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B-Cell Biology - From Stem Cells to Pathogen Killing.

1. Generation of high diversity of chains during development of

stem cells to B-cells in bone marrow.
 DNA rearrangements to generate functional exons for
variable segments of both light and heavy chain.
2. Molecular & cellular biology of membrane bound antibodies
on cell surface = B-cell receptor (BCR)
« Transcriptional enhancers, mRNA splicing

« Light chain and heavy chain exported to surface of B-cells.

3. Self tolerance test to prevent autoimmune diseases,
autoreactive B-cells eliminated.

4. Encounter and capture of antigen in lymph nodes

5. Activation of B-cells by T, cells

» Peptides from pathogen presented on major
histocompatibility proteins (MHC II).

« T-cell activation by tyrosine kinase receptors (T-cell
Receptor, TCR), secretion of signaling molecules.

6. Development of

* Plasma cells - Production of soluble antibodies of the
same specificity as the parent B-cell.

* B-memory cells (basis of immunity)

« T-memory cells (basis of immunity)

7. Destruction of Pathogens
» Fc region of antibody binds to Fc Receptor on NK cells,
neutrophiles, macrophages
« Pathogen internalized and destroyed.
BCR — B-cell receptor = antibody + signaling chains.
TCR — T cell receptor = MHC-peptide recognition + signaling.
9/14/2024
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Antibody Genes are Assembled From DNA Segments: Giving many different sequences.

Production of Heavy Chain Gene: The mRNA coding for
V,, exon = V+D+J segment (selected at random) antib contains 5
GermlinNA A S
i IGHM 1
CH1 CHZ CHa CH4
5 | VL
ot | dA .
a) T D joining C
Partially rearranged DNA L Random selection of D & J segments 2
':’ S HM
D J CHI ~ CHZ  CH3  CH4

= eader (signa) I -
V = variable segment
D = diversity segment @2 | Vjoiningto (DJ)

J = joining segment ¥ Random selection of V-
- segment

B-cell DNA

Heavy chains have the same
'  constant sequences in all B-cells.

V,, exon differs from ore
cell to the next.

Stem cells -> B-cells S |
« The exon that codes for the variable region of the heavy chain is 1. It there are 300 possible V-heavy segments,
generated by the random joining of a V, D, and J DNA segments. 10 possible D segments, and 6 possible J
- Each B-cell will generate a unique sequence for its heavy and light segments, ho;/v many different heavy chains
chain DNA. can be made” 0 L
« This is a permanent change to the DNA (genome) of the B-cell. 44)‘ C
9/14/2024 Drugs and Disease F2024 - Lecture 5 Qb y{‘" 3



Light-chain Genes are Assembled From DNA Segments:
Giving many different sequences.

N
Production of Light Chain Gene o

Germlin €10
L x4 ——{3 - |
DNA
W

l VIJ recombination

. - — —
B-cell DNA > Q‘k
— — = N Y4
Light chains have different V-~ \ _, Light chains have the same
sequences in different B-cells. constant sequences in all B-cells.

Antibody Diversity

i \3< 1. If there are 100 possible V-
Qr‘b ~~—heavy segments and 5 possible

I I J segments, how many different
stem cells ->B-cells light chains can be made?

* In the case of the light chain, the variable . |
.. d by \VJ ioini 2. If any possible heavy chain can
region IS gene_rate y VJ Jom!ng. pair with any possible light chain,
« Each B-cell will generate a unique sequence how many different antibodies can
for its heavy and light chain DNA. be generated, assuming there are

« This is a permanent change to the DNA 10,000 possible heavy chains and
(genome) of the B-cell. 500 different light chains?
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Antibody Production — From Stem Cells to B-Cells
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Antigen Capture by B-Cells - Endocytic Pathways

Endocytosis of bacteria by a B-cell

Bacteria labeled with

Anigen-BCR + MHCII", | Green fluorescent

. Antigen binds to variable  emaiization

domains of antibody on the FrOtecl:n- ot
BCR (B-cell receptor) T : apture of the
bacteria

. Antigen is internalized and e
digested into peptides _

. Peptides are loaded on to
class Il MHC

. Peptide-MHC displayed on proteins,
membrane for presentation producing
to T-cells 9 Journal of Cell Science doi: 10.1242/|cs.23518@ptides.
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Activation of B cells by Antigen - Lymph Node

O Stem Cell )00000 ‘ooooooo 4.

* 50 <t 1 ¥ aoew;s; (=5

Pathogen

j‘g MHC Il

y cells
Peptide from
Pathogen

»\ =£ - T-Memory
Plasma Q 3\ &
Cell )\ B-Memory

. e IO

Peptide from pathogen
(foreign peptide)

7 _Tcell Receptor (TCR)

4 cell ‘

A}

Cells - : ¢d
Mature in thymus »5‘ Events: Y s‘%’w — M

High diversity of TCR (10'°) 5"- w.}"'er}g\ M 1. Recognition of MHC Il-peptide by TCR
Homogenous on one T,-cell 7 VN 0.2, Tyrosine kinase signaling in T, cell

Recognize foreign peptide on class Il MHC "& 3. Cytokines (protein messengers) produced.
4. Cytokines activate B-cells.

