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From DNA to Protein

https://www.youtube.com/watch?v=gG7uCskUQOrA



https://www.youtube.com/watch?v=gG7uCskUOrA

°In RNA, the sugar Is ribose.
In DNA, the sugar Is deoxyribose.
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OH OH OH

Adenosine 5'-monophosphate (AMP) Deoxycytidine 5'-monophosphate (dCMP)
(a ribonucleotide) (a deoxyribonucleotide)
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DNA polysiiaiase DNA replication

Original DNA

fragment RNA
primer

Topoisomerase

| DA

Ll
Parent DNA

Leading stand

https://youtu.be/TNKWgcFPHqw
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® Methylation
- Acetylatation
® Phosphaorylation

® Ubiguitination

Nucleoson;e “bead”
(8 histone molecules +
146 base pairs of DNA)

e P e, %

https://www.slideshare.net/jannatiftikhar/role-of-histone-in-dna-packaging
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H1 histone
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1

At the simplest level, chromatin

is a double-stranded helical DNA double helix

structure of DMA.,

gﬂ“‘f‘””’“ﬂ”wwWWJLWW\

L7

3

Each nucleosome consists of
eight histone proteins around
which the DMA wraps 1.65 times.

to form nucleosomes.,

DMNA is complexed with histones

Mucleosome core of 3

2 nm

eight histone molecules

&

... that forms loops averaging
300 nm in length.

300 nm

2 250-nm-wide fiber

.......

700 am

The 300-nm fibers are
compressed and folded to
produce a 250-nm-wide fiber,

LIVY

H1 histone.

A chromatosome consists
H1 histene of a nucleasome plus the

> ™ Chromatosome

The chromatosomes
fold up to produce
a 30-nm fiber...

30 nm

8

Tight coiling of the 250-nm
fiber produces the chromatid
of a chromosome,

1400 nm




Chromosome
Centrosome
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Telomere
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a Normal cells undergo progressive

telomere shortening with cell division Earlier passage normal
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Telomerase
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Similar to break-induced replication

Chromosome
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e

Rolling circle amplification

|

telomeres

85-90% of tumours 10-15% of tumours

0000000000000

POT1

(TTAGGG)N

l(aaTcco)n

NATURE REVIEWS | GENETICS VOLUME 20| MAY 2019 | 299



Telomere
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Telomerase
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THE CHEMICAL STRUCTURE OF DNA

THE SUGAR PHOSPHATE ‘BACKBONE' WHAT HOLDS DNA STRANDS TOGETHER?

BASE BASE BASE DNA strands are held together by hydrogen bonds between bases on adjacent
strands. Adenine (A) always pairs with thymine (T), while guanine (G) always
pairs with cytosine (C). Adenine pairs with uracil (U) in RNA.

H

kY
N N=H=====-0
rx
N /o\ N H—n €N
DNA is a polymer made up of units called nucleotides. The nuclectides are ‘11{
made of three different components: a sugar group, a phosphate group, and a

N= N
base. There are four different bases: adenine, thymine, guanine and cytosine.

o N

Om THYMINE FROM DNA TO PROTEINS

NH,

The bases on a single strand of DNA act as a code. The letters form three letter
H N \ codons, which code for amine acids - the building blocks of proteins.
N7 N : .
k I /> TRANSCRIPTION TRAMNSLATION

N

An enzyme, RNA polymerase, transcribes DNA into mRNA (messenger
ribonucleic acid). It splits apart the two strands that form the double helix, then
reads a strand and copies the sequence of nuclectides. The only difference

between the RNA and the original DNA is that in the place of thymine (T).
another base with a similar structure is used: uracil (U).
(6) cuanive JC) cviosine
o DNA SEQUENCE 0000000000600
H OY

HN | />
HZN/L\\N N

N\ NH2 mRNA SEQUENCE ([ oo . Gaooooe _ o

AMINO ACID Phenylalanine Leucine Asparagine Praline Leucine

In multicellular organisms, the mRNA carries genetic code out of the cell
/ nucleus, to the cytoplasm. Here, protein synthesis takes place. ‘Translation’ is the
process of turning the mRNA's ‘code’ into proteins. Molecules called ribosomes
carry out this process. building up proteins from the amino acids coded for.

