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Protein Stability:
Chain disorder

H-bonds
van der Waals
Hydrophobic effect

Protein Denaturation
Exposure to
High Heat

• Often, unfolded
proteins
aggregate, which
prevents
refolding.
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Native

Unfolded

Removal
of Heat

Why does pH also denature
proteins?
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What happens when proteins don’t fold properly?
Prions are improperly folded proteins that cause neurodegenerative diseases
Unfolded protein response (UPR):
The presence of unfolded proteins
can trigger the unfolded protein
response which can turn off protein
synthesis in the cell, leading to cell
death.
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Summary of Interactions that stabilize folded proteins.
•

•

•

•

H-bonds
van der Waals
Hydrophobic effect

Hydrogen bonds form between hydrogen atoms
(NH) and the carbonyl group in the peptide-bonded
backbone (mainchain), and between and donors
and acceptors on sidechains and between
sidechains and mainchain. These are the most
directional of all forces in biochemistry. Mainchainmainchain H-bonds are responsible for secondary
structures.
van der Waals interactions are weak interactions
between side chains, optimized in the well packed
core of the protein. They involve temporary partial
charges.
Hydrophobic interactions increase stability of the
folded state by increasing entropy due to the
release of ordered water from the previously
exposed non-polar groups. They are responsible for
a non-polar core
Covalent disulfide bonds form between sulfurcontaining cysteine residues (usually only exported,
secreted proteins), stabilizing them.
7/27/2022

Chain
disorder
Native
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Protein Structure - Summary and Expectations
Primary Structure:
• Can you describe the mechanism of peptide bond formation
• Can you draw structure of peptides.
• Can you identify amino terminus and give the sequence of amino acids, N -> C
Secondary structure:
• Identify helical and sheet secondary structures,
• know that they are stabilized by mainchain hydrogen bonds between N-H and O=C.
• Location of H-bonds and sidechains
Tertiary Structure:
• Can you describe and identify role of the following in stabilizing the folded state.
– H-bonds,
– van der Waals,
– hydrophobic effect
• Can you predict, based on sidechain, which amino acids are found in the core of the protein
and which are found on the surface.
Quaternary Structure:
• Multiple chains, stabilized by non-covalent and covalent (disulfide bonds) interactions.

7/27/2022
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Ligand Binding: Most Proteins Bind to Other
Molecules In Biological Important Interactions:

The bound ligand can be stabilized by any of:
Interaction

Which stabilize cAMP Binding?

van der Waals
H-Bonding
Electrostatic
Hydrophobic effect
cAMP

Ligand: Something that binds to a protein,
usually small molecules (e.g. cyclicAMP,
cAMP).
Binding site allow a protein to
interact with specific ligands

Binding site is generated by the
folded form of the protein.

7/27/2022
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Ligand Binding & Saturation:
Define fraction saturated:

[𝑀𝐿]
𝑌=
𝑀 + [𝑀𝐿]

[M] = free macromolecule (e.g. antibody with
no antigen).
[ML] = macromolecule with ligand bound (e.g.
antibody with antigen bound).

#
Bound

0

The boxes with circles represent proteins with
no cAMP bound, each box (left to right) is at
a higher [cAMP]. Filled circles indicate
bound ligand.
1. What would you expect to see for a graph of
# bound versus [L] (complete the upper
graph). Why did you draw it this way?

2. How would you modify the upper plot to
obtain the lower plot?
7/27/2022

[cAMP]

High

Y
Fraction
Saturated

0

[cAMP]

Key Points:
1. The binding sites saturate, when all are
full no more ligand can bind.
2. There is a ligand concentration, [L],
where ½ the sites are full. This [L] is KD .
3. KD is the equilibrium constant for ligand
dissociation:
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𝑀𝐿 ⇌ 𝑀 + 𝐿

𝐾𝐷 =

𝑀 [𝐿]
[𝑀𝐿]
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Using KD to Compare Ligand Binding
Ligand Binding

The binding of two different molecules to the same
protein was measured and the data is shown on the
right. L1 is cAMP, L2 is similar to cAMP

1
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Which ligand binds more tightly to the protein (higher
affinity)? L1 or L2?
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Why does L1 bind more tightly (higher affinity)?

