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Functions and 
properties of HSA

Monomeric; 6 subdomains

Abundant in plasma and tissue fluids 
(~600 ! M)

Abundant in PubMed (>5000 papers)

Transport molecule

Binds an enormous range of ligands:

Fatty acids, Thyroxine, Heme, Bilirubin, 
Renal Toxins, Bile acids, Metal ions

Drugs (lipophilic, anionic or electronegative)

IAIB

IIA

IIB

IIIB

IIIA

ADMET problems in drug design
(Absorption, Distribution, Metabolism, Excretion and Toxicity)

Tight binding to HSA can cause:

Loss of efficacy

Slow distribution

Reduced clearance

Low brain penetration

Weak binding may be helpful
Site 1

Site 2

Ongoing work on Albumin-Drug Interactions

NMR analysis of sub-domains 
Mapping of diflunisal binding to subdomain IIIA

Mao et al. (2001) J. Am. Chem. Soc., 123 , 10429-10435.
Hajduk et al. (2003) J. Comput. Aided Mol. Des., 17 , 93-102.



Ongoing work on Albumin-Drug Interactions

High throughput binding measurements 

Development of QSARs

Valko et al. (2003) J. Pharm. Sci., 92 , 2236-2248.

“...while binding to HSA 
is explainable to a large 
part by overall molecular 
properties and correlates 
with a general lipophilic 
parameter like logP, it is 
also dependent on 
specific molecular 
recognition ...”

Structural studies should 
illuminate the drug 
binding properties of 
HSA

Our approach is crystallographic

HSA-thyroxine:
P21 crystals

HSA-fatty acid complexes: 
C2 crystals

HSA-heme complexes:
P21212 crystals

Defatted HSA: 
P1 crystals

High resolution structures: data quality

2.9 Å2.4 Å

Site 1: phenylbutazone Site 2: diazepam

Fatty acid binding

Seven sites common to 
all medium and long-
chain, saturated or 
unsaturated fatty acids 
(C10-C20) 
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Bhattacharya et al.  (2000) 
J. Mol. Biol., 303 , 721-732

Petitpas et al.  (2001) 
J. Mol. Biol., 314 , 955-960



Rigid body rotation 
of domains I and 
III

Function?

Impact on drug 
binding?

Global conformational changes on fatty acid binding

Myristic acid
(C14:0)

Interface between 
domains II and III

FA sites 3 and 4

HSA is highly  
flexible

Conformational changes at the domain interface

Myristic acid
(C14:0)

Subdomain 
IIIA

Helical 
ÒtwistÓ

Crystal structures of HSA-drug complexes, to date
Site Drug HSA HSA-myr

1

Azapropazone
CMPF
Di-iodosalicylic Acid

Dansyl-L-Arg
Dansyl-L-Asn
Dansyl-L-Glu
Indomethacin
Iodipamide

Oxyphenbutazone
Phenylbutazone
Thyroxine
Tri-iodobenzoic acid
Warfarin

+
+
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-
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-
-
-
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-
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+
+
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2

Dansyl-L-sarcosine
Dansyl-L-norvaline
Dansyl-L-phenylalanine

Diazepam
Diflunisal
Ibuprofen 
Indoxyl Sulphate
Propofol

Halothane
Thyroxine

+
+
+

+
+
+
+
+

+
+

-
-
-

-
-
-
-
-

-
-

HSA-CMPF

Drug site 1 (subdomain IIA)

Selectivity: 
lipophilic drugs with 
a centrally-
located  negative 
charge or 
electronegative 
feature

Phenylbutazone



Drug site 1 (subdomain IIA)

Selectivity: 
lipophilic drugs with 
a centrally-
located  negative 
charge or 
electronegative 
feature

HSA-CMPF

Hydrophobic cavity 
with polar patches

Multiple H-bonds, 
electrostatic 
interactions

Kd ~ 70 nM

Drug site 1: CMPF
(3-carboxy-4-methyl-5-propyl furanpropanoic acid)

Y150

R257

K199

R222

R218

H242

Hydrophobic cavity 
with polar patches 

Multiple H-bonds, 
electrostatic 
interactions

Kd ~ 70 nM

Drug site 1: CMPF
(3-carboxy-4-methyl-5-propyl furanpropanoic acid)

Y150

R257

K199

R222

R218

H242

Side-chain 
movements to 
accommodate 
different drug 
shapes

KD ~ 3 ! M

Drug site 1: R(+)-Warfarin

Y150

R257

K199

R222

R218
H242



Side-chain 
movements to 
accommodate 
different drug 
shapes

KD ~ 1.4 ! M

Drug site 1: Phenylbutazone

Y150

R257

K199

R222

R218

K195

H242

Side-chain 
movements to 
accommodate 
different drug 
shapes

Lower chamber 
accessed?

