Biochemistry I                                                                               Lecture 14                                       October 1, 2015
Lecture 14: Analysis of Cooperative Binding
Goals: 
· Generate Hill Plot,
· Obtain KD and nh from Hill plot, correctly 
· Interpret nh in terms of type of cooperativity.

Review of Types of Binding:
Non-cooperative:  No interaction between sites. A protein with a single site must show non-cooperative binding. 
Homotropic positive cooperativity:  Multiple interacting ligand binding sites required, binding at one increases affinity at another by increasing R state.
Homotropic negative cooperativity: Multiple interacting ligand binding sites required, binding at one decreases affinity at another by increasing T state.
Allosteric control - non-cooperative binding: 
· Heterotropic activator increases R-state.  Binding affinity of ligand for one or more non-interacting sites increases.
· Heterotropic inhibitor increases T-state.  Binding affinity of ligand for one or more non-interacting sites decreases.
Allosteric control with cooperative binding: Heterotropic activator increases R-state, increasing average affinity.  Heterotropic inhibitor increases T-state, reducing average affinity. Ligand binds to multiple interacting states  (homotropic) with some form of cooperative binding, neg or positive (positive cooperativity for the ligand is shown here).  




Characterization of Degree of Cooperativity:
Distribution of Ligands (two binding sites):
	i) Non-cooperative.  The binding constant remains the same for both binding events. @Y=0.5
nH = 1.0
	ii) Negative cooperativity if KD2 > KD1 (or KA2 < KA1) i.e. the second binding is lower in affinity.@Y=0.5
nH < 1.0
	iii) Positive cooperativity if KD2 < KD1 (or KA2 > KA1) i.e. the second binding is higher in affinity.  @Y=0.5
nH >1.0
	iv) Infinite pos cooperativity.  The binding of the first ligand greatly increases the affinity for the next.
nH = n (# sites)

	

	

	

	





Binding of N-Ligands:
Non-cooperative Binding (any number of sites):


Infinitely Positive Cooperativity, n-sites.


Cooperative systems – General equation (Hill Equation):



· In all cases, when [L]=KD, Y=0.5
· Thermodynamic information can only be obtained from the KD for non-cooperative binding. “KD-Ave = f(KD1, KD2, ….)

Hill Plot: The Hill coefficient, and the "average" KD can be obtained from a Hill Plot.  The Hill plot is based on the following transformation of the above binding equation:
· Plot of log [Y/(1 - Y)] versus log[L]
	Hill Coefficient
	Interpretation

	< 1
	Negative cooperativity.

	=1
	Non-cooperative

	>1
	Positive cooperativity.

	=n, number of binding sites.
	Infinitely strong positive cooperativity.


· The Hill coefficient, nh, is the slope as the line crosses the x-axis.
· The logKD-ave is the intersection of the Hill curve with the x-axis. This is the ligand concentration to ½ saturate the binding sites.




Non-Cooperative Systems (n =1):


This is a straight line with a unit slope.
· Intersection with x-axis (Y = 0.5) gives log(KD).













[image: HbHillPlot]Cooperative Systems.
Intermediate Ligand Concentration@Y=0.5.:
Slope:  Hill coefficient (0 ↔ 1 ↔ n) 
Intercept: Ligand concentration to give Y=0.5 = KDAve.
Low ligand: At very low ligand concentration, the binding appears non-cooperative because most of the macromolecule is in the [M] form.  Therefore the Hill plot is initially linear, with a slope =1, intersecting x-axis at logKD1.

