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Sequence studies oe the tryptic peptides from ualeylated celf thy- gWYt 
mw histone III rhoued one rite of c-N-msthylatlon in the sequeece Arg-Lya 

of c-kcetylatioa in the requeaces kg-Lys~Ser~~rl0ly~ly~L~ (AC)-Ala-Ro- 
(CE3) ,2~Ala~ger-Plo-Ala~~~ly~Gly~Val~Lys-Lys~Ro-Bi8-Arg, aed two sites 

kg ad ~gaLyr9ln-~Al~-~Ly8(Ilc)-A~-Al&-dtg. The 
3 

-termieal se- 
quence of histone III 18 probably Ala-&z& and the 8equeece o 20 residues at 
the CoOH~ternimu has been established. There is little or no similerity 
uhee there regioea of calf thymus histones III and IV are compared. 

It ha8 been demoastrated that certain amlno acid side-chaina in hlstoees 

are modified by acetylatian (1,2), uethylation (307), and phoephorylatioa (8,9). 

Thue, s-N-acetyllysiae (1.21, c-N-monomethyllysiae (3,4), c-N-diuethyllysiee 

(4), c-N-trimetbyllysiae (S), 3-mathylhirtldfae (6), e-N-monoeethylargiaiae (7), 

acN=methyl, guanidiaaaethylated arginiee (7), aed phosphoserine (8,9) have 

beea reported as caapoeeets of pure or mixed histones. These modificatioes are 

thought to be important to the proposed fuactioe of histones in geeetic regu- 

lation (10-12). The posftioeta of wthylated and acetylated lysyl reridees in 

the sequeacu of calf thynms and pea seedling hirtoees IV were established in 

this laboratory by DeLaege e& a& (1,13,14). We eou report the sequencer of 

peptides containing these derivatives in calf thyaur hietone III, ar well as 

the COOH-tenieal aed Dl12-tetinal sequence8 of this hlrtona. 

Calf thymua hlsttme III vu prepared u previously described (1s). Tryp- 

tic hydrolyai8 of the msloylated histoee (14 moles) aed fractionatloe of the 

WOlt* WtidM 011 COlCmW of Sepb8dU G-25 ad G-SO aad bp p8per e&*0- 

* ‘Ibis werk ues aided by Grants QI. 11061 aed @I 13762 from the tuti- 
Ieetiteta of Ceeeral Medical gcieuces. U. S. Peblic Realth Servke. 
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phoresis and chromatography were performed as previously described for hietone 

IV (13,141. Treatment of the non-oxidized, unmaleylated histone (1 jancle) with 

cyanogen bromide yielded 2 fractious on Sephadex G-50, by the method previously 

deocribed (16). Amino acid analysis, the Edman degradation, and enzymic hydrol- 

ysates were performed as previously described (13,141. Analysis for methylated 

lysines was made by the method of &Lange, Glazer, and Smith (If). 

RESULTS AND DISCUSSION 

The sequences of 8 of the 20 tryptic peptides fras histone III are given 

in Table I. The Nf12-terminal residue of histone III was determined as 8lanine 

in agreement with the results of Pambrough and Banner (15) and of Johns et al --• 

(18). Since Peptide T(m)-1% was the only tryptic peptide isolated with Hl12- 

terminal alanina, it wt be the UB2-tanuinaf paptide, unless this peptide WUI 

not isolated. Since the other peptides do uot have NK2-terminal alanine, they 

TABLBI 

AMIlsD ACID SRQUNNClss OF TRTPTIC 

PEPTIDES P&GM MALEYLATED CALF TKWUS HIS’RWE III 

Peptide Sequence 

T(m) -WC AU-kg 

T(m)-Ia w (CBS);,* -Ala~Sar~Pro-Ala~~~Gly~ly~Val~L~~Lys~lto~lfis~LLrg 

T(m)-IIa Lys-Ser.ThrmGly-Gly-Lys (Ac)~Al.+ro-Arg 

T(m)-Ifbl Lys~~-L~~~8=Tht=Ly8-~a-~a-~g 

T (la) -Ifb2 Lyr-Gln-Leu-Ala-TbrlLpr (Ac):A~wA~.-kg 

T (m) -1Va Ile-Arg 

T(m)-IVb Gly-Glu-ArgoAla 

T(m) -IIIo f le-Arg-Glp-Glu-Arg 

l W*(fqo,* may be lJWine, s-mthyllysiw, or s-i+-dime&hPllysina (see 

text). 
b 

Lys (AC) - c-N-ac8tyllysine 
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must have originated from other place8 in the molecule, and each must bt pre- 

ceded by an arginyl reaidw, btcause of the limittd action of erypein on maley- 

lattd protein8 (13,14,19). All peptides except the COO&terminel ptptidt 

(T(m)-IVb) wtrt provtd to havt COOH-terminal arginine (by hydrolpio with car- 

boxyptptidare B) in accord with this specificity. 

Of the 14 lysyl rtsidute prtstnt in the 20 tryptic ptptidtr, only one was 

present 88 tht s-N-mtthylattd dtrivttivt. This residut ir tht NE20ttrminal 

rtsldut of Ptptldt T(m)-Ia, which also contains 2 urmodlfitd lpryl rtsidues. 

The sequence of this peptidt was esrabliehtd with the aid of tryprin hydrolyrie 

(cltavtd tht Lyr-Ly8 bond) and papain hydrolysis of the largtr tryptic ptpCidt 

(cleaved tht Gly-Gly bond). Analysis of tht larger tryptic peptidt for methy- 

lattd lyrfas by the method prtviously dtrcrlbtd (17) rhowtd tht prtsenct of both 

W?-monomtthylly8Fat and c-N-dimtthyllyrint in the ratio of 0.86 to 1.00. Tht 

stoichiomttry indicated that a8 sumy a8 one-fourth of tht ptptidt moltcults con- 

tained umnodifitd NR2-terminal lyrine. The only similarity in the rite8 of 

mtthylation in calf thymua histone III and IV (13,14) that ir tvidtnt from this 

study is the preatnct of an arginyl reridet NH2-ttrminal to tht mtthylattd 

lyeyl residue. Howtvtr, ainct the stqutnct Arg-Lys occurs at leart 3 othtr 

times in his'tont III and onct more in hirtont IV (13,141 with no mtthylation of 

these lysyl residues, row additional structural ftaturt must bt rtrponsiblt for 

the specificity of tht rites of methylation. 

Of tht 14 lysyl reriduea prertnt in the 20 tryptic peptidts, only 2 wtrt 

found to bt c-N-acttylated. These 2 lyayl residue8 wtrt prteenot in Ptptidts 

T(m)-IIa and T(m)-IIbZ, both possessing NH2-ttrmital lyslnt (not acttylattd) 

and a residut of E-N-acttyllysine 3 reaidutr rtmovtd from tht COOH-ttrminal 

ugigl rtridut (Table S). Thir semt rtlationshlp of tht c-l&acttyllyapl and 

arginyl ttridutr was prtstnt in calf thyme hirtont IV (13.14) and in one of tht 

2 sites of acttylttion in pea sttdllng hirtone IV (14) @sQic)-Arg-Rir A&, 

but the other ritt of acttylation In tht pta hittont IV (14) dots nor. have thir 

relationship to an arglnyl rtridue. It is of inttrtst that Snyl and Mwn (20) 

991 



Vol. 40, No. 4,197O BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

have reported the ecetylation of lysyl Residues 5, 8, 12, and 16 in trout testis 

histone IV. Thus, multiple sites of acetylrtion have been demonstrated for his- 

tone IV from 2 species (pea and trout) (14,20) and for histone III from calf 

thymus (this work). Since only certain lyryl residues are acetylated, the exert 

requirementa for the specificity of acetylation remain to be elucidated. Pep- 

tide T(m)-IIb was isolated in both the acetylated (IIb2) aad the unacetylated 

(IIbl) forms (Table I) in yields (18% and 24%, reapactively) which indicated 

that of every 7 molecules of hirtone III, 3 were acetylated at Residue 6 of Pep- 

tide IIb. The unacetylated form of Peptide IIa was never ieolated, but the low 

yield (10%) suggested that all of the hirtone III molecules were not acetylated 

at Residue 6 of this peptide. 

Since Peptide T(m)-IVb was the only tryptic paptide lacking COB-terminal 

arginine, it must be the CCOB-terminal peptide. This peptide had the CCOlMerm- 

inal sequence kg-Ala (Table I) in l grewent with the CCC&temiael sequence of 

histone III reported by Phillips and Siwon (21). Peptfder T(n)-IVa, T(m)-IVb, 

mud T(m)-Iffa are obviously all from the CCCH-termiual region of the molecule 

(ree Fig. 1). 

Since Peptide BrCN-3 lacks homoserine (or its lactoue), It met be the 

COOH-terminal cyanogan bramide peptlde. Its comporition (ree Fig. 1) is the 

muse as the combined compesitions of Peptides T(m)-IVa aud T(m)-IVb plus argin- 

ine (which was isolated from the tryptic hydrolyeate) and the WOE-terminal 

region of Peptide T(m)-UC. Since Peptide T(m)-IIc must be preceded by an 

arginyl residue, Peptide BtCN-3 establishas the requence of 20 residue8 at the 

. I. ,. -. I 
T(m)-IfIa 

i > 

Pi& 1. The CCOli-termiual 20 reriduea of calf thymus B&stone III. 
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COOR termilnu. The only rttiking rimilaritp ia the COW-terminal requencer of 

calf thyme hirtones III and IV ir the presence of the sequence Val-Thr-Ile-Met 

in hietone III and Vel-m-Ala-Met in histone IV (13,14). 

The details of theme rtudiea and the studier on the other peptider will be 

preeented in a leter comunication. 
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