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SUMMARY: The amino acid sequence of the first 112 residues of
goose H5 and the first 38 residues of pigeon H5 has been
determined. When a gap of 12 residues is introduced in the N-
terminal regions of avian H5, almost half of the residues become
identical to those of Hl1 from various species. The region of
this gap corresponds to a homologous repeating sequence in Hl.
This suggests a deleation or duplication in this region and that
the genes for Hl1 and H5 histones have evolved from a common
ancestral gene.

A comparison of the N~terminal amino acid segquence of
H5 isolated from chicken, quail, duck, goose and pigeon showed
considerable sequence variation (l). The species variability
and microheterogeneity (2) of avian histone H5 are similar but
not as extensive as those found in H1l histones from rabbit
thymus (3, 4, 5). However, both Hl and H5 histones are quite
different from H2A, H2B, H3 and H4 histones which exhibit an
unusually high degree of sequence conservation (6, 7). Sautiere
and coworkers determined the amino acid sequence of the first
111 residues of chicken H5 (8, 9, 10) and reported that about
15 residues adjacent to the single phenylalanine of H5 were
analogous to a region corresponding to Phe-106 in rabbit thymus
H1 (9, 11). Strickland et al. (12) found that about 25 residues
including Phe~93 of chicken H5 were very similar to the
corresponding region of H1 from rabbit (11), sea urchin (12) and
trout (13). We have extended the amino acid sequence of goose
H5 and pigeon H5, and have found that the sequence homologies

between H1 and avian H5 are much more extensive than those

reported previously (6, 7, 9, 12, 14).
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MATERIAL. AND METHODS

The source for geese (Anser anser) and pigeons
(Columbia livia) and the methods of isolation of nuclei,
extraction of H5, fractionation and purification of H5 have
been described (1, 15). The purity of each protein was assessed
by electrophoresis at pH 2.7 and in sodium dodecylsulphate (1,
15).

The first 36 residues of goose H5 and the first 38
residues of pigeon H5 were automatically degraded with a Beckman
model 890C sequenator with a 0.5 M quadrol (program No. 122974).
The thiszolinone or PTH derivatives were hydrolyzed with 6N HCI1
in the presence or absence of 0.1% SnCl; (16) at 130°C for 20
hours, and the amino acids formed were analyzed with the Durrum
D-500 amino acid analyzer. The identification of some PTH
derivatives (Asp, Asn, Glu, Gln) was made by thin-layer
chromatography on silica gel plates (17, 18).

Large fragments of goose H5 were produced by cyanogen
bromide, N-bromosuccinimide, acetic acid (10), and Staphyloccocus
aureus protease (19) which was performed at pH 4.0 for 16 hours.
These fragments were isolated by gel filtration on Sephadex G-75
Superfine (1.5 cm x 260 cm) eluted with 0.01 N HCl. The N-
terminal region (up to 36 residues) of these fragments were
degraded automatically and identified. The amino acid sequence
data provided sufficient overlaps to determine uneguivocally the
residues from 32 to 112. Details of the sequence determination
will be described elsewhere.

RESULTS AND DISCUSSION

The amino acid sequences of the first 112 residues of
goose HS and first 38 residues of pigeon H5 were compared with
the first 111 residues of chicken H5 (10) and available partial
sequence data of histone H1l from rabbit thymus (11), calf thymus
(5), sea urchin (12), and trout (13). This is shown in Figure 1.
The identical amino acids in the corresponding positions of both
H5 and H1 are confined within blocks. Homologous residues
exclusive to either H5 or Hl are not indicated. With the
insertion of specific gaps to improve sequence alignment, 63 of
the 111-112 known residues of the H5 histones could be made to
coincide to identical residues in at least one of the Hl species.
The homology is probably more extensive than this because at
least 8 conservative substitutions (Lys-Arg, Thr-Ser, Asp-Glu,
Val-Ile, and Leu-Met) are also found between Hl and HS5.

The amino acids in histone H]l are asymmetrically
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H5 CHicken THR GLU Ser Leu VaL Ley ~-- --- Ser [Pro Z\LA Pro ALaj--- g'ﬁ: VALALA SeR| ARG | ARG ggn -
H5 Goosk THR Asp Ser |Pro| ILE PRO ~-- -~-- Aca Pro ALa Pro ALalAra L ArG |ALa (ARG ALa|PrO ARG Lys F;s_;’o ---
HS PicEon THr |6Lu| Ser |Pro| ILE Pro VaL ProjALa Pro ll\&k Pro ALa|ALA L Pro[Lys Ars VAL Ser|Lvs|Are §§° ---
Hl RaeBIT Ac- SERHALA Pro|ALa GLu THR ALalALa Pro fll_A Pro ALa|GLu LysiLys ---]Lys Lys FZ\%A Aa
Rl Car Ac-Ser {GLu]ALA |PRoj ALA GLu Tar ALa|ALa Pro Aca Pro ALa|Pro Lys|THR |PrO Lys|ALa ALa

