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Coronavirus disease (COVID-19): ASI ARASTIRMA- GELISTIRME CALISMALARI

Cenk KIG
Aralik 2020

“Coronavirus Disease 2019 (COVID-19)”

Etkeni: SARS-CoV-2 (severe acute respiratory syndrome)-(coronavirus 2).

Elektron mikroskobunda tag yapisina benzer (latince tag: corona).

Ter zincirli, pozitif-sens RNA genomuna sahip zarfl bir virus.

SARS-Cov2 yapisal proteinleri:

spike (S1+S2),
zarf (E),
membran (M)

nucleokapsid (N).
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SARS-CoV-2 Spike (S) Protein
Spike protein konak hiicreye tutunma ve giris siirecinde rol oynayan en énemli molekiillerden.
S proteini, islevsel bakimdan iki domene ayrilir: S1 ve S2

S1: reseptor baglanmasi (konak hiicreye tutunma),
S2: membrane flizyonu (konak hiicreye giris)
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SARS-CoV-2, hiicrelere giris igcin ACE2 reseptoriinii kullanmaktadir.

Spike proteininin [Reseptor Baglanma Domeni (RBD)], ACE2 reseptor
molekdlleriyle siki bir etkilesim gosterdigi anlagiimistir.

Yiiksek derecede ACE2 ekspresyonu yapan hiicrelerimiz:

Akciger hicreleri (alveolar hicreler),

Gastrointestinal system hicreleri (enterositler ve 6zafagus hiicreleri),
bobrek (proksimal tubdl hicreleri)

Kan damarlari (endoteliyal hucreler)

SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor,
Cell, Volume 181, Issue 2, 2020, Pages 271-280.e8, ISSN 0092-8674, https://doi.org/10.1016/j.cell.2020.02.052.

(Lan, J., Ge, J., Yu, J. et al. Crystal structure of the SARS-CoV-2 spike receptor-binding domain bound to the ACE2 receptor. Nature 581, 215-220 (2020)).
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Hiicrelere giris icin dnemli olabilecek diger proteinler de bulunmaktadir:

Transmembran proteaz serin 2 (TMPRSS2): TMPRSS2 membranda yer alan bir peptidazdir.

Spike proteininin kesilerek aktive olmasi ve bu sayede, virusun konak hiicreye tutunabilmesini
saglamaktadir.

CD147: transmembran glikoprotein (tutunma ve hiicre girisi igin 6nemli)

GRP78: glucose-regulated protein , dnemli bir sinyal reseptori
The SARS-CoV-2 Virus

&

Spike protein (S)

Furin: Proteaz (flizyon ve htcre girisi igin dnemli) Membrane protein (M)

& Envelope protein (E)
Neuropilin-1: transmembran reseptor protein r/ Nateopraten (41
Q

v

P =
eLife 2020;9:261390 DOI: 10.7554/eLife.61390 F Ace2 TMPRSS2  cpia7
/ FURIN

Science 13 Nov 2020:Vol. 370, Issue 6518, pp. 856-860 DOI: 10.1126/science.abd2985 7

Cell, Volume 181, Issue 2, 2020, Pages 271-280.€8, ISSN 0092-8674, https://doi.org/10.1016/j.cell.2020.02.052.
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Coronavirus Infection*
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576 | Nature | Vol 580 | 30 April 2020 SARS-CoV-2 (Covid-19) Infection Process
By Ewen Callaway;design by Nik Spencer https://www.youtube.com/watch?v=SvA1s559rQ0
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H 41 ...»  Dokularda virusla karsil , ozellesmi
SARS-CoV2 enfeksiyoununa karsi o ", Dokularda virusla karsilasan, Gzellesmis
e ) Antijen  Sunan  Hiicreler  virusu
verilen immun yanlt o fagositozla hiicre igine alir ve pargalar.
S X L4 A
(sadelestirilmis gosterim) I
Virusa ait molekilleri (antijenleri) hicre \
yuzeyinde sergilerler (sunarlar).  Antijen
sunumu T hiicrelerini aktiflestirir. Y-
T-helper cell P
i N e
Yardimcr T hiicreleri (Th) immune yanitin ¢
dizenlenmesinde rol oynar. B ve T hiicrelerinin
aktiflesmesini saglar. Viral peptide
/ ~
. Sitotoksik T hiicreleri enfekte
y i tireti i Cytotoxic
B htcreleri tarafindan Uretilen antikorlar, — , Anti-coronavirus Tr:ell hiicrelerin  taninip, ~ dldiiriilmesi
virusun hiicrelere baglanmasini ’&antibody stirecinde rol oynrlar.
engelleyebilir.  Virtsleri  isaretleyerek === |
pargalannmalarini saglayabilir. ty\“ =
W f’% Destroys
= =p infected
V\f’ﬂ,}\ cells
Ozellesmis bazi B ve T hiicreleri v v ¥
hafiza hiicreleri olarak farkhlagir.
Hafiza hucreleri uzun stre bagisiklik
saglayabilir.
*simplified



