o .
universite FACULTE DE
PARIS-SACLAY | PHARMACIE

Nucleic acids as
diagnostic and
therapeutic tools

Dr. Francois Fay
Assistant Professor
Institut Galien Paris-Saclay




Nucleic acids as diagnostic tools and
therapeutics

Physiological
Response
DNA mRNA protein

Adapté de http://www.bonac.com/global/en/nucleic/about/



Nucleic acids as diagnostic tools and
therapeutics

Physiological
Response
protein

Adapté de http://www.bonac.com/global/en/nucleic/about/



Nucleic acids as diagnostic tools and
therapeutics
Diagnostic Protein production Therapeutics

Physiological
Response
protein

Adapted from http://www.bonac.com/global/en/nucleic/about/



Diagnostic

Ferrarini et al Rev Med Suisse 2010
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Karyotype
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Diagnostic
Fluorescence In-Situ Hybridization (FISH)

http://pathology.uthscsa.edu/strl/cytogenics/fish.shtml



Diagnostic
Fluorescence In-Situ Hybridization (FISH)

Example: HER2 gene analysis in cancer biopsy
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Huber et al Biomicrofluidics 2018 Ursula Vinatzer et al. Clin Cancer Res 2005
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Example: HER2 gene analysis in cancer biopsy
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Fluorescence In-Situ Hybridization (FISH)

Example: HER2 gene analysis in cancer biopsy
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DNA/RNA

Schematic overview of SARS-CoV-2 RT-PCR testing procedure.

e
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Smyrlaki et al, Nature Communications 11 4812 (2020)
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Other:

* Mutation : Single nucleotide polymorphisms (SNP)
* Fragmentation DNA
* Methylation DNA
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Transcriptome

[ Genome ][Transcriptome]

Adaptée de C Delomeri®
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Transcriptome

o
)
>
> @
wn
0]
—t
[E=Y
Fig 6. identification of gene co-expression patterns across different
samples. Heatmap Each column contains the measurements for gene
expression change for a single sample. Relative gene expression is
indicated by colour: high-expression (red), median-expression (white)
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i qRT-PCR
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« TagMan®: Sample RNA is converted into cDNA and amplified by PCR in the
presence of a target-specific oligonucleotide bound to a fluorescent probe and
fluorescence quencher.

« As DNA polymerase synthesizes the new DNA strand, it cleaves the fluorescent
probe off the oligonucleotide, freeing it to fluoresce.

« The fluorescence grows stronger with each PCR cycle as more fluorescent probes
are freed.

(other methods than TagMan exist)
Rogawski DS et al Transl Res. 2017 doi: 10.1016/j.trsl.2017.06.013
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Microarray
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 RNA is extracted from cells, reverse transcribed, and labeled with fluorescent probes

(example green for normal cDNA, red for tumor cDNA).
 The cDNAs are applied to a microarray chip, where they bind to complementary sequences

from annotated genes.
* The relative amount of green versus red fluorescence corresponds to the relative

expression of genes in normal versus tumor cells.

Rogawski DS et al Transl Res. 2017 doi: 10.1016/j.trsl.2017.06.013
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Transcriptome
RNA-sequencing
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Extracted RNA is fragmented, reverse-transcribed, and modified with linkers to aid

sequencing.
 The cDNA is sequenced, and the resulting sequences are aligned against a reference

genome to reveal the expression levels of various genes in the

Rogawski DS et al Transl Res. 2017 doi: 10.1016/j.trsl.2017.06.013
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Transcriptome : Covid-engine
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[ SARS-CoV infected
[ Healthy volunteers

=

=
g
= 3 =
__-—;

HiE

@
% [ ]
c
S |
s - B
= = ——
5 . - — -
Ql
8 — —
>‘ ———
Q
B -
oy
=5 ="
- 1—?‘: —
—— e
po-t O e~ e,  —
—~ s'—l— ——d
- -
] m——p - |
gl = W=
& B e
B — —
[ e -
c pump—— "]
& = - -
I$ — -
> H - —
8 - =
- -
s
— |
-3 ] +3

log, expression of genes

log, expression of genes

>

o o o o
S 6] (o] ~
1 [ [ [

o
w
1

3.55+

3.50-

3.45-

3.40-

3.35-

3.30-

* k%
*
IL6
]
.
°
-!- .
°

(Angiotensin-Converting Enzyme 2)

(Lactate Dehydrogenase A/B)

B ok
TNF
6.25- °
[ ]
6.00 -
[ I )
5.75- (X )
[ )
[ ]
[ ]
@
5.25- °
E
LDHA
[ ]
11-
-*i
9- o o

11.0-

10.5+

10.0-

9.5+

9.0~

LDHB
[ ]

[ ]
[ ]
J [ ]

[ ]
[ ]
LN J
Patients

ES Acute-like
- Recovering-like

ES Healthy

Adaptée de Sadanandam, et al Cell Death Discovery 6

£ 141 (2020)



Nucleic acids as diagnostic tools and
therapeutics

Protein production



Protein production

Stable expression

Isolation,

Expression, adaptation, _ /4
3 selection & banking & Protein
Transfection sub-culturing expansion production

‘wr:‘,ﬂ?rf
e

\|
7|

%»u»

I Months

Transient expression

Protein
production

i
1(\1 r](

High efficiency
transfection

Dpp »

