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Determination of the amino acid sequence of an intramolecular disulfide
linkage-containing sperm-activating peptide by tandem mass
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A sperm-activating peptide (SAP) was isolated from the egg jelly of the sea urchin Stomopneustes variolaris. The presence of an intramolecular

disulfide linkage in the peptide was demonstrated by fast atom bombardment (FAB) mass spectrometry with the intact and reduced peptides. The

amino acid sequence of the reduced peptide was determined to be Lys-Phe-Cys-Pro-Glu-Gly-Lys-Cys-Val by tandem mass spectrometry from the

spectrum produced by a collision-induced decomposition method. Furthermore, it was also demonstrated that SAPs obtained from sea urchins
Arbacia punctulata and Glyplocidaris crenularis are cyclic peptides containing one cystine residue by FAB mass spectrometry.

Sperm-activating peptide: Cystine-containing; Tandem mass spectrometry; Collision-induced decomposition

1. INTRODUCTION

Sperm-activating peptides (SAPs) isolated from the
egg-conditioned media (egg jelly) of sea urchins have
several effects on sea urchin spermatozoa. SAPs cause
stimulation of sperm respiration and motility through
intracellular alkalinization, transient elevations of
cAMP, cGMP and Ca?* levels in sperm cells, and
transient activation and subsequent inactivation of the
membrane form of guanylate cyclase [1.2]. A specific
receptor for SAP-1IA (resact), Cys-Val-Thr-Gly-Ala-
Pro-Gly-Cys-Val-Gly-Gly-Gly-Arg-Leu-NH,, is the
membrane form of guanylate cyclase and the same as
natriuretic peptide receptors and a heat-stable entero-
toxin receptor [3-5]. It is reported that a receptor for
SAP-1 (speract). Gly-Phe-Asp-Leu-Asn-Gly-Gly-Gly-
Val-Gly, possesses several cysteine-rich domains which
are analogous to that of the type I macrophage sca-
venger receptor [6].

Tandem mass spectrometry (MS/MS) has been
successfully applied to sequence analysis of a linear pep-
tide [7]). Despeyroux et al. have developed a method
using MS/MS to determine the amino acid sequence of
a cyclic peptide containing cystine [8]). In the present
study, we isolated a new SAP which has two half-cystine
residues from the egg jelly of the sea urchin Sro-
mopneustes variolaris, and applied the method for de-
termination ot the amino acid sequence of the peptide.
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In addition. using a mass spectrometric method we
found that SAP-ITA from Arbacia punctulata and SAP-
11B and its five derivatives from Glyprocidaris crenularis
contain an intramolecular disulfide linkage.

2. EXPERIMENTAL

2.1. Isolation of S. variolaris SAP
SAP was isolated from 66% ethanol extract of the egg jelly of the
sea urchin §. varielaris as described in [9]).

2.2. High-performance liquid chrovnarography ( HPLC)
HPLC was carried out using Cy columns as described in [9].
Programs I, II and 111 described in {9] were used for isolation of SAP.

2.3. Fast atom bombardn..nt ( FAB) mass spectrometry

FAB mass spectra were obtained with a JEOL IMS-HX100 double-
focusing mass spectrometer or a JEOL JMS-HX110/1 10 four-sector
tandem mass spectrometer equipped with an FAB ion source and a
JEOL JMA-DAT7000 data acquisition system, as described in [10]. In
MS/MS mode, the precursor ion was selected by the first mass spectro-
meter and decomposed in a collision cell. The amount of the collision
gas (He) introduced into the ceil was adjusted to reduce the intensity
of the precursor ion by half of its initial value. The daughter ion
spectrum was obtained by collision-induced decomposition (CID) of
precursor ion in a B/E-linked scan mode, where the ratio of the magne-
tic field and electric field of second mass spectrometer was kept con-
stant.

