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1. Introduction 

We report here the partial structure of the P-chain 
of the haemoglobin of the Badger (Meles meles), an 

animal of the hitherto poorly studied group of car- 
nivores. The tryptic hydrolysate was resolved by 
electrochromatography and the amino acid composi- 
tion of 15 peptides is given. The amino acid sequence 
to position 40 has been determined by analysis of four 

tryptic peptides, which are compared to the homolo- 
gous peptides isolated from human P-chain. The 
sequence is confirmed and extended to position 42 by 
stepwise degradation of the whole P-chain, using a 
sequencer. 

2. Materials and methods 

The haemoglobin was isolated from haemolysates 
obtained from heparinized blood [l] by conventional 
techniques, and purified by paper electrophoresis at 
pH = 8.6 [2]. The globin moiety was precipitated by 
cold hydrochloric acetone according to the method of 
Rossi-Fanelli [3]. The (Y- and P-chains were separated 
following the technique of Clegg [4], as modified by 
Adams et al. [S]: the globin dissolved in urea-mercap- 
toethanol medium was chromatographed on a 
3 X 25 cm column of Whatman CM-32 carboxymethyl- 

cellulose. The separated chains were treated with 
ethyleneimine, and purified by gel filtration on 

Sephadex G-25. The S-aminoethyl-P-chain (20 mg) 
was dissolved in 2 ml of water; 0.4 ml of 0.5 M 
NH4HC03 was added to give a final pH of 8.5; the 
digestion was carried out with 0.2 ml of Worthington 
TPCK trypsin solution (2 mg/ml in water) at 38°C for 
2 hr, with occasional stirring. The hydrolysate was 

submitted to electrochromatography [6] and the 
peptide map visualized by 3% ninhydrin acetone spray 
and by specific staining [7]. 

The different peptides were eluted from the paper 
and hydrolyzed by 5.6 N HCl, or by aminopeptidase 
M (Rohm, Darmstadt) when the presence of asparagine 
or glutamine was suspected. The amino acid composi- 
tion of the isolated peptides was determined with a 
Technicon TSM-1 auto-analyser, and their sequences 
studied by the combined dansyl-Edman technique 
[8,9]. Automatic Edman degradation [lo] was per- 
formed on a PS 100 SOCOSI Sequencer (St Maur, 
France). The identification of the PTH-amino acids 
was obtained by thin layer chromatography: the H 
and modified E systems were routinely used [ 1 I]. In 
some cases, gas chromatography was used to confirm 
the thin-layer chromatography results [ 121. 
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3. Results 

3.1. Isolation of the CY- and P-chains 
The elution diagram of the two chains is illustrated 

in fig. 1; the separated chains were aminoethylated and 
purified as described above; the overall yield, starting 

from 400 mg of globin, is 80 mg for the a-chain and 
90 mg for the p-chain. 

3.2, Finger-printing of the &chain peptides and their 
amino acid content 

The tryptic hydrolysis of the b-chain leads to an 
almost completely water-soluble hydrolysate, which 
was resolved by electrochromatography into 17 
distinct ninhydrin-positive spots (fig. 2). The presence 
of a very small insoluble fraction in the hydrolysate 
favours the idea that the whole b-chain has been split 
and that all the corresponding peptides are present in 
the electrochromatogram. 

The specific staining gave the results indicated in 

table 1. 
The amino acid composition of the 17 electro- 

chromatographically-separated spots is given in table 2. 

Spot 17 corresponds to Lys. The presence of only 
one Arg or Lys in their respective ammo acid content 

proves that spots 1,2,3,4,6,9, 11, 12, 14, 15, and 16 
each contain a single peptide. Spot 13, containing 

Absorbance (280 nm) 
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Fig. 1. Carboxymethylcellulose column chromatography of 

p-chains. Elution was performed with a gradient formed 

by mixing 500 ml of 0.005 M NaaHP04 with 500 ml of 

0.03 M NazHP04; the two buffers were in solutions of 8 M 

urea, 0.05 M 2-mercaptoethanol and adjusted to pH 7 with 

H3P04. 
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Fig. 2. Electrochromatography of the tryptic hydrolysate of 

the P-chain (Whatman 3 MM paper): E = 17 hr electrophoresis, 

11 V/cm; pyridine-AcOH-Hz0 (200:8: 1800, vol/vol), 

pH 6.4; C = 23 hr descending chromatography, isoamyl- 

alcohol-pyridine-Hz0 (6:6:7, vol/vol). 

