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The complete amino acid sequence of the coagulogen
from hemocyte lysates of Limulus polyphemus has
been determined by sequencing the peptides obtained
from tryptic, chymeotryptie, staphylococcal protease
V8 and lysyl endopeptidase digestions. These results
established the following sequence:
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GDPNVPTCLCEEPTLLGRKVIVSQETKDKIEEAVQAITDKDEISGRGFSI
60 70 80 90 100

FGGHPAFKECGKYECRTVTSEDSRCYNFFPFSHFHPECPVSVSACEPTFG
110 120 130 140 150

YTTSNELRIIVQAPKAGFRQCVWQHKCRAYGSNFCQRTGRCTQORSVVRL
160 170 175

VTYDLEKGVFFCENVRTCCGCPCRS

Limulus coagulogen consists of a single chain with a
total of 175 amino acid residues and the molecular
weight is calculated to be 19,675. It contains 16 half-
cystines in disulfide linkages, with 5 half-cystines lo-
cated in a cluster in the COOH-terminal 14 residues.
The sequence of Limulus coagulogen is very close to
that for the coagulogen of Tachypleus tridentatus (Jap-
anese horseshoe crab), having 69% sequence homology.
The 16 half-cystines of these coagulogens are in the
same positions, suggesting a very similar conforma-
tion. Moreover, the COOH-terminal tripeptide regions
of the A chain (from the NH,-terminal end to Arg-18)
and peptide C (from Lys-19 to Arg-46), both of which
seem to interact with a Limulus clotting enzyme to
liberate peptide C, are completely conserved. From
secondary structure predictions by the method of Chou
and Fasman (Chow, P. Y., and Fasman, G. D. (1974)
Biochemistry 13, 211-222), the coagulogen appears
to contain an a-helical region in the peptide C segment,
released by the clotting enzyme, suggesting a marked
conformational change in the transformation of the
coagulogen to the coagulin gel. §-Sheet and reverse
turn regions are distributed in the B chain segment
(from Gly-47 to the COOH-terminal end). It is likely
that the 16 half-cystines and abundant 3-sheet struc-
ture make the coagulogen molecule compact.
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Coagulogen is an invertebrate fibrinogen-like substance
found in hemocyte lysates of the horseshoe crab (1). This
protein is converted from a soluble form to an insoluble gel,
coagulin, following the addition of bacterial endotoxins to the
lysate (2). The conversion to a gel is mediated by a clotting
enzyme in the lysate (3, 5, 10). In 1973 Solum (4) succeeded
in purifying coagulogen from hemocyte lysates of Limulus
polyphemus, found along the east coast of North America.
Subsequently, several reports on the purification and char-
acterization of Limulus coagulogen appeared (4-7). These
studies have shown that the molecular weight of Limulus
coagulogen is in the range from 19,000 to 24,500, as revealed
by sodium dodecy! sulfate-polyacrylamide gel electrophoresis.
However, there are no reports about the primary structure.

Previous work from our laboratory has established the
complete amino acid sequence of the coagulogen from the
Japanese horseshoe crab, Tachypleus tridentatus (8). The
present study was undertaken to determine the entire se-
quence of Limulus coagulogen and to compare it with that of
Tachypleus coagulogen. A part of this work has been published
9).

EXPERIMENTAL PROCEDURES!

RESULTS

The strategy for the elucidation of the structure of Limulus
coagulogen is shown in Fig. 1.

Amino Acid Compositions of Limulus Coagulogen and Its
Derivatives—Table I shows the amino acid compositions of
the A chain, peptide C, and the B chain derived from Limulus
coagulogen. The molecule has a total of 175 residues. The A
chain, in the NH,-terminal region of the coagulogen (12), has
a total of 18 residues. Peptide C released in the transformation
of coagulogen to coagulin (12) has 28 residues. The large B
chain consists of 129 residues. The residues in these fragments
account for the whole molecule. Moreover, the total residues
calculated are in good agreement with those estimated for
Limulus coagulogen as isolated by Tai et al. (5) and Mosesson
et al. (6). Of these fragments, the amino acid sequence of the
A chain has been established (12).

Amino Acid Sequence of Peptide C—Using 0.1 umol of
peptide C, 13 cycles of manual Edman degradation established
the following NH,-terminal sequence: Lys-Val-Ile-Val-Ser-
GIn-Glu-Thr-Lys-Asp-Lys-Ile-Glu. Peptide C (0.2 umol) was

! Portions of this paper (including “Experimental Procedures,”
Figs. 3-13, and Tables II, III, V-XV) are presented in miniprint at
the end of this paper. Miniprint is easily read with the aid of a
standard magnifying glass. Full size photocopies are available from
the Journal of Biological Chemistry, 9650 Rockville Pike, Bethesda,
MD 20814. Request Document No. 83M-3657, cite the authors, and
include a check or money order for $7.20 per set of photocopies. Full
size photocopies are also included in the microfilm edition of the
Journal that is available from Waverly Press.
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TaBLE I
Amino acid compositions of Limulus coagulogen and its derivatives
Amino acid A chain® Peptide C B chain Sum Coagulogen® Coagulogen® Coagul 9
Residues per molecule
Asp 2.1 (2) 3.1(3) 64 ( 6) 11 113 (11) 12.5 119
Thr 19 (2) 2.0 (2) 89°(9) 13 13.3° (13) 12.2 12.3
Ser 2.0 (2) 9.6° (10) 12 11.7° (12) 12.9 11.0
Glu 2.3 (2) 6.0 (6) 144 (14) 22 22.0 (22) 22.4 23.3
Pro 29 (3) 67 (7 10 10.1 (10) 9.2 9.7
Gly 1.9 (2) 1.1(1) 10.0 (10) 13 13.1 (13) 12.9 134
Ala 2.1(2) 53 (5) 7 72 (7 74 7.3
Half-Cys 2.07 (2) 14.27 (14) 16 16.0 (16) 17.7 14.7
Val 1.2 (1) 2.8 (3) 9.5 (10) 14 13.7 (14) 12.9 13.5
Met 00 (0 0 0.0 ( 0) 0.0 0.0
Ile 3.7(4) 3.1 (3) 7 6.7 (1) 6.1 6.2
Leu 2.9 (3) 34 (3) 6 6.3 ( 6) 6.5 5.7
Tyr 5.0 ( 5) 5 5.0 ( 5) 5.0 4.5
Phe 12.0 (12) 12 122 (12) 10.6 121
Lys 3.9 (4) 52 ( 5) 9 89 (9 9.8 9.7
His 4.1 (4) 4 38 (4) 3.9 39
Trp 08 (1) 1 06 (1) 0.0 0.7
Arg 1.0 (1) 1.1(1) 10.9 (11) 13 13.2 (13) 12.6 13.5
Total 18 28 129 175 175 174.6 173.4

¢ Hydrolysis for 24 h in 5.7 N HCL.

® Hydrolysis for 24, 48, and 72 h in 4 N methanesulfonic acid.

¢ Recalculated from Mosesson et al. (6).

