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A derivative of the basic trypsin inhibitor of Kunitz and Northrop
(1936) has been digested with trypsin, and the peptides isolated and
analyzed., Nine peptides, all present in high yield in the digest, ac-
count for the 58 amino acids of the protein. The N~terminal peptide is
a pentadecapeptide, which contains all ) proline residues of the protein.
The seyuence of this peptide, as well as of some of the smaller ones,
has been determined.

The preparation of trypsin inhibitor and trypsin were described
previously (Kassell et al., 1963). The 8-S linkages of the inhibitor
were reduced and the carboxymethyl (RCM) derivative prepared according
to Crestfield et al. (1963). It was digested with trypsin and the pep-
tides separated on Dowex 50-X2 (Margoliash and Smith, 1962). Amino acid
analysis was carried out as previously described {Kassell and Laskowski,
1961) using 2k or 72 hour hydrolysis. Three methods were used for N-
terminal analysis: a) the Senger fluorodinitrobenzene method (Fraenkel-
Conrat et al., 1955), b) the subtractive Edman method of Konigsberg et al.
(1962), and ¢) following (b) the phenylthiohydantoin (PTH) derivatives were

hydrolyzed to free amino acids (Fraenkel-Conrat et al., 1955), which were
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of Health (A-535) and the National Science Foundation (G-7581). The
excellent work of Mrs. Milka Radicevic in the operation of the amino
acid analyzer is gratefully acknowledged.

792



Vol. 17, No. 6, 1964 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

determined on the automatic amino acid analyzer. Ceterminal amino aclds

were identified by hydrazinolysis (Niu and Fraenkel~Conrat, 1955).

Arg-Pro-Asp-Phe-Cyg~Leu-Glu-Pro-Pro~Tyr-Thr-Gly-Pro-CyS-Lys
Ma-Lys-Arg (also some Ala-Lys + Arg)

Ileu-Ileu-Arg

Ala-Arg

Ala,Asp,Phe, Tyr,,Lys

Ala,Asp,CyS,Glu,Meth,Ser,Arg
Ala,Cysz,Glu,Gly3,Leu,Phe,Thr,’l‘yr,Val,Arg
Aspy,Phe,Lys

(Cys,Gly,,Thr) Ala
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Figure 1. The 9 main peptides of the tryptic digest.

The three amino acids at the N-terminus of the RCM-inhibitor (de-
termined by method ¢ above) are Arg-Pro-Asp. The C-terminal amino acid
is alanine. Fig. 1 shows the main tryptic peptides. Small quantities
of additional peptides, consisting of parts of these peptides, were
also obtained. The sequences of peptides (3) and (L) are assumed from
the specificity of trypsin. The sequence determination of peptides (1)

and (2) will be described in detail.
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Figure 2. Chromatography of the products of partial.acid hydroly-
sis of peptide (1) on Dowex 1-X2. Column 95 x 1 cm, 38°, load 78 mg,
fractions 2 mi. The starting buffer was 250 ml of pyridine-Neethylmor-
pholine-acetic acid, pE %3, in a constant volume gradient bottle; the
gradient was 0.1~2 M acetic acid (Schroeder et al., 1962). The peaks
are identified in Fig. 3.

In peptide (1) arginine is the N-terminal found by method (a).

Lysine is the C-terminal. Partial acid hydrolysis (Schultz et al.,
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1962) was used to obtain smeller pieces. Peptide (1), 78 mg, was heated
in 78 ml of 0,03 M HCl, previously deaerated with nitrogen, in L sealed,
evaated tubes, at 105° for 10 hours. The digest was lyophilized and
chramatographed as indicated in Fige 2. The peptides isolated are given
in Fig. 3+ In addition to the 3 components expected, i.e., peak 1
(&rg-Pro), peak 5 (aspartic acid) and peak 7 (the remaining 12-membered
peptide), further breakdown of peptide 7 occurred, ylelding the peptides

below #7 in Fig. 3. These provide confirmation of the sequence. Peptide

Arg(Pro,Asp,Phe,CMCyS,Leu,Glu,Pro,Pro,Tyr, Thr,Gly,Pro,CMCyS) Lys

0.03 M HC1, 105°, 10 hrs
Arg-Pro (1 and la)

Phe~CMCyS-Leu=Glu=~Pro(Pro, Tyr, Thr,Gly,Pro,CMCyS)Lys (7
= _C.{ ik i g H] ’ LY, ’ Ly )
As Pro-Pro-Tyr-Thr-Gly-Pro-CMCyS-
p (5) _;_g'll)r__)__g_r_g' yS-Lys (3)
Pro,Pro,Tyr, Thr,Gly (L)

(Pro,CMCyS)ILys (2)
Phe ,CMCyS, Leu,Glu (8) Thr,Gly,Pro (3A)
CMCyS, Leu,Glu,Pro,Pro,Tyr (C-1)
Figure 3. Protocol for sequence determination. Horizontal arrows

indicate stepwise degradation by Bdman!s method summarized in Tables I
(peak 3) and II (peak 7).

