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SUMMARY 

Isoelectric focusing (IEF) across an urea gradient, and titration curves ob- 
tained by IEF-electrophoresis with and without urea, were used to characterize por- 
cine and bovine haemoglobin and globins prepared either by the cold-acetone method 
(native globin) or by a new method based on haem precipitation with a dilute car- 
boxymethylcellulose (CMC) solution at acidic pH. CMC-treated bovine globins dis- 
sociated at moderately low urea concentration into a and ~3 subunits. In native bovine 
globin and in CMC-treated porcine globin, one intense band consisting of both a 
and fi subunits was stable to urea at the isoelectric point @I), but was dissociated 
into subunits below the pZ. Common to all titration curves of the globins was a 
marked reduction in mobility at pH below 5.0 in the case of bovine globin and below 
6.0 in the case of porcine globin because of the formation of an aggregate. In all 
globin samples except spray-dried bovine globin the main band remained stable be- 
tween the pZ and the pH of aggregation. 

INTRODUCTION 

Animal blood is a valuable source of edible protein. It contains about 18% 
crude protein, of which 80% is found in the blood corpuscles and 20% in the plasma. 
If blood corpuscle concentrate is to find wide utilization in the food industry, how- 
ever, the strong flavour and dark colour must be eliminated. This can be achieved 
through the separation of haemoglobin into haem and globin fractions. 

Conventionally, globin has been prepared from haemoglobin by use of dif- 
ferent solvents,1-3 or by a method based on carboxymethylcellulose column chro- 
matography in the acidic pH range 4. A new, simple separation method, recently 
described by Autio et aL5, has been developed in this laboratory. The method is 
based on precipitation of haem with a dilute carboxymethylcellulose (CMC)-water 
solution in the acidic pH range, where haem reacts with CMC and can be separated 
from the globin solution by centrifugation. 

Haemoglobin is a haemoprotein composed of four separate polypeptide chains 
(a&) which are arranged in the form of a spherical structure. Each of the four chains 
contains a haem group embedded in the interior of the molecule rich in non-polar 
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residues. The iron of the haem is linked at two sites to a histidine imidazole nitrogen 
atom of the polypeptide chain. When the haem is removed from the haemoglobin 
the stability of the molecule is decreased6. Moreover, both the processing method 
and the origin of the globin seem to have a great influence on its functional properties, 
which in turn depend on the structure ‘v8. Electrophoretic methods are effective for 
fractionation and characterization of proteins 9Jo. Isoelectric focusing (IEF) is a 
simple and powerful method for the detection of changes in the charge of protein 
molecules. Vertebrate globin has a high histidine content (cu. 8%)“. When the high- 
order structure of globin is destroyed these basic amino acids will move from the 
interior to the surface of the molecule and the isoelectric point (pr) will increase. 
However, the IEF technique does not give any information about the subunit struc- 
ture or molecular weights of the IEF bands. 

An interesting approach to the characterization of the subunit structure of IEF 
bands is the use of a urea concentration gradient in gels. Urea is a denaturant which 
dissociates non-covalently associated subunits: in the case of globin the native protein 
is expected to give rise to two subunit bands at high urea concentration. The first 
report of this method was presented by Hobart12. 

Hydrogen-ion titration by isoelectric focusing-electrophoresis is another new 
method which, among other things, gives information about the subunit interactions 
at different pH values. This method was developed by Rosengren et uZ.13. 

The above methods are here applied to characterize porcine and bovine globins 
processed by different methods. 

MATERIALS AND METHODS 

Preparation of globins 
Globin was prepared from bovine and porcine blood cells by the CMC-pre- 

cipitation method, described in detail earlier by AutiosJ4. The principle of the 
method is as follows. Blood cells are haemolyzed, the pH is adjusted to below 2 with 
HCl, dilute CMC-water solution is added and the haem-CMC precipitate is centri- 
fuged off. The protein solution obtained was either frozen or concentrated by ul- 
trafiltration and spray-dried. 

Native globin was prepared from bovine blood cells by the cold acetonehy- 
drochloric acid method described by Clegg et al.’ 5. 