B-cells develop into antibody secreting plasma cells.

B and T-helper cells develop into memory cells, that are long-lived and are quickly activated by the same
pathogen. This is the basis of vaccination.

Soluble antibody from plasma cells has the same light and heavy chains as the original B-cell.

Membrane anchors are missing, so antibody is secreted outside the cell.
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Can you:

Describe how the genes
for the heavy and light
chain are generated, and
how this gives rise to
many different antibodies?

Do you understand the
process of B-cell
activation, including
presentation of foreign
peptides on MHC Il and
the role of the T-helper
cell.

Describe how antibodies
Inactivate pathogens?
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Cell Based Immunology

,-—--"'-'-—__
R 5

Key Questions: ,p s '(v\
1. How does your immune system fight viruses? v T Activation of Tc cells
2. How does your immune system detect and ¢ requires:

destroy cancer cells? ./ - jemory 1. Recognition of foreign
3. How can the immune response be engineered peptide on class | MHC.

to fight cancer? 2. Assistance from T-

\ helper cells.
\ -
iral Killer Cell L\A/ 5 J \\3’)
Vol Slandles Av/ Activated Tc cell
s cell receptor becomes a cytotoxic T-

ral Killer (NK) lymphocyte Ter.
cell

= X%

— Fragments Tem

MHC ——
\ = f foreign « Kill virally infected
protein 0 g
Acguwed i f‘?s protein cells

Nucleus

Ty G Pt * Kill cancer cells

TC’ TCTL

infected

NK: Innate Qreeted Tc memory cells are
« Kill virally infected cells produced after
 Kill cancer cells activation.
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1.

T. Detection of Diseased/Cancer Cells - Role of MHC |

MHC | present peptides

Peptides are generated
from of all of the
proteins that are made
in the cell.

Only foreign peptides ‘:G’J‘W

ictivate T-C

Possible Sources of Foreign Peptides:
1. From replication of viruses in the cell

{ é53§Protein Seque@

d

c/‘}} 2. From replication of intracellular bacteria (e.g. TB)
3. New coding sequences in cancer cells due to
genetic changes (e.g. mutations in p53 lead to

novel sequences).

protein targeted for zgt Fingers (DNA binding)
_ 10 20 =30 AWO 50
degradatlon by ﬂ EPQSDPSV EPPLSQETFS DLWKLLPENN VLSPLPSQAM DDLMLSPDDI
s 60 70 80 9P 100
UquUItIn 1 - N7 \ 5 EQWFTEDPGP DEAPRMPEAA PPVAPAPAAP TRAAPAPAPBE WPLSSSVPSQ
A : 110 120 0 14 150
Proteir dlgeSted by me\ (R KTYQGSYGFR LGFLHSG ,c: TCTYSPARNKMFCOLAKT CPVOLWVDST
oteasome) §
proteasome, N g — 160 (.~ 19 200
- . \q{y" ij PPPGTRVRAM AIYKQSO®HMT b't DSDGLAE PQHLIRVEGN
Peptides transported - 210 2N 7 -8 250
. LRVEYLDDRN TFRHSVXP PPRVGESDET TIHYNYMCNS SCMG§MNRRP
Into ER 260 270 fg0 ~=———s00— 300
PeptldeS |Oaded On tO ILTIITLEDS SGNZLGRNSFE EVRVCACPGR DRRTEEENLR KKGEPHHELP
310 320 330 340 350
MHC I PGSTKRALPNANTSSSPQPKK KPLPGEYFTL QIRGRERFEM FRELNEALEL
340 370 380 390
Peptide/MHC \* KDAQAGHEPG GSRAHSSHLK $KKGQSTSRH KKLMFKTEGP DSD
complex transported d © X
to cell membrane. [EV '@' '} PHHE [ Normal seq., ignored by TCR
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Activation of T cells
requires stimulation from
activated T, cells via MHC
Il pathway.

« Antigen captured by B-
cells and other
phagocytotic cells
(macrophages, dendritic
cells.

» Peptides presented on
class Il — T, activated

Qutside
S 3
;0 s';\‘;

1 W
AT Cell
membrane
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T Cells: Detection and Killing of Virally Infected or Cancer Cells

S P <9 —
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1. Recognition.
Cytotoxic T cell recognizes
and binds to infected cell.
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2. Directed secretion. T-cell vesicles secrete proteins (green)

that form pores and other proteins (black) that pass through the

pores into the cytoplasm of the infected cell.

