
Journal of Biochemistry and Molecular Biology, Vol. 40, No. 3, May 2007, pp. 426-431

Molecular Cloning of Hemoglobin Alpha-chain Gene
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To investigate the possible mechanisms of high-altitude

native animals in adapting to high altitude, we cloned

hemoglobin alpha-chain (alpha-chain Hb) gene from

Pantholops hodgsonii, an animal species that indigenously

lives at elevations of 3700-5500 m on the Qinghai-Tibetan

plateau. Using reverse transcription polymerase chain

reaction (RT-PCR) technique, the alpha-chain Hb gene

was amplified from total RNA in the liver of the

Pantholops hodgsonii. TA cloning technique was used and

the PCR product was cloned into pGEM-T vector. The

DNA sequence of the gene was highly homologous with

sheep (99.1%), goat (98.6%), cattle (95.6%) and human

(86.5%). The alpha-chain Hb gene encoded a 142-amino

acid protein that could be identified with the homology of

alpha-chain Hb protein in sheep (98%), goat (96%), cattle

(91%) and human (87%). However, 18 alternations were

detected when compared with the alpha-chain Hb gene in

human, and 2 in sheep. Moreover, the alterations of á117

GluAsp and α132 AsnSer in important regions were noted

in human and sheep, respectively. Phylogenetic analysis

suggested that the structure of alpha-chain Hb was highly

similar to that in sheep. This study provided essential

information for elucidating the possible roles of hemoglobin

in adapting to extremely high altitude in Pantholops

hodgsonii.
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Introduction

As the most prominent terrestrial highland on the earth, the

Qinghai-Tibetan Plateau has great effects on global climate.

Its flora and fauna prosper on the plateau and are constantly

challenged by the harsh environment of hypoxia, low

temperature, high solar radiation, and a lack of biological

reproduction. The cold climate and hypoxia are the two most

important ecological factors restricting viability of plateau

animals. Native animals in the Qinghai-Tibetan Plateau, who

have survived over thousands of years on the highland, must

have developed their own mechanisms of adaptation to harsh

environmental stress during their long evolutional history (Xu

et al., 2005).

Pantholops hodgsonii (Tibetan antelope or Chiru) was first

described to the Western world by Abel in 1826 and is as an

excellent representative of the native mammalian species which

have adapted to the Qinghai-Tibetan Plateau. P. hodgsonii

belongs to Chordata phylum, Mammalia class, Artiodactyla

order, Bovidae family, Pantholops genus. They are mainly

distributed over Qinghai Province, Tibetan Autonomous

Region and Xinjiang Autonomous Region in China, as well as

in India at elevations from 3,700 to 5,500 meters. (Ginsberg et

al., 1973; Nowak, 1999; Global Biodiversity Information

Facility/Pantholops hodgsonii). They can run for hours at a

spectacular speed in this extremely hypoxic environment, and

such high speed and stamina indicate that they are effective in

oxygen intake, transport and tissue dispersion (Xu et al., 2005).

Hemoglobin (Hb), the key component of oxygen storage

and regulation, is widely distributed in all living organism

including animals, plants, bacteria, yeast, etc (Hardison,

1998). It is unique in its ability to adapt to a wide range of

environmental conditions (Mônic et al., 2003). In order to

contribute to the understanding of the genetic background

underlying the structure and function of the Hb in P. hodgsonii

at high altitude, the cDNA which codes the alpha-chain Hb

has been characterized.
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Materials and Methods

Sample preparation. The current animal genetic study was

approved by the Ethics Committee of Qinghai University (Xining,

China) and the China Zoological Society. The protocol of the

investigation was in accordance with the principles outlined in the

China Practice for the Care and Use of Laboratory Animals.

An adolescent P. hodgsonii was captured in Ke-ke-xi-li Natural

Reservation (altitude 4,783m) in Qinghai Province, People’s

Republic of China in December 2004. The animal was sacrificed at

the spot. The samples from various organs and tissues were rapidly

taken and immediately stored into liquid nitrogen. All of the

instruments were treated under 180 for 8 hrs, and all of the reagents

were dissolved with DEPC treated water.

