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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 
VS and lysyl endopeptidase digestions. These results 
established the following sequence: 
1 10 20  30  4 0  5 0  
GDPNVPTCLCEEPTLLGRKVIVSQETKDKIEEAVPAITDKDEISGRGFSI 

6 0   7 0  8 0  90 100 
FGGHPAFKECGKYECRTVTSEDSRCYNFFPFSHFHPECPVSVSACEPTFG 

110  120  130 1 4 0  150 
YTT5NELRIIVQAPKAGFRQCVWQHKCRAYGSNFCQRTGRCTQQRSVVRL 

160 170 1 7 5  
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 NH2-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, 2 11-222), 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 &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 dodecyl 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 
Deriuatiues-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 NH2-terminal sequence: Lys-Val-Ile-Val-Ser- 
Gln-Glu-Thr-Lys-Asp-Lys-Ile-Glu. Peptide  C (0.2 rmol) was 

Portions of this paper (including “Experimental Procedures,” 
Figs. 3-13, and Tables 11, 111, V-XV) are presented in  miniprint a t  
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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Amino Acid Sequence of Limulus Cougulogen 8925 
TABLE I 

Amino acid compositions of Limulus coagulogen and its derivatives 
Amino acid A  chain" Peptide C B chain Sum Coagulogen'  Coagulogen'  Coagulogend 

Residues per molecule 

ASP 2.1 (2) 3.1 (3)  6.4 ( 6) 11 11.3  (11) 12.5 11.9 
Thr 1.9 (2) 2.0 (2) 8.9' ( 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 2.9 (3) 6.7 ( 7) 10 10.1 (10) 9.2 9.7 

Ala 2.1 (2) 5.3 ( 5) 7 7.2 ( 7) 7.4 7.3 
Half-Cys 2.0' (2) 14.2'(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 0.0 ( 0)  0 0.0 ( 0) 0.0 0.0 
Ile 3.7 (4) 3.1 ( 3)  7 6.7 ( 7) 6.1  6.2 
Leu 2.9 (3)  3.4 ( 3)  6  6.3 ( 6) 6.5 5.7 

P he 12.0 (12) 12 12.2 (12) 10.6 12.1 

His 4.1 ( 4) 4  3.8 ( 4) 3.9  3.9 

GlY 1.9 (2) 1.1 (1) 10.0 (10) 13 13.1 (13) 12. 9 13.4 

TYr 5.0 ( 5) 5 5.0 ( 5) 5.0 4.5 

LYS 3.9 (4) 5.2 ( 5) 9 8.9 ( 9) 9.8 9.7 

Trp 0.8 ( 1) 1 0.6 ( 1) 0.0 0.1 
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 
a Hydrolysis for 24 h in 5.7 N HC1. 
* Hydrolysis for 24, 48, and 72 h in 4 N methanesulfonic acid. 
Recalculated from Mosesson et al. (6). 
Recalculated from Tai et al. (5). 

e Values were obtained by extrapolation to 0 h. ' Determined as S-carboxymethylcysteine. 

Reduction and S-corboxYmethylotlon 
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FIG. 1. Procedure  for  the elucidation of the  structure. 

then digested with trypsin  and the resulting peptides sepa- 
rated by reverse phase HPLC2  (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-Ile-Ser-Gly-Arg-COOH. The results are shown in Table 
I1 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. 

NH2-terminal Sequence of Coagulogen-Manual Edman 
degradation of Cm-coagulogen enabled the identification of 
22 amino acid residues (Table 111): NH2-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-Ile-Val-) after the COOH-terminal 
Arg  of the A chain have the same sequence as  the  NH2- 
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 C h i n  Tryptic  Peptides-0.1 
pmol 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 IV). Cm-B chain (2 
pmol)  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-III- 
7, T-VI-8-2, and  T-VII-5 apparently constituted the NHz- 
terminal portion of the B chain, as judged  from the  NHz- 
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 Tachyplew coagulogen (8). Th' IS 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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8926 Amino Acid Sequence of Limulus Coagulogen 

TABLE IV 
Complete and partial amino acid sequence of the NHZ-terminul portion of Limulus cougulogen B chain and its 

tryptic  peptides 
Peptide  Position  Sequence” 

B chain 1-20 ~ly-Phe-Ser-I1~-Phe-Gly-Gly-Hia-Pr~-Ala-Ph~-Ly~-Gl~-Cys(Cm~-Gl~- 
Ly~-~~-Gl~-Cys(Cm!-Ar$  

Glu-Cys(Cm!-GIx-Lys 
T-111-7 1-12 GI Phe-Ser-Ile-Phe-Gly-(Gly-His-Pro-Ala-Phe-Lys) 
T-VI-8-2 13-16 
T-VII-5 
T-IV-5 21-28 Thr-Val-Thr-Ser-Glu-Asp-Ser-Arg 
T-1-3  29-62 