Dogal COVID efeksiyonlarinda Bagisiklik yanitinin kalicihigi:

Spike proteinine karsi dretilen antikor varliginin 6 ay ve sonrasinda devam ettigi

gosterilmis.

Spike-spesifik hafiza hiicrelerinin sayisi 6 ay ve sonrasinda saptanabiliyor.

T hiicre (CD4+ ve CD8+) sayisi 3-5 ay icinde hizla diistiyor gibi gorunuyor.

Bagisikligin gok kisa slreli olmayabilecegi yoniinde, bulgular olsa da

heniiz kesin bilgi yok...
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Immunological memory to SARS-CoV-2 assessed for

greater than six months after infection

fennifer M Dan, Jose Mateus, Yu Kato, Kathryn M Hastie, Caterina Faliti, Sydney
| Ramirez, April Frazier, Esther D Yu, Alba Grifoni, Stephen

A Rawlings, Bjoern Peters, Florian Krammer, Viviana Simon, Erica

O Saphire, Davey Smith, Daniela Weiskopf, Alessandro Sette, Shane Crotty
Abstract

17 Nov 2020
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Tehlikeyi 6nceden tanitarak immun sistemi egitmek...

Asinin amaci:

Immun sistemi uyararak
patojene karsi uzun sire
koruma saglayabilecek
humoral ve hicresel
yanitinin saglanmasidir.
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Vaccine injection
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Jiskoot W., Kersten G.F.A., Mastrobattista E., Slutter B. (2019) Vaccines. Pharmaceutical Biotechnology.
Springer, Cham. https://doi.org/10.1007/978-3-030-00710-2_14
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Asi Calismalanyla ilgili WHO verleri (12 Kasim 2020)

160 uzeri preklinik asamada (12si TR’den)

48 adet klinik deneme asamasinda olan asi var:

Faz3 asamadaki 11 asinin:

* 4 tanesi inaktive,

* 4 adet viral vektor
e 1 protein altbirimi,
¢ 2 mRNA asisi

mRNA asilari: Moderna, BionTech Pfizer

Zayifltilmig virus
Replikasyon yapsa da enfeksiyona
neden olabilecek kapasitesi yok.

Replicated
LLY
25 virus
~
Y Cell
e - —_—) T —
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Klinik aragtirmalar dernegi:

18 kasim 2020 tarihli webinar sunumlari

(Prof. Dr. Murat Akova)
(https://www.youtube.com/watch?v=Jio_E9Gp2Z4)

Weakened virus replicates
in human cells

WHO Listesindeki Tiirkiye
COVID-19 Aslilan

Inaktive Agi * Protein subiinit

Inaktive virus
Replikasyon yapacak veya
enfeksiyona neden olabilecek
kapasitesi yok.