© Andy Brunning/Compound Interest 2018 - www.compoundchem.com | Twitter: @compoundchem | FB: www.facebook.com/compoundchem
This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.




Triple and Quadruple Strained DNA

B. Holliday Junction| C. G-Quadruplex | D. i-Motif




DNA G-quadruplex (G4)
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Trends in Chemistry

Trends in Chemistry, February 2020, Vol. 2, No. 2 P123
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(A) Fluorescence microscopy (B) G4-seq (€ Permanganate footprinting

1. Read: reference DMA Polymerase
S
Template DNA
melt and
remove
- 1. reprime = o

* ligand treatment .}/' 2. G4 stabilizer ; :h'lrlz,mcl;iiatl :;n ’
= helicase depletion o, @ . nuclease digestio

. 2. Read: G4 stabilizing conditions

Polymerase stalling 51 nuclease

(0) ChiP-seq of G4 binding proteins (€} ChIP-seq of DNA damage markers  (F) G4 ChiP-seq

G4 binding
protein

DNA damage
Trends in Chemistry



Polymerase
movement
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RNA POLYMERASE

Coding
strand

Rewinding
of DNA

Unwinding
of DNA

’&.,“p DOV

Nucleotide being added
to the 3’ end of the RNA

’

strand

RNA
5!‘
RNA-DNA s
Promoter Tempiate hybrid region
o —

TATA box start point Template
DNA strand

Transcription @
factors J\

«@a

RNA transcript

Transcription initiation complex



RNA polymerase

nontemplate strand

template strand



activator protein

— s sole TATAD =
0%
enhancer BINDING OF start of
(binding site for GENERAL TRANSCRIPTION transcription
activator protein) FACTORS AND
RNA POLYMERASE

activator protein

general transcription
factors

¢
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\
A
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Rho-independent termination Rho-dependent termination




Polyadenilation
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RNA S Ael i 8y uunippouual

Base G CUACGGAGCUUCGGAGCUAAG

Codon Codon1 Codon2 Codon3 Codon4 Codonb Codoné Codon 7

Aminoacid  Alanine Threonine Glutamate Leucine Arginine Serine Stop

Second letter

u c A G

UuU ucu? UAU UGU U

’ T s e e Uac ¥ |ogeJors | ¢

UUAY, o, | UCA UAA Stop|UGA Stop| A

UUG i) UAG Stop|UGG Trp |G

CUU el CAUY, s |COU U
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11 DIFFERENT TYPES OF RNA IN A CELL

Messenger RNA

WWW .BIOLOGYEXAMS4U.COM



Post Transcription Modification of RNA

1. RNA capping
2. PolyA talil
3. Splicing

RMA-coding sequence

DNA J. | |

Promoter Transcription by RNA palymerase 11,
Addition of 5" cap when 20-30
nucleotides of pre-mRNA made
Addition of 3" poly(A) tail.
v
Cap Exon Infrcn Exon Intron Exan Paly(A) tall
Pre-mRNA 5 (0 jre=l! | I 2aanann. 3
S'UTRH | AMNA splicing: FUTRH
introns remaoved
v
Protein-coding sequence
mANA 5 (Ol I aaaAnAA, 3
[
| Transzlation
L
(—
Polypeptide f“""’j
s

-



[ Alternative Splicing ]

1 2 3 4 5 1 2 4 5 1 2 3 5
MRNA ittty -t e e B — e
Translation Translation Translation

Protei A Protein B Protei C



Upstream regulator

tRNA

tRNA level  charged ratio Amino acids  Translational

level
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_AA@ ANNNS
ANNNS
‘M ANNNS
Deadenylation RNAlevel  protein level
Decay Protein folding

