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A new method is described for amino acid sequencing of a polypeptide
or protein involving Edman-degradation and field-desorption mass
spectrometry of its constituent peptides in mixtures. The sequences
can be sought from the molecular weights and N-terminal amino acid
residues of the constituent peptides and the phenylthiohydantoins
released in each cycle of degradation using a computer program.

The Edman methodl) is widely used for amino acid sequencing of polypeptides and
proteins. In this paper, we describe a new method for sequencing polypeptides and
proteins involving the following procedures: 1) determination by field-desorption mass
spectrometry of the molecular weights of constituent peptides in mixtures obtained
from a polypeptide or protein by two or more kinds of specific cleavage methods§'4)

2) estimation of the phenylthiohydantoins released successively from a mixture of
constituent peptide fragments, and 3) computer calculation of amino acid sequences

from the data obtained in 1) and 2) using program "PROSEQl"S) or "PROSEQZ"?) We
explain the procedure by reporting, as an example, the sequencing of a polypeptide of
unknown structure, the N-terminal BrCN fragment of lysozyme of Streptomyces erythraeusz)
which consists of 55 amino acid residue5§)

The N-terminal BrCN fragmentg) (0.7 mg (110 nmol) and 1.0 mg (160 nmol)) of
Streptomyces erythraeus lysozyme was digested with trypsin and chymotrypsin, respective-
ly, as describedf) and the digests were lyophilized. Immediately before mass measure-
ments the lyophilized material was dissolved in a mixture of pyridine and water (1/1,
v/v). The solution (1-2 ul containing 1-2 ug of peptides) was applied to an emitter
of a mass spectrometer. Field-desorption mass spectra were obtained with a second-
order double focusing mass spectrometer?) as described4) The remaining solution was
subjected to Edman-degradation and the resulting phenylthiohydantoins were quantitated
not only to estimate roughly the number of peptides in mixtures but also to know the
kinds and ratios of the phenylthiohydantoins released in each cycle of degradation in
a high-performance liquid chromatograph using a Zorbax ODS column (4.6 mm x 25 cm),
under similar conditions to those described?) Amino acid sequences were sought using
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the computer programs "PROSEQl"S) and "PROSEQZ"G) in the ACOS 700 computer of the
Crystallographic Research Center (Institute for Protein Research, Osaka University).

The field-desorption mass spectra of the tryptic and chymotryptic peptides and
their peptide fragments obtained after the first-cycle of Edman-degradation are
illustrated in Fig. 1. The spectra of tryptic peptides were considerably simple,
suggesting that the original polypeptide was specifically digested by this enzyme,
whereas those of chymotryptic peptides were rather complicated in the mass region up
to 600 atomic mass units. The semi-quantitation of the phenylthiohydantoins released
from tryptic and chymotryptic peptides by Edman-degradation is summarized in Table 1.
All the possible mass differences before and after degradations of the tryptic and
chymotryptic peptides were examined, as described?) In this case, the mass spectra
were also examined for mass peaks of [M+2H]§+ [M+H-H20]t [M+Na]t etc. and peptides
containing a Lys residue after the first-cycle of degradation4) The results inserted
in Fig. 1 indicate the presence of six tryptic peptides with R, F, A and Nlo) as N-
termini and ten chymotryptic peptides with A, N, K, Q, F, W and V as N-termini. It
was also found that the mass peaks at m/z=627, 826 and 1623 in tryptic peptides and
at m/z=925 and 935 in chymotryptic peptides each contain a Lys residue. These
findings are compatible with the presence of 3 Lys residues in the original poly-
peptide.

