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Ultrasonic Examination of the Hemoglobin Dissociation Process in
Aqueous Solutions of Guanidine Hydrochloride*

W. D. O’BrIEN, ]Jr., aND F. DUNN

Bioacoustics Research Laboratory, University of Illinois, Urbana, Illinois 61801

The ultrasonic absorption was determined, in aqueous solutions of hemoglobin undergoing dissociation
as a function of the strong electrolyte guanidine hydrochloride (GuHCI), up to 5.4M (molar), over the
frequency range 1-50 MHz. With increasing GuHCI concentration to 0.7M, the Hb molecule dissociates
into half-molecules without loss of tertiary structure, and at GuHCI concentrations greater than 2.5M,
the Hb molecule dissociates further into its four individual polypeptide chains with complete loss of tertiary
structure. The ultrasonic absorption coefficient appears to be insensitive to the dissociation process, though
a small contribution appears at the lower frequencies, owing to the expansion of the polypeptide molecule.
A maximum in the absorption occurs near 2M GuHCI concentration, which does not correspond to dis-
sociation or expansion of the Hb molecule, and it is thought to be associated with the proton transfer

reaction.

The role of the conformation of proteins in the absorp-
tion of ultrasonic energy in biological media has received
some attention.!—? The ultrasonic absorption spectra of
macromolecules which assume random coil conformation
in aqueous solution, viz., dextran! and polyethylene
glycol,* exhibit magnitudes considerably less than those
of the globular proteins which exist in compact rigid
strictures. This magnitude difference has been attrib-
uted to the secondary and tertiary structures possessed
by the proteins, which dextran and polyethylene glycol
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do not exhibit. In addition, the protein gelatin, which
does not possess a secondary or tertiary structure, has
a lesser absorption magnitude than those proteins with
such structuring.® Thus, it appears profitable to examine
the ultrasonic absorption spectra of a globular protein
possessing a higher-ordered structure as it is denatured
into its random-coil conformation. The protein hemo-
globin was selected, since its conformal changes have
been well characterized as a function of the protein
denaturant guanidine hydrochloride, GuHCL.®
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Fic. 1. Concentration dependence of oh-
served (total) ultrasonic absorption of aque-
ous solutions of guanidine hydrochloride
(/=8.87-50.5 MHz). o, 10°C; O, 22.2°C;
A, 37.1°C.
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The two systems utilized in the measurements of the
ultrasonic absorption have been extensively described
elsewhere.”.® Basically, the high-frequency system, for
measurements greater than 8 MHz is an automated
version of that of Pellam and Galt,® and the low-fre-
quency system, which minimizes diffraction effects, is a
comparison technique initially described by Carstensen
et al.® Both systems maintain the temperature of the
liquid under investigation to within an accuracy of
+0.05°C as checked against an NBS calibrated ther-
mometer. The absolute accuracy of the ultrasonic
absorption measurements, for both systems, is within
+3%.

Aqueous solutions of uncrystallized bovine hemo-
globin (Nutritional Biochemicals Corp., Control No.
3099) were prepared by placing the proper amount of
powder on top of a measured volume of singly deionized
and distilled water and stored at 7°C until mixing was
complete, usually 2-5 h. The solutions were centrifuged
at 20 000 g’s for 2 h to remove the heavier particles, and
the supernaturant was filtered twice through type-A
glass fiber filters (Gellman Instrum. Co.) which removed
particles larger than 0.3 u in diameter. Eight molar
aqueous quanidine hydrochloride (GuHCI) solutions
were prepared (Eastman Organic Chemicals, Lot No.
882K, and Nutritional Biochemicals Corp., Control No.
4124). They were filtered once through a type-A glass
fiber filter and the concentration determined by evapo-
rating over air, to near dryness (as it is highly hydro-
scopic), and dried in a vacuum desiccator over indicating
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Fic. 2. Guanidine hydrochloride titration of bovine hemo-
globin at 10°C over the frequency range 1-5 MHz. 0, 1.7 MHz;
A, 3.1 MHz; O, 5.1 MHz.
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anhydrous CaSQ, for one week. The concentration de-
termination of the GuHCI-Hb solutions was obtained
first by determining accurately the Hb solution concen-
tration before GUHCl was added, and then, while adding
the GuHCI, measuring both the increase in volume due
to GuHC) and its dry weight. The concentration ac-
curacies are estimated to be from +0.3% to =+3%,
with the accuracy decreasing as the GuHCI concentra-
tion increased.