! 5-7 davs N

thermofisher.com



Nucleic acids as diagnostic tools and
therapeutics
Therapeutics

Physiological
Response
protein

http://www.bonac.com/global/en/nucleic/about/



Nucleic acids as Therapeutics

Physiological

Response
protein

Tiré de http://www.bonac.com/global/en/nucleic/about/



Nucleic acids as Therapeutics

 Add DNA  Add RNAs  Other
Physiological
Response
protein
* Delete DNA * Delete RNAs
* Modify DNA * Modify translation
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Nucleic acids as Therapeutics

 Add DNA  Add RNAs  Other
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protein
* Delete DNA * Delete RNA
* Modify DNA * Modify translation
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Nucleic acids as Therapeutics

* Plasmids * mRNA  Aptamers

Physiological
Response
protein
* CRISPR/cas9 * miRNAs / anti-miRNAs
* SiRNAs
 shRNAs
* ASOs

http://www.bonac.com/global/en/nucleic/about/



Nucleic acids as Therapeutics
FDA 2018 - 2019

Oligonucleotides
Approvals by modality

~ siRNA

Antisense
RNA aptamer
i Proteins
ormone
. : e Small Molecules
Fusion protein— ~———Radiolabelled
Enzyme
By & : Peptide

Bispecific Ab~

Small molecule

Adapted from Muller A, 2023 FDA approvals Nature Reviews in Drug Discovery, Jan 2024.

www.lgcstandards.com



Nucleic acids as Therapeutics
Therapeutic Strategies

Modification Modification
des cellules des cellules

IN VIVO ; EX VIVO

Solution Prelevement

d’ADN nu

Liposomes S
Injection

intraveineuse,
Intramusculaire,

intrapéritoneale,

__/—7 aerosol...

de cellules

malades Rétravirus
contenant le gene
a transférer

®

Culture

Reintroduction
des cellules
modifiées
chez le patient

Gene
therapeutique

®

Vecteur viral

https://www.leem.org/la-therapie-genique
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* Plasmids * mRNA * Aptamers
* Virus
Physiological
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protein .
 CRISPR/cas9 e miRNAs / anti-miRNAs

* SiRNAs

 shRNAs

* ASOs
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Nucleic acids as Therapeutics
Plasmid Vaccines

id DNA

Tra feﬂi ’l’run\fcclion of

\popl otic cells

Antigen |rc\ ing APCs
travel to drain glm;h

;‘i ié _’\nliln:;n
B cell *.{

Plasmid with genes coding for proteins / peptids that are
specific to the pathogens.

In the iImmune cells
DNA transcribed — peptids are recognized as non-self
— peptids are presented as antigens (CMH |)

— Specific Immune Response

Xu'Y, Yuen PW, Lam JK - Pharmaceutics (2014)



Nucleic acids as Therapeutics
Plasmid Vaccines

Table 4. DNA vaccines approved for veterinarv use.

Type Species Target Product/Company Ll::f: h_d; = . dn;R:lﬂn].il::r:iiu-n Benefits

Prophylactic R West Nile-Tmovator - : Production of
P Horses West Nile Virus Fort Dodge Amimal 2003 USA L : o
vaccine Health protective anhibodies
Infections ] _ Stimulation of innate and
Pru_ph}'.]acnc Salmeon haematopoietic _""‘LPER-HJ MNovartis 2005 Canada ™ adgptre Immune responses
vaccine necrosis virus (THNV) Animal Health mmproving the welfare
) and product yield
Production of antibodies
Immunotherapy _ - : " - ? capable of preventing the
of cancer Dogs Melanoma Oncept™ Menal 2010 USA D needle-free. progress of the disease and

prolonging the amimal’s life

Pereira et all World Journal of Vaccines 2014



Nucleic acids as Therapeutics
Plasmid Vaccines: Oncept (USDA, EMA}

Oncept Melanoma contains a plasmid DNA expressing the gene coding for the human tyrosinase, pINGhT,
in an aqueous solution. The principle of xenogeneic DNA vaccination was applied with Oncept Melanoma
to overcome immunelogical tolerance to canine tyrosinase in dogs with melanoma. The xenogeneic
(human) tyrosinase protein is foreseen to stimulate in dogs an immune response, cross-reacting with
canine tyrosinase protein and canine melanoma cells expressing the canine tyrosinase.

Kanamycin cassetie ORI

Canine Melanoma Vaccine, DNA
Vaccin & ADN contre le mélanome canin

pING/Tyrosinase (Human) MV promoter

6408 bp

" , )
N
'3 G ¥ (e emons ¥
: Onecept § ONcept
Wi\
/R e
-

“The bacterial and plasmid DNA itself contains immunostimulatory sequences that
may act as a potent immunological adjuvant in the immune response”

EcoRI (2885)

‘DNA is relatively inexpensive and simple to purify in large quantity.”

Bergman et al Clin Cancer Res. 2003 Apr;9(4):1284-90
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Adapted from R Robinson PLoS Biol 2(1): e28 2004



Nucleic acids as Therapeutics
RNA interference

* MicroRNAs (mIRNA)
» Antisense Oligonucleotides (ASOs)
— « small interfering RNAs (SiRNA)

mRNA

J ﬂ -g q u D X &
‘ Transcription

& {l
Pu DNA

Translation

Adapted from R Robinson PLoS Biol 2(1): e28 2004



Nucleic acids as Therapeutics

RNA interference
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Fattal and Fay Advanced Drug Delivery Reviews 2021



Nucleic acids as Therapeutics
RNA interference

miRNA gene Pri-miRNA Pre-miRNA
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Lam et al Molecular Therapy—Nucleic Acids (2015) 4, e252;



Nucleic acids as Therapeutics
ASOs

Reducing pathological protein expression

Antisense oligonucleotides (ASOs) are small, single-stranded DNAs that can bind specific RNA sequences on
precursor messenger RNAs (pre-mRNAs) and mRNAs. The resulting RNA-DNA hybrid can induce ribonuclease
H1 (RNase H1) degradation of the targeted RNA, modulation of splicing, or blockade of translation.