Ligand 1 (cAMP)

Ligand 2

1. What are the chemical differences between L1 and L2 (Upper
diagram)

2. How do these differences affect the interactions with the protein
(lower diagram)?

3. How do the
differences affect KD?

https://jamboard.google.com/d/1kjV1WUYTQPqzwVwzDEbzMX5dMAW
kR-JzlLdFkZQDY2I/edit?usp=sharing
7/27/2022
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Key Points:
Binding:
Folded proteins have binding sites that
recognize other molecules (ligands) using any
and all of the following:
• H-bonds, van der Waals, Electrostatic, Nonpolar interactions (hydrophobic)
Binding is reversible
Binding is saturable
Binding ½ point (Y=0.5) occurs at KD
The higher the affinity (strength of interaction),
the lower the KD

7/27/2022
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Enzymes
•

Enzymes are protein or RNA catalysts. They
increase the rate of the reaction.

•

They bind “substrates” and convert them to
“products”. Usually, the substrate undergoes a
chemical reaction and is changed in its
structure.

•

Most biological chemical reactions occur at
meaningful rates only in the presence of an
enzyme.

•

Substrates bind specifically to the enzyme’s
active site, interacting with amino acid side
chains (or RNA bases). Usually a single enzyme
binds one substrate.

•

The chemical change caused by the enzyme is
catalyzed by additional functional groups in the
active site.

•

Many enzymes undergo a conformational
change when the substrates are bound to the
active site; this change is called an induced fit.
7/27/2022

E+S

Glucose

(ES) (EP)

ATP
(adenosine triphosphate)

substrates
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Glucose-6-P

E+P

ADP
(adenosine diphosphate)
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Enzyme – Chemical Diversity

• Most enzyme names end in “-ase”
• Usually named by their substrates and the reactions they catalyse, i.e. glucose kinase
7/27/2022
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Example of Active Site Functional Groups:
Catalytic triad (Asp, His, Ser) in Protease Trypsin cleaves after Lys Residues
Triad

https://shirleychemproject.weebly.com/
7/27/2022
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How Do Enzymes Increase Rates?
•

•

Enzymes bring substrates and functional groups on the enzyme together in specific
positions that facilitate reactions. This increases the likelihood a reaction will occur.
– Molecules unlikely to interact in solution are more likely to react in the active site.
– The relative orientation of the substrates is also controlled by the enzyme.

Interactions between the enzyme and the substrate stabilize the transition state (X)
and lower the activation energy required for the reaction to proceed.

E+S
7/27/2022

(ES)

(EX)

(EP)
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ATP
(adenosine
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ATP

Hexose Kinase

E+P
14

What does the reaction rate depend on?
E+S
(ES)
(EX)
(EP)

Low [X]
Slow reaction
Transition State

7/27/2022

E+P

Higher [EX]
Faster reaction

Transition State (X):
• The transition state is high energy intermediate in the
reaction going from substrate to product. The substrate
must become the transition state on the way to product.
• The rate (how fast) the reaction goes depends on the
amount of transition state.
• In uncatalyzed reactions the energy of the transition state
is high, so it is difficult to reach, [X] is low.
• In catalyzed reactions, the energy of the transition state
is low, so it is easier to reach, and the rate is faster.
• The energy of the transition state is lowered by
favorable interactions between the active site and the
transition state.
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Please watch this video and answer the following in the TA Class
Substrate = ball in upper tank
Product = ball in lower tank
How did heating make the reaction occur?

How did the enzyme make the reaction occur?

How did the enzyme control the product?

7/27/2022
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Key Points:
Enzymes:
Enzymes bind substrates (S), forming (ES) complex in
active site, converting to P, releasing P.
Rate enhancement due to the fact that the transition
state complex (EX) forms more readily with enzymes
due to:
• Bringing substrates and functional groups on the
enzyme together by binding (less entropy change)
• Directly lowering energy of transition state (X)
through favorable interactions that are unique to
the transition state, such as forming unique
hydrogen bonds.

