oestrogen

receptor

(transcription
factor)

nucleus




RNA maturation\Co3peBaHue

— 101 -~

eukaryotic mRNA
coding noncoding
sequence sequence
@5 i \ &
C—BPr AAAAA ¢ 950
l | |
 CHa ] l poly-A tail

5" cap

protein
(A)

« KannpoeaHue — npucoegurHrme [ TO K 5’
KOHLY

* [lonnageHnnnpoBaHue — npnucoeagnHeHmne
aeHNHOBOIo XBOCTa K 3’KOHLY

e Capturing - attaching GTP to the 5 'end
Polyadenylation - attachment of the adenine tail
to the 3 'end



Gene consists of exons and introns\
[ €@H COCTOUT N3 3K30HOB N UHTPOHOB

human f-globin gene human Factor VIl gene introns
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2000 200,000 nucleotide pairs

(A) nucleotide pairs (B)

*  OK30H — KOOUPYHOLLUN Yy4aCTOK reHa

* VIHTpOH — HekoaupyloLasa YacTb reHa
MIHTPOHbLI Bbipe3atloTca B pe3ynbraTe

cnrancuHra

* Exon - coding region of a gene

* |ntron - non-coding part of a gene
Introns are cut during splicing



Splicing/CnnancuHr

RNA transcript (pre-mRNA)
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Exon 1 Intron Exon 2
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Spliceosome
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Spliceosome / \.
components
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e 5'E_
Exon 1 Exon 2

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.



Gene expression/JKcnpeccusd

el Ee

TRANSCRIPTION

rRNA (ribosomal)

mRBNA (messenger) tRNA (transfer)

.

.

Ribosome

TRANSLATION

npoLecc, B Xo4e KOTOPOro HacnencTeBeHHaa nHgopmauma ot
npeobpasyercsa B PyHKUMOHaNbHbIN npoaykTt — PHK nnu 6enok.



Protein synthesis on mRNA tamplate
— translation
Molecular machine - ribosome
CuHTe3 6enka Ha maTtpuue MPHK
-TpaHcNAUuUnA
MonekynsipHasa MallUHa -
pnbocoma



1st

letter

Genetic Code- Table

Second Letter
c A G
UUU | Phe |ucu UAU I Twr |UGU ICys U
uuc ucc | ser |UAC UGC c
UUA | Loy |UCA UAA Stop [UGA stop|A
uuG uce UAG Stop |UGG Trp |G
cuu ccu cAU | His |ceu U
cuc | Leu|ccc | Pro [cAc cGC | Arg [C
CUA CCA CAA | GIn |CGA A
cuG ccG CAG CGG G
AUU ACU AAU | Asn |[AGU | ser |uU
Auc | e |Acc | mr |AAC AGC c
AUA ACA AAA AGA A
L A
AUG et | ACG Aac | Y° |ace | M9 |e
GUU GCU GAU | Asp |GeGuU U
GUC | va | GCC Ala | GAC GGC |Gy |C
GUA GCA GAA | g | GGA A
GUG GCG GAG GGG G

3rd

letter



Genetic Code Properties/ CBoncTBa
reHeTn4eCKOro Kkoad

AGA UUA AGC

AGG UuG AGU
GCA CGA GGA CUA CCA UCA ACA GUA
GCC CGC GGC AUA CUC CCC ucC AcCC GUC UAA
GCG CGG GAC AAC UGC GAA CAA GGG CAC AUC CUG AAA UuUC CCG UCG ACG UAC GUG UAG
GCU CGU GAU AAU UGU GAG CAG GGU CAU AUU CUU AAG AUG UUU CCU UCU ACU UGG UAU GUU UGA
Ala Arg Asp Asn Cys Glu GIn Gly His lle Lleu Lys Met Phe Pro Ser Thr Trp Tyr Val stop

A R D N C E Q G H | L K M F P S T W Y V

FeHeTUYeCcKUn Kopg U3bbLIToOYEH
PHK coctouT A, G, C 1 U, Torga TpunnetoB 4° = 64
BCE KOAOOHbI UCMOSb3YyHTCA B 6e5IKOBOM CUHTE3e: 61 KOAOH kKoaupyeT 20
aMUHOKUCIOT; 3 KoAoHa ABNATCA TEPMUHUPYIOLLMMUN (CTOIM- UITN HOHCEHC-
KoOoHbl): UAA, UAG, UGA
CUYMTbIBaAHUE
FeHeTU4YeCKnM Kop BbIPOXKAEH
OQHy aMUHOKUCIIOTY KOOMPYET HECKOMbLKO TPUMNMETOB (3anac NpPo4YHOCTH)

Codons more than amino acids

The code is degenerate
More than one codon may specify the same amino acid; this is called degeneracy of the

code.