&

Target mutations gx RNase H1 degrades

ASOs can target RNA
transcripts that produce
disease-causing proteins.

¢ RNAs in DNA-RNA hybrids

Reduced protein amounts
Target splice sites Targeted degradation of
Unique sequences at RNA or modulation of

splicing or translation

il reduces the expression of
disease-causing proteins.

\»§§

splice sites in pre-mRNAs
can allow ASOs to
modulate RNA splicing.

Target translation
start sites

ASOs can selectively
target translation start
sites in mRNAs, which
prevents protein translation.

_ Translation Pathological
start site protein production

Leavitt et al Science 2020
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MRNA * Aptamers
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Nucleic acids as Therapeutics

MRNA Vaccines

Pfizer/BioNTech vaccine
announcement is cause for cautious
celebration

Interim trial results are encouraging as scientists welcome news
Coronavirus - latest updates
See all our coronavirus coverage

A The Pfizer/BioNTech trial will continue into December. Photograph: Carlo Allegri/Reuters

It is not yet the end of the pandemic, but the announcement by
Pfizer/BioNTech that their vaccine has been 90% successful in the vital large-
scale trials has got even the soberest of scientists excited.

These are interim results and the trial will continue into December to collect

Moderna’s COVID-19 vaccine candidate
moves into late-stage trial

There are more than 150 coronavirus vaccine candidates worldwide,

with Moderna’s candidate among the most developed.

mogerng

are than 150 coronavirus vaccine candidates are in various stages of development, with 23 prospects in human trials
M t 150 didat 1ag { devel t, wak t I

across the globe and Maderma's candidate among the farthest slong in development [Brian Snydes/Reuters]



Nucleic acids as Therapeutics
MRNA Vaccines

How mRNA vaccines work — training the immune system for a real infection:
Both parts of the immune system activated against virus

Cap
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modRNA Helper T Cell
formulatedin APCs present

LNP enters cell Spike protein
fragments

o Nt
N— « A

Virus Neutralizing
Antibodies

Activates Bind Spike proteins and
prevent virus infection

Tand B cells
\ of human cells

Memory Tand B cells
Provide immune memory to

U Spike cDg*
FEICHbe proteinis Cytotoxic :
ensure longer-term protection

made and TCell :
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cells; potentially increases
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Nucleic acids as Therapeutics

MRNA Vaccines

0 3’ Poly-A-tail: properties such as
length, are important for

e UTR’s: translational efficiency is
regulated by their length,
structures and regulatory

elements.

translation and protection of the
mRNA molecule

/ Cap

UTR

5’ Cap: The efficiency of
capping and the cap
structure impact innate
sensing and protein
production.

e Purity: removal of impurities reduces

Poly-A-tail

e CDS (Coding Sequence):
Modification of sequence, such as
codon optimization, have
contributed to improved expression.

innate sensing promoting expression.

Moderna
Nicholas A. C. Jackson et al, npj Vaccines 5 (2020)
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MRNA Vaccines

Table 3 | Clinical trials with mRNA vaccines against cancer (As in2017)

Antwerp University DCEPwith TAAmRNA (id.or  AML « NCT00834002 (1) * Completed™®
Hospital NA) *NCT01686334 (1) * Recruiting
TAA tumor-associated antigen AML, CML, multiple myeloma NCT00965224 () Unknown
Muitiple solid tumours NCT01291420 (1111 Unknown™®
Mesothelioma NCT02649829 (111) Recruiting
Glioblastoma NCT02649582 (/1) Recruiting
Argos Therapeutics DC EP with autologous tumour  Renal cell carcinoma «NCT01482949 (1)) * Ongoing
mRNA with or without CD40L «NCT00678119 (1)) * Completed™
mRNA (i.d. or NA) «NCT00272649(11)  » Completed; results NA
*NCT01582672 (Il * Ongoing
*NCT00087984 (1) = Completed; results NA
Pancreatic cancer NCT00664482 (NA) Completed; results NA
Asterias Biotherapeutics  DC loaded with TAA mRNA (NA) AML NCT00510133 (I Completed™™®
BioNTech RNA Naked TAA or neo-Ag mRNA Melanoma *NCT01684241(1) * Completed; results NA
Pharmaceuticals GmbH (i.nod.) « NCT02035956 (1) * Ongoing
Liposome-complexed TAA Melanoma NCT02410733 () Recruiting®
mRNA (i.v)
Liposome-formulated TAAand  Breast cancer NCT02316457(1) Recruiting
neo-Ag mRNA (i.v)
CureVac AG RNActive TAA mRNA (i.d) Non-small-cell lung cancer «NCT00923312(1/1)  » Completed®™*
*NCT01915524 (1) * Terminated™
Prostate cancer *NCT02140138(I)) * Terminated
*NCT00831467 (1)  » Completed™

* NCT01817738 (I/1)

* Terminated™?