Virus-infected cell

6. gaoptosis.h he T cell leaves, and the
infected cell breaks up into fragments.

Phagocytic cells consume the fragments,

eliminating the intracellular pathogens.

Cancer cell or
Infected cell
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« Granzymes (apoptosis activating proteins)
enter through perforin pores and cause cell
undergo programmed cell death (apoptosis)
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Canceré_vasionj\/lechanism - Loss of MHC | on Tumor Cell

Loss of MHC | expression means that
T.q, cells can no longer recognize and
Kill cancer cells because T-cell
activation requires recognition of the
MHC-peptide complex.

T cell receptor

Class 1
MHC Fragments
protein of foreign
protein
o Y7
v
eo ~‘Vc. ’( U‘(V\l\ ‘
\NO O \P’_
v q “, © 7

e/’
o J
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How to re-establish T
contact with tumor cell and
activation of the T-cell so
that the cancer cell is
killed?
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Cancer Treatment with Antibodies - Cancer Evasion - Loss of MHC | on Tumor Cell

— . : Q-
Tumw.:&ssnma@ntlgen: An =D AC A<
: : : A\ :
antigen that is found only on a' &\ /éy A c,\\' %/r}'\\,om
tumor cells: %v 4 Optlnic L 2=
- Mis-regulation LU P
° Mutatlon l v \:V ’\‘ ‘ ] lT-ceII activation | D3 | \
. Q \(\. 1 J_,\.\
,le Wymo | o smanes T cell receptor
U single chain ) ass
TCR /'zmorassociated antibodies ! A\)\ Redirected S i E/IIHC] \ Fragments
Protein Antigen Av : lyiislrece protein M of for‘eign
Y N7 ; protein
! Her2/neu
@ @ \ ’ cea -X¢&  Cancer
)= = a-target QE) //\ , Eﬁggz '%\ Cell
\ monoclonal ™M ,\f MCSP t‘)
antibody ' H ‘ F
k . e
v ]
Cv
W é‘:; P
§Y8 & ¢ Bispecific antibodies are generated from two separate antibodies:
N @\‘M * One recognizes CD3, which is part of the T-cell receptor (TCR)
\ » Other recognizes a tumor antigen.
eﬂzk Jov In Vv A e W « The two variable regions are linked into a single polypeptide chain by
? / "}/ construction of a synthetic DNA molecule.
L_J L___,I _ ’ * The dual binding event mimics the original MHC-I TCR interaction.
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Chimeric Antigen Receptor T-cells =(CAR T-Cells)

A. Obtain antibodies against cancer antigen, isotate genes that code for fight and heavy chains for those antibodies.

B. Fuse coding region for variable light and heavy domains to coding region for RTK on T-cells = single CAR-T gene.
e ight chain gene RTK gene Qo <

(Vo
sy D

C. Introduce gene for CAR-T cell into P

abkwbhE

AV i U TAA ATG.....|....... TAA _~ ATG................ 7., TAA

RTK — receptor tyrosine kinase
Signaling domain on T-cells

D. What happens when

Obtain white blood cells from patient cancer cell is encountered
Isolate T-cells by CarT cell?

Introduce DNA into T-cells X

Obtain large amounts of T-cells by cell culture ¢ A
Inject CAR-T cells into cancer patient. 4N

5«<’© A

InCrease Infuse ney fighter
numbers of T-Cells igho patient
fighter T-Celis

Cowy  God G

Collect patient’s white Isolate the Modify the patigft's
blood cells through patient's T-Cells
process called apheresis
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Vaccination

Obtainment of Col ection of Immunizatioh of

snake animal Dlphtherl
1( Passive (Ab |njectepl) ﬁ

Breast feeding

Separation of Anti-venom

purteeton™" ) anibocy £ | months provides IgAlQ the

(]
2 100 BREASTFEEDINGHSSSELY
3 It Rocks!

2. Active (Antigen Provided) 3 Passively

— ‘5 transferred

g maternal
= lgG
©
(. 0 [ |

I I
0 3 6 9/0 3 6 9 12345
Conception Birth Adult
Serum immunoglobulin levels
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Primary and Secondary Response & Protection by Vaccines

Not Vaccinated
T-cells\—

Antibodies

Q
o

Self-Antigens
Bone Stem Cell Q ~

PRGN
AP\ N\ g T
A d% o

A Vaccinated

Log IgG, T-cells, infectious particles

Log IgG! T-cells, infectious particles

Q ’r' \w ] Lymph f T cells
CYNMARR N FINAC RS e~ VAP ) Dsease & ﬁ =
‘ N\~ —._{\ T-Memory
’ Infectious agent - { ast w — - g%
/ * d ’ \ ’ Ele" )\‘ ! B-Memory /
C : Time — T Time I \_1 =L\
13t infection Vaccination s )ﬁ_—?) ‘K;_
Large number of pathogens during Vaccine: antigen induces primary
first (primary) infection causes response = memory Band T
disease symptoms (Ty and T) cells specific for
« Antigen from pathogen prompts that antigen.

acquired immune response.

