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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, chymotryptic, 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
YTTSNELRIIVQAPKAGFRQCVWQHKCRAYGSNFCQRTGRCTQQORSVVRL
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. 5-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 8-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 pmol 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 1
Amino acid compositions of Limulus coagulogen and its derivatives
Amino acid A chain® Peptide C B chain Sum Coagulogen® Coagulogen® Coagulogen®
Residues per molecule
Asp 2.1 (2) 3.1(3) 64 ( 6) 11 11.3 (11) 12.5 119
Thr 1.9 (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) 14.4 (14) 22 22.0 (22) 22.4 23.3
Pro 29 (3) 6.7 (7 10 10.1 (10) 9.2 9.7
Gly 19 (2) 1.1 (1) 10.0 (10) 13 131 (13) 12.9 13.4
Ala 2.1 (2) 53 ( 5) 7 72 (1) 7.4 7.3
Half-Cys 2.07(2) 14.27 (14) 16 16.07 (16) 17.7 14.7
Val 1.2 (1) 2.8 (3) 9.5 (10) 14 13.7 (14) 12.9 135
Met 0.0 (0 0 0.0 ( 0) 0.0 0.0
Ile 3.7(4) 3.1 (3) 7 6.7 (17 6.1 6.2
Leu 2.9 (3) 34 (3 6.3 ( 6) 6.5 5.7
Tyr 50 ( 5) 5 50 ( 5) 5.0 4.5
Phe 12.0 (12) 12 12.2 (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

2 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).

4 Recalculated from Tai et al. (5).

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

Limulys_Coagulogen
~=— Clotting enzyme of T.tridentatus

Reducltlon and S-carboxymethylation
I
Trypsin Chymotrypsin | | Stophylococcus Lysyl
Digestion Digestion protease Endopeptidase
Digestion Digestion

T-111-7 C-5-8
T-VI-8-2 C-5-14B
T-VI1-5 C-3-28
T-1v-5 C-3-17
T-i-3 {£-2-31
T-111-5 C-8-8
T-VI-3-2 c-1-7
T-v-3-1 C-4-27
T-vVI1-3 C-3-24
T-VI-6-5 C-1-10
T-Vi-2-1 C-7-6
T-M-6-1 C-2-25
T-V-4 C-4-158
T-1¥-4-2 C-2-16
T-VI-7 C-3-25
T-v-1 C-4-24
T-M11-1 C-3-40

C-5-4

€-2-30

Fi1G. 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
11 and provide the sequence of peptide C.

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

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-Ile-Val-. The sequence of the first
18 residues is the same as that of the A chain (12). Moreover,
the 4 residues (Lys-Val-lle-Val-) after the COOH-terminal
Arg of the A chain have the same sequence as the NH,-
terminal sequence of peptide C, indicating that peptide C is
linked to the A chain. Thus, the alignment of the three
fragments, A chain, peptide C, and B chain, was established.

