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From DNA to Protein

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



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

*Our understanding of cellular function depends on exquisite knowledge of all of
the molecular components acting in a system. Mass spectrometry (MS)-based
proteomics has matured immensely in the last decade, allowing quantitative
system-wide analysis of the proteome, including post-translational modifications
(PTMs), protein—protein interactions and cellular localization.

Quantification of the entire set of proteins expressed in a complex biological
system (for example, mammalian cells) is now possible with a high sensitivity and
in a reasonable amount of time.

*With the availability of genomic information, the massive capacity for peptide
identification by MS is being used to annotate gene sequences and to find new
protein-coding genes and splicing variants.

*In combination with new approaches to isolate specific PTMs, MS-based studies
are revealing a much higher order of proteome complexity in which most
proteins are modified by several PTMs that crosstalk in intricate mechanisms to
regulate protein function.

Protein affinity strategies allow purification of candidate proteins and their
interacting partners, which are subsequently identified by MS. These studies
describe, with a high degree of detail, dynamic and context-specific protein—
protein interaction networks and protein complexes.

*The improvements in sensitivity, robustness and high-throughput of MS-based
proteomics now permits applications in the clinical field, including the possibility
of discovering disease-related biomarkers and screening molecular targets of
candidate drugs.
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* Magnetic ranking cytometry (MagRC)

+ Cellular indexing of transcriptomes and epitopes by /| * Single-cell barcode chips (SCBCs)
sequencing (CITE-seq) .| * Flow cytometry

* RNA expression and protein sequencing assay (REAP-seq)

Cell-surface protein * Microengraving

* Droplet microfluidics

e ;,,f"?Secrered

protein

* Microscopy ' Cyto;?lasmic
* Single-cell Western blotting protein
* Proximity ligation assay (PLA)
= Proximity extension assay (PEA)
* Mass cytometry (CyTOF)
* Mass spectrometry

Fig. 1| Classification of single-cell protein analysis methods based on the location of target protein. Cell-surface-
protein analysis methods include magnetic ranking cytometry (MagRC), cellular indexing of transcriptomes and
epitopes by sequencing (CITE-seq), and RNA expression and protein sequencing assay (REAP-seq). Methods that can
be used for the analysis of cell-surface and cytoplasmic proteins include microscopy, single-cell Western blotting,
proximity ligation assay (PLA), proximity extension assay (PEA), mass cytometry (cytometry by time of flight; CyTOF) and
mass spectrometry. Methods utilized for secreted-protein analysis include droplet microfluidics and microengraving
techniques. Methods used for comprehensive analysis of the three proteins include flow cytometry and single-cell

barcode chips (SCBCs).

NATURE REVIEWS | CHEMISTRY VOLUME 4 | MARCH 2020 | 143
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*In RNA, the sugar is ribose.
*In DNA, the sugar is deoxyribose.

NH, NH,
N - f’J::x : % e T
e g s N
LW 1
N ~N7 “NT SO
“20,POCH, “20,POCH,
OH OH OH

Adenosine 5'-monophosphate (AMP) Deoxycytidine 5'-monophosphate (dCMP)
(a ribonucleotide) (a deoxyribonucleotide)
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® Methylation
- Acetylatation
® Phosphaorylation

® Ubiguitination

Nucleoson;e “bead”
(8 histone molecules +
146 base pairs of DNA)
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https://www.slideshare.net/jannatiftikhar/role-of-histone-in-dna-packaging
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At the simplest level, chromatin

is a double-stranded helical DNA double helix

structure of DMA.,
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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,
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H1 histone.

A chromatosome consists
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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
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11 DIFFERENT TYPES OF RNA IN A CELL

Messenger RNA Ribesomal RNA

WWW . BIOLOGYEXAMS4U.COM



Post Transcription Modification of RNA

1. RNA capping
2. PolyAtall
3. Splicing

RMA-coding sequence
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DNA Methylation and Histone Acetylation
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* 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.
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Self-Assembly Process in
Nature
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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
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PCR

https://www.youtube.com/watch?v=MyLrs h10IE



https://www.youtube.com/watch?v=MyLrs_h1OlE
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Real-time PCR

https://www.youtube.com/watch?v=1kvy17ugl4w



https://www.youtube.com/watch?v=1kvy17ugI4w
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B PROTOCOL OF SARS-COV-2 DETECTION USING REAL-TIME RT-PCR

(Target gene » RdRp gene (Corman et a(. 2020)
PCR amplification regions nCoV_IP2/12621-12727and nCoV_IP4 /14010-14116 (Institut Pasteur, Paris)

_\

Primer sets and probes - designedbased on the first sequences of SARS-CoV-2 available on the GISAID database)

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

)

Sample lysis Binding of viral RNA Washing Elution of viral RNA

5 minincubation of sample  Ethanol addition and transfer of 1t Wash Buffer (high salt 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

