Biochemistry I Lecture 11 September 17, 2019

Lecture 11: Introduction to Ligand Binding
* Identify protein-ligand interactions

Relate binding kinetics to interactions ocp < >
® Use Kp to characterize strength of binding N

* Experimental determination of binding L‘“SM\A
o Equilibrium Dialysis
o Spectrophotometric

Obtain Kp from:
o Binding curve
o Hill plot

A. Stabilization of Antibody-Antigen Complexes:

Any (and all) of the following energetic terms may be important for
binding of ligands to proteins. Which of the following stabilize the
bound PCP?
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Fundamentals of Ligand Binding:

M = macromolecule L = ligand ML = complex

* Ligands collide with their targets, at a rate of k. Usually this is
diffusion limited and occurs at a rate of about 108 sec’'M! (108 8 -\
collisions/sec at a concentration of 1M). kou = lo s M

e The ligand leaves its binding site at a rate that depends on (same ’F""\ "'QL)

the strength of interaction between the ligand and the (M)"Q- ) @L)
binding site. Off-rates (ko) can range from 106 sec! (weak i3
binding) to 10" sec™ (strong binding). Fv  Pee Vo te CFy<Pep
¢ Binding of multiple ligands can be cooperative, the binding of one affects the subsequent binding. If only

one ligand binds, it must bind in a non-cooperative manner. @ )&
£4 ,Q_a/\y(
Keass
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The equilibrium constant for binding is called K,, K-“association”: M =K, =K, = Ko

[M][L] koy
The representation of Ka in term of kinetic rates (kon, K
kofr) comes from expressing the change in [ML] as a ON
function of time, and then setting this change to zero |\ + L =— : ML
at equilibrium. k

OFF
® The overall forward rate (formation of

(ML) depends on ko times the concentration of both (M) and (L). kon is the rate of complex formation
when (M) and (L) are at 1M.

® The reverse rate depends on how much (ML) is present and the rate (ko) that the ligand falls off.

® Atequilibrium, there is no next change in (ML) (but binding and dissociation still occur, but with equal
rates).

VLI vk M-k,

0= +k, [M][L]-k,,[ML]
kon[M][L] = ko_[f[ML]

k,  [ML]
= K

ky [MIL] 4

Don't get Ka confused with the acidity constant used to describe acid-base reactions.

It is very useful to define a dissociation constant, Ko (equilibrium constant for reverse reaction, or dissociation).

MLl 1 & off
KD:w:——sz]‘ ML o——» M+L
[ML] K, ks -
® The Kp has units of molarity. K‘D = '{Qo-ﬁ‘g
*  What is the value of (L] when [M]=[MmL]? /(@otv/
Ligands that bind tightly have low k.s and therefore Sy~ sl K, valyes.
B I = I
Ligands that bind weakly have high kerand therefore ]r\«'é)'\ €1 Kp values. - { i tA“]
- LJ -
Experimental Measurement of Ligand Binding - Fractional VB k'—b
Saturation. = D‘\_.B \§( i
The fractional saturation, Y (6 is also used in some textbooks), is defined as: 1°°. ML -
Y-0- [ML]  [MmI] a/ Bow?
< IMI+IML) [Mp] o £l
Y is just the amount of protein with bound ligand, Ps ®
divided by the tota/ concentration of protein, [(M{]. Y oM ® ° O
various from O to 1. O ° e 2 4‘
Q@mL |l O 7
Note: [M1] is usually constant in a given experiment, @) ®
the ratio of [M] to [ML] changes as the ligand p .Lfr @° °
concentration changes. ° )
Y can be related to [L] and K, or Kp: 3
(I 10
yo IMLT K ML) Free 1 2 Jc
M+ +K -—— .25 S
[M1+[ML] M1+ K 4[M][L] - —=—

yo KalLl _ VEKplLl (1]

L+ KALL] 1+ (/K Ky +[L] Y= [l_j

Note: [L] is the free ligand concentration, not the total, typically the approximation [LItora=[Llrree is used.

Ka: [} el =eo “pr[]

cMtL]
Ko [m] C‘-] = Cncl
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If [L]=[M] and the binding is high affinity such that a significant amount of the ligand is bound the assumption that
[Lrree=[L}rotal is a poor one. In which case the equation that describes the binding is:

(ML) = (Mror + Lror + Kp) — 2/ (Mygr + Lror + Kp)* — 4(MrorLyor)
B 2
Kb is obtained by fitting the data using non-linear fitting programs, such as Solver in Excel.

A. Measurement of Y using Equilibrium Dialysis: L

* Adialysis membrane is a closed bag that will
allow small ligands to pass through, but will
retain proteins (M) as well as protein-ligand
complexes (ML).