RNA isolation. Total RNA was extracted and purified from the

liver tissue of P. hodgsonii using TRIZOL reagent (Invitrogen, Co.,

Ltd.) following the manufacturer’s protocol. The concentrations of

RNA samples were quantified with EPPENDORF 6131 nuclear

detector (EPPENDORF, Co., Ltd.) and the samples showed a ratio

of A260/A280 >1.8 were used for following experiment.

RT and PCR. Reverser transcriptational reaction was carried out as

the following: 2.0 µg aliquots of the total RNA were mixed with

0.5 µg oligo dT15 in 8 µl volume and pretreated with 70oC for

5 min, then it was transferred under 4oC for 2 min. 5 × M-MLV

Buffer, M-MLV Transcriptase (Promega, Co., Ltd.), 2.5 mM dNTP,

Rnasin were added into the mixture by the manufacturer’s protocol,

respectively. The final volume was adjusted by DEPC ddH2O up to

20 µl. The reaction was lasted 45 min under 37oC, and then stored

at −20oC.

Our previous study revealed that P. hodgsonii is more closely

related with O. aries, C. hircus, and O. oreotragus, rather than other

antelope species (the Antilopinae subfamily) (Xu et al., 2005).

Therefore, the primers applied to the current PCR experiments were

designed according to the DNA sequence of sheep (X70214) and

bovine (BC102940) alpha-chain Hb in GenBank. These primers

were produced by Invitrogen (Invitrogen, Co., Ltd.), in which the

forward primer was HbA-F: 5'-ACCCACCATGGTGCT GTCTG

C-3' and the reverse primer was HbA-R: 5'-GGAGGTGAGA

GTGCGCAGAGC-3'. The PCR cycles were comprised of

predenaturation at 95oC for 5 min, 30 cycles of 95oC for 30 s, 55oC

for 1 min, and 72oC for 1 min, followed by a final elongation at

72oC for 10 min. The 501 bp PCR products were eluted from the

agarose gel and purified with QIAquick Gel Extraction Kit

(Clontech, Co., Ltd.), and cloned into the pGEM-T vector with a

ligation system supplied by Promega.

DNA sequencing. All of the recombinants which were selected by

white-blue selection method were sequenced by ABI 377 DNA

Analyzer using the dye-terminator chemistry (Invitrogen, Co.,

Ltd.). The homology sequence search was carried out by an

ALIGNMENT program of BIOEDIT. The phylogenetic tree was

constructed according to the amino acids sequences of alpha-chain

Hb from P. hodgsonii and other species using neighbor-joining

methods by the ClustalW program within MEGA version 3.1. The

cDNA sequence of alpha-chain Hb has been submitted to GenBank

(Accession number DQ 650713).

Results

Total RNA extraction. Trizol reagent was used in RNA

isolation from the P. hodgsonii liver by a one step method.

The product was detected on 0.8 % formaldehyde agarose gel

electrophoresis (Fig. 1). An Eppendrof spectrophotometer was

used to measure the concentration of the total RNA. A ratio of

A260/A280 >1.9 sample was used in RT-PCR.

The PCR amplification of alpha-chain Hb gene. The

alpha-chain Hb from P. hodgsonii was amplified using PCR

technique. PCR products were detected by 1.5% agarose

electrophoresis, and then a 500 bp DNA segment was seen,

which was expected (Fig. 2).

The cloning of target gene and selection of recombinant.

The purified PCR product of alpha-chain Hb was linked to

pGEM-T vector, and then the recombinant plasmid was

successfully constructed through α-complementation method,

T7-SP6 PCR amplification analysis and sequential analysis.

Characterization of cDNA from P. hodgsonii. Since the

deduced amino acid sequence was highly homologous to

alpha-chain Hb of other species reported thus far, we

concluded this to be the P. hodgsonii alpha-chain Hb. We

cloned the cDNA sequence of the alpha-chain Hb in P.

hodgsonii and therefore predicted the amino acid sequence of

Fig. 1. The total RNA of liver tissue of Tibetan antelope by the

formaldehyde agarose gel electrophoresis.

Fig. 2. Gradient PCR product of the cDNA of alpha-chian Hb of

Pantholops hodgsonii by special primers in 1% agarose gel.