More rapid & intense secondary
response prevents extensive
pathogen growth — no symptoms.

More rapid & intense secondary
response prevents extensive
pathogen growth — no symptoms.
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Vaccine History

« Some diseases still do not
have vaccines (Malaria, HIV)

« Many diseases are controlled
by vaccination (Typhoid,
Meningitis, Whooping cough,
polio, chickenpox, measles,...)

« Afew diseases have been

completely eliminated by
vaccination (Smallpox)

https://www.imf.org/en/Publications/fandd/issu
es/2021/12/Journey-covid-19-vaccine-Stanley

9/14/2024

From lab to jab

COVID-19 vaccines were developed at a speed never seen before in history.
) m

Typhoid fever

1884 @ O 1989
Meningitis
1839 @ QO 1981
1906 Whooping cough 1948

1907 @

Dengue fever

Polio

1947 @ Zika fever

1953 95

" Measles -
1953 @===) 1963

Hepatitis
1965 @==(0 1981

Disease 1976
- O
Year in which the Year in which
infection was linked vaccination was
to the disease licensed in the US

Ebola
Cervical cancer (HPV)

198 (@) 2006

1983

C0vID-19

2019

1880 1900 1920 1940 1960 1980 2000 2020

Sources: Our World in Data; and IMF staff analysis.
Drugs and Disease F2024 - Lecture 5
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Smallpox - A Success Story for@

Variolationprovided protection by exposing people to
‘-___"'-._—- - - .

small amounts of smallpox virus (obtained from blisters on
infected people). Practice spread from Istanbul to Europe.

Risky because smallpox was used to vaccinate((2% risk of death

Decade in which smallpox ceased to be endemic

No cjata Befor. 00s 10s 20s 305 40s
Qlaccinia virls (similar to

Similar to smallpox virus - for 9 days) smallpox) is one form of the
e Causes production of cross-reactive ° Infected with onths Iater) current vaccine.

antibodies that can bind to smallpox * Subject did not develop X
9/14/2024

Drugs and Disease F2024 - Lecture 5 19



Types of Vaccines

Type of vaccine Mechanism AEREILEEEE
: : & disadvantages
A. Subunit Vaccine: .
A protein from the pathogen is used to A M Lg/ Do not cause disease
induce memory cells, e.g. spike protein ¢ " " v "
. . ery stable
from the virus. The protein can be
ggﬁ;gﬁ; Cé by recombinant DNA Y @ Needs booster strategy
Y.
x Short memory
B. Inactivated Virus
The virus is chemically inactivated e v Do not cause disease
before administration. Peptides from nactiva®® n I Very stable
virus activate B and T cells.
Needs booster strategy
. : : MHC I
C. Virus Like Particles: X- Short mema
Proteins isolated from the virus form virus- = i
. . . . . MTr
like-particles, without the-rgenetic material C neraces vpiake: ke it
of the virus x> Virus like v JL
)y_ (/4 Vﬁs particles H “ Do not cause disease
b"r 5 / 'Dependant on efficient
le « o x expression platform
‘ %
)\ ® / X Difficult to make VLP stable
@ \ODO in long term
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D. Live Attenuated

The virus is grown under conditions that
select for mutant viruses that:

1) Induce memory cells in humans

ii) Do not cause disease symptoms

E. Recombinant Virus:

A “safe virus” is used (e.g. cold virus)

Gene for a protein from a pathogen is inserted into

the DNA of the virus.

« When virus grows it produces the protein from the
pathogen generating immunity.

Also includes vaccines that are a mixture of genetic

material from human and animal viruses
(reassortment viruses)

F. RNA Vaccines (Pfizer Covid Vaccines)
RNA coding for a viral protein is introduced into cells.
The RNA is used by the cell to make virgi proteins,

Type of vaccine

Mechanism

Advantages
& disadvantages

v N
0

o Qg_\r’

D 'Mimic natural infection
Live attenuated Vv
————n “ “ @reates cross reactivity
SRR MHC | &I Can revert and cause
8 :&& A x _%disease
Fp B i) @ Might be harmful in
immunocompromised
E Wimics natural infection
RWM Strong memory
viruses
Cannot revert to natural
Y @isease
a, p

Pre-existent memory
against vector lowers
efficacy

Recombination with other
Q/iruses

inducing an immune response.
é,/ ;‘J-El JJ‘)‘ é(.)- : vg&g__es ! U ! i V—LDO not cause disease
- S {(' %' ¢ N \\ Short immune memory if not
XU’ 4 . éL “g.' ul - @ stable
C° Qp ﬁ ) O E—g@ x< Low immune priming if
e \ priming i
Q @ _ efficacy of delivery is low
9/14/2024 Drugs and Disease F2024 - Lecture 5
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B. Inactivated —Salk PoliooVaccine

THE TAMPA DAILY TIMES

Do nOt Cause disease SIXTY-THIRD YEAR—No. 56 AMPA, FLORIDA, 'lLLﬂ AY, Pﬁ

) [ e POLIO VACCINE ‘SUBCESSFIII.’