H1 Sea Urchin -MeT|Pro| 6Ly Ser Pro GLN X ---|Pro Ars Lys| X OGin-

HS CHicken i é;A Ser Aa AuafAca (ILe z\ée
H5 Goose Rl e el el it Q%A SER ALa ALa §|§A ILe ARG
H5 PiceoN 35T TTT ST ST T mmt mmmemm s e oee Ia\IG.A SEr ALA Aca |ALa .
H1 RaBBIT Iizs Lys Pro GLY ALa GLY ALa ALa Lys Are Lys I}\%A Aua Guy|Pro Iﬁo THr Lys [ALA VAL é\xl.A

H1 CauF Lys Lys Lys Lvs Pro ALA GLy ALA ARG Are Lys|ALa Ser|GLy Pro Pro THR Lys |Ata [VaL ALa
H5  CHICKEN GLY %gk Ser{ARG GLN Ser igs GLN E:S Tyr|ILe Lys Ser --- His : VaL| 6Ly g?s
H5 Goose GLy ER Ser| ARG GLN Ser |ILE)GLN Lvs Tyr|VAL Lys Ser --- His I VAL| 6Ly 9;"
H1 RaBBIT GLy %gu SER|LEU ALA ALa Leu Lys Ié.vs [ALa Leu Aa A GLv 6Ly VAL}--~ 6Ly
Hl CaLr Guy [VAL{ Ser|LEu ALa ALa LEu Lys |LysiALa Leu Aua ALa Aua Gy Tvn-

HL TRrout GLy VAL Ser{LEu ALa Ata LEu Lvs {Lys|Ser Leu Aa Aua Gy GLy|Tvr Asr' L ~== 6Ly
H1 Sea URcHIN GLY SER SER|ALA ALA LvsuLYs SER MMET Aua TYR --- ARG VAL Asp MeT --- Asn

H5  CHicKen Z\%N Aua Asp LEu GLn LEU) Ser ILEARG 7L:u Leu |ALa|ALa VaL|Leu Lys Gun THR Lys EEY vaL §;Y
H5 Goose His Ata Asp Leu GLN LEv Aua]lLE|ARG| ARG LEU LEu|THR | THR L VaL|Leu Lys GLn THR Lvs (93|§v VAL Els{
Rl RamBIT |_;¥S AsN AsN Ser Are Ley| 6Ly LEu Lys Ser ',;E” VaL Ser Lvs THr |LEu [VAL GLU|THR Lvs (f'évo Thr g.ila;
Hl  Trout Lys Asn Asn SEr Are Thr |Leu [VAL 6LujTHr Lys GLY|THr|GLY

(ALAVAL Lys Ser [Leu|VaL [Tur|Lys
H1 Sea UrcuIin VAL Leu ALa Pro His VAL ARG ARG |ALA | Ley Ash GLY VaL|ALaiSer

AcafLeu Lys GuNnVaL THr|6LY THRE:i

89 93 2 111

H5  CHicken %A GLy SER|Ser E';E s ARG SER PRO 6Ly Lys|lys Lvs Aca Iﬁrg-

H5 Goose ALa Ser GLY SER PHE ARG SER PRo ALa [GLY ARG Lvs Lys Lys-

102 106 8 125

Hl RamBIT ALa Ser GLY SEr PHE Pro Lys|Pro|--- -~- GLy-
) 103 107 17 119

HL Trour ALa SEr GLY SER PHE ~-- Lys|Pro ALa|---Lys Lvs ALA[----

H1 Sea Urcwin  ALa Ser GLy Ser PHE

Figure 1. Comparison of partial amino acid sequences of Chicken
erythrocyte H5 (ref. 10), goose erythrocyte H5, pigeon
erythrocyte H5, rabbit thymus RTL-3 H1 (ref. 11), calf thymus
CTL~1 Hl1 (ref. 5), trout testis Hl (Ref. 13), and sea urchin H1l
(ref. 12).

distributed and the polypeptide chain can be divided into three
regions (11, 20). Conformational studies on large fragments of
calf thymus H1 (21, 22, 23) and chicken H5 (24) showed that Hl
and H5 are also very similar with the possible exception of the
N-terminal region. As shown in Table 1, avian H5 proteins can
also be divided into three corresponding regions (10, 24). The
N-terminal regions of both H5 and Hl histones have relatively

high proline contents and are free of aromatic residues. On

102



BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Vol. 76, No. 1, 1977

pue (g *4a4) IH L-TLJ SNWAYY J1ed (Ll "434) [H £-1LY shwAyl 3itqqed (0l
1590UDU9 494 BULMO|[O04 dYl Ul USALG e3Ep UOLILSOdWOD PLOR OULue pue IJU3NDIS WOLY PIIR{NDI|BD IJR SINPLSIY

