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ABSTRACT

Engineering Hemoglobins and Myoglobins for Efficient O, Transport

by
Dave Maillett

Consumption of the intercellular messenger, nitric oxide (NO), by extracellular
hemoglobin causes the hypertensive side effect associated with current blood substitute
products. Substitution of large aromatic amino acid side chains into the distal cavity of
hemoglobin can decrease the rate of this NO scavenging reaction, and mitigate the
hypertensive effect. However, such substitutions can also affect O, binding and release
by hemoglobin. To better define the impact of distal pocket mutation on O, transport,
several myoglobin prototypes were tested in an artificial capillary. In addition, a series of
recombinant hemoglobins containing phenylalanine and tryptophan substitutions at key
locations were characterized to examine how these mutations affect O, and CO binding.

Experiments measuring O, release and uptake by mutant myoglobins in an
artificial capillary demonstrate that delivery is dependent on the affinity of the protein,
but that uptake is similar for all of the mutants. This shows that decreases in association
rate constants are better tolerated than decreases in dissociation rate constants, and
validates the connection between the equilibrium constant for Oz binding, and the

physiological transport function of hemoglobin.



Placement of Phe and Trp at positions B10, B11 and G8 within the distal pocket
decreases the rate at which ligands can gain entry to the active site, which was expected
based on similar behavior in myoglobin mutants. The B10 mutants have direct steric and
electrostatic interactions with the ligand, seen in the 2000-fold decrease in rate of O
association for the B(Trp(B10)) and 60-fold decrease in the Oz dissociation rate constant
for o(Phe(B10)) subunits. Substitution at position E11 increases O, and CO affinity due
to removal of the naturally occurring y,CHj group of Val(E11). The E11 mutants have
less dramatic effects in hemoglobin than in myoglobin due to the absence of ‘extra’
volume in the back of the distal cavity in either hemoglobin subunit. Steric crowding by
position G8 mutants decreases the rate and extent of ligand capture, particularly in 8
subunits. In general, ideas developed for ligand binding in myoglobin translate well to
hemoglobin, but structural details of each subunit can magnify or diminish the effect of

the mutation.
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LIST OF ABBREVIATIONS

0(0.0), the wild-type o subunit

o(Fe) B(Cr) and o(Cr) B(Fe), metal hybrid hemo globins containing an iron atom in one
subunit (Fe) and chrome (Cr) in the partner subunit

B(0.0), the wild-type B subunit

AA, change in absorbance

D, diffusion coefficient

Daoa, diffusion coefficient of Oy

Do, diffusion coefficient of MbO;

EDTA, disodium ethylenedamine tetraacetate
F geminate, fraction of dissociated ligands which geminately recombine

F,, fraction of dissociated ligands which geminately recombine the o subunit
Fg, fraction of dissociated ligands which geminately recombine the B subunit
Hb, hemoglobin

HbA, native adult human hemoglobin

HbO, and Hb(O5), hemoglobin saturated with Oz bound to the sixth coordinate position
of the iron atom

HbX and Hb,X,, hemoglobin bound to a generic ligand represented by X
Hb(0.0), wild-type hemoglobin

HEPES, (N —[2-Hydroxyethyl]piperazine-N’-[2-ethanesulfonic acid])

HPLC, high performance liquid chromatography

L, the allosteric constant relating T state to R state populations in hemoglobin
K, the bimolecular association rate constant, generally (units uM'ls'l)

k', the dissociation rate constant, generally (units sh



K, the equilibrium association constant, generally(units },lM'l)

k', the bimolecular rate constant for Jigand binding to 0. subunits (units I,LM'ls'l)

k4, the rate constant for ligand dissociation from o subunits (units s

K., the equilibrium constant for ligand binding to O subunits (units pM'l)

k’s, the bimolecular rate constant for ligand binding to § subunits (units uM'ls'l)

kg, the rate constant for ligand dissociation from B subunits (units sh)
K3, the equilibrium constant for ligand binding to B subunits (units UM H
Kautoox, the rate constant for auto-oxidation (units sh

kbonds

the rate constant for bond formation with ligands within the distal pocket

xvi

Kbond, the equilibrium constant for bond formation within the distal pocket, as shown in

Figure 1.3C

k'co, the bimolecular rate constant for CO association (units ].lM'Is'1

K4, the equilibrium dissociation constant

K g, the overall equilibrium constant for ligand dissociation in Equation 1.4

K'entry, the bimolecular rate constant for ligand entry into the distal pocket
Kentry, the equilibrium constant for ligand entry into the distal pocket
Kescape, the rate constant for ligand exit from the distal pocket

the rate constant for geminate recombination (units s

kgem,

Ksno, the equilibrium constant for H20 binding to deoxyhemoglobin or
deoxymyoglobin, as shown in Figure 13A

K, the Michaelis constant
k’No, the bimolecular rate constant for NO association (units l.lM'ls'1
k'No,ox, the bimolecular rate constant for NO dioxygenation (units pM'ls'l)

k’o2, the bimolecular rate constant for O, association (units uM'ls'l)