¢ Recalculated from Tai et al. (5).

¢ Values were obtained by extrapolation to 0 h.
/Determined as S-carboxymethylcysteine.

Limulus_Coagul0gen

—— Clotting enzyme of T.tridentqtus

Reduction and S-carboxymethylation

NH;-terminal Sequence of Coagulogen—Manual Edman
degradation of Cm-coagulogen enabled the identification of
22 amino acid residues (Table III): NH,-Gly-Asp-Pro-Asn-
Val-Pro-Thr-Cys(Cm) - Leu-Cys(Cm) - Glu-Glu - Pro-Thr-
Leu-Leu-Gly-Arg-Lys-Val-lle-Val-. The sequence of the first
18 residues is the same as that of the A chain (12). Moreover,

i - the 4 residues (Lys-Val-Ile-Val-) after the COOH-terminal
szt [ sz [somiaan [ b Arg of the A chain have the same seguence s the NH
Dlgestion Digestion terminal sequence of peptide C, indicating that peptide C is

linked to the A chain. Thus, the alignment of the three

;\I/:l:z g:’;ius fragments, A chain, peptide C, and B chain, was established.
T-VI1-5 C-3-28 Amino Acid Sequence of B Chain Tryptic Peptides—0.1
I_}"; g_i_z umol of Cm-B chain was first subjected to Edman degrada-
1-111-5 C-8-8 tion. 20 residues were established, ending with the sequence
H];}{Z g-i-; Gly-Lys-Tyr-Gh{-Cys(Cm)-Arg (Table 1V). Cm-B chain (2
Vi3 e pmol) was then digested with trypsin and the resulting peptide
T-V1-6-5 C-1-10 mixture separated on Sephadex G-25 in 10% acetic acid. As
”;g% g ;25 shown in Fig. 2, eight peptide peaks, T-I to T-VIII, detected
TVl 415 by o-phthalaldehyde (13), were obtained. However, all the
T-1v-4-2 c-2-16 peaks appeared to be mixtures of two to four peptides, and
N Ez_gz these were separated by high voltage paper electrophoresis at
T-VTI-1 C-3-40 pH 1.8, 3.5, and 6.4, and by paper chromatography. 17 peptides
C-5-4 were isolated and their amino acid compositions and yields

£-2-30 are given in Table V. The sum of the residues in the 17 tryptic

F1G. 1. Procedure for the elucidation of the structure.

then digested with trypsin and the resulting peptides sepa-
rated by reverse phase HPLC? (data not shown). Three pep-
tides, T-1, T-2, and T-3, were obtained and sequence analysis
of T-3 enabled the identification of the remaining 19 residues:
Asp-Lys-Ile-Glu-Glu-Ala-Val-Gln-Ala-Ile-Thr-Asp-Lys-Asp-
Glu-lle-Ser-Gly-Arg-COOH. The results are shown in Table
II and provide the sequence of peptide C.

% The abbreviations used are: HPLC, high performance liquid chro-
matography; SDS, sodium dodecyl sulfate; PTH, phenylthiohydan-
toin; Cys(Cm), S-carboxymethylcysteine.

peptides accounted for the amino acid composition of the B
chain. Complete and partial sequences for the 17 tryptic
peptides are shown in Table IV. Among these peptides, T-II1-
7, T-VI-8-2, and T-VII-5 apparently constituted the NH,-
terminal portion of the B chain, as judged from the NH,-
terminal sequence for the B chain. T-VIII-1 (free serine)
appeared to derive from the COOH-terminal end of the B
chain. Moreover, T-V-1, which is a unique peptide containing
4 residues of S-carboxymethylcysteine (out of 8), could be
placed in the COOH-terminal portion of the B chain from
sequence homology with Tachypleus coagulogen (8). This was
also established by the overlapping chymotryptic peptide C-
2-30, as described later. Peptide T-V-3-1 did not react with
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TABLE IV
Complete and partial amino acid sequence of the NH,-terminal portion of Limulus coagulogen B chain and its
tryptic peptides
Peptide Position Sequence®

B chain 190 GlyPhe Serlle-PheGly-Gly His-Pro-Ala-PheLys-Gi-Cys(Cm)-Gly-
Lys Ty GIy-Con(Crm)-Arg

T-11-7 1-12 (_}Q-ﬂlg-g,eﬁr-_l_l_e’-P_llg-ng-(Gly-His-Pro»Ala-Phe-Lys)

T-VI-8-2 13-16 _G_lg-st(Cm)-gz-Lys

T-VII-5 17-20 Tyr-Glu-Cys(Cm)-Arg

TIV-5 2198 Thr-Val.Thr-Ser-Gly-Asp-Ser-Arg

T-1-3 29-62 st(Cm)-m-éﬂ-l_’ie’-&g-gg-_@'-&-@g-&w;(ms)-.Pio,-gﬁl'-
CE(Cm)-Eﬂ-ﬂ-S_ex"-la’l-(Ser)-&-st(Cm)-%—Blg-‘T_h_{-(Phe)-(Gly)-
Tyr-Th.Th-Ser-Asn: Gl (Lew)-(Are)

T-111-5 63-69 Jl_e'-I_be’-y_g!-G_lr;-Alg-@’-Lys

T-VI-3-2 70-73 Ala-Gly-Phe-Arg

T-V-3-1 74-80 (Glx-Cys(Cm)-Val-Trp-Glx-His-Lys)

T-VII-3 81-82 Cys(Cm)-Arg

T-VI-6-5 83-91 élg-m-gg-&;-_égg-fﬁg-st(Cm)-_GQ—f_\gg

T-VI-2-1 92-94 Thr-Gly-Arg

T-VI-6-1 95-99 Cys(Cm)-Thr-GIn-Gin-Arg

T-V-4 100-103 §e_r’-y:a’1-y_a_l’-é§

T-1V-4-2 104-111 _[ﬁg-!aﬁl-’!lg-l‘g~ﬁg-keg’-g_lg_-Lys

T-VI-7 112-120 gll-y_a_!-ﬂl_e’-P_lw'-Cgs(Cm)-@;ﬁg-E-A_xg

T-V-1 121-128 Ilg—st(Cm)-Cys(Cm)-_le-Cys(Cm);&g—st(Cm)-A_{g

T-VIII-1 129 Ser

¢The sequence data for the B chain and its tryptic peptides have been summarized in Table VI in the Miniprint.
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F1G. 2. Gel filtration of tryptic peptides from Cm-B chain
on a column of Sephadex G-25. The freeze-dried digest (2 umol)
was dissolved in 1.0 ml of 10% acetic acid, applied to the column (2
X 200 ¢m), and eluted with the same solution. The fractions indicated
by solid bars were combined and lyophilized. Detection was with o-
phthalaldehyde (13).
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phenylisothiocyanate, indicating a masked NH.-terminal pyr-
oglutamyl residue. The sequence of this peptide was deter-
mined by analyzing the corresponding chymotryptic peptides.
Thus, at this point there remained the alignment of the 12
tryptic peptides located in the inner region of the B chain.
Chymaotryptic Peptides—To obtain additional overlaps and
to confirm the sequence of the tryptic peptides, a chymotryp-
tic digest of the B chain (2 ymol) was prepared and the
resulting peptides fractionated on a Sephadex G-25 column
in 0.1 M formic acid. The effluent, monitored at 230 and 280
nm, was divided into eight fractions, as shown in Fig. 3, and
each fraction was resolved further by reverse phase HPLC

