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Abstract of Thesis

1. Introduction

Human adult hemoglobin (HbA) is the oxygen-transport protein in red blood cells. HbA is a tetramer,
composed of two a- and two B-subunits. Within each subunit, there is a heme group. The iron in the center of
the heme plane is the binding site for oxygen and other ligands. HbA has two distinct quaternary structural
states, the low-affinity (T or tense) state and the high-affinity (R or relaxed) state. The quaternary transition
between R and T states is the structural basis of the cooperative oxygen (O,) binding, which plays important
physiological roles.

Time-resolved resonance Raman (RR) spectroscopy is a very useful technique to investigate protein
dynamics. Visible excitation near the Soret absorption band of heme produces the selectively and greatly
enhanced Raman signals of the heme vibrational modes. In this study, | utilized heme-resonant Raman
spectroscopic technique to monitor the dynamics of HbA.

2. Experimental section

In my study, | used recombinant Hb (rHb) instead of purifying protein sample from blood donors. During
transformation, a certain type of plasmid was taken up by Escherichia coli (E. coli). Then, cultivate E. coli and
induce the production of rHb. The rHb was purified from the lysate using affinity and ion exchange
chromatography. The purity of the protein sample was verified by absorption spectra and electrophoreses.

Nanosecond time-resolved RR measurements were performed to study the dynamics of rHb after
photodissociation of CO. Here, CO rather than O, was used as the ligand, because the allosteric transition after
CO photolysis is very similar as compared with O, photolysis, and because the quantum yield of CO photolysis
is higher. Two nanosecond pulse lasers were used, a 436-nm probe laser and a 532-nm pump laser. The powers
of the probe and pump pulses were 0.5 and 185 pJ/pulse, respectively.

3. The first study - Effect of the N-terminal residues on the quaternary dynamics of HbA
(1) Background

In order to study the structure-function relationships of HbA, an efficient expression system is needed. In
many respect, E. coli expression system is the best choice. However, the endogenous methionine
aminopeptidase (MAP) of E. coli cannot cleave the initiator methionine (Met) from both a- and p-subunits of
rHb. The extensions of the N-termini interfere with some functional and structural properties of the whole
protein.

Two strategies have been used to circumvent this problem. One strategy is to add a Met-AP gene into the rHb
expression plasmid. The initiator Met of rHb may be cleaved by a mass of coexpressed Met-AP. A much
simpler strategy is to replace the N-terminal Val codons by the initiator Met codons to yield the V1M mutant.
Although the kinetic and thermodynamic properties of the V1M mutant closely approximate those of HbA, the
structural dynamics along the R—T transition pathway of the V1M mutant has not been examined yet.

(2) Results and discussion

In this study, | measured heme-resonant Raman spectra of the V1M mutant and the normal rHb expressed in
E. coli, then compared their spectra with those of HbA purified from blood. It is indicated that the data of the
normal rHb were quite similar to those of HbA. In contrast, the dynamic behavior of the a(VIM)/B(VIM)




double mutant was different from that of HbA. Apparently, the main dynamic difference was in the time region
of tens of microseconds.

The present data showed that the V1—M mutation accelerates the second step in the R—T quaternary
transition. A possible molecular mechanism was proposed. a;V1 is sandwiched between the H helices of the oy
and o, subunits. These H helices shift away from each other upon the R—T transition. Since two H-helices are
much closer in R state, the side-chain of aV1 suffers more steric hindrance in R state. Once the N-terminal
residue is mutated from Val to Met, the side chain becomes larger, indicating that steric hindrance increases.
Since there is more steric hindrance in R state, R state is more destabilized than T state. Therefore, R-T
transition is accelerated.

(4) Conclusion

The spectral changes of the V1M mutant were distinct from those of HbA in the tens of microseconds region,
whereas the spectral changes of normal rHb and HbA were similar. The present study demonstrated that
structural changes in the N-termini are involved in the second step of the R—T quaternary transition of HbA.
These findings help further characterize the protein dynamics regulating the allosteric pathway of Hb.

4. The second study - Time-resolved resonance Raman studies on tertiary dynamicsin Rand T
guaternary structures of human adult hemoglobin
(1) Background

Tertiary structural change means structural change of a single protein subunit. To realize the quaternary
transition, certain tertiary structural changes (tertiary dynamics) are also indispensable.

In this study, | selectively studied the tertiary dynamics of rHb by fixing the quaternary state of rHb.
Mutation of certain amino acid at the a;[3, interface may fix the quaternary state of rHb. The R and T mutants
used in this study are two examples. The R mutant is fixed in R quaternary state, while T mutant is fixed in T
quaternary state. Consequently, the tertiary dynamics in R or T quaternary structure can be selectively
investigated.

(2) Results and dicussion

The dynamics of R mutant is compared with wild-type rHb. The results indicate that the tertiary structural
changes under R quaternary structure complete within 50 ps.

The dynamics of T mutant is also compared with wild-type rHb. The results predict that tertiary dynamics in
T quaternary state complete at several hundreds of microseconds.

Obviously, the tertiary changes in T quaternary state is largely decelerated as compared with the tertiary
changes in R quaternary state.

(3) Discussion

Figure 1 compares the structures of R and T states. The constraints of E and F helices by the switch and

hinge contacts are probably the reason why tertiary dynamics in T quaternary state is decelerated.
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Figure 1. Comparison of R and T states.

(4) Conclusion

The results show that the tertiary dynamics in T quaternary state is much decelerated as compared with R
quaternary state, which indicates that tertiary structural changes is not independent from quaternary structure.
These findings help further characterize the coupling between tertiary and quaternary dynamics of Hb.
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