4””- 
I 

17-20 Tyr-Glu-Cys(Cm!-Arg 

” ”7  

Cys(Cm!-Tyr-As?-Ph~-Phe-Pro-Phe-Sej-Hi~-~-(His)-P~-Gl~- 
Cys(Cm!-Pr?-Val-Sef-Va!-(Ser)-Al~-Cys(Cm!-Gllf-Pro-Thf-(Phe)-(Gly)- 
Tyr-Thr-Thr-Ser-Asn-Glu-(Leu)-(Arg) 
”77”” 

T-111-5 63-69 Ile-Ile-Val-Gln-Ala-Pro-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 Ala-TSlf-Gly-Ser-Asn-Phe-Cys(Cm!-Gln-Arg 
T-VI-2-1 92-94 Th;-Glr-Aq 
T-VI-6-1 95-99  Cys(Cm!-Thr-Gl?-Gln-Arg 
T-V-4 100-103  Ser-Val-Val-% 
T-IV-4-2 104-111 
T-VI-7 112-120 G1 -Val-Phe-Phe-Cys(Cm!-Glu-Asn-Va+t 
T-V-1 
T-VIII-1 129 Ser 

””-7 

- 
” 7  

Leu-Val-Thr-Tyr-Asp-Ley-Gly-Lys 
” 7  

-2”- 
121-128 Thr-Cys(Cm!-Cys(Cm!-Gly-Cys(Crn!-Pr?-Cys(Cm!-Arg 

7 

a The sequence data for the B chain and  its tryptic peptides have  been summarized in Table VI in the Miniprint. 

05 1“ 

FIG. 2. Gel filtration of tryptic. GptidA from Cm-B chain 
on a column of  Sephadex  G-26. The freeze-dried digest (2 pmol) 
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  burs were combined and lyophilized. Detection was with o- 
phthalaldehyde (13). 

phenylisothiocyanate, indicating a masked NH2-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 pmol) 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 
VI1 and VIII. Peptides C-2-25 and C-3-25 are unreactive to 
phenylisothiocyanate and appeared to have an NH2-terminal 
pyroglutamyl  residue. The former was digested further with 
trypsin, and  the resulting peptides were separated by reverse 
phase HPLC ( d a t a  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, (2-2-25 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-l- 
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-IV-5-T-1-3,  T-I-3-T-111-5-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-IV-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-1-3, T-III- 
5, T-VI-3-2, and T-V-3-1. 

Staphylococcus aurem 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 8927
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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 polyphemu.s; T. t., Tachypleus
tridentatus.
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xxxx..•••..•..·--- xxxxxxx----xxxxx---- -

FIG. 17. Predicted secondary structure of Limulus coagu­
Iogen, 0, a-helix; x, (:I-sheet;., 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.
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••••xxxxx--••••--- ••••-- ------xxxxxx---xxxxxxx----xxx

FIG. 15. Amino acid sequence homologies between Limulus
and Tachypleus (8) eoagulogens, Identical amino acid residues in
the sequences are framed. Arrows indicate cleavage by the clotting
enzyme.

IIG J

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 r = 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 NH2-terminal sequence of Limulus coa­
gulogen agrees with previously reported Gly-Asx-Pro (5) and
Gly-Aep-Pro-Asn-Val-Pro sequences (6).

Both trypsin and a-chymotrypsin hydrolyzed the Cm-B

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
NH2-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 NH2-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.
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Val-Va l-Ac1rLeu-Va I-Thr-Ty r-Asp-Leu-Gl u-Ly s-Gl 'I-val- Phe-Phe-Cys-GI u-Asn -V al-Arg-
T-V-"- T-IV-4-2 I 'r-VI-7----_<

-----I~C-4-24__ C-3-40---"1tC-J-4ol

70 L-14 80
Leu-Arg- I Ie- I Le-va I-Gln-A 14-Pro-Lys-Ala-Gl '1- Phe-Arg-Gln-Cys-Va I-T rp-G 1n-Hi s-Lya-
--~-II! 5 -T-VI-3-2_ T-v-3-1-----+
_____ I C-I-I0 -C-7-f-----C-2-25-

II 9V L~6 lob 1
C'i s-Arg -AI a -1'1 r -Gly-Se r -Asn- Phe-Cy s-G in-Arg-Th r-G 1y -Arg -Cy s-Th r-G 1 n-G 1 n-Arg-S e r-

'-'l'-VIl-3-I T-VI-6-S l-T-Vr.;::,2-1........t--T-VI-G-l------;......-
____-<I1 C-4-15D.__.n C-2-I6 Il--C-)-25 -

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-terminallysine. 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-

L-8--II
, G-6 "

G-7

129
Thr-Cys-Cy s-G 1y -Cy s - Pro-Cy s-{\ ry-Se r

I T-V-l "T-VII I-I.
---- C-2-30

FIG. 14. Amino acid sequence of Limulus coagulogen B
chain. Tryptic (T), chymotryptic (C), S. aureu.s protease VB (G),
and lysyl endopeptidase peptides (L) are shown by solid bars.
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8928 Amino Acid  Sequence of Limulus Coagulogen 