Inactivated

Needs booster strategy End of Quick o odays News Audltonum Paralys|s Prevention
M x Divorce Law BridgeBonds Proved in Mass Tests
Short memory Gains Favor © Get Okav by g o
Vero cells | - :
' . L. _ - > o - Dr. Salk Says
Microcarriers Virus infection Cell debris TooBusy Now
Virus b
Cell Culture ’ IR . Depth Filtration ’ UF/DF ‘
SEC IEX Sterile Filtration . Virus Inactivation

Monovalent IPY
Types ), 2,ang 3
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D. Attenuated —(Sabin Polio Vaccine

Live attenuated
'\_'\_J

B

. A
% Q&
= Qo AN NN

"\

MHC | & Il

Mimic natural infection

LCreates cross reactivity

(
Can revert and cause
disease

Might be harmful in

immunocompromised

9/14/2024

.

=

THE CINCINNATI ENQUIRER

122nd YEAR NO. 76—DAILY SUNDAY MORNING. JUNE 24, 1962 FINAL EDITION—PRICE 25 CENTS

‘Sabin Sundaes’ Ready For Area
Polto Drive Begmmng At I 1 A M

L seung your cube of suger en never had Sabin v
e. ion

‘First’ Family Gets Sabin

ga
... Dr Sabin oversees feeding to Tom and Marilyn Bross and grandmother,
Mrs. Ruby Johnson

2 e

W v

Pathogenic virus is isolated —# The cultured virus is used —— The virus acquires many —— The virus no longer grows well

from a patient and grown
in human cultured cells

to infectgmonkey cells

mutations that allow it to
grow well in monkey cells

in human cells and may be a
candidate for a vaccine
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C. Attenuated Viruses — Return to Virulence by Reversion

World Health E
Organization

Home / Disease Outbreak News / Item / Circulating vaccine-derived poliovirus type 2 - Indonesia

Disease Outbreak News

Circulating vaccine-derived poliovirus type 2
(cVDPV2) - Indonesia

11 January 2024

Cell Host & Microbe

P S

( Volume 27, Issue 5, 13 May 2020, Pages 736-751.e8 ?
S

Article

to Prevent Reversion to Virulence

o

CellPress

Engineering the Live-Attenuated Polio Vaccine

Ming Te Yeh *, Erika Bujaki 2, Patrick T. Dolan !, Matthew Smith 2, Rahnuma Wahid *, John Konz 3,

Amy |. Weiner #, Ananda S. Bandyopadhyay #, Pierre Van Damme °, |lse De Coster *, Hilde Revets *,

Andrew Macadam ? 9 =, Raul Andino'® o =

9/14/2024

CURRENT LIVE-ATTENUATED POLIO VACCINE

Sabin #[X
Vaccinet
Unstable

Attenuated Virulent

POLIO VACCINE REDESIGN

- STABILIZING THE 5 UTR ENGINEERING 3DPO! -
? HiFi/Rec
NOPV2 setes (CAPSID Q\JONSTRUCTURAL (=5
cre
Reduces
Prevents domV Evolvability

5 UTR Stabilizes
Swapping  Attenuation

Preclinical <-E d\ ‘:

T R | A LS m@mcal

~ Immunogenic e

Genetically Stable
Safer
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Herd Immunity:

* Vaccinated

individuals prevent
disease from
spreading from sick
to unvaccinated.

o At sufficient levels,

the “herd” is
iImmune because
the virus cannot
spread, eventhough
some people get
sick.

9/14/2024

p—

ﬁ: not immunized, %— immunized . k— ot immunized, .,
but still healthy and healthy E and contagious
]" l 1

High risk No one
Can’t be is immunized.
vaccinated -
(tOO young, Contagious

disease spreads
through the
population.

immune -
compromised

Below 2 Some_ of the

ﬁé‘r'a— R OR pqpulatloln gets

e SN immunized.
\_______y -

Contagious
disease spreads
through some
of the population

Most of the
population gets
immunized.

At herd
immunity

Spread of {/}m %{&
contagious

disease is * {;\}
contained.
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Herd Immunity

How Many People need to be vaccinated to achieve herd immunity?
10% ?

20% ?

50% ? It depends on the how infectious the virus is
90% ?

100% ?