7/27/2022
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Carbohydrates

Nucleic Acids & RNA

DNA (Nucleic Acid)

Polysaccharide

7/27/2022

D & D - Lec 2

18

3 ways simple sugars (monosaccharides) differ from each other
1. Location of the carbonyl group
2. Number of carbons
3. Spatial arrangement of atoms (the
position of the OH groups)

1. Location of the carbonyl group
2. Number of carbons
3. Spatial arrangement of atoms (the
position of the OH groups)

Carbonyl group is located on C1

Numbering carbons:
Carbon 1 is at the end
closest to the C=O group.
7/27/2022

What carbon is
the carbonyl?
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3 ways simple sugars (monosaccharides) differ from each other
1. Location of the carbonyl group
2. Number of carbons
3. Spatial arrangement of atoms (the
position of the OH groups – opposite
chirality)

The sugars on the right are all 6carbon aldoses.

How do they differ?

7/27/2022
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3 ways simple sugars (monosaccharides) differ from each other
1. Location of the carbonyl group
2. Number of carbons
3. Spatial arrangement of atoms (the position of the OH
groups)

Galactose

Glucose

Both have the same chemical formula C6H12O6. Both are aldose sugars with 6 carbons.
Yet their functions are different.
• Glucose can be used for energy immediately.
• Galactose has to be converted to glucose before it can be used for energy.

7/27/2022
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Why Glucose ≠ Galactose

Galactose

Glucose

galactose

glucose

Enzyme specific
for a-glucose
7/27/2022
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Ring formation in monosaccharides:

C1 = “Anomeric Carbon”

• In aqueous solution, a hydroxyl group reacts with the aldehyde or ketone group on
the same molecule, closing the molecule into a ring, with a bridging oxygen
• Stable ring sizes are 5 atoms or 6 ato
• It is usually the 2nd to last -OH group, i.e. C5 in glucose, C4 in ribose.
• No atoms are lost or gained in this reaction.
• The carbonyl carbon becomes chiral, and is called the anomeric carbon.
• The rings with different chirality at C1 are different:
a (new OH is down), b (new OH is up)
“(ants are down, birds are up)”
7/27/2022
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Example Problem:
The linear form of ribose, a 5 carbon aldose is shown on the right.
This sugar is found in RNA (ribonucleic acid).
1. Which carbons are chiral? Mark them with a *.
2. Draw the cyclic form of a-ribose

3. Number the carbons

https://jamboard.google.com/d/1pDvRFLtDmHST9-Qyxj9XRbqABZg0ujyictwRc8E7tc/edit?usp=sharing
7/27/2022
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Glycosidic Linkages - Disaccharides
• Glycosidic bond formed between any -OH of one sugar and the
anomeric carbon of another (e.g. at least one anomeric is involved.
• Water released (dehydration reaction).

Nomenclature rules for linkage:
• Orientation of the anomeric involved in the
linkage (a oxygen is down, b oxygen is up)
• Carbons involved in the linkage (e.g. 1-4)

7/27/2022
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Lactose = galactose + glucose
Alternative drawing

These are not carbons

Metabolism of Lactose

Lactase
Galactose

Glucose

b-1,4- glycosidic linkage

7/27/2022
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Fun Fact - Lactose Intolerance
Lactase Persistence

Can
metabolize
Lactose
Unlikely to be able
to metabolize
Lactose

7/27/2022
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Polysaccharides as Energy Storage – Glycogen Storage Disease
Glycogen and is made entirely of glucose units used
for glucose storage.

Branch point
a-1,6- glycosidic linkage
a-1,4- glycosidic linkage

https://www.ncbi.nlm.nih.gov/books/NBK459277/
7/27/2022

https://catalog.coriell.org/0/sections/collections/nigms/gsd_pathway.aspx?PgId=254
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Polysaccharides as Structural Molecules
Cellulose, Chitin, Peptidoglycan Form Tough Fibers
Cellulose in
plant cell wall

Chitin in insect
exoskeleton

Peptidoglycan
(protein + sugar) in
bacterial cell wall

Cellulose
Peptidoglycan (Bacterial Cell Wall)
7/27/2022
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Summary and Expectations for Carbohydrates

Key Points:
• General structure of monosaccharides - be able to distinguish between aldose
and ketose (and identify compounds that are not sugars).
• Know how to number carbons on aldoses and ketoses
• Be able to describe the linkage between two monosaccharides (configuration at
the anomeric carbon, atoms linked)
• Be able to describe the linkage between glucose molecules in:
• Glycogen (glucose storage)
• Be able to describe the overall structure of the peptidoglycan in bacterial cell
walls.

