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Your immune defenses

Infectious agent(s)

Schistosoma spp. Aspergillus spp.

Bacterial byproducts Viral

4 pV

Innate Immunity Adaptive Immunity
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From Youtube, Phospho Biomedical Animation

Envelope




From Youtube, Phospho Biomedical Animation




Humoral immune response against SARS-CoV-2

W

5 B cell differentiation

Secreted Antibodies
SARS-CoV-2 r

Spike (S) 6 Neutralization

Membrane (M) Nucleocapsid (N)

Cytokines
N

‘. =
LT

Genomic RNA 4 T helper cells

activate B cells

Envelope (E)

Patod
T helper cell

2 Virus replication

and release Antigen-presenting Cell (APC)
from host cell

T helper cell

Host Cell

>

‘Antigen receptor

MHC Molecule

3 virus ingested by APC
and presented to T
helper cells

Antigen

fragment ey .
From wikipedia
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the authentic SARS-CoV-2 virus

RNP hexon
the “Eggs-in-a-nest”

RNP tetrahedron
the “Pyramid”

Prefusion
RBD down S
the “Flail”

Postfusion S
the “Needle”
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Vaccine technologies

Protein and Peptide
Subunit Vaccines
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Advance_s in COVID-19 mRNA vaccine

development

~

(© Shutterstock)




mMRNA COVID-19 Vaccines

* teach cells to make a protein that prompts an immune response

PFIZER VS. MODERNA

HE 3 C RS

Stored at Stored at
-94F° ~ -4F°

Age Age
L, O - 18&Up

SOURCE: FDA SNEWS




Cellular and humoral immune responses induced by messenger RNA (mRNA) vaccine

f«a.,,z. Inflammatory
fﬁ"‘\ cytokines
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Fang, E., Liu, X., L1, M. et al. Sig Transduct Target Ther 7, 94 (2022)



Cellular and humoral immune responses induced by messenger RNA (mRNA) vaccine
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Fang, E., Liu, X., L1, M. et al. Sig Transduct Target Ther 7, 94 (2022)



Structure of mRNA and nucleotide modifications
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Unmodified mRNA / (=NE) \
encoding Spike 4

protein

Injected
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Antibody
production

Unmodified vaccine:
Lower efficacy (48%)

N1-methyl-¥Y Modified mRNA
encoding Spike protein
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production by .
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iInnate immune sensors
Improving the translational
capacity
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Higher efficacy (>90%)



® Delta ® Omicron
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Plasma membrane entry route

SARS-CoV-2
(WT or previous variants)
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“~ Viral genome

v
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TMPRSS2: transmembrane serine protease
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Vaccine-induced immunity against SARS-CoV-2 Omicron
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How to read the information on DNA?

Copyright © 2009 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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Technique 5" 143’

200 [ PCR# K
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Mixture of Power

DNA & 5 ;} 53 7}'\ i Cathode m

ecules of
different ~4
sizes

REACFKRIB A IRIE

(a) Negatively charged DNA molecules move
toward the positive electrode.

¥FERTEA | KOFEMONASF 5
BNUDF : IEESRILERIT, | e "

B9 F : BRI, {1~ ecules W Lk ‘
FRA NS FRERIT | PORRLE .
BIEEAR , M#SE. s | XAFEBHRE
S /MBREIAGS FERETE ’ \ electrioagg‘oresis’ (3 [ e——
BB R (‘\‘Q’T]b | ,

http://stevegallik.org/sites/all/images/gelElectrophor
esis2.jpg

Restriction fragments
(size standards)

(b) Shorter molecules are slowed down less than
longer ones, so they move faster through the gel.
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Techniqgue DNA Primer Deoxyribo- Dideoxyribonucleotides
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Nanopore sequencing
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* Personalized Medicine

Disease Risks (100) Carrier Status (24)

4 Elevated Risks Your Risk Average Risk Hemochromatosis I

Salistones ' new 11.1% 7.0% Alpha-1 Antitrypsin Deficiency Vanant Absent
Restless Legs Syndrome 2.5% 2.0% Bloom's Syndrome Variant Absent
more » BRCA Cancer Mutations (Selected) Variant Absent

)

¥ Decreased Risks Your Risk  Average Risk Canavan Disease Variant Absent

{

Prostate Cancer (O 12.7% 17.8% Cystic Fibrosis Variant Absent
Alzheimer's Disease [new 4.9% 7.2% Familial Dysautonomia Variant Absent
Colorectal Cancer 4.2% 5.6% Factor Xl Deficiency Variant Absent

more » See all 24 camier status
See all 100 nsk reports

Traits (50) Drug Response (19)

Alcohol Flush Reaction Does Not Flush Narfann (Coumadin®) Sensitivity rease
Bitter Taste Perception Can Taste Abacavir Hypersensitivity Typical
Earwax Type Wet Alcohol Consumption, Smoking and Risk of

Typical

Eye Color Likely Brown

~lopidogrel (Plavix®) Efficacy Typical
Hair Curl %k Slightly Curlier Hair on Average

Fluorouracil Toxicty Typical

2

ee all 50 traits .
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Current Medicine
One Treatment Fits All

ol i

l ! '! No effect
Therapy
Cancer patients with |——\,\

e.g. colon cancer

Adverse effects

Future Medicine
More Personalized Diagnostics
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Cancer patients with Blood, DNA,
e.g. colon cancer Urine and Tissue Analysis

Effect
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