Amino Acid Sequence of B Chain Tryptic Peptides—0.1
umol of Cm-B chain was first subjected to Edman degrada-
tion. 20 residues were established, ending with the sequence
Gly-Lys-Tyr-Glu-Cys(Cm)-Arg (Table 1IV). Cm-B chain (2
umol) was then digested with trypsin and the resulting peptide
mixture separated on Sephadex G-25 in 10% acetic acid. As
shown in Fig. 2, eight peptide peaks, T-I to T-VIII, detected
by o-phthalaldehyde (13), were obtained. However, all the
peaks appeared to be mixtures of two to four peptides, and
these were separated by high voltage paper electrophoresis at
pH 1.8, 3.5, and 6.4, and by paper chromatography. 17 peptides
were isolated and their amino acid compositions and yields
are given in Table V. The sum of the residues in the 17 tryptic
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-111-
7, T-VI-8-2, and T-VII-5 apparently constituted the NH,-
terminal portion of the B chain, as judged from the NH,-
ierminal 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 120 GlyPhe Ser e Phe-Gly-Gly His-Pro-Als-Phe-Lys-Glu-Cys(Cm)-Gly-
Lys Tyx- It Cys(Crm) Arg
T-111-7 1-12 glz-ﬂlg-gg-y_g-ﬂlg-glz-(Gly-His-Pro'Ala—Phe‘Lys)
T-VI-8-2 13-16 _G_lg-Czs(Cm)-Qx-Lys
T-VII-5 17-20 IE-G_IQ-CXS(Cm)-A_z_'g
TV 2198 ThrVel-ThrSer-Glu-Asp Ser-Arg
T-1-3 29-62 Czs(Cm)-I‘E-_I}gr_}-l_’_h_e’-P_hg-gl;g-&-&-g_ig-gh_e’-(His)-P_ro’-gﬁx;
Czs(Cm)-E&-M-S_e_;—lﬂ-(Ser)-AE-CXS(Cm)-ng-gg-_’lll_s-(Phe)-(Gly)-
Tyy-Th-Thr-Ser-Asn: Gl (Lew)-(Are)
T-1I1-5 63-69 _Ike'-gg-y_g}-%l’-é_lg-@’—Lys
T-VI-3-2 70-73 él_a’-g_lz-gllg-i\lg’
T-V-3-1 74-80 (Glx-Cys(Cm)-Val-Trp-Glx-His-Lys)
T-VII-3 81-82 Czs(Cm)-élg
T-VI-6-5 83-91 éﬁ‘!ﬂ'ﬁ&'.sﬁ;‘éﬂ'fﬁ'cls(cm)'gﬂ'ﬂ
T-VI-2-1 92-94 E-QXAI_'&
T-VI-6-1 95-99 Czs(Cm)-I}i’r-gg-@l’-é_rg
T-V-4 100-103 §e_r’-y_a_1-y_a_l’-é£g
T-IV-4-2 104-111 @'E‘B}.‘;‘Iﬂ'ﬂ'.@l}'%'l‘ys
T-VI-7 112-120 %—ﬂ-fﬁ-@s—Czs(Cm)-%—éﬁg-E—Aﬁ
T-V-1 121-128 Ilg-gys(le—Cys(Cmﬁ)-_(_?le-Cys(Cm)’-&_o’—Cys(ngz-ézg
T-VIIL-1 129 Ser
¢ The sequence data for the B chain and its tryptic peptides have been summarized in Table VI in the Miniprint.
0 d (Figs. 4-10). 19 major peptides were isolated as chromato-
graphically pure substances, and their amino acid composi-
04} 80 tions, complete and partial sequences, are shown in Tables
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Fi16. 2. Gel filtration of tryptic peptides from Cm-B chain
on a column of Sephadex G-25. The freeze-dried digest {2 gmol)
was dissolved in 1.0 ml of 10% acetic acid, applied to the column (2
X 200 cm), and eluted with the same solution. The fractions indicated
by solid bars were combined and lyophilized. Detection was with o-
phthalaldehyde (13).

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.
Chymotryptic Peptides—To obtain additional overlaps and
to confirm the sequence of the tryptic peptides, a chymotryp-
tic digest of the B chain (2 uymol) 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

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-T7-1-3, 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-VIII-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-I1-3, 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 HCI and sub-
jected to reverse phase HPLC, using the isopropyl alcohol
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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-GIn-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)-Gln- 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
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Fic. 14. Amino acid sequence 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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F1G. 15. Amino acld 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—Glu«Pro-Thr—Leu-LeufGly—Arg
T.t, Achain AsptGlufPro-Gly-Val-LeuyGly-Arg
L.p. peptide C Asp-Lys-Asp-Glu-1letSer-Gly-Arg
T.t. peptide C GIntGlutSer-Gly-valiSer-Gly-Arg

Fibrinopeptide B
161y-phe-phetser{ala}arg
1Ser-Pro-PhetSer-Gly-Arg
161y-Leu-Phe-Gly{6ly-Arg

Human
Rhesus monkey

Green monkey

Fig. 16. Comparison of the COOH-terminal octapeptide se-
quences of the A chain and peptide C with that of primate
fibrinopeptides B (18). Identical amino acid residues in the se-
quences are framed. L. p., Limulus polyphemus; T. t., Tachypleus
tridentatus.
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Fic. 17. Predicted secondary structure of Limulus coagu-
logen. O, a-helix; X, 8-sheet; B, 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). Lysy! 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 18, 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 «-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.

Acknowledgments—We wish to express our thanks to Drs. K.
Sekiguchi, F. Shishikura, and M. Niwa for their kind assistance in
the bleeding of Limulus polyphemus. We also thank S. Ezaki-Hashi-
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Amino Acid Sequence of Limulus Coagulogen

SUPBLEMENTARY MATERIAL
to

The Amino Acid sequence Studies on Coagulogen

Isolated from Limulus polyphemus Hemocytes
by

Toshiyuki Miyata, Masuyo Hiranaga, Mariko Umezu and Sadaaki Iwanaga

EXPERIMENTAL PROCECURES

Material Trypsin (twice recrystallized) treated with TRCK and o=
chymotrypsin (three times recrystallized) were products of Worthington Biochemi=
cal Corp., Freefold, N. J. §. aureus protease V8 was obtained from Miles
Research Products, Inc. Elkhart, Indisna. Lysyl endopeptidase from Achromobacs
ter lyticus M497-1 was purchased from Wako Pure. Chemicals Co., Tokyo. Superfine
Sephadex G-25 and Sephadex G~50 were products of Pharmacia Fine Chemicals,
Uppsata. A TSR L§-410 ODS SIL column {4 x 300 mm) was a product of Toyo Soda
Manufacturing Co. Ltd., Tokyo. Acetonitrile of HPLC grade was a product of
Katayama Chamicals, Osaka. The reagents used for sequence determinations were
sequential grade products of Wako Pure Chemicals and Nakaral Chemical Co.,
Kyoto. ALl other chemicals were of analytical reagant grade.