(Figs. 4-10). 19 major peptides were isolated as chromato-
graphically pure substances, and their amino acid composi-
tions, complete and partial sequences, are shown in Tables
VII and VIII. Peptides C-2-25 and C-3-25 are unreactive to
phenylisothiocyanate and appeared to have an NH,-terminal
pyroglutamy! residue. The former was digested further with
trypsin, and the resulting peptides were separated by reverse
phase HPLC (data not shown). Three peptides were obtained
and these were determined to have the sequences Glx-His-
Lys, Cys(Cm)-Arg, and Ala-Tyr, as revealed by amino acid
composition and Edman degradation. Thus, C-2-25 has the
sequence Glx-His-Lys-Cys(Cm)-Arg-Ala-Tyr. Peptide C-3-25
was not sequenced as the sequences of the corresponding
tryptic peptides (T-VI-6-1 and T-V-4) were known (Table
IV). Among the 19 major chymotryptic peptides, C-2-31, C-1-
10, C-7-6, C-2-25, C-2-16, C-3-25, C-4-24, C-3-40, and C-2-30
apparently constituted overlaps of the tryptic peptides T-VII-
5-T-1V-5-T-1-3, T-I-3-T-III-5-T-VI-3-2, T-VI-3-2-T-V-3-1,
T-V-3-1-T-VII-3-T-VI-6-5, T-VI-6-5-T-VI-2-1-T-VI-6-1, T-
VI-6-1-T-V-4, T-V-4-T-1V-4-2, T-IV-4-2-T-VI-7, and T-VI-
7-T-V-1-T-VII-1 (see Fig. 14). Sequence analyses on these
chymotryptic peptides provided additional confirmation of
the sequences of the tryptic peptides. At this stage, there still
remained the firm alignment of tryptic peptides T-I-3, T-III-
5, T-VI-3-2, and T-V-3-1.

Staphylococcus aureus Protease V8 Peptides—To establish
these peptide sequences, digestion of B chain with S. aureus
protease V8 was performed. The digest was centrifuged to
remove some precipitated material and the supernatant was
subjected to reverse phase HPLC (Fig. 11). The sediment was
dissolved in a small volume of 6 M guanidine HC] and sub-
jected to reverse phase HPLC, using the isopropyl alcohol

Seikagaku Corporation Exhibit 2080 - Page 3 of 10
Charles River Laboratories, Inc. v. Seikagaku Corporation

PGR2025-00023



Amino Acid Sequence of Limulus Coagulogen

gradient system (Fig. 12). Seven major peptides were isolated.
Their amino acid compositions are listed in Table X. Among
these peptides, G5 consisted of 50 amino acid residues. The
NH,-terminal sequence of this peptide, Leu-Arg-Ile-Ile-Val-
Gln-Ala-Pro-X-Ala-Gly-Phe-X-Gln-Cys(Cm)-Val (Table XI)
permitted the alignment of tryptic peptides T-I-3-T-III-5-T-
VI-3-2 and T-V-3-1.

Lysyl Endopeptidase Peptides—To confirm further the
alignment of the tryptic peptides, a lysyl endopeptidase diges-
tion of the B chain was performed and the resulting peptides
separated by reverse phase HPLC (Fig. 13). Table XII shows
the amino acid compositions of six major peptides thus iso-
lated. Peptide L-6 has 11 residues and Edman degradation
showed the following sequence: Ala-Gly-Phe-Arg-Gln-
Cys(Cm)-Val-Trp-Gln-His-Lys (Table XIII). This sequence
provided overlaps of the tryptic peptides T-VI-3-2 and T-V-
3-1. Peptide L-9, which contains 31 amino acid residues, was
determined to have the NH,-terminal sequence Cys(Cm)-Arg-
Ala-Tyr-Gly-Ser-Asn-Phe-Cys(Cm)-Gin - Arg-Thr-Gly -
Arg-Cys(Cm) (Table XIII). This sequence not only supported
the alignment of tryptic peptides T-VII-3, T-VI-6-5, and
T-VI-2-1, but also provided confirmation of their sequences.

These results provided the alignments of essentially all of
the tryptic peptides and the complete amino acid sequence of
the coagulogen B chain, as shown in Fig. 14.

DISCUSSION

The sequence of Limulus coagulogen B chain obtained in
this study reveals that it consists of 129 amino acid residues,
in agreement with the amino acid composition (Table I). The
sequence of peptide C has also been established. These studies
and the previously established sequence of the A chain (12)
provide the sequence of the coagulogen. Limulus coagulogen
consists of 175 amino acid residues with M, = 19,675, com-
parable to the molecular weight of about 20,000 determined
by electrophoresis on sodium dodecyl sulfate-polyacrylamide
gels (4-7, 12) and of 19,500 determined on gel filtration (6,
12). Moreover, the NH,-terminal sequence of Limulus coa-
gulogen agrees with previously reported Gly-Asx-Pro (5) and
Gly-Asp-Pro-Asn-Val-Pro sequences (6).

Both trypsin and a-chymotrypsin hydrolyzed the Cm-B

20
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FIG. 14. Amino acid seq of Limulus coagulogen B

chain. Tryptic (T, chymotryptic (C), S. aureus protease V8 (G),
and lysyl endopeptidase peptides (L) are shown by solid bars.
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FiG. 15. Amino acid sequence homologles between Limulus
and Tachypleus (8) coagulogens. Identical amino acid residues in
the sequences are framed. Arrows indicate cleavage by the clotting
enzyme.

Coagulogen 8 7 6 5 4 3 2 |
L.p. A chain Glu-6luiPro-Thr-Leu-LeurGly-Arg
T.t, A chaln AspGluiPro-Gly-Val-LeuGly-Arg
L.p. peptide C Asp-Lys-Asp-Glu-TletSer-Gly-Arg
6In{GlutSer-Gly-valiSer-6ly-Arg

T.t. peptide C

Fibrinopeptide B

Human Glu-GluyGly-Phe-Phe SerArg
Rhesus monkey Glu-GlutSer-Pro-PhetSer-Gly~Arg

Green monkey Glu-GluiGly-Leu-Phe-Gly1Gly-Arg

FiG. 16. Comparison of the COOH-terminal octapeptide se-
quences of the A chain and peptide C with that of primate
fibrinopeptides B (16). Identical amino acid residues in the se-
quences are framed. L. p., Limulus polyphemus; T. t., Tachypleus
tridentatus.