Dead virus from
the vaccine
enters the body

Ornekler:

—Kogak Farma
— Selguk Universitesi
— Erciyes Oniversitesi

DNA asisi

— Ege Universitesi
Zayiflatilmig viriis agisi *
— Acibadem Universitesi

Adenoviriis vektor
— Ankara Oniversitesi

_—Erciyes Universitesi
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Beijing Institute of Biological Products; Sinopharm

Sinopharm

Sinovac

— |zmir Biyotip ve
Genom merkezi

— Bogazigi Oniversitesi
mRNA asisi

— Selguk Oniversitesi
VLP asisi

— Bezmialem Vakif Oniv.
—oDT0

WHO, 12 Kasim 2020



DNA agsilari
Viruse ait spike proteinini sifreleyen DNA molekild
hiicrelerimize sokulur. Hucrelerimiz spike proteini
dretirler. Bu protein yabanci oldugundan spike
proteinine karsi bagisiklik geligir.
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mRNA asilan
Viruse ait spike proteinini sifreleyen RNA molekull
hiicrelerimize sokulur. DNA'dan daha hizli bir
sekilde protein Uretimi baslar. Hucrelerimiz hizli bir
sekilde bol miktarda spike proteini Uretirler. .

Virus benzeri partikiller (VLP)

An electric pulse
allows DNA into the
cell's nucleus where it
forms mRNA, then
creates spike proteins

Spike protein

Antigen-presenting
cells (APCs) consume
the viral proteins and
pass viral peptides to
T-helper cells

A lipid shell delivers
mRNA into the cell,
where it is used to
produce proteins

Ornekler:

Moderna; National Institutes of Health

Pfizer; BioMTech; Fosun Pharma

Empty viral sholls look ke

Genetik material icermeyen, igi bos viral the virus but are not
partikillerdir.

harmful because they have
NO gonolic mateny!
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Protein altbirimleri Specific protein
Virusa ait herhangi bir protein altbirimi subunits, such as
kullanilir. Ornegin spike proteini, zarf
proteini veya bu proteinlerin sadece bir the spike protein,
kismi kullanilabilir. enter the body
Ornek:
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Cytotoxic

T cells may
eliminate virus-
infected cells

Cytotoxic

Antibodies from
B-cells may
block the virus

Novavax (recombinant nanoparticle vaccine technology)
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Viral vektor agilan
Spike proteinini sifreleyen gen, insan hiicrelerine girebilen ancak hastalik yapma yetenegi bulunmayan virtslere aktarilr.
En sik kullanilanlari, adenovirlsler ve lentivirusler.
Bu virlsler enjeksiyonla hicrelerimize bulastirilir.
Bu viruslarin tasidigi spike proteini sifreleyen gen hiicrelerimizde anlatim yapip spike protein Uretilir.
Spike protein karsi immune yanit olugr.

Virsl New Viral
DNA Gene DNA

Il 1 |
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VIRAL GENES APC cell
Ornek:
Sputnik (Rus yapimi)
Oxford—AstraZeneca (ingiliz)
ASI GRUPLRININ KARSILASTIRILMASI
inaktive as Protein altbirim asilan
Daha 6nceden denenmis ve gorece glivenli sayilabilecek bir teknoloji. Viral partikil bulunmamasi olasi yan etkileri azaltiyor.
Hazirlanmasi zor. immunojenite kisith olablir, hafiza olusmayabilir.
Viral Vektor Asilari RNA Asilari

Vektre karsi onceden gelismis immun yanit bulunabilir. Host genomuna entegrasyon riski az (dogrudan translasyon yapiliyor)

Ekspresyon kisa siireli. Kisa stirede yuksek derecede ekspresyon saglanabiliyor.

RNA molekiillerinin stabiliteleri kisith

COVID-19 Vaccine: A comprehensive status report Simran Preet Kaur, Vandana
Gupta , Virus Research, Volume 288, 15 October 2020, 198114
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PFIZER/BIONTECH ASISI (Almanya) MODERNA ASISI (Amerika)
*  mRNA asisi. *  mRNA asisi.
e 18 yas Ustl 43.538 gondlla. e 18 yas Ustl 30.000 gondlla.
e Koruyuculuk orani yaklasik %95. * Koruyuculuk orani yaklasik %95.
* Beklenen diginda (kas agrisi, ates, vb.) yan etki gortlmedi. * Beklenen disinda (kas agrisi, ates, vb.) yan etki gorilmedi.
* -70C’de saklandiginda 6 ay dayanikl. e -20C’de saklandiginda 6 ay dayanikli.
* +4C’de (buzdolabinda) saklandiginda 5 giin dayanikli ¢ +4C’de (buzdolabinda) saklandiginda 30 giin dayanikl
Article
Phasel/llstudy of COVID-19 RNA vaccine s e Acpoeyenn
BNTl62bl in adults Primary efficacy analysis of the Phase 3 COVE study of mRNA-1273 involving 30,000 participants included 196 cases of COVID-19, of which 30 cases were severe

