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to distinguish between the two alternative sequences
given above it would be sufficient to know whether
Leu-Glu or CMCys-CMCys appeared first in the
digest.

(b) A second possibility is to use an enzyme to
break down the peptide into smaller fragments that
can be investigated. Again, because the problem is
one of differentiating between a limited number of
known sequences, the choice of enzyme could be
straightforward. In the present case chymotrypsin
should give either CMCys-Asn or Gln-CMCys-Asn
as one of the peptides and the identification of one of
these two products should decide which sequence is
present. In fact the occurrence of the tetrapeptide
Asn-Tyr-CMCys-Asn in the ‘even’ peptides and the
tripeptide Tyr-CMCys-Asn in the ‘odd’ peptides is
sufficient to select the first alternative as the correct
one.

The elimination of possible sequences to leave only
two alternatives is crucially dependent on being able
to distinguish aspartic acid residues from asparagine
and glutamic acid from glutamine. This may some-
times pose a problem because the identification needs
to be absolute and not merely inference from the net
charge on the molecule. Thus the unequivocal
identification of Glu-Gln and Glu-Asn is essential to
establish the A-chain sequence. This was not done in
the present work but could have been achieved by use
of the Edman procedure on the significant peptides.
However, it is obvious that the techniques used in the
present work to separate and identify the dipeptides
are too slow and cumbersome to make the sequence
procedure attractive in its present form. Nevertheless
the practical success achieved, especially when viewed
in the light of the theoretical aspects discussed in the
Appendix, suggests that if a rapid and reliable method
of separating and identifying dipeptides can be
developed, the technique will become extremely
valuable. An obvious possibility, which it is desirable
to pursue further, is the use of mass spectroscopy of
suitable derivatives of dipeptides, probably in con-

junction with gas chromatography, to effect some
preliminary separation. This approach would have the
added advantage of coping with the problem of
identification of side-chain amides and the whole
procedure could ultimately become a standard
routine with a computer print-out of the final
sequence.

Note added in proof. Since submission of this
paper my attention has been drawn to a recent article
by McDonald et al. (1971), who conclude that ‘a
prolyl residue constitutes an impasse for dipeptidyl
aminopeptidase I if it occurs in a peptide substrate
at any position other than at the initial NH, (sic)
terminus’.

I acknowledge the kindness of Dr. F. H. C. Stewart in
synthesizing and making available the tetrapeptide used in
this work, and also acknowledge the expert technical
assistance of Mr. R. Cranston.
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APPENDIX

A Theoretical Investigation into the Potential Usefulness of the Cathepsin C ‘Domino’
Technique
By R. J. ROWLANDS and H. LINDLEY

Division of Protein Chemistry, Commonwealth Scientific and Industrial Organization,
Parkville (Melbourne), Vic. 3052, Australia

(Received 8 October 1971)

In the experimental case of the A-chain of insulin
investigated in the main paper (Lindley, 1972),
deduction of the sequence from the ‘odd’ and ‘even’
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sets of dipeptides follows a similar strategy to that
used in the game of dominoes and gives only two
alternative solutions for this 21-residue peptide. In
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Table 1. Ambiguities in sequence of tryptic peptides by ‘domino’ strategy

Length of Mean no. of Worst case of
peptide No. studied No. unique possibilities ambiguity

4 136 136 1 —

5 88 88 1 —

6 117 117 1 —

7 92 92 1 —

8 84 76 1.1 2

9 100 99 1.01 2

10 55 55 1 —
11 51 28 1.6 4
12 97 37 2.0 8
13 66 40 1.6 12
14 31 12 37 14
15 19 3.6 18
16 69 20 43 24
17 32 23 1.6 6
18 21 7 2.8 12
19 52 16 2.6 6
20 9 2 10 20
21 14 1 5.4 16
22 12 1 11 16
23 11 1 3.7 6
24-27 15 3 19 60
28-30 7 2 48 352
3140 11 1 165 1008
41-50 6 0 8000 25920

assessing the general value of this approach to
sequence determination it is important to know how
frequently sequence ambiguities arise by using this
simple technique. Accordingly a computer program
was written to take a known protein sequence,
generate the tryptic peptides and from these obtain
the ‘odd’ and ‘even’ dipeptide series. All possible
sequences consistent with these dipeptides, the
information from the Edman steps and the enzyme
specificity were then generated. Most of the protein
sequences cited by Dayhoff & Eck (1967-68) have
been studied in this way. In all 1195 tryptic peptides
of four or more residues have been used, and Table 1
shows a summary of the results obtained. The ex-
tent of ambiguity is far less than we had expected
and it seems probable that very little additional
information is necessary to arrive at the correct
sequence for peptides of up to approx. 25 residues, but
beyond this the extent of ambiguity increases marked-
ly. However, Table 1 also shows that 97 9; of all the
tryptic peptides examined are less than 25 residues
long, so it would appear that the method has con-
siderable practical potential. Moreover, although the
number of possibilities may sometimes seem to be
large, when the alternatives are examined it be-
comes obvious that relatively few decisions have to
be made to deduce the correct sequence.