GDPNVPTCLCEEPTLLGRl\V | VSQETKDY!EEAVQAI TDKDE ISGRGFS l FGGHPAFKEC
------- 00000000000000000000000000ENMER - - -~ - - -~~~ -8

70 LE %0 no 110 120
GKYECRTVTSEDSRCYNFFPFSHFHPECPYSVSACEPTFGYTTSNELR T IVQAPKAGFRQ
AERRXXXXX- - BEAR -~ - NEAN- - REREEWE - -~ ~- - XXXXXX =~ = XXXXXXX = === XXX

10 10 1% 180 )
CVWQHKCRAYGSNFCQRTGRCTQARSVVRLVTYDLEKGVFFCENVRTCCGCPCRS
XXXXGURBARANERA - - -REEREEHAX XXX XXX =~ -~ XXXXX- -~ - anneasa-

Fic. 17. Predicted secondary structure of Limulus coagu-
logen. O, a-helix; X, 3-sheet; I, reverse turn; - - -, coil. The data for

prediction of secondary structural regions by the method of Chou and
Fasman (15) are shown in Tables XIV and XV.

chain as expected. S. aureus protease V8 attacked all peptide
bonds sensitive to this enzyme except for Glu 41-Cys(Cm) 42
and Glu 50-Pro 51. These resistant bonds were also observed
in sequence studies of Tachypleus coagulogen (8). Lysyl en-
dopeptidase (14) was very effective in confirming the align-
ments of the tryptic peptides. As expected, it hydrolysed the
five lysyl bonds Lys 12-Glu 13, Lys 16-Tyr 17, Lys 69-Ala 70,
Lys 80-Cys(Cm) 81, and Lys 111-Gly 112. However, the
enzyme seems to have a lysyl carboxypeptidase activity, be-
cause peptide L-15, with COOH-terminal phenylalanine (Ta-
ble XII), has been isolated from the digest. This peptide
should have COOH-terminal lysine. The enzyme must have
cleaved the Phe 11-Lys 12 bond contained in L-15, liberating
free lysine.

In Fig. 15, the sequences of Tachypleus and Limulus co-
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agulogens are compared. There is a 1-residue deletion in the
sequence of Tachypleus coagulogen. Surprisingly, 69% of the
sequence contains the same amino acid residues in identical
positions, and remarkable sequence homology (75%) occurs
in the B chain. Moreover, the 16-half-cystine residues of the
Limulus and Tachypleus coagulogens are in the same positions
suggesting very similar conformations.

In the previous paper (8), we have pointed out that the
COOH-terminal octapeptide sequences of the A chain and
peptide C from Tachypleus coagulogen exhibit homology with
primate fibrinopeptide B. This is also true for the A chain
and peptide C isolated from Limulus coagulogen (Fig. 16).
Thus, it is likely that a specific sequence immediately preced-
ing the bond to be cleaved by a clotting enzyme has been
highly conserved as the enzyme recognition site.

In Fig. 17, the «a-helix, 8-sheet, and reverse-turn regions in
Limulus coagulogen, as predicted by the method of Chou and
Fasman (15), are shown. It is of interest that the coagulogen
seems to contain an a-helical (14.9%) region mainly in the
peptide C segment (residues 19 to 46) released by the clotting
enzyme. This suggests that there is a marked conformational
change in the transformation of coagulogen to coagulin gel.
On the other hand, 8-sheet (24.6%), reverse-turn (29.7%) and
coiled (30.9%) structures are abundant in the B chain.
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The Anino Acid Sequence Studies on Coagulogen

Taolated from Limilus polyphemus Hemocytes
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Toshiyuki Miyata, Masuyo Hiranaga, Mariko Umezu and Sadaaki Iwanaga

EXPERIMENTAL PROCEDURES

Teypsin (twice recrystallized) treated with TPCK and o=

s-chynocrypsin, S. aureus protease V8 and lysyl endopeptidas
HPLC was performed, using two Waters Model M-45 pumps, a Waters Nodel 660 solvent
programmer and a Toyo Soda Model 1I (UV-8) variable wavelength detector or a
Hitachi Model §38-0900 multiwavelength UV monitor, A TSK LS~410 0DS S1L (4 x
300 mm) column was used throughout the peptide fractionations. The peptides
were eluted at room temperature with a linear gradient from 0 % acetonitrile-

a reverse-phase

0.1 % trifivoroacetic acid (v/v) to 30 % acetonitrile-0.1 \ trifluoroacetic acid
at a flow rate of 1 ml per min, and monitored at 210 nm or 220 nm.
saparation of S. aureus protease V8 digast, a linear gradient system consisting
of isopropanol-0.1 % trifluoroacetic acid (0 to 50 8) was used.
Ppaptides were pooled, lyophilized and used for amino acid and sequence analys.
Amino Acid Analysis and Sequence Datermination samplea were hydrolyzed
in 5.7 N HCL or 4 N fonic acid (171, in sealed tubes at
110°C for 24 h, unless othervise stated. After evaporation, the residuals were
analyzed on a Kitachi 835 automatic analyzer {18). The sequences of the peptides

ted

(three times d) were products of Biochemi=
csl Corp., Freefold, N. J. §. aureus protease V8 was obtained from Miles
Reaearch Products, Inc. Elkhart, Indisna. Lysyl trom ware
ter lyticus M497-1 was purchased from Wako Pure Chemicals Co., Tokyo. Superfine vioualy (11).

Sephadex G-25 and Sephadex G50 were products of Pharmacia Fine Chemicals.
Uppsala. A TSK L§-410 ODS SIL column (4 x 300 mm) was a product of Toye Soda
Manufacturing Co. Ltd., Tokyo. Acetonitrile of HPLC grade was a product of
Xatayama Chamicals, Osaks. The reagents used for sequence determinations were
sequential grada products of Weko Pure Chemicals and Nakaral Chemical Co.,
Kyoto. ALl other chemicals were of analytical reagent grade.

ereparation of Limilus Coagulogen Living fresh American horseshos
crabs, Limulus polyphemus (0.5-1 Kg), were kindly suppiied by Or. K. Sekiguchi,
Institute of Biology, The University of Teukuba. The hemolymph was collacted by
inserting a needls into a joint between the cephalothorax and the abdominal
ragion. About 50 ml of hemolymph per individual wes drawn into 100 ml of a
Pyrogen-free plastic syringe and stood ovexnight at 4°C, to sediment the hemos
cytes. Then, the supernatant was discarded and tho sadiment was suspended in
10 ¥ acetic acid, frozen and thawad. The thawed cells were homogenized and
centrifuged at 2,500 rpm for 15 min. The supormatant was dlalyzed overnight at
C against distilled water, and the proteins were concentrated by adding
anmoniun sulfate to give 40 § saturation. The precipitate was dlssolved in 0.1
M ammoniun bicarbonate and dialyzed overnight at 4°C against the solvent. The
dialyzed protein solution was then separated by a Sephadex G-50 column (4 X 140
cm), equilibrated with 0.1 # amonium bicarbonate, according to the previous

method (8). Through these S08-gal 1y pure coagu=
logen was obtained.
of s-alkylated Puritied (10 mg) was

aissolved in 0.7 ml
HCL and 10 mH EDTA.

of 0.5 K Tris-HCl buffer, pH 8.5, containing & M guanidine-
Then 6 mg of dithiothreitol was added. After stood for 1.5
n at room 0.06 a1 of 11 acid-1 N NaOH solution was
added and 9tood for 15 min under N2 gas in the dark. The S~alkylated coagulogen
was then desalted by a Sephadex G-25 colum (4 X 32 cmw) and the protein frace
tions were lyophilized.