Major players/OCHOBHbIE UTPOKU
1.Ribosome/Pnbocoma

80S
E site P site A site
MW 4,200,000
605 (large) subunit / \ 405 (small) subunit | arge
ribosomal
subunit
E P A
small
MW 2,800,000 mwigoo0o 000 . d 1 —— ribosomal
/ \\ 7 \ _/ _________ subunit
5S rRNA 28S rRNA 5.85 rRNA 18S rRNA
e = =S = mRNA-
nudeotides % nudeotides 1900 binding site
G hor 8 (D)

~49 proteins ~33 proteins



Major players/OCHOBHbIE UTPOKNK
1.tRNA/TPHK

3!
A-OH
G
C
5' A
pG—C
C—G acceptor stem
G—C
G—U T
wC loop
A—U
D-loop Uu—A J
U—A
)
\ G U GACACC m'A
D~ A A L e G
D CUCmG m’CUGUG_ ¢
2 11 c Ty
G & AGAGC%ZG AUm7G
c—G G \
C—G .
A—U variable loop
G—mC
Anticodon A=
loop Cm A
\ Y
GnA A




Ribosome movement / [1BuxeHne
NDNOOCOMbI

growing polypeptide chain
STEP 1

! 5
H2N

newly bount
4  charged tRN,

E site Psite  Asite

STEP 3.

2
H2N ’./

2
H2N “/

ejected tRNA




messenger RNA
.3 (MRNA)

poly-A-binding
protein

growing _

polypeptide
chain , |

100 nm 7
(A) (B)



Geneme/[ eHOM

[ €eHOM -
COBOKYMHOCTb
HacneacTBeHHOro
MaTepuana,
3aKJ1H04YEeHHOro B
KneTke
opraHm3ama.

Genome is an
organism's
complete set of
DNA, including all
of its genes

Comparison of Genome Size:
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Variability of the human
genome/BapuabenbHOCTb reHoma Yernoseka

* Okono 99,9% nocneposartenbHocTen AHK
reHoMa 4YenoBeka OUHaKOBbI Y 8CeX
nrogen

e About 99.9% of the DNA sequences of the
human genome are the same for all people.

o OTnnumna/Differences:

- SNP — OOHOHYKNEOTUAHbLIN
nonMMopdunam.

- [loBTOpPbLI/ Repeats

- IHcepuum n peneunn/ Insertion and
deletion



Replication - DNA synthesis on a DNA
template/Pennukauna — cunted JHK Ha maTpuue
NHK

template S strand

5¢ 3/
/ 11 i || || (i 11 111 & W | |
S strand tlh 6 6 6 6 6 6 0 o o ¥
5! 3! new S’ strand
11 i || 11l 1] 111 11 i il |l
3 5 new S strand
S’ strand 3D 6 6 6 6 6 6 6 6 o &}
parent DNA double helix E T E I mm T T
3’ 5

template S’ strand

benkoBaa mawmHa OHK- Protein Machine - DNA Polymrase
nonumpasa Properties:

CownucTtBa: - Semiconservative
-[MonykoHcepBaTUBHOCTbL - Anti-parall

-AHTUNapanenbHOCTb



The Evolution of Crick’s Central Dogma from the
1950s to today

1950’s c DNA == RNA == Protein

—~ Phosphorylation

’ Splicing . Glycosylation
1980’s DNA <= RNA . Protein
Alternative . Methylation

Splicing
\<Acetylation
Histone ~ MicroRNAs diti
modifications . Editing
= Splicing
Today DNA <=> RNA = _ = Protein == Conformational
_ _ = Alternative
Other epigenetic Splicing Isomers

factors - Other catalytic — Phosphorylation
regulator RNAs Glycosylation

|__ Methylation

| Acetylation

\_ Other
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The genetic code is simple: four bases that form two
NATURE | LETTER _<: B pairs (A-T and G-C) are used in all of life.
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Before

After

Applications

DNA

4 nucleotides
2 base pairs

eDNA

6 nucleotides
3 base pairs

Anti-Counterfeiting

Forensics

Nanomatenals
Aptamers

Better vaccines

RNA £4 codons
4 nucleotides
eRNA 216 codons

6 nucleotides

Research reagents
Diagnostics

RNAI & siRNA
MicroRNA

Proteins can be built with
20 amino acids

Proteins

Proteins can be built with
up to 172 amino acids

Faster drug discovery
New antibiotics
New macrocycles

New cancer drugs/
chemotherapeutics



Synthetic nucleotide/ cuHTETUYECKUE
HyKneoTuabl
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RNA interference/
PHK nHTepdepeHuyuns

/i Transcrlptm Transcription of pri-miRNAs can be
M) increased or decreased through
U : | pathophysiological conditions

Processing ) ik
by Drosha AAA Processing defects in m—i RISC
pri-miRNA cancer, role of Drosha e Y. &
@ 8 and Dicer s AAA PN &
< Steamy) Y :
pre-miRNA Target mRNAs = Polyribosome
~ /“' : (o
b¢ Viral shRNAs Mature o =20 M AAA
® ¥ affecting Exportin-5 miRNA ese® .
‘ .. Processing , \” % = Translational
% ' - by Dicer : 3 inhibition and 9
% e ™\ @ S mRNA degradation Target
% AN\ by RISC proteins
Cytoplasmic @ Processing defects in Competition of long
—» export by hypoxia, functional non-coding
Exportin-5 Dicer defficiency RNAs for miRNA targets (25

SiRNA and miRNA both result in decreased levels of functional protein within cells,
albeit through different mechanisms. RNAi mediated via siRNA tends to affect
steady-state mRNA levels, whereas RNAi mediated via miRNA mainly affects the
efficiency with which mRNA is translated into protein.