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 Tuchypleus 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,  @-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,  &sheet (24.6%), reverse-turn (29.7%) and 
coiled (30.9%) structures are abundant in the B chain. 
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Amino Acid Sequence of Limulus Coagulogeti 8929

== Gel filtration of chl"""tryptic peptide. of cm-ll chain on a eolulM of

suportine S.. phadex G-2~. Th.. lyophllh"d d1g .. st (2 umoll dilsolved 1n 1.0 ml of

0.1 M formic ..cid w... applied to tt.. columl'l (2,G x 21)0 CJIIl ..nd eluted with th ..

8_ acid 8011ltion. The poptide zon"s i"dicat"d by so11d b e re were cOlllbinsd ..nd

lyophiliaed.

~-chymotrypain, ~ ~ p<etease V8 and lysyl endopeptidase. a reverse~phase

HPLC WaS pedo<med, uslnq t",o Wsters Madel 11-45 pumps. a Waters Madel 660 solvent

proq<amme< and .. Toyo Soda MOdel II ltN-81 va<i .. ble wavelenqth detector or ..

Ritachi Madel '38-0900 .. ..,ltiwavelength tN monitor. A TSK LS-4l0 ODS sn. (4 x

300 mrnl colllItlll ,."s used throuqhout the peptide fractionations. The peptld""

were eluted .. t room temper .. ture with .. linear qradient from 0 , a",eton;'trile-

0.1 I trifhlOro ..",et;'c .. cid (v/vl to 50 , acetonitrile-O,l I triUuoroacetic .. cid

at a flow r .. te of 1 ml per min. and monitored ..e 210 nm or 220 nm. For the IlPLc

separation of .~ ~ protease VB digest, .. line.. < qr ..dient .y"tem ccnsiatinq

of .!!!.!.propanol-O.l , trifluorollcetic .. cid 10 to 50 I) was used. The isoL.. tad

pept;'des Were pooled. lyophiliaed and us .. d fo< amino .. cid .. nd sequence analya"a.

A/o;'no AC;'d An .. lyaie and Sequence Dete<fnination _ Samples were hydrolyzed

in 5.7 H RCi or 4 N rnethanesulfonic .. cid (171. in evaou.. ted, se .. led tubes .. t

110·0;; for 24 1'1, unlesa otherw;'se st ..ted. After ev ..por.. tion. thl' rsslduals wer.

..nalyzed On a lIit ..chi 815 e Iltomatic .. n.. lyzer li81. The s e quences of the pepti{les

"er.. determined by the manllal EdIn.. n methOd (l9. 20), .s descdbed in detaU p<e­

viouaiy Ilil. PTR-arnino aoids weze identified by HPLC, acco<dinq W the .... thod

of %i"""",nn .. n ~ g. (21) Ilsinq .. TSK LS-UO ODS SIL (4 " lOO 1l\Ifl) column.

Abbr.. vi .. tions and SYmbols _ Th .. follo.. ing abbrelli.tionl were used for

the V.<iOUI peptides: T, trypsin, C. chy1llOtrypsin, G, ~ ~.prote ..se V8, L.

ly.yl endopeptidellae. Roz1aont.l .. rrows pointing to the right below th....mino

acid r ... idlle. Indicllte thllt the sequeocee "ere de termln"d by d;'<ect Edlnan

degradation. Peptides have been nwnbered according to theiz positiona in the

p<>lypoptiOe chain.

50

40

30 ::;

20 -
is

105'

,,

AlO
(5 mil tube)

2.0

Materi"l" - Trypsin (twice ..ecrya.. allized) treated ",1tll TPCK lind ,,­

chymotrypsin (three times recrystalliaed) were product. of WorthiJlgton Biochemi~

osl Corp., f'reefold, N. J. ~ ~ protellse va was obtained from Miles

Research Products, Inc. Elkh"rt, Indiana. Ly.yl endopeptidase from AchrollObllc'"

~ ~ 1'1497-1 ...a. purchaaed from W"kO Pure'Chemicals Co., Tokyo. Superfine

Sephadex G-25 and Sephadex G-SO wen product. of Phannacia Fine Chemicals,

Uppsala. II TSK LS-410 ODS SIL column (4 x 300 mm) ...as " product of Toyo Soda

Maouf"oturin" Co. Ltd., Tokyo. Acetonitrile of HPLC grade WII8 • product of

Katayama Chemicals. Osaka, The reaqenta used for .equence detenninations were

sequent;'al qradol products of Wako Pure Chemical. and Nakarai Chemical Co ••

Kyoto. All oth.. r cbernic"ltl W"re of analytical reaqent qrade.