Preparation of Limulus Coagulogen Living fresb American horseshoe
crabs, Limulus polyphemus (0.5-1 Kg), were kindly mupplied by Dr. K. Sekiguchi,
Institute of Biology, The University of Tsukuba. The hemolymph was collscted by
inserting a needle into a joint between the cephalothorax and the abdominal
ragion. About 50 ml of hemolymph per individual was drawn into 100 ml of a
Ppyrogen-free plastic syringe and stood overnight at 4°C, to sediment the hemos
cytes. Then, the supernatant was discarded and tha sediment was suspended in
10 % acetic acid, frozen and thawed. The thawed cells were homogenized and
centrifuged at 2,500 rpm for 15 min. The supernatant was dialyzed overnight at

C against Aistilled water, and the proteins were concentrated by adding
ammoniun sulfate to give 40 % The was in 0.1
M ammonium 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 # amsonium bicarbonate, according to the previous
method (8). Through these SDs-gal 1y pure coagu=
logen was obtained.

of 5-alkylated Purified coagulogen (10 mg) was
dissolved in 0.7 ml of 0.5 M Tris-HCl buffer, pH 8.5, containing 6 M guanidine-
HCl and 10 mM EDTA. Then 6 mg of dithlothreitol was added. After stood for 1.5
n at room 0.06 ml of 1 M acid-1 N NaOH solution was
added and 9tood for 15 min under N3 gas in the dark, Tme S-alkylated coagulogen
was then deaalted by a Sephadex G-25 colwm (4 x 32 cm) and the protein frace
tions were lyophilized.

Preparation of A chain, Peptide C and B Chain from Coagulogen
Purified coagulogen (86 mg) was dissolved in 8.6 ml of 0.05 M Tris-KCI buffer,
PH 7.5, containing 0.1 M NaCl and incubated at 37°C for 8 h with a partially
purified clotting enzyme (Total Azgp = 1.40}, which was prepared from the hemow
cyte lysate of Tachypleus tridentatus, according to the method described pre=
viously (10). After the formed gel ( 1in) was washed with S ml
of the same buffer and centrifuged. Peptide C in the was
purified by a Sephadex G-50 column (2.6 x 51 am) (8). The washed gel waa
suspended in 5 ml of 0.5 M Tris-HCl buffer, pR 8.5, containing 6 M guanidine
HCl and 10 nM EDTA, and then dithiothreltol was added to give a final concentras
tion of 0.05 M. After it was allowed to stand for 1.5 h at room temperature,
0.4 ml of 1 M monciodoacetic 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 wera
separated by adding acetone to give a final concentration of 70 %, and A and B
chains recoverad, respectively, in the supernatant and in the sediment vere usad
for the sequence studies.

ot B Chain Tryptic and chymotryptic
digestions of B chain {each 2 wmol) 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. fThe digests were each lyophilized and diasclved in 10
% acetic acid. For the digestion with S. aureus proteade V8, the sample (1.05
umol) was digested at 37°C with a waight ratio of enzyme to substrata of 1 to 20
in 0.05 K ammonium bicarbonate, pH 9.1, for 10 h. Digestion of B chain {0.2 umol)
with lysyl endopeptidase was performed in 0.1 M ammonium bicarbonate, PH 8.2, at
37°C for 4 h with a weight ratio of enzyme to of 1 to 25,
peptide, C-2-25, and the isolated peptide C were digested, respectively, with
trypsin 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.

Separation ang Purification of Peptide Mixtures
by trypsin and chymotrypsin digestion were initially fractionated at room
temperature on a superfine Sephadex G-25 column (2 x 200 cm} in 10 % acetic acid
or 0.1 M tormic acid. The eluates were monitored at 230 om and 280 nm. Purthar
purification of tryptic peptides was pe using paper 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 electrophoresis was carried out in three solvent systems as
follows: pH 6.4, pyridine:acetic acidiwater (25:1:225, v/v)s pH 3.5, pyridine:
acetic acidiwater (1:10:289, v/v); pH 1.8, formic acidiacetic acid:water (1:4:45,
v/vi. More details for detection and isolation of peptides were described
previously (11).

