Lecture 2
Protein Structure and Function,
Carbohydrates and Lipids

* Protein Structure and Stability
 Ligand Binding

* Proteins as enzymes (PKU disease)
« Carbohydrates

 Lipids & Cholesterol regulation

Prior to next week’s lecture (lecture 3), please review
the lecture material on introduction to nucleic acids
(slideés andvideo link posted on course web site)
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Relative Energy of Interactions

_— e

Energy (ky/mol)

Covalent Bond Electron sharing

@Electrostatic interactions (in water) Full charges
@de - Dipole-dipole (Keesom) Perm. partial charges
VdW - Induced dipole (London)

@H-Bonds

Induced partial charges
Electrostatic + e sharing

Chance charge
separation

+

- t Fluctuating
- dipole
\ - + . molecule

/Charged separation

— 5 P\
6 \ / E @Q.f xy\u
[ 53‘)“

Drugs and Disease F2024 - Lecture 2

8/24/2024

200-400 kJ/mol

~5 kJ/mol/single interaction

~0.05 kJ/A? x 100 A? = 5 kJ/mol for 100 A?
~0.02 kJ/A?x 100 A% = 2 kJ/mol for 100 A?
~20 kJ/mol gross, ~5 kJ/mol net

© £-H X

¢ T &
O— ¥ =/
)

g



Proteins and Amino Acids

SUBUNIT MACROMOLECULE
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Primary - sequence of
amino acids, no 3D
structural information
Secondary - local
structural elements, only
mainchain atoms involved
Tertiary - 3D position of all
atoms, functional form of
many proteins.
Quaternary - multiple
chains — multiple chains

often required for function.

8/24/2024

Structural Hierarchy of Proteins

7, side chain

Valine o

primary structure

o
n:
™

5 - v
secondary structure tertiary structure ( quaternary structuEb ,q—é

@

”
P L
(XU”

(White and black
represent two
different chains)
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iwing colls are filled with complex moleculsr machinery, a miflion
times smaller than familiar machives like computers or auto-
mobiles. Cells use these tiny molecular mackines to perform all of
the jobs needed for life. Some are molecular scissors that cut food into
cellsized pleces. Some baild new molecules whea cells grow or whes dam-
aged tissues are repaired. Some are molecular bones and muscles that
support celis and help them move and crawl. Some fight off attackers,
defending against Infection.

Researchors around the world are studying these molecules and determin.
ing their precise atomic structures. These structures are available on the
Internet through the Proteln Data Baak (htto://www.pdb.org), the central
storshouse of biomolecular structures. A few of the thousands of struc-

tures held in the Protein Data Bank are shown bere. In

.. these pictures. the molecules are all drawn at a magnifi-
Guns @ cation of 3,000,000 times, and each atom s shown s 2
"-'. small sphere. Many of these structures are composed of
wn several subuaits, which are indicated by difforent colars,

An enormous range of sizes is shown here: the water mol-
ecule at the left kas only three atoms and the rhinoviras shown below has
bundreds of thousands.

By David S. Goodsell, The Scripgs Research istitete, La Jola, Calforsis, USA
Graphic design by Gal W. Bamber, Sam Diego Sepercomputer Ceater
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The Structure of Amino Acids and Proteins

Is there a chiral carbon on amino acids?

« The amino group, Ca (and one hydrogen), and the carbonyl

group are common to all amino acids o |
« The N-Ca-C=0 are the mainchain of the protein polymer. - W_\ W“‘" >
« The R groups are different —there are 20 common R groups

they are the sidechain of the protein polymer — their Q, Q,
sequence defines the properties of the protein.

Proteins consist exclusively of L-amino acids.