2.4. Pepride synibesis

A peptide, Lys-Phe-Cys-Pro-Glu-Gly-Lys-Cys-Val, was synthesized
using a solid-pnase method with use of a MilliGen 9050 PepSynthe-
sizer. Methylbenzhydrylamine polystyrene resin containing 9-fluore-
nylmethyloxycarbonyl (Fmoc)-L-Val (Fmoc-L-Val PAC Support)
(0.3 meq/g) was used as starting material. The following amino acid
active esters were used for the synthesis: Fmoc-L-Glu y-¢-butyi ¢ster
a-pentafluorophenyl ester (-OPfp). Fmoc-L-Pro-OPfp, Fmoc-Gly-
OPfp, Fmoc-S-trityl-L-Cys-OPfp, Fmoc-L-Phe-OPfp, and N*-Fmoc-
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Fig. i. FAB/MS/MS CID spectrum of the [ M+H] ion (mvz = 1010.4) observed in the spectrum of the reduced peptide SV-1, The insert shows
an interpretation of the CID spectrum. The nomenclature used is based on that used in [7,12].

Ne-t-butyloxycarbonyl-L-Lys-OPfr. The resin with protected peptide
was treated with m-cresol, [.2-ethanedithiot and thioanisele in tri-
fluorcacetic acid (TFA) au ¢°C for 2 h. After removal of TFA, the
resulting peptide was extracted with 1 M acetic acid. washed with cthyl
ether, and air-oxidized in dilute solution at pH 7.5 for 4 h.

Synthetic SAP-ITA was a generous gift from Dr. H. Shimomura.
Synthetic SAP-I!B was previously synthesized in our laboratory by a
liquid-phase method [11].

2.5. Amino acid analysis

Amino acid analysis was performed using a Hitachi L-8500 amino
acid anaiyzer after hydrolysis for 20 h in constant-boiling HC1 {5.7 N)
at 110°C in vacuo.

2.6. Determination of sperm respiration rates
Sperm respiration rates were determined as described in [11].

3. RESULTS AND DISCUSSION

3.1. Purification of an egg jelly peptide

The ethanol extract of S. variolaris egg jetly obtained
from 10 individuals was concentrated, delipidated, and
then subjected to HPLC using Program l. An active
fraction was purified further by HPLC using Program
111 and then Program II. An active peptide (SV-I) was
purified in a final amount of 13.0 nmol. The amino acid
composition was determined to be Glug g, (1); Pro, »; (1);
Gly, 06 (1); 1V2Cys, o5 (2); Val, g (1); Phe, o; (1); Lys; o
(2) (moVVmol of Val).

3.2. Primary structure of S. variolaris SAP

FAB mass spectrum of the SAP gave a protonated
molecular ion at m/z = 1008.5 which was identical with
the theoretical value calculated from the amino acid
composition with two half-cystines. In addition, intense
sequence ions (m/z = 908.2, 880.4, 864.3, 733.3 and
717.2) were clearly observed, suggesting that the N-
terminal sequence is Lys-Phe- and that the C-terminus
is Val. To confirm the presence of an intramolecular
disulfide linkage, the solution of the peptide (1 mM) in
a reducing buffer (1% NH,HCO,, pH 6.8) was prep-
ared, to which was added an equal volume of a reduc-
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tive matrix (dithiothreitol/dithioerythritol, 5:1 w/w). In
the FAB mass spectrum the reduced peptide gave a
signal at m/z = 1010.4 which was nearly identical to the
theoretical mass value (1010.5) of a peptide containing
two cysteines instead of two half-cystines.

The amino acid sequence of the resulting linear pep-
tide was then determined by MS/MS from the spectrum
produced by the CID of the [M+H]}" ion of the peptide
{8). As shown in Fig. I, many sequence ions (types a,_,
b,. d.. ¥”.. and w,)) were observed giving sequence in-
formation to be established as Lys-Phe-Cys-Pro-Glu-
Gly-Lys-Cys-Val. Furthermore, five internal sequence
ions at m/z = 412.3 (PEGK), 284.2 (PEG), 227.3 (PE),
186.3 (GK) and 129.3 (K) were observed in the
spectrum.