As an example of such a situation the B-chain of
bovine insulin may be considered. When the
‘domino’ strategy is applied to the N-terminal 22
residue peptide 16 alternative solutions are obtained.
These are given in Table 2, and the correct sequence is
shown underlined. Examination of this table shows
that only three decisions are needed to arrive at the
correct sequence. Because the first dipeptide to be
released in the ‘odd’ series is Val-Asn the number of
possibilities is immediately reduced from 16 to six.
Also, because Gly-Ser is liberated much earlier than
Gly-Glu in the ‘odd’ series of dipeptides, two more
possible alternatives are eliminated. Finally, the
appearance of Val-Glu before either Val-Cys or
Tyr-Leu (also in the ‘odd’ series) yields a unique
solution. In retrospect, it can be seen that decision
number 2 is redundant and only decisions 1 and 3 are
needed to choose the correct sequence. However, this
conclusion could only have been made with prior
knowledge of the sequence.

The above example illustrates the possible useful-
ness of the technique, but as noted in the main paper,
the practical application will depend on the develop-
ment of a technique for rapidly and completely
characterizing a mixture of dipeptides (or dipeptide
derivatives), preferably with some degree of quan-
titation, so that possible duplication or even more
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USEFULNESS OF ‘DOMINO’ TECHNIQUE

8ay-nTH-LTP-SLY-NoT-STH-UTH-USY-TBA-NOT-ILL-NOT-STH-108-ATD-SL)-TeA-NOT-BTY-NTD-TEA-OUJ]
8ay-nTp-LT1p-s£D-TBA-NOT-ILL-NOT-STH-I88-ATH-SLD-NOT-S TH-UTH-USY-TBA-NOT-BTY-NTD-TBA-SUJ
8ay-nTP-ATH-SLD-NeT-STH-UTH-USY-TeA-NOT-STH-188-LATH-SLD-TBA-NOT-ILL-NeT-BTY-NTD-TBA-OUJ
8ay-nTpP-ATD-s£D-TBA-NOT-STH-I05-ATH-SLD-NOT-STH-UTH-USY-TBA-NOT-ILL-NOT-BTy-NTH-TBA-OUJ
8ay-nTH-L1p-s£)-neT-STH-UTH-USY-TeA-NOT-ILL-NoT-BTY-NTH-TBA-NOT-STH-185-LTH-SLD-TeA-oU]
8ay-nTH-TeA-neT-IL]-NoT-BTy-NTP-ATD-SL)-NoT-STH-UTD-USY-TBA-NOT-STH-185-LATH-SLD-Tep-oUd
8ay-nTH-ATP-s£)-NOT-STH-UTH-USY-TBA-NOT-BTY-NTD-TeA-NOT-IL]-NoT-STH-185-LATH-SLD-Tepr-oud
Bay-nTH-TeA-neT-eTy-nTP-ATD-SLD-NoT-STH-UTD-USY-TeA-NOT-IL]-NoT-STH-108-ATP-SLD-TeA-oUd
8ay-nTh-TeA-neT-IL]-noT-STH-188-ATH-SL)-NeT-S TH-UTD-USY-TeA-NoT-BTY-0TH-LTP-S£D-Tep-oud
8ay-nTH-TeA-NeT-STH-188-ATH-SAD-NoT-STH-UTH-USY-TBA-NOT-IL-noT-BTY-0TH-LTP-s£D-TeA-0Ud
SIy-nID-ATD-SE)-TeA—NeT-IA]-Ne -8By N[D-[eA-NoT-STH-I65-ATD-SK)-NeT-STH-U[D-USy- [EA-0Ud
8ay-nTH-TeA-neT-ILL-neT-eTy-nTP-ATD-SLD-TBA-NOT-STH-I05-ATD-SLD -neT-STH-UTH-USY-TBA-OUd
Say-n1p-£L1H-s£p-TeA-noT-eTy-nTH-TeA-NOT-IL[-NeT-S TH-I85-LTH-SLD-NoT-STH-UTH-USY-TBA-OUJ
Say-n1H-TeA-neT-eTy-nTP-LTP-SLD-TeA-NOT-ILL-NoT-STH-I85-ATH-SLD-NoT-S TH-UTH-USY-TBA-OUJ
8ay-nTH-TeA-NeT-ILL-NOT-STH-I185-ATH-SAD-TeA-NOT-BTY-NTD-LTD-SL)-NoT-STH-UTH-USY-TBA-SYJ
8ay-n1H-TeA-NOT-STH-108-ATP-SLD-TeA-NoT-IL]-NoT-eTy-NTH-ATH-SLD-NoT-S TH-UTH-USY-TBA-OUJ

simsaa apydadip U202, pun ppo, wWoLf uipyd-g uinsul auraoq fo aduanbas fo suouviiva 3)qissod uaaixis g dqeL
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frequent replication of a dipeptide sequence would be
detected. Mass spectrometry of a suitable dipeptide
derivative appears to be the most suitable technique
for this. Because there are only 400 dipeptides, one
can envisage the eventual compilation of a library of
mass spectra of all 400 dipeptide derivatives. After
this, complete interpretation of the mass spectrum
of quite complex mixtures of dipeptides should be a

R. J. ROWLANDS AND H. LINDLEY

relatively straightforward procedure with the aid of
a computer.
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