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� Proximity energy framework
� Two useful methods

� Charge measurement
� Fluorescence detected 

sedimentation
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� Solution components are dispersed microphases
� Colloidal properties apply
� Laws of mass action apply

� Collision distance < component diameters
� Collisions per second � 1010

� Proximity energies important
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G‡ Repulsion

Attraction

��� � 1 nm                    ��� �

�4EEH-bond

Not D12--VdW

Not D6��Dispersion

�5��Dipole-induced dipole

�4�QCharge-induced dipole

� , �3��Dipole-dipole

� , �2�QCharge-dipole

�1QQCharge-charge

DependenceanX2X1Type
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� Proximity energies 
anisotropic

� Contingent on 
distribution of adjacent 
species

� Species may not 
distribute according to 
mixing proportion
� Deviations due to 

enthalpic contributions
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Z = 10 Z = 2
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� G* = 20 kJ

� G* = 5 kJ

Interactions per second

Aggregation rate
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High saltLow salt

reShielding k-=
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z = 5, D = 80, AQ-� = 0.3, A� -� = 0.01

Ionic strength = 0.01

Ionic strength = 0.15
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High C
Dilute

� G†
� G†
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John Champagne

[mAb] 30 mg/ml, 10 mM His, pH 6.0

+9.8+4.6
100 mM

mAb2mAb1

+6.1+1.1
100 mM

+0.01
(+18 calc)

-0.05
(+9 calc)

F(ab’)2

No NaCl

+8.9+5.4
Actual
No NaCl

+28+22Calculated

10 mM His, pH 6.0
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D = 50 D = 110

Z = 10, Q� = 0.3
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� CDD o d+=

0NaCl

-2.6

-2.6
-2.6

ETOH

Glycerol
Mannitol

-7.6
-8.3

-10

Sucrose
Dioxane

Glycine anhydride

+71

+62
+345

diGlycine

Arginine
Lysylglutamate

+22.6Glycine

+2.7Urea

� (M -1)Material

From: Cohn & Edsall, Proteins, amino acids and Peptides, 1943

Strengthen

Weaken

No effect
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z DHH z lit.
6.4±0.2      6.9 ±0.4 

6.8 ±0.3 6.9 ±0.4

HELWT

r = 2.0 nm
HELPEG

r = 6.2 nm

HEL in 10 mM BTP, 100 mM KCl, pH7.5

E=0.43 V/cm
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Yatin Gokarn, Jennifer Durant, Sue Chase



(	
	���������	
�%��	��	)�* (��

� Determine zeff

� CE, MCE, ELS

� Convert zeff � zDHH
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y = 0.8207x + 50.106

R2 = 0.4747

y = 0.8294x + 20.785
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� Proximity energy framework and formulations
� pH dependence
� Ionic strength dependence
� Dielectric constant effects (e.g. Arg)
� Effects of protein charge and dipole moment
� Effects of pegylation on solubility

� One order of magnitude between no effect  
and dominance
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� Proteins are “solvated” with proteins
� Affects chemical potential
� Unlike ‘molecular crowding’ may lower chemical 

potential
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“Crowding” is not the whole  
story

Molecules are solvated by other
macromolecules

Proximity effects cannot be
ignored
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TTR in human serum
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� Molecule k affects sj

� Solvent flow, viscosity
� Coupled flows
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� For the solvent, mass and volume –fixed frames of reference

� Onsager reciprocal relations hold-

� Not true for the cell-fixed frame of reference
� Means the component fluxes are linearly independent
� UNLESS we assume

� v-bar of all components are independent of pressure
� v-bar of all components are independent of composition

� Solution is incompressible, zero volume of mixing
� This means (u)V = 0 and (Jk)V = (Jk)c
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110 nM F-rTTR
TBS + 0.1 mg/ml ovalbumin

110 nM F-rTTR
Human serum
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� Molecule k affects sj

� Solvent flow, viscosity
� Coupled flows
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At equilibriumAt equilibrium
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Mass action monomer dimer
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From non-equilibrium thermodynamics
j is each species not each component



�������
��	##	�

����
	���	�
�
����
	5����6����

Weight-Ave MW vs. Conc of Beta-LG A at pH 3

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

0 5 10 15 20 25

Concentration (mg/ml)

M
W

/W
ei

gh
t o

f M
on

om
er

100mM KCl
and 10mM
Gly

20mM KCl
and 10mM
Gly

Weight-Ave MW vs. Conc of Beta-LG A at pH 3

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

0 5 10 15 20 25

Concentration (mg/ml)

M
W

/W
ei

gh
t o

f M
on

om
er

100mM KCl
and 10mM
Gly

20mM KCl
and 10mM
Gly

Mai Doan



���������	
��
��
	��	���

-8.616960STI
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-6.730800GFP
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� Charge affects tracer activity significantly
� Cannot predict tracer activity simply
� Tracer may form cohort clusters that lower 

activity 
� I.e. molecules may ‘select’ other molecules from 

solution

Kroe R.R., Laue T.M. (2009) “NUTS and BOLTS: Applica tions of fluorescence-detected 
sedimentation.” Anal. Biochem. 390:1-13