The conformal changes of hemoglobin which result
from GuHCI solutions have been characterized by a
number of investigators.5!! Figure 1 shows the fre-
quency-free absorption characteristics of the aqueous
GuHCl solutions as a function of concentration at 10.0°,
22.2°, and 37.1°C. No relaxation processes were observed
over the frequency range 8-50 MHz, and the absorption
magnitude was found to be less than that of water
throughout the temperature range considered.

In Figs. 2 and 3, the ordinate is the frequency-free
excess Hb solution absorption per unit Hbh concentra-
tion, defined as

(1)

where aop, is the measured Hb solution ultrasonic ab-
sorption (corrected for diffraction) at frequency f and
hemoglobin concentration ¢up, and aguuct is the absorp-
tion of the solvent, taken from Fig. 1. In both figures the
peaks in the absorption parameter A occur around a
GuHCI concentration of 2M. Also, for frequencies 1.7,
3.1, 5.1, 8.9, and 14.8 MHz, A is greater at zero GuHCl
concentration that at the higher concentrations
employed, viz., around SM.

Kirshner and Tanford!? have shown that negligible
differences resulted between bovine and human hemo-
globin in aqueous NaCl, MgCl,, and (NH,).SO, solu-
tions up to 3M concentration in the temperature range
10-25°C. On the other hand, marked differences between
human and horse hemoglobin have been observed.!3-'*
Therefore, it is assumed in this study that bovine and
human hemoglobin molecules behave similarly under
varying conditions of ionic enviromment. This assump-
tion is necessary, as much work has been reported on
the elucidation of the physical and chemical properties
of human hemoglobin, while little information is avail-
able for bovine hemoglobin.

At zero GuHCI concentration, the hemoglobin mole-
cule is in aqueous solution in its native conformation,
i.e., 2 compact rigid molecule made up of four subunits
noncovalently linked.® Each of these subunits, two
termed « polypeptide chains and two termed 38 poly-
peptide chains, is conjugated to an iron-containing
moiety. There are no disulfide cross links which would
prevent each of the four polypetide chains from assum-
ing a completely random coil configuration. As the
GuHCI concentration increases to 0.7M, the sedimen-
tation coefficient decreases and the diffusion coefficient
increases. Between 0.7 and 2.5M, the sedimentation

A =(agws—acunct)/casf?,
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F1c. 3. Guanidine hydrochloride titration of bovine hemo-

globin at 10°C over the frequency range 8-50 MHz. 0, 8.9 MHz;
0, 14.8 MHz; A, 26.7 MHz; A, 50.4 MHz.

coefficient remains constant. Physically, the hemoglobin
molecule has dissociated in half without any structural
changes occurring to the individual polypetide chains.
These half-molecules each contain an « polypetide chain
and a 8 polypetide chain. As the GuHCI concentration
is increased beyond 2.5M, the sedimentation coefficient
decreases to a limiting value around 5M and the intrinsic
viscosity of the solution indicates that the protein has
greatly expanded. Thus the half-molecules have broken
in half again, yielding the individual @ and 8 polypep-
tide chains, and these chains have assumed the random
coil formation.

From Figs. 2 and 3, it is seen that the conformational
changes of the Hb molecule do not produce concomitant
changes in the ultrasonic absorption data, which would
suggest that A4 is responsive to the dissociation process,
within the GuHCI range 0-0.7M. However, there does
appear to be a small contribution to the ultrasonic
absorption due to conformational changes as seen by the

difference in the magnitude of the absorption at zero

concentration of GuHCI, where the Hb molecule is
compact and rigid, and beyond SM concentration, where
it has assumed the random coil conformation. This is
most notable in the frequency range 1-15 MHz.

The peak in the absorption parameter A, occurring
around 2M GuHCI, can be attributed to the proton
transfer reaction. It has been shown'® that the guanid-
infjum ion (GuH*) can partake in a proton exchange
reaction with water under appropriate conditions in
which a second solute, Hb in this case, forms strong
hydrogen bonds with either water or GuHt, and it is
suggested that this proper mixture is achieved around
2M GuHCI at which the proton exchange reaction is
maximized. This particular mechanism has already been
invoked to explain the ultrasonic absorption in aqueous
polypeptide and protein solutions.”-16-18
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