3A was derived by further acid hydrolysis of peptide 3 (heating in a boil-
ing water bath in 5.7 N HC1 for L0 minutes) and was the only peptide isom
lated after this procedure in pure form by paper electrophoresis (Katz

et al., 1959). Peptide C-1 was isolated from a chymotryptic digest to

be described elsewhsre. The small peaks not identified in Fig. 2 proved
on analysis to be either free amino acids or mixtures present in quanti-

ties too small to separate. Peak 6 is impure starting peptide.

Peptides 3 and 7 were used for the stepwise Edman degradation, in-
dicated by the arrows of Fige 3. The results asre shown in Tables I and
II respectively. In each case, identification of the PTH compound split

off (last column) agreed with the subtractive method. As expected,
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PTH~threonine and PTH-carboxymethylcysteine were not recovered as free

amino acidse.

Fig. 1 for peptide 1.

The composite results establish the sequence given in

TABLE I. Edman Degradation of Peak 3
VMolar Ratio of AmMino cids Remaining — Free Amino

SYP IGiee | @y | s | Pro | Tr | Dy bl rom
0 0,90 | 0.93 | 1.00 | 2.60 | 0.80 | 0.60 -—-
1| 105 | 0.89 |1.00 0468 | 0466 Pro
2 0.79 | 0465 | 1400 0,61 | 0.54 Pro
3 0,98 | 0.7 |1.00 | 2.2 | o0.82 | [0] Tyr
b 131 |25 [100 |26 [ [t None
5 1.17 1,00 | L.43 Gly
6 0486 1.00 | Pro

TABLE II. Bdman Degradation of Peak 7

Molar Ratio of Aminc Acids Remaining Free Amino
Step [TH-cys |Glu |Gly |Leu |lys |Phe |Pro | Itr | Iyr A"ig,rﬁmm
0 | 1.0 ]0.91 {2.13{2.14 {2.00 [1.29 2469 | 1,09 0e97| -~
1 | 1.82 {o0.98 J1.00}0.98 jo.82 2.82 10489 1 0.89!  Phe
2 0496 [1.00[0.93 | 0482 2492 | 0490 | 0.82]  None
3 | 0wz | 0497 | 1,00 pecs] | 0.80 2.80 | 0,87 [ 0,89| Leu
b | 0wl |fourd {1.00 0058 2.76 {0478 | 0.80| 1w
5 | o.51* 1.00 0.l E__EI 0480 | 0470 Pro

* Includes some cystelc acid.

The sequence of peptide 2 of Fig. 1 was established by the subtrac-

tive Edman method with the results in Table IIl.
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TABLE III. Subtractive Edman Degradation of Peptide 2

Step Molar Ratio of Amino Acids Remaining
Ala Lys Arg

0 1.00 1.00 1.01

1 [0a19] 1.00 111

2 0409 [0.07] 100

Discussion == In contrast to the resistance of native inhibitor to
tryptic digestion (Kassell and Laskowski, 1956), the RCM-derivative was
digested at all the linkages of the basic amino acids, except the N-ter-
minal Arg-Pro linkage, which is known to be resistant to trypsin (Bell,
1954, Hirs et al., 1956, Jones et al., 1963). It seems rather doubtful
that the sequence Arg-Pro can by itself account for the blocking of the
active center of trypsin, since oxidized and RCM-inhibitors are inactive
and since Arg-Pro and Lys-Fro sequences occur in many proteins, e.g.

ACTH (Bell, 195k), ribonuclease (Hirs et al., 1956), clupeine (Ando et al.,
1962) and melanocyte stimulating hormone (Lee et al., 1961). However,
participation in a more complex "inhibiting center" is not excluded.

The concentration of proline residues found in the N~terminal
fourth of the inhibitor, while uncommon in proteins other than the
collagens, is not unique, e.g. cytochrome C-551 (Gray and Hartley,

1963) and catalase (Schroeder et al., 196L) contain regions éven higher

in proline.
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