neither Arg nor Lys, appears as a C-terminal dipeptide. 
Spot 5, containing three Lys, is obviously impure. Papex 
chromatography using acetic acid n-butanol as solvent 
phase, separated this impure spot into a homogenous 

peptide 5a (Lysl , Asp3, Leu2) and a mixture which 
was in turn fractionated by electrophoresis, giving two 
peptides: Sb (Lysr His, Asp2 Glu, ProI Val, LAW, 
Phel) and 5c (Lysl Thr, Glu3 Pro2 Ala2 Val, Tyr, 
Pher). The very similar composition of spots 2 and 3 
can be related to the same peptide initially present in 
the native /3-chain; spot 2 then appears as an artefact 

Table 1 

Amino acid characterisation by specific staining. 

Amino acid Procedure Spot numbers 

character&d 

Arts Sakaguchi 1,lO 

phenanthrenequinone 

Trp Ehrlich 9,lO 

Tyr or-Nitroso-@-naphthol 3,5, 10, 13 

His Pauly 4,5, 7, 12, 13, 14, 16 

Sulphur Platinic iodide 2, 3,7,10 

amino acids 
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Table 2 

November 1973 

Amino acid composition of the spots eluted from the electrochromatogram. 

spots I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

J-YS 

A.E. Cys 

SAE-Cys 

Arg 

Asp 

Thr 

Ser 

Glu 

Pro 

Gly 

Ala 

Val 

Met 

k.U 

Tyr 

Phe 

Total 
residues 
of amino 
acids 

0.89 0.96 1.00 2.99 1.08 0.89 1.96 0.89 1.05 0.92 0.94 1.05 0.92 1.03 

111 [II ill [31 ill 111 121 [II [II ill 111 [II [II [II 
0.75 0.41 

ill 
0.87 0.94 0.95 0.90 0.96 1.89 0.89 

(11 111 ill 111 111 PI [II 
1.12 0.79 

[II ill 

2.01 3.25 3.01 4.73 1.07 1.06 0.98 0.45 0.93 

PI 131 t31 151 111 111 ill [II 

1.12 0.92 0.96 0.79 0.89 0.94 0.98 

[II ill 111 Ill [II ill 111 

1.85 1.96 1.89 1.10 1.85 1.96 0.35 

I21 VI 121 [II VI I21 
2.11 0.91 0.96 1.97 4.31 1.06 1.13 1.00 1.07 

PI 111 111 PI 141 111 ill [II ill 

1.85 1.92 2.85 0.96 

I21 121 I31 Ill 

3.19 2.10 2.09 0.98 0.95 1.04 0.55 0.98 1.17 1.04 1.20 

I31 [21 [21 Ill [II 111 [II Ill [II 111 

1.10 1.04 1.06 1.02 1.99 0.93 0.92 4.22 1.12 1.11 

111 ill 111 111 [21 ill [II I41 ill [II 

2.93 1.00 1.04 1.09 1.75 1.10 0.95 1.00 2.61 2.91 1.04 1.05 

131 ill [II [II 121 [II [II ill 131 111 [II 

0.74 

111 

0.92 0.97 0.94 1.10 2.86 2.16 2.12 2.05 1.03 3.55 1.16 1.12 

[II Ill 111 111 131 121 [21 121 Ill 111 111 

0.76 0.76 0.80 0.92 

[II 111 ill ill 

2.12 2.12 1.84 1.04 1.07 1.03 1.01 

[?I PI [21 Ill [II ill 111 

13 19 8 27 10 8 11 8 5 12 2 8 2 4 1 

Trp + + 

N-terminal 
amino acid VaJ Phe Tyr Val Val Leu Lys Ser Leu ClY Val Tyr Val Val Ala Lys 
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Table 

