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We are All Immunologists Now

Week 2

Ed Roy, OLLI, Fall, 2021 Assisted by Marie Roy and Mary Kuetemeyer, Class Moderator

Unresolved Questions
from Week 1

* How fast do lymphocytes migrate?
* What was responsible for the late 1800’s peak in smallpox cases in London?
* How does immunity change over the lifespan?

* What did Lady Montague bring back from Turkey?

Lymphocyte Migration Speed

* Dupre et al, 2015: migrates toward chemokine gradient at 10 microns/min, or
approximately 1 cell diameter per minute

What was responsible for the smallpox peak in 1871?

* Krylova and Earn, 2020:

* The 1871 peak in smallpox cases was related to the Franco-Prussian War,
1870-1871. This pandemic was last major smallpox pandemic in Europe, and
prompted mandatory vaccination in England, Sweden and other countries.
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Infectious diseases before and after a vaccine became available

Deaths caused by smallpox as a share of all deaths in London

NG vaccine avallable Vaccine avallable
Before the smallpox vaceine 1-in-13 Londoners died of smalpox. | I 1796 Edward Jenner developed the smallpox vaccine and
AT O AT vaccine coverage increased in the following century.

The UK eliminated smallpox in 1934.
The WHO certified the global eradication of the disease in 1980.
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How does immunity change over the lifespan?
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Figure 1210 Immunobiolagy,7ed (0 Galand Scence 2008)
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What is donated/sold plasma used for?

Fluid portion of blood with proteins (antibodies) and small molecules.

* To replace fluid volume in burn victims.

* To treat people with clotting factor deficiencies.

* To provide immunoglobulin (antibodies) in people with immunodeficiencies.
* To treat COVID-19 if provider of plasma is survivor of SARS-CoV-2

* Plasma can be given every two weeks, at $30-$80 per time.

What about role of Lady Montague in variolation?

10

Review from Week 1

.

Powerpoint from Week 1 and Glossary are on OLLI website

.

Immune system protects us from pathogens (bacteria, viruses, fungi)

.

Protection is from physical barriers, innate inmune system, and adaptive immune
system

.

Innate system recognizes conserved features of pathogens and responds rapidly

.

Neutrophils, macrophages, and dendritic cells are main innate cells that respond and
phagocytose pathogens

.

cooperation of innate and adaptive immunity: Antibodies coating surface of bacteria
make them more easily eaten by macrophages and neutrophils
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Learning Objectives for Week 2

* Background on DNA and Evolution
* Structure of Antibodies and T cell receptors

* Generation of Diversity of B cell receptors (antibodies) and T cell receptors

Biology Background

A couple of important concepts

 Evolution: Generate Diversity, Selective Pressure, Survival of the Survivors
* Pathogens Evolve, Inmune Responses evolve

* For viruses, bacteria, and Adaptive Immune cells, nucleic acids are key to
changes

* The Central Dogma: DNA to RNA to protein
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Science, August 20, 2021
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Evolution of Pathogens and Defenses

Viral Variants (mutants) and adaptive immunity

* Generation of Diversity

makes it easier to enter cells?)

* Selection pressure, (e.g., which viral

* Successful variants increase in the population (for viruses, e.g., through increased transmissability or
immune evasion),

* E.g., alpha variant, delta variant have become more common
+ Viral spike protein allows entry into cells via binding to surface ACE2 receptor

* Alpha was about 50% more transmissable than earlier virus, spike binds more tightly to ACE2 receptor
(how it gets into cells), lowers infectious dose; delta more transmissable than alpha

* More vaccinated people increases selective pressure for immune evasion

* Fewer people infected, fewer variants, but an immune escape variant now has huge advantage over other
variants
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Pathogen Evolution

* Pathogens evolve on a time-scale related to how often they replicate, can be
hours

* Animals evolve on a generation time-scale, years

* The immune system has evolved a way to evolve during a single life-span, the
adaptive immune system

Evolution takes place by changes in DNA sequences

* DNA sequence is the blueprint for proteins

19

20



10/4/21

Information flow in cells

* DNA contains the blueprint for cell activities and identity, by carrying code for
what proteins to make; proteins carry out those instructions of DNA

* True for both body cells and pathogen cells, including viruses

* Viruses contain nucleic acid core, and surface proteins, including the proteins