Our Experimental Viruses:
Ebola: Low infectivity
Polio:  Moderate infectivity v~
Measles: High infectivity /



Simulation to Determine Infectivity Versus Vaccination Level
1. Go to the following web site and open both links: http://www.andrew.cmu.edu/~rule/stayin-alive

2. Copy the googlesheet.

3. On the Infection Simulator link, scroll
down (2/3 page) to the image of the plane,

and click on it.

A. Select the virus.

B. Use the slider to select
the different vaccination
levels. Use 10, 20, 40, 50,
70, 80, 90 %. For each of
the vaccination levels do
three simulations.

—

@ Vaccinated
O At risk
@ Infected

Vaccination rate

POPULATION STATISTICS

66
470
121

10 %

Infection rate

C. Enter the value for the
% Infection rate at 20s
Into the appropriate cell of
the google sheet. Your data
will be automatically
averaged and plotted.

9/14/2024

A

%Vaccinated

Ebola (Ave)
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http://www.andrew.cmu.edu/~rule/stayin-alive

Summary Questions for Immunology:

What are the two major branches of the immune system? Why are both important?
What are the roles of different cell types in each system, e.g. what would happen if T,,-cells disappeared?
What is the quaternary structure of an antibody? Can you sketch an antibody and indicate where the antigen binds?
What part of the antibody defines the specificity?
What are the steps in the production of antibody genes, at the molecular level.
a) How do DNA rearrangements produce functional heavy and light chain genes
b) What is the difference between the heavy chain for B-cells versus plasma cells.
Can you describe how antibodies kill/inactivate pathogens
How are virally infected cells and tumor cells recognized by Tc cells?
How does the Tc cell kill those cells?
What evasion mechanisms are used by cancer cells and how have these been addressed by antibody therapy?

abkwbPE

© 00N O

10. What was the origin of the idea for vaccinatiqn?

11. What was one of the first “safe” vaccines? What disease has now been eradicated due to this vaccine?
12. Can you describe one way to generate a vaccine for a pathogen? Do you know the pros and cons for that
b  method?




Enzyme Inhibitors as Drugs

« Types of inhibitors
« Covalent
« Competitive
« Allosteric
« HIV drug therapy
« Antibiotics — inhibitors of RNA and protein synthesis

Genome Editing — Cas9

« Discovery & Engineering of CRISPR systems
« Off-target effects



Key Points:

(E)+(S) 2

Kinetics
Rate = dP/dt, proportional to [ES].
V .x = measured velocity at saturating substrate:
Vigax = Kear X E
@ Substrate concentration to %2 saturate the
enzyme, v = Vmax/2
* Measure of substrate affinity, lower K,,, better

binding. % 19)

total

rate of reaction —

‘. M “ | /\Jx .
it T G o
d \ﬁ \Pr v \}d') substrate concentration —
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Enzyme Inhibitors

Studies on Inhibitors are useful for: Covalent /5 cg,ﬂ U/Q7
1. Mechanistic studies to learn about how enzymes interact with their (/
substrates. @ @ @’
2. Understanding the role of inhibitors in enzyme regulation. E + S == (ES)—>EP v.
3. Drugs if they inhibit aberrant biochemical reactions: JO—-’S— "\"
e penicillin, ampicillin, etc. interfere with the synthesis of bacterial E”@f \;/y
cell walls, acting as suicide inhibitors.
4. Understanding the role of biological toxins.
e Amino acid analogs - useful herbicides (i.e. roundup) r\—/->
e Insecticides - chemicals targeted for insect nervous system. \Competitive
e © @
Types of Inhibitors: . S == (ES)—> EP
1. Covalent — inhibitor covalently modifies enzyme, usually in “ A
active site, these are generally irreversible — the enzyme is
dead! Example — Sarin gas (Tokyo subway 1995) (E')®
2. Competitive — inhibitor blocks substrate, binds reversibly to @Ilostericj}/ﬁxed type)
active site with a Ky = K. Enzyme activity returns when drug is (ES)

E
removed. 6) o — 68 #@,
s - EP

3. Allosteric (mixed type) — inhibitor causes allosteric change. ”@ I

v

Binds reversibly to a different location, with two different Kgs: K :@3}
and K,. Enzyme activity returns when drug is removed.
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Bacterial Cell wall Mechanism of Penicillin — A Suicide Inhibitor

OQuter membrane

Peptidoglycan Mesosome
(Capsule) '@Yer

I
Cytoplasmic
I E——
/ ] (R nclusion !
. /l he \Lody - (" Alin
Peptidoglycan o Ly!\/\/NHZ
layer V /kro La
/ H3;C
X " Porin *’ Alg
Cytoplasmic | . prc?teins | | . .
membrane . Periplasmic o L Gln NH 1 . Serlne breakS pe ptlde
Surface proteins Chroniciome \space o YS AN 2 .
. (Flagellur) Hsc’\r Qp D) bond between terminal
egevml GRAM POSITIVE GRAM NEGATIVE N .
. /{: oo D-AlaI residues .
: "N e 2. Covalent intermediate
Bacterial cell wall: e AAN—CY
M formed

» Linear polymers of alternating
NAM (N-acetylmuramic acid)
and NAG (N-
acetylglucosamine), beta(1-4) —Gly-Gly, .
linkage Tra

 NAM units on adjacent strands e
are linked via a peptide linker.