(a) Polypeptide chain  Amino acids joined by peptide bonds (as does the ribosome that make them)
N-terminus . / - I Sy s @ \ 5 C-terminus
R EOE R | F | O I e

H=-N—C—C-—-N—C—C—N—C—C—N—C—C—N—C—C—N—C—C—N—C—C—N—C—C—O" gonlc(isd

A | | e | [ | . aerlahe
i H H CH, CH, CH, CH, c CH, CH, Y
e l He on |-
Amino OH ] é/c,\\ 3 3 SH Carboxyl
group QM0 group

Side chains OH
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Primary Structure

e Amino acids are joined together to form linear polymers by
the formation of a peptide bond between the carboxyl of

one amino acids and the amino group of the next. Alanine (Ala, A) valine (vVal, V)
e This reaction releases water. a dehydration reaction. C|3H3 'i' oOH
e The peptide bond can be broken (lysis) by the C WN\H/K
addition of water = hydrolysis. H,N"H H CII o
Incorporated amino acid = residue (atoms are lost O\H PN
when the peptide bond is formed). 'i' HsC CHs
Polarity of chain direction — amino (N) terminus to O ‘__J\

carboxy(C) terminus = order of amino acids =
sequence = primary structure
Mainchain (or backbone) — linear atoms of the polymer H.N~H
. . 2
Sidechain — atoms off the Ca carbon \ﬂ/

Primary Structure — Expectations \;'BLI
e Draw chemical structure given the sequence.
e Determine the seq. from chemical structure. f)fjd
« Distinguish/identify: o
o Mainchain & Sidechain atoms,
o Residue = aa in polymer, n
o N & C terminus, Jd-“g
o Peptide bond(s).

8/24/2024 Drugs and Disease F2024 - Lecture 2



Sidechain Functional Groups Affect Behavior
(and the order Is important)

(a) Polypeptide chain Amino acids joined by peptide bonds

N-terminus ) . ' - L ) C-terminus
H H O HU H OMHUH OHUH OMHUH OHUH OUH HU HOUHUHO Peptide-
Il el
C—C—N—C—C— O bonded

| | v,  backbone

CH, (I:H2
SH Cal;boxyl J
group N
TR pH Yy

« Sidechains (R-groups) differ in their size, shape, reactivity, and interactions with water.

1. Nonpolar Sidechains: hydrophobic; do not form hydrogen bonds; coalesce in
water - typically form the core of folded proteins.

2. Polar Sidechains: hydrophilic; form hydrogen bonds; readily dissolve in water

3. lonizable Sidechains: Can be charged at certain pH values. Interact strongly
with water.

8/24/2024 Drugs and Disease F2024 - Lecture 2



Amino Acids — Structure and Properties
ot

Polar l“i ains A @

HaM COOH HaM COOH CCOOH

Serine (Ser, S) Threonine (Thr, T) Gystamﬂ (Cys, C)
MW: 105.00, pK_ ~ 16 MW: 1191, pK_~ 16 MW: 121.2, pK_=8.18

- Non-polar sidechains \..;o\oo-
@ @ )

Glycine (Gly,

(%)
B
E HoN~ “COOH HaN~ COOH HoN ~COOH
E Valine (Val, V) Lauclnr. (Leu, L) Isoleucine (lle, I]| Methionine (Met, M) Prnlma{Pm,P]
MW: 117.1 MW: 131.2, - MW: 149.2 MW: 1151
u- . . .
e(’ Hq Ionlzable S|decha| @
HoN~ “COOH H,N ™ ~COOH HaN CDGH HoN™ ~COOH
Phenylalanine (Phe, F) Tyrosine (Tyr, Y) Tryptuphan |:_Tr[:1 A'apartm Acid (Asp, D) Glutamic Acid (Glu, E)
MW: 165.2 MW: 181.2, pK,=10.46 MW: 204.2 MW: 1331, pK =39 MW 147.1, pK, = 4.07
w HoN . NHzt
. . . + \ 2 2
Polar S|decha - lonizable sidechains "s P, \hT:I

HaM COCH HaN HaM COOH HzM COCH HaM COOH

Asparagine (Asn, N) Glutamine (GIn, Q) Arginine (Arg, R)
MW: 132.1 MW: 146.1 MW: 179727k, = 12.48