High ligand: At very high ligand concentration, the binding also appears non-cooperative because most of the macromolecule is in the [MLn] form.  Therefore the Hill plot is again linear, with a slope = 1, intersecting the x-axis at log KDn.
[bookmark: _GoBack]Example: Rate the cooperativity of each of the following binding curves. 
Non-coop	0	1	2	3	4	5	7	9	10	12	14	16	18	20	0	0.16666666666666666	0.2857142857142857	0.375	0.44444444444444442	0.5	0.58333333333333337	0.6428571428571429	0.66666666666666663	0.70588235294117652	0.73684210526315785	0.76190476190476186	0.78260869565217395	0.8	Pos-Coop	0	1	2	3	4	5	7	9	10	12	14	16	18	20	0	7.9365079365079361E-3	6.0150375939849621E-2	0.17763157894736842	0.33862433862433861	0.5	0.73290598290598286	0.8536299765807962	0.88888888888888884	0.93254182406907715	0.95643081212966186	0.97038616441601522	0.9790162833641094	0.98461538461538467	Neg-Coop	0	1	2	3	4	5	7	9	10	12	14	16	18	20	0	0.3090169943749474	0.38742588672279316	0.4364916731037084	0.47213595499957939	0.5	0.54196010845019194	0.57294901687515776	0.58578643762690485	0.60771904394073806	0.62593330385102719	0.64142982636371282	0.65485900149960474	0.66666666666666663	[L] (free)

Fractional Saturation (Y)





No Act/Inh	0	1	2	3	4	5	7	9	10	12	14	16	18	20	0	0.2	0.33333333333333331	0.42857142857142855	0.5	0.55555555555555558	0.63636363636363635	0.69230769230769229	0.7142857142857143	0.75	0.77777777777777779	0.8	0.81818181818181823	0.83333333333333337	Activator	0	1	2	3	4	5	7	9	10	12	14	16	18	20	0	0.5	0.66666666666666663	0.75	0.8	0.83333333333333337	0.875	0.9	0.90909090909090906	0.92307692307692313	0.93333333333333335	0.94117647058823528	0.94736842105263153	0.95238095238095233	Inhibitor	0	1	2	3	4	5	7	9	10	12	14	16	18	20	0	5.8823529411764705E-2	0.1111111111111111	0.15789473684210525	0.2	0.23809523809523808	0.30434782608695654	0.36	0.38461538461538464	0.42857142857142855	0.46666666666666667	0.5	0.52941176470588236	0.55555555555555558	[L] free

Fractional Saturation (Y)


No Act/Inh	0	1	2	3	4	5	7	9	10	12	14	16	18	20	0	1.5384615384615385E-2	0.1111111111111111	0.2967032967032967	0.5	0.66137566137566139	0.84275184275184278	0.91929382093316514	0.93984962406015038	0.9642857142857143	0.97720797720797725	0.98461538461538467	0.98914518317503397	0.99206349206349209	Activator	0	1	2	3	4	5	7	9	10	12	14	16	18	20	0	0.1111111111111111	0.5	0.77142857142857146	0.88888888888888884	0.93984962406015038	0.97720797720797725	0.98914518317503397	0.99206349206349209	0.99539170506912444	0.99709302325581395	0.99805068226120852	0.99863013698630132	0.99900099900099903	Inhibitor	0	1	2	3	4	5	7	9	10	12	14	16	18	20	0	2.4408103490358799E-4	1.9493177387914229E-3	6.5486296386126604E-3	1.5384615384615385E-2	2.9613835583984838E-2	7.7269655327776521E-2	0.1510880829015544	0.19623233908948196	0.2967032967032967	0.40116959064327484	0.5	0.58742949234488318	0.66137566137566139	[L] free

Fractional Saturation (Y)