Downstream effects



N Extracellular
lactose

Permease Cell rll'nemhrane
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Calactosidase
Lactose
p-Calactosidase

+
Calactose Clucose

Allolactose p-Galactosidase

Operon
The | P - \

RNA

[F1] Absence of lactose Regulator polymerase operator Structural genes
gene (faci) s lacZ _ lacY  lacA
AF‘WE / “ I
regulatur
protein
(repressar) lacO
RNA operator
ey
® potymerase ™\
Active regulator
protein ‘l.
Inactive regulator v i v
protein (repressor) Enzymes )
p-Galactosidase Permease Transacetylase
1 )
Allolactose . Glucose
@ B cal
CaleTosanee lactose Galactose

Fig_16-08 Genetics, Second Edition © 2005 W.H. Freeman and Company




The lac operon:

Promoter
[
CAP site Operator | lacZ | lacY | lacA
|:Inrom0tes F;Ng + _'| blocks RNA
polymerase binding polymerase
Repressor
RNA Polymerase

Glucose absent, lactose absent:

cAMP Promoter
| CAP s!e ’ Operator | lacZ | lacY | lacA
RNA Polymerase&- Repressor
Glucose present, lactose absent:
Promoter
I 1
CAP site Operator | lacZ | lacY | lacA
RNA Polymerasey&p- Repressor

Glucose absent, lactose present:

cAMP Promoter
CAP site Operator | lacZ | lacY | lacA
RNA Polymerase -
Repressor
Allolactose

Glucose present, lactose present:

Promoter

1

| CAP site |

| Operator | iacZ | lacY | lacA |

RNA POIYMErase gy

Repressor

.— Allolactose




5

The lac Operon and its Control Elements

+1

lacl cap p [o lacZ lacY  lacA
IS .
binding
site ll
AUG AUG AUG
S S S

CAP protein RNA polymerase

—PM—>—>—k

lac genes strongly expressed

Repressor protein

CAP P O
I binding I . .

site

genes
3 DNA

messenger RNA

Low glucose

Lactose available

High glucose

Lactose unavailable

Low glucose

Lactose unavailable

High glucose
Lactose available



DNA Methylation and Histone Acetylation

AL

W, W
1l E H I I i E 1l

DMA {unmethylated)

-

T
e

DMNA (methylated)

chromatin
(complex of DMA and histones)

P

acetylation [

histone modifications
(nuclecsome)

| deacetylation [Jme—

gena “switched on™

- active (open) chromatin
- unmelhylated cytosines
- acetylated histones

h

gene “switched off”

- gilent {condensed) chromatin
- methylated cylosines

- deacetylated histones



* Aging
* Diet

Histones are proteins around which
DNA can wind for compaction and
gene regulation.

EPIGENETIC MECHANISMS

are affected by these factors and processes:
* Development (in utero, childhood )

* Environmental chemicals
* Drugs/Pharmaceuticals

DNA methylation
Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA

and activate or repress genes.

CHROMATIN

HEALTH ENDPOINTS

» Cancer

+ Autoimmune disease
+ Mental disorders

+ Diabetes

EPIGENETIC
FACTOR

o,

GENE ¢ HISTONE TAIL

R

HISTONE
DNA inaccessible, gene inactive

k]

HISTONE TAIL %
__ 7

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “tails”
alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA
to be activated.



First letter

DNA Sequence

UUU |

Uuc

UUA ]

UuG

CUU |

CuUC
CUA

CUG |

AUU
AUC
AUA
AUG

GUU
GUC
GUA
GUG

- Phe

- Leu

* Leu

-lle

Met

Val

Second letter

C

UCU |
ucc
UCA
UCG |

CCU ]
CCC
CCA
CCG |

ACU ]
ACC
ACA

ACG |

GCU |
GCC
GCA
GCG |

. Ser

+ Pro

r Thr

+ Ala

A

UAC
UAA
UAG

CAU ]
CAC
CAA
CAG

AAU ]
AAC
AAA

AAG |

GAU ]
GAC
GAA

GAG |

UAU }T :