The Central Dogma of Biology

Francis Crick

DNA contains the instructions for all cell activity

Replication of DNA transfers that information when cells divide

DNA is transcribed into RNA, which is translated into protein, which carries
out functions (enzymes to allow chemical metabolic reactions, structures of

that allow entry into your cells (in infamous “spike protein” of SARS-Cov-2) cells)
21 22
Pathogen evolution and adaptive immunity both
require understanding DNA-RNA-protein, the Central Dogma of biology
DNA replication
(DNA ->DNA)
DNA Polymerase
* Viruses contain DNA or RNA, sequences of nucleic acids which encode DODODG oA
information 7
. . . . . reverse - transcription
* Central Dogma of Molecular Biology is that the blueprint for an organism is transcription = (DNA -> RNA)
encoded in DNA, which is transcribed into RNA, which is translated into Rev.Transcrifitase RNA Polymerase
protein; viruses can be either DNA or RNA, and they use your cellular WHAS

machinery to replicate their nucleic acids and make viral proteins

translation
(RNA -> Protein)
Ribosomes

O-0-0-0-0-00 Protein
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Complements

Clicker Question:

Given the amount of Adenine in a DNA sample is 37% and
the amount of Guanine is 13%, what will be the amount of
Thymine?

A. 37%
B. 13%
C.74%
D. 50%
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Phosphate

| Nitrogenous Base

Pentose
Sugar

Translation
mRNA to protein

* hitps:/www .youtube.com/watch?v=0efAI2x2CQM
* https://www.youtube.com/watch?v=itsb2SqR-R0
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https://www.youtube.com/watch?v=oefAI2x2CQM
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What does this have to do with immunology?

Antibodies and T cell receptors have huge amount of diversity in amino acid
sequences, to make sure they will recognize any novel pathogen

B cells and T cells must create diversity in the DNA that encodes antibodies
and T cell receptors

This diversity in DNA sequence is created early in the development of B cells
in the bone marrow and T cells in the Thymus

The diversity is created only in the portion of the antibody that binds antigen

Antibodies have Variable Regions and Constant Regions

antigen-binding
sites v,
@

Vi
= hinge

Variable
region

disulfide

Constant
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N terminus Variable
region
disulfide %
bonds :
Constant
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Cterminus e
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antigen-
binding
site

Figure3. part3of 3 Immunabioogy,Ted. (- Garland Scence 2008)
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Antibody Diversity Number of functional gene segments
DNA diversity in human immunoglobulin loci

. . - . Light Heavy
As B cells develop in bone marrow, diversity is created in the DNA = chains chain
sequences encoding the Light Chain Hypervariable domains b

K A H
Some variability is created by combining already present sequences
(e.g., there are about 40 V region sequences to choose one from) 40 30 40
Some variability is created by random mutations in sequences at the 0 ° 25
junctions of the already present segments
Joining (J) | 5 | | 4 | | 6 | "
47 48

12



10/4/21

Different Constant Regions create Different
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Variable segments (V) a0 70 52 ~70 These are called Isotypes, Igu,SQ&YB@,SIgA, have different functions

Diversity segments (D) 25 [] 2 [ 1M 19D 196 1gE 19A

D/sagrmants read in three [0 — e —

Joining segments (J) 6 5(x) 4(\) 13 61
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Mouse
Junctional diversity ~3x107 ~2x10"
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Total diversity ~5x10" ~108 Human:
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Expression of IgD
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Figure 18 part 212 Immancbiclogy.7ed (> Garand Science 2008)

Transmembrane IgM
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Figure 19 part 1o 2 Immunobiology.7ed. (5 Garland cence 2008)

53

54

Cud SC pAs MC pAm

Cleavage at first
poly(A) addition site
(pAy) and splicing

|, Cterminus
for secreted IgM

Figure 19 part 2012 Immunabiology,7ed. (0 Gorland Scienc 2008)
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Figure 423 Immunsbiology.7ed (0 Garland Science 2008)
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V,,pseudogenes

V, pseudogenes

Figure 426 part 1 o3 Immunobicloqy,Ted (> Garland Science 2008
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Figur 426 part2of 3 Immuncbiology.7ed( Garand Science 2008)
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Figure +27 Immunobiology7ed (> Garond Science 2008]
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