Nucleic acids as Therapeutics
MRNA Therapies

Table 1| Summary of different classes of potential mRNA therapeutics

Organ of interest Typeof therapy Disease mRNA cargo Daxlivery fraquancy
Liwer ERT Hamophilia A* Factor Vi Chranic injection
{endocrine) Hemophilia B Factor X
Crigler-Majjar syndrome* UGTIAL
ERT Mathylmalonic acidemia™™ MMUT Chranle injection
Gntracrine) Propionic acidemia®” PCCAPCCE
OTC deficiency® aTc
Gycogen storage disaase type 14" Glucose-6 phosphatass
Gane editing Transthyretin amyloidosis®™ Casg/TTR Single injection
{intracrine) Herlditary angioedema® Cast/KLKE
Lungs ERT Cystic fibrosis™ CFTR Chranic injection
(intracrina)
Heart Reganarative Haart failure*® VEGF-& Single injection
{paracrine)
Antibody (intracrine) Heart failure® Antl-PLN Intrabody Slngle injection
Cancer Immuno-oncology Salid tumors™ IL-23, IL-36, OXa0L Single injection
(intra- or endocring) IFN-2b, GM-CSF, IL-15
IL-7, CLONG, IL12, IL-2
Antibody Breast cancer” Anti-HER2, CDAOL, COT0, caTLR4 Chronic injection
(andocring Solid wmaes® Anti-CLDNIE.2
Autolmmunity Immune tolerzation Autoimmune disorders® HSA-IL2Zm Single injection
lendocring Autcimmune encephalormyelitis® MOGy, 5, Chronic injection
Multiple tissues ERT Fabry diseasa® a-Gal & Chranic injaction
{intra- or endocrine)
Gene aditing Hareditary angioedema” CasB/KLKB Single injection
{infracrine)

ERT, enzyme replacement theragy; LGTIAL LIDP glucuronosyliransierase family 1 member A7; MMUT, metlyimalonyl-Cod mutase; PCCA, propsond -Cod caboxylase-o; PCCB, propiomd-Coa
carbomylase3: OTC, omithine transcarbannylase; TTR. trangthyretin KLKBY, kallikrein BY; CFTR, cyetic fibvosis transmem brane conductance regulator; VEGF, wascular endothe llal growth factor;
PLN. phasgholambang 1L iterleuking X400, turmer necrasis factor superfamely rmemvbser 4 (THFSFAL, IFML interferon; SM-CSF, granulocyte-macrophage colony stimulating factorn CLIDN,
claudin; HERZ, ERB-B2 recaptor tyrosine kinase 2; caTLRA, corstitutively active Toll ke recaptor 4; HSA, human serum albuwmin; IL2m, interleukin-2-mubein fusion proteing MOG ,, . mryvalin
oligodendrocyte glycoprotein pepiide; a-Gal A a-galactoaldass-A. “Soe Supplementary Table 1 for further information. *See Supplomentary Tabds 2 for further infonmation.

Rohner, E. Nat Biotechnol (2022). https://doi.org/10.1038/s41587-022-01491-
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Nucleic acids as Therapeutics

Aptamers
A
3
folding bindin
e L
5
5- -3 5- -3
aptamer aptamer folding target-aptamer

complex

« DNA or RNA oligonucleotids, single stranded, 15-60 b with 3D high
affinity to their ligands

 Ligands : nucleic acids, proteins, receptors, organic molecules,
organisms (virus, bacteria)...

Adapted from de C Delomenie
Wolter et al Journal of Neuroscience 8 March 2017
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Aptameres
A
3-
folding bindin
» 9 >
5
5- -3 5- -3
aptamer aptamer folding target-aptamer

complex

Pros compare to antibodies:

« High Affinity

« Stables, easy to handle
« Lessimmunogenic

« Lower production cost

Adapted from C Delomenie
Wolter et al Journal of Neuroscience 8 March 2017
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Aptamers

* in vitro repetitive selection process : SELEX

ssRNA or ssDNA Library
S
\ 577 wash plating
s’
=] N\ |
binding to o
immobilized Iarrjpllflcatlon of
target individual clones

The SELEX process

Adapted from de C Delomenie https://ngsdataanalysis.com



Nucleic acids as Therapeutics
Aptamers : Macugen

NDA 21-756/5-018
Page 8

11 DESCRIPTION

Pegaptanib sodium is a covalent conjugate of an oligonucleotide of twenty-eight nucleotides
in length that terminates in a pentylamino linker, to which two 20-kilodalton monomethoxy
polyethylene glycol (PEG) units are covalently attached via the two amino groups on a lysine
residue.

Pegaptanib sodium is represented by the following structural formula:

MACUGEN

' Injektionsidsung  Pegapiant-Narum O Paany 08t o Aot
- slstelahus Pegaptanibnaatrium oo e oy

lﬁ |
§
“
ie
h
v
N

traviresion Arawodsy *
ppeticosionng 04 T prasdg Rutsegtra
Sustwshus 0y Kissskehouisessks

FDA approved 2004, EMA 2005

Shukla et al Indian Journal of Ophthalmology 2007
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Aptamers : Macugen

Anti-VEGF Aptamer

- i Extracellular Matrix

VEGF

12.1 Mechanism of Action
Pegaptanib is a selective vascular endothelial growth factor (VEGF) antagonist. VEGF is a
secreted protein that selectively binds and activates its receptors located primarily on the
surface of vascular endothelial cells. VEGF induces angiogenesis, and increases vascular
permeability and inflammation, all of which are thought to contribute to the progression of
the neovascular (wet) form of age-related macular degeneration (AMD), a leading cause of
blindness. VEGF has been implicated in blood retinal barrier breakdown and pathological
ocular neovascularization.