Vaccine efficacy against COVID-19 was 94.1%; vaccine efficacy against severe COVID-19 was 100%

hitps.//dolorg/10J038/541586-020-2639-4  Mark ). Mulligan'™, Kirsten E. Lyke"", Nicholas Kitchin'*, Judith Absalon™
o rmaom0  Alejandra Gurtman. Stephen Lockhart’, Kathieen Neuzit’, Vanesss Raabe'
Ruth Batley*, Kena A. Swansor'’. Ping LF". Kenneth Koury', Warren Kating®, David Cooper”.
Accepted: 4 August 2020 Camita Fontes-Garfias’. Pei-Yong Shi". Ozlem Tarect”, Kristin R Tomphins”.
- = Edward £ Waish*™, Robert Frenck”, Ann R. Falsey*™. Phillp R. Dormitzer”, William C. Gruber”.
Ugur Sahin® & Kathrin U. Jansen®

Received: 20 June 2020

Published online: 12 August 2020
# Check for updates

SINOVAC VERO (Cin)

Sinovac Vero Cell-Turkiye

« inaktive asi (2005 yilinda galismalar baslamis)
* ilk bulgular olumlu.
Lk ¢ Koruyuculugun mRNA asilarina goére kisith olabilecegi
h h | l‘ I‘ | | l yoninde bulgular var (ancak bu yorum igin daha erken).
| LIS

* Beklenmeyen yan etki yok.
e Asinin viicutta iyi tolere edildigi ve koruyucu antikor
tiretimini tesvik edebildigi rapor ediliyor.

18 Kasim 2020 itibariyle:
+ 646 goniilli, 1124 doz as1
+ 156 goniilliide 339 advers olay

November 17, 2020. The Lancet, Safety, tolerability, and immunogenicity of an inactivated SARS-CoV-2 vaccine in healthy adults aged 18-59
years: a randomised, double-blind, placebo-controlled, phase 1/2 clinical trial. DOI:https://doi.org/10.1016/S1473-3099(20)30843-4



https://doi.org/10.1016/S1473-3099(20)30843-4

Oxford—AstraZeneca Asisi (ingiltere)
nature

Explore our content ¥ Journal information ¥
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Why Oxford'’s positive COVID vaccine
results are puzzling scientists

Preliminary data suggest that the immunization was more effective in trial

¢ Adenoviral vektér asi

¢ Koruyuculugun mRNA asilarina gore kisith olabilecegi
yoniinde bulgular var (ancak bu yorum igin daha erken).

Ik asida ikinci asilamadan daha diisiik doz verildiginde
koruyuculugun %90 oranlarina yiikseldigi anlasiimis.

* Beklenmeyen yan etki yok.

participants who received a lower dose.

https://www.nature.com/articles/d41586-020-03326-w

Nature news, 23.11.2020

Spunik V Asisi (Rusya)

* Adenoviral vektor asi

e 18794 kiside denenmis

* Koruyuculugunun %91,4 oranlarinda oldugu belirtiliyor.
* Beklenmeyen yan etki yok.

SPAILIK Y i

AboutVaccine v AboutUsv Partnerships Mediav Contacts FAQ

SECOND INTERIM ANALYSIS OF CLINICAL TRIAL DATA SHOWED A 91.4%
EFFICACY FOR THE SPUTNIK V VACCINE ON DAY 28 AFTER THE FIRST DOSE;
VACCINE EFFICACY IS OVER 95% 42 DAYS AFTER THE FIRST DOSE

+ The efficacy of the Sputnik V vaccine is 91.4%, based on the second interim analysis of data obtained 28 days
after administering the first dose (7 days after the second dose)

Calculation was based on the analysis of data on volunteers (n = 18,794) who received both the first and
second doses of the S,

V vaccine or pla he second control point (39 confirmed cases as of

November 23, 2020) in & ance with the ¢ tnial protoco

10


https://www.nature.com/articles/d41586-020-03326-w

How Effective Are The Covid-19
Vaccine Candidates?

