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1. Introduction 

We wish to report the complete sequences of the 
136 amino acids of the only cysteine containing histone 
isolated from chicken erythrocytes. For the first time, 
to our knowledge, all the positions of the amino acids, 
in the course of establishing the primary structure of a 
protein, have been assigned without the use of over- 
lapping sequences. To achieve this, specific chemical 
cleavages rather than enzymatic degradations were 
chosen and applied, first to the original protein chain, 
and subsequently to the generated polypeptides to 
yield sets of not more than 3 peptides in any single 
cleavage. Their relative position in the protein or poly- 
peptides became evident after comparison of the N- 
and C-terminal amino acid in the cleavage products 
and the uncleaved starting material. 

The simplicity of the peptide mixture after each 
cleavage, resulting in easy separation of the peptides, 
together with the highly efficient Edman degradations 
of automatic sequencing, allowed us to perform a rapid 
and relatively non-laborious primary structure deter- 
mination of histone F 3 . 

2. Experimental 

We isolated F 3 histone and purified it through a 
series of gel filtration steps as reported previously [ 1 ],  
making use of the fact that it is the only cysteine con- 
taining histone and can thus undergo controlled 
dimerization. Gel electrophoresis, dansylation, cyano- 
gen bromide (CNBr) cleavage on the performic acid 
oxidized [2] protein and amino acid analysis were 

carried out as reported previously [ 1 ] but using 
thioglycollic acid instead of phenol, to prevent oxida- 
tive losses during protein hydrolysis. 

Tyrosine containing peptides were cleaved with 
N-bromosuccinimide (NBS) [3] at room temp. by add- 
ing sequently approx. 1/10 of the theoretical amount, 
and monitoring the spectrum until no further change 
occurred before the next addition of NBS. Titration 
was considered to be complete when addition of NBS 
caused no further increase in the 260 nm reading. 
Aspartic acid containing peptides were cleaved in 
dilute acid [4]. 

Instead of  the Quadrol [5] and dimethylallylamine 
[6] buffers generally used, completely aldehyde-free 
dimethylaminopropyne buffer [7] was used in the 
Edman degradation. 

The protein and peptide programs, as provided by 
the manufacturer of the Beckman Model 980 sequencer, 
were modified, and together with the dimethylamino- 
propyne buffer, resulted in higher yields, cleaner 
chromatographic backgrounds and lower losses due to 
peptide extraction. 

PTH and TMS-PTH amino acids were identified 
by gas chromatography (GC) [8] and amino acid 
analysis. Ethyl acetate soluble and insoluble derivatives 
from each step were pooled and hydrolysed to the free 
amino acids in 6 N HCI-I% thioglycollic acid for 
24 hr at 130 °. Amino acid analysis was performed on 
a Model 116 modified to allow the detection of 3 
nmoles amino acid. Full account of experimental 
details will be published elsewhere. 
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3. Results and discussion 

The electrophoretic microheterogeneity of F 3 
histone, apparent on gel electrophoresis, using the 
method of Panyim and Chalkley [9] (not evident 
using the method of Bonner et al. [ 10] ), is due to 
acetylation of lysine residues since, on incubation 
with calf thymus histone deacetylase [ 1 ], the two 
slower bands disappear. In addition, acetic acid was 
identified by GC [1]. The amino acid composition of 
the protein was found to be: Lyst2, Lys-e-(Me)l, His 2 , 
Argls, Asps, Thrlo, Ser6, Glu16, Pro6, GlyT, Alal8, 
Cyst ,  Val6, Met2, l]eT, Leul2, Tyr3, Phe4, (NHs)10 [1]. 

The modified degradation procedure allowed us 
to carry the sequence determination on the uncleaved 
protein through 48 steps compared with 26 steps by 
the standard method. The subsequent approach to the 
complete sequence determination is given in fig. la. By 
inspecting the amino acid composition of the protein 
or peptides, a cleavage method was chosen which 
yielded not more than 3 fragments. Their relative 
position became obvious from the knowledge of the 

C-terminal amino acid (the point of cleavage) and the 
establishment of the N-terminal residue. After CNBr 
cleavage [ 1] peptides CN-3 and CN-2 were sequenced 
15 and 29 steps, respectively. Assignments of the 
ultimate amino acids were aided by the knowledge of 
the amino acid composition of the peptide and the 
C-terminal residue. Peptide CN-1 contained two 
tyrosine residues and was thus cleaved with NBS. Pep- 
tides CN-1, NB-2 and CN-1,NB-1 (1) were sequenced 
12 and 36 steps, respectively, yielding the complete 
sequence of the protein. 