* A series of different experiments are M
performed, with the ligand concentration | _— '(o‘f
varied. The fractional saturation is obtained
for each ligand concentration.

* Experimentally, the ligand concentration
inside ([L]in) and outside ([Llour) the dialysis L-{-r#c
membrane is measured. Given that the
total amount of macromolecule, [My], is [LBIN-; [‘—] *C"
also known, it is possible to calculate Y from :r
these two measurements. & )

@ @ @ \/:EM_LQ - EJ‘"“[-"]&\%[A«.]
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Model reaction: M +[] o [ML]

e o o [o ! o ° ]
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O o o ol @ o ° [M]+[A4L]
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e ... |- o . ¢ TM]=27-S=2 e
A. Initial conditions. B. Equilibrium conditions. .
\——l

Example Question:

® Protein is added to a dialysis bag to give a concentration
* Ligand is added and after equilibrium, its concentration outside

the bag is 5 uMm.
* The amount of ligand inside the bag was found to be 6 uMm. NAANAANAANAANA

1. What is the free ligand concentration? L- Y
2. What is the total ligand concentration inside the bag? St

3. What is the bound ligand concentration?
4. What is the fractional saturation?

\ébs LD s luH
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B. Measuring fractional Saturation by Spectrophotometry CLJ I e e_: Q AA M

If the absorption (or NMR, or.flu.orescence) spectra of Hbenitianca o= .2
the free macromolecule (M) is different from the 14 ~“ort—= b
A= 0.8

macromolecule-ligand complex (ML), then the

absorbance of the solution can be used to measure 0.6
the fractional saturation. Y 04 |- =———_ \ = 0 4‘
Aw = absorbance of free macromolecule. o 02---- 0.4-0 ) 2

Aw = absorbance of macromolecule with ligand ) [LJ=0

! O.R -
bound, (ML) complex. 2 8-0 2
. . R Wavelength - o.2
A = absorbance with an arbitrary mixture of M and = 2 /0 6
(ML), i.e. at non-saturating ligand concentrations. Derivation: < .33
e The Iargest change in absorption: Avi— Am corresponds The absorption if none of the macromolecules had ligand bound:
. : ; Ay =&y xIx[M;]
to a change in fractional saturation of 1.0. The absorption if all of the macromolecules had ligand bound:
* The fractional saturation is just the fractional Ay = gy, X UX [My]
A=Ay The absorption if we have a mixture of bound and unbound
absorbance change: Y = remy {¥=fraction bound, {1-Y)=fraction unbound):
MESEM > A= gy X IX (¥ X [M]) + £y x Ux (1= ¥) x [My])

A=Y XAy + (1Y) X 4y

* Bi A=Y X Ay + Ay ~T X Ay
Amo '() ch ¥ A= YAy, — An) + Ay
— v A=Ay

w Pog O‘&‘b\ Ay — Ay

Data Analysis Methods — Obtaining Ko from Y.

The fractional saturation as a function of free ligand concentration is measured—> [Lltree Y
0 !

The Kp can be determined by one of the following three methods: 3 UM (()) gg

1. Directly from the binding curve (or raw data) by estimating the [L] which gives Y=0.5. A 10 uM 0:75

drawback is that this approach typically does not utilize all of the collected data, but only
data near Y=0.5.

50um [0.90 |

y| Bievnse cueuE -
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;//M
2. Direct fitting of the data to the binding equation using Solver in Excel. 03 |
Y = [L1/(K + LD j ¥ =S
0
0 3 10 50 L
3. By plotting a Hill plot. L log(Y/(1-Y)) versus log[L] j
x-intercept is logKp. - ‘;——’ log(Y/(1-Y)) 2
When Y=0.5, [L]=Kp: Jog (0.5/0.5)=log(1)=0, therefore x-int. = logKp. 2
Slope is one for non-cooperative binding (single site, or no interaction
between ligands for mutltiple sites). 0
> -
Doy ©-S Lo O-5 Jiad, TR A logIL]
3 —— -l 2 ¥p
(1-0.%5) 0.5 [ 2P

Binding Energetics: This equilibrium constant is related to the free energy

K, =[ML]/[M]L
of binding in the usual way. Notice that Ka is no longer dimensionless, as it 4 = IMLIIMIIL]

was for protein folding, so InK, is undefined. To fix this problem, everyone AG’ =—-RTInK,
agrees to work in molar units when calculating energies. Usually the = AH® —TAS®
reaction direction is M+L->(ML), i.e. the AG® represents the energy dIn(K,)

released when binding occurs. The enthalpy of binding is obtained from ——42 = _AH°/R

the temperature dependence of the equilibrium constant. d(l/T)
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