
G
o
E

C
a
*
o

A

M
b
r
t
a
u
t
e
g
a
h
a
a
G
C
b
c
b
c
p
o
m
l
p
m
r

General and Comparative Endocrinology 114, 2–10 (1999)
Article ID gcen.1998.7218, available online at http://www.idealibrary.com on
onadotropin-Releasing Hormone in Mulberry Cells
f Saccoglossus and Ptychodera (Hemichordata:
nteropneusta)

. B. Cameron,†,1 G. O. Mackie,* J. F. F. Powell,* D. W. Lescheid,*
nd N. M. Sherwood*
Biology Department, University of Victoria, Victoria, British Columbia, V8W 3N5 Canada; †Department
f Biological Sciences, University of Alberta, Edmonton, Alberta, T6G 2E9 Canada.

ccepted October 25, 1998
n

t
p
o
B
t
t
o
1
h
‘
a
(
t
a
t
o
c
B
(
b
m

g
m

ulberry cells are epidermal gland cells bearing a long
asal process resembling a neurite and are tentatively
egarded as neurosecretory cells. They occur scattered
hrough the ectoderm of the proboscis, collar, and
nterior trunk regions of the acorn worms Saccoglossus,
sually in association with concentrations of nervous
issue. They contain secretion granules that appear from
lectron micrographs to be released to the exterior. The
ranules are immunoreactive with antisera raised
gainst mammalian and salmon gonadotropin-releasing
ormone (GnRH). Similar results were obtained with
nother enteropneust, Ptychodera bahamensis, using
ntisera raised against tunicate-1 and mammalian
nRH. Mulberry cells were not found in either
ephalodiscus or Rhabdopleura (Hemichordata: Ptero-
ranchia). Extracts of tissues from 4200 Saccoglossus
ontain an area of immunoreactive GnRH that is detected
y an antiserum raised against lamprey GnRH when
haracterized by high-performance liquid chromatogra-
hy and radioimmunoassay. This is the first report of the
ccurrence of GnRH in hemichordates, probably the
ost primitive group clearly belonging to the chordate

ineage. The physiological function of GnRH in entero-
neusts is unknown, but an exocrine function appears
ore likely than an endocrine or neurotransmitter

ole. r 1999 Academic Press
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2

Key Words: acorn worm; GnRH; molecular evolution;
europeptide; neurosecretion.

The enteropneusts, with the pterobranchs and plank-
osphaeroid larvae, compose the small deuterostome
hylum Hemichordata, generally regarded as an early
ffshoot of the chordate line of evolution (Ruppert and
arnes, 1994). Several authors have described a distinc-

ive type of epidermal gland cell in enteropneusts
ermed the ‘‘mulberry’’ cell from its berry-like cluster
f apical granules (Brambell and Cole, 1939; Hyman,
959; Knight-Jones, 1952; Welsch, 1984). Such cells
ave been reported under other names, for instance,

‘granular gland cell’’ (Bullock and Horridge, 1965)
nd ‘‘elongated gland cell’’ (Dawydoff, 1948). Schneider
1902) called them ‘‘protein cells’’ from the reaction of
he granules with haematoxylin and aniline dyes. All
uthors agree on distinguishing mulberry cells from
he more common mucous cells, but there may be
ther densely staining granular cells present which
ould cause confusion (see Welsch, 1984). Pardos and
enito (1989), for example, describe mulberry-like cells

‘‘coarse grain cells’’) in the endoderm of the pharynx,
ut as these are ciliated they cannot be equated with
ulberry cells, which lack cilia.
As described by Brambell and Cole (1939), in Sacco-

lossus cambrensis the cells are oval or pear-shaped,
easuring 20 µm in length, and approximately 7 µm at
he thickest part. The cells have a narrow basal process
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Gonadotropin-Releasing Hormone in Mulberry Cells 3
hat runs down and mingles with the mass of intraepi-
ermal nerve fibers lying over the basal lamina. This
asal process resembles a neurite, and the mulberry
ell may therefore be a type of neuron (Bullock, 1945),
ut physiological evidence of neural function is lack-