The molecular weight of the polypeptide was assumed to be within the range of
6280 and 6293 from the amino acid composition,) as shown in Fig. 2. This molecular
weight was compared with the sum of the molecular weights of the tryptic and chymo-
tryptic peptides, respectively. The molecular weight of each peptide was obtained
by subtracting one proton from the mass value, because the mass peaks of free

"underivatized'" peptides are generally observed as quasi-molecular ions ([M+H] )11 12)
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Fig. 1. Field-desorption mass spectra of tryptic (T-0) and chymotryptic (C-0)
peptides and their one-step degraded peptide fragments (T-1 and C-1). Individual
spectra were measured partly and patched together.
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Table 1. Phenylthiohydantoins released from tryptic and chymotryptic peptides of the

N-terminal BrCN fragment of Streptomyces erythraeus lysozyme by Edman-degradation

Cycle

1 2 3 4 5 6 7 8 9 10 11
Asp 62 24 30 5 4626 8 ¢ : 33 3320 8 5 36 2 12
Asn 277" 96 113" 5* 11 2 2 1 2 - 5 2 1
Glu 59 16" 7562 3711 45 6 9 7 12 1 4 1 2 1
Gin * 1m* > oes*nt s1 8" s s 16 15 2 1t 21
Ser PR S 1 Fss o2 2t 3
Thr 1 6480 13 8§ 25 1 712 7 3 10 1 3 1 2 1 12
Gly 28 6 S112z 33 3 3925 4328 3416 10 7 19 3 85 1914 66
Ala 211 121 102 55 48" -" 64 32" 2217 5 2
Tyr 23 P22t 25 Y 17" s 4 04 3 9 27 54 2 2 24
Met
Hse
val 67 3 4758 7529 15 8 3 3 2 1 2 1 2814 S6 1 1 13
Pro 2 40 50* 2 3 1 3 1
Trp 69 2 -t 1 2
Phe 97 44 3 02 1 9 1 t 1
Lys 13 1 71 1 S 29 21 1 1 1 6 2
Ile 3 01 15 4 2 1 1 11 3920 5 4 1 1 11 1
Leu
His 10 ¢
Arg 8 26 8 4 3 5

Normal numerals and those in italics are recoveries (nmol) of the phenylthiohydantoins released
from chymotryptic and tryptic peptides, respectively. Ten % of the chymotryptic peptides and
15 % of the tryptic peptides were removed for mass measurements before the 1st, 2nd and 3rd
cycles of degradation, respectively. Thr was estimated in addition to 4-Thr. The separations
of Asn and Gln and Ser-derivatives and of Ala and Tyr-derivatives were not satisfactory in

some cases. In these cases (*), recoveries were estimated as those of the main component. t

means the presence of a trace of material.

Consequently, tryptic peptides were expected to be composed of peptides with mass
values at m/z=175(R):T3, 627(F):T4, 826(A):T5, 1310(A):T1, 1623(N):T2 and 1818(N):T6
(amino acid residues in parentheses indicate the N-terminal residue of each peptide).
The chymotryptic peptides were suggested to be ZSS(A):CS, 386(N):C10, 440(N):C9,
496(Q):C5, 521(K):Cq, 533(N):C,, 656(F):Cg, 925(V):Cq, 935(W):C4 and 1310(A):Cy. In
these values, a peptide with a mass value at m/z=496 wes assumed to have Q as the N-
terminal residue, because intense mass peaks at 479 and 501 were considered to
correspond to [M+H-NH3]+ and [M+Na-NH3]t respectively, derived from 496 ([M+H]+),
although the mass peak at m/z=496 was weak. Therefore, the N-terminal residue of the
peptide with a mass value at m/z=521 was expected to be K, because one Lys residue
was observed in the phenylthiohydantoins in the first-cycle of degradation.

The kind and ratio of the phenylthiohydantoins (Table 1) released from the
tryptic and chymotryptic peptides in each cycle of Edman-degradation were selected as
integer values within the limits between possible maxima and minima, as described in
Fig. 2, although the composition of the phenylthiohydantoins were rather complicated.
In these cases, the molecular weight of each peptide, the specificity of the enzymes
used and also the expected number of peptides in mixtures were considered. The amino
acid sequences were sought from the data obtained above with A and U (U denotes an
Hse residue in this paper) as N- and C-terminal residues of the original polypeptide§)
respectively. The out-put sequence was only one and exactly coincided with the
sequence from the N-terminal residue to residue 47, which up to now has been inde-
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INPUT DATA