Preparation of A chain, Peptide C and B Chain from Coaguiogen
Purified coagulogen (86 mg) was dissolved in 8.6 ml of 0.05 M Tris-KCL buffer,
PR 7.5, containing 0.1 M §aCl and incubated at 37°C for 8 h with a partially
purified clotting anzyme (Total Azgp = 1.80), which was prepared from the hemom
cyte lysate of Tachypleus tridentatus, according to the method described pr
viously (10). After incubation, the formed gel (coagulin) was washed with 5 ml
of the same buffer and centrifuged. Peptide C contained in the supernatant was
purified by a Sephadex G-50 colwmn (2.8 x 91 cm) (8). The washed gel was
suspended in 5 ml Of 0.5 M Tris-HCL buffer, pH 8.5, containing 6 M guanidine-
HCL and 10 mM EDTA, and then dlthiothreltol was added to give a final concentras
tion Of 0.05 K. After it was alloved to stand for 1.5 b at room temperature,
0.4 ml Of 1 M monoiodoacetlc acid-1 N NaOK solution was added and stood for 15
min under N2 gas in the dark. The S-alkylated A and B chains thus obtained were
separated by adding acetone to give a final concentration of 70 %, and A and B
in the and in the sediment were used

chains :
for the sequence studie

of 8 Chain Tryptic and chymotryptic
aigestions of B chain (each 2 wnol) were performed in 0.2 M ammonium bicarbonate
PH 8.5, at 37°C for 10 h and 19 h, respectively, with a weight ratio of enzyme
to substrate of 1 to 50. The digasts wers each lyophilized and dissolved in 10
% acetic acid. For the digestion with $. aureus protease V8, the sample (1.0
umol) was digested at 37°C with a waight ratio of enzyme to substrats of 1 to 20
in 0.05 K ammoniun bicarbonate, pi 8.1, for 10 h. Digestion of B chain (0.2 ymol)
with lysyl endopeptidase was perforned in 0.1 M ammonium bicarbonate, PH 8.2, at
37°C for ¢ h with a weight ratio of enzyme €o substrate of 1 to 5. Chymotryptic
peptide, C-2-25, and the isolated peptide C were digested, respoctively, with
txypsin at 37°C for 4=5 h in 0.1 M ammonium bicarbonate, pH 8.0, with a molar
ratio of enzyme to substrate of 1 to 20.
ang ion of Peptide Mixture
by trypsin and chymocrypsin digestion were initially
temperature on & superfine Sephadex G-25 colwm (2 x 200 cm} in 10 1 acetic acid
or 0.1 M formic acid. The eluates were monitored at 230 nm and 260 nm. Further
purification of tryptic peptides was performed using paper chromatography or
high-voltage paper Paper was carried out in a
solvent system of l-butanol:pyridine;acetic acidiwater (15:10:3:12, by volume) .
High-valtage paper electrophor carried cut in three solvent systems as
follows: PH 6.4, pyridineracetic acidrwater (25:1:225, v/vis pH 3.5, pyridine
acstic acldiwater (1:10:289, v/vl: pH 1.8, formic acidiacetic acid:water (1:
w/v). More details for detection and isolation of peptides were described
previously (11).
For the separation of paptides obtained, respectively, from the digests with

—— The peptides obtained

fractionated at room

5,

——ABSORBANCE AT 220 nm

by the manual Edman method (19, 20), as described in dotail pre-
PTH-amino acida were identified by WPLC, according to tha method
of zinmerman et al. (21) using a TSK L5-410 ODS SIL (4 x 300 mm) column.

Abbrevistions and Symbols The following abbreviations were used for
the various peptides: T, trypsin; C, chymotrypsin: G, S. aureus protease VS L,
Iyeyl endopeptideass. Horizontal arrows pointing to the right below the amino
acid residues indicate that the sequences were determined by direct Edman
degradation. Peptidas have besn nunbared according o thelr positions in the
polypeptide chain.

8929

nm-o—-
-
o
T

c-5 Cc6c-7C-8

wm
T

ABSORBANCE AL 230nm--280

FIG. 3.

. 150 200
FR%TION NUMBER (5 ml/tube)

Gel flitration of chymotryptic peptidas of cn-8 chain on a colum of

superfine Sephadex G-25. The lyophilized digest (2 umol) dissolved in 1.0 ml of

0.1 ¥ formic acid wi
same acid solution.
1lyophilized.

applied to the colunn (2.0 x 200 cm) and eluted with the
The peptide zones indicated by solid bars were combined and

2.0 _ 450
C-1-7 -
r - 40
-
- -
- 30 o
C-1-10 20~
=
UN\
=
N i lo =3
; ;
i |
r 0
i
L L . 2 z
Y 10 20 30 40 50
RETENTION TIME ( min )
FIG. 1. Separation of chynotryptic peptides C-1 by HPIC. The peptide C-1 was
dissolved in 100 .1 of 8 % acetic acid containing 2 % formic acid, and 20 1 of
the solution was injected onto a TSK 15-410 ODS SIL column (4 x 300 Fml. Flow
rate was 1.0 mi/min. For other details, see *EXPERINENTAL PROCEDURES®. Peptide

peaks indicated were collected and lyophilized.
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——ABSORBANCE AT 210 nm
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——ABSORBANCE AT 220 nm
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RETENTION TIME ¢ min )
. Separacion of chymotryptic paptides C-2 by KPIK. Tha same conditiane
-
50
F 40
3 8
¢-3-17 g
it 20 3,
- 3
b - 107
r-~ o '
F
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0 10 20 30 0
RETENTION TIME (min)
21G. ¢. Beparation of chymotryptic paptides C-3 by BPLC. The sase conditions
ax described for 71G. 4 vers used.
{50
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30 1o
;
20 o
- ' 3B
0 g
- 1
oo (e o |
|
!
A N
0 10 20 30 10 50
RETENTION TIME ¢ min )
P16 7. Swparation of chymoteyptic peptides C-4 by HPLC. The sams conditions

45 described for 7IG. ¢ ware vsed.