Histidine (His, H) Lysine (Lys, K)
MW: 155.2, pK, = 6.04 MW: 1362 pK_ = 10.79

— ] 'L.
el P

8/24/2024 Foundations | - F2024 - Lec 1

Isoleucine
Valine
Leucine

Phenylalanine

Methionine
Alanine
Glycine
Cysteine
Tryptophan
Tyrosine
Proline
Threonine
Serine
Histidine
Glutamate
Asparagine
Glutamine
Aspartate
Lysine
Arginine

Highly hydrophobic

Moderately hydrophobic

Mildly hydrophobic

Mildly hydrophilic

Highly hydrophilic



Secondary Structure

“Building blocks of proteins”

Hydrogen bonds between the mainchain
carbonyl group of one amino acidand the
mainchain amino group of another form a
protein’'s secondary structure.

— A polypeptide must bend to allow this
hydrogen bonding, forming:

* a-helices
* B-pleated sheets

The large number q{hydrogen bondgn a
protein’s secondary structure increases its
stability - each hydrogen bond that is formed
releases some energy.

All amino acids can be incorporated into either
secondary structure

(However, some are found more frequently in
one structure)

General Rule for Hydrogen Bonds:
X-H__Y)

X & Y are electronegative (N and O
usually)
X-H = Donor of the hydrogen bond
Y = Acceptor of the hydrogen bond
Mainchain hydrogen bonds

£ /

N H " O=C_

The NH is the hydrogen bond done’

The C=0 is the hydrogen bond
o ccuv\o\r' .




Alpha Helix

vV’ v
v ANV )
A7 e

amino acid
side chain

a helix

(9}

(A)

Spiral conformation (helix) in which every
backbone N-H group donates a hydrogen
bond to the backbone C=0 group of the amino
acid four residues eatrlier:

?.::cra'\ s"-L

e |ntra-strand H-bonds, parallel to helix axis.
d Tr—————

—

e Side-chains project outwards.




Beta-Strands connected laterally by backbone

hydrogen bonds that are perpendicular to the

strand, forming a generally twisted, pleated
sheet.
« Sheets can have two or more strands
» Side-chains:
» project up and down along a strand.
* project in the same direction going from
strand to strand across the sheet.

q




Tertiary Structure - Location of Residues in Globular Proteins

SN
@ amino acids with
neg. sidechains (e.g.

Alsp)

pos. sidechains (e.g.
Lys)
v :
— amino acids
with polar sidechain
(e.g. Asn)

e

¢ amino acids
with hydrophobic
side chains (e.qg.
Leu)

v
4

Ve v
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Protein Stability:

< ey AR

¢
i) Ex"ilire to

purified protein

ative | Unfolded 44

" of Heat

Removal .

original conformation

isolated from cells v protein . of protein re-forms
™l o
L
« Often, unfolded protein aggregate, which prevents
refolding.
DVJ
YNy

Drugs and Disease F2024 - Lecture 2
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Unfolded Polypeptides Are Flexible — High Entropy

stablllzes the Unfolded state
Energy and Entrogy ( disocher )

Exposureto
High Heat

purified protein denatﬁred
isolated from cells protein

// ;
//f

One of the nine
amino acids in
this polypeptide -

Peptide « & - group

N -.|Polypeptides flex because groups ’k)p ._,,y

on either side of each peptide bond {D \ VS
C C can rotate about their single bonds

Drugs and Disease F2024 - Lecture 2
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Hydrogen Bonding Stablilizes the Tertiary Structure

 Hydrogen bonds form
between hydrogen atoms and
the carbonyl group in the
peptide-bonded backbone —
secondary structure

» Hydrogen bonds are also
found between hydrogen and
electronegative atoms in side

g\x" chains (sidechain-sidechain)
oy Struct 3 Struct « Sidechains can form hydrogen
ructure ructure . .
| | bonds to the mainchain too.
N Q hydrogen bond between hydrogen bond between hydrogen bond between
- \\ atoms of two peptide atoms of a peptide two amino acid side
( W, bonds bo.r:’d :’nd ;n .amino chains ¢
ide chain
9 acid s 6\O

backbone to backbone backbone to side chain side chain to side chain
H
\ « ¢
N -
/\/ Glyd\ é‘g Y0
N
° (
o
o
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Van der Waals (VdW) interactions Stabilize the Folded State

VdW are weak electrostatic »
Interactions between side chains [P
due to temporary (fluctuating)
charges.