Pegaptanib i1s an aptamer, a pegylated modified oligonucleotide, which adopts a three-
dimensional conformation that enables it to bind to extracellular VEGF. Under in vitro
testing conditions, pegaptanib binds to the major pathological VEGF isoform, extracellular
VEGF 45, thereby inhibiting VEGF4s binding to its VEGF receptors. The inhibition of
VEGF5s, the rodent counterpart of human VEGF45, was effective at suppressing
pathological neovascularization.

Macugen NDA approval FDA
Kim R - Indian J Ophthalmol 2007



Nucleic acids as diagnostic tools and
therapeutics
Diagnostic Protein production Therapeutics

Physiological
Response
protein

Adapted from http://www.bonac.com/global/en/nucleic/about/



Nucleic acids as diagnostic tools and
therapeutics

Table 2 A comparison between small molecules, protein-based drugs (including monoclonal antibodies) and siBNA/mIBNA-based drugs

Properties Small molecules Proteln-based drugs sIRNA/mIRNA-based drugs
Mature of action Activation or inhibition of targets Activation or inhibition of targets Inhibition of targets

Site of target proteins Extracellular and Intracellular Mainly extracellular Virtually any sites
Selectivity and Variable (depending on binding-site and Highly specific and potent Highly specific and potent
potency ligand specificity, their affinity and efficacy etc.)

Lead optimization Slow Slow Rapid

Manufacture Easy Difficult Easy

Stability Stable Unstable Unstable

Delivery Easy Difficui Difficult

Data taken from ref, 201.

Lam et al DOI:https://doi.org/10.1038/mtna.2015.23
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Nucleic acids production
Synthetic production

'@‘ @ https:/fwww.biosyn.com/oligonucleotide-synthesis.aspx E' e @ ﬁ’

. Contact Us = Quote 77 Order & Login & My Account ‘E
T DIOSYNTHESIS= E

Q About Us Oligonucleotides v Peptides ¥ Immunochemistry ¥ Bioconjugation ~  Molecular Biology ¥  Bioanalytical v Resources v

B s La= e Ry R =]

High throughput DNA and RNA oligo synthesis

Standard and custom long oligo synthesis

Oligonucleotide Modifications in a variety of oligo synthesis scales
Extensive range of purifications, formats and packaging

Nucleic acid analogs such as Bridged Nucleic Acid (BNA), for demanding applications requiring high sequence-selectivity and nuclease-resistant activity
QC by Mass Spectrometry

@ @ @ e @ @

For additional information, please contact us or send an email to info@biosyn.com

Products & Services Focus on Quality Resources How to Order

Custom DNA Oligonucleotide Synthesis Custom RNA Oligonucleotide Synthesis Custom BNA Oligonucleotide Synthesis
=« DNA primers and probes « Short or long RNA oligos = Super functional synthetic RNA analogs
« Long DNA oligos(up to 400 bases) « Hybrd chimeric synthesis « Replacement for LNA and PNA

= Other DNA bioconjugates » Wide choice of modifications = Superior binding affinity

Long DNA Oligos (up to 400 bases) Long RNA Oligos (up to 300 bases) RNA Transcription Services

* Long DNA Oligos (up to 400 bases) « |Long RNA oligos (up to 300 bases) * Up to multi kilo-bases

« Chemically synthesized DNA « Chimeric hybrid, modified oligos « Modification available

« Custom modifications available « |Long RNA by chemical synthesis * 5' capping, 3' Poly(A) Tailing
Large Scale DNA Large scale RNA Oligo Bioconjugation



Nucleic acids production

Synthetic production

M) @ & https:/fwww.biosyn.com/dna-synthesis.aspx

¥ DIOSYNTHESIS==

Since 1984

Search our site

B8

v @

& My Account

=

‘G} About Us  Oligonucleotides ¥ Peptides ¥~ Immunochemistry ~ Bioconjugation ~ Molecular Biology ¥  Bioanalytical v Resources v

2' Deoxy DNA Oligonucleotide Synthesis

Linkages Scale

Phosphodiester (PO) 50 nmole

510 Minimum (25 to 50 nmole) 100 nmole

$20 Minimum (100 to 250 nmole)

$60 Minimum (1 to 15 pmole) 250 nmole
1 pmole
2 umole
5 pmole
10 pmole
15 pmole

Phosphorothioate (PS) 250 nmole

$40 Minimum
1 pmole
5 umole
10 pmole

15 pmole

Estimate Yields

3-50Ds
5-10 ODs
15-20 ODs
20-60 ODs
40-120 ODs
100-300 ODs
200-600 ODs
300-750 ODs
15 ODs
20-60 ODs
100-300 ODs
200-600 ODs
300-750 ODs

Price
$0.42/base
$0.85/base
$1 00/base
$1.85 /base
$2 95 /base
$9.00/base
$12 00/base
$15.00/base
$3.50/bond
$5.50/bond
$20.00/bond
$35.00/bond

Inquire

Restrictions
15-60 bases
10-90 bases
5-100 bases
5-100 bases
5-100 bases
5-100 bases
5-100 bases
5-100 bases

10-25 base
10-25 base
10-25 base
10-25 base
10-25 base
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Synthetic production



Nucleic acids production
Synthetic production

B1"

DMT-0—, }~o

Step 4: Dxldatmn _.