—ABSORBANCE AT 220 nm

ABSORBANCE AT 220 nm

2.0t 50
-7 qao
J 30 »=
20 -
5
2
03
Lop . o |
0
0 10 30 40 50
RETENTION TIME ( min )
FIG. 8. Separation of chymotryptic peptides C-3 by NPLC. The same conditions
a6 described for PIG. 4 were used.
c-7-6
2.0} RES
PP )
307
S L
g 22
= dio 2
= g
w Lop . 0 :
k-3 i
2
2
2
l
0
0 1 20 30 ) 50
RETENTION TIME ( min }
P16. 3. Separation of chywotryptic peptides C-7 by HPLC. The sams conditions
dascribed for PIG. 4 ware used.
2.0 Js0
e
P c-8-8 15
-7 20 &
ST {10 3
1o - =
Lo ™ - 0 LI'
1
'
0
0 10 20 30 w0 50
RETENTION TIME (min)
11g. 10, Separation of chymoteyselc paptides G- by WPLE. The same conditions

dercribed for FIC. 4 were used.
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6-4 lso
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0
8
420
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:
1o
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RETENTION TEME (min)
FIG. 1. separation of soluble peptides abteinad fram 5. sureus protesse
digent. (1,05 umol) of crb chain by NFLC, The same sonditians described for
VIS, 4 vero urea.
_ 150
w®
.0 2
02
S
q0E
3
1o
-7 1!
N
— , 4
0 16 70 30 50 60
RETENTION TIME  (min)

FIG. 12, Separation of inwoluble peprides obtained fzom S. suseus protease V3
digast of cn-D chain by KPLC. The inso.ub’~ peptide mixture was dissolved in
1.0 ml of & M guanidine-HCL and loaded onto the column used for separetion of
Elotion wes parformed iy uaing the imopropanol graciant
1.0 mi/min,

Table 1t

Complete end partisl amino acid sequence of peptide C
and its tryptic peptide

cycle Peptide T3
No. Anino » Amino »

1 Lys 57
2 val 0.8
3 Ile 370
1 val 3008
5 ser
€ Gin 1
7 Glu
8 ™ isi4
5 Lys
It Kap
11 Lys
12 Tle
13 Gl
14
13
16
17
18
13
Position 1-13

)
-

y1o! 1 dors
tives are calculated from paak beignt of
Righ parfornance 1iquid chromatograms .

8931

L-6
Ll
450
-~ H40
5 {308
s
Q —202,\
=
= 105
g |
E 10
-4 -
3 L-15
2
g
- 1 i 2,
0 10 20 40
RETENTION TIME (min)
13. separation of lysyl endopeptidase digest of cm-B chain by HPLC. The
same conditions as described for FIG. 4 were used.
Tavte 111
Partisl amino acid sequance of
Limalus cm-coaguiogen
eie i B}
Wo. acid » mol
! oy 7
H e 150
H vro H
H aon ]
H r 5
H fro s
5 The
¢ me 108
H Teu 3
10 cne 121
i T 102
32 o1a 1z
1 wro 5
" Thr 1
3 teu o
16 Leu 3
it iy 3
18 ey 37
19 tys i
% Vil 3
b te H
2 vad 2
‘)Awmumu yields of phenylthio-
hydantoin derivativas are
Shieniates ton posk
Ralgnt of nigh pecformance
Tiaia cheomatogrens
Table v
Raino acid compositions of teyptic paptides derived fron Liaulus cosgulogen B chain
Amino actd T-II1-7 T-VI-8-2 T-VII-5 T-Ive3 T-1-3  T-IM1-5 T-VI-3-3 -ved=1*) VI3 TVI-6e5
— Residuel par molecule —
cme 0.6(1} 1,001} 2.803) 0.8 1
Ao 1am 22n
The vain iy
Ser  tow Ve 2ei
Gl 1.000) 1 10 .23 1.2 2.3t
Fo e Laa e
gy 0N ram Tio i
TNt Vihoam 1o
a3 rom 23m ah X
et
e tim 2001
ien 12
Tor .51 2o 0801
me .o 556 o olsin
by 100 vem ey e
wao ol 22 Vo1
Trp 0.211)
Arg 1.001) .00 r.e(n) .21 1.001) 0.301)
Totar B 0 . I ; . 7 : s
Position 1-12 13-16 17-20 21-28 29-62 63-69 70-73 T4-80 81-82 83-91
viay 1 ‘ = I ) 0 .z B
Purification) s-C s-2-C 5-£ 5-€ s-c s-c s-E-¢ s-¢ s-e 8-8-C
b) Puritication procedures: gel-

a) Obtained from 24 h hydrolysis with 4 N methanesulfonic acad.
Eiltration on superfine Sephadex G-25{SI: paper

Tavie v-continued

1 paper

AR16O @cld T-VI-2-1 T-VI-6=1 T-V-4 T-IV-4-2 T~VI-7 T-V-1 7-VIII-1 Totel B chain
— Weatdues per molecule ——
o810 0.6t 3706 " "
104 1 s 6
.01 .01 1ot 0,941} s s
1003 1000 10 0
2.2 1o v 1 "
1.0t 7 7
Ly 101y 10y 10 0
5 5
19020 o L [T 10
o °
3 3
2.0(2) 3 3
a8 5 s
Leen 2 2
100 s s
‘. 4
1 b
LI Lem) a0 10411 1.001) n 1
3 5 . ] 9 O 112 129
Position  92-94  95-99  100-103 10 112-120 1214120 129
Yielain) 12 15 27 " 14 35 4o
Purification S~E-C  S-E-C S-C seE-C sE 3K §-x
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Completa and partial amino acid sequence of Limul

coagulogen B chain and its tryptic peptides

cycls B chain T-111-7 T-VII-5 T-IV-% T-1-3 T-111-5 1-V1-3-2
Aaino a)  Amino o) Ami a) Amino al
No. wia me™ (P o1 QP et AR amor®) AN qmor® Mo 0000 Maine 0 Ml e
X Gly 11.0 Gly 16.6 Gla 13.7 .3 22,2 T™C 5.8 Cmc 7
2 phe  13.4 Phe 1309 Cme  11.0 R val 2301 ™vr 0 3;; N
3 Ser 0.1 Sex 2.1  Gly 8 Gmc 8.8 Thr 7.6  Asn 25 e 2.5
+ e 10,7 e 3.6 Lyad) Arg 4.8 ser 2.1 Pha 1306 A 1s
s Phe 11.1  Phe 6.8 Glu 3.2  rhe 12 ? '
5 Gly 5.8 Gly 6.4 Asp 152 pro &
{ Gly 5.3 Ser 1.0  pha 13
His 4.3 Arg 3.8 ser 0
9 Pro 3.3 Bin 16
10 Ala 9.7 e 7
u Phe 5.8 R.D.C)
12 s 1.9 o 5
13 Glu 10.2 Glu 13
pY ) Cmc 2.1 Cmer 5‘
15 Gly 2.5 Pro 3
16 Lys 3.9 val &
17 TYr 2.5 sex 0
18 Glu 2.1 val 2.
19 Cmc 1.3 N.b.c}
20 Arg 0.7 Ala 4
21 < 0
;i Glu 4
A Pro 0.
2 Thr 0.
N.p.¢l
gg ¥.0.°)
E YT 0.7
b4 Thr ©.2
@ Thr 0.2
E1 Ser 0.1
3 Asn 0.1
Glu 6.2
Position 1-20 1-6 13-16 19-20 21-28 29-60 63-69 70-73
T
yields of derivatives are calculated from ak height of high 12
chromatograms. b)Taken from the amino acid compositions (ese Table xns‘r c)ktga:u;usnza.” formnce Hguid