Comparison of the amino acid composition between 

Human P-chain Badger P-chain 

Tryptic peptides Amino acid composition 

HTp I 
HTp 11 

HTp Ill 

HTp IV 
HTp V 

THp VI 

HTp VII 

HTp VIII 

Lysl His1 Thq Gluz Q1 Vail Leul 

Lysl Thrl &I Glyl A& Vail Leul Trpl 

Argl Asp: Gluz Gly3 Alal Val3 Leul 

Argl Thrl Glul Pro1 Valz Leu2Tyrl Trpl 

Lysl Asp3Thrl Serz Glul Pro2 Glyz Alal Vail Met1 Leul P&3 - 
Lysl Vail 

Lysl His1 Glyl Alal 

LYSl 

HTp IX Lysl H&l ASJJJ Serl Glyt A& Vail Leu4 Phel -= 

HTp X Lysl SAE-Cysl His1 Asp1 T&2 Serl Glul Glyl Ala2 Leu;? Phe3 

HTp Xl His, 31 Asp2 Glul Pro, Vail Leul Phel 

HTp Xlla SAE-Cysl Asp1 Glyl V& Leuz 

HTp Xllb Lysl His2 Glyl Alal Vail Leul Phe, 

HTp XIII Lysl Thrl Glu3 Pro2 Ala2 Vail Tyrl Phel 

HTp XIV Lysl HisI Asp1 Glyl Ala4 Val3 Leul 

HTp XV HisI Tyrl 

The amino acid differences are underlined. 

derived from the original peptide (spot 3): the sensi- 
tivity of Met residues is well known, and the observed 
sensitivity of the Tyr residue may be linked to its 
N-terminal position. Another similarity in the amino 
acid composition is observed with spots 6 and 8, the 
only difference being a further Lys residue in spot 8; 
since one of the two Lys in spot 8 has been proved to 
be N-terminal and since, furthermore, the N-terminal 
amino acid in spot 6 is Val, it appears that the original 
peptide is spot 8 with the N-terminal sequence Lys-Val, 
a peptide bond known to be only partially hydrolysed 
by trypsin. The occurence of both one Lys and one 
SAE-Cys in spot 7 is an indication of heterogeneity; 
however only Leu has been characterized by N-termin- 
al amino acid determination. Spot 7 may therefore be 
considered as due to a single peptide in which the 
proximity of SAE-Cys and Lys prevents hydrolysis at 
the SAE-Cys position [ 11. The same indication of 

heterogeneity appears in the case of spot 10, containing 
also two basic amino acids (Arg and SAE-Cys), despite 
the fact that Leu has been shown to be the only 

100 

Spot number 

4 

9 

1 

IOa 

15 

16 

17 

6 

5a 

6 + 5a 

7 

11 

7+11 

5b 

IOb 

14 

SC 

12 

13 
- 

N-terminal amino acid. Further fractionation of spot 
10 by electrophoresis at pH of 4.7 [l 11, led to two 

separated peptides: 10a (Argl Thr, Glu, ProI Val, 
Leu? Tyrl Trpl), and lob (SAE-Cys, AspI Serl Glyl 
Val, Leu3). The amino acid composition of the entire 
contents of spot 10 shown in table 2, is explained by 
the fact that peptide lob arises from a limited hydrol- 
ysis of a longer Cys-containing peptide, which 
represents the very small insoluble above-mentioned 
fraction. The location of tryptic peptides in the 
b-chain can be derived by comparing their amino acid 
composition with the amino acid composition of the 
tryptic peptides isolated from human haemoglobin 
o-chain. The following tentative sequence is proposed 
in table 3. 

We must notice the entire similarity in composition 
between badger spots 1, 5a, lOa, 12, 13, 14, 15, 16, 
17, and, respectively, human peptides THp III, 
HTp XIII, HTp IV, HTp XIV, HTp XV, HTp XIIb, 
HTpVI, HTpVII, and HTpVIII. The differences may 
concern several, but often only one, amino acids, as is 
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human tryptic peptides and badger fingerprint spots. 

Amino acid composition 

Lysr His1 Thrr Gluz St Valr Leur 

Lysr Thrr !&rz Glyr fir Valr Leur Trpr 

Argr Asp2 G, Glys Gr Vals Leur 

Argr Thrr Glur Pror Vala Leuz Tyrr Trpr 

Lysr Asps Thrr Serz Glur Pro2 Glyz Alar Met1 Valr Leur Tyrr Phea 

Lysr Valr 
-z 

Lysr HisI Glyr Alar 

LYSl 

Lyst Aspr Sera Glur Glyr Valr Leuz Pher 

LYSI Asp3 Leua 

Lysa Asp4 Ser2 Glur Glyr Valr Leu4 Pher ===z= 
Lysr SAE-Cysr His1 Asp1 Serr Glur Leu2 

LYSl Thrr Glyl Ala1 Phel 
&a SAE-Cysr Hisr Asp, Er Sert Glur Glyr Alar Leu2 Pher 

Lzr HisI Asp2 Glur Pro, Valr LeurPher - 

SAECyst Asp1 &t Glyr V&r Leus 

Lysr His2 Glyr Alar Valr Leur Pher 

Lysr Thri Glus Pro2 Ala2 Valr Tyrr Pher 

Lysr Hisr Asp1 Glyt Ala4 Vals Leur 

His, Tyrr 

Proposed name for the tryptic peptides 

BTp I 

BTp II 

BTp III 

BTp IV 

BTp V 

BTp VI 

BTp VII 

BTp VIII 

BTp 1Xa 

BTp IXb 

BTp Xa 

BTp Xb 

BTp XI 

BTp XIla 
BTp Xllb 

BTp XIII 

BTp XIV 

BTp XV 

Table 4 
Comparison of the amino acid sequence of N-terminal segments of human and badger P-chain. 