For the separation of peptides obtained, respectively, from the digests with

The peptides obtained

——ABSORBANCE AT 220 nm

s-chymotrypsin, S. aureus protease V8 and lysyl endopeptidase, a reverse-phase
HPLC was performed, using two Waters Model M-45 pumps, a Waters Model 660 molvent
progranmer and a Toyo Soda Model II (UV-8) variable wavelength detector or a
Hitachi Model 638-0300 multiwavelength UV monitor, A TSK LS-410 ODS SIL (4 x
300 mm) column was used the peptide . The peptides
were eluted at room temperature with a linear gradient from 0 % acetonitrile-
0.1 % trifluoroacetic acid (v/v) to 50 % acetomitrile-0.1 \ trifluoroacetic acid
at a flow rate of 1 ml per min, and monitored at 210 nm or 220 nm. For the HPLC
separation of S. aureus protease VE digest, a linear gradient system consisting
of isopropanol-0.1 % trifluoroacetic actd (0 to 50 §) was used. The isolsted
peptides were pooled, lyophilized and used for amino acid and sequence analysss.
Amino Acid Analysis_and Sequence betermination samples were hydrolyzed
in 5.7 N HCL oz 4 N fonic acid (17, in . sealed tubes at
110°C for 24 h, unless othervise stated. After evaporation, the residuals were
analyzed on a Hitachi 835 automatic analyzer (18). The sequences of the peptides
were determined by the manual Edman method (19, 20), as described in detail pre-
viously {11). PTH-amino acids were identified by HPLC. according to the method
of zinmerman et al. (21) using a TSK L§-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, $. Aureus protease V8; L,
lysyl endopeptidease. Horizomtal arrows pointing to the right below the amino
acid residues indicate that the sequences were determined by diract Rdman
degradation. Peptidas have been numbered according to their positions in the
polypeptide chain.
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ABSORBANCE AL 230nm-—280

1 150 20
FRR%TION NUMBER (5 ml/tube)

FIG. 3. Gel filtration of chymotryptic peptidas of cm-8 chain on a column of
superfine Sephadex G-25. The lyophilized digest {2 ymol) dissolved in 1.0 ml of
0.1 # formic acid was applied to the column (2.0 x 200 cm) and eluted with the

same acid solution. The peptide zones indicated by solid bars were combined and
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FIG.

the solution was injected onto a TSK L$-410 ODS SIL column (4 x 300 mm).
rate was 1.0 ml/min. For other details, sse *EXPERIMENTAL PROCEDURES”.
peaks indicated were collected and lyophilized.

4. Separation of chymotryptic peptides C-1 by HPLC. The peptide C-1 was
dissolved in 100 .1 of 8 ¥ acetic acid containing 2 % formic acid, and 20 u1 of
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Amino Acid Sequence of Limulus Coagulogen

2.0 i 150
€-2-25 .=
£ .2-39 - 40
2 ' C-2-16 Y C-2-31 - -
~ b 0 .
= | () z
Y - ® g
H -7 qi0 &
4 - T
21.0 P 40 5
|
0
0 10 20 30 40 50
RETENTION TIME ( min )
FIG. S. Separacion of chywotryptic peptides C-2 by HPLC, Tha ssme conditiane
as Gescribed for 7IG. 4 wers used.
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16, 6. Separation of chymotryptic paptides C-3 by WPLC. The sase conditions

an described for ZIS. 4 vere used.
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FIG. 7. Separation of chymoteyptic peptides Ce4 by HPLC. The same conditions

a5 descrived for TIG. 4 ware usad.
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PIG. #. Separation of chymotryptic peptides C-S by HPLC. The same condstions
a6 described for PIG. & were used.
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£16. 5. Separation of chywotryptic peptides C-7 by HPLC. The sams conditions
dascribed for F1G. ¢ wars used.
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F1G. 10. Separation of chymotryptic paptides C- by HPLC. The same conditions

deacribed for FIG. 4 were used.
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Amino Acid Sequence of Limulus Coagulogen
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FIG. 1l Separation of melubla peptides cbtained from 5. pureus prot
digest {1.05 umol) of cm-B chain by HPLC, The same conditions deacribed for
Fig. 4 vers used.
150
- {u0 ¥
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02
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120
g
- o~
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- "0 i
o
S \ N .
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20 30
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FIG. 12, SapaTation of inscluble peptides obtained from S. aureus protease VB
digest of cm-B chain by HPLC. The inso.ub'~ peptide mixture was dissolved in
1.0 @l of & M guanidine-HCl and loaded onta the column used for separetion of
chymotryptic peptides. Elution wes partormed y uaing the iaopropanol gradimnt
aystem. Flow rate vas 1.0 ml/min.

Table 3T

Complete and partial amino acid sequence of paptide €
and its tryptic peptide

cycle Peptide ¢ -3
¥o. ‘Anino Anino
scia  nwor® acid  omor®
1 57,1
2 0.8
3 5701
1 308
5 143
s 1
? 3018
s isi4
2 5701
10 3008
1 371
12 5101
13 XY
i
15
16
17
18
15
Position 1-13 10-28
2 xpproxis ylslds of pnenylthiohydantoin deriva-

.
tives are calculated from peaX height of
Nigh parformance liquid chromatograms .
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150
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5 {30%
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B q205,
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13. Separation of lysyl endopeptidass digest of om-B Chain by HPLC. The
samo conditions as describad for FIG. 4 were used.