Pr .. paration of LimuiUOl Ooaquioqen Livinq freSh American hon...hoe

crabs, ~ ~ (G.5-1 Kql. were kindly aupplied by Dr. 1(, Sekiguchi,

In.titute of Bioloqy. The Univenity of Tsukuba. The helllClymph Wall collected by

insertin", a needle inW a joint betw.... n the cephalothorax and th.. abdominal

reqion. About ~O all of hot1'M1YlllPh per indiVidual was drawn into 100 11\1of a

pyrogen-free plutic syrinqa and atood ovemight at 4°C. to eediment the hemo-

cyte•• Then, the supernat.nt di.cllr<l.. d .nd th" tledi_nt was suspended in

10 , acetic acid. frozan .nd th d. The thawed c..lls Were bonoogeniz.. d and

c .. ntrifu",ad at 2.~OG rpm for 15 min. The .upemata.nt wa. dialyzed overniqht at

4"C against distill.. d .. ater, .nd the proteiM "'ra ooncentrated by addinq

&IIIllOniUIIIaulfat.. to ",ive 40 '.aturation. The precipitate v .. diasolved in G.i

M &aIIDOniUIII bicarbonate anO dialyzed overniqht at 4"C a'llaill8t the a<;llvent. The

dialyzed protein solution .. as then separated by a Seph.dex G-~O column (4 lC l40

cIIII ...quilibrated with ILl M aa.:>niUIII bicarbonate , accordin'll to tha p .... viou•

... tllOd (8). Through theae procedure., SOS-qel electrophontic.lly pure eoaqu­

1aqan .... obt.. ined.

preparation of S-alkylated Co.quloq.. n - Puriflsd .:o8gll1ogan (10 ag) W8S

di"oll1Old in 0.7 1111 of 0.5 M Tria-RCI bllffer. pR 9.5. containing 6 M ql,OAlloidina­

RCI and IG JdII EDTA. Then 6 mg of dithiothreitol wu .d(!lld. Afur IIItood for 1.5

h at roo.. t ...p .. r .. tu ..... 0.06 III of 1 M. lllOnoiodo..cetic .c10-1 " N&OH soilltion .. alii

addaod and .tood for 15 Nn under "2 q•• in the d.rk. 'lbe S-alkylated oaaqulogen

w... then d...ltad by a Se plladex G-2~ colWl8l (4 x J2 em) and th.. protein eeee­

tions _r.. iyophiliaed.

preparation of A chain Peptidol C ..nd I Ch.&in trom CoaW0<J8n ­

PurUied co ..glllolle n (96 K19) IOU dino.!_d in 8.' lI.i of 0.05 M. Tris-RCl bllffe r ,

pR 7.5, containing G.l M NaCl and lnc\Jl:late<l et 17"C for 9 h with. parti.lly

purified clottinq enaymll (Totd A290 _ 1.91;1). whicll v ..e prepered trom the lIemo_

cyte lyaete of Tachyplau. tridentatue. eccording to the _tbod de.cribed pre­

viollsly (10). After incub.tion, the fo ....d q<ll (ooaqu.lin) wee v••hed witll 5 m1

of the .ame bIlffer and l>8ntrifu'llad. Peptide C ",,:muined in the allpernatant .. as

pllrified by .. S.ph.d,"" G-50 ool.....n (2.8 x 91 CIII) (9). Th .. w.lllhed qel Wall

.uspende d in ~ ml of O.~ II Tris-RCl bufrer, pit 9,5. containing 6 Mgllanidine­

RCI and 10 mM.ED1'A. and than 01tbiothreitol .....dded to gil10l e find ooncentr._

tion of 0.05 M.. Aft.. r it ......U""ed to .tand foz 1.5 h at room telllperatllre.

0.4 ml of 1 M llICnoioooacetic .c1d-l " N..OH lIIolllt1on ......dded and atood tor 15

lIlin \lllder "2 q.e in the d .. rl<. The S-.. lkyl"ted A and 8 cllain. t.hus obtained were

s .. p.reted by adding acetone to qive .. fin.l concentr.tion of 70 t, .nd A end 9

ch.ins recovered. respectively. in tile supernatant ..nd in the _edi_nt. .. ere W1ed

for the _eqllenc...tudi.. s.

Proteolytic Diqeatione of Coa9lllOQ!n B Ch.in Tryptic and cllymotryptic

dige.tions of I chain (eech 2 ~mol) were perfoZflled in 0.2 II &DIIIOniwn bicarbon.te,

pI! 9.5. at HOC for 10 II .nd 19 h. r .. ep .. ctivaly...ith ...... iqht ratio of enzYl""'

to s\lb.t.rate of 1 to SO. 1'IIe di"e.ts were eech lyophiliz.. d and Oie.olved in IG

, .cetic ac;'d. For the di"e.. tion with S••llr e 1lS prot.....e V8, the s ..mpl .. (1.05

"mol) wae diqeeud et HOC with ....... igh;-ratio of enzyme to .Ilb.treta of 1 tD 20

in 1;1.05 II .,..".,nill1ll bicarbon.. te. pR 9.1, for 10 II. Digestion of B ch .. in (0,2 ~1Il01)

...ith ly.yl .. ndop.. ptid was performed in 0.1 II ..mmonium bicarbonete. pH 8.2, e t

H·c for 4 h .. ith a ight ratio of .. nzyme to substz.te of 1 to 25. Chymotryptic

peptide. C-2-25, ..nd the iaol.. ted peptide C wer" dige st.. d, respectiveiy, with

tryp8in .. t 17"C for 4-5 h in 0.1 II "1IlmOniwn bicarbon.. t .. , pR 9.0. with a molar

r .. tio of .. nz\'1llll to .ubltut.e of 1 to 20.

sep.. r .. tion Ilnd p..,zHic.. t;'on of Peptide Mixture" - The pept.ides obtained

l>y tryp.in .. nd chymotrypsin diqe8tl.on were inlt1.. Uy fr"ctionat.ed .. t room

temperllture en Il ellperfine Seph.. de~ G-25 colWllll (2 x 200 ernl in 10 , acet;'c ..cid

or 0.1 II fonnic ..cid. Th .. elu.tes were monito<ed .. t 210 run and 290 run. Further

purifi.c.. t.ion of tryptic peptidea w.. s perfonned Ils;'ng pap.. z d.ro.... taqr.. phy or

hiqh~volt ..qe paper electzophoresis. P.. pe< chromatography w.. a ca«'ted out in ..

solvent system of l~but .. nol:Pyridine,a"etlc .cid,w.. ter tl5,10:l,12, by volwnel.

High-voltaqe p ..per .. leotrophores;'s w... carried out in th<ee sail10lnt ayst""'. a.

follows, pR 6.4. pyddine, ..cet;'c acid,wate< (lS:I:225, II/V), pH 3.5, pyridine,

..cetic acid'wat.. < (1,10,299, II/II); pR 1.8, fonnic ..cid,acetic .. cid,wau< (1,4,45.

v/v). Mare detail. for detection and isol .. tion of peptides .... re described

previollsly (Ill.

For the separation of peptidea obtained. r .. spectillely. from the digests with

Tollhiyuki Mil'''''''' Masuyo 11i~ .. n"g", Mlniko U",<uu and ~ad"aki Iwana'la

The Min" IIcid sequence Studies On <;,0"<ju10q"n

Isolated fro.. Lim\Jl". ~ lIernocytes

10 20 30
RETENTION TII~E ( min

40 50

Sepuation of cllymotryptic peptides C-l by HPLC. Th .. p.. ptide C-l was

{I~SOlved in lOO _1 of 8 , acetic acid containing 2 , for.. ic acid, e nd 20 ~l of

the .olution was injected onto a TS~ 1,5-410 ODS 5It. column (4 x ll)O om), Flow

<ate was i.O ml/min. For other detai1~, ~ae "£XP£RHIENTIIL PROCEDURES". p.. ptide

peaX" indicated we<e collect..d .. nd lyophiliz.. d,
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Gly 11-0 Gly Hi.6 Gl. l].7 >y, 22.2 Th' ,.. cec 11.3 ne 40.7 ... 20.0Phe 13.4 P" 13.9 cee 11.0 C', 2$.'- Ve' 23.1 >yr :n.') Ile lS., G'y ••eS.. ,., Sor l.l Gly s .• Co, e.e Thr , .e AAn H.O Ve' liLane 10. '7 ne ... Lyab-) Ph. U
"e 11.1 P" ... Ar, ... Ber 1.' Phe 13.6 C'n ... 'r. 1.8

C', '.1 "e 12.1 A" 13.0Gly s .e Cly ...
::~

19'.2 Pro '.1 ",0 1..C'y '.3 '" Phe U.6 Ly.b) -.ie •. s
Pro 3.'

Ar, a•• Sor c.•
Ala s . , ... 16.8

Phe s.• Phe 7.'
N.D.cl

Ly. 7.' Pro s.cere 10.2
Coc 1.' Cl. 15.2

C'y a.s Coc , .c
Pro J.'Ly. 3.' V" ..,

Tyr a.s Sor 0.'C,. ,.,
Cmc 1-3 ver 1.'

N.D,c)
A'" 0.7 ... '.3

Coc 0.'
G,. '.7
",0 0.'
Th, 0 .•
N.D.c}
N,D.C)
Tyr 0.7
Thr 0.'
Thr 0.'
Ber 0.'
AAn 0.'
G•• ,.,

T-VI-6-5
~ino nroola1
acid

't-VI-7
Llno nmol'&)
acid

T-VIII-l
XiIno IUlOlaj
ac:id

C.C 28.1
Arq U.S

Po.itlol'l 81-82

A" 50.0 Thr a.s esc 34.6 Sor J.O Le' 10.0 G'y ... Thr 3.'
Tyr 21.8 G'y ... The 3.0 V" 15.0 V" U.O V., 26 •• """ 34.6
G'y 15.0 "" ,.. G'n s .• V" '.1 The ... Phe 15.1 """ 34.6
see '" G', 3.' ACO •. s Tyr 15,0 Phe 12.1 C'y ,..
AA. 10.0 A', 1.' AA. lO.2 COc 15.0 """ ll,!J
Phe 15.1 Le' '.0 G', ... ",0 '.0
Coo 11.1 Glo '.J ... U ... Coc 7.'
C,. •. s LV·b) Vol 15.4 'r, 1.'
At<;bl "" 3.'

113-91 92-94 95-99 100-101 104-111 Ill-120 121-U8

Ser 2.1

ias

al't'h••eqlMIliC. da~ for chya:ttQ'p't1c pept1di1. haw ~II .boWn 1n
'!'Able IX 01 tbe ain1priDt ••~lcn,

Tab:\.e VIII

COIIlplete and part.lal ...ino ae1d a.eJll"nc. of chyalOtryp'tlc peptid••
dadved frc.. LlIIl1lua ooa911109.n B chaln

H

3-'
6-11

12-11

18-30

(Gly,Phll)

laer,Ila,ln~el

IGly ,Gly ,111_. Pro.Ala ,Ph.}

~-~~~~~~-~

ilJ,"£!!;-~~~-~-!.hJ-!!!,~-~-~-~ 

~-~
31-lS 1".n,)he,Ph••Pro.Ph.)

36- 47 S.r-1l1.-Ph.·1l1.-prQ-Gll'IJ-c.e-Pro-VaJ.- '.r-Val-
~-..,_~--,---jP~--....,--,. ---r
hr

~-~~-~-~-~-~-!l.;.
Thr-Thr·S.r-Aen-Gll1-LeIl---, --,. ~ ~ --, --,
~-Il.~Il._Val_Gln_Ala_()rO.LY.,Ala.GIY.Phal

~-~~.!!l-;;; r--r
IQlx,81a.Ly.1 ~-!!l~~-~

.9.!fz!!f"~-'h.

~~:~~;X:~;~~-!!!: ..~
~"~-'!!.}-~-~
!!t"~-GlI1'(L,.a,Gl:i' Val,Ph.'

ZIlJ -,
~-!lJ-~-!!}-~.~~~~~-~
g;-¥'-'n

48-5S

S6-61

62-')'2

7]-")7

78-84

8S-18

89-97
"-102

103-107

108-1"

".
t 6-129

C-4-27

C-J-24

C-l-10

C-?-6

C-2-25

C-4-\5a

C-2-16

C-J-2S

C-4-24

C-3-40

C-S-4

C-2-30

C-8-8

C-1-7

C-S.·8

c-S.-14B

C-3-28

C-3-11

C-2-)1

Table VU

_lno acid cOllpoaltlona of chyaot.ryptlc p4lptld.ea d.llu1ved h'OlIl ~ cOagvlogen B chain

ll.Dino acid. C-S-8 C-S-UB C-3-28 C-3-17 C-2-31 C-8~8 C~1-7 C-4~27 C-3-24

Ruldu•• per laOiecui.

COc LOlli 1.9(2) i.o u t 1.1111... 1.0(1) LOlli 1.0(11
Thr 1.9(21 1.0(11 1.7121
Sor 0.9(1) 1.7121 2.U3) 0.9(11
G'u 1.20) 2,tH2) 1.0t\) 1.0iH 1.0(1\
>Co O.9(1l 1.1(1) L!l'l21 1.0111
G'y 1.1(1) 1.6(2) '.)(1) 1.GO}
Al. 1.1(11 1.0111V" '.3(1) 2.0(2)
Il. 1,0(1)
Leu 1.1(11
>yr 1.0(11 0.9(1) 1.0(1)
Phe 1.0(l) 1.0(11 0.9(11 2.7131 1.01'1 1.'111
Ly' 1.912)

"" 0.9111 1.9U)
'r.
.r. 2.2121

Total "
POaltlon 1-1 3-S 6~11 12-17 18-30 31~3S 36-47 48-S!lo 56-61

Yhld(ll 31 30 11 " " " "

Table VU:-contlnued

Aalno ac14 C_l_10a } C_7_6b l C-2·25 C-4-1SB C-2-16 C-l.2S") C-4-H C-3-40 C-S-4 C-2-30

«a.rdue. par IIIOleel11 ..

,",c 1.2t1} 1.3111 2.0121 S.OISI... 1.1(1) L1\H 1.0(1)

>h' 1.9(2) 0.8(1l 0.911)
sor 1,01') 0.8(1) 0.8(\)
Glu L211l 1.2(11 1.2111 2.0(21 1.211) 1.0(11 1.(11)
Pro 1.01n 0.8111
G'y 1.1(1) 0.9111 1.0(11 1.11\1 1.0111

." \.8(2) 1.00}
\.9(21 1.1(1) 1.0111 1.0(11V" 1.1(1) 1.1(1)

n. 1.1121
1.2111 1.0(1)Leu

Tyr 0.'(1) 1."" 1.0(11Phe 1.0111 t.0(11 1.01\1
Ly. 1.0111 1.(0) 1.0111

"" 1.0tll
"P 1.01\}

2.012)Ar, 0.'(11 \.0111 1:2111 1.911) 1.2(1) 1.0111

Tot.al 11 If

'o.Ulon 62-")2 ')J-n 18-14 85·81 19-97 98-102 103-101 108·\14 11$ 116·129

Ylelcl;('l " 10 i e " "
.j Obt..lr.ad tI'OJl 72 tlo hyd.rolyU.. YUh !lo.1 It MCl. h) Obt.alne4 ~r,* 14 tl. hylholya1. with 4 )I

.athlUl••111fonic ac1d.
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Amino Acid Sequence of Limulus Coagulogeri 8933
tabl. XI

Aaino aOid .~u.~ of S. &1,119_ V8
p.rot .... ptlptlde, G~S, iJiJ:IViiJ"'Yro.
LUNlu. eoal)UIDgen • ehain

.1 Al!pmxi_te yJ.al&l of phanylthiohy4antoin derivatiwo. aA calculated troJll peak haig-ht. of high
pertonunea l:Lqu1d c:hro_£Oqu... til No't. det.rained.. e) taken fro- t.h. data ot aaino acid colllpoait.lon
(••• 'l'abh VU).

Po.1eton 12-17

Cycle
No.

1
J

1·s,
1

•·10

11
12

13

Ly.

Gl.

"'"O1y

Ly.

Ty.

15.')

'.0
16.t

0.'
e. s
'.7

c-a-ar C-1-1 C-4-27 C-)-l4...~ ft*)!al Woo .-01-' W~ ·~l·j Aaine ~1·1
eoid aeid •d. oc..

Gl. 11.] 0.1 ... 11.0 ",. ,..
""" 11.3 hl. ILl CO< .., "'. 10,]

Ar<J '.1 Ph. '.7 •. s S.. 7.7

"'. l.. h" '-7 2.1 '.7

Vol '.8 P~ 2.' .h. 2.' Gl' ...
"'. 1.1 01. 8.7 Ph. 2.' 2.1... .., 8.7 Gly 2.1

01. s.• 1.' Ty. l..

up J.' Vol ...
'.2 N.D,b).., •. s V.l ...

CO< 1.'

Ty. ...
1IJ-1O 36-46 48-55 56-61

Cyele W~
G-'

No. Ilcid
~l·)

1 .... 20.7

2 Ar, 14.0, 11. 20.7· 11. 14,3

s Val 14.2· '10 2.'

7 ... 11.0

8 P~ ..,
• N.D. b)

10 .h v.e
11 "y U

12 Ph. 7.8

13 N.o. b l

14 ". '.J
15 10.4

14 val 1.2

PodtLon. 151-16

JII) ApprOJli••ta yiallU of phlnyltbiohyl2&ntoin
derivati".. ara calcUlated fro.
~e4lr. height of h.ilJh perfo:rmarr.ca Uqu14
chroutogr....

b) Not d.t.:m.inod.

TUlIa IX continued

'tabla XII

Alling at'id eompo'itlon, of ly,yI endopeptida,e peptide' derived rreo
~ C0&9ul0gen B chain

Mino acid L-15 L-l L-14 L-9 L-8

ja,idlUlll per ..ai.cute

C~ 0.8(1) 4.4(4) 0.0(11 2.7{J) 4.215)
"P 3.4(3l 2.0(21 1.2(11
Th. 4.7(5) 2.6{JI 1.0111
So< 1,2111 5.6(6) 1.8121 1.0111
Glu 1.0(1) 5.6(61 2.2(21 3.5141 1.3(1)... 0.9(1) 4.21~1 D.'lll
Gly 2.7(3) 1.1111 1.9(1) 1.4(1) 1.11(2) 2.2(2)

"'. r.u ru 2.2121 1.101 O.lIlt)
Vol 4.0(4) 1.1111 3.3131 2.ti2)
11. 0.9(1) 1.5121
L•• 1.2111 2.3(21
Ty< 2.6131 1.7(21
Ph. 2.6()) 5.4(5) 1.1(1) l.D(1) 2,1(21
Ly, 1.0(11 1.0(1) LO(tJ 1.1(11
'lo 1.0(11 2.1(ll 1.2(11
T." O.O(tj

3.9151 1.7(2).., 2.!Hll 1.0111

" "
POllition 13-16 17-69 70-110 81-111 112-129

Yieldl" 1J JO

16.5

'.1
21.3

3.'
B.'

10.8

16.2

J.'
a.e

89-97

C-2-16

01...,
.h<

Gl,

'"
"""Th<

Gl.

,.1M nllOlaJ
acid...

1..
6.8

85-87

O1y

u-u

10.9

1.'
8.'
s .•

'"01.

cse
ver

1.1

13.4

7.'.. ,
L'
1.1

Ar,
11.

