Globular Proteins, Enzymes

Antibodies

Prolific Inmunoproteins

Immunoglobin

Human’s total ~ 100 x 10 ® immunoproteins

Combinatorial syntheses from libraries of
250, 10, and 6 possible contributors

Human Genome ~20,000 proteins

Enzyme / Substrate / Docking

Step 1 Step2

ES — E+P1+Pp

Enzyme Inhibitors / Effectors

Michaelis-Minton Kinetics

E+S (ES]
*E = Enzyme; S = Substrate
*Enzyme Activity is reduced by inhibitors.

*Four types of inhibitors:
. Reversible, I sible, C

E + Product

1p N 1p
*Equilibrium Constant & Free Energy

. KiESjeq =10 to 105 ; Free Energies -3 to -12 kcal/mol
. vs. covalent bonds -50 to -110 kcal/mol

«Effectors increase enzyme activity.

Sucrose

Substrate
[Glucose fructose

© sucrose forms partial bonds
to active site in the enzyme
sucrase.

Enzyme

€) Amolecule of water reacts
with sucrose and splits the
bond between glucose and
fructose.

Glucose Fructose

Sucrase ) The enzyme is ready to catalyze
another reaction.

Acetylcholine, Nerves & Neurotransmission
The Neuron: Shapes and Spaces

Nerve ending

Acetylcholine
migrates to

Incoming receptor Outgoing
impulse o impulse
.

K
Acetylcholine
formed ~_
(acetylase) Choline +
acetic acid

Acetylcholine
hydrolyzed
(cholinesterase)

Presynaptic Postsynaptic
cell cel
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Acetylcholine: OP Pesticides and Nerve gases

H,0 Acetic
10 a |<€ ) Choline

<

5
Cholinesterase
®) ‘

Stable complex

(no further reaction)

acetylcholii

Enzyme interaction: neurotransmission

The interaction of a globular protein,

Trypsin: Hydrolysis

Acetylcholinesterase works in a

similar way to the digestion
proteins.

The quaternary structure of hemoglobin

(A tetramer)
B-Chains

Heme

a-Chains

Richard Short (Cornell University)

ly
small molecule, acetyicholine.

ase, with a relativel,

* Heme is the coenzyme that binds
oxygen in hemoglobin (transport)
and myoglobin (storage in
muscles)

Heme
H,C CH CH,
H,C CH CH
3 N N 2
SFe 2
N
H,C CH;
HO,CCH,CH,  CH,CH,CO,H

* Molecule surrounding the iron is a
type of porphyrin.

« Important in Photodynamic therapy
(PDT)

* The U.S. would still be a British

colony except for porphyria, a medical
condition in “blue bloods” .

Myoglobin

C-terminus | Heme

N=temrinys
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Hemoglobin (Hb) /
Mpyoglobin (Mb)

Allosteric Effects

« Hemoglobin transports and myoglobin stores oxygen in
mammalian cells.

* Myoglobin is monomeric; hemoglobin is tetrameric

* Mb: 153 amino acids, 17, 200 da

* Hb: two alpha units of 141 residues, 2 beta units of 146

* Oxygen binding curves show the relationship of hemoglobin
and myoglobin. The two proteins are in a complex
equilibrium.

Tertiary %
structure
&
Polypeptide . Heme group
chain where oxygen

attaches

Quaternary structure

Enzymes & Heredity

Globular Proteins: Enzymes / Genomic Control: DNA

genome

- @
P %(hwmoscmes

Genes contain
instructions
for making
proteins

or in complexes
perform many cellular
functions

U.S. DEPARTMENT OF ENERGY

Sickle Cell Anemia

[

4 —
10 um 10um

[Vai }{ His }{ Leu }{ Thr }{ Pro }{ Giu { Giu b~ - - Val }{ His { Leu {{ Thr }{ Pro HETTIH Giu }- - -
1 2 3 4 5 6 7 1 2 3 4 5 7

(a) Normal red blood cells and the primary  (b) Sickled red blood cells and the primary
structure of normal hemoglobin of sickle-cell i

Normal hemoglobin vs sickle cell hemoglobin

" 5

Valine replaces Glutamate

http://chemconnections.org/Presentations/Columbia/slide8-3.html
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Another Way to Inhibit Enzymes
The Importance of Shape

Substrate

Enzyme
Allosteric site .
Statins:
@ Inhbiting

cholesterol
,f,_u_'— Substrate

biosynthesis
Enzyme

with
inhibitor
in place

Inhibitor
(b)

Copyright © 2004 Pearson Prentice Hall, Inc.