» Crosslinking catalyzed by
serine-containing
transpeptidase.

3. Amino group of glycine
forms peptide linkage
with D-Ala = crosslink

eptidase
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Mechanism of Penicillin

Mechanism of Action of Penicillin:

Penicillin inhibits the transpeptidase
enzyme that is responsible for
crosslinking the Gly; chain to alanine
(circled on diagram).

The crosslinking of the cell wall is
broken, making the bacteria fragile to
breakage.

Inhibition is by formation of a chemical
bond between penicillin and the enzyme
(covalent inhibitor).

9/14/2024 Drugs and Disease F2024 - Lecture 5
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Competitive Inhibitors

Succinate dehydrogenase converts succinate to fumarate by removal

of two hydrogens.

Malonate is a competitive inhibitor, because:

 [tis similar in structure to the substrate — so it binds in active site —
substrate cannot bind at the same time.

« Malonate cannot undergo the chemical reaction — it is not possible
to remove two hydrogens without leaving carbon with too few bonds.

Succinate
Substrate

9

(a) Competitive inhibition

© %0

Substrates O T?‘ »ﬁ,\) (A ( A

Enzyme \

or \ ! or
»> K > “Regulal

L - molecu

Enzyme in absence Competitive inhibition

of regulation

% -

L

C

is formed

\_/
Enzyme Malonate Malonate-enzyme complex
(b) Inhibitor
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No product

The substrates cannot
bind when a regulatory
molecule binds to the
enzyme’s active site.

Fumarate
(product)

Impossible product
P ——
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Quantification of Inhibitor Binding

Fractional Saturation of Enzyme by Inhibitor

Y=ENIEN+E)
g O G

K, = equilibrium constant for dissociation of inhibitor from enzyme

Low K, = higher affinity (same principle as K)

K, can be found from %2 point in binding curve

K, can be determined by measuring the effect of inhibitor on the enzyme kinetics.

9/14/2024 Drugs and Disease F2024 - Lecture 5
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Effect of Competitive Inhibitor on Steady- o

p S
State Kinetics: K’ G G G G @@ @W @
* A competitive inhibitor reduces the amount Aq I s S S ES
_ KK e s .5 s 5|5 E
of [E] by the formation of [EI] complex. @;"’ @
« The inhibitor cannot affect the [ES] complex @ G G 8 G ss @s® I@
since the inhibitor can no longer bind.

A - B' — C — —_—
There are two consequences of a competitive
. . L S I Ss
inhibitor binding on the kinetics of the enzyme: - QI)@ GI @ @ @ @ @®5 @@ 5 Yop
1. Vyax IS unchanged: At high levels of /S‘/ s S o<1 s 1 S ss g&‘“’l
substrate all of the inhibitor is displaced by |®® @GI S QGI @ I /
§Ungatej S0 [ES]=EroraL: @nd Vyax = oN GI 2 ’C?I, '05 GI ISS IS @
CATL=TOTI" o . VvV = kcat [ES], kcat =1 L ,/(o
2. The observed Ky, Is increased: It requires /o Inh ~ A
more substrate to reach 1/2 maximal 6 — 7/ S— Vs 52
velocity because some of the enzyme is S = 1 B
complexed with inhibitor. y A ’Sr"“‘ a=1+—
3 s K; -
Ky, OBS — = akK,, 5 "\ l¢§__/—-gr _.)
The change in K, can be used to determine 1 i - Cj

how well the inhibitor binds to the free enzyme, A
if we know how a is related to K,. O Inhibitor S] Comp inhibitor
‘ =V v=V

MAX K n [S] MAX oK
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HIV Drug Therapy (ZF)P“

Retroviruses & Inhibitors - HIV Protease.

|dentify potential drug targets, based on viral life

cycle.
Measure inhibitor binding to characterize drug
efficiency.

Rational drug design in response to mutations.

Human Immunodeficiency Virus (HIV)
 Infects specialized cells in the immune

system — T-helper cells (T,) cells, killing
them.