11.

Vol

01....

Table IX continued

62-67

Cycla
No.

Cycle.... (:-3-40
GIno !1II01a)
acid

'I'a!)h X

....111.0 .cid C<':dIpo.it1onll ot lit.plwlococcu. prot•••• peptida. da-civad fre-
~ c04CJll.logan B chain

uino acid G-J 0-' G-' G-' G-1

aaddU" par .oiacula

""" t.Of11 1.0(1) 3.3131 3.](41 1.2(1) 4.4(4)
Up

1.8UI
2.7lJl 2.4(21 1,2111,... a.7UI 2.8131 1.0l11... 1.0111 1.0111 4.4(51 2.4(21 LOll)

Gl. 1.001 1.0(1) LOll) ].0131 6.7(7l 1.0(1)
p~ 1.3(11 3.'(41 0.0(11 0.8(1)
o1y 2.a(ll 1.0(11 1.7(1) 3.4111 1.0(1) 1.0(1)... a.tnl Ll{l} 2.4(3)
V.l 1.001 1.](21 4.9(5) 1.0(1) 1.2(1)
U. 1,0(1) 1,6I:U.... 2.613)
Ty. 1.0(1) 1.7121 1.$(,11)
Ph. 2.7m '.CIS) 2.HZ) 1.8121
Ly. 0.9(11 1.0111 2.](21 0.'(1).., 0.'111 2,1(2) 1.'111

'''' 0,0(11Ar, 1.0(1) (l,9(1l 6.2(71 1.7(2)

Total 3S SO ta
PoaU.ion 1-1) "-1' "-25 26-60 61-1,0 111-117 118-129

Yieldl'l ,.
" " " 1S

,.,bl. XV

pre4ietad "9101'1. of ••oondacy .tNCItun
1nLillUl~ OGlavu109&n

5- 9 0.80 1.01

18- 43 1,U 0.98

65- 69 0.88 1.24

98-101 0.81 1.20

107·113 I,ll 1,n

118-124 0.91 1.U

147·153 0.'2 1.21

151-163 1.02 1.21

Table XIII

Collll:>late and partial aIIl1no acid .sequenC'e of
lyayl endopeptlda•• paptldtla deriv.d frC'lfl
Lll1lulull cc.9ulo~n B ch.in

Cycla L-' L-J

11.1101"Woo
t111lO1

a
'

.....Mee . oclO acid

1 "'. 61.7 23.', O1y 18.3 Ar, '.1
3 Ph. 38.1 "'a 10.0. '" 19.5 Ty. 11.1

s Gl. 1.' O1y J.'
• C.C 32,1 '.1

1 12.2 a••
8 T<p '.J Ph. 1.S, 01. ... <mc

10 .., J.5 01. '.1

11 Ly. o. s '" 1.J

12 TO. n.8

12 O1y '.1.. '" J.'

15 "'" S.l

POaition 70~10 11-'S

a) Approrl_t. yial~ of phanylthiohydante1n
c1erj.vaU.,.. are calculat.d fro. P'"
haiqht of h19h partorMnca liquid c:hrOlllato-
9r....

Tabla XIV

ae.ldu.a P<:I a J ..a' pta) ptlx 10·"1

44- 41 0.7Z 0.10 1,]1 1 • .5]

45-48 0,81 0.95 1.17 1.34
60- H 0.71 1.04 1.2) 1.14
sr- U 0.98 0.13 1,11 O.U
12- ts ".17 O.llS 1.26 2.59

79- 82 0.91 1.02 1.04 1.22
85- 88 0.95 0.15 1,10 4.15
!8-91 0.18 1.05 1.16 1.]]

125-128 0.96 0.93 1.0J 1.60
121-131 0.91 1.0(1 1.C8 0.92

1l.2-1l' o.n 1.05 1.20 0.81
13t-l42 0.77 1.02 1.17 1,00

1·43-146 0.99 0.97 LO' 0.76
U7-170 0.70 1.0' 1.23 0.11
168-171 0.61 1.01 1.28 1.92
111-174 0.1. 0.97 1.21 4.4'

a) ~:r;to~. i:/:_:"1~·~~":1~ u;-r:n~~~:~l.ta4
by the _ttw4 of Qou. and ra.'*- (lSI.

})~:.; ~;l;~::t~l~: :~:~ ;l+:C:::-
ranoe fo .. a oenalft reai4ua at tft. lat. :I'M.
lrd and 4th poIIlt1on of a I tum.

116-129

16.9

16,9

Mn 8.8

V.sl 16.9

Ar9 6.0

Thr 1.1

cee 9.4

cmc 16.5

Gly 4.5

C"': 6.3

P.c 1.1

J.5
Ar9 0.1
S.rC)

_c,34.6

21.9

s .•

"P....
01.

10.8

s . J

'.S
'.1
J.l

'"...
Vol

TO.

Ty.

103-107

1
2

J·s·1
B

•
10

11

12

13..
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