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IV. Sequence of the car~oxy~termined half of the molecule (96 residues) and complete sequence 
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1, Introduction 

The sequence of the first 111 residues and some 
partial sequences of the carbaxy-terminal region of 
chicken erythrocyte histone H5 (189 residues, mol. 
wt 20 580) have been determined [ 1,2]. Most of the 
66 basic residues present in the histone appeared to 
be accu~nulated in the carboxy-tern~~al half of the 
protein molecule; the elucidation of such a highly 
basic sequence was problematic. Specific cleavage 
with pepsin at the single phenylalanine residue of the 
protein, located at position 93 of the sequence, 
released the carboxy-terminal fragment of H.5. The 
sequence of this fragment (96 residues) was deter- 
mined mainly from data provided by peptides 
obtained by cleavage with trypsin and thermolysin. 
Additional information was obtained from peptides 
generated by cleavage with elastase. The complete 
sequence of the 189 amino acid residues of the 
chicken erythrocyte histone HS is elucidated here. 

2. Mat~~ais and methods 

All materials and methods were as in [ 1,3], with 
the following additions: Histone H5 dissolved in 5% 
formic acid, was hydrolyzed with pepsin ~orth~gton) 
at 37°C for 2 h, using an enzyme-towsubstrate ratio of 
1:SO. The hydrolysate was fractionated on a Sephadex 
G-50 (fme) column (200 X 2.5 cm) equilibrated and 

Abbreviations: Tom-PheCH~Ci,~-tos~~pheny~lanine ch’toro- 
methyl ketone; DMAA, dimethylallylamine; PTH, phenyl- 
thiohyd~to~ 

eluted with 0.01 M HCI. Digestion of the carboxy- 
terminal peptic fragment Px with thermolysin (Merck) 

was performed at 4O*C in 0.1 M ammoIlium bicar- 
bonate (pH 8 .O) for 30 min or 2 h using an enzyme-to- 
substrate ratio of 1: 100. The fragment Px was also 
hydrolyzed with porcine elastase (Calbiochetn) at 
37°C in 0.1 M a~lmonium bicarbonate (pH 8.0) for 
30 min using an enzyme-to-substrate ratio of 1:500 
or for 2 h using an enzyme-to-substrate ratio of 1: 100. 

Maleylation, citraconylation or succinylation of 
peptide Px prior to tryptic digestion were performed 
at 0°C in 0.1 M K21-IP04 (pH 9.0) with a 10 M excess 
of maleic, citraconic or succinic anhydride relatively 
to the content of cy- and e-amino groups. Hydrolysis 
of the modified peptide Px with Tos-PheCH*Cl- 
treated trypsin (Worthington) was performed at 37’C 
in 0.1 M ammonium bicarbonate (pH 8.0) for 4 h, 
using an enzyme-to-substrate ratio of 1: SO, 

The enzymatic digests were fractionated on a 
Sephadex G-25 (fine) column (200 X 2.5 cm) equili- 
brated and eluted with 0.01 M HCI. 

The fractionsconta~~glarge peptides, were further 
fractionated on a CM-cellulose ~atman CM-52) 
column (25 X 1.2 cm) equilibrated in 0.02 M ammo- 
nium acetate-O.2 M NaCl adjusted to pH 6.0 with 
HCl. Peptides were eluted with a linear gradient of 
NaCl (from 0.2-0.6 M) in 0.02 M ammonium acetate 
buffer (pH 6 .O). The small peptides ranging from di- 
to hexapeptides were separated by ion-exchange 
chromatography on Chromobeads P (Technicon) with 
pyridine-formate and pyrid~~-acetate buffers 141. 

Autostlated Edman degradation of large peptides 
was performed in a Beckman 890 C Sequencer using 
a DMAA program (102974) in the presence of poly- 
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brene [5,6]. In some cases peptides were treated with 
3-sulfophenylisothiocyanate prior to Edman degra- 
dation [7]. PTH amino acids identified by high-pres- 
sure liquid chromatography on a column of CIs 
micro Bondapak (Waters Associates) [8] and by gas- 
chromatography as in [9]. The sequence of the small 
peptides was determined by the manual dansyl-Edman 
method [lo] or by a modified Edman degradation 
developed in [ 1 l] using 4-Nfl-dimethylaminoazo- 
benzene4’Zsothiocyanate (DABITC, Fluka AG) in 
combination with phenylisothiocyanate as coupling 
reagent. 

