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Protein A24 is of interest because of the rapid reduction
in its content in hypertrophic liver nucleoli. 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 proline. 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
histone 2A.

INTRODUCTION

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 NHp~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 2A. 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 2A.

MATERIALS 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,
terminal amino acid (4). Histone 2A, prepared in highly puri-
fied form as previously described (6), was generously provided
by Mr., Charles W. Taylor and Dr. Mark O, J. Olson.

Amino acid composition, NH2-terminal amino acid analysis

and molecular weight of protein A24 and histone 2A _ fFor protein

A24 the amino acid composition was determined by hydrolysis with
5.7 N HC1 (4,7) and mercaptoethane sulfonic acid (4,8). The
NHy-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 ug) or histone 24 (250-500 pg) were di-
gested twice for 2 hours at 40°C with 5-10 ug each time of either
TPCK trypsin (4) or g chymotrypsin. The digests were lyophyl-
ized, dissolved in 25 pl of 50% acetic acid and applied onto
Whatman No., 1 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 (1:10:189,V:V:V). 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 24 (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. 1b and
2b). The corresponding tryptic peptide fingerprints of protein
A24 (Fig. 1b 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 24 (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)

Mole Percent Mole Percent

Trp 0.0 0.0
Lys 11.3 10.9
His 2.4 3.1
Arg 7.4 9.3
Asx 7.3 6.2
Thr 6.5 3.9
Ser 4.5 3.1
Glx 12.3 9.3
Pro 5.6 3.9
Gly 9.2 10.9
Ala 9.6 13.4
Val 4.9 6.2
Met 0.3 0.0
Ileu 5.8 4.7
Leu 10.9 12.4
Tyr 1.3 2.3
Phe 0.9 0.8
Lys+His+Arg 21.1 23.3
Glx+Asx 19.6 15.5
Glx+Asx/Lys+His +Arg 0.93 0.67
NHz—terminal Methionine Acetylserine
Molecular Weight 27,000 14,000
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Figure 1 - Tryptic peptide maps of (a) histone 2A and (b)

protein A24. The 15 major peptides in common
are marked with small pointers and numbers. 250
ug of each protein were digested simultaneously
with trypsin (see Materials and Methods) and
chromatographed simultaneously,
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Figure 2 - Tryptic peptide maps of heavy loads (500 yg 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 methionine. 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 proteipns 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 1,
It is possible that there may be other nonhistone proteins with

remarkable structural similarities to other histones.

958



Vol. 65, No. 3, 1975

ACKNOWLEDGMENTS

The authors wish to point out that they were very fortunate

to have as colleagues Mark O. J. Olson, Lynn C. Yeoman and
Charles W, Taylor, whose experience in determining the primary
structure of histone 2A (6,12) provided invaluable suggestions
for the present study. We would also like to thank Y., C, Choi
for very helpful discussions.

13.

14,

15.

16,

17,
18.
19,
20.
21,

22.

REFERENCES

Orrick, L, R., Olson, M. O. J. and Busch, H, (1973) Proc.
Nat. Acad. Sci. USA 70, 1316-1320.

Ballal, N, R., Goldknopf, I. L., Goldberg, D. A. and Busch,
H. (1974) Life Sci. 14, 1835-1845,

Ballal, N, R,, Kang, Y.-J., Olson, M, O. J. and Busch, H.
(1975) J. Biol. Chem. In press.

Goldknopf, I, L., Taylor, C, W., Baum, R, M., Yeoman, L. C,,
Olson, M. 0. J., Prestayko, A, W, and Busch, H. (1975)

J. Biol. Chem. In press.

Goldknopf, I, L,, Baum, R, M., Ballal, N, R,, Yeoman, L. C.,
Olson, M. O. J. and Busch, H. (1975) Fed. Proc. 34, 610,
Starbuck, W. C., Mauritzen, C, M., Taylor, C. W., Saroja, I.

S. and Busch, H, (1968) J. Biol. Chem. 243, 2038-2047.

Spackman, D, H., Stein, W. H. and Mooxre, S. (1958) Anal.
Chem, 30, 1190-1200.

Penke, B., Ferenczi, R. and Kovaks, K, (1974) Anal, Biochem,
60, 45-50.

Weiner, A, M., Platt, T. and Weber, K., (1972) J. Biol. Chem,
247, 3242-3251.

Hartley, B. S. (1970) Biochem., J. 119, 805-822.

Shapiro, A. L., Vinnela, E, and Maizel, J, V. (1967) Biochen,
Biophys. Res. Commun., 28, 815-820.

Yeoman, L. C., Olson, M, O. J,, Sugano, N., Jordan, J, J.,
Taylor, C. W., Starbuck, W. C. and Busch, H, (1972)

J. Biol. Chem. 247, 6018-6023.

Bennet, J. C., (1967) in, Methods in Enzymology (C. H. W,
Hirs, ed.), Vol. XI, pp. 330-339, Academic Press, New
York.

Starbuck, W. C. (1970) in, Methods in Cancer Research (H.
Busch, ed.), Vol. V, pp. 251-351, Academic Press, New
York.

Tager, H, S, and Steiner, D, F, (1974) in, Annual Rev.
Biochem. 43, 509-538.

Stiner, D, ¥,, Clark, J. L,, Nolan, C., Rubenstein, A, H.,
Margoliash, E., Aten, B. and Oyer, P, E, (1969) in,

Recent Prog, Horm, Res. 25, 207-282.

Russell, J. H, and Geller, D. M. (1973) Biochem. Biophys.
Res. Commun. 55, 239-245,

Judah, J. D., Gamble, M., Steadman, J, H, (1973) Biochem,

J. 134, 1083-1091.

Bornstein, P, (1974) in, Annual Rev. Biochem. 43, 567-603.

Schecter, I, (1973) Proc. Nat. Acad. Sci. USA 70, 2256-2260,.

Schecter, I., McKean, D, J., Guyer, R. and Terry, W.

(1975) Science 188, 160-162,.
Laemmli, U, K., (1970) Nature 227, 680-685.

959

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS



Vol. 65,No. 3, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

23.
24,
25,
26,
27.

Jacobson, M, F. and Baltimore, D. (1968) J, Mol. Biol. 33,
369-378. —

Garrard, W, T. and Bonner, J. (1974) J. Biol. Chem. 249,
5570-5579, T

Yeoman, L. C., Taylor, C. W. and Busch, H, (1974) Cancer
Res. 34, 424-428.

Goodwin, G, H. and Johns, E. W, (1973) Euro. J. Biochem,
40, 215-219.

Smith, J. A. and Stocken, L. A, (1973) Biochem. J, 131,
859-861. T

960