Hemoglobin and Oxygen Transport
An allosteric effect & sickle cell anemia

— Oxygen

BPG

Normal hemoglobin vs sickle cell hemoglobin

Valine replaces Glutamate

http://chemconnections.org/Presentations/Columbia/slide8-3 html

Summary

SRR

. PRI LR R
SRR

(a) Primary
structure

(b) Secondary structure .-
(c) Tertiary structure I

(d) Quaternary structure

Protein Structure
Determination

Some Processes Used in
Protein Structure Determination

* Molecular exclusion/gel filtration
chromatography

+ Amino Acid Sequencing

+ Mass Spectrometry

+ X-ray Crystallography

+ NMR
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Gel filtration

Layered sample \H

OO0 OO
000
Oo® QO
@
00 OO
1 .
&
O= Gel particle
+ = Sample molecule smaller than pores of gel
® = Sample molecule larger than pores of gel

250
230
210

Unknown

protein 190/

elutes at

170 mL: 70

What‘ isits $1850

relative

molecular 130!

weight?

110|

AR PR (S R ) Ly

10! 10° 10°
M| scale)

40,000 Da (40KDa)

Protein
Sequencing,
fragmenting N
into peptides o
| E=

/) Attt o\
/ anerat mamocs e
/ wed o Ceave proe at
7 soucitc saws o pepede N
agrects.

\ —c —
‘ [
\ Bt
\ /
N —en——cu——on—ec /

o overaoping sequences.
e igments permis e Semrmaion
of e o pomary srckune of the poten

Protein
Sequencing, et e s s i o e diiss i &
fragmenting “ ®
into peptides o My,
pep no A
S
H«‘\r*\j’/\:ﬂ.
W :

Begin

http://chemconnections.org/organic/Movies%200rg%20Flash/gel-electrophor.swf

Protein cleavage

+ Enzymatic cleavage

a Trypsin C-term. of Rand K
1 Chymotrypsin C-term.of F, Y, W, L
1 Endoproteinase Lys-C C-term. of K
1 Endoproteinase Arg-C C-term. of R
a Pepsin N-term. of Fand Y
a Carbopeptidase C-term.

+ Chemical cleavage
1 Cyanogen bromide C-termof M

Enzymatic cleavage

o Fiup @ o
Pepsin AT

Y or ~ J—OH
Phe Tyr
o R NH
7 i | + s
Trypsin —C—NHCHC’ NHCH;— NHy(CH,)— or NH,C—NH(CH,);
Lys Arg
A ; A z‘ CH,
Chymotrypsin ~ —C—NH NC—}—NN Hy— :
NN
H
o

A
o@ 0 HyC
V4 V4 +
Papain —cZNH Hc’—{—mw&-l— NHy(CH)— CH—CH,
HyC

Lys.  Leu. also ArgGly
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Protein Bioactivity /Cancer
Chemotherapy

Enzyme Inhibition: Estrogen & Breast Cancer

Inhibiting a cancer cell’s division

Enzyme: ER-a

tamoxifen

N,c\’ﬁ/\/c
CHy

o

(sueans ot swsomi

T. one Biosynth

[ —

(sueans ot swtomw

Enzyme Inhibition: Estrogen & Breast Cancer

Inhibiting a cancer cell’s division

Cytochrome p450

testosterone estradiol

Enzyme Inhibition

Letrozole ! Anastrozole

Aromatase: Cytochrome p450
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Cells & Metabolism:

Division / Replication / Sexual Reproduction
Equilibrium: Balance / Homeostasis
Imbalance: Cancer
Chemical Therapy (Chemotherapy)

Animal Cell

ENDOPLASMIC RETICULUM (ER) Nuclear envelope

Nucleolus NUCLEUS
Rough ER Smooth ER
Chromatin

/i Plasma membrane

Flagelium

Centrosome

——
Microfilaments I/ A

Intermediate filaments

Ribosomes
Golgi apparatus

Feroxisome m animal cells but not plant cells:
Lysosomes
- " Lysosome Contriol
Mitochondrion ‘entrioles

Flagella (in some plant sperm)

Cell Propagation

* Mitosis (Newt lung cell)

+ http://www.bio.davidson.edu/misc/movies/mitosisnewt.mov

Mitosis in tissue-cultured
lung cell of a newt,

Traicha granufosa, recorded
with the new Pol-Scope.

PBS/Nova: mitosis vs. meiosis (sexual reproduction) fﬂl
http://www.pbs.org/wgbh/nova/miracle/divi_flash.html -

Definitions:

Homeostasis — maintenance of stable equilibria: in
part through the critical replacement of dead cells
with new cells

Apoptosis — programmed cell death with cell
disposal that does not harm the organism

Neoplasm — abnormal new cell growth: excessive
and uncontrolled compared to normal cells

Tumor - a non-specific term meaning lump or mass
of tissue. Often synonymous for neoplasm

Cancer - any malignant neoplasm or tumor

Metastasis - discontinuous spread of a malignant
neoplasm to distant sites

Neoplasia: Defying Cell Death

Cells characterized by abnormal growth & dysfunctional
regulatory mechanisms.
(Disrupted homeostasis)

Metabolism is the sum of Catabolism and Anaboli:
opposite chemical processes. Catabolism breaks bonds,

releases energy (exergonic), and Anabolism makes bonds,
takes up energy (endergonic)