DMT- u—\l~u -P- o\]—g_. Step 1: Detritylation
B1

Step 3: Cnuplmg O }‘ o—Q©

DMT-D—Q— —-P = 0_\1‘0_. : StepE Activation

nmm 0= P-N(Pr);

OR
+ Tetrazole



Nucleic acids production
Synthetic production

? B1'
Step 4: Oxidation @ J
*Ifi" \
—d‘u_f_o\l_g_. Step 1: Detritylation
OR T B
Step 3: Coupling —.
B2
_Q—D-P-G_d‘u_. : Stepz Activation

0 T N(iPr),

OR
+ Tetrazole

DMT: Dimethoxytrityl



Nucleic acids production
Synthetic production



Nucleic acids production
Synthetic production

® + moo‘



acids production

clei

Nu

Synthetic production




acids production

clei

Nu

Synthetic production




Nucleic acids production
Synthetic production




Nucleic acids production
Synthetic production



Nucleic acids production
Synthetic production




Nucleic acids production
Synthetic production




Nucleic acids production
Synthetic production

0000
e

Protecting group

DMT-o—\j‘o—Q
dati
2 Bt
II
DMT-O o—©@ Detritylation
OR B1'

( e
DMTo—\j—o -p- o-\l;o_g Ste p2 Act
OR

DMT-O 0= P-N(Pr)2

OR
+ Tetrazole
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Synthetic production




Production des acides nucléiques
Production synthétique




Nucleic acids production
Synthetic production

Step 1: Detritylation
B1
Step 3: Coupling Ho—q‘o_.
B2 B1
DMT-O 0—P-0 0_. Step2: Activation
L B2'

DMT-O 0~ P-N(Pr);

OR
+ Tetrazole



Nucleic acids production
Synthetic production

Step 1: Detritylation
B1
Step 3: Coupling Ho—q‘o_.
B2 B1
DMT-O 0—P-0 0_. Step2: Activation
L B2'

DMT-O 0~ P-N(Pr);

OR
+ Tetrazole



Nucleic acids production
Synthetic production

Step 1: Detritylation
B1
Step 3: Coupling Ho—q‘o_.
B2 B1
DMT-O 0—P-0 0_. Step2: Activation
L B2'

DMT-O 0~ P-N(Pr);

OR
+ Tetrazole



Nucleic acids production
Synthetic production

B1

DMT-0—, }~o—.
Step 4: Oxidation
B2 o B1'
DMT-o—\I~o—|I= —o~\l_o_. Step 1: Detritylation
B1
Step 3: Coupling HO*O—.
B2 Bq
DMT-O 0=P-0 0_. Step2: Activation
L B2

DMT-O 0~ P-N(Pr);

OR
+ Tetrazole
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Synthetic production
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Nucleic acids production
Synthetic production

Detritylation
B1'
Step 3: Coupling HO 0_.
B2 B1' \‘
DMT-O O0-=P=-0 0_. Step2: Activation
L B2'

DMT-O 0- FI’-N(iPr}z

OR
+ Tetrazole



Nucleic acids production

Synthetic production
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Nucleic acids production
Synthetic production

B1'

DMT-O—, }~0
Step 4: Dxldatlon _’
DMT- 0—\I~u F—o~\l_g_. Step 1: Detritylation
B1’
Step 3: Coupling HO— }‘0_.
Ba B1

DMT-O 0O=-P=0 0_. Step2: Activation

OR B2

DMT-0 0- II’-N[iF'r}z

OR
+ Tetrazole



Nucleic acids production
Synthetic production

HO‘\}*O—P OV\ o O—J_OH

Clevage / Deprotection

B1'
DMT-O— i—o—‘
Step 4: Oxndatlon

DMT- Oﬂ— -P- O\j—o—. Step 1: Detritylation
DMT-O—Q_O —p - o_d_o_‘ : Step2 Activation

DMT- o o- T N(iPr),

OR
+ Tetrazole

Step 3: Coupllng



Nucleic acids production

Synthetic production

Step 5: Capping HO \I 9= P @ \l 0_ \I OH

o Clevage / Deprotection

Il
CH3-C-0 )
B1'
DMT-O—, I»O—‘
Step 4: OX|dat|on

DMT- 0—\1- -P- o—d—o_. Step 1: Detritylation
( B1"

Step 3: Coupling

B2 B1'
DMT-O—J—o_f_o_q_o_‘ : Step2: Activation
OR B2'
DMT-O o- T-N(iPr)z
OR

+ Tetrazole



Nucleic acids production
Synthetic production

DNA / RNA / OLIGO SYNTHESIZERS

_ @ Dr. Oligo

_a """""
Sl A Ty oy

https://www.biolytic.com



Nucleic acids as Therapeutics
Possible modifications

o Base <« pBase

O oH<— Ribose

(@]
O
Base
_@— Locked Nucleic Acids



Nucleic acids as Therapeutics
Possible modifications

BACKBONE STRUCTURE SUGAR RING
H B
0]
H H
O O
’ \
CH3
S:‘él_o O=é>_0
Phosphorothioate (PS) 2'O-Methyl (2'O-Me)

TH X
O:g—O'
N’3 Phosphoramidate (NP) 2’ O-Metoxyethyl (MOE)

Duarte Moreno DOI:10.3389/fchem.2014.00087
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Nucleic acids production
Synthetic production

Impureties:

* Bad sequences (n+1, n+2...) ou (n-1, n+2...).

» HPLC
» Capillary electrophoresis

 Organic solvents
» Mass spectrometry

*Inorganic molecules: metals, salts, catalyzers....