To confirm the proposed structure, a peptide was
synthesized according to this sequence. The oxidized
and reduced synthetic peptides were eluted separately
from each other by HPLC, and the synthetic oxidized

S. variolaris Spermatozoa
pH 6.6 ASW
¥ a

SAP-1, SAP-IIl
or SAP-IV

~ A
O pH 8.2 ASW
E S. variolaris egg jelly ngﬂde \SAP‘“B
(=]
2 min

Fig. 2. Respiration-stimulating effect of peptide SV-1 on S. variolaris

spermatozoa (10 mg wet weight/ml artificial sea water). Arrows (a, b

and ¢) indicate the points at which S. varialaris egg jelly peptide (0.5

uM), SAP-IIB (1 £#M) and othecr SAPs (SAP-I, SAP-III and SAP-1V)
(1 M) were added.
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of sperm-activating peptides obtained from the ege jeily of sca urchins A, puacrulara and G.

GC-2 GC-5 GU-6
{M+H]" of intact peptide 12434 1046.2 888.2 760.1 1136.2 902.2 774.0
(1243.6) (1046.5) (B88.4) (760.3) (1136.5) (902.4) (774.3)
{M+H]' of reduced peptide 12453 1048.4 290.1 762.1 11384 904.1 776.2
(1245.6) (1048.5) (890.4) (762.3) (1138.5) (904.4) (776.3)
AP-1: Cys-Val-Thr-Gly-Ala-Pro-Gly-Cys-Val-Gly-Gly-Gly-Arg-Leu-NH. (SAP-11A)
GC-1:  Ser-Ala-Lys-Leu-Cys-Pro-Gly-Gly-Asn-Cys-Val (Ser-Ala-SAP-I1B)
GC-2: Lys-Leu-Cys-Pro-Gly-Gly-Asn-Cys-Val (SAP-11B)
GC-3: Leu-Cys-Pro-Gly-Gly-Asn-Cys-Val (Des-Lys'-SAP-1IB)
GC-4:  Ser-Phe-Lys-Leu-Cys-Pro-Gly-Gly-GiIn-Cys-Val (Ser-Phe-[GIn"|SAP-11B)
GC-5: Lys-Leu-Cys-Pro-Gly-Gly-Gln-Cys-Val ({GIn"]SAP-11B)
GC-6: Leu-Cys-Pro-Gly-Gly-Gin-Cys-Val (Des-Lys'-[GIn']SAP-1I1B)

The mass value in parentheses is shown as the theoretical mass value of each peptide. The amino acid sequences have been determined by automatic
Edman degradation [11.13]. With regard to SAP-11A, the experiment was performed using a synthetic peptide of which retention time on HPLC
is identical with that of natural SAP-ITA [13].

peptide showed the same retention time as ihat of the
natural peptide. (Amino acid compeosition of the syn-
thetic peptide: Glu, ,, (1); Pro; . (1): Gly, ; (1); 1/
2Cys, 17 (2): Val, o4 (1): Phegge (1); Lys, o (2) (mol/mol
of Val). Observed mass values ((M+H]*): 1008.4 (oxi-
dized); 1010.4 (reduced).)

In conclusion, the primary structure of peptide SV-1
was established to be Lys-Phe-Cys-Pro-Glu-Gly-Lys-Cys-
Val by the mass spectrometric method without alkyla-
ticn of peptide. This sequence is similar to that of SAP-
IIB (atioresact) [11].

3.3. Effects of the peptide on sperm respiration

Peptide SV-1 was a quite potent stimulator for S.
variolaris sperm respiration. The respiration was stimu-
lated by the peptide as well as by SAP-I1B, but not by
SAP-1, SAP-111 and SAP-IV (Fig. 2). The peptide stimu-
lated G. crenularis sperm respiration with 350 pM of
ED,, value, which is comparable to those (500-1000
pM) with SAP-11B and its five derivatives from G. cre-
nularis [10]. This suggests that substitutions of Leu?® by
Phe, Gly® by Glu, and Asn’ or Gin? by Lys do not alter
the respiration-stimulating activity. These substitutions
could occur by single-point mutation on a genetic code.