1 5 10 15 

Human P-chain 

Badger P-chain 
Val-His-Leu-Thr-Pro-Glu-Glu-Lys-Ser-Ala-Val-Thr--Ala -Leu--Trp-- 

Val-His-Leu-Thr-~-Glu-Glu-Lys-Ser-Ala-Val-Thr-~--Leu--Trp-- 

HTp I HTp II - 

BTp I BTp 11 __ 

Human P-chain 

Badger D-chain 
Gy -Lys-Val-Asn-%Asp-Glu-Val-Gly--r$y-Glu-Ala -Leu-Gly -!?i-- 

Gly-Lys-Val-Asn -Val-AspGlu-Val-Gly-Gly-G&Ala -Leu-Gly -Arg- 

HTp III > 

Human P-chain 

Badger p-chain 

-4 BTp III . 

liu-Leu-Val-Val -$-Pro-Trp-Thr-Gln-i:g-Phe-Phe--Glu-Ser.-P%- 

Leu-Leu-Val-Val -Tyr-Pro-Trp-Thr-Gln-Arg-TT-Phe- - - - - 
C HTp IV t ‘ 

‘ BTp IV * ( 

Human P-chain 

Badger P-chain 

46 

Gly-Asp-LewSer-l?r-Pro -AspAla-Val -$zt-Gly-Asrr-Pro-L;. 
.- - - - _ _ .- - - _ - - -Lys. 

The non identical residues of badger are underlined. 

HTp V 

BTp V 

101 
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seen in the pairs 3-HTpV, 4-HTpI, Sb-HTp XI, (7t1 I)- 

HTp X, 9-HTp II, and lob-HTp XIIa. In the pair 
(7+11)-HTp X substitution of a neutral residue by a 

lysine residue gives rise to an additional splitting which 
leads to the occurence of two peptides. 

3.3. The N-terminal sequence of the P_chain 
The next step in the elucidation of the primary 

structure of the P-chain is the determination of the 
amino acid sequence of the 19 analysed peptides. In 
this preliminary communication, we present only the 
results obtained for peptides BTp I, BTp II, BTp III, 

and BTp IV, (represented by spots 4,9, 1 and lOa), 
which can be considered as the homologues of the first 
four tryptic peptides isolated from the human &chain. 
The Edman degradation was carried out up to the last 
amino acid for peptide BTp I and for peptide BTp II. 
The stepwise degradation could only be followed up 
to position 7 for peptides BTp III and BTp IV. The 
following sequences may be postulated: 

BTp I : Val-His-Leu-Thr-Ala-Glx-Glx-Lys. 
BTp II: Ser-Ala-Val-Thr- Ser -Leu-Trp-Gly-Lys. 
BTp III: Val-Asx-Val-Asx-Glx-Val -GlydGly- 

Glx-Ala-Leu-Gly)-Arg. 

BTp IV: Leu-Leu-Val-Val-Tyr -Pro -Trp-(Thr- 
Glx)-Arg. 

The final confirmation of the above sequence, and 
the extension to position 42, was achieved through the 
use of the sequencer, and gave the results shown in 

table 4. 

4. Conclusion 

A comparison of the sequence of the badger 
haemoglobin P-chain up to position 42 with the corre- 

sponding fragment of the human haemoglobin P-chain 
shows only three one-base mutations due to transver- 
sion: 

A* (position 5) Pro + Ala. 
A,, (position 13) Ala+ Ser. 
C7 (position 41) Phe-t Tyr. 

The mutation of position 5 is not of the conservative 

type. 

102 

The partial primary structure reported in this com- 
munication thus extends the comparative studies of 
the P-chain of haemoglobin to another zoological class, 

the carnivores. Since sequence studies undertaken in 
parallel on badger myoglobin are in progress [ 13, 141, 
we should be able in the near future to make broader 

phylogenetic comparisons of haemoglobins and 
myoglobins at the amino acid sequence level. 
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