Estimated effectiveness at Covid-19 prevention based on
interim data from late-stage clinical trials’

MRNA-1273 &
BNT1 62b2 Nov 18
(Pfizer & BioNTech) . oV

Gam-COVID-Vac

Sp utnik Vv

Research Institute)
ChAde1 nCoV-2019 8
AstraZeneca) \w

* As of Nov 23, 2020. Phase |l trials for BNT162b2 are complete.
Other trials are ongoing and findings have not been peer-reviewed.
Sources: Respective companies, Russian health ministry

ilk bulgulara gére, mRNA asilarinin koruyuculugu daha yiiksek gibi
goriiniiyor. Ancak kesin bir sonuca ulasmak heniiz miimkiin degil.

Asinin koruyuculugu ne kadar siireli olacak???

Etkinligi ve giivenilirligi nasil olacak???

ASI GELISTIRME CALISMALARINDA ORTALAMA TEST SURESI Toplu asilamalar baslamadan

10-15 YILDIR

yanlt vermek zor..

Approved for testing Submitfor regulatory
in humans approval
3 3 N\
Preclinical Phase 1 Phase 2 Phase 3
M éﬁ*
™" > g

20-80 100-400 1000-70,000

rticipants ici i
L ) particip. ) participants | Participants

12/2/2020
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ASILARIN AR-GE CALISMALARI NASIL YAPILIYOR?

Cok yiiksek maliyetli yatirimlar s6z konusu oldugundan, asi adayi olarak degerlendirilecek hedefler segilmeden
once, bir gok sorunun yaniti alinabilmelidir.

* Hangi molekiil hedef olarak segilmeli?

* Hedef proteininin hangi bélgesi segilirese, yeterli immunojeniteye sahip olabilir?

*  Secilen polipeptid dizisi hiicrede sentezlendiginde dogru katlanabilecek mi?

« immunojenite nasil yiikseltilebilir ?

e Enjeksiyon sonrasinda mRNA molekiillerinin, dokuda degrade olmadan hiicrelere giris oranini nasil iyilestirebiliriz?
e Viral vektérlerin hiicrelere giris potansiyelleri artirabilir mi?

* Hedef proeinin ekspresyon diizeyi arttirabilir mi?

* Hedef proteinin ekspresyonu konak hiicrelere toksik etki gésterir mi?

* Allerjik reaksyon tetikleme olasiligi var mi?

e Bu parametreler énceden tahmin edilebilir mi?

Bu sorularin yanitlari, molekiler ve biyoinformatik tekniklerle arastirilabilir.

Ornegin, Ugur Sahin ve ekibi tarafindan gelistirilen asida:

Article

) o . Phasel/llstudy of COVID-19 RNA vaccine
* neden Spike proteininin RBD domeni segildi, BNT162blin adults
* immunojinite nasil yikseltildi,

* katlanmanin dogru oldugu nasil anlasildi,

hitps://dol.org/10.1038/841586.020-2639-4  Mark 1 Mulligan'~, Kirsten E. Lyke™, Nicholas Kitchin', Judith Absalon™=,

* hicrelere giris yetenegi nasil iyilestirildi? Rocetved: 9 une 2020 Ruth ity Kena A, Swanwor?. PngLP. Kemneth Koury”, Warren i’ D Cooper
. . Accepted: 4 August 2020 Camila Fontes-Garfias’, Pek-Yong Shi”, Ozlem Turect’, Kristin . Tompkins”,
*  mRNA stabilitesi nasil artirildi? s Edhard E Walsh™, Robert Frenck”, Ann . Falsey™®, Pl R. Dormizer’, Wilam C. Gruber’

our Sabun’ & Kathrin U, Jansen®
# Chack for updates

2000li yillarin baslarinda elde edilen veriler temel olusturmustur:

Epitop secimi: BNT162b1 is a lipid-nanoparticle-formulated, nucleoside-modified mRNA vaccine that encodes the trimerized
receptor-binding domain (RBD) of the spike glycoprotein of SARS-CoV-2. (Lan, J., Ge, J., Yu, J. et al. Crystal structure of the SARS-CoV-2
spike receptor-binding domain bound to the ACE2 receptor. Nature 581, 215-220 (2020)).

