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Abstract: Introduction: Angora goats are a distinct breed that differs significantly from common
goats and shares a similar appearance to sheep. In Angora goats, only the level of glutathione (GSH)
is elevated during under-stimulated conditions, as well as after the period of hypoxic stress;
however, no changes are found in 2,3-diphosphoglycerate (2,3-DPG) levels, which are commonly
present in the red blood cells (RBCs) of most mammals. We chose the Angora goat for our
investigation because no previous studies have been conducted on the structural and functional
aspects of hemoglobin (Hb). In addition, no sequence or structural information is currently available
in any database.

Methods: Angora goat Hb was isolated and purified by anion-exchange chromatography, followed

ARTICLE HISTORY by crystallization using various methods. X-ray data collection for Angora goat Hb was performed
under a liquid nitrogen cryo-stream using a Bruker D8 Venture Bio Photon Il 28-pixel array area
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por- with polyethylene glycol (PEG) 3350 as the precipitant in water, without the addition of any salt or
10.217410109298665370730250708065019  buffer. The Angora goat Hb diffracted to a resolution of 1.85 A, and the structure solution was
obtained by the molecular replacement method, using the structure of domestic goat Hb as the

@ CrossMark starting model.

Discussion: The solved structure of Angora goat crystallized in the monoclinic space group P2,
consisting of one whole biological molecule in the asymmetric unit, with unit cell dimensions of a =
52.08 A, b=76.70 A, c = 74.08 A, and B = 91.77 °. The solvent content and Matthews coefficient
(Vm) for the Angora goat Hb are 49.05% and 2.41 A’/Da, respectively, and are within the normal
range for protein crystals.

Conclusion: Purification, crystallization, and preliminary X-ray diffraction studies of Angora goat
Hb were performed successfully. Structural refinement and biophysical characterization of Angora
goat Hb are in progress in the absence and presence of GSH and 2,3-DPG.
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1. INTRODUCTION an allosteric protein that maintains cooperativity during
oxygen binding and release by transitioning between two
alternative quaternary structures: the T state (tensed; deoxy
form), which has low oxygen affinity, and the R state
(relaxed; oxy form), which has high oxygen affinity [5-10].
Subsequently, structural analysis of hemoglobin from
various species revealed the presence of several hemoglobin
quaternary states, which include R2, RR2, R3, B, and Y [11-
*Address correspondence to this author at the Protein Structure-Function 14]. In all mammals, 2,3-DPG is an important allosteric
Research Laboratory, School of Molecular and Cell Biology, University of modulator of hemoglobin function and is available in red

the Witwatersrand, Johannesburg 2050, South Africa; blood cells at concentrations between 4 and 13 mM/L [15-
E-mail: ramesh.pandian@wits.ac.za 22]

Mammalian hemoglobins (Hbs) consist of four
polypeptide chains (tetrameric form; olfl and a2f2);
namely, two a- and two B-chains with 141 and 146 amino
acids (AAs) in each chain, respectively, with the presence of
an individual heme group in each chain [1-4]. Hemoglobin is
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Previously, Moorthy et al. published work on the
purification, crystallization, and preliminary X-ray
diffraction studies on the (domestic) goat. The research in
our current study differs from the domestic goat study by
Moorthy et al. [23]. The unique features of our Angora goat
are discussed below. Angora goats are a distinct breed that
differs significantly from common goats, which are more
closely related in appearance to sheep. Angora goats possess
horns that are twisted in a spiraling pattern. They have long,
woolly hair hanging in corkscrew ringlets, which are fine,
white, and as shiny as silk. In addition, Angora goats
produce fattier milk than common goats [24]. GSH and 2,3-
DPG are available in significant quantities in the RBCs of
mammals, including the Angora goat [25, 26]. Angora goats,
under simulated conditions of altitude and hypoxic stress up
to 5500 m, show an increased level (from 33% to 45%) of
packed cell volume and concentration of hemoglobin (from
11.4 g/dL to 16.0 g/dL) in RBCs. In Angora goats, only the
level of GSH is raised during, as well as after, the period of
hypoxic stress, to approximately 20 mg/dL, but no changes
are found in 2,3-DPG levels under any condition [26].