Isoelectric focusing 
Isoelectric focusing was performed horizontally in ultrathin (0.5 mm) poly- 

acrylamide ge116J7 {T[ = (g acrylamide + cross-linker)/100 ml solution] = 7.5%, C 
(= g cross-linker/OAT) = 3%) on an LKB 2217 Ultrophor apparatus. Carrier am- 
pholytes of pH 7.0-9.0 and 8.0-9.5 (LKB) were added to a final concentration of 1.6 
and 0.8%, respectively. The concentrations of ammonium persulphate and 
N,N,N’,N’-tetramethylethylenediamine (TEMED) in the gel were 0.07 and O.l%, 
respectively. 

Isoelectric focusing was also performed in acrylamide gel containing a urea 
gradient (O-8 M) and a small acrylamide gradient (T = 5.44.2%, C = 5.9%) per- 
pendicular to the direction of electrofocusing 18. The final concentrations of carrier 
ampholytes were 1.6% (pH 7.0-9.0) and 0.8% (pH 8.0-9.5), and those of ammonium 
persulphate and TEMED were 0.04 and 0.03%, respectively. 
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Samples were applied to sample application papers which were laid on the 
surface of the gel. Electrofocusing was carried out at + lYC, with a voltage of 500 
V applied for 10 min without samples, then 500 V for 30 min and 1200 V for about 
4 h with samples. The pH gradient at + 15°C was determined by measuring the pH 
in the gel layer with a microglass electrode (Ingold Type 10455 3006). In the case of 
urea the pH readings were reduced by 0.429. Gels were fixed, stained and destained” 
and the intensity of the stained bands was measured by densitometry (Quick Scan R 
& D densitometry, Helena Laboratories). 

Titration curves 
Titration by combined isoelectric focusing+&ctrophoresis19Jo was carried out 

in ultrathin polycrylamide gels (T = 5%, C = 3%). The concentrations of ammo- 
nium persulphate and TEMED were 0.04 and 0.02%, respectively. The carrier am- 
pholyte was Ampholine pH 3.5-10 (LKB), used at a concentration of 2%. The pH 
gradient was first established without samples (1200 V, 50 min) and then the electro- 
phoresis (600 V, 10 min) was carried out perpendicular to the pH gradient. Titration 
curves were also obtained in 8 M urea. 

RESULTS AND DISCUSSION 

Bovine globin 
When haem is removed from globin, an unfolding reaction of globin occurs 

and as a result the isoelectric point of globin is higher than that of haemoglobinZ1 
(Fig. 1). In the case of the spray-dried CMC-treated globins, the further processing, 
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Fig. 1. Isoelectric focusing of bovine haemoglobin and globins. A = Haemoglobin; B = native globin; 
C = frozen CMC-treated globin; D = spray-dried CMC-treated globin. 
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concentration and drying, decreased the intensity of the band with pI 8.18, and there 
are strong new bands with pI 7.90 and 8.56 (Fig. 2). 

When the IEF bands were further characterized across a urea gradient different 
patterns were obtained for haemoglobin and the variously processed globins (Fig. 3). 
Haemoglobin seems to be quite resistant to urea. The main component with pZ 7.26 
(LX&) did not dissociate in 8 A4 urea. However, a small amount of dimer (PI 7.43) 
contained in the bovine haemoglobin was dissociated into subunits at around 4 A4 
urea. Earlier it was reported that 6 M urea has no influence on the pl of human 
haemoglobing . 

The patterns for the globins were more complicated. In native globin (Fig. 3B) 
the band with pI 8.18 was found to dissociate at moderately low urea concentration 
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Fig. 2. Intensity of bovine globin bands in isoelectric focusing gels. 
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to an a subunit (pZ 8.26) and probably to a stable aggregate with pZ 7.75. The fact 
that in the IEF pattern of the subunits only jI chain was present suggests that un- 
symmetric aggregates may be present. It may be that a j? chain is dissociated from 
the band with pZ 7.90 and as a result a stable symmetric aggregate is formed. Perutz 
et ~1.~2 have reported that, in addition to the splitting of haemoglobin into sym- 
metrical species, there is also a splitting into unsymmetrical species. Quantitative 
investigation of the stained bands cannot resolve the nature of the species since the 
staining is based on ammonium groups which are strongly represented in the a chain. 