- 4 +
. T R
Attractive from long distance -7

A second
molecule

. . /Charged separation
Distance at lowest energy is at the B
van der Waals radii of the atoms. - . f - . f
Optimized in the core of folded Van der Wasls
proteins by “knobs fitting into 100
holes” ¢
Strength proportional to contact _'5_ 50
area. van der Waals attractions '? 0 J

E ) f.-_.-"
— ; g -s0 #

0‘&’)\ DE. v i-° : f

N v \@ CH3C;C|—H valine =100 :
Q %% \ S eHy 4N 3.0 7.0 8.0
()“ H \C/\ H \c/c*

b b..Q valine 2 :

\) alanine
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Strength of Van der Waals Depends on the Surface Area




Hydrophobic Interactions are Ciritical for Stablilizing the Folded Structure
| \ \VAS 3,}"
' (

Energy and Entropy "™ e

W
X~
' 30 Ordered water

ke | i
” hydrating a non polarI

group cof
3 s
-

Hydrophobic interactions within a folded protein increase stability of the folded
protein by releasing the ordered water that surrounded exposed non-polar groups
In the unfolded protein. Folding increases the entropy of the water — favorable.

8/24/2024 Drugs and Disease F2024 - Lecture 2 19



Fold Depends on Amino Acid Sequence

The posmon of non-polar residues (filled circles) mostly affects the final fold:

———— \of
Polar \Igggj ‘\ | . ”vaf‘ (/"{o
Cawaws awaws awaw Kl |
A = L,,\ ol
¢
NP
* Which is more stable fold? Non-
polar
@ /l\ Polar
= . N 99O Oo00 ¢
C “J" ‘)\\» ‘v % /
Which is the least stable fold? @3‘ ® \ )
A GCawaw, Cavawas) .
O De® % e Ex

C

==
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Disulfide Bonds Stabilize Some Proteins Outside the Cell (and body)

OXIDATION
CH, O
| -—
SH REDUCTION

, Trypsin — a digestive enzyme
Human Insulin — produced in _the pancreas, e>_<ported
, . hain, to the smal_l mte;tme — d|§ulf|de

5’ disulfide bonds bonds within a single chain.



Quaternary Structure

Combinations of polypeptide subunits (combinations of tertiary
structures).

May be held together by covalent bonds (disulfide), but usually non-
covalent interactions between amino acids on the different chaing. |,

Proteins can be a dimer, a tetramer, etc. | fﬁvf )ﬁ’\"“w
D)

If the chains-are the same, called r_l_gLnO Op' . If chains are
different, domev’

Quaternary structure of hemoglobin
(oxygen transport protein)-,

* two ()chains
. tW hains

Oxygen is carried on Fe?* within heme groups:




Antibodies — Produced by the Adaptive Immune system to Fight Pathogens.

‘-_\’ 3 kLL
(R, %/F Antigen

2
-,/7\, J

e
tigen = )/‘M
ligand that vV, Y
binds to an ~ Q¢ ,I/DD 3
antibody. <7

constant
domain (C})

oy q
S4S b
\ S5—5~
N\ -
N s’
S R disulfide H\Ib
“~~._ bonds b
¢ ) effector I
region
7
v
2 rd

© Encyclopidia Britannica, Inc

Properties of Antibodies:
* 4 chains — two identical light (200 aa), two identical heavy (400 aa).
« Bind two identical antigens (pathogens, toxins)
« Chains crosslinked with disulfide bonds, increasing stability.
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Summary - Interactions that Stabilize
Folded Proteins. “ H-bonds

‘/van der Waals

: disorder

 Hydrogen bonds form between hydrogen

atoms (NH) and the carbonyl group in the

peptide backbone (mainchain), and between

and donors and acceptors on sidechains.