Table VI continued

cycle __ T-VII-3 T-VI-6-5 T-vI-2-1 T-VI-6-L T-V-4 T-Iv-4-2 T-vI-7 TVl T-VII1-1
¥o. Xsing DRSS 3 Maiwo 8y Mmleo &) Xaino ¥ h—!nax_ st Kine ey e iar Kalas | oW
acia

7o
mol® IR wer® R meer®! i nwei® ol meel™ (QlaT mwlt i MY el ™OU acia Mt
1 cme 28,1 Ala 50.0 Thr s ser 3.0 Gy 8. The ser 2.7
2 Arg M5 Tyr  21.8 Gly e 3.0 val 1500 val  26.4 Onc
3 cly 1.0 Arg Gln 58 val 9.2 Phe  15.7 Cme
1 ser 1.3 Gln 3.6 Arg 8.5 Phe  12.7 Gly
5 Asn  10.0 Arg 206 one  15.0 Cuc
6 Phe  15.7 Glu 9.8 Pro
7 ame 11,7 Asn 184 cac
8 Gln, 3 val  15.4 Arg
3 Arg® Arg 3.5
position 61-82 83-91 92-34 95-99 100-103 104-111 112-120 121~128 129
Table VII
Aaino acid compositions of chymotryptic peptides derived from Limulus coagulogen B chain
Apino acid C-5-8  C-S-148 C-3-28 C-3-17 C-2-31 C-8~8  C~1-7  C-4-27 C~3-24
T Resldues per wolecule ——
1,000 1.9(2) 1oty 1N
1.0(1) 1.0 1.011)
1.9(2) 1,001 1.742)
0.9(1) 1.742) 2.6(3) 0.9(1)
1.241) 2.0{2) 1.8 1.0(3) e
0.9t 1.9 1.9(2) 1.00M)
1AM 1.6(2) 1.3 1.003)
T 1.001)
1.3¢1) 2.042)
1.04(1}
1
1.0(1) 0.9(1) 1.0(1)
10010 1.0 0.9¢1) 2,743 10m 1m
1.902)
09011 1.902)
2.242)
2 3 6 6 17 s 12 L] 6 Table VIII
Position 1-2 3-s 611 1217 18-30  31~35  36-47 48-55  S6-61 Complete and partial amino acid sequence of chymotryptic peptides
derived from Limulus coagulogen B chain
Yield(n) 32 30 " " [ “ 30 15 55 2RI
Peptide Position Sequence®
c-5-8 -2 (Gly,Phe}
C-5~148 3-5 {Ber,Ile,Phe)
Table VII-continued c-3-28 611 (Gly,Gly,His,Pro.Ala,Phe}
c-3-17  12-17 Lys-Glu-Cme-gly-Lys-Tyr
o " o 62w 18-30 @yCag-hrgeThg-al-Ehi-Ses ol eprin iy
Amino acid C-1-10 c-7-6 €-2~25 C-4-158 C-2-16 C-3~25 C=4-24 C-3-40 C-5-4 c-2-30 m—m
—— ResiTues par moleculea — C-8-8 31-35 (Asn,Phs,Phe,Pro,Phe)
cac 2w 2.0(2) 5.0(5) ¢-1-7 36-47 Ser-iis-phe-Kig-Prg-Gly-Cac-Pro-Val-te:
Asp 1.1ty o ERYiH R Ser
Thr 1.9 0.8 B . ~ - Pro-The-Phe-Gly~
ser 1.000) o.An: o ‘\7.:::; c-4-27 8-S Mczﬂmgwxs;ﬂxm
Glu 120 1.2 v 20020 1.200 1. . c-3-24  56-81 Thi-Thr-ger-Asn-Gly-Ley
Pro 1041 0.8(1) €-1-10  62-72  Arg-Ile-Ile-Val-Gln-Ala-(Pro,Lys.,Ala,Gly,Phe}
Gly 12140 0.3 1,001} 1400 1000 Ayl e dand
Ala 1.8(2) 1,001 o som c-1-6 73-17  Arg-gla-cc-val-rrp
val 1) 1 19120 1m 1.0¢ . e " mc-Arg-Ala~Tyr
e i €-2-25  78-84  (GIX.HLN,Lys)-Cuc-Azg-Ale-Tyr
Leu 1.2(1) 100 C-4-158 8 38 _'_.’l'~w’-'h.
Tyr 0.9(1) ETEH g . AreThE-CLy~ Phpe
Phe 1.001) 1o 1.001) 1.0 €-2-16  89-97 Smg~Gln-Arg-Thr-Cly-Arg-Cmc-Thr-Gly
Lys 1.011) 1,903} 101} €-3-25  98-102  (GLn,Azg,Ber,Val . Val)
His 1041 e _ ~Lau-yal-The-B
ey et 120 100 2.012) i e lﬂ-:_:'l EEF m: Val,Phe)
! . . . . 3= - /61y, Val, Phe
Arg 0.9(1 .00 1221 1.942) t o €-3-40 108-114  Asp-Les-Glwiiys.Gly
Total K s 7 ‘ ) 5 5 1 1 1 c-s-:n 1:2 "
C-2- 116-129 G
Position  62-72 73-77  78-84 6588  89-97 96-102  103-107 Y08-114 118 116-129 =’e-= acegel 7 =SS s 7
Yie1a(s) s 39 s 13 10 18 20 53 3 17

2lthe sequence data for chymoeryptic peptides have besn shown in

Table IX of the miniprint section.

a} Obesined from 72 h hydrolyais with 5.7 X HCL., D) Obtained from 24 h hydrolysis with 4 ¥

mathanesulfonic acid.
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Amino Acid Sequence of Limulus Coagulogen

Table IX

Complete and partial amino acid sequence of chywotryptic peptides of Limul

coagulogen B chasn

8933

Table XI

mm 010 ssquence Of S. aurevs V8
peptide, G-5, dexived from
;ﬂlu! conpulogen 3 hain