(Lane 1-7 shows the results under different annealing

temperatures from 54 to 60oC. There are two unspecific bands

near 250 bp in lane 1, with the annealing temperature increasing;

we can see only one band in lanes 2, 3, and 4. Once the

annealing temperature arrived at 58oC, there were no unspecific

bands during the PCR reaction, and the picture shows a specific

result in lanes 5, 6, and 7 after the PCR reaction was optimized

with a believable result)



428 Yang Yingzhong et al.

the alpha-chain Hb. This cDNA contained an open reading

frame containing 429 bp in size and encodes a protein with

142 amino acids (Fig. 3). The DNA sequence is highly

homologous with sheep (99.1%), goat (98.6%), cattle

(95.6%), humans (86.5%), and the 142-amino acid protein

could be identified as alpha-chain Hb of sheep (98%), goat

(96%), cattle (91%) and humans (87%). (Fig. 4, Table 1). The

sequence is deposited in GenBank and the accession number

is DQ650713.

Mutants in alpha-chain Hb in P. hodgsonii. When

comparing the sequence of alpha-chain Hb of P. hodgsonii

with that of humans, the α117 Glu→Asp alteration can be

noted in an important region. This position contacts the two

subunits of Hb (α1β1 interface) which is involved with Hb

oxygenation. Other alterations are: α5 Pro→ Ala, α9 Thr→

Ser, α20 Alα→Gly, α21 His→Asn, α24 Glu→Alα, α61

Lys→ Glu, α65 Asp→Alα, α72 Alα→Gly, α74 Vαl→

Leu, α77 Met→ Leu, α79 Asn→ Gly, α80 Alα→ Thr, α83

Alα→ Asp, α105 Cys→ Thr, α112 Alα→ Cys, α116

Alα→ Asn, and α134 Ser→Gly (Fig. 5). These alternations

are in structural positions. However, when compared with the

sequence of alpha-chain Hb of sheep, only two alternations

can be observed at position 132 and 134 (Fig. 6).

Phylogenetic analysis. The phylogenetic tree was constructed

according to the amino acids sequences of alpha-chain Hb

from P. hodgsonii, O. aries, C. hircus and other species using

neighbor-joining methods by the ClustalW program within

MEGA version 3.1. Our result indicates that the alpha-chain

of Hb from P. hodgsonii is more related to O. aries’, then C.

hircus’ (Fig. 7).

Discussion

The P. hodgsonii is the unique genus of large endemic

mammals adapted to the high elevations and dry climate of

the Qinghai-Tibetan Plateau, ranging from 98oE westward to

Fig. 3. The nucleotide and deduced amino acid sequence of

alpha-chain Hb of Pantholops hodgsonii. It contains a 429-

nucleotide coding region. The initiation codon (M), the frame

termination codon (*), respectively, are shaded. The sequence is

deposited in GenBank in an accession number of DQ650713.

Fig. 4. Multiple CDS sequence alignment of Pantholops hodgsonii alpha-chain Hb with those of humans (GenBank Accession

No.NM_000558), sheep (GenBank Accession No.X70213), goat (GenBank Accession No.J00043) and cattle (GenBank Accession

No.BC102940). Numbers with each line indicate the nucleotide sequence number. Areas of nucleotide sequence identity between the

antelope, human, sheep, goat and cattle alpha-chain Hb are indicated by dashes.
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Ladakh in India. The sexes segregate almost completely

during the spring and early summer (May and June), when

adult females and their female offspring migrate north to

certain calving grounds and return south by late July or early

August, covering distances as long as 300 km each way.

Seasonal migrations by P. hodgsonii constitute a critical aspect

of the species’ life cycle and help to define the ecosystem as a

whole. Domestic yaks and Tibetan sheep, root voles (Microtus

oeconomus), upland buzzard (Buteo hemilasius), steppe

polecats (Mustela eversmanni), and weasels (Mustela altaica)

are also the main vertebrates in the meadow ecosystem.

(Ginsberg et al., 1973; Global Biodiversity Information

Facility/Pantholops hodgsonii)

Hemoglobin, the key component of oxygen storage and

regulation system, is widely distributed in all living organism

including animals, plants, bacteria, yeast, etc (Hardison, 1998).