3.4. Determination of a disulfide linkage in SAPs from
A. punctulata and G. crenularis

Although it has been demonstrated that SAP-IIA
from A. punctulata, SAP-11B and five SAP-IIB deriva-
tives from G. crenularis contain two cysteine residues,
the presence of a disulfide linkage in these peptides has
not yet been confirmed. The observed mass values of
intact peptides were nearly identical with the theoretical
mass values calculated from the respective amino acid
sequence with two half-cystines. Then, FAB mass spec-

trometry showed that reduction of these peptides by the
reductive matrix increased the mass of these peptides by
2 atomic mass units (Table D).

The natural SAP-IIB was found to co-elute with the
oxidized synthetic peptide on HPLC using Cyx column.
However, the retention time of the natural peptide
differed from that of the reduced synthetic peptide on
HPLC. (Amino acid composition of the synthetic SAP-
HB: Aspios (1); Pro, o (1): Glys s (2): 1/2Cys, 35 (2):
Val, o0 (1): Leu, o, (1) Lys, o, (1) (mol/mol of Val). Ob-
served mass value ((M+H]"): 888.3 (oxidized); 890.1
{reduced).)

From these results, we concluded that SAP-T1A, SAP-
IIB and five SAP-IIB derivatives are also cyclic peptides
containing an intramolecular disulfide linkage.

Acknowledgements: We wish 10 thank Mr. K. Sugio. JEQL Co.. for
facilitating the use of the mass spectrometer JMS-HX110/110. We are
grateful to the staff members of Sesoko Marine Science Center, Uni-
versity of the Ryukyus, and of Asamushi Marine Biological Station,
Tohoku University for their kind help in collecting sea urchins for this
research. We also express our appreciation to Mr. M. Matada for
culturing sea urchins. This work was supported in part by Grant-in-
Aids (Nos. 02404006 and 02044059 1o N.S., and No. 0255801610 Y.S.)
from the Ministry of Education, Science, and Culture of Japan.

REFERENCES

{1} Suzuki, N. (1990) Zool. Sci. 7, 335-370.

[2] Garbeis, D.L. (1989) Annu. Rev. Biochem. 58, 719-742.

[3] Garbers, D.L. (1989) 1. Biol. Chem. 264, 9103-9106.

[4] Schulz, S., Chinkers, M. and Garbers, D.L. (1989) FASEB 1. 3,
2026-203S.

[5] Schulz, S.. Green, C.K., Yuen, P.S.T. and Garbers, D.L. (1990)
Cell 63, 941-948.

[6] Freeman, M., Ashkenas, J., Rees, D.J.G., Kingsicy, D.M., Cope-
land, N.G., Jenkins, N.A. and Kricger, M. (1990) Proc. Natl.
Acad. Sci. USA 87, 8210-8814.

181



Volume 294, number 3 FEBS LLETTERS December 1991

[11] Suzuki. N.. Yoshino. K.. Kurita. M., Nomura. K. and Ya-
muagucht, M. (i1988) Comp. Biochem. Physiol. 90C, 305 311.
{121 Roepstorff, P, and Fohlman. J. (1984) Biomed. Mass Spectrom.

7] Biemann. K. {1990) Mcihods Enzymol. 193 455 479,
[8] Despevroux, ., Bordas-Nagy. J. and Jennings., K R. (1991)
Rapid Commun. Mass Spectrom. 5. 176 159

9] Yoshino, K., Takao, T.. Suhara. M. Kitasr, T, Hor MW i, 601,
Nomura, K. Yamaguchi, M | Shin onishi. Y and Susuke, N {13] Suzuks. N Shimomura. H.. Radany, F W, Ramarao, C8,,
(1991 Biochemistry 30, 6203 &K Ward., G.F.. Bentiey, JK. and Garbers, D L. (1984) J. Biol.

[10] Takao, T . Hitowi. T Shimonish, Y | Tanabe, T L Inouye. 8 and Chem. 259, 14874 14879
Inouye. M {1984) J. Biol Chem. 259, 6108 6109,

182