.ﬁm_
*494)

‘484) |H SL3S91 3IN0J3

SH 914204y1£43 UIRILYD

(o]

<

o

COOOONMNOITFTOOOOONOONN
r—

™~
~
<

801 86 66
€1 Pl

M~

<
o0}
™
OO
™
—

—

—_—
—

—
—

—

——
MO~ MOONNTFT— WM~ ONON

CODOMMINENOCOOOOT OO
COOOM——ND—~OO0O~0OO
COCOMA—MIOMOOOO
s
AN OMOONOOVOND—r— MO N
—
N— NS —OONOMN—OOM— 0N ON
CONONMANN~OOOO QWO N —

(=)
o3
o
5]

OCOMO—~ NN OO0 ONO
OO0~ O~ MOOWNO~~ OO —M

8¢

—OOONNNONOO—OOOMr—M

L2
£-¢

LN FOFTNOONDOMm—

OOr—F_
o

LejoL
Bay
SLH
sk
ayd
JAL
nas
all
18K
LA
ely
A1y
odd
438
Ayl
uis
ny
usy
dsy

212-9L1L
3In0Uy

€

22-91L 86L-10L 86L-00L Gil-1y 0O0L-62 6¢-8¢ 1y-L

31qqey 9S00 UYDLY) 1LQQey 95009 UIOLY) 41®) 3Lqgey

oy-L ge-1

8-t

[2-\

uosbird 9S00y  udYILY)

LH

SH H SH LH
41BH lBulwJa]-) uotbay [ea3us)

SH

uorboy [eutwasl-N

UOL11504

SOU0ISLY GH pue |H 40 suotbad a4yl ayl
Buowe SBNPLSIJ PLOE OULWER O UOLINGLJLSL(

"l @1qeL

103



Vol. 76, No. 1, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

the other hand, the central regions are free of proline but
contain both tyrosine and phenylalanine. Furthermore, the C-
terminal halves of chicken H5 and goose H5 histones are highly
basic and free of acidic and of aromatic residues as found in
histone H1l proteins from rabbit (l11) and trout (13).

The size of the N~terminal regions of avian H5 is
significantly smaller than rabbit and calf H1 (Table 1). To
align the sequence Ala-Ser-His-Pro-Pro in residues 26-30 of
pigeon H5 to Ala-Ser-Gly-Pro-Pro of 36-40 of calf H1 a gap of 12
residues was made between Pro-25 and Ala-23 of pigeon H5 and the
corresponding residues of other avian H5 histones. This
consideration was partly based on the fact that the similarities
between residues 13-23 and 24-35 of rabbit H1 (see below) could

be accounted for by an internal duplication of genes for

residues 13-23. Since the N-terminal region of chicken HS5 has
13 25

Rabbit H1  Ala-Glu-Lys-Ser-Pro-Ala-Lys-Lys----- Lys-Lys-Ala
24 35

Rabbit H1  Ala-Lys-Lys-Pro-Gly-Ala-Gly-Ala-Ala-Lys-Arg-Lys
only 4 proline residues whereas that of calf Hl1 has 9 and H5 of
goose and pigeon 8 and 10 respectively, the conformation of the
N-terminal region of calf thymus Hl may be expected to be more
similar to that of goose and pigeon H5 than to that of chicken
H5 (24).

Fasman et al. (25) have pointed out that the first 14
residues of rabbit and calf H1 are free of basic residues.
The corresponding regions from chicken, goose and pigeon H5 are
also free of basic residues (Table 1). Furthermore the sedquence
9-13 of pigeon H5 is identical to 9-13 of rabbit and calf Hl.
The total number of residues and the amino acid

compsoitions of the central regions of H5 and H1 are very similar
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and the high degree of sequence homologies between chicken H5 to

other H1 found by other workers (9, 12) is also observed between

goose H5 and other Hl. This region is the most hydrophobic and

its conservation may be extremely important for function. The

complete amino acid sequences of the C-terminal region of

avian HS5 is not yet available. The number of identical residues

{5-6) homologous to both H5 and H1l is known in only the first

10 residues of this region. However, considerable sequence

homology is expected judging from the similarities of amino acid

compositions of the remaining C~terminal regions of H5 and Hl.

The high degree of amino acid sequence homology and

the other structural similarities noted here suggest that the

genes for H1 and H5 histones could have evolved from a common

ancestral gene and that the internal gene duplication proposed

in the N-terminal and C-terminal (13) regions of H1l may be

responsible for its larger size in comparison to H5. The

remaining major difference between H1 and H5 is the serine,

alanine and arginine contents (26) which are largely located in

the C-terminal region. This difference may distinguish the

functional aspects of these proteins.

(Issued as N.R.C.C. No. 15845)
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