T, cells are required for activation of the
Immune response to all pathogens (bacteria,
VIrus)

Killing of T, cells by the HIV virus causes
AIDS (acquired immunodeficiency), making
the individual susceptible to serious infection
by many otherwise harmless bacteria as
well as developing rare cancers.

gP120
Docking Glycoprotein \.‘
OO0
: Lipid

gp4t Membrane

Transmembrane
Glycoprotein

8ag p17

Matrix protein

Reverse

Viral particle contains enzymes required for the
replication of the virus:
* YV Reverse Transcriptase: Copies viral RNA to DNA
- “Integrase: Integrates viral DNA into host
chromosome.
« YHIV Protease: Cleaves immature viral protein to
‘_\—————N .
produce smaller mature proteins.
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The HIV virus is a retrovirus: N ATTACHMENT - - o A TION

The genetic information is stored in RNA (viral RNA, vVRNA)
which must be first be copied into DNA: vVRNA — DNA —
MmRNA — viral protein

HIV Viral Infection of T-Helper Cells:

1. Viruses bind to molecules displayed on the T, cell
surface.

2. The virus then fuses with the cell membrane and
releases its RNA genome from its lipid envelope.

3. The HIV enzyme reverse transcriptase first makes a

double-stranded DNA copy of the viral RNA molecule. 63! B‘uoome

This process is error prone, leading to mutations in the g <.

virus. These mutations cause drug resistant strains RELEASEand § 7
MAT U RAT ION ﬂ{}g 4

of the virus to arise.
4. The DNA is integrated into the host cell's DNA by an
enzyme called integrase, also from the HIV virus.

Drug Targets to Combat the HIV Virus —

5. Integrated DNA produces VRNA, the genetic material a) Viral fusion _
for new virus particles. mMRNA is also made from this b) Reverse transcriptase

DNA, to produce proteins for new patrticles. C) Integrase
6. HIV protease required for maturation of viral proteins, d) HIV Protease

by cleaving them into smaller proteins that form the
y g P These are good drug targets because:
mature virus.

7. Mature virus buds out of cell. * Required for viral replication
{ e Activities are not found in humans
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HIV Protease l

HIV Protease (Aspartyl protease)

Mature

6 2 ”q Proteins
\\ * //

ﬁié Virus

_ . . 7N
The original viral protein is a long C\f,c/"'
pre-protein containing many

ﬁ i 0~ H;'N E:i EH3 H

smaller mature proteins. YN T A Y T YT
HIV Protease cleaves the pre- 0 R
protein, releasing the smaller 2=° %Aspzs ?ﬂ CAspzs
mature proteins. Asp25 hsp2s

HIV Protease:

1. An essential enzyme in the maturation of the HIV virus. If inhibited, the virus cannot replicate.

2. Prefers hydrophobic substrates (e.g. Phe) due to Val82 plus other non-polar residues in its active site
(Pro81, Leu23).
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Inhibition of HIV Protease (HIV Drugs):
e Most drugs are small peptide-like
analogs with non-cleavable bonds that

resemble peptide bonds.
Where will they bind on the enzyme?

W, RN < T Q¥

What will happen to them after they bind?

L

Substrate
J\v( ~

Sidechain from
HIV protease

Drug Design: Compounds A (Isobutyl) HaCo N N NJW(NHg
and B (cyclohexane) are candidates for \g/ 5 H 8
HIV protease inhibitors. Which of the two

drugs will be more effective at inhibiting HaG, O ™NH,

the wild-type protease? >—CH3

Val82

Answer: We will assume that these are competitive inhibitors. Therefore, we need to

compare the K, values for each inhibitor binding to the protease.

9/14/2024 Drugs and Disease F2024 - Lecture 5
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Measuring K, for both Drugs: @
a) Acquire velocity versus substrate, no inhibitor. o Do
b) Acquire velocity versus substrate, fixed inhibitor.
Analysis: v

) Plot velocity versus [S] *?, 7
ii) Obtain a from the observed Km values <
-
[S] noinh A B =
0 0 0 0 S
1 17 9 2 -
2 29 17 4 %
3 38 23 5 10|
4 44 29 7 0 $
5 50 33 8 0 @ 15 20 25 30 35 40 45 50 25 60 65 70 75 80 85 90 95 100
10 67 50 15 [Substrate]
20 80 67 27 —No Inhibitor —Inhibitor A —Inhibitor B

40 89 80 42
60 92 86 52
100 95 91 65

The units of velocity are umoles product/sec.

'K, =I11/(0-1)
([1]= 10 nM)

No Inh (5 v B

Once the o values are found, we can calculate the K,  |nh A 2 K, = 10/(2-1) m

for each inhibitor using the formula: K=[1]/(a-1).

Inh B 10.8 K, = 10/(10.8-1)<.1 nM >
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Explain the difference in K, based on the molecular interactions between each inhibitor

A
H O
H H N
Hs;C N N NH;
\[r N
H
O @]
H5C @) NH,

CH,

Valg2

Potential Interaction Drug A (K, =10 nM)

Van der Waals
Hydrophobic effect '
yarop \,DQ/*)‘M

5 NOLI
AR , & /\g"f

2
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