3. Results and discussion 

When histone H.5 is hydrolyzed with pepsin, the 
specific cleavage of the Phe-Arg bond yields a 

94 

peptide of 96 residues, de:gnated by Px, with the 
following amino acid composition: 

94 100 

Asp,, Thra, SerIz, Pro9, Gly,, AlaIT, Vala, Leur, Lys34, 

Argr4. 
From kinetic studies with carboxypeptidases B and C 
performed simultaneously on peptide Px and on 
histone H5, peptide Px was found to be the carboxy- 
terminal half of the protein. The amino acid sequence 
of peptide Px is presented in fig.1. Detailed results 
which led to the above sequence will be published 
elsewhere. Thus the carboxy-terminal sequence of 

chicken histone H5 which remained to be determined 
[ 1,2], is now elucidated and with it, the complete 
amino acid sequence of the protein (fig.?,). 

Chicken erythrocyte histone H.5 contains 189 

residues. By amino acid analysis and structural studies 
of peptide Px a precise evaluation of the number of 

serine, lysine and arginine present in the protein could 
be obtained. Thus histone H5 contains 26 serine, 
44 lysine and 22 arginine, instead of 25,42 and 2 1, 
respectively, as described in [2]. Moreover the 
sequences Gly-Ser and Ala-Lys in [ 11, were found 

90 91 110 111 

110 
(H) Arg-Leu-Ala-Lys-Ser-Asp-Lys-Ala-Lys-Arg-Ser-Fro-Gly-Lys-Lys-Lys-Lys-Ala-~7al-Arg-Arg-Ser-Thr-Ser- 

Th-I d 

4 Tm-I w -Th-2- 
t 

E-Z 

4 ++~+++++++++++++++++++++++++++++++++++++++++++++++++++~~‘+++++++++ AED +++++++++++++++++++++++++++ 

120 130 140 
Pro-Lys-Lys-Ala-Ala-Arg-Pro-Arg-Lys-Ala-Arg-Ser-Pro-Ala-Lys-Lys-Pro-Lys-Ala-Thr-Aia-Arg-Lys-Ala- 

-Th-NM Th-4 

-Tm-2 - +Tm-3 -Tm-4 e_Tm- 5 

E-3 --E-4- 

+++++++++++++++++++++++++++++++ 

150 160 
Arg-L~s-Lys-Ser-Arg-Ala-Ser-Pro;Lys-Lys-Lys-Ala-Lys-Lys-Pro-Lys-Thr-Val-Lys-Ala-Lys-Ser-Arg-Lys-Ala- 

* -Th-6 
-Th-5-------_) 

---h-7 ------_- 

e-T,,,-6 H TC *d 

4 E-5 - -E-6- 

170 180 189 
Ser-Lys-A~a-LyS-Lys-Val-Lys-Arg-Ser-Lys-PrO-Arg-Ala-Lys-Ser-Gly-Ala-Arg-Lys-Ser-Fro-Lys-Lys-Lys(OH) 

-Th-8~h.9~Th-l~~l+----W 

-Ts m Tm-7- 4 nl12 - 

ATrn-8 H Tm+- 

BE-7 _ 

4 E-8 N 

Fig.1. Carboxy-terminal sequence of chicken erythrocyte histone H5. Th, peptide from digestion with thermolysin; Tm, peptide 
from digestion with trypsin after maleylation; Tc, peptide from digestion with trypsin after citraconylation; Ts, peptidc from 

digestion with trypsin after succinylation; E, peptide from digestion with elastase; AED, automated Edman degradation. 
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1 10 
CH) Thr-Glu-Scr-Leu-Val-Leu-Ser-Pro-Ala-Pro-Ala-Lys-P~o-Lys-~~~ 

20 
-Val-Lys-Ala-Ser-Arg-Arg-Ser- 

30 40 
Ala-Ser-His-Pro-Thr-Tyr-Ser-Glu-Plet-Ile-Ala-Ala-Ala-Ile-Arg-Ala-Glu-Lys-Ser-Arg-Gly-Gly- 

50 60 
Ser-Ser-Arg-Gln-Ser-Ile-Gln-Lys-Tyr-Ile-Lys-Ser-His-Tyr-Lys-Val-Gly-His-Asn-Ala-Asp-Leu- 

70 80 
Gln-Ile-Lys-Leu-Ser-Ile-Arg-Arg-Leu-Leu-Ala-Ala-Gly-Val-Leu-Lys-Gln-Thr-Lys-Gly-Val-Gly- 

90 100 110 
Ala-Ser-Gly-Ser-Phe-Arg-Leu-Ala-Lys-Ser-Asp-Lys-Ala-Lys-Arg-Ser-Pro-Gly-Lys-Lys-Lys-Lys- 

120 130 
A~a-Val-Arg-Arg-Ser-Thr-Ser-Pro-Lys-Lys-Ala-Ala-Arg-Pro-Arg-Lys-Ala-Arg-Ser-Pro-Ala-Lys- 

140 150 
Lys-Pro-Lys-Ala-Thr-Ala-Arg-Lys-Ala-Arg-Lys-Lys-Ser-Arg-Ala-Ser-Pro-Lys-Lys-Ala-Lys-Lys- 

160 170 
Pro-Lys-Thr-Val-Lys-Ala-Lys-Ser-Arg-Lys-Ala-Ser-Lys-Ala-Lys-Lys-Val-Lys-Arg-Ser-Lys-Pro- 

180 189 
Arg-Ala-Lys-Ser-Gly-Ala-Arg-Lys-Ser-Pro-Lys-Lys-Lys(OH) 

Fig.2. Amino acid sequence of chicken erythrocyte histone H5. 

to be Ser-Gly from the sequence determination of 
90 91 

the tryptic peptide (residues 86-94) and Lys-Ala 
110 111 

from the data provided by automated Edman degra- 
dation of peptide Px. 

