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Protein A24 is of interest because of the rapid reduction 
in its content in hypertrophic liver nucleolio Although its 
amino acid composition is similar to that of histone 2A, protein 
A24 has a higher molecular weight and a higher content of glu- 
tamic acid, threonine and prolineo Inasmuch as the tryptic and 
chymotryptic peptide fingerprints of protein A24 contain almost 
all the peptides of the corresponding fingerprints of histone 
2A, protein A24 may be either a unique protein composed in large 
part of amino acid sequences of histone 2A or a "prohistone" for 
his tone 2A. 

I NTRODUC T I ON 

The nonhistone chromosomal protein A24, initially found by 

two-dimensional gel electrophoresis of nucleolar proteins (1), 

was found in markedly reduced amounts in nucleoli during nucleo- 

lar enlargement of thioacetamide-treated (2) and regenerating 

rat liver (3)~ Protein A24 was isolated and its amino acid com- 

position and amino terminal amino acid were determined. Protein 

A24 differs from histones in its high content of glutamic acid 

and its NHf,terminal amino acid, methionine. However, its solu- 

bility and its binding to chromatin were like those of histones 

2A, 2B, 3 and 4 (4,5)° 

The present comparison of protein A24 and histone 2A indi- 

cates that protein A24 contains almost all the tryptic and 

chymotryptic peptides of histone 2Ao Accordingly, it may be 

either a "prohistone" or a nonhistone chromosomal protein con- 
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taining a large part, if not all, of the amino acid sequence of 

histone 2Ao 

MATERIAI~ AND METHODS 

Preparation of highly purified protein A24 and histone 2A - 

Protein A24 migrated as a single spot on two-dimensional poly- 

acrylamide gel electrophoresis after purification by gel fil- 

tration and preparative electrophoresis and had a single NH 2 

terminal amino acid (4)° Histone 2A, prepared in highly puri- 

fied form as previously described (6), was generously provided 

by Mro Charles W. Taylor and Dr° Mark O. J. Olsono 

Amino acid composition, NH2-terminal amino acid analysis 

and molecular weight of protein A24 and histone 2A - For protein 

A24 the amino acid composition was determined by hydrolysis with 

5.7 N HCI (4, 7) and mercaptoethane sulfonic acid (4,8). The 

NH2-terminal amino acid was determined by dansylation (4,9,10) 

and the molecular weight by gel electrophoresis in sodium do- 

decyl sulfate (4,11). The corresponding data for histone 2A 

were reported earlier (12). 

Peptide fingerprint analysis of protein A24 and histone 

2A - Protein A24 (250-500 ~g) or histone 2A (250-500 ~g) were di- 

gested twice for 2 hours at 40°C with 5-10 ~g each time of either 

TPCK trypsin (4) or ~ chymotrypsin° The digests were lyophyl- 

ized, dissolved in 25 ~i of 50% acetic acid and applied onto 

Whatman NOo I filter paper (4,13). Chromatography of the pep- 

tides was carried out in butanol, acetic acid and water (4:1:5, 

V:V:V) for 16-17 hours and electrophoresis was at pH 3°6 (4,13) 

at 3000 volts for 45-50 minutes in pyridine, acetic acid and 

water (l:I0:I89~V:V:V) o The cadmium-ninhydrin stain was used 

to visualize the peptides (14). 
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RESULTS 

A comparison of the amino acid composition of protein A24 

and histone 2A (Table I) shows similarities in content of lysine, 

histidine, aspartic acid, leucine and phenylalanine. Protein 

A24 contained less arginine and alanine than histone 2A. On the 

other hand, the contents of threonine, glutamic acid and proline 

were higher in protein A24 and it had a higher acidic/basic amino 

acid molar ratio than histone 2A. Neither protein contained 

tryptophan. Histone 2A contained no methionine. The single 

methionine residue in protein A24 was the amino terminal amino 

acid of this protein. In addition, the molecular weight of 

protein A24 was approximately twice that of histone 2A (4,5). 

The striking similarities in tryptic peptide fingerprints 

are shown in Figures 1 and 2. The tryptic peptide fingerprints 

of histone 2A (Fig. la and 2a) contained approximately 27 pep- 

tides, of which 15 were readily identifiable and identical in 

mobility to peptides in the patterns of protein A24 (Fig. Ib and 

2b). The corresponding tryptic peptide fingerprints of protein 

A24 (Fig. Ib and 2b) contained approximately 45 peptides of which 

8 were definitely not present in histone 2A (arrows, Fig. 2b). 

The chymotryptic peptide fingerprint of histone 2A (Fig. 

3a) contained approximately 20 peptides, 12 of which were readily 

identifiable and identical in mobility to peptides in the pat- 

tern of protein A24 (Fig. 3b). The chymotryptic peptide finger- 

print of protein A24 (Fig. 3b) contained approximately 30 pep- 

tides, 3 of which were definitely not found in histone 2A 

(arrows, Fig. 3b). 

DISCUSSION 

The striking similarities in amino acid composition, tryptic 
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TABLE I 

COMPARISON OF PROTEIN A24 AND HISTONE 2A 

Protein A24(4) Histone 2A (12) 

Trp 

Lys 

His 

Arg 

Asx 

Thr 

Ser 

Glx 

Pro 

Gly 

hla 

Val 

Met 

I leu 

Leu 

Tyr 

Phe 

Mole Percent Mole Percent 

0 . 0  0o0  

1 1 . 3  1 0 . 9  

2 . 4  3 o l  

704 903 

7 . 3  6 . 2  

6 . 5  3 . 9  

4 . 5  3 . 1  

12o3  9 . 3  

5 ° 6  3 . 9  

9 . 2  1 0 . 9  

9 . 6  1 3 . 4  

4 . 9  6 . 2  

0 . 3  0 . 0  

5 . 8  4 . 7  

1 0 . 9  12.4 

1.3 2 o3 

0.9 0.8 

Lys +His +Arg 21.1 23 o 3 

Glx +Asx 19 ~ 6 1505 

Glx+Asx/Lys +His +Arg 0 o 93 0.67 

NH 2- termi na i Me thioni ne Ace ty iseri ne 

Molecular Weight 27,000 14,000 
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Tryptic peptide maps of (a) histone 2A and (b) 
protein A24o The 15 major peptides in common 
are marked with small pointers and numbers° 250 
~g of each protein were digested simultaneously 
with trypsin (see Materials and Methods) and 
chromatographed simultaneous lyo 
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i i  

i i ~ / i! 

Figure 2 Tryptic peptide maps of heavy loads (500 ~g each) 
of (a) histone 2A and (b) protein A24 to demon- 
strate peptides difficultly visualized at low 
loads. The digestions and chromatography were 
performed at different times. The peptides unique 
to protein A24 (in b) are indicated by arrows° 
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Chymotryptic peptide maps (250 ug each) of (a) 
histone 2A and (b) protein A24. The major common 
peptides are indicated with pointers and numbers 
and the peptides definitely unique to protein 
A24 are indicated by unnumbered arrows° 
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and chymotryptic peptides of protein A24 and histone 2A indicate 

that they have common amino acid sequences. Protein A24 has a 

single methionine residue at its NH2-terminus and histone 2A 

contains no methionineo Protein A24 also has a molecular weight 

greater than histone 2A and it produced additional peptides not 

produced by histone 2A upon both tryptic and chymotryptic di- 

gestion. Therefore, it is possible that histone 2A is on the 

C-terminal side of protein A24. 

The evidence that histone 2A may be a part of the structure 

of protein A24 suggests the possibility that protein A24 may be 

a "prohistone" for histone 2A. Precursors have been found for 

many peptides and proteins including insulin (15,16), albumin 

(17,18), collagen (19), immunoglobulin (20,21), phage proteins 

(22) and viral proteins (23)° 

On the other hand, a protein with similar migration char- 

acteristics had a high rate of amino acid incorporation during 

early rat liver regeneration (25)~ A high synthetic rate for 

protein A24 when the rate of histone 2A synthesis is low is not 

consistent with a simple precursor-product relationship. Fur- 

thermore, protein A24 has been found tightly bound to chromatin 

(4,5) in constant amounts in several tissues (5,25)° Therefore, 

protein A24 may be an independent protein entity with a bifunc- 

tional structure that contains much, if not all, of the amino 

acid sequence of histone 2A as well as additional amino acid 

sequences that make it a nonhistone chromosomal protein. 

Goodwin and Johns (26) and Smith and Stocken (27) reported 

nonhistone proteins with lysine contents similar to histone i. 

It is possible that there may be other nonhistone proteins with 

remarkable structural similarities to other histones. 
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