» Chromatography with flame ionization detector
» Mass spectrometry
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Nucleic acids production
Biological production

(almost exclusively plasmids)

Upstream processing Fermentation Downstream processing
l O _J
Fed-batch Oo
Vector |l'/_ @Qﬁ
construction K_ @G Cell lysis
Strain selection l (,.r \" l
0,00 O Purification
~0) —_— —_—
0~ 00 [
Media
optimization l
[ Pure
M 00 O supercoiled
AN / O QO plasmid
000 DNA
= 200-300 mg of plasmid/L culture media Frends n Biotechnology

Adapted from C Delomenie



Nucleic acids production
Biological production

Cells

4Ll

Cell lysis
Mechanical

Chemical

I —

Clarification and concentration
Precipitation (salts, PEG, alcohol)

Membrane processes (microfiliration,
ultrafiltration, and/or diafiltration)

10

Furification

Y

Adsorption processes (affinity,
ion-exchange, hydrophobic interaction)

Size-exclusion

Y

e

Final product

Adapted from C Delomenie



Nucleic acids production
Biological production

Cells

Impurities ?

Cell lysis
Mechanical

Chemical

I —

Clarification and concentration
Precipitation (salts, PEG, alcohol)

Membrane processes (microfiltration,
ultrafiltration, and/or diafiltration)

10

Furification

Y

Adsorption processes (affinity,
ion-exchange, hydrophobic interaction)

Size-exclusion

Y

e

Final product
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Nucleic acids production
Biological production

Impurities

Cells

4Ll

Cell lysis

Mechanical

Chemical
Clarification and concentration

Precipitation (salts, PEG, alcohol)

Membrane processes (microfiltration,
ultrafiltration, and/or diafiliration)

10

Y

Furification

Adsorption processes (affinity,
ion-exchange, hydrophobic interaction)

Size-exclusion

Y

e

Final product

Waste
Host DMNA
RMNA
Proteins
Cell debris

Waste
Host DMA
RMNA
Proteins
Salts
Endotoxins

Waste

Host DMA

RMNA

Proteins

Salts

Endotoxins
Plasmid isoforms

trends in Biotechrology

Adapted from C Delomenie



Nucleic acids production
Recent advance in mRNA production

1

Vaccine target sequence is identified
and cloned into a plasmid

Insert
(vaccine target sequence)

Plasmid

2

\

Transformation, fermentation
and plasmid isolation

Billiops \
S N\

3

Restriction enzyme linearizes
plasmid template

Linearized plasmid

S

Plasmid . ¥ . { Restriction

enzyme

4 In vitro transcription generates mRNA
from vaccine target DNA sequence

TITITTTTTITITINNT

l In vitro transcription

TN AT AT mrna

mRNA mixed with
lipid nanoparticles

Lipid e
nanoparticle ;

mRNA vaccine
is produced

Inf
4
O O

mRNA vaccine




Nucleic acids production
Quality control

Impurities Recommended Test Expected result
Bacterial DNA Agarose gel undetectable
Southern Blot <0.01pg/ ug plasmid
PCR
RNA Agarose gel undetectable
Plasmid isoform Agarose gel <5%
Proteins BCA undetectable
SDS-PAGE
Endotoxins Test LAL <0.1 U/ pg plasmide
Sterility No bacteria,yeast, virus
DNA characterization Restriction map same reference map
Sequencing

Adapted from C Delomenie



Quality control
UV Spectrometry

Beer-Lambert-Bouguer law:

OD =-logy, (/) =€.C.L -» C=0Dx (1/¢) |y

; "0,"8 I
OD : optical density, absorbance ’
€ : molar absorptivity /
C : concentration (g/l) _ _
L : length of light path (cuvette dimension) L=1cm =10 mm

Nucleic bases absorb roughly all at 260 nm

Adaptée de C Delomenie



Quality control

UV Spectrometry
— Pure nucleic acids DO,y 1 = 1
Type (I.S?f?cnrrﬁ-l) C (g/l) C (ug/ml ; ng/ul)

dsDNA 20 0,05 50

SSRNA 25 0,04 40

ssDNA 27 37 (ADN longs)
20 to 37 (depending on size and
sequence)

— Detection limits (dsDNA) depend of the instrument :
DO=0,001 < 50 pg/ml / DO=0,005 <~ 250 ng/ml

Adaptée de C Delomenie



Microvolumes

."-—"
P -
- >
e —
a'FF.
e
-

eMeasurements on a droplet (1 to 5 pl)

www.thermofisher.com
Adaptée de C Delomenie



Microvolumes

/
P
- e
- e
P =
i
A

eMeasurements on a droplet (1 to 5 pl)

eShorter light path (10 —» 0.2 to 1 mm) —» Wider range

Shorter light path < dilution DO, Cysona (Mg/ml ;
" ng/u)
0,2mm < 50 1 2500
I0mMmm& 1 1 50

www.thermofisher.com
Adaptée de C Delomenie



Microvolumes

P
o e
- e
- -
c“‘ ‘

eMeasurements on a droplet (1 to 5 pl)

eShorter light path (10 —» 0.2 to 1 mm) —» Wider range

Shorter light path < dilution DO, Cysona (Mg/ml ;
nm ng/ul)
0,2mm < 50 1 2500
I0mMmm& 1 1 50
® Quick
(L}
7 o