Immunojenitenin iyilestirilmesi: The RBD antigen expressed by BNT162b1 is modified by the addition of a T4 fibritin-derived
foldon trimerization domain to increase its immunogenicity by multivalent display . (Giithe, S. et al. Very fast folding and association
of a trimerization domain from bacteriophage T4 fibritin. J. Mol. Biol. 337, 905-915 (2004)).

Sifrelenen polipeptidin dogru katlandiginin validasyonu: The proper folding of the RBDs in the resulting protein construct has
been confirmed by high resolution structural analysis (A.B.V. et al., manuscript in preparation).

LNP ile hiicelere giris oraninin arttilrilmasi: The vaccine RNA is formulated in lipid nanoparticles for more-efficient delivery into
cells after intramuscular injection. (Pardi, N. et al. Expression kinetics of nucleoside-modified mRNA delivered in lipid nanoparticles to mice
by various routes. J. Control. Release 217, 345-351 (2015)).

12
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Immunoinformatik
Laboratuvar deneylerinden 6nce, olasi hedeflerin tahmin edilmesi amaciyla uygulanabilen ve bilgisayar yazilimlariyla hedef molekdllerin
olusturabilecegi immun reaksiyonlari tahmin etmeye yarayan modellemeler...

(Autodocking yazilimlari, Autodock Vina software gibi...)

International Joumal o Biskogical Macromolecules 162 (2020) $20-83

Contents hists available at ScienceDirect

International Journal of Biological Macromolecules

journal homepage: hitp://www.elsevier.com/locate/ijbiomac

Designing a novel mRNA vaccine against SARS-CoV-2: An
immunoinformatics approach

Ishtiaque Ahammad **, Samia Sultana Lira ™'

> Bioinformatics. 2018 Feb 1;34(3):469-476. doi: 10.1093/bioinformatics/btx589.

GradDock: rapid simulation and tailored ranking
functions for peptide-MHC Class I docking

Hyun-Ho Kyeong !, Yoonjoo Choi 1, Hak-Sung Kim

SciRep 2018; 8: 4327
Published online 2018 Mar 12. doi: 10.1038/s41596-018-22173-4

General Prediction of Peptide-MHC Binding Modes Using Incremental
Docking: A Proof of Concept

Dinler A Antunes,' Didier Devaurs, Mark Moll," Gregory Lizée ? and Lydia E. Kavraki®!

Round 1 (28 atoms) Round 2 (45 atoms) Round 3 (57 atoms)

@585 &

Round 7 (113 atoms) Round 8 (123 atoms) Round 9 (136 atoms)

et S1e e

Figure 2

Incremental docking of a peptide. Depiction of some of the docking rounds performed by DINC when re-
docking an 8-mer peptide bound to HLA-A*24:02 (PDB code 4F7T). DINC starts by selecting a small

(')'rnek, in silico (bilgisayar modellemelerine dayanan) yakla;lm

2.1 Protein sequence retrieval

The SARS-CoV-2 N protein sequence was extracted from NCBI (National Center for
Biotechnology [nformation) protein database (Accession no.: QIC53221.1, GI: 1811294683) in

FASTA format.

2.2 Sequence analysis

The understanding of the features, function, structure, and evaluation is mainly based on the
process of sequence analysis which depicts the process of subjecting DNA, RNA, or peptide

sequences to wide ranges of analytical methods. We implied NCBI BLAST (Basic Local

2.3 Protein antigenicity and toxicity prediction

To determine the potent antigenic protein of the SARS-CoV-2 N protein, we used the online

server VaxiJen v2.0, with a default threshold value (24). All the antigenic proteins of SARS-

Methodology article | Open Access | Published: 05 January 2007

VaxiJen: a server for prediction of protective
antigens, tumour antigens and subunit vaccines
lrini A Daytchinava & Darren R Flower &3