Catabqﬁsfn Smaller

molecules

Larger

molecules - ‘OQ

Energy

A n;b;)lism
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S
Four general
stages in the | |
biochemical e
energy \\ -
production g ]
process in the ¢
human body. o o, -
Human
Metabolism

e ‘
Citric Acid /
Cycle =
Melvin Calvin (UCB) : )

oo
Smicon
€

Acetyl Cor ]
‘Starting point & CoA=SH

Onidaton and
3| decwborylaion

Apoptosis Metabolic Pathway

Cpanes g

DNA Repair / Cell Health

exogenous enaogenous
damage QO Metabolsm aamage
W) >

ropair (

healthy cell

rato of DNA damage = rate of repair

N repair up 10 500,000
oNA
modticaton
everts per
| cot per day
nuciear
ONA mitochonarial
\ ONA
unvepaired
unrepaired
Pal diseased cell
rate of DNA damage > rate of repair
cancer
apoptosis
senesence o |:|

H
H H
Benzene: Hj<j[H @ @ @
H

*Benzene is classified as a Group A, human
carcinogen by the EPA.

*Increased incidence of leukemia has been
observed in humans occupationally exposed to
benzene.

*Chronic inhalation has caused various blood
disorders, including reduced red blood cell
count and aplastic anemia.

*Reproductive effects have been reported for
women exposed to high levels by inhalation.

*Adverse effects on the developing fetus have
been observed in animal tests.

&
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Benzene: Toxic Metabolites

L O

EPOXIDE HYDROLASE

ocnqunione

Phenol

" @ = @
j oo |

PEROXIDASES/
AUTOXIDATION

Benzene: Toxic Metabolites

@(

Phenol
|Huvv)l(m)u 1 m
Neot 7
PASO 1IEL w
Catechol Catechol

_NQOI

o  PEROXIDASES/
AUTOXIDATION
n

144 nm quincn 1\.nmw\

o
Fensene ol NGO
o on pBenzaei "'"

Ohimpiane 142 ‘W.
e
B Toxici
.
enzene: 1oxicitly
Benzene
Proximate toxic metabolites Phenolic Metabolites
Peroxidases (bone marrow)
Ultimate toxic metabolites Quinones and Free Radicals

Tubulin, topoisomerase [l, histones,

Molecular targets DNA (oxidation and adduct formation

DNA strand breaks,
mitotic recombination,
chromosome transocations,
aneuploidy

Genetic consequences

Protooncogene activation
Changes in stem cell gene fusion,
suppressor gene inactivation

(<~ Epigenetic events)
Disease Leukemic clone

Inhibiting a cancer cell’s division
Microtubules / Tubulin

* The cytoskeleton of a cell consists of a network of
fibers extending throughout the cytoplasm

Microfilaments

Inhibiting a cancer cell’s division
Microtubules / Tubulin

* Mitotic Inhibitors:
Pt for mi tabilizing agents

Epothilone A (R = H)
Epothilone B (R=CHy © O ©

Nonataxel

What are the chemical functions and their respective names in the
structures? How could the functions be determined experimentally?
How could the entire 3-d structure be identified?

Inhibiting a cancer cell’s division
Microtubules / Tubulin
* Mitotic Inhibitors:

Vinca alkaloids: vinblastine, vincristine, et. al.

What are the chemical functions in the two structures?
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Finding targets in a cancer cell’s division

Genomic Screening
* Comparing the DNA sequence of a patient’s (Dr. Waterman'’s)
normal cell to the cancerous cell:

f o vn

Lovkermia cel Nom skin call

Fiisned geretic
coquerces

What is the genetic difference in the DNA sequences?

Inhibiting a cancer cell’s division

Inhibit the identified FLT3 gene’s protein
+ FLT3 protein: [ ommms

Locaton of
the FLT3 gene

+— Sqraog roten
PR —

A i,

=

-

Inhibiting a cancer cell’s division
Enzyme inhibition of the FLT3 gene’s protein
* Blocking the receptors

Sunitinib (Sutent)

NH (NJ
/
[
F &
0
N
H
N-(2-di inoethy)-3-[(Z)-(5-fluoro-2

-0xo0-1H-indol-3-ylidene)methyl]-. 2 4
dimethyl-1H-pyrrole-3-

What are the chemical functions in Sunitinib?
e

~8200/ pill (~$50,000/ yr)

Inhibiting a cancer cell’s division

Enzyme inhibition of FLT3 SR,
* Blockers of FLT3 receptors Koy
(i
(\N’\/o\@ >¥ o

0 N-O

Quizartinib
Y@@/T? o
Sorafenib " ° Midostaurin
What are the chemical functions and ster ical centers in the FLT3

blockers above?
How can these structures be verified?

Do you want to know if you carry a
cancer gene?

* Accessing/purchasing your DNA sequence:
https://www.23andme.com

http://well.blogs.nytimes.com/2012/12/31/carrying-a-cancer-gene-
unsure-i-want-to-know/?ref=health?src=dayp
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