Stop
Stop

- His

- Gin

" Asn

Lys

- Asp

- Glu

- Ser

- Arg

Gly
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Self-Assembly Process In
Nature

Old Old

&
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UAC

5'[cap [AUGAGAUACCAAGAACCUACCAAGGUAGAGCUUUAGCCCG[AAAAAAALAAALA] T

Old New New Old



PCR : Polymerase Chain Reaction

30 - 40 cycles of 3 steps :

m‘«ﬂﬂ‘ "m'ﬂu‘ Qﬂ" ‘“oﬂ} . Step 1 : denaturatiné

T I minut 94 °C
T

lini 13 Step 2 : annealing
3 Ly TS

j% 45 seconds 54 °C
i T jr

forward and reverse
5 primers !!!

¥ Step 3 : extension g

~ 3 <UL lUJ.UJJ_l_LUJllLLLI

e | 2 minutes 72 °C
l h only dNTP's

i i AT '




PCR

https://www.youtube.com/watch?v=MyLrs h1OIE



https://www.youtube.com/watch?v=MyLrs_h1OlE
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wanted gene

Exponential amplification

=< 3thcycle

— { Indcycle

|
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Isteyele e = 35th cycle

template DNA

|
A
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2 =

L

4]
4 copics B copies 16 copies 32 copies 2 =68 hillion copies
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Real-time PCR

https://www.youtube.com/watch?v=1kvyl7ugl4w



https://www.youtube.com/watch?v=1kvy17ugI4w

! careful assay design

RNA sample
/
%w ’
b
—
! total RNA amount
1. step: reverse transcription
% ': s + ! rev. tr. together %'_‘@ ] +
e =

! amplification efficiences
for relative quantification

| DNase treatment

2. step: real-time PCR reaction

\ forward primer \ forward primer

6 B Mﬁmer o E ‘-r!va_ﬂwprimar
labelled probe labelled probe
Amplification Plot Standard Curve
1.4 »|
| s
131 }
: o L[V
12 1 TR
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B PROTOCOL OF SARS-COV-2 DETECTION USING REAL-TIME RT-PCR

f’_
Target gene + RdRp gene (Corman et al 2020)

PCR amplification regions= nCoV_IP2/12621-12727and nCoV_IP4 /14010-14116 (Institut Pasteur, Paris)
kPrimer sets and probes — designedbased onthe first sequences of SARS-CoV-2 available on the GISAID databasej

RNA extraction » NucleoSpin® RNA Virus or viral RNA mini Kit (QIAGEN)

Sample lysis Binding of viral RNA Washing Elution of viral RNA
5minincubation of sample  Ethanol addition and transfer of 15 Wash Buffer (highsalt concentration) ~ Elution in 20-50 ul RNase-
in Lysis Buffer containing lysate to Column 2nd Wash Buffer (low salt concentration)  free water or Elution Buffer

Proteinase K
L

Real-time Multiplex RT-PCR (Institut Pasteur, Paris)
Amplification Cycles (Lightcycler System)

Multiplex Mix (nCoV_IP2&IP4) Denaturation amplification Cooling
Sample RNA 5ul

H20 1.3ul

Reaction mix 2X 12.50 pl 95°C
MgS04 (50mM) 0.40 ul 3 min
Forward Primer1 (10uM) 1.00 pl

Reverse Primer1 (10uM) 1.00 pl

Forward Primer2 (10pM) 1.00 ul lm’j“;‘:ir;gm

Reverse Primer2 (10uM) 1.00 pl

Probe 1(10uM) 0.4 ul 55°C

Probe 2 (10uM) Q4pl =~

20 min

Superscriptlll RT/Platinum Tag Mix 1.00 pl

POSITIVE CONTROL

Positive control for real-time RT-PCR is the in vitro transcribed RNA derived from strain BetaCoV_Wuhan_WIV04_2019.
The transcript contains the amplification regions of the RdRpand E gene as positive strand.

