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ABSTRACT

Gel filtration column chromatography and sodium dodecyl sulfate- polyacrylamide gel
electrophoresis (SDS-PAGE) were used to study the chemical propertiesof hemoglobinsfor 2-week-old
broilers, adult broilersand adult layer henaswell as adult ducks. All of the elution patternsobtained with
0.05M Trisbuffer pH 7.4 containing 0.02% sodium azide and monitored at 415 nm for hemoglobin, was
consisted of one peak which was estimated asamolecular weight of 51,784 daltons. As compared with
theresult from SDS-PA GE, thedenatured hemogl obinmigrated i nto two bandswith themol ecul ar weight

of 12,519 daltons and 10,984 daltons.
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INTRODUCTION

Hemoglobin (Hb) is the magor oxygen
transport protein found in al vertebrates with the
exception of a few Antarctic deep-sea fishes
(Abbasi and Lutfullah, 2002). Hb is composed of
polypeptide chains called globin, and iron
protoporphyrinhemegroups. Avian Hbshavefour
heme groups containing iron as do mammals but
their proteinmoietiesaredifferent (Sturkie, 1976).
Theblood of adult chicken, asin most other birds,
iscomposed of two major Hbs, HbA and HbD that
haveidentical 3 chainsbut differintheaminoacid
sequences of the o chains. HbA (o 5B5) and
HbD(aP ,B,) are expressed in a3:1 ratio in adult
chickens (Knapp et al., 1999).

Both o chainshave the same number (141)
of amino acids, but they are arranged in different

sequences within and between species. Thetwo 3
chainscontainthesamenumber (146) and sequence
of amino acids for the same species, but vary in
seguence between species. Thereare mutant types
of Hb and some of the types are inherited. The
mutationsoccur intheo and § chainsinsuchaway
that the rate of mutation is low in the 3 chains,
higher inthe o2 chain and highest in the o:P chain
(Sturkie, 1976).

Besides these major Hbs there are minor
Hbs, HbA/ isthemet-derivative of HbA and HoK .
HbK differsfrom the two major HbA and HbD in
the o chain. HbK o chain (oK) is similar to oA
chain of HbA except that the C-terminal amino
acid Arg 141 is lacking (Cirotto and Parente,
1987). Cirotto and Parente (1987) have suggested
that chicksHbK may beanintermediate productin
the Hb turnover and from their data it is more
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plausible to believe that ok derives from oA by
a post-translation modification rather than the
existence of anew ok gene.

In avian embryos, at least four Hbs have
been identified: two major types, HbP and HbP/
and two minor types, HbE and HbM. Thesetypes
undergo changes and devel op into the adult types
before hatching time, and this changesthe affinity
of the Hbs for oxygen (Sturkie, 1976).

Gel filtration chromatography is a special
type of partition chromatography in which
separation isbased on molecular sizeand shape. It
istherefore avaluable analytical tool to purify the
globular proteins and to estimate the molecular
weight of these proteins. Sodium dodecy! sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)
is the most common way of estimating the
molecular weight of protein subunitsinusetoday.
The molecular weights of the single polypeptide
chains are determined in SDS-PAGE by
electrophoresingthemtogether with several protein
markers of known molecular weights (V oet and
Voet, 2004).

Thepresent work wasdesignedtodetermine
the molecular weights of the Hbs (tetramer) and
the Hb subunits of 2-week-old and adult domestic
fowl, within and between species, using the
chromatographic and electrophoretic techniques.

MATERIALSAND METHODS

Preparation of Hb solutions

Blood samples from 2-week-old broilers
(Cobb), adult broilers(Caobb), adult ducks(Cherry)
and layer hen (Heysac Brown) were collected in
tubes containing heparin as an anticoagulant. The
blood was centrifuged (3,000 rpm for 10 min) to
remove the plasma. The packed red blood cells
were lysed by addition of hemolysate reagent
containing 0.005M EDTA and 0.01% potassium
cyanide (1 part packed red blood cells to 6 parts
hemolysate reagent) as described by Helena
Laboratories, U.S.A. (2001). The cell debris was

removed by centrifugationat 11,500 rpmfor 5min
(Washburn, 1968). Hemolysates or Hb solutions
were collected from the aqueous layer and stored
at — 80°C for futher analyses. All the preparation
steps were performed at 4°C.

Gd filtration column chromatography

Sephadex gel filtration was performed to
determine an approximate molecular weight for
the Hb. Hemolysates were applied to a column of
Sephadex G-100fine(1.5cmx 75cm), equilibrated
with 0.05 M Trisbuffer containing 0.02% sodium
azide, pH 7.4 (Vandergon and Colacino, 1989).
The elution was carried out with the same buffer.
Hb elution fractions were monitored at 415 nm,
while other molecular weight standards elution
fractions were monitored at 280 nm.

SDS-PolyacrylamideGel Electrophoresis(SDS-
PAGE)

SDS-PAGE (Laemmli buffer system)was
used to study the subunit size and heterogeneity.
Molecular weight determinationswereperformed
on a vertical slab gel (linear gradient 4-20%T
2.6%C). The electrode buffer consisted of Tris
base, glycine and SDS, pH 8.3. Samples and
protein standards (SDS-PAGE Standard, Low
Range, BioRad, U.S.A. and ColorMeRanger
Unstained Protein Molecular Weight Marker Mix,
Pierce,U.S.A.), dissolvedinaSDSreducing buffer
of Tris-HCI, glycerol, SDS, 2-mercaptoethanol
and bromophenol blue, pH 6.8, were loaded and
theelectrophoresiswasrun at aconstant 200V and
60 mA per gel for 45 min. Thegel wasstained with
CoomassieBrilliant BlueR-250 (Laemmli, 1970).