ng. The only two electrophysiological studies so far
arried out on enteropneusts (Pickens, 1970; Cameron
nd Mackie, 1996) were both restricted to extracellular
ecordings and provide no information on the activity
f individual excitable units.
We show in this paper that the mulberry cell gran-

les are immunoreactive with antisera against gonado-
ropin-releasing hormone (GnRH, previously termed
uteinizing hormone-releasing hormone, LHRH). The
est-known function of this important reproductive
ormone in vertebrates is to elicit the release of the
ituitary gonadotropins. GnRH has been identified by
rimary structure in each class of vertebrates, where

he effect of GnRH release on reproduction has been
nvestigated (see Sherwood et al., 1993). Peptides of the
nRH family have N-termini modified to form a
yroglutamyl ring and conserved amino acid residues

n positions 1, 2, 4, 9, and 10. This conservation of form
as recently been extended to include a tunicate, the
scidian Chelyosoma productum (Powell et al., 1996).
here is one report of a form of GnRH that coelutes
ith mammalian GnRH in a mollusc (Goldberg et al.,

993), and another report of GnRH immunoreactivity
n a Cnidarian (Anctil, 1997), challenging the view that
nRH is restricted to the chordate lineage.
Immunocytochemical evidence alone cannot pro-

ide conclusive evidence of the presence of a particular
eptide. In the tunicate work, the initial identification
f a GnRH-like peptide (Georges and Dubois, 1980)
as later extended by column chromatography (Du-

our et al., 1988) and high-performance liquid chroma-
ography (HPLC) (Kelsall et al., 1990), showing that
nRH was indeed present. By the same token, satisfac-

ory demonstration of the presence of GnRH in Sacco-
lossus requires chromatographic evidence as well as
ata from immunocytochemistry. We therefore em-
arked on this project using both techniques.

ATERIALS AND METHODS

Two species of the acorn worm Saccoglossus occur in

oastal waters of British Columbia and Washington, s
accoglossus bromophenolosus from Willapa Bay and
adilla Bay, Washington (King et al. 1994), and a
pecies provisionally designated Saccoglossus species
, pending determination by a specialist, from Barkley

ound, British Columbia. They differ in size, colora-
ion, and habitat. S. bromophenolosus lives intertidally
n mud flats and can be collected during periods of low
ide, while S. species A typically occurs subtidally in
oarse, calcareous sediment of biogenic origin and was
ollected by SCUBA. Immunolabelling for GnRH was
arried out on both species, but Saccoglossus species A
rovided the preparations used for the photographs in

his paper and was also selected for sectioning for
ptical and electron microscopy. GnRH extraction
equires large numbers of animals, so the more easily
ollected S. bromophenolosus was chosen for this work.
pecimens of both species were collected during spring
nd summer 1994 and were transported to the Univer-
ity of Victoria, where they were maintained in their
atural substrates in slowly running sea water at 12°C.
ore specimens of S. bromophenolosus were collected in

he same season in 1995 but were frozen whole in
iquid nitrogen at the collection site. Specimens of
tychodera bahamensis (Enteropneusta: Ptychoderidae)
nd Cephalodiscus gracilis and Rhabdopleura normani
Pterobranchia) were obtained intertidally at Castle
each and under the Causeway Bridge, Bermuda, and
ere studied at the Bermuda Biological Station for
esearch in March 1996.
Immunocytochemistry. After anesthesia in sea wa-

er containing 151 mM Mg21, specimens were dis-
ected and pieces of tissue were removed and pinned
ut in Sylgard-lined petri dishes where they were fixed
or 24 h in Zamboni’s fixative (Zamboni and DeMartino,
967) at pH 7.3. After washing in phosphate-buffered
aline (PBS) the tissues were treated with the primary
rabbit) antibody diluted 1:500 in PBS 1 3% Triton
-100 1 1% goat serum. Tissues were washed repeat-
dly in PBS containing 0.3% Triton X-100 for 18 h and
reated with FITC-labeled goat anti-rabbit gamma
lobulin (FITC-GARGG) diluted 1:500 in PBS 1 3%
riton X-100 for 60 min. Tissues were washed again in
BS and mounted as whole mounts in 50% glycerol
ontaining 1.5% N-propylpyrogallate. Two primary
ntisera were used: rabbit anti-mammalian GnRH,
ample U705-23, from Dr. Gerald Kozlowski (Univer-

ity of Texas) and rabbit anti-salmon GnRH, sample

Copyright r 1999 by Academic Press
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4 Cameron et al.