Table 111

Partial amino acid sequance of
Limalus cm-coagulogen

a

cycle Anino
e acid » mol
1 Sly 7
2 rop 150
3 [ 9
4 Asn 4
5 val 2
6 Pro 0
7 e s
€ cme 106
9 Lew 3

10 cne 121
1 Glu 102
12 Slu 12
1 Pro 35
it The 11
15 Leu o
16 Leu 39
i 1y 12
18 Arg 17
19 Lys 18
20 val 30
2 Ile 27
2 var 22

) approximate yields of phenylthio-
Nyantain derivativas are
calcuiares trom peak
haight of high performance
11quid chromatograns.

Table v

Aaino acid compositions of tryptic paptides derived from L coagulogen B chain

AaLpo acld T-II1-7 T-VI-8-2 T-VII-5 fT-Ive§ T-I-3 T-II1-5 T~VI-3-2 T-v-3-1*) T-VIL-3 T-VI-6-5
= Fewidues paf molecule ——

0.5 o o8 T 0.8
1 .9t
Ve
ou Ve 0,811
i am lnm 2.3t e
12
2sor 2 v 1o
Vi Vo o811
1oin o3
tam
.91 0.8(1)
00 LRIt o.81
TR e
ols 22 1001}
0zt
1o e 18 f.24m I I
I 0 . » ) 7 . b 2 s
Fosition  1-12 1316 17-20  21-28  29-62 6369 70-71 7480 810z 8391
Yield () T 4 26 5 22 o = 0 az 22
Purification’) 5-C s-r-C sz s-€ s sc  sEc s-¢ s-£  s-ec

) Obtasned from 24 h hydrolysis with 4 N methenesulfonic acid. b) Purification procedures: gel-
iCh1 papec (L1

Filtration on superfine Sephadex G-25{S1: paper

Tabie y-continued

ARifO aCld T-VI-2-1 T-VI-6=1 T-V=4 T~IV-4-2 TVI-7 P-v-1
—— Wesidues per molecule ~—

T-VIIL-1 Total B chain

cac 0.8(0 0.611) 3.7(8) 1 "
Asp 10 1 s ®
Thr 1o ey 101 0.94m s I
ser 1.0413 1.0 10 10
Glu 220 1040 14 "
Pro 1.0411 1 7
Gly 2y 1,010 101 10 0
5 5
19020 1,001 LT 1 19
° °
3 3
2.012) 3 3
9.841) 5 5
een "2 2
1.001) 5 5
4 4
1 1
T Lo v 1.0 1001 " i
3 5 [ [] ) 0 1129 129
pomition  92-94  95-35  100-103 104111  112-120 121-128 129
visldin) 12 15 27 " " 35 ©
Purification S-E-C  S-E-C s-C §eEC 58 3-8 §-X
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Table VI

Completa and partial amino acid sequence of Limul

coagulogen B chain and its tryptic peptides

B chain T-111-7

cyote T-vI-g-2 1-viI-s T1v-5 T-1-3 T-111-5
Anino al  Amino a) Amino a) Aaino a)  Ami;
No. nmol il a} Amino o)  Aminoc a}  Amino
acia acid. 21 gia” ™ S0 el (S meer® JHE nmor® JNE nea® 308 nma®!
1 a1y 1.0 a1y Gla 3.7  mye 22.2 e 5.8 ome 17.3 n
2 ehe 13.4 The cme  11.0 Glu  25.4 val 23,1 YT 2.9 ne %7 2;; 2‘:':
3 ser 0.1 Ser Gly 5.8 Cmc 8.8  Thr 2.6 Asn 7309 val  20.0 Pre 2.5
n Il 10.7 Lyad) . Arg 4.8 ser 2.1 Phe 13’6 Gln 6.4 Ar 18
H Phe 1101 Glu 8.2 Phe 12.1  Ala 1310 ? !
H Gly 5.5 Asp  15.2 Pro 8.3 Pro 1.8
K Gly 5. ser 1.0 Phe  13.6 Lysb? —
s His 4.5 Arg 3.8 ser 0.6
Pro 3.3
Bia 168
10 Ala 9.7 Wi 1.2
1 Phe 5.8 ol
12 Lys 7.9 Pro. 5.0
13 Glu 102 -
Glu 1302
u cmc 2.1 e 1508
15 Gy 2.8 30
18 Lys 3.9 e
17 Tyr 2.5 ser 0.4
18 Glu 21 val 2.3
19 cme 1.3 M
S Arg 0.7 Al 43
a cme 0.6
3 Glu 4.7
a Pro 009
3 Thr 0.4
N.p.€}
gg §,0.€)
26 Tyr 0.7
2 ™ 0.2
3 e 0.2
o ser 0.1
2 Asn 001
Glu 0z
:lition 1-20 1-6 13-16 13-20 21-28 29-60 63-69 10-73
Approximate yields of chenylthichydantain derivatives are calculated tro paak height of high perf
ormance liquid
chromatograms. b)Taken from tl amino acid compositions (ese rulo 1113, c!mzqa;:cm qé P a
Table VI continued
Cycle __ T-VII-3 T-VI-6-5 T-vI-2-1 T-VI-6-1 T-1v-d4-2 T-vI-1 T-ve1 T-yiii
No. Amino Weino a) Amino & i=lno Axnino >ino A =ino a7 XEino ay
cia TOLT goqa Tmel reor®! R w0 mia otV B ea® B matt T ma®
1 e 28.1 Thr 2.5  Cmc 3.6 ser 3.0 Leu 20.0 Gy 8.4 ™e 3.2 ser 2.7
2 Arg 4.5 Gly 4.9 The 3.0 Val 1500 val 26.0  val 26.4 ne 34.6
3 Arg 7.8 cln 58 val 9.2 T 8.4 Phe 157 cac 346
1 Gln 3.6 Arg  B.S  Tyr 15.0 Phe 1207 Gy 2.6
5 Arg 2.6 asp 102 ane  15.0 cmc 135
6 Lew 5.0 Glu 9.8 Pro 2.0
7 Glu 5.3 Asn  18.4 cac 1.5
§ Lyab) — val  15.4 Arg 2.4
s Arg 3.5
vosition B1-82 92-94 95-99 100-103 104-111 112-120 121~128 129
Teble VII
Jaino acid compositions of chymotryptic peptides derived from Limulus coagulogen B chain
Anino acid C-5-8 C-5-148 C-3-28 C-3-17 C-2-31 C-B~B  C-1-7  C-4=27 C~3-24
——Resldues per wolecule ——
1000 1.e(2) 1.0t L
100 1.0 1000
1.912) e 1L7@
0.9 It 2.6(3 ol501}
1201 2.012) o) t.em 1lein
0.9(n LM s 1o
[RTN 1.602) 1.300) 1.001)
m 100}
1,3¢h 2.012)
1,000
LRTIN
1,000 0.9(1) 1.001)
5.001) 1,000 0.9() 27430 e
1.902)
0,941 1.902)
Arg 2.212)
Total 2 3 3 3 1 s 12 ) 3 Table vIII
Position 1-2 3-5 611 12-17  18-30  31-35  36-47  48-55  56-61 complece and partial aatno soid a
ot P L ietus Tasgutosen B ehat
Yield(v) 32 0 IT) “ ] “ 30 15 55
Peptide Position Sequence®!
C-5~8 -2 (Gly ,Phe}
c-5-148  3-5 (Baz,Ile,Pne)
Table VIT-continued c-3-28 611 (Gly,Gly,His,Pro.Ala,Phe)
€-317  12-17  Lys-Glu-gme-Gly-Lys-Tyr
" e o €-2-31 18-30 Ely-Geg-Arg-The-Va-IbrmSer-din-hepiesiy
antno acid €-1-10%" c-7-6%) c-2-25 c-4-15B €-2-16 C-3-25%1 C-4-24 C-2-40 C-5-¢ c-2-30 Cme-
= Weeldues por moTecule — 31-35  (Ash,Phe,Phe,Pro,Fhe)
cme L2 1 am 2.002) 5.0(5) 36-47  Ser-iis-Phe-Rie-Pre-Gly-Cac-Pro-val-Sex-Val
Asp ERTH EREH R ser
™r 1.9() 0.8(1 -0} " - ~Pro-Thr-Phe-Gly-’
Sar 1000 0.811) 0l8{n) ©-55  Ala-Cme-Glu-Pro-Th-Phe-Gly-Tyr
clu L2 nam 2.0020 1,208} LTI e 56-61 The-Thr-Sex-Aen-Gli-Ley
Pro . - J-Ile-Tle-Val-Gln-Ala- 61
P .31 1.0(n 1w 1000 6272 Arg-Ile-le !5} Sln-Ala- (Peo,Lys.ALa,Gly, Phe)
Als 1,000 , o ﬂg-ﬂ;..g.c_'_ﬂ’-np
val 1341 1,920 1 tea ou o aran
Ils (61X, 818, Lys) -Cac-Arg-Ala-Tyr
Leu 1200 1000 SlyrSer-Am-Pre
Tyr 0.1} EETEN - GV Arg—The-Cly-Aty—Cme—Thr=
Phe 1001 1000 1.0 89-97  cmg~Gin-Ary-Thr-GL n_z; nr-glo
Lys 1.0(9) 10113 98-102  (GIn,Arg,Ber,Val Ve
is 1o ol - euValoThe
b o C-4-24 103-107  Arg-Leu-yal-Th
Arg 0.9(1 .00 1220 1.9 1200 1.0 2.012) C-3-40 108114 L-_g—g;—c:u:.y-.cx,.v-x Phe)
Total 1 s 7 ‘ ) 5 5 1 1 14 c-s-4 113 — . pro-
€-2-30  116~129  Cmc-Gly-Asn-Val-Arg-Thr-Cmo-Cac-Gly-Cac-!
vosition  62-72 117 9 §9-97 96-102  103-107 108-114 115 116-129 Lag-gly bordaad EEEEE=
Yialdin) ) 39 ] 13 10 18 20 33 7 1 e o for " ove been & ™
fabls IX of the miniprist section.
a3 Obtained from 72 h hydrolyais with 5.7 K HCL. D} Obtained from 24 h hydrolva(s with 4 ¥ ia