A significant component of the rural economy in South
Africa's semi-arid regions is Angora goat farming. This
activity produces more than half of the world's mohair,
which is valued for its shine and sheen [27, 28]. Remarkably,
South African Angora goats experience several poorly
understood clinical diseases, including weaning shock,
habitual abortion, and swelling diseases in their juvenile and
adult years, but not in their kids [29-36]. It is worthwhile to
note that the conditions mentioned above have been
investigated using hematology and serum chemistry tests on
blood. Considering the background and investigations
mentioned above, we found that the amino acid sequences
and three-dimensional structure of hemoglobin from Angora
goats are not available in sequence (UniProt) and structural
(Protein Data Bank; PDB) databases, respectively. In this
regard, we were determined to solve the high-resolution
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structure of hemoglobin from the Angora goat. In this work,
we report on the purification, crystallization, and preliminary
X-ray diffraction analysis of Angora goat hemoglobin.

2. MATERIALS AND METHODS
2.1. Isolation and Purification

The procedures for purifying hemoglobin from different
species were described by Sundaresan er al. and Ramesh
et al. [36], respectively. Briefly, to avoid clotting, 5 mL of
fresh whole blood (WB) from an Angora goat was collected
in a prestored ethylenedia-minetetraacetic acid (EDTA) tube
at the Agricultural Research Council - Onderstepoort
Veterinary Research, Pretoria, South Africa. The RBCs were
isolated from the WB by centrifugation at 1400 x g for 20
minutes at 4°C. After centrifugation, the pellet was recovered
and washed thrice with two volumes of 0.9% (w/v) saline
solution. The recovered pellet was hemolyzed by the
addition of three volumes of distilled/milliQ water with
respect to the volume of the original blood sample. This
solution was kept at 4°C for 30 minutes for hemolysis to
occur. After hemolysis, the mixture was centrifuged again at
5600 x g for 1 h at 4°C, yielding a hemoglobin solution in
the supernatant with no cell debris. Subsequently, the
supernatant was loaded onto a 5 mL DEAE-cellulose anion-
exchange column from Merck (Cytiva 17-5154-01; bed size:
16 mm x 25 mm; bed volume: 5 mL; matrix: 6% cross-
linked agarose; particle size: 45-165 pm) pre-equilibrated
with water [37]. Hemoglobin eluted at 0.1 M NaCl at a flow
rate of 3 mL/min using a 0-1.0 M NaCl salt gradient (Figure
1). The elution profile with UV absorbance and the Soret
absorption band for Angora goat Hb near 420 nm is shown
in Figure 1 [38, 39]. Analysis of the two selective fractions
of purified Angora goat Hb was performed on a 12.5%
native-PAGE, showing a single band in Lanes 1 and 2,
respectively (Figure 2) [40]. The purified Angora goat Hb
was dialyzed against MilliQ water.
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Figure 1. Elution profile of Angora goat Hb. (4 higher resolution / colour version of this figure is available in the electronic copy of the

article).
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Figure 2. 12.5% Native-PAGE of Angora goat Hb (MW:
Molecular weight marker; Lane 1 and Lane 2: Purified fractions 1
and 2 of Angora goat Hb, respectively). (4 higher resolution /
colour version of this figure is available in the electronic copy of
the article).

2.2. Crystallization

Initially, crystallization conditions for Angora goat
hemoglobin (Hb) were screened using sitting-drop vapor-
diffusion and micro-batch methods with a PEG/Ion
screening kit (Hampton Research, USA). The kit uses
polyethylene glycol 3350 (PEG 3350) as a precipitant under
varying protein concentrations. We obtained good diffracting
crystals of Angora goat Hb by the hanging-drop vapor-
diffusion method.

2.3. Data Collection and Processing

A high-quality crystal of Angora goat Hb (Figure 3) was
mounted in a nylon cryo-loop and soaked briefly with an oil-
based cryoprotectant, Parabar 10312 (Hampton Research,
USA), previously called Paratone, to reduce temperature
damage to the crystal. Data collection was performed at 100
K under a constant liquid nitrogen cryo-stream using a
Bruker D8 Venture Bio Photon III 28-pixel array area
detector with dual source available at our in-house X-ray
facility at the University of the Witwatersrand,
Johannesburg, South Africa. Preliminary data collection for
calculating the unit cell parameters and full data collection
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belonging to the Angora goat Hb was done using a Cu Ka
IuS DIAMOND source (50 kV, 1.2 mA) controlled by the
PROTEUMA4 software package [41]. One of the diffraction
images belonging to the Angora goat Hb is shown in Figure
4. The diffraction images were processed using SAINT for
data integration, SADABS for empirical absorption correction
and data scaling, and SCALEPACK and AIMLESS/

POINTLESS for generating an MTZ file, all of which are
built into the PROTEUM4 software suite [41-46]. Data
collection and processing statistics are listed in Table 1.
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Figure 3. Crystals of Angora goat Hb. (4 higher resolution / colour
version of this figure is available in the electronic copy of the
article).