BMC Bioinfarmatics 8, Article number: 4 (2007) | Cite this article

2.4 Protein secondary and tertiary structure prediction

The secondary structure of the SARS-CoV-2 N protein was predicted by using CFSSP (Chou &
Fasman Secondary Structure Prediction) because the antigenic part of the protein is more likely
to belong to the -sheet region (26). Also, we predicted the 3D structure of the protein using

EasyModeller, a graphical user interface (GUI) version of MODELLER, where we designed the

2.5.1 CD8" T-cell epitope prediction

For the de novo prediction of T-cell epitope, NetCTL 1.2 server was used in this experiment,

using a 0.95 threshold to maintain sensitivity and specificity of 0.90 and 0.95, respectively. The

tool expands the prediction for 12 MHC-1 supertypes and i the p of peptide

MHC-T binding, proteasomal C-terminal cleavage with TAP transport efficiency. These

predictions were performed by an artificial neural network, weighted TAP transport efficiency
matrix and a combined algorithm for MHC-I binding and proteasomal cleavage efficiency was

then used to determine the overall scores and translated into sensitivity/specificity. Based on this

PMCID: PMC5847594
PMID: 29531253
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Table 1
List of selected epitopes for vaccine construction

Recognizing cell Epitope sequence

CD8+ cytotoxic T lymphocyte RQIAPGQTG
e VVFLHVTYV

SARS-CoV-2 ™ GVVELHVTY

» Spike protein GQTGKIADY
QLTPTWRVY
TANVMVTIM

CD4+ helper T lymphocyte DLPIGINITRFQTLL

B lymphocyte GVSPTKLNDLCF
IAPGQTGKIADY
QIAPGQTGKIAD
LVDLPIGINITR
DIPIGINITRFQ
PLVDLPIGINIT

Atomik diizeydeki etkilesimlerin incelenmesiyle asi adayi

olarak kullanilabilecek epitoplar (polipeptidler) Hedef DNA dizilerin saptanmasi ve klonlanmasi.
belirlenebilir.

Ornegin, Spike/ACE2 baglanmasi igin kritik olan bélgeler.

by

Kar, T., Narsaria, U., Basak, S. et al. A candidate multi-epitope vaccine against
SARS-CoV-2. Sci Rep 10, 10895 (2020). https://doi.org/10.1038/s41598-020-67749-1

T T TTT CTTTCTTTAA
ATTATATTGTCTGCT! TTGT TTGT TTTCATTATGTTCCTTTCTTTAA

WRE LN WNE WRE e

Hedef belirlendikten sonra segilen polipeptidi (antijeni) viicudumuzdaki hiicrelere sentezlettirmek miimkiin olabilir:
Hedef polipeptidi sifreleyen genetik bilgi hiicrelere aktarilabilir:

a. DNA molekilt olarak (DNA asilar) veya virtsler araciligiyla (viral-vektor asilari)
b. mRNA molekuli olarak (mRNA asilari)

DNA mRNA
Protein
Transcription )
Translation
(DNA agilari) (mRNA agilari)

DNA asilarinin hicrelere hedef mRNA asilari transkripsiyon agamasina
proteini sentezlettirebilmesi igin gerek duyulmadan dogrudan protein
oncelikle transkripsiyon agamasi sentezini baslatabilir.

gereklidir.
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Ornegin, viriisler kullanilarak hedef protein (6rnegin, Spike protein) hiicrelere sentezlettirilebilir

Secilen hedef polipeptidi sifreleyen DNA dizisi tasiyici bir DNA molekdliyle birlestirilir.

ikinci bir tagtyici DNA molekiiliinde ise viral partiikiillerin olusumu igin gerekli genleri iceren DNA dizileri bulunur.

Hazirlanan bu rekombinant molekdller hiicrelere aktarildiginda segtigimiz hedef proteinin ekspresyonunu yapan virus benzeri yapilar olusur.
Bu virusler igine girdikleri huicrelere segtigimiz hedef proteini bol miktarda sentezlettirir.

HwN e

(Gen terapileri icin de benzer yaklasimlar kullaniliyor).