mathanesulfanic acid.
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Amino Acid Sequence of Limulus Coagulogen

8933

Table I Table XI
mm a0id sequence of S. aursus VB
Conplete and partial amino acid of chy P of Limulug coagulogen B chain tide, G-5, Jerived from
it cospulogen B chain
c-3-17 c-2-31 €-1-7 oo c-3-24
el e Y RIS @ = = % 0 cycle Ty
. acia ™! awia "L acta "™ soia ol acis L Ho. fted
1 Lys 15.9 Glu 17.3 Ber 0.3 Als 1.0 Thr 5.9 1 Leu 20.7
2 Glu 1.6 Cuc 173 His 1.2 Cuc (%] T™HE 18.3 2 Arg 4.0
3 omc 16.9 arg [ Phe 5.7 Glu 6.5 Sor 7.7 3 Tle 0.7
4 Gly 6.6 thr 1.6 Kis 2.3 Pro 2.1 Aan 8.7 N Ile 2.3
5 Lys 0.5 val 1.3 Pro 2.8 The 2.3 [ a0 s a1 1.2
6 vr 0.7 Thr 11 Glu 8.7 Phe 2.9 Len 2.1 6 oln 2.4
7 ser 0.3 Omc 8.7 Gly 2.1 7 Ala n.e
] Glu 5.5 Pro 3.0 Tyr 1.0 s pro 53
9 asp 3.8 va1 [ N n.o.)
10 ser 6.2 w0 10 Ala
1 arg [ val 1.8 n ot
12 Cne 1.4 12 Phe
13 YT 6.9 13 n.0.%
Position 12-17 18-30 26-48 48-5% 56-61 14 Gln 9.1
) ioh 15 Cmc 10.4
! agproximate yields of phan 1thiohyagneotn decivatives ave calculatad from peak height of b
A” ){1 4 B} <] Taken from the data of amino acid composition 16 val 1.2
( Table VXI) . Position 61-76
) ppproximate yields of phanylthionygantoin
derivatives are calculated fro
peak height of high pnrfomm:- liquid
chromatograms.
Y Not determined.
Table IX continued
Table XII
oyese €-3~18 c-7-6 C-2-25-7-1 C-4-158 £-2-16 able
Knino a7 KaTno 2 no a n B Kalno o 1 1 z lysyl endopept ida. tiden derived from
Ho. - a0l ot nmo) pary o) actd nmol ey nmol Amino scid composit on- b yny qi;noqz:p! Ch.: pep er.
1 Arg 7.1 Arg 10.9 cme . cly . cme 16.5
- - L-14 - -9 18
2 11e 13.4 &n 3.2z Arg sor . 61n 6.1 Amino acié  L-1% L - 'l‘ 6 bt
3 . 7.9 cme 8.6 AL . Asn arg 21.3 - per molscule ==
* * n 1.0 cme 0.8(1) 4400 0.0(n 2703 4.2(5)
4 val LR} val 5.4 Ty The . Asp 3.4(3) 2.0(2) 1201
s 6in 1.0 a1y () Thr L7 2800t
Ser nam L6(6} 1.8(2) 1.0
6 Ma L1 Arg  10.8 Glu 1ogy S.6(8l 2.2z 3500 1.3
2 cme 16.2 Pro 9.9¢1) 4215 0.9(1)
Gly 227(3) L) L8 LAy LB 2.213)
s Thr 2.9 Ala 1o .22 1.1y 0.8(1)
s 6ia 2.6 val 4004 1 LI a0
Ile 0.9(1) 1.5(2)
position 62-67 73-176 31-04 85-87 89-97 Leu 1.2(1) 2.3(2)
Tyr 2.6(3) 1.742)
Phe 2.6(3) SI4E8)  1um 100) 2,12
Lys 1.0(1) 1.0(1) 1.0(1) 1.2¢1)
His 1.0¢1) 2.1(3) 1.24(1)
Trp aleqt
arg 290 r01 285 1D
Total AR} 4 53 " n AL
Table IX continued Position -1 13-16 17-69 70-80 81-111 112129
Yield () 7 26 21 2 12 20
C-4-24 C-3-40 C-5-4 c-2-30
Cycis Yalno AT XaTro & R o———
o 7] o 3
o Pt acia "ol scia ™l acia  Amol
1 Arg 10.8 Asp 3.6 Phe <) Cme 6.9 Table XIIT