Figure 4. Diffraction pattern of Angora goat Hb crystal. (4 higher
resolution / colour version of this figure is available in the
electronic copy of the article).

3. RESULTS AND DISCUSSION

The native form of hemoglobin was purified from the
Angora goat to a final concentration of 22.5 mg/mL in
MilliQ water in the absence of salt. Good-quality crystals
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Table 1. Data collection and processing statistics of Angora
goat Hb.
Light Source Cu Ka
Wavelength (A) 1.5418
Bruker D8 Venture Bio PHOTON
Detector 111 28-pixel area detector

Temperature (K) 100
Crystal to detector distance (cm) 10.1
Exposure time (seconds) 40
Oscillation angle (°) 1.0
Space group P2,

Unit cell parameters (A, °) -

a,b,c,p, 52.08, 76.70, 74.08, 91.77

Resolution range (A) 24.79 -1.85 (1.89-1.85)*

No. of observed reflections 470340 (11214)*
No. of unique reflections 49759 (3042)*
Completeness (%) 99.9 (99.4)*
I/o(I) 8.4 (0.8)*
Rmerge¥ 0.188 (1.662)*
Multiplicity 9.5 (3.7)*
Matthews coefficient ¥, (A3/Da) 2.41
Solvent content (%) 49.05

Note: *Values in parentheses are for the highest-resolution shell.

¥Rmerge = thlZil I; (hkl) — (I (hkD) |/thl2ili (hkl), where I; (hkl)
is the intensity of the observed reflection and (I (hkl)) is the mean intensity
of the reflection.

suitable for diffraction were obtained within a week using
the hanging-drop vapor-diffusion method. The reservoir
buffer consisted of 1 mL 12.5% PEG 3350 in water. A single
drop consisted of 3 puL protein solution and 3 pL of reservoir
solution. The crystals belonged to the monoclinic space
group P2, as indicated by systematic absences, with unit cell
parameters of a =52.08 A, b=76.70 A, c = 74.08 A, and p =
91.77° The data were processed to a resolution of 1.85 A
with a completeness of 99.9%. The data collection statistics
are given in Table 1. Evaluation of the crystal packing
parameters revealed that the lattice accommodates one full
biological molecule in a tetrameric form of Angora goat Hb,
consisting of two a-chains and two f-chains in the
asymmetric unit. The Matthews coefficient (Vm) and the
solvent content for the collected data set for Angora goat Hb
are 2.41 A*/Da and 49.05%, respectively, which are within
the range observed commonly for protein crystals [47].
Structure solution of the Angora goat Hb was carried out by
the molecular replacement method with a domestic goat Hb
as the starting model (PDB id: 3DI1A; Sathya Moorthy,
Neelagandan, Balasubramanian & Ponnuswamy;
unpublished work) using the program PHASER built in the
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PHENIX software [48-50]. The a- and B-subunit sequences
from the domestic goat and sheep share 100% and 95.17%
identity, respectively [51]. However, in the case of Angora
goat Hb, there are differences in both subunits. This means
that it is completely novel and unique when compared to the
domestic goat. Since it is a high-resolution structure, several
mutations were observed on both the o- and B-subunits of
Angora goat Hb (data not shown) during refinement and
after structure solution. The mutations observed in the
Angora goat Hb may introduce structural and functional
changes; however, these will be dealt with in a forthcoming
manuscript. Structure refinement of Angora goat Hb and
functional studies of ligand binding to GSH and 2,3-DPG are
currently in progress.

STUDY'S LIMITATIONS

One of the main challenges in the current study is that we
lack basic molecular information regarding Angora goat Hb.
There is no amino acid sequence available for Angora goat
Hb in common databases such as UniProt. Additionally, the
full three-dimensional structure has not been reported in
structural databases, e.g., the Protein Data Bank (PDB). The
above missing information makes it difficult to perform
detailed bioinformatics studies, create accurate structural
models, or compare its functions with other Hbs. Without
these key details, our understanding of Angora goat Hb is
limited.

CONCLUSION

The purification of Angora goat Hb from whole blood
was done successfully, followed by crystallization at pH 7 in
a water solution in the presence of PEG 3350. Angora goat
Hb crystals diffracted up to 1.85 A resolution within the
monoclinic space group P2,, with unit cell parameters of a =
52.08 A, b =76.70 A, ¢ = 74.08 A, and B = 91.77° We
successfully obtained the structure solution of Angora goat
Hb using molecular replacement with the domestic goat Hb
as a starting model. Structure refinement and biophysical
characterization studies of Angora goat Hb with and without
GSH and 2,3-DPG are in progress.
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