Mainchain-mainchain H-bonds are responsible

for secondary structures.
 Hydrophobic interactions within a protein S NN

increase stability of the folded state by H

Increasing entropy due to the release of water

that was ordered by the exposed non-polar it

groups in the unfolded protein. \ "
 van der Waals interactions are optimized in C\:‘CC\‘ET -

the well packed core of the protein. eGR4l ) ot " 04'

H (l)l \|-| 4 ’
Wlloe alanine o e
« Covalent disulfide bonds form between I % Vaa
sulfur-containing cysteine residues stabilizing AN
____’-—-—__ﬂ OXIDATION Bond

them (usually only exported, secreted ] @S

proteins). . o
8/24/2024 Drugs and Disease F2024 - Lecture 2 24



A single change in the amino acid sequence can change the function of a
protein, and often affecting how it folds — Producing Inactive Proteins.

b 7 ORIGINAL RESEARCH
- frontlers . . published: 07 January 2021
in Molecular Biosciences doi: 10.3389/fmolb.2020.626363

Check for
updates

[

Solvent Accessibility of Residues
Undergoing Pathogenic Variations in
Humans: From Protein Structures to
Protein Sequences

Castrense Savojardo, Matteo Manfredi’, Pier Luigi Martelli"™ and Rita Casadio *?

' Biocamputing Group, Department of Pharmacy and Biotechnalogies, University of Bologna, Bologna, ltaly, ? Institute of
Biomembranes, Bioenergetics and Molecular Biotechnologies of the National Research Council, Bari, [taly

Mutations in dimethylaniline
monooxygenas trimethylaminuria
(high levels of{trimethylamin

/ |
H;C—N — e N——CH;
\ a
ok CHs
A_.-__*__— 1
8/24/2024

dimethylaniline monooxygenase 3

Il Disease buried, predicted buried Il Neutral exposed, predicted exposed
I Disease buried, predicted exposed Neutral exposed, predicted buried
Disease exposed, predicted buried M Neutral buried, predicted buried

FIGURE 6 | Mapping SASA predictions on a protein model. The model is that of human Dimethylaniline monooxygenase 3 (UniProtkKB: P31513) derived from the
SWISS-MODEL Repository. Solvent exposure is computed from the available 3D protein model using DSSP. Variation (SVR) positions are highlighted using the
spacefill view. In red, buried positions associated to disease-related SRVs and correctly predicted as buried by our method. In magenta, buried disease-related
positions wrongly predicted as exposed. In orange, exposed disease-related positions wrongly predicted as buried. In blue, exposed neutral SRV positions correctly
predicted as exposed. In yellow, exposed neutral positions wrongly predicted as buried. In green, buried neutral positions correctly predicted as buried.

Drugs and Disease F2024 - Lecture 2 25



Surface Mutations May Also Lead to Disease

Effect of mutations on protein folding — sickle cell anemia

(a) Normal amino acid sequence

Glu

Glu

(o) , Pro
Vo2 5
U -

Normal
red blood
cells

8/24/2024

(b) Single change in amin

sequence

id S

—  Pro

Val

Glu

7

A single change in the
amino acid sequence
can change the function
of a protein
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What Happens When Proteins Fold Into Different Structures?

Prions are improperly folded proteins that cause neurodegenerative diseases

Brain shrinkage and
deterioration occurs rapidly

ST e S

Brain section showing

spongiform pathology
characteristic of
Creutzfeldt-Jakob

. FADAM Unfolded protein
H|ealthy Severe response R):
Ll AD The presence of

S unfolded proteins
g W QL can trigger the UPR,
g N_; which can turn off

) Both forms o protein synthesis in
> .
are almost the cell, leading to
Unfolded equally cell death.
stable.

What is the effect on the brain? Why do the brain cells die?
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Protein Structure - Summary and Expectations
QI))“NPrimary Structure:
¥« Can you describe the mechanism of peptide bond formation
0 « 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.

9 Diseases related to protein structure:

« Core mutations - affect folding
« Surface mutations - affect protein-protein (and Protein-DNA) interactions
» Stable isoforms — toxic to the cell



Ligand Binding: Most Proteins Bind to
Other Molecules In Blolqglcal Interacti

The bound ligand can be stabilized by any
ons: and all of the following interactions:
A& u-\") Interaction Which stabilize cAMP
,(QJQ noncovalent bonds k\,) ?‘rj\p B|nd|ng?
Iigarf I — ) Electrostatic %4
i 7. van der Waals (
binding
= 3 H-Bonding lB/
o .~ & Hydrophobic effect ﬁ
protein /QD\ M @ “\ 2—
Ligand: Something that binds to a ) v ‘ 0
protein, usually small molecules (e.g _ M
cyclicAMP, cAMP) (cAVP) f@c,i - P W/(
we? | H /
Binding site allow a protein to He \mfcxgg / (cH»s 9 N £ cyclic AMP 4
interact with specific ligands yﬁf&cfé\iH 7 Sc=nnt - >
P GH—DI{I t‘arglnme N|-|2
o & .
Binding site is generated by the 4 &
folded form of the protein.

-l
\o{

serine \
N ||||||||||||H\
\\\\\‘\
ib
8/24/2024

-
\ Ny
H N
£ \ 7/ N
= \ N
(o)
electrostatic
]
[ ]
®

attraction

(B)
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¢ Q> How to ldentify Hydrogen Bond Donor and Acceptors

O-H and N-H are always donors GX’"W y . Sp2is used in amides,
Exceptions, N in a delocalized system: r L1 allowing favorable
« Wil not accept from above or below the plane of the 0 overlap of the full pz
system, because the lonepair is delocalized. HZ N Ortgt?)' with the pz on C
« Can accept in the plane of the ring if there is no T . .??]e lone pair in the pz
attached hydrogen, via lone pair in sp2 orbital C is shared with the pz
o |11 mAM PS electrons on carbon
tn,"g v and oxygen.
L o « Due to electron
Y\ 7 sharing, there is only a
= v £ slight neg. charge and
s s ?'b '?16 the group does not
1s [ 1s |\ ! Hy o4 H 4 Q accept an H-bond.
"m..N....m\ \ / 2‘
N — 7 electrons PRE I!I : /\C"'Q.".ﬂ“‘“ e ~
Ak ' b‘ 4 *5)'
. | X¢ Sp?2 ‘ « Sp3is used in ammonia, H V{"' 00;9’”9"
% P ‘ * keeping the three hydrogen - ;‘,PM
S | n atoms as far from each other / s g
‘ as possible. The fourth sp3 W 2 @ (I l "
Nitrogen can form two types of hybrid orbitals, orbital is full with two N 0., N A

electrons (lone pair). OO—Q\H OO_O\H

sp3 (tetrahedral geometry) or sp2 (planer) + pz. The lone pair is an excellent
(Hybrid orbitals are combinations of atomic acceptor. i

orbitals.)
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How to Identify Hydrogen Bond Donor and Acceptors

Exception, N in a delocalized system:
« Will not accept from above or below the plane of the system, because the lonepair is delocalized.
« Can accept in the plane of the ring if there is no attached hydrogen, via lone pair in sp2 orbital

« The pz orbital holds one * The pz orbital holds two electrons
electron, used to form since each sp2 contains one
double bonds electron to share in forming the
P P « The non-bonding sp2 single bonds.
contains the lone pair, an « Although the pz orbital contains
sp? ﬂ sp? | excellent electron acceptor. two electrons (lone pair), these are
delocalized (shared) over the ring. </
Therefore not an acceptor. P"‘ a\-\f""
1s 1s & Mlﬂ&
[ ]
H H Auf
N — 7 electrons m;\'
g wf‘” |
¢

‘ Adenine Thymine <
‘ In planer aromatic N

rings the nitrogen /

must use sp2
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1. Indicate which atoms are donors and which are acceptors.
2. |If appropriate, draw a water molecule interacting with the donor/acceptor.

2 o T
0
/ 1 (F)
< . 2 (Caro-H) v
AN 3 (N) v
QN 4 (C=0) /
5 (C-H) 1/
% 6 (O) v
} 7 (O-H) v/
N ] _—
-
‘o
Can you?