Less sample needed
Can be used higher concentration: less dilution

Sensible to manipulation: measures need to be repeated
Possible contamination between samples: clean

www.thermofisher.com
Adaptée de C Delomenie



Quality control
Spectrometry : contaminants

UV spectra give us info on purity

141 1 q
133 |
34 |G
114 !
£ B!
A
E | l" .g‘ )
o L\ /",-'
- “ '/
‘\-'/.: 3 \"-.‘::‘.\ " /1/7
E' s 2 8 oo
[ S
o‘: Ve
O n4
N
o . A
o )
v
\\\-:‘\
i ‘v\-"\/\_ S— ___;}'Q" -

230 240 250 260 270 280 290 300 310 320 330 340
)
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Quality control
Spectrometry . contaminants

Contaminants and — Risks Ratio > Normes
Impurities

Organic compounds Inhibition des enzymes

(sugars, lipids), salts (RT, Taq, T7 pol...) A260/A230 > 1.7
(buffer), solvents

ARN, ADN -

overestimation
Phenol [DNA, RNA], A260/A270 > 1.2

Enzyme inhibition (RT, Taq,
T7 pol...)

Proteins, phenol overestimation ADN : 1.8<A260/A280<2
[DNA, RNA], ARN : A260/A280>2

Enzyme inhibition (RT, Taq,
T7 pol...)

Particles (fibre, dust, Diffraction => wrong values A320 > O
bubbles)

-contaminants — further purification - particles — centrifugation

Adaptée de C Delomenie




Quality control
Spectrometry : contaminants

UV spectra give us info on purity
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Quality control
Spectrometry : contaminants

Adaptée de C Delomenie



Quality control
Spectrometry : contaminants

> A260=2.1 Al &Y
> A270=17 |

A260/A280=2,10

A280=1,0 A260/A230=2,21

A260/A270=1,24

Adaptée de C Delomenie



Quality control
Spectrometry : contaminants
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Quality control

Spectrometry : contaminants
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Quality control

Spectrometry : contaminants

15 | ADN = e
C > A260=135 A260/A280%1,69
2] A230 €« AN -
PRELE >§ ‘AZGO/AZBO;‘%&LOS
. 7 A260/A270=1,23

Adaptée de C Delomenie



Quantification & Controles qualités
Fluorogenic intercalating dyes

Use of a fluorescent dye capable of interacting specifically with nucleic acids
(specific to DNA, RNA...) and whose fluorescence is strongly increased after
binding to the nucleic acids (example of DNA: BET X20; SYBR Green X1000)

— Signal emitted is proportional to the quantity of nucleic acids present

o ° - e e
o
1. Dye in solution emits 2. Emission of the
low fluorescence fluorescence by binding

All intercalating agents are potentially mutagenic!

Adaptée de C Delomenie



Fluorogenic intercalating dyes

Dye Specificity lex |lem | Sensitivity | Usage
Ethidium dsDNA, 302 | 605 |1pg/ml Gel staining
Bromide (sSDNA, ssRNA) | 493 5 ng / bande
Propidium dsDNA 536 |617 - Necrosis et apoptosis
iodine (PI) ssRNA measure
(flow cytometry)
SYBR Green | dsDNA 490 |520 |40ng/ ml | -Gelstaining
200 pg /bande | -DNA quantification
(qPCR)
RiboGreen RNA, DNA 500 |525 |~1ng/ml
Dosi Il tit
OliGreen sSDNA (cDNA, 500 |523 | 100 pg/ml OSImgEiiiuantty
oligos >10 b)
PicoGreen dsDNA (ssDNA, | 502 |523 |25 pg/ml
SSRNA)
Hoescht 33258 | DNA, 365 |450 |10ng/ml | Nucleistaining
(imaging)
DAPI DNA 344 | 466 |~ 1ng/ml

e SYBR Green 25x more sensitive than Ethidium Bromide

* Pico Green 40000x more sensitive than Ethidium Bromide




Fluorogenic intercalating dyes

Ethidium bromide

« Genomic DNA « Total RNA total eucaryote

DN/ihigh mw

=

\Z

<285 | Intact RNA:

w

M <85 |(28S/18S ~2)

(%

Degradation :
e fragmentation
e Loss of 28S

g e N 28S/18S ratio

Fragmented DNA
(smir)

Adaptée de C Delomenie


http://en.wikipedia.org/wiki/Image:AgarosegelUV.jpg

Kit using fluorogenic intercalating dyes

Kits:
E. coli DNA E. coli rRNA
DA + AMNA [1:1)
#,j::f"ﬂ RIMA
N - AL A
g = — w
E ﬁ 0 H 10 y -
@ @ RNA or DNA (ng) AMA + DNA {1:1)
O o
= | = |
i i
DA
7 N Y S — jo—o0—0—C—O0—9
0 200 400 600 800 1000 0 20 40 B0 g0 100
DMNA or RNA (ng) RMNA or DNA (ng)
Triplicate 10 pL samples — Triplicate 10 puL samples —
Fluorescence measured at 485-530 Fluorescence measured at 630/680

Method with the best sensibility and specificity

www.thermofisher.com
Adaptée de C Delomenie



UV absorbance vs fluorimetry to measure
RNAS

) Advantages

(EY Drawbacks
—

« Simple et cheap
 Contaminant detection

Do not discriminate between
DNA and RNA if not known.

ABS « No information on degradation
s Concentration estimation » Possible overestimation if there
— Control of Purity are contaminants
« Sensibility +++ _ _
. Specific to poly-nucleotide « Expensive : dyes / instrument
chains * No detection of contaminants
- Dyes are specific of each type (nucleotides, oligos, proteins, salt...)
FLUO of nucleic acid

— Specific quantification

— Complementary approaches

Adapted from C Delomenie
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