Summary of Ligand Binding:
Some Definitions:
Biochemistry I                                                                                                                                                February 20, 2012

· Y = Fractional saturation.  Fraction of binding sites occupied by ligand, varies from 0 to 1.
· Y = [ML]/([ML]+[M])
· n = Number of binding sites.
· 
KA = Association constant or equilibrium constant, KA=[ML]/[M][L].
· KD = Dissociation constant, KD=1/KA.  Y = 0.5 when [L]=KD,  always, regardless of cooperativity.
· nh = Hill coefficient, measure of degree of cooperativity.
Non-Cooperative:
One Site (n=1)
Binding curve:


Two-sites (n=2)
Binding equation is the same:Y=[L]/(KD+[L])
Microscopic KA:  This is the association constant for a single site, and is just the ratio of the on- and off-rates: KA=kON/kOFF.  It reflects the intrinsic affinity between the protein and the ligand: Go = -RT ln KA
Macroscopic KA: This is the observed KA based on the concentrations of the various species, i.e. KA1=[ML]/[M][L].
For the first binding event this is 2KA since there are two ways to form the [ML] species, i.e. KA1=2kON/kOff.  For the second binding event there are two ways for the ligand to leave, so KA2=kON/2kOff.
Cooperative binding: Example - Trimer  M+L → ML+L → ML2+L → ML3



Non-cooperative         pos/neg  coop.                  Infinite positive coop.
Hill Plot: Plot log(Y/(1-Y)) versus log[L]
KD-ave : Ligand concentration when curve crosses x-axis (Y=0.5), depends on product of all individual KD values.
nh: Slope, (log(Y/(1-Y))/log([L]), when curve crosses x-axis.
Type & degree of cooperativity:
 nh=1 for non-cooperative binding: Binding of one ligand has no effect on the binding of others.
 nh>1 for positive cooperativity: Binding of the 1st ligand enhances the binding of additional ones.
 nh<1 for negative cooperativity: Binding of the 1st ligand impairs the binding of  additional ones.
 The closer nh is to n, the stronger the cooperativity, maximum value is n, # of sites.
Important parameters and how to obtain them:
	Parameter
	One-site or n-sites non-cooperative
	Cooperative

	KD (This is always [L] that gives Y=0.5)
	1. Binding Curve, When Y=0.5, [L] = KD
2. Scatchard plot, slope= -1/KD.
	1. Y = 0.5 on binding curve.
2.  x-intercept of Hill Plot

	nh (Hill coefficient)
	Not applicable
	Slope of Hill plot at Y=0.5,  [log(Y/(1-Y)]=0

	Go=
	Go = -RT ln KA = -RT ln (1/KD)
	Go  -RT ln (1/KDAve)



image2.wmf
]

[

]

[

]

[

1

]

[

]

[

]

[

]

[

L

K

L

L

K

L

K

M

ML

ML

Y

D

A

A

+

=

+

=

+

=


oleObject2.bin

image3.wmf
3

3

2

1

3

n

ave

-

D

n

]

[

[L]

          

]

[

K

[L]

 

          

]

[

]

[

h

h

L

K

K

K

Y

L

Y

L

K

L

Y

D

D

D

n

D

h

+

=

+

=

+

=


oleObject3.bin

image4.emf
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20 25

Y

[L]

Binding Curve

nh=0.33

nh=1

nh=3


Microsoft_Office_Excel_Worksheet1.xlsx
Chart1



Binding Curve

nh=0.33	0	1	2	3	4	5	8	10	15	20	30	40	50	100	0	0.3702569835458816	0.42497676752104202	0.45795640051875308	0.48159897117268774	0.5	0.53869775317263036	0.55693660866681383	0.58965565437029821	0.6124155130522263	0.6436589265222995	0.66512456426643052	0.68132183516639377	0.72880965717613733	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=3	0	1	2	3	4	5	8	10	15	20	30	40	50	100	0	7.9365079365079361E-3	6.0150375939849621E-2	0.17763157894736842	0.33862433862433861	0.5	0.8037676609105181	0.88888888888888884	0.9642857142857143	0.98461538461538467	0.99539170506912444	0.99805068226120852	0.99900099900099903	0.99987501562304715	[L]
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		5		0.5		0.5		0.5		0.5				0.6989700043		0		0		0		0
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Hill Plot

nh=0.33	0	0.3010299956639812	0.47712125471966244	0.6020599913279624	0.69897000433601886	0.90308998699194354	1	1.1760912590556813	1.3010299956639813	1.4771212547196624	1.6020599913279623	1.6989700043360187	2	-0.23066010143088625	-0.13132020286177237	-7.3210087373397695E-2	-3.1980304292658544E-2	0	6.7359594276455215E-2	9.9339898569113877E-2	0.15745001405748865	0.19867979713822762	0.25678991262660233	0.29801969570734138	0.33000000000000018	0.42933989856911375	nh=1.0	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=3.0	0	0.3010299956639812	0.47712125471966244	0.6020599913279624	0.69897000433601886	0.90308998699194354	1	1.1760912590556813	1.3010299956639813	1.4771212547196624	1.6020599913279623	1.6989700043360187	2	-2.0969100130080562	-1.1938200260161129	-0.66554624884906921	-0.29073003902416922	0	0.61235994796777449	0.90308998699194343	1.4313637641589876	1.8061799739838886	2.3344537511509329	2.7092699609758184	3.0000000000000147	3.9030899869920423	log[L]



log(Y/(1-Y))









Sheet2





Sheet3






image5.emf
-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0.4 0.6 0.8 1

log(Y/(1

-

Y))

log[L]