2 Leu 5.2 Leu 27.9 Glun 16.9 ::nmpnu and puthl apino acid sequance of
) val 4.5 Glu 5.4 Asp 8.9 »; ndopeptidase peptides derivad from
¢ Thr 0.3 Val 16.9 Colquloqcn " chain
5 TYr 2,1 Arg 6.0
6 The 1.1 cycte 5 o -
7 ome 9.4 No. ncmu nmol .mc“ amo1®
8 Cme 16.5
’ Gy s 1 Als 61,7 cae 23.9
10 Cre 6.3 bl cly 18.3 Arg 1.3
1 Pro 1.1 3 Phe 8.1 Ala 10.0
12 Cme 2.5 . Arg 19.5 Tyr 1.1
12 Arg 0.7 H Gl 7.9 6ly 34
u sec) 6 ome 2.1 Ser 0.7
position 103-107 108-110 118 116-133 ? val 12.2 Aen 2.9
8 Trp 0.3 Phe 7.5
9 Gln 2.6 Cac 7.7
10 His 2.5 Gln 0.7
1 Lys 0.5 Arg 1.2
12 Thr 0.
Table X 13 Gly 0.7
Amino acid compoaitions of Staphylococcus pmtuu peptides darived from 4 Ary 2.5
Lisu: coagulog 1s onc 5.1
Poajtion 70-80 B1-95
Amino acid G- G-2 G-3 G4 G-% G-6 G-7
" TesIdnas per molecals — » yield henylth
durivatives are caiculated from poak
1.000) 060 R3I 334 1.z 4 de height of high performance liquid chromato-
2,743 2.412) 1.2(1) grams.
1.802) 2,703 2.8(3) 1,001}
1.001) 1.001)  4.4(5) 2,401 1,041
10000 1000 1,00} 3.0(3)  &.7(7  t.011)
1.341) ERTCTE N 9.811)
2.8(3)  1.0(n) 1T Al oin e Table X1V
XY 4200 2,403
1,041 2.312) 4l318) .00 1.24M
1.0 M Predicted g-turn structures in Limulus coagulogen
1,001 17 1ls) ) 3
2.7¢3) $.0{5) 2.4{2) 1.8(2) Residuss pa?) [ P eelx 1074)
o901 1.0 2,321 0,901}
80 .t .
m e “-47 072 0.0 Ll.3e 1.53
1000 09011 6.3(7 1702 45- 48 0.81 0.95 1.7 1L
Py s 7 Ty ) ) 2 60- €31 9.7% 1.0¢ 1.23 1.16
Posttd 113 14-18 19-25  26-60  61-110 11-117 118-129 s s 9-%2 9.83 1.1 o-88
sition - - - -~ z - -
- ! 72- 75 087 o0.05  1.26 2.59 rable XV
Yield(s) 1 21 19 15 n 12 5 79- 82 0.91 1.02 1.04 1.22
85- 88 0.95 0.75 120 425 cegions of
8- 91 0.78 1.08 1.16 1.3 in u-\n.u osaguiogen
125-128 0.96 0.93 1.03 1.60 o &
128-231  @.93  1.00  1.08 0.92 Rasidoes  Po bl Aseignmanc
132135 0.82 1.08 1.20 0.83 .80 1.08 N
139-142 0.77 1.02 1.17 1.00 1.4 0.98 a
142-146 0.99 0.97 1.09 0.76 1.24 8
167-170 0.70 1.08 1.2 0.8 .81 1.20 .
168-171 0.67 1.08 1.28 1.92 113 1.29 s
171-174 0.7¢ 0.97 1.2 my 0 98 L A
“pa, 7 ana Py are Fespactively the proveniliey 147-153 0.92 1.2 s
factors for a-hall and g-turn, calculsted 158-162 1.02 1.2 8

by the

R mathod of Chou and Fashman {18} .
Dpe = HEsan wars 4 f1,
uo: are respectively tl
rence for a certain n-Ldlu at uu llt and,
34 and Ath position of a 8 turs.

zr; ang

AT, is the probability factor for a-
helix snd r%ya-n for 8 -sheet un:::m.

calculated

Pasman {13).

tha method of Chou
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