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SUMMARY: Sequence studies on the tryptic peptides from maleylated calf thy-
mus histona III showed one site of c-N-methylation in the sequence Arg-Lys
(cus) <g-Ala~Ser~Pro-Ala-Thr~Gly-Gly-Val-Lys-Lys-Pro-Bis~Arg, and two sites
of e-a-uetyhtion in the sequences Arg-Lys-Ser~Thr~Gly~Gly-Lys(Ac)-Ala=-Pro-
Arg and Arg-Lys-Glu-Leu~Ala-Thr-Lys(Ac)-Ala-Ala-Arg. The ~terminal se-
quance of histone III is probably Ala-Arg and the sequence of 20 residues at
the COOH~terminus has been estsblished., There is little or no similarity
vhen these regions of calf thymus histones III and IV are compared.

It has been demonstrated that certain amino acid side-chains in histomes
are modified by acetylation (1,2), methylation (3~7), and phosphorylation (8,9).
Thus, c=N-acetyllysine (1,2), c~N-monomethyllysine (3,4), c~N-dimethyllysine
(4), c~N~trimsthyllysine (5), 3-methylhistidine (6), w-N~-monomethylarginine (7),
o=N-methyl, guanidinomethylated arginine (7), and phosphoserine (8,9) have
been reported as components of pure or mixed histones. These modifications are
thought to be important to the proposed function of histones in genetic regu-
lation (10-12). The positions of methylated and acetylated lysyl residues in
the sequances of calf thymus and pea seedling histones IV were established in
this laboratory by Delange et al. (1,13,14), We now report the sequences of
peptides containing these derivatives in calf thymus histone III, as well as
the COOH~terminal and NH,-terminal sequences of this histone.

Calf thymus histone III was prepared as previously described (15). Tryp-
tic hydrolyais of the maleylated histone (14 pmoles) and fractionation of the

resulting peptides on coluzme of Sephadex G-25 and G-50 and by paper electro-

* This work was aided by Grants (¢ 11061 and GM 13762 from the National
Institute of Ceneral Medical Sciences, U. S. Public Health Servica.
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phoresis and chromatography were performed as previously described for histone
IV (13,14). Treatment of the non-oxidized, ummaleylated histone (1 wmoole) with
cyanogen bromide yielded 2 fractions on Sephadex G~50, by the method previously
described (16). Amino acid analysis, the Edman degradation, and enzymic hydrol~
ysates were performed as previously described {(13,14). Analysis for methylated
lysines was made by the method of Delange, Glager, and Smith (17).
RESULTS AND DISCUSSION

The sequences of 8 of the 20 tryptic peptides from histone III are given
in Table I. The an-temiunl residue of histone 1II was determined as alanine
in agresment with the results of Fambrough and Bonner (15) and of Johms et al.
(18). Since Peptide T(m)~IVc was the only tryptic peptide isolated with mz-
terminal alanine, it must be the mz-teminal peptide, unless this peptide was

not isolated. Since the other peptides do not heve NH,~terminal alanine, they

TABLE I
AMINO ACID SEQUENCES OF IRYPTIC
PEPTIDRS FROM MALEYLATED CALF THYMUS HISTONE III

Peptide Sequence

T(m)~IVe | Ala~Arg

T(m)~la Lys (cu3) ;_ 2-A1a-sat-Pro»Aln-Thr-Gly-cly-an-Lyn-Ly' ~Pro-His~Arg
T(m)=Ila | Lys-Ser~Thr«Gly~Gly-Lys (Ac) EAI;-Pro-Arg

T(m)~1Ibl| Lys~CGln=-Leu-Ala-Thr-Lys~-Ala~-Ala-Arg

T(m)~IIb2| Lys~-Glu-Leu~Ala~Thr-Lys (Ac) EA]..-AI a=Arg

T(m)~IVa | Ile~Arg

T(m)~IVdb | Gly-Glu-Arg=Ala

T(m)~11Ia} Ile~Arg~-Gly~Glu-Arg

* I.yo(cn:’)o__2 may be lysine, c-N-menomethyllysine, or t~Nedimethyllysine (see
text).

b Lys (Ac) = ceNeacetyllysine
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must have originated from other places in the molecule, and each must be pre-
ceded by an arginyl residue, because of the limited action of trypsin on maley-
lated proteins (13,14,19). All peptides except the COOH-terminal peptide
{(T(m)~1IVb) were proved to have COOH~terminal arginine (by hydrolysis with car-
boxypeptidase B) in accord with this specificity.

Of the 14 lysyl residues present in the 20 tryptic peptides, only one was
present 88 the c-N-methylated derivative. This residue is the Nﬂz-terminll
residue of Peptide T(m)~Ia, which also contains 2 ummodified lysyl residues.

The sequence of this peptide was established with the aid of trypsin hydrolysis
(¢cleaved the Lys~Lys bond) and papain hydrolysis of the larger tryptic peptide
{cleaved the Gly-Gly bond). Analysis of the larger tryptic peptide for methy-
lated lysine by the method previously described (17) showed the presence of both
e~N-monomethyllysine and c-N-dimethyllysine in the ratio of 0.84 to 1.00. The
stoichiometry indicated that as many as one~fourth of the peptide molecules con~
tained unmodified an-terminal lysine. The only similarity in the sites of
methylation in calf thymus histones III and IV (13,14) that is evident from this
study is the presence of an arginyl residue Nﬂz-terminal to the methylated

lysyl residue. However, since the sequence Arg-Lys occurs at least 3 other
times in histone IIT and once more in histone IV {13,14) with no methylation of
these lysyl residues, some additional structural feature must be responsible for
the spacificity of the sites of methylation.

Of the 14 lysyl residues presemt in the 20 tryptic peptides, only 2 were
found to be c-N-acetylated. These 2 lysyl residues were present in Peptides

T(m)~IXa and T(m)~-IIb2, both possessing NH,-terminal lysine (not acetylated)
and a residue of t€-Neacetyllysine 3 residues removed from the COOH-terminal
arginyl residus (Table I). This same relatfonship of the c-N-acetyllysyl and
arginyl residues was present in calf thymus histone IV (13,14) and in one of the
2 sites of acetylation in pea seedling histone IV (14) (Lys(Ac)-Arg-Ris Arg),
but the other site of acetylation in the pea histone IV (14) does not have this

relationship to an arginyl residue. It is of interest that Sung and Dixon (20)
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have reported the acetylation of lysyl Residues 5, 8, 12, and 16 in trout testis
histone IV, Thus, multiple sites of acetylation have been demonstrated for hise
" tone IV from 2 species (pea and trout) (14,20) and for histone III from calf
thymus (this work). Since omly certain lysyl residues are acetylated, the exact
requirements for the specificity of acetylation remain to be elucidated. Pep-
tide T(m)~1Ib was isclated in both the acetylated (IIb2) and the unacetylated
(IIbl) forms (Table I) in yields (18% and 24%, respectively) which indicated
that of every 7 molecules of histome III, 3 were acetylated at Residue 6 of Pep=
tide IIb. The unacetylated form of Peptide Ila was never isolated, but the low
yield (10%) suggested that all of the histone III molecules were not acetylated
at Residue 6 of this peptide.

Since Peptide T(m)~IVb was the only tryptic peptide lacking COOH-terminal
arginine, it must be the COOH~terminal peptide. This peptide had the COOH~term~
inal sequence Arg-Ala (Table I) in agreement with the COOH-terwinal sequence of
histone III reported by Phillips and Simson (21). Peptides T(m)~IVa, T(m)~IVb,
and T(m)=I1la are obviously all from the CO0H-terminal region of the wolecule
(see Fig. 1).

Since Peptide BrCN~3 lacks homoserine (or its lactone), it must be the
COOH-terminal cyanogen bromide peptide. Its composition (ses Fig. 1) is the
same as the combined compesitions of Peptides T(m)~IVa and T(n)~IVhH plus argin=
ine (which was isolated from the tryptic hydrolysate) and the COOH-terminal
region of Peptide T(m)~IIlc. Since Peptide T(m)~Ilc must be preceded by an

arginyl residue, Peptide BrCN-3 establishes the sequence of 20 residues at the

. BrCNe3 R
A r

-Arg~Val-Thr-Ile~Met=Pro-Lys~Asp-Ile~Gln-Leu-Ala-Arg-Arg-Ile-Arg-Gly=Glu~-Arg-Ala=-COOH

T(m)-1Ic o T(m)=-1Va T(m)~1Vd .
< A Y y\ "(’ 7
T(m)~Illa
€< >

Fig. 1. The COOH-terminal 20 residues of calf thymus Histone IIIX.
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COOH terminus. The only striking similarity in the COOH-terminal sequences of

calf thymus histones III and IV is the presence of the sequence Val«Thr-Ile-Met

in histone III and Val-Thr-Ala-Met in histone IV (13,14).

The details of these studies and the studies on the other peptides will be

presented in & later communication.
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