\ 5
Real-time Multiplex RT-PCR (Institut Pasteur, Paris) N
Amplification Cycles (Lightcycler System)
Multiplex Mix (nCoV_IP2&IP4) Denaturation amplification Cooling
Sample RNA 5ul : X 50 1
H20 1.3 ul ‘ '
Reaction mix 2X 12.50 pl 95°C l
MgS04 (50mM) 0.40 pl 3 min |
Forward Primer1 (10uM) 1.00 pl |
Reverse Primer1 (10uM) 1.00 pl e
Forward Primer2 (10uM) 1.00 ul traii‘girsﬁon
Reverse Primer2 (10uM) 1.00 pl £
Probe 1(10uM) 0.4l 55°C
Probe 2 (10uM) 0.4pl ===~ 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.
N v,

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 O. 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)

g

Use a
seqguencing L
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DNA sequence
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DNA Sequencing
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https://www.youtube.com/watch?v=vK-HlMaitnE

Dye Terminations
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cDNA Microarray

Experimental Cell

Microarray
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NGS lllumina

100-150 bp



NGS lllumina

https://www.youtube.com/watch?v=fCd6B5HRa”Zg

e, " J°, .. e die Ve Jie Yo . W' e
P vy by v oy o] vy oy "o

TTTTTTTCT


https://www.youtube.com/watch?v=fCd6B5HRaZ8

Roche 454 sequencing
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Roche 454 sequencing
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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.



Third Generation Sequencing

_ DNA passes thru Raw output is fluorescent signal A,C,T,G have known pulse
PacBio polymerase in an of the nucleotide incorporation, ~ durations, which are used to
SMRT seq illuminated volume specific to each nucleotide infer methylated nucleotides
l f). Intensity
DNA passes thru Raw output is electrical signal Each nucleotide has a specific
nanopore caused by nucleotide blocking electric “signature”
Oxford j ion flow in nanopore
Nanopore )
+ + T C A (4dmC




Zero Mode Waveguide

https://www.youtube.com/watch?v=NHCJ8PtYCFc

Metal

film \

Fused
silica

lllumination
Dichroic filter
Collected fluorescence

SCIENCE VOL 299 31 JANUARY 2003


https://www.youtube.com/watch?v=NHCJ8PtYCFc
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5 —) 1M R110-dCTP = /43 nm waveguide
) == 10 uM R110-dCTP < 0.84 == 56 Nm waveguide
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Fits to 43 nm waveguide G 0.64 — Diffraction limited
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—_ Dur!ng polymer!zat!on react!on same waveguide with fits to a 43-
3 u?:(nﬁesso %rtr:;r:? ion reaction. — nm-diameter guide. (B) Normalized
% After end of reacl?’on (30) FCS curves of 10 wM R110-dCTP in
£ two different sizes of waveguides.
o Arrows indicate the average resi-
= dence times for molecules in the
bt’— observation volumes. Curves from

4-nM dye in a diffraction-limited fo-
cal spot are shown in (A) and (B) for
comparison. (C) Time trace and (D)
FCS curves from single-molecule
t (ms) DNA polymerase activity inside a
zero-mode waveguide. Incorpora-
tion events and subsequent photobleaching of coumarin-dCTP appear as distinct fluorescence
bursts in the black time trace (10-ms time bins). This results in a long-time shoulder in the
corresponding FCS curves during polymerization (black and blue curves) in (D). Decreasing the
intensity results in slower photobleaching as seen by the longer residence time in the blue curve.
The red curves in (C) and (D) are the corresponding negative controls (absence of one native
nucleotide) in the same waveguide before initiation of the reaction. The green curve in (D) is the
control after the reaction has stopped.
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Real-Time DNA Sequencing from
Single Polymerase Molecules
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Nanopore Sequencing

https://www.youtube.com/watch?v=RcP85JHLmnl

https://www.youtube.com/watch?v=qzusVw4Dp8w



https://www.youtube.com/watch?v=RcP85JHLmnI
https://www.youtube.com/watch?v=qzusVw4Dp8w
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Figure 2 A nanopore reader with chemically functionalized probes. As a
strand of DNA emerges from a nanopore, a ‘phosphate grabber’ on one
functionalized electrode and a ‘base reader’ on the other elactrode form
hydrogen bonds (light blue ovals) to complete a transverse electrical circuit
through each nuclestide as it is translocated through the nanopore.




Digital PCR

4 Primer
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Recombinant DNA

Function

Genetic Biochemistry
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Sticky ends
Cut here
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B3-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 3 - galactosidase. Bacterial colonies in which [3 - 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

CRISPR CAS9

CRISPRs (clustered
regularly interspaced
short palindromic
repeats) are segments of
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sequences. Each
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Movie

* https://youtu.be/2pp17E4E-O8
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Optogenetics

https://www.youtube.com/watch?v=164 X7vHSHOE
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https://www.youtube.com/watch?v=I64X7vHSHOE
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