RESULTS

Gd filtration column chromatography

Red cell Hbsof domesticfowl! eluted onthe
Sephadex G-100 column as asingle peak with an
approximate molecular weight of 51,784 daltons
(Figure 1)
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Figurel Anelution pattern of Hb from domestic fowl on a Sephadex G-100 fine column. Hemoglobin
elution profile determined at 415 nm. Molecular weight standards elution profile determined

at 280 nm :
Blue Dextran (2,000,000 daltons)

Bovine Serum Albumin, BSA (68,000 daltons)

Ovalbumin (45,000 daltons)
Cytochrome C (12,384 daltons)
DNP-Aspartate (299.5 daltons)

SDS-PAGE

The globin chains constituting each Hb
tetramer wereanalysed by SDS-PAGE on alinear
gradient gel in denaturing conditions. Figure 2
shows the electrophoretic pattern of the globins
from Hbs of domestic fowl. The denatured Hbs
appeared as two distinct bands with Rf values
corresponding to themolecular weights of 12,519
daltons and 10,984 daltons.

DISCUSSION

Abbasi and Lutfullah (2002) reported that
the molecular weights (tetramer) of the two
components of tufted duck Hb as determined by
ESI-MS (Electrospray lonization Mass
Spectroscopy) are63,426.34 daltonsand 64,131.78
daltons for HbA and HbD, respectively. When
analysing the Hbs of 2-week-old broilers, adult
broilersand adult layer hen aswell as adult ducks
by Sephadex G-100 column chromatography, the
same elution patterns of Hbs were found. During
gel filtration, the domestic fowl hemolysates

fractionated in a single peak with a molecular
weight of about 51,784 daltons. The result was
somewhat lower than would be expected. Thus,
the elution behaviour may be aresult of the buffer
system employed, sinceit has been shown that the
types of buffer aswell astheionic strength of the
buffers can affect the molecular weight
determination by gel filtration method. However,
extremely low values obtained could be due to
dissociation of the subunitsof protein (Motoyama
and Dauterman, 1979). Thisin turn could provide
the explanation for the anomolous results of gel
filtration chromatography.

SDS-PAGE of fractions containing Hbs
from a single peak of Sephadex G-100 column
demonstrated heterogeneity of the subunits with
Coomassiestaining. Electrophoresisof all theHbs
under di ssociating conditionsshowed the presence
of two bandswiththemol ecular weights of 12,519
daltons and 10,984 daltons. These results show
that the Hbs of all the experimental animals are
composed of subunits with apparently different
molecular weights.
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Figure2 SDS-PAGE of denatured Hbsfrom thehemolysatesof domesticfowl. All exhibited two bands
with molecular weights of 12,519 daltons and 10,984 daltons.

Lane 1, 7 Hb subunits of adult broiler.

Lane 2, 8 Hb subunits of adult layer hen.
Lane 3, 9 Hb subunits of adult ducks.

Lane 4, 6 Hb subunits of 2-week-old broilers.

A differencein molecular weight has been
reported that ESI-M Sreveal ed amol ecular weight
of 15,391.98 +1.56 daltons for o chain and
16,321.19 +£1.16 daltons for B chain (Abbasi and
Lutfullah, 2002). At present, however, no
comparable data is available on the molecular
weight determination of the native Hb (tetramer)
and themolecular weight determination of theHb
subunits by gel filtration method and by SDS-
PAGE under dissociation condition, respectively.
From these studies, it isinteresting to note that by
gel filtration chromatography and SDS-PAGE,
the resuts obtained are not different with age and
species of domestic fowl. The combination of the
isoelectric focusing and the electrophoresis of
dissociatedglobin chains of domestic fowl Hbs
showing the primary structure of all theglobin
chains present in the Hbs requires further
investigation.

Lane 10, 11 protein standards :

Myosin (200,000 daltons)

Phosphorylase b (97,400 daltons)

BSA (66,000 daltons)

Ovalbumin (43,000 daltons)

Carbonic Anhydrase (29,000 daltons)
Soybean Trypsin Inhibitor (20,100 daltons)
Lysozyme (14,400 daltons)

Aprotinin (6,500 daltons)

CONCLUSION

Gel filtration column chromatography and
SDS-PAGE were conducted to determine the
molecular weight of native Hbs (tetramer) and the
molecular weight of denatured Hbs (Hb subunits)
of domestic fowl. The elution patterns of Hbs
obtained from Sephadex G-100 column showed a
single peak with a molecular weight of about
51,784 daltons. Two bands with the molecular
weight of 12,519 daltonsand 10,984 daltonsfrom
SDS-PAGE under denaturing conditions of all
Hbs were obtained. The conclusion from these
studiesisthat thereis no difference with age and
speciesinthemolecular weightsof theHbsand the
Hb subunits determined by gel filtration
chromatography and SDS-PAGE, respectively.
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