Hypoxia affects oxygen transport properties of hemoglobin

and alters oxygen affinity by several mechanisms. All

modifications adopted by animals appear to optimize both

arterial oxygen loading and peripheral unloading (Mairbaurl,

1994). The hemoglobin affinity for oxygen allows rapid

adjustments of oxygen binding and release since the process is

far less energy demanding than an increase in cardiac output.

This adaptation has been attributed to changes in the primary

structure of globin chains, which modulates oxygen uptake

and delivery to the tissues. Among vertebrates, birds occupy a

unique position in terms of their ability to maintain an

efficient oxygen supply to the brain during severe hypoxia,

which an important adaptation is contributing to their

exceptional tolerance at extreme altitudes. It was clarified that

Fig. 5. The comparison of the nucleotide sequence and amino acids sequence of alpha-chain Hb between Pantholops hodgsonii and

Humans (GenBank Accession No.NM_000558).

Fig. 6. The comparison of the nucleotide sequence and amino acids sequence of alpha-chain Hb between Pantholops hodgsonii and

sheep (GenBank Accession No. X70213).

Table 1. Homology comparisons of the nucleotide and amino acids of alpha-chain Hb between Pantholops hodgsonii and other species

The levels of comparison  Human Sheep Goat Cattle

The sequence of open reading frame 86.5% 99.1% 98.6% 95.6%

Amino Acids 87% 98% 96% 91%
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mutants in birds Hb gene raises the oxygen affinity. The bar-

headed goose lives on Tibetan lakes and migrates across the

Himalayas to India during the winter. Another species, the

Andean goose, lives in the High Andes all year round.

Possession of an Hb with high oxygen affinity helps to adapt

bar-headed and Andean geese to high altitudes. The Hb amino

acid residues α-119 and β-55, which form a α1β1 contact in

human hemoglobin, are altered in bar-headed and Andean

geese, respectively and suggest that loss of this contact increases

O2 affinity (Hiebl et al., 1987; Godovac-Zimmermann et al.,

1988; Jessen et al., 1991; Weber et al., 1993; Petruzzelli et al.,

1996). Others, llama, Guanaco and alpaca show a comparable

high blood oxygen affinity it adapted to high altitude so

smoothly, also caused by the substitution β2 (NA2) HisAsn

(Marco et al., 1990); the substitution of valine at position 135

in the βΠ-chain may be responsible for the high intrinsic

oxygen affinity of yak hemoglobin (Lalthantluanga et al., 1985).

In this study, nucleotide sequence analysis of P. hodgsonii

alpha-chain Hb mRNA was considerably expedited by the

availability of plasmids that contained an insert of a cDNA

copy of the alpha-chain Hb mRNA. The cDNA contained a

429 bp open reading frame encoding a peptide of 142 amino

acids which was identified by PCR technique. The key point

is that our previous work on phylogenetic analysis on

cytochrome b genes revealed that P. hodgsonii is more closely

related with O. aries, C. hircus, and O. oreotragus, rather than

other antelope species (the Antilopinae subfamily). The proper

primers we designed were the main reason for successful

cloning. The nucleotide sequences of the coding regions of P.

hodgsonii and sheep alpha-chain Hb mRNAs share a great

deal of homology where the deduced protein sequences differ

only by 132 and 134 of 142 amino acids. Compared with

human alpha-chain Hb, there are 18 differences. Regarding

structural alterations, α117 GluAsp is particularly important.

It is located at α1β1 contact which is known to be very tight

and remains largely unchanged during the quaternary

conformational change that accompanies ligand binding at the

heme site in normal human HbA (Petruzzelli et al., 1996).

And differences especially 132 may also play an important

role in P. hodgsonii oxygen transportation at high-altitude

when compared with sheep alpha-chain Hb. We are now

cloning beta-globin of P. hodgsonii and detecting mutations

which possibly explain the mechanism in P. hodgsonii

adaptation to high-altitude.

In conclusion, this study determined the amino acid

sequence of alpha-chain Hb of the P. hodgsonii, allowing the

comparisons of the amino acid sequence between P. hodgsoni

and humans, and other vertebrates, thereby, characterizing the

intrinsic properties of Hb.
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