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In contrast to the detailed informatlon which we now have on the
amino 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 semsitivity to thiol
reagents, most proteolytlic enzymes of plant origin, such as papain, ficin,
and bromelain, have been generally regarded as enzymes in which a free SH
group is required, either directly or not indirectly, for sctivity (2).
Essential to an understanding of the mechanism whereby such SH groups
participate in catalysis is specific informetion concerning the chemi-
cal nature of their immediste enviromment in the protein molecule. This
peper reports & portion of the amino acid sequence which is adjacent to
the SH 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 treated with a two-fold molar
excess of lodoacetate-1-C* (2 mc/mmole) at pH 5.5 in the presence of
0.001 N KCKN, no enzymatic activity could be detected after 15 min. Amino
acid analysis of the acid hydrolyzed protein (%) showed M-cysteine® (0.6-
0.7 mole/mole ficin) to be the only amino acid residue which had been

1 Paper No. 550k, Sclemtific Journal Series, Minmesote Agricultural
Experiment Station. This investigation was supported by grants from
the National Institutes of Health, U, S. P. H. (GM O4616) and the
Netional Science Foundation (G 13965).

2 pbbreviations used: (M, carboxymethyl; CySOsH, cysteic acid;
CMCySOQ, M~cysteine sulfone,.
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carboxymethylated. When the acid hydrolyzate was subjected to high vol-
tage paper electrophoresis (1 hr, 1500 volts, pH 2) and scanned for radio-
ectivity, only one radibactive component corresponding to CM-cysteine
could be detected. The radiometivity per mole of (M-cysteine was based on
the amount of (M-cysteine recovered from acid hydrolyzed Cll‘M-ficin.
cMu-icin vas digested with crystalline pepsin (Worthington) st pH
2, 37°, for 10 hrs (enzymessubstrate ratio, 1:50). In order to avold the
complications produced by the oxidative decomposition 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 (M-cysteine to (M-cysteine sulfone, which is stable during chroma-
tography and electrophoresis, and converts half-cystine residues to cysteic
acid, Since M-cysteine sulfone was the only radiocactive component pres-
ent, a correction for its destruction during acid hydrolysis was made by
counting the sample before and after hydrolysis. Although (M-cysteine
sulfone and cystelc acid are both eluted in the hold-up volume during
chramatography (i), the smount of (M-cysteine sulfone present in this peak
can be calculated from the radiocactivity of the total hydrolyzate, and the
cystelc acld estimated by difference.

When the oxidized dlgest was chromatographed on Dowex-50X2, as des-
cribed by Schroeder et al (8), 6 radioactive peaks were obtained. The
major peak, containing 25% of the original activity, was selected for fur-
ther study. Paper electrophoresis showed this particular fraction to be
composed of % ninhydrin-positive, non-radioactive peptides and one ninhy-
drin-negative, radioactive peptide designated as P3. The latter could be
separated from the other peptides by chromatography on Dowex-1X2 (formete
form) using the gradient produced by passing 1.0 M pyridine-formate buffer,
PH 3.4, into a 1:20 dilution of the same buffer. The amino acid composi-
tion of peptide Py is shown in Teble I.

Three successive Edman degradations (9,10) established Pro~Ileu-Arg

as the N-terminel sequence of peptide P3. Tryptic digestion of this pep-
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tide produced an octapeptide, P3-’1‘, which was isolated by chromatography

on Dowex-1X2 and was shown to have the camposition glven in Table I.

Table I

Amino Acid Composition of Peptide P3 and
Peptides Derived Therefram by Enzymatic Dégradation

Peptide
Amino acid
P3 P3-*1‘ P3-Sl P3—LAP
Arginine 0.95 - - -
Cysteic acid 0.89 1.02 1.02 1.00
M-Cysteine sulfone¥* 1.00 1.00 1.00 1.00
Glutemic acid 3.08 3.03 0.98 -
Glycine 2.05 2.20 2.00 1.05
Isoleucine 1.01 - - -
Proline 1.05 - - -
Serine 1.05 1.20 0.9 0.95

* Based on the radiocactivity of the pwrified peptide prior to
hydrolysis. Molar ratios of amino acids calculated on the
basis that this residue was 1.0.

After one stage of Biman degradstion, glutamic acid (or glutemine) was
lost from peptide P3Jr. When peptide P3-‘r was digested with subtilisin
(Nagarse), two peptides, P3-5, and P3-6,, could be separated by chroma-
tography on Dowex-1X2. Peptide P3-Sl was radioactive and its composi-
tion showed that it contained two fewer glutemic acid (or glutemine)
residues than peptide P3-’.l'. Peptide P3-82, vhich was non-rediosctive,
Yielded glutamic acid after acid hydrolysis and only glutemine after
digestion with leucine aminopeptidase. These results extend the N-terminal
sequence of peptide P3 to Pro-Ileu-Arg-Gluli,-GluNH,.

One Edman degradation of peptide P3-Sl establighed glycine as the
N-terminal eminc acid of this peptide. Leucine aminopeptidase released
1 mole of glycine and 0.8 mole of glutemine from peptide P3-5), and a new
radioactive tetrapeptide, P3-I.AP, could be isolated from the digest by
high-voltage electrophoresis. Two successive Edman degradetions of pep-

tide P3-LAP led to the loss of cysteic acid and glycine in that order.
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Serine disappeared after the third stege of degradation, and a radicac-

tive compound corresponding to (M-cysteine sulfone was obteined when the
aqueous phase was exsmined by high voltege paper electrophoresis. Pep-

tide P3-Sl thus has the sequence: Gly-GluNHe-CySO3H-Gly-Ser-CHCySOQ.

The evidence which led to the reconstruction of the complete se-
quence of peptide P3 1s sumarized in Fig. 1. It is significant to note
that the amino acid sequence shown here is strikingly similar to that re-

cently reported as being adjacent to the active SH group of pepain (11,12):

Pro-YVal-Lys-Asp(NH,) -Glu(NH),~Gly-Ser-CyS-Gly-Ser~CyS.
The amino acids which have been underlined are those which have been re-
placed by other amino acids in ficin. These replacements are of such a
nature that there is no change in the charge distribution in this particu-
lar sequence of amino acids. Thisz similarity in aemino acid sequence in
the vieinity of the reactive thiol group suggests that this region of the
molecule may play & unigue role in the catalytic function of the SH prote-

° T S LAP P
2Pro- ILeu- Arg— GluNH, GluNH, : Gly-GlulH, : cisosu-Gn_,:-s_el-c'mc;fsoz—1
llgi Ps
B-T
e— PB- S2 PS' S,
————— P~ LAP—————>

Fig. 1. Sequence of amino acids in peptide P, isolated fram peptic
digest of CM-ficin. P, T, 8, and LAP ghow si%es of cleavage by Ppepsin,
trypsin, subtilisin, and leucine aminopeptidase respectively. Solid
arrow shows sequence determined by Edman degradation and dashed arrow
by LAP. # denotes radicactive residue.
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