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Role of electrostatics: residue-specific interactions



Electrostatics Architecture of  Interleukin-8

Dimer Monomer

GAG Binding Surface of Interleukin-8/CXCL8

Unique vs. Multiple binding sites

3



Arg side-chain: NH-CH - CH2 - CH2 - CH2 – NH – C= NH+
2

|
NH2

Role of electrostatics – Arginines
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Arginines vs. Lysines: Affinity



MD data showing a single residue interacting with 
different GAG side chain groups



MD data showing a single GAG side chain group 
interacting with different protein side chain residues



R68

E29’

E63’

E63
R60 K67

E70

K20

E55

R68

E29’

E63’
E63R60 K67

E70E55K64 K64
K64

K20

R68E29’

E63’

E63
R60

K67
E70

E55

S1 S2 S3

R68E29’

E63’

E63

R60

K67

E70

R64

K20

E55R68

E29’

E63’

E63R60 K67

E70

R64

K20

E55
R68

E29’

E63’

E63R60
K67 E70

R64

K20

E55

(A)

R68

E29’

E63’

E63
R60

R67
E70

R64

E55

K20

R68

E29’

E63’
E63

R60

R67
E70

R64

E55

K20

R68

E29’

E63’

E63
R60

R67

E70

R64
E55

K20

R68
E29’

E63’E63
R60

K67

E70

R20

R64

R68
E29’

E63’

E63
R60 K67

E70R20

R64 R68
E29’

E63’ E63
R60

K67

R20

R64

(B)

(C)

(D)



N
eu

tr
op

hi
ls

 (1
05

)

0

10

20

30

Cont WT K64R K20R/K64RK64R/K67R

***

GAG Affinities: Function



Kinetics -- SPR for the study for biological interaction analysis

• Does the interaction happen?
• How fast? How slow?
• How strong?
• How much?
• What is interaction?

Specificity              Concentration, 
Kinetics                  Immunogenicity
Affinity                    SPR-MS

A + B AB
ka

kd



What can be studied?

Scope of 
Technique

Proteins

Nucleic AcidsLipids &
membrane 
molecules

Carbohydrates

Small‐Molecule 
Drugs

Whole Cells

Viruses Bacteria



Biomolecular Interaction Analysis: BIAcore

• Detection principle: Surface Plasmon Resonance: SPR

• One binding partner (LIGAND) immobilised on chip

• Other (ANALYTE) injected: microfluidics

• PC collects binding data in real time

• Chip is regenerated to remove analyte

• Cycle is repeated



Comprehensive information

• Molecular interactions in real time:

Detect

Yes/No

Identify

Specificity 

Binding partners 
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Affinity

Kinetics 

Epitope mapping
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Thermodynamics

Mass Spec Link-Up





Advantage of SPR

• Ability to perform real‐time measurement: 
– Insight to dynamic nature of binding system and layer formation

• Use of selective slides to study binding events:
– Eliminate the need for labeled reactants

• Exceptional sensitivity:
– Small quantities of purified reagents are required



Limitations

• Mass transport limitations

• Can take time to optimise regeneration 
conditions

• Sorting problems can be time consuming



Heparin binding to CXCL1: Two non-overlapping 
domains span the dimer interface

180o

-domain binding -domain binding

BA



Kinetic evidence that residues from both domains are involved in 
heparin binding
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CXCL1 GAG mutants are less active in a mouse model



Electrostatics Architecture of  Interleukin-8

Dimer Monomer

GAG Binding Surface of Interleukin-8/CXCL8



Dynamics of Lysine and Arginine Side Chains – NMR studies



Dynamics of Lysine and Arginine Side Chains – NMR studies
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CXCL1 binds two distinct domains and spans the dimer interface
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GAG-CXCL5 dimer Interactions: Binding does not span the dimer interface

Sepuru et al, JBC, 2016
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How does lysine dynamics influence GAG binding – NMR studies –
HISQC spectra

CXCL1

CXCL5



How does lysine dynamics influence GAG binding – NMR studies –
H2CN spectra



How does lysine dynamics influence GAG binding – NMR studies 



Role of histidines in GAG binding – NMR studies 



CXCL8 - Two conserved histidines
adopt the same (N2) conformation

Role of histidines in GAG binding – NMR studies 



(D to F) differences in 
free vs. bound spectra

A) Free
B) Heparin-bound
C) Receptor-bound

Role of histidines in GAG binding – NMR studies 



CXCL1 – each of the two conserved 
histidines adopt two different (N2 and 
imidazolium) conformations

Role of histidines in GAG binding – NMR studies 
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bound

Receptor-
bound

CXCL1

Role of histidines in GAG binding – NMR studies 
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Role of Asn/Gln in GAG binding – NMR studies 



Black: free CXCL1
Red : CXCL1-dp8

Role of Asn/Gln in GAG binding – NMR studies 