Your Favorite Gene (YFG)

pAdEasy-1

Pmel

Pac ersorasses
Linearize with Pme |
Co-transform into bacteria
Select with kanamycin

Linearize with RE .
TRy Gene of interest Adenoviral DNA  SRITR| Transfection "= ¥ Packaging - ‘ ‘ ‘ _ Hedef proteini
<D ‘l sifreleyen DNA dizisini

“l taslyan viral partikdller.

Adenovirus Packaging Amplification

On

mRNA asilarina biraz daha yakindan bakalim

Pozitif zincirli RNA viriislerinden tiirevlenen mRNA asilar1 genel olarak iki sinifa ayrilabilir:

1. Cogalmayan tipteki mRNA agilari: Hedef proteini (antijeni) sifreleyen diziye ek olarak , translasyona katilmayan diziler ve polyA kuyrugu
bulunur. Hiicrelere girdikten sonra gegici olarak antijen ekspresyonunu saglarlar.

Conventional mRNA

Stabilite ve immunojeniteyi arttirmak amaciyla baz modifikasyonlari, 6zel diziler eklenebilir. .

2. Kendi kendine g¢ogalabilen SA-mRNA asilari: Antjieni sifreleyen dizi ve diger dizilere ek olarak, RNA-bagimli RNA polimeraz enzimi
sifreledikleri igin hiicre iginde kendilerini cogaltablirler.

Hicre icinde, antijeni sifreleyen mRNA molekuliiniin ¢ok sayida kopyasini yaparlar ve bu sayede sitoplazmada kisa sirede bol miktarda
antijen sentezlenir.

Hicrede viral patojenler gibi davrandiklarindan hem humoral hem de hiicresel immune yanit mekanizmalarini daha etkin bir sekilde

uyarabilirler (viral enfeksiyon taklidi). Self-amplifying mRNA

Alphavirus nsPs

Front. Immunol., 27 March 2019 | Advances in mRNA Vaccines for Infectious Diseases https://doi.org/10.3389/fimmu.2019.00594
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mRNA agilari, DNA molekiilleri kalip olarak kullanilarak, in vitro transkripsiyonla biiyiik 6lgekte iiretilebilirler.

PCR template DNA  — OR Linearized plasmid

l Transcription

In wvifro transcription

l Purification by chromatogrpaghy

PA GPGRG  (EANK), (EABK)E AlY
socretory sgnal
CD40L
B ghot . @ globin

HTL LBL cTL MTD Poly (A) il

Molecular Therapy Vol. 27 No 4 April 2019 2 2019 The American Society of Gene and Cell Therapy

Lipit Nanopartikillerle (LNP) kaplanarak mRNA molekiillerinin hiicre igine girme frekansi arttiriimaktadir.

Unprotected
G T RNA

Exogenous

Elements Contents

= ) D-Lin-MC3-DMA
A DSPC
. Chowstarol
=W/ PEGpd
Endogenous
i P MRNA antigen
N
Man,
Exogenous
mMRNA
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AVANTAJ VE OLASI KISITLAR
mRNA asilari :
Kimyasal proseddrlerle btk 6lgekte kolayca tretilebilirler (hiicre kultiri gereksinimi yok),
Yuksek diizeyde antijen ekspresyonu saglanabilir.
Sitoplazmada kalici degildir, zamanla pargalanip yok edilirler, bu nedenle teorik olarak genoma integre olma potansiyeli bulunmaz.
Ozellikle SA-mRNA asilari enfeksiyonu takilt ettiginden, viral-vektdr asilarina gére daha yiiksek bir immun yanit tetikleyebilmektedirler.

mRNA molekullerinin stabilitesi ve translasyon etkinligi, 3 boyutlu yapisal modifikasyonlarla iyilestirilebilmektedir.

mRNA asilanyla iligkili olabilecek potansiyel riskler:
DNA asilarina gére daha guvenli goriinse de bazi sorulara heniz yanitt verilemiyor:

Daha 6nce onayh bir RNA asisi bulunmadigindan potansiyel riskler bilinmiyor (lokal ve sistemik enflamatuvar
yanitlar?, Otoimmun reaksiyonlar?)

Milyonlarca kiside denenmesi ve uzun sureli takipler sonunda bu sorulara yanit verilebilir.

An Evidence Based Perspective on mRNA-SARS-
CoV-2 Vaccine Development
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