7/27/2022
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Nucleic Acids & Central Dogma

Double stranded DNA

7/27/2022
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DNA Timeline
1869 – Friedrich Miescher: discovery of nucleic acids
1910 – Phoebus Levene: discovery of DNA components (Psugar-base)
1928 – Griffith first suggested DNA is the genetic material
1940 – Avery, Macleod, McCarty show DNA is the genetic
material
1947 - William Astbury: X-ray diffraction images of
macromolecules within cells
1950 – Erwin Chargaff: DNA molecule has equal # of T and
A, equal # C and G
1953 - Rosalind Franklin and Maurice Wilkins illustrate the
regularity of DNA structure using X-ray diffraction
and propose a helical structure.
1953 – James Watson and Francis Crick established the
double-helical nature of deoxyribonucleic acid,
largely based on Franklin’s work plus a lot of help
from a chemist. Nobel prize awarded to Watson,
Crick and Wilkins. Sadly, Franklin had passed due to
ovarian cancer; the Nobel Prize is only awarded to
living individuals.
7/27/2022
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Introduction to Central Dogma
Genome: Entire DNA content of an organism,
contains all of the instructions for life. Single
circular molecule in Proks, multiple linear
molecules (chromosomes) in Euks. The
genome is replicated when cells divide.

Gene – a segment of DNA that is
converted (transcribed) to RNA. A
promoter (P) sequence on the DNA is the
minimal requirement for the production
of RNA.

P

P

Transcription
mRNA Processing (Euks)

RNA molecules are often processed in
Eukaryotic cells before they are
functional
Many RNAs are functional on their own
mRNA are translated to a protein.
7/27/2022

Possible functions

G

AAAAA

rRNA Translation
miRNA
tRNA (p syn)
(euk) Splicing
(euk)
(p syn)
Telomerase
(euk)
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The Genetic Code

....ATATGCCCATGTGGTAA..
(DNA Sequence)

...AUAUGCCCAUGUGGUAA..
(mRNA Sequence)

..U-AUG-CCC-AUG-UGG-UAA
Note:
• Each codon codes for one amino acid.
• Many amino acids are coded by more than one codon.
• Most organisms use the same codon table – some
codons have different meanings in some organisms.
Special Codons:
AUG = Is used to begin almost all proteins that are
synthesized on the ribosome, it also codes for methionine
when found internally.
UAA, UAG, UGA = stop codons (do not code for any amino
acids), terminate synthesis
7/27/2022
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– how the
ribosome
interprets the
sequence)
(Protein Sequence)

________-________-________-_______
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What is a Nucleic Acid?
• Nucleic acids (DNA & RNA) are made up of monomers called “Nucleotides”
• Nucleotide = Nitrogenous base + five carbon sugar + phosphate
▪ DNA: 2’-deoxyribose sugar + A, T, G or C
▪ RNA: ribose sugar + A, U, G, or C
▪ Phosphates give DNA and RNA molecules overall negative charge
▪ Pyrimidines = one aromatic ring Purine = two aromatic rings

Note the carbon
numbering on the
ribose is 1’, 2’ etc.

7/27/2022

D & D - Lec 2

35

DNA (& RNA) are directional
Is this molecule a DNA or RNA? Why?
U

A

5’

What are the two different ways we could
write the sequence of this nucleic acid?

G

C

3’

7/27/2022

D & D - Lec 2

36

Double Stranded DNA structure
Complementary base pairing: Hydrogen bonds form
between bases, thus linking the 2 stands with weak noncovalent interactions.
DNA twisted into double helix
▪ Strands anti-parallel
▪ Sugar-phosphate backbone outside
▪ Nucleotide bases project inward.
▪ Basepairs are stacked on each other.
▪ Uniform width
▪ H-bonds between bases:
▪ A=T (two hbonds)
▪ G Ξ C (three hbonds)

Does not accept an H-bond
from above the ring.

Accepts one H-bond in the
plane of the ring.

How to indicate the
sequence of dsDNA?

7/27/2022
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