Additional cleavages at aspartyl residues in peptide 
CN-1,NB-1 (1) and at tyrosyl residues in peptide CN-2 
were performed to yield the peptides expected from 
the sequence of the parent polypeptides. 

The distribution of basic amino acids (fig. lb) is 
similar to that ofhistone F2a I and F2b [11]. The 
N-terminal and C-terminal regions are very basic. They 
are separated by a stretch of 32 non-basic residues 
which contains the cysteine residue. More than half 
of all basic amino acids occur in pairs (fig. lb). The 
N-terminal half of the protein contains 4 out of the 
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Fig. 1. a) Sequence determination of F 3 histone, a: amino acids positioned by various manual m e t h o d s . ~ :  uninterrupted 
automatic sequence determination. Nomenclature of polypeptides: CN denotes a cyanogen bromide cleavage fragment and the 
number its order of elution with 0.01 N HC1 from Sephadex G-100 column [1]. NB denotes a N-bromosuccinimide cleavage frag- 
ment. The first number after NB refers to the order of elution from a Sephadex G-50 column with 0.01 N HC1. The number in 
brackets denotes the order of elution from a CMC-column using a NaC1 gradient from 0 to 1.0 M in 0.05 M acetate buffer pH 7.5. 
A: denotes peptides derived from cleavage of fragment CN-1,NB-1 (1) at aspartyl residues and the number the elution order with 

0.01 N HC1 from Sepbadex G-25. b) Distribution of basic amino acid in histone F3. 
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5 10 15 

H-Ala-Arg-Thr -Lys-Gln-Thr  - A l a - A r g - L y s -  Ser -Thr -Gly - G l y - L y s - A l a -  

20 2S Me 3o 
, I  Pro-Arg -Lys -Gln-Leu-Ala -Thr-Lys-Ala  -Ala-Arg -Lys-Ser -Ala - P r o -  

35 40 45  

Ala - Thr - Gly -Gly - Val - Lys- Ly s-  Pro -His - Arg-Ty r - Arg-Pr o - Gly -Thr -  

50 55 60 

Val-Ala-  Leu-Arg -Glu- l le  -Arg-Arg-Tyr-Gln -Lys-  Ser -Thr-Gln -Leu-  

65 70 75 

Leu-Ile - Arg -Ly  s -  Leu-Pro - Phe--Gln - Arg- Leu-Val-  Arg-Gln-lle -Ala - 

80 85 90 

Glx-Asx-Phe-Lys-Thr-Asx-Leu-Arg-Phe-Glx -Glx-Ser-Ala-Val  -Set  - 

95 1 O0 10S 

Met-Ala-Leu-Gln-Glu-Ala-Ser -Glu-Ala-Tyr  -Leu-Val-Gly-Leu -Phe-  

110 115 120 

Glu-Asn-Thr-Asn- Leu--Cys- Ala-lle -His - A l a -  Lys--Arg--Val-Thr - l le  - 

125 130 135 

Met-Pro-Lys-Asp-Ile -Gln-Leu-Ala-Arg-Arg-I le  -Arg--Gly--Glu - A r g -  

July 1972 

Ala-OH 

Fig. 2. Complete amino acid sequence of histone F 3. 

5 proline residues and twice as many hydroxy  amino 

acids as the C-terminal half. All the methyl  and acetyl 
groups are located in the N-terminal region. The sig- 
nificance of  these distributions as far as p ro t e in -p ro t e in  
and p r o t e i n - D N A  interactions are concerned remains 
to be elucidated. 

Lysine 27 is completely methylated.  Lysines in the 
first 37 residues are partially acetylated since peptides 
CN-1 and CN-1 ,NB-I(2) shows the same electro- 
phoretic microheterogeneity as histone F 3. 

All the t rypt ic  peptides of  calf thymus histone F 3 
sequenced by  Delange et al. [12] can be aligned in 
the N-terminal region. In chicken erythrocytes  and 
calf thymus the same lysine residue (residue 27) is 
methylated and probably the same lysines are partially 
acetylated (residues 14 and 23 [12] ). 

As expected,  only few differences occur between 
calf and chicken histone F 3. Out of the 60 residues 
that  can be compared at this stage [12, 13] only one 
inversion of residue 28 and 29 is evident. 

Sequence similarities between histone.F2a l (IV) and 
F 3 exist. Comparing various stretches to the ancient 
histone IV A dodecapeptide [14] show that  residues 
1 - 6 ,  7 - 1 7 ,  2 8 - 4 0 ,  4 1 - 4 9  and 128-136  correspond 
to 83%, 75%, 88%, 81% and 85% unaltered ancient 
histone RNA bases, compared with 43% for random 

sequence s. 
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