« |dentify groups that can donate or accept hydrogen bonds?
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Hydrophobic Effect and Ligand Binding o
Antibody pv Ligand ¢ immobilized
(non-polar) water

/ (low entropy)
E DN N non-polar

binding site

Released
water - disordered H, 4
high entropy o=H Y
Antibody-PCP complex -
o H®SH E
He O’H »H
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Ligand Binding & Saturation:  [AMP1 gt
. D) 080|  |080| [ogo| |ege| |egel
Define fraction saturated: |¥ = EM] +j[M //Q O ® ® Oa ®,e
— . O b g Wash ¢
[M] = free macromolecule (e.g. antibody @‘“ ) - o == :‘"‘
with no antigen). NS Ll
[ML] = macromolecule with ligand bound
(e.g. antibody with antigen bound). v L = o
Fractiofoﬁ- _ 9_; end W
The boxes with circles represent proteins Saturated o 0 Yo -
with no cAMP bound, each box (left to / \ o Lo SAK Ye ok
right) is at a higher [cAMP]. Filled o
circles |Ir|1d;]cate bobund Ilgzla:nj. 0 [cAVP] >q High
1. How will the number of filled circles Key Points:
— ] (¥e
? g
depend on the CAMP concentration? 4 ppq binding sites saturate, when all are KEQ [reactants]

full no more ligand can bind.
2. There is a ligand concentration, [L],

2. Plot the fraction saturated data point
for each box.

dissociation:

8/24/2024

Drugs and Disease F2024 - Lecture 2

n>
U.MD U""\/

where Y the sites are full. This [L]is Ky
3. K is the equilibrium constant for ligand

ML) = (M) + (L)

8
L3 42
Lf\)/'

X2

V) %



Using Ky to Compare Ligand Binding

j’“ U%F;’U Uu‘;ap/n
Ligand Binding ((‘P\oo‘rry o\ i ! %%‘L
1 i // s d N/A\\“N N’/\\QN
z e Ligand 1./ %\ /= |igand 2 '\ _
09 g (cAMP) /
l E // ] N\ r{, N\H N\\}\u_r{
“"\ 0.8 - . _ .

; / g The binding of two different molecules to the same
§ > : / — protein was measured and the data is shown on
3 0.6 1 the right. L1 is cAMP, L2 is similar to cCAMP
po : g
% ~y 5 ®®
©
LL

e Which ligand has a K of 1 or L27?

S

0.4 - /

0.3 3 /
0.2 ] * Which ligand has a K, of 10? L1 o

0.1 Yo L2 o rowwtd b U—;QJ"
AL SeE =

' 5 20 9s 2o a5 a0 45 o Which ligand bind©more tightly to the protein

R [Ligand] (higher affinity)?(L1)or L2?
— ] — _ kw
\L‘) 3.9 ﬂp weY \AB -\’\I‘k \""_“S
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Why does L1 bind more tightly (higher affinity)?
1. What are the chemical differences

Ligand 1 (cAMP) Ligand 2 between L1 and L2 (Upper diagram)
0 f_n 0 fn
AN : AN : Ll & L2
/0,055 —© H

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

. How do the 3
differences affect
Kp? )

..\(\ \,L-o .
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Key Po

INts:

Binding:

Folded proteins have binding sites that
recognize other molecules (ligands) e
using any and all of the following:

e H-bonds,
 van der Waals,
e Electrostatic, v

ligand

binding

» Non-polar interactions (hydrophobic) “

Binding is reversible

/-"—'--——-.,

Binding is saturable

——

Binding %2 point (Y=0.5) occurs at Ky ,@, WARRSS

M A L

The hlgher the affinity (strength of

8/24/2024

Interaction), the lower the K,

Drugs and Disease F2024 - Lecture 2

protein

(av)

@3

noncovalent bonds

Ligand immobilized
(non-polar) water
H
H'? - H-OH (low entropy)
? m non-polar
H sy ooH H b

o / binding site

'l-lH
Released
water - disordered 4 o
high entropy o=H
o H‘0
B HoTSH |!|
Heo %, o-H
N H
H-O H-O

o
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