Polar features on 
both sides of 
pocket (and drug)

Drug site 1: Superposition of drugs

Pocket specificity 
determined by 
distribution of polar 
features 

Drug site 1: Superposition of drugs (oxygens only) Drug site 1: impact of fatty acids

HSA HSA-myristate

Conformational 
change



Multiple 
conformational 
changes

Drug pocket larger

HSA-myr crystals more 
stable (= more experiments)

Expansion of drug site 1 on FA binding

HSA

HSA-myr

HSA

HSA-myr

Y150 rotated to 
co–ordinate FA

H242 assumes a 
more prominent 
role?

Drug site 1: HSA-myr-phenylbutazone

H242

R257

R218

FA9

W214

Indomethacin 
binds in lower 
part of pocket

Access requires 
rotation of W214

Drug site 1: HSA-myr-indomethacin

H242

R257

R218

FA7

W214

Indomethacin and 
phenylbutazone 
can both  bind to 
drug site 1 

Warfarin does not  
co-bind with 
indomethacin

Interpretation of 
binding data?

Drug site 1: HSA-myr-indomethacin-phenylbutazone

H242

R257

R218

R222



Iodipamide uses 
the whole binding 
zone

Drug site 1: HSA-myr-iodipamide

H242

R257

R218

R222

Surface indicates 
pocket dimensions

Drugs pinned 
between L238 and 
A291 in main part 
of binding site

HSA-myristate-drugs: superposition

L238

A291

Clustering of 
oxygen atoms 
broadly similar to 
defatted HSA...

...but more 
dispersion

HSA-myristate-drugs: superposition

Clustering of 
oxygen atoms 
broadly similar to 
defatted HSA...

...but more 
dispersion

HSA-myristate-drugs: superposition (oxygens only)



HSA-diazepam

Drug site 2 (subdomain IIIA)

Selectivity: 
lipophilic drugs with 
a peripheral  
negative charge or 
electronegative 
feature

Diflunisal

Drug site 2 (subdomain IIIA)

Selectivity: 
lipophilic drugs with 
a peripheral  
negative charge or 
electronegative 
feature

HSA-diazepam

Mainly hydrophobic 
cavity

One main polar 
patch centred on 
Y411

Drug site 2: Diazepam

R410

L453

L387

Y411

S489 Pocket has 
expanded to 
accommodate 
diazepam...

Drug site 2: Diazepam

R410

L453

L387

Y411

S489



Pocket has 
expanded to 
accommodate 
diazepam...

...for smaller drugs, 
L387 and L453 
rotate to fill the 
cavity

Drug site 2: Ibuprofen

R410

S489

L453

L387

Y411

Drug site 2: superposition of drugs

Y411

R410

S489

Pocket dimensions 
appear smaller than 
site 1

Main polar patch 
formed by R410, 
Y411, S489

Drug site 2: superposition of drugs (oxygens only)

Y411

R410

S489

Pocket dimensions 
appear smaller than 
site 1

Main polar patch 
formed by R410, 
Y411, S489

Single dominant 
cluster of oxygen 
atoms

Binding pocket is 
expandable...

Drug site 2: room for expansion?



Binding pocket is 
expandable...

...fatty acids and 
thyroxine reveal a 
much larger 
binding zone

Drug site 2 (subdomain IIIA)
The versatile binding capacity of HSA

IIA: Drug site 1
FA7
Thyroxine 1
Azapropazone
CMPF
DIS 
Indomethacin
Iodipamide
Oxyphenbutazone
Phenylbutazone
TIB
Warfarin
2¡ Indoxyl sulphate
3¡ Diflunisal

IIA-IIB
FA6
2¡: Diflunisal
2¡: Halothane
2¡: Ibuprofen

IIIB
FA5
Thyroxine 2,3
2¡: Oxyphenbutazone
2¡: Propofol

IIIA: Drug site 2
FA3,4
Thyroxine 4
Diflunisal
Diazepam
Halothane
Ibuprofen
Indoxyl Sulphate
Propofol
2¡: CMPF

IB
FA1
Hemin
2¡: Azapropazone
2¡: Indomethacin
2¡: TIB

FA2

Cleft
Thyroxine 5
2¡: Iodipamide

New avenues to probe drug binding

Used structure, mutagenesis and drug competition experiments to 
assign NMR spectrum of bound 13C-FA

Identified FA2, FA4 and FA5 as high-affinity binding sites 

New avenues to probe drug binding

183.9

182.9

181.9

181.6

Could now use drug-FA 
competition experiments 
to probe drug binding on 
the whole molecule

2D spectra needed for 
higher resolution

Sarver et al . (2005) Anal. 
Biochem. 347 , 297-302

Simard et al.   (2005) PNAS,
102 , 17958-17963

Simard et al.  (2006) J. Mol. Biol.,
361 , 336-351

FA4

DZP blocks FA4



Conclusions - what have we learned?

demonstration of feasibility

an atlas of structures

structural basis of binding of a 
wide range of drug compounds

identification of additional sites

details of the conformational 
changes associated with drug 
binding

a robust platform for the 
interpretation of binding data

new approaches to probe drug 
binding
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