C
A

F4, from N. M. Sherwood (University of Victoria). In
ddition, an antiserum against tunicate-1 GnRH was
sed in the experiments conducted in Bermuda. Both

he primary antibodies and FITC-GARGG were used
t a dilution of 1:500. Two types of controls were run.
n the first, the primary antibody was omitted during
he initial incubation. In the second, the preparations

ere run with primary antisera preabsorbed for 24 h
ith mammalian GnRH.
For visualizing nuclei in the mulberry cells, the

uorescent Hoechst dye No. 33342 (Sigma) was used
n Zamboni-fixed whole mounts.
Sections. Specimens were fixed in Bouin’s fluid for

araffin sectioning. Four specimens were serially sec-
ioned from the proboscis through the collar to the
nterior part of the trunk. The sections were stained
ith eriochrome cyanin.
Pieces of tissue were fixed in 2.5% glutaraldehyde in

.2 M Millonig’s phosphate buffer at pH 7.4 for 1.5 h.
hey were postfixed in 1% osmium tetroxide in 0.2 M
illonig’s buffer for 1 h, dehydrated through a graded

eries of ethanol solutions followed by propylene
xide, and embedded in Epon 812. Thick (ca. 1.0 µm)
ections were cut with glass knives and stained with
ichardson’s stain for light microscopy. Thin sections,
tained in uranyl acetate and lead citrate, were exam-
ned with a Hitachi H-7000 transmission electron

icroscope.
Extraction of peptides. Approximately 1200 S. bro-
ophenolosus were collected in 1994 from intertidal

ediments of Willapa Bay West, Washington, and
ransported in sediment and sea water to aquaria at
he University of Victoria. The probosces and collars
73.2 g) were dissected, immediately frozen on dry ice,
nd stored at 280°C. Frozen tissue was powdered with
iquid nitrogen in a Waring Blendor. The powdered

aterial was treated as described by Sherwood et al.
1986). Briefly, the material was added to 1 N HCl/
cetone (3/100 v/v), stirred for 3 h, and filtered
hrough a No. 1 Whatman filter. The solids were
esuspended in 0.01 N HCl/acetone (1/5 v/v) and
tirred for 3 min. Acetone, lipids, and other hydropho-
ic substances were removed by five successive addi-
ions of petroleum ether (20%, v/v). The final aqueous
hase (800 ml) was evaporated in a vacuum centrifuge

o approximately 200 ml. An additional 3000 speci-

ens of the same species were collected at the same n

opyright r 1999 by Academic Press
ll rights of reproduction in any form reserved.
ocation in 1995. The acorn worms (575 g) were frozen
hole in liquid nitrogen at Willapa Bay and then taken

o the University of Victoria.
Sep-Pak HPLC. Ten Sep-Pak C18 cartridges (Wa-

ers) were connected in series and washed with 6 ml of
ethanol followed by 6 ml of Milli-Q water. The

queous extract from the tissue sample was pumped
hrough the cartridge column using a peristaltic pump
t a flow rate of 1.5 ml/min. The material remaining on
he column was eluted after the cartridge column was
onnected to a Beckman Model 125 HPLC apparatus.
nitial conditions of solvent flow in the column were
5% solution A (0.05% trifluoroacetic acid (TFA) in
ater) and 5% solution B (0.05% TFA in 80% acetoni-

rile and 20% water) at a flow rate of 1 ml/min. A
radient that increased at a rate of 1% solution B per
inute was applied to the cartridge column for 60 min.

ractions of 1 ml were collected for 60 min and assayed
or GnRH-like immunