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In contrast to the defailed.infonaation which we now have on the 

smino acid sequence in the vicinity of the active serine residue of the 

animal proteases (1), our knowledge concerning the active site of the 

plant proteases is very limited. Because of their sensititity to thiol 

reagents, most proteolytic enqmes of plant origin, such as papain, ficin, 

and b-lain, have been generally regarded as enzymes in which a free SR 

group is required, either directly or not indirectly, for activity (2). 

Essetiial to an understanding of the mechanism whereby such SH groups 

participate in catalysis is specific infomation concerning the chemi- 

cal nature of their imediate environment in the protein molecule. This 

paper reports a portion of the smino acid sepnce which is adjacent to 

the SR group upon which the catalytic activity of ficin is dependent (3). 

The preparation and properties of the ficin used in this study has 

already been described (3). When ficin was 

excess of Q&acetate-l-C I4 (2 mc/mwle) at 

0.0011 KCH, no enzymatic activity could be 

treated with a two-fold molar 

pH 5.5 in the presence of 

detected after 15 min. Amino 

acid analysis of the acid hydrolymd protein (4) showed Qf-cysteine2 (O.6- 

0.7 mole/mole ficin) to be the on4 amino acid residue which had been 

' Paper Ho. 5504, Scientific Journal Series, Minnesota Agricultural 
weriment Station. This investigation was sqpported by grants fraa 
the national Institutes of Health, U. 6. P. H. (@4 04616) and the 
National Science Foundation (G 13965). 

2 Abbreviations usedz CM, carboxyplethyl; QSO$, cysteic acid; 
c24cyso2, CM-cysteine sulfone. 
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carboxymethylated. When the acid hy&rolyzate was subjected to high vol- 

tage paper electrophoresis (1 hr, 1500 volts, pH 2) and scanned for rad.icf~ 

activity, only one radMactive ccmponeut corresponding to CM-cysteine 

could be detected. The radioactivity per mole of a-cysteine was based on 

the mount of CM-cysteine recwered from acid hydrolyzed C14M-ficin. 

C14'M-ficin was digested with crystalline pepsin (Worthington) at pH 

2, 3Yr for 10 hrs (enzyme:substrate ratio, 1:50). In order to avoid the 

canplications produced by the oxidative deccmposition of M-cysteine that 

accompanies attempts to separate peptides containing this residue (5,6), 

the pepsin digest was oxidized with performic acid (7). This treatment 

oxidized CM-cysteiue to CM-cysteine sulfone , which'is stable during chrana- 

tography and electrophoresls , and converts half-cystine residues to cysteic 

acid. Since M-cysteine sulfone was the only radioactive cazponent pres- 

ent, a correction for its destruction during acid hydrolysis was made by 

counting the sample before and after hy&olysls. Although CM-cysteine 

sulfone and cysteic acid are both eluted in the hold-up volme during 

chrcanatography (4), the amount of CX-cysteine sulfone present in this peak 

can be calculated from the radioactivity of the total hydrolyzate, and the 

cysteic acid estimated by difference. 

When the oxidized digest was chrcinatographed on Douex-50x2, as des- 

cribed by Schroeder et al. (a), 6 radioactive peaks were obtained. The -- 

major peak, containing 25s of the original activity, was selected for fur- 

ther study. Paper electrophoresis showed this particular fraction to be 

ccmposed of 4 ninhydrin-positive, non-radloactLve peptides and one ninhy- 

drin-negative, radioactive peptide designated as '3. The latter could be 

separated from the other peptides by chrmatography on Dowex-IX2 (form&e 

fom) using the gradient produced by passing 1.0 M pyrldine-fomate buffer, 

pE 3.4, into a 1:20 dilution of the same buffer. The amino acid canposi- 

tion of peptide P3 is shown in Table I. 

Three successive Fdman degradations (9,l.O) established Pro-Ileu-Arg 

as the B-terminal sequence of peptide P3. Tryptic digestion of this pep- 
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tide produced an octapeptide, P3-T, which was isolated by chrmatography 

on Ikmex-lX2 and was shown to have the canposition given in Table I. 

Table I 

Amino Acid Canposition of Peptide P3 and 
Peptides Derived Therefran by Enzymatic Degradation 

Amino acid 
Peptlde 

p3* P3'% P3-LAP 

Arglnlne 
Cysteic acid 
N-Cysteine sulfone* 
Glutamic acid 
Glycine 
fsoleuclne 
ProUne 
Serine 

::g 1.02 - 1.02 1.00 
1.00 1.00 1.00 
3.08 3.03 
2.05 2.20 ;:g . 1.05 
1.01 - 
1.05 - 
1.05 1.20 0.90 0.95 

* Based on the radioactivity of the purified peptide prior to 
hydrolysis. Molar ratios of &no acids calculated on the 
basis that this residue was 1.0. 

After one stage of Ndmm degradation, glutamic acid (or glutamine) was 

lost frcrr peptide P34!. When peptide P3b uas digested with subtilisin 

(Nagarse), two peptides, P3-Sl and P3-S2 , could be separated by chmna- 

tography on Domx-lX2. Peptide P3-S1 was radioactive and its canposi- 

tion showed that it contained two fewer glutsmic acid (or glutsmine) 

residues than peptide P3+. Peptide P3-Se, which was non-radioactive, 

yielded glutamic acid after acid hydrolysis and only glutamine after 

digestion with leucine aminupeptidase. These results extend the B-ten&xl 

sequence of peptide P3 to Pro-Ileu-ArgOlu10Q-G1uWi2. 

One Edmau degradation of peptide P3-Sl established glyclne as the 

N-terrainal. aalno acid of this peptide. Leucine amlnopeptidase released 

1 mole of glycine and 0.8 mole of ghrtamIlle fraa peptide ~3-61, axad a new 

radioactIve tetrapeptlde, P+P, could be Isolated frarthe digest by 

h&h-voltage electrophoresis. Two succeeelve Ndman degradat1ona of pep- 

tide P3-LAP led to the loss of cystelc acid aud glyciue in that order. 
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Serine disappeared after the third stage of degradation, and a radioac- 

tive ccatpcrund corresponding to CM-cystelne sulfone was obtaiued when the 

aqueous phase wan exmiued by high voltage paper electrophoreeis. Pep- 

tide P3-S1 thus has the sequence: Gly-GluRI$-QSO$i-Gly-Ser-CMCySOP. 

The evidence which led to the reconstruction of the ccmplete se- 

quence of peptide P3 is srmmvlrized in Fig. 1. It is siguificaut to note 

that the amino acid sequence shown here is stri'kingly similar to that re- 

cently reported as being adjacent to the active SE group of papain (l&12): 

Pro-~-~-A~)-Qlu(~)e-Qly-~--CySOly-Ser-C'JG. 

The amino acids which have been underlined em those vblch have been re- 

placed by other amino aclde in ficin. These replacements are of such a 

nature that there la no change in the charge distribution in this particu- 

lar sequence of amino acids. This similarity in amIn0 acid sequence in 

theviclnityofthe reactivethlolgroup suggeststhatthis regionofthe 

molecule may play a unique role in the catalytic function of the SH prote- 

ages. 

T 

-Pro- ILeu- PI&-GluNl-$- 
-Aa ---L m-w. --h 

Ir s 
4 

‘ 5-T , 

F-- %- s* %- s, , 
K P3- LAP 8 

Fig. I.. Seqyeme ofaWnoacidsinpeptldeP isolatedfrapeptic 
digest of CM-iicin. P, T, S, and LAP ahow ai 2 ee of cleavage by pepsin, 
t-in, fdtiliein, and &~cine ~UOpeptida&~ respadi~ely. &lid 
~~~~quenceddermincdby~deepadcrtionand~~arar 
by L&P. *de&tea radioactive rerrldue. 
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