Hill Plot
nh=0.5	0	0.3010299956639812	0.47712125471966244	0.6020599913279624	0.69897000433601886	0.90308998699194354	1	1.1760912590556813	1.3010299956639813	1.4771212547196624	1.6020599913279623	1.6989700043360187	2	-0.34242268082220623	-0.1919076829902156	-0.10386205346237511	-4.1392685158225105E-2	7.0623213458030319E-3	0.10912231267376551	0.15757731917779391	0.24562294870563428	0.30809231700978434	0.39613794653762502	0.45860731484177497	0.50706232134580331	0.65757731917779383	nh=1	0	0.3010299956639812	0.47712125471966244	0.6020599913279624	0.69897000433601886	0.90308998699194354	1	1.1760912590556813	1.3010299956639813	1.4771212547196624	1.6020599913279623	1.6989700043360187	2	-0.69897000433601886	-0.39794000867203766	-0.22184874961635639	-9.6910013008056448E-2	0	0.20411998265592488	0.30102999566398109	0.47712125471966244	0.60205999132796251	0.77815125038364341	0.90308998699194343	0.99999999999999989	1.3010299956639806	nh=2	0	0.3010299956639812	0.47712125471966244	0.6020599913279624	0.69897000433601886	0.90308998699194354	1	1.1760912590556813	1.3010299956639813	1.4771212547196624	1.6020599913279623	1.6989700043360187	2	-1.3979400086720375	-0.79588001734407521	-0.44369749923271273	-0.19382002601611281	0	0.40823996531184947	0.60205999132796251	0.95424250943932498	1.2041199826559248	1.5563025007672882	1.8061799739838886	1.9999999999999996	nh=5	0	0.3010299956639812	0.47712125471966244	0.6020599913279624	0.69897000433601886	0.90308998699194354	1	1.1760912590556813	1.3010299956639813	1.4771212547196624	1.6020599913279623	1.6989700043360187	2	-3.4913616938342726	-1.9862117155143666	-1.1057554202359605	-0.48106173719446071	3.4883278458213412E-3	1.0240882411254453	1.5086383061657276	2.389094601444139	3.0137882844856541	3.8942445797640857	4.5189382628058619	5.003488327844706	log[L]

log(Y/(1-Y))


Binding Curve
nh=0.5	0	1	2	3	4	5	8	10	15	20	30	40	50	100	0	0.3125	0.39129219620451028	0.44049553078887499	0.47619047619047616	0.50406530937789162	0.56248744479695623	0.58972657899797787	0.63773982660863016	0.67027050784966524	0.713438145265753	0.74192202204946334	0.76270263095429491	0.81967213114754101	nh=1	0	1	2	3	4	5	8	10	15	20	30	40	50	100	0	0.16666666666666666	0.2857142857142857	0.375	0.44444444444444442	0.5	0.61538461538461542	0.66666666666666663	0.75	0.8	0.8571428571428571	0.88888888888888884	0.90909090909090906	0.95238095238095233	nh=2	0	1	2	3	4	5	8	10	15	20	30	40	50	100	0	3.8461538461538464E-2	0.13793103448275862	0.26470588235294118	0.3902439024390244	0.5	0.7191011235955056	0.8	0.9	0.94117647058823528	0.97297297297297303	0.98461538461538467	0.99009900990099009	0.99750623441396513	nh=5	0	1	2	3	4	5	8	10	15	20	30	40	50	100	0	3.2247662044501772E-4	1.0217113665389528E-2	7.2689201316183075E-2	0.24830261881668284	0.50200803212851408	0.9135719861715178	0.96993210475266733	0.99593429292763702	0.99903218756829326	0.99987244425608257	0.9999697274789533	0.9999900800984054	0.99999969000009614	[L]

Y




3

image2.emf


image3.emf


image4.emf


image5.emf


image6.wmf
]

[

]

[

L

K

L

Y

D

+

=


oleObject6.bin

image7.wmf
n

n

ave

D

n

L

K

L

Y

]

[

]

[

+

=

-


oleObject7.bin

image8.wmf
h

h

h

n

n

ave

D

n

L

K

L

Y

]

[

]

[

+

»

-


oleObject8.bin

image9.wmf
]

log[

log

)

1

(

log

]

[

1

]

[

]

[

L

n

K

n

Y

Y

K

L

Y

Y

L

K

L

Y

h

ave

D

h

n

Ave

D

n

n

n

ave

D

n

h

h

h

h

h

+

-

=

÷

÷

ø

ö

ç

ç

è

æ

-

=

-

+

=

-

-

-


oleObject9.bin

image10.wmf
]

log[

K

 

log

)

1

(

 

log

          

          

]

[

]

[

D

L

Y

Y

L

K

L

Y

D

+

-

=

-

+

=


oleObject10.bin

image11.wmf
Log[L]

0

Y

1-Y

Log



image12.wmf
]

[

]

log[

log

]

log[

1

log

]

log[

K

1

log

0

D

L

K

L

K

L

K

L

D

D

D

=

=

=

-

+

=


oleObject12.bin

image13.png
Tog(8)

Tog [0,1 1





image14.emf



image1.emf
L

L

L

L

L

L

A/I

A/I

A/I