Histone H.5 is characterized by an asymmetrical 
distribution of the hydrophobic and basic residues 
similar to that found in trout histone Hl [ 121. The 
amino terminal half of histone H5 contains most of 
the hydrophobic residues and all the aromatic residues 
of the protein and has been shown to take up a 
globular conformation at ionic strength >O.l [2,13]. 
The globular region is, in fact, from residues 22-l 00 
[14]. The carboxy-terminal half, which corresponds 
exactly to the fragment Px (residues 94-l 89) is 
strongly basic. Lysine and arginine account together 
for 50% of the total residues in the fragment Px. The 
remainder of the residues is almost exclusively com- 
posed of alanine, serine and proline. Such a composi- 

tion isnot expected to support an organized structure. 

As a matter of fact no secondary or tertiary structure 
was shown by circular dichroism and nuclear magnetic 
resonance studies, between residues loo-189 [2]. 
However the distribution of the proline residues 
within the carboxy-terminal region of histone HS 
delimits two long basic sequences (fig.2) (the first 
between proline- and proline-149, the second 
between proline- and proline-176) which could 
take up a helical conformation when the positive 
charges are neutralized by the phosphate groups of 
DNA. The fact that serine-145 and serine-166 have 
been found phosphorylated in vitro by a rat pancreatic 
kinase (A. Martinage, P. S., unpublished) supports the 
idea that these two sequences are likely privileged 
sites for the binding of histone H5 to DNA, through 
electrostatic interactions. 

On the other hand, when the sequence of chicken 
histone H5 is aligned for maximum homology with 
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Chicken HS 

Goose H5 

Chicken H5 
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30 
S-H-P-T-II-S-E-M-I-A-A-A-I 

S-"-P-T-Y-S-E-El-I-A-A-A-I 
30 
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l;~~~~~~~~~z~/:r;ii:: 

ii0 
K-S-R-G-G-S-S-R- 

K-S-R-G-C-S-S-R- 

90 

I-R-R-L-L G-V-L-K-O-T-K-G-V-G-A-S-G-S-F-R-L- 

I-R-R-L-L G-V-L-K-Q-T-K-G-V-G-A-S-G-S-F-R-L- 
90 

I20 130 140 
S-P-X-K-A-A-R-P-R-K-A-R-S-P-A-K-K-P-K-A T A-R-K- 

S-P-K-K-A-A-R-P-R-K-A- R-S-P-A-K-X-P-X-A A A-R-K- 
130 140 

irl- 

150 160 
A-R-K-K-S-R-A-S-P-K-X-A-K-K-P-K-T-V-K-A-K-S 

A-R-X-K-S-R-A-S-P-K-K-A-K-K-P-K-T-V-K-A-K-S 
150 160 

189 
R-S-K-P-R-A-K-S-G-A-R-K-S-P-K-K-K 

R-S-K-P-R-A-K-S-G-A-R-K-S-P-K-K-K ,no 
190 193 

Fig.3. Comparison of amino acid sequences of chicken erythrocyte histone HS and goose erythrocyte histone II5 f 151. The two 

sequences shown with the one-letter code (see J. Biol. Chem. (1979) 254,7), are aligned for maximum homology. Amino acid 
changes are indicated by boxes and deletions by (--). 

that of goose histone HS [I 5],30 differences can be 
observed (fig.3). Of these differences, 14 correspond 
to non-conservative amino acid replacements and 4 are 
deletions. The changes occur mainly in the amino- 
terminal and carboxy-terminal sequences of the his- 
tones. In the amino-terminal sequence (residues 1-22) 
I deletion and 10 substitutions of which 5 are not 
conservative are found. In the carboxy-term~al 
sequence (residues 100-l 89) 9 substitutions and 
3 deletions take place. The globular regions (residues 
23-99) show an extensive homology; besides the few 
conservative changes observed, the replacement of the 
sequence His-Asn of chicken I-IS by the sequence 

Gin-His inToose6;IS, must be quoted. 
63 64 

The conservation of the sequence of the globular 
region in avian histone HS might be related to a funda- 
mental function, e.g., protein-protein interaction, in 
the chromatin. 
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