In contrast to native globin, in frozen globin (Fig. 3C) the band with pZ 7.90 
was weak and the main band with pZ 8.18 was dissociated into a and ~3 subunits. 
Another important difference was the existence of the a subunit in the frozen globin, 
whereas only the ~3 subunit or its polymer was present in the native globin. Likewise 
in the spray-dried globin (Fig. 3D), the main band was dissociated into a and #I 
subunits, but instead of the one intense /3 chain of the frozen globin, many faint 
bands could be seen. 

The titration curves were obtained with and without 8 M urea. The results are 
presented in Figs. 4 and 5. In the presence of urea, bovine haemoglobin did not 
dissociate into subunits at the isoelectric point, whereas on the acidic and alkaline 
sides at least two curves could be observed (Fig. 4A). The CMC-treated frozen and 
spray-dried globins, by contrast, existed as subunits in the presence of denaturant 
also at the pZ (Fig. 4C and D). The patterns indicate the presence of several different 
a and j? chains, especially in the spray-dried globin. In native globin the band with 
pZ 7.75 really contains an aggregate in which both subunits are dissociated below the 
pZ (Fig. 4B). 

Common to all the titration curves of globins in the absence of urea was a 
marked reduction in mobility at around pH 5. The molecular weight and the shape 
of a protein are known to affect the rate at which it migrates through polyacrylamide 
gels; but since the mobility is not reduced in the presence of urea, unfolding cannot 
be the reason. Rather it seems that the a chain has reacted with the main band to 
form an aggregate. 

The pattern obtained from the spray-dried globin (Fig. 5D) is more compli- 
cated. The main bands with pZ 8.18 and 7.90 are of aggregates which are supposed 
to dissociate at around pH 6 to several a and jl subunits (Fig. 6). Probably the 
spray-dried globin contains unsymmetric aggregates derived from altered a and B 
chains and hence the aggregate is less resistant to dissociation by H+ . In the case of 
frozen and native globin a more stable symmetric structure was formed after the 
removal of a chain (Fig. 5B and C). It is interesting that, in contrast to native globin, 
the main component of frozen globin dissociated into subunits under the influence 
of urea but did not dissociate under the influence of H+ . 

Porcine globin 
Porcine globin has been reported to possess poorer functional properties than 

bovine globins. The reason for this must be the different amino acid sequences which 
determine the high-order structure of the globins. The further characterization of the 
bands obtained by IEF (Fig. 7) revealed that, in contrast to CMC-treated bovine 
globins, only the bands with pZ 8.01 and 8.1 I were dissociated into subunits in the 
urea gradient; the band with pZ 8.26 was due to an aggregate, which is resistant to 
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Fig. 3. Isoelectric focusing of bovine haemoglobin (A), native globin (B), frozen CMC-treated globin (C) 
and spray-dried CMC-treated globin (D) in an urea gradient. 
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Fig. 4. Titration curves of bovine haemoglobin and globins in 8 M urea. Details as in Fig. 3. 

Fig. 5. Titration curves of bovine haemoglobin and globins in the absence of denaturants. Details as in 
Fig. 3. 
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Fig. 6. Hypothesis of the dissociation of the globin aggregates. 

urea at the pZ (Fig. 8B, C). In the presence of denaturant the band with pZ 8.26 is 
dissociated into 01 and /I chains below the pZ (Fig. 9). The titration curve of spray- 
dried CMC-treated porcine globin in the absence of urea (Fig. 9) shows the main 
band to be more stable to dissociation caused by H+ than that of bovine globin, but 
the aggregate was formed at higher pH for porcine than for bovine globin. 

The pattern of porcine haemoglobin in the urea gradient is very similar to that 
of bovine haemoglobin (Figs. 3A and 8A). The results demonstrate the importance 
of both haem and globin contacts and the W/I interaction for the stability of the 
structure of haemoglobin. 
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Fig. 7. Isoelectric focusing of porcine haemoglobin and globins. A = Haemoglobin; B = frozen CMC- 
treated globin; C = spray-dried CMC-treated globin. 
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Fig. 8. Isoelectric focusing of porcine haemoglobii and globins in an urea gradient. Details as in Fig. 7. 

El. 

Fig. 9. Titration curves of porcine CMC-treated spray-dried globins: A, in the absence of denaturants; B, 
in 8 A4 urea. 
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