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Structural Studies of a Circularly Permuted Human Hemoglobin

Containing Low O,-affinity Mutations

Rachel Hubbard, P. Clint Spiegel and Spencer Anthony-Cahill
Department of Chemistry, Western Washington University

Abstract Why sc-Hb? Hemoglobin States

T=R Conformational Transition

Our research is focused on the production of a hemoglobin-based oxygen carrier

(HBOC) which can be used as a therapeutic in the event of acute blood loss. The

administration of cell-free hemoglobin is associated with severe adverse effects T ate” ‘ - . R state”
due to dissociation of the tetrameric o, complex into afp heterodimers. Our MW: 64 kDa Deli\ll-eor:vOAthflntiizues, o S S Bil::igsr;)?:iair?g(s,
approach to designing an effective HBOC is based on a recombinant circularly  wenas | | L contration s ich
permuted human hemoglobin in which all of the subunits are linked in a single- \

chain fashion. This design would prevent the dissociation of the tetramer and
allow for the biosynthesis of polymeric hemoglobins of defined mass.
Preliminary ligand binding data with our permuted hemoglobins indicates that
they prefer the high O,-affinity R-state conformation over the low O,-affinity T
state. The BN108K and aV96W mutations were introduced to restore T state
stability. Preliminary studies of the mutants have shown that while the BN108K
mutation improved T-state stability, the aV96W mutation displays an &
unexpected destabilizing effect on the T state. We would like to understand the ‘ | | | | .\
molecular basis for these surprising results. We intend to determine the X-ray 2 o A o gl
crystal structure of the aV96W mutant as well as the BN108K mutant and the et DA Do M. D15, €om 1. Ak 15 Lo 5.0, an AnhomCal .. Moo 130 Ko 260K

oV96W + BN 108K double mutant to gain an atomic-level picture of protein recombinant human hemoglobin polymers as scaffolds for protein engineering of hemoglobin-based oxygen carriers. J. Funct. Biomater. 201

2,1-24.
structural differences that could explain these results.
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Structural Determination of Permuted Hbs

1.0 1.0 4 X-ray Crystallography
-~ A o B Functional characterization of the permutiens show a significant reduction in
E 08 e protein stability. Structural models are essential to guide protein engineering efforts
§ § 0. aimed at increasing stability and optimizing function. X-ray crystallography was
;'.’ 0.6+ HbA ‘U': employed to obtain atomic resolution electron density maps of a cpf and sca-cpf
-, 2 044 which were then used to refine models of the proteins and reveal structural
.g % .g | changes due to the modifications.
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s ngar.mc.j bl.ndlng data shows distinct Refinement
ACPR AMT stabilization of the the R-state. Several
< — ACPB N108K : :
075 4\ ropp vosw | | POiNt mutations have been made to

enhance T-state stability.

Ligand binding data shows that the
BN108K mutation improved T state
stability however the aV96W mutation
further destabilized the T state.

0.50 4

Normalized absorbance at 436 rm
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l Heme Pocket Mutations Exhibit Additive Effects on the
0.000 0.002 0.004 0.006 0.008 Structure and Function of Hemoglobin. Biochemistry,2008,
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* Obtain crystal structures of Gain understanding of anomalous effects of V96W on T
* acpP + VI6W + N108K state structure

e acpf +VIeWwW Establish reliable bioreactor fermentation protocol to
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