cycle C-3-17 cadl ool c-3-24 y =
o a— o ¥ NaTso ® = = U cyele e ——y
o acta ™! acia el acig ™ot acia "ol acid ol No. i
1 Lys 5.9 Glu 17.3 ser 0.3 Als 11.0 ™ 5.9 1 Leu 20.7
2 Glu 1.6 Cnc 113 His 1. Cmc 8.5 Thr 10.3 2 Arg 14.0
3 omc 16.9 Arg Y Phe 5.7 Glu 6.5 Ser 7.7 3 1le 20.7
4 Gly 6.6 The 1.6 xin 2.3 Pro 2.1 Asn 8.7 4 Ie 24.3
5 Lys 0.5 val 4 Pro 2.8 ™ 2.3 Gl a0 s va1 1.2
6 Tyr 0.7 nr 11 Glu 8.7 Phe 2.9 Les 2.1 ¢ oin 24
1 sor 0.3 onc 8.7 o1y 2.1 7 Ala 1.0
0 Glu s.5 Pro 3.0 Tyr 1.0 s pro 51
9 anp s Va1 4.6 s ¥.0.B
10 ser 0.2 n.0.% 10 Ala .
1 Arg 0.5 Val 1.8 n Gy 27
12 onc 1.4 12 Phe 7.8
13 Tvr 0.9 1 .02
Position 12-17 18-30 36-48 48-55 56-61 1 cln 0.2
’ Lon 15 Cmc 10.4
*agproxtaate yields of phanylthiohydantoin derivatives o culated from ak height of b
‘” Tiqu 4 B) N "5 faken from the data of amino acid composition 16 val 1.2
Keaa Tanle vID) . Position 61-76
» yiside of phamith
derivatives are calcula
2oak helght of high Perfornance 1iquid
chromatos
B noe dnz.x-inod.
Table IX continued
Table XI1T
cycse c-118 co1-6 C-2-25-7-1 c-4-158 £-2-15 anie
"o &y Aaino ay Aaino n Talns ) any 14 composit! z lysyl endopeptida tides derived from
No. acid nnol’ acid nmo)' prery acid nmo} acid nmo RO #C. PO Onl D cznqulog::pl ch': pep!
1 Arg 7.1 Arg 10.9 cmc 6.3 cly 6.9 ome 16.5 1 L-14 i L-8
2 Ile 13.4 Gn 3.2 Arg 0.6 ser 3.0 61n 6.1 Amino acié  L-15 L~ . L-6 o
3 Ile 7.9 Cme 4.6 Ala 7.8 Asn 6.8 Arg 2.3 o —a :.1::‘“"4’::0:0 -c:l;(:— 4.215)
‘ va 13 vat 5.4 yr 5.8 e 3.0 oo : 3140 o 12010
5 Gln 1.0 Cly 8.5 Thr l.7(2) |.ﬂ:|‘l’
Ser L 5.6(6) 1.0
6 Ala 11 Arg 10.8 Glu 10013 S.6(6] 2,202 1301
7 cme  16.2 rro 8.9¢1) 42205 09D
Gly It O TP i R R T 2.213)
s Thr 2.9 Als Vo0 2.242) i
s Gln 2.6 val 4.0(4) 1.‘(” 2.1
Ile a.9(1) 1.5(2)
position 62-67 7376 91-04 85-87 89-97 Leu ;2:;:
- :
Phe 2,603 5.4(5) 2,142
Lys 1000 1061
His 1.0¢1) 2.1(2)
Trp
arg 2,903 3.918)
Total AR} 4 53 " M
Table IX continued Position -1 13-16 17-69 70-80 8$1-111 112-129
Yield (%) 7 26 21 0 12 20
C-4-24 C-3-40 C=5-4 €-2-30
Cycie Talro Tar “XaTwo ) T e
o T £ ¥
o acig "=t actd "ol acid ot acta  fmol
1 acg 10,8 Asp 3.6 Phe ) e 16.9 Table X111
2 Leu 5.2 Leu 27.9 Gln 169 mplete and partisl amino acid sequence of
3 vat s Glu 5.4 asn 8.9 mn endopeptidase owptides derived from
gulogen B chai
‘ Thr 0.3 val 6.9 Emides
5 Tyr 2,1 Arg 6.0
M THe 1.1 cycte L6 L9
KaIne . peor® | MEIne 18T
7 Oome 9.4 No. m‘;" ol .d:“ nmol
[ cme 6.5
® cly s 1 Als 61,7 Cac 23.8
10 Cme 6.3 F) Gy 18.3 Arg 2.3
e Pro 11 3 Phe 18.1 Al 10.0
12 cme 2.5 . Arg 19.5 Tyr 1.1
u arg 0.7 s Gln 7.9 cly 3.4
1 ser® € cne 32.1 ser 0.7
12.2 2,
position 103-107 108-110 118 1l6-129 ? Val ran :
8 Trp 0.3 Phe 7.8
s 6ln 2.6 e 7
10 His 2,5 Gln 0.7
1n Lys 0.5 arg 1.2
12 Thr 0.8
Table X 13 Gly 0.7
Amtno acid compoaitions of Staphylococe: peptides darived from 1 Aty 2.5
Linu coagulog 1s Onc S.1
Position 70-80 B1-95
Amino acid  G-1 G-2 -3 G4 -3 G-6 G-7
T Residues per woleculs — " a8 of
derivatives are calculated from paak
cnc 1.00) 1000 333 33 12D 448 height of high pecformence Liquid enromato-
Asp 2703 2402) 1.201) .
e 1,820 2703 2.8(3) 1:001)
sar 1.001) 100 s 2.4 1.en
Glu 1000 o 1.0 3003 670 t.oan
Fro 130 ER TN 0.8(1)
Gly 2.83)  1.001) L7 A e ew) Table X1V
Al X 12200 2,403
val 1,041 23020 4315 1000 1.z
e 1.0 1,612} ~turn in Limylus
Laeu 2,613 N
yr 1,001 17 1S
Phe 2.7(3) $.045)  2.4(2) 1.8(2) pa® ® P pelx 2074
1ys a-9(th 100 2320 0.941)
H; sa1 1
[ m o a.et “-47 072 030 138 1.83
Ary 1,000 0.50)  €.3n 1,742 4548 o 0.95 1.7 11
Toval T s ) Y ) > Py 60- 63 0.7%  1.0¢ 1.23 1.6
Position 110 14-18 19-25  26-60  61-110 111-117 118-129 e o-% o-83 11 o-88
i ! - 72- 75 087 0.05  1.26 2.59 Table XV
Yieldts) [ 2 19 15 B 12 15 79- 82 0.1 1.02 1.4 1.22
85- 88 0.95 0.5 1.10 w15 regtons of
88- 91 0.7 1.08 136 1.33 in u-nm- oeagulogen
125-128  0.96 093 1.03 1.60 o ~t
128-131 0.3 1.00 1.8 0.92 Rasidoes o Jud Aseighmne
132-235 0.8z .05  1.20 0.83 0.8  1.08 N
3s-142 077 .02 127 1.00 110 o.se -
143-146 099 0.97  1.08 0.76 ° 124 N
167-120 o0.70  1.08 1.2 0.0 osl  L.20 .
168171 0.67  1.08 .28 1.92 107113 13 128 .
171-174 0.7¢  0.97 1.21 a6 T1s-12¢ .90 14 A
*Ipa, 7 and Py arw respectively the probabiltey 147-153 0.92 .28 s
factors for a-helix, f-shest and §-turn, caloslsted 158-162 1.02 1.21 [
» thod of Chou and Fastman (18). o
pe = lL!lunnnu whers n, u.). £33 and e is the vrnbahinry factor for a-
Fies ai the £ b 3 Bovinl helix and for 8 -eheet strusture,

rence

for a unnln n-A
3rd and 4th position of a A turn.

ch- method of Chou

calculated
"2t the l8t, Ind. 5 Te
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