ALINO ACID W-TERI C-TERM {IASS VA - 3 ENCES -All

COUBOSITION S LUES, N=TERMINAL SEQUENCES AND PTH-AMINO ACIDS IN EACH CYCLE

CHYNOTRYPTIC PEPTIDLS TRYPTIC PEPTIDES
2 3 4 5 6 7 8 9 10 11 2 3 4 5 6 7 19 9 10 11

G 7 252 A ¢l1,01,01,01,01,0 0 1,0 0 1,0 O 174 R ¢ 0o o0 1,02,0201,0 0 1,0 2,0 2,0
z‘\_ ) *» 385 11 A2,01,02,01,0 0 0 0 0 0 O 626 F Al,0 0 1,01,0 6 0 0 O 0 O
S 2 439 u s 0 1,0 © 0 o 1,0 0 1,01,0 O 825 A 51,0 0 0 0 0 0 0o 2,010 2,0
P 1 495 Q P 0 1,0 0O 0 0 0 0 ] 0 0 1309 A P1l,0 0 0 0 0 0 0 0 1,0 0
v 4 520 K vi1io2,0 0 0 0 0o 1,01,0 O 0 1622 1 vi,01,01,0 © 0 o 1,01,0 0 1,0
T 3 532 N T20 0 1,0 0 1,01,0 O 0 0 0 1817 1 T 2,0 0 0 1,010 O 0 0 0 1,0
C 0 655 F c 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 [4
L 0 924 V L 0 0 0 0 ] 0 0 0 0 0 L ¢ 0 0 0 0 0 0 0 0 0
'I 2 934 W 11,0 0 0 0 1,0 0 0 0 0 0 I 0 0 0 0 2,0 0 0 J 0 0
D 7 1309 A 12,0 0 0 0 0 ¢ o0 0 0 O i0 0 o0 0 0 O o0 2,01,01,0
O+E 6 01,00 0 01,0 0 0 0 O po0 1,00 0 O0 2060 0 0 1,0
K 3 Q1,0201,0 0 0 0 0 0 O O Q 0 1,01,01,012,01,0 0 O 1,0 O
' ] X160 0 1,011,060 O [ 0 0 0 0 K 0 0 o 1,0 0 o 1,01,0 ¢ 0
i 1 £E1,01,01,01,01,01,0 O 0 0 0 c o 2,01,01,01,0 0 0 0 0 c
F 2 it o 0 0 0 0 0 0 0 [4 0 i 0 0 0 0 0 0 0 0 0 0
i 2 no 0 0 0 [ 0 0 0 0o 1,0 H 0 0 0 0 0 0 0 0 0 1,0
? 6 F 0 0 0 0 0 1,0 O 0 0 0 F 0 0 1,0 0 0 0 0 0 0 o
i 3 i R 0 0 o 1,011,0 0 0 0 0 0 R 0 0 0 0 0 0 o 0 0 0
1] 1 * Y201,02,020 0 1,01,01,01,01,0 Yy 6 2,0 0 1,01,01,01,01,01,01,0

— v 0 1,01,01,01,01,01,01,0 1,0 1,0 v 0 0 1,01,01,01,01,01,01,01,0

UCTHL 535 vil01,01,01,01,01,01,01,01,0 1,0 u o 0 o 1,01,01,01,01,01,0 1,0

CaildIDAYT SEQUENCES

1 ATVAGIDVSGHOR™/DHQYRINQGKRFAYVKATEGTGYKIIPYFAQQYNGSYNIGU

Fig. 2. Computer out-put sequence of the N-terminal BrCN fragment of Streptomyces erythraeus lysozyme using "PROSEQZ"Q
U and W were put into as many data as possible, because the former derivative was not identified and the latter residue
was possibly destroyed under our experimental conditions.

pendently determined by Edman-degradation aloneg) The results show that the method
can be used for sequencing polypeptides and proteins, and compares favorably with

other methods}’ls) although there may be no problem in sequencing a peptide this long

with an automated sequencer}4) We name the new method the "IPR-sequencing method"
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