L

References

1. Institut Pasteur. Paris. « Protocol: Real-time RT-PCR assays for the detection of SARS-CoV-2 ». OMS. 2 mars 2020.
2. Corman VM. Landt 0, Kaiser M. et al. Detection of 2019 novel coronavirus (2019-nCoV) by real-time RT-PCR. Euro Surveill 2020:25.
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DNA Sequencing

4 x PCR (+ one dideoxynucleotide)

Use a

sequencing
ddTTP  ddATP ddGTP  ddCTP machine G ACTOGAAGTCT
[l HEENENEEN
DNA sequence
T i BB B R B o B %

L )

s Separate
with a gel




DNA Seguencing

vK-HIMaitnE

https://www.youtube.com/watch?v
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https://www.youtube.com/watch?v=vK-HlMaitnE

Dye Terminations

0006006000660

—

Extension rmay incorporate
labeled or unlabeled ddrTP

9,0.0,6.00606,0006060
@)
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Extension

continuesin
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Extension mayincorporate
labeled or unlabeled ddrTP
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2 Y
6,006606600060
X
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DA Fragrents with Dye Terminators
(Smaller fragments pass through the
capillary first)

Capillary tube

Extension stops when dye

labeled darTF incorparated  (aa (o I e)leMa) e )Xo X X o))

0006600600606

D€ 006600600

Extension stops when dye
labeled doNTP incorporated
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dye terminated fragments
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GeneChip®
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NGS lllumina

100-150 bp



NGS lllumina
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Roche 454 sequencing

e

COFHOOLOFO LS

o

1000 bp



Roche 454 sequencing
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Fluorescent signal

TAGGTACGTACGTACGT
nucleotides



The four main advantages of NGS over classical Sanger sequencing are:

speed

cost
sample size
accuracy

NGS is significantly cheaper, quicker, needs significantly less DNA and is more
accurate and reliable than Sanger sequencing.

NGS is quicker than Sanger sequencing in two ways. Firstly, the chemical reaction
may be combined with the signal detection in some versions of NGS, whereas in
Sanger sequencing these are two separate processes. Secondly and more
significantly, only one read (maximum ~1kb) can be taken at a time in Sanger
sequencing, whereas NGS is massively parallel, allowing 300Gb of DNA to be read
on a single run on a single chip.

The first human genome sequence cost in the region of £300M. Using modern
Sanger sequencing methods, aided by data from the known sequence, a full
human genome would still cost £6M. Sequencing a human genome with lllumina
today would cost only £6,000.
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Recombinant DNA
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3-Galactosidase

The enzyme that splits lactose into glucose and galactose. Coded
by a gene (lacZ) in the lac operon of Escherichia coli.

OH - . OM

OH OH

PUC is a family of plasmids that have an ampicillin resistance gene and
more importantly a lacZ gene. A functional lacZ gene will produce the
protein B - galactosidase. Bacterial colonies in which B - galactosidase is
produced, will form blue colonies in the presence of the substrate 5 -
bromo - 4 - chloro - 3 - indolyl - b - D - galactoside or as it is more
commonly referred to, X-gal.


http://www.everythingbio.com/glos/definition.php?ID=1605
http://www.everythingbio.com/glos/definition.php?ID=4147
http://www.everythingbio.com/glos/definition.php?ID=1602
http://en.wikipedia.org/wiki/Image:Lactose(lac).png
http://en.wikipedia.org/wiki/Image:Lactose(lac).png
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Green Fluorescent Protein (GFP)

The green fluorescent protein
(GFP) is a protein from the jellyfish
Aequorea victoria that fluoresces

green when exposed to blue light.
With GFP As Tracer

{atne For

Stop Code
For Protein



http://en.wikipedia.org/wiki/Aequorea_victoria
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Life

Replication: reproduction
Function: catalytic functions
RNA world:

Virus Is not alive
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Virus Reproduction
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