Hill Plot

nh=0.33

nh=1.0

nh=3.0


Microsoft_Office_Excel_Worksheet2.xlsx
Chart2



Hill Plot

nh=0.33	0	0.3010299956639812	0.47712125471966244	0.6020599913279624	0.69897000433601886	0.90308998699194354	1	1.1760912590556813	1.3010299956639813	1.4771212547196624	1.6020599913279623	1.6989700043360187	2	-0.23066010143088625	-0.13132020286177237	-7.3210087373397695E-2	-3.1980304292658544E-2	0	6.7359594276455215E-2	9.9339898569113877E-2	0.15745001405748865	0.19867979713822762	0.25678991262660233	0.29801969570734138	0.33000000000000018	0.42933989856911375	nh=1.0	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=3.0	0	0.3010299956639812	0.47712125471966244	0.6020599913279624	0.69897000433601886	0.90308998699194354	1	1.1760912590556813	1.3010299956639813	1.4771212547196624	1.6020599913279623	1.6989700043360187	2	-2.0969100130080562	-1.1938200260161129	-0.66554624884906921	-0.29073003902416922	0	0.61235994796777449	0.90308998699194343	1.4313637641589876	1.8061799739838886	2.3344537511509329	2.7092699609758184	3.0000000000000147	3.9030899869920423	log[L]



log(Y/(1-Y))









Sheet1

		[L]												log(L)		Y1		Y2		Y3						KD1

		0		0		0		0		0																5

		1		0.3702569835		0.1666666667		0.0079365079		0.0079365079				0		-0.2306601014		-0.6989700043		-2.096910013		-2.096910013				0.33		1		3		3

		2		0.4249767675		0.2857142857		0.0601503759		0.0601503759				0.3010299957		-0.1313202029		-0.3979400087		-1.193820026		-1.193820026

		3		0.4579564005		0.375		0.1776315789		0.1776315789				0.4771212547		-0.0732100874		-0.2218487496		-0.6655462488		-0.6655462488

		4		0.4815989712		0.4444444444		0.3386243386		0.3386243386				0.6020599913		-0.0319803043		-0.096910013		-0.290730039		-0.290730039

		5		0.5		0.5		0.5		0.5				0.6989700043		0		0		0		0

		8		0.5386977532		0.6153846154		0.8037676609		0.8037676609				0.903089987		0.0673595943		0.2041199827		0.612359948		0.612359948

		10		0.5569366087		0.6666666667		0.8888888889		0.8888888889				1		0.0993398986		0.3010299957		0.903089987		0.903089987

		15		0.5896556544		0.75		0.9642857143		0.9642857143				1.1760912591		0.1574500141		0.4771212547		1.4313637642		1.4313637642

		20		0.6124155131		0.8		0.9846153846		0.9846153846				1.3010299957		0.1986797971		0.6020599913		1.806179974		1.806179974

		30		0.6436589265		0.8571428571		0.9953917051		0.9953917051				1.4771212547		0.2567899126		0.7781512504		2.3344537512		2.3344537512

		40		0.6651245643		0.8888888889		0.9980506823		0.9980506823				1.6020599913		0.2980196957		0.903089987		2.709269961		2.709269961

		50		0.6813218352		0.9090909091		0.999000999		0.999000999				1.6989700043		0.33		1		3		3

		100		0.7288096572		0.9523809524		0.9998750156		0.9998750156				2		0.4293398986		1.3010299957		3.903089987		3.903089987



Binding Curve

nh=0.33	0	1	2	3	4	5	8	10	15	20	30	40	50	100	0	0.3702569835458816	0.42497676752104202	0.45795640051875308	0.48159897117268774	0.5	0.53869775317263036	0.55693660866681383	0.58965565437029821	0.6124155130522263	0.6436589265222995	0.66512456426643052	0.68132183516639377	0.72880965717613733	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=3	0	1	2	3	4	5	8	10	15	20	30	40	50	100	0	7.9365079365079361E-3	6.0150375939849621E-2	0.17763157894736842	0.33862433862433861	0.5	0.8037676609105181	0.88888888888888884	0.9642857142857143	0.98461538461538467	0.99539170506912444	0.99805068226120852	0.99900099900099903	0.99987501562304715	[L]



Y







Hill Plot

nh=0.33	0	0.3010299956639812	0.47712125471966244	0.6020599913279624	0.69897000433601886	0.90308998699194354	1	1.1760912590556813	1.3010299956639813	1.4771212547196624	1.6020599913279623	1.6989700043360187	2	-0.23066010143088625	-0.13132020286177237	-7.3210087373397695E-2	-3.1980304292658544E-2	0	6.7359594276455215E-2	9.9339898569113877E-2	0.15745001405748865	0.19867979713822762	0.25678991262660233	0.29801969570734138	0.33000000000000018	0.42933989856911375	nh=1.0	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=3.0	0	0.3010299956639812	0.47712125471966244	0.6020599913279624	0.69897000433601886	0.90308998699194354	1	1.1760912590556813	1.3010299956639813	1.4771212547196624	1.6020599913279623	1.6989700043360187	2	-2.0969100130080562	-1.1938200260161129	-0.66554624884906921	-0.29073003902416922	0	0.61235994796777449	0.90308998699194343	1.4313637641589876	1.8061799739838886	2.3344537511509329	2.7092699609758184	3.0000000000000147	3.9030899869920423	log[L]



log(Y/(1-Y))









Sheet2





Sheet3






image1.wmf
M

ML

ML

2

2k

on

k

off

k

on

2k

off

K

A1

K

A2

k

on

k

off

k

on

k

off

k

on

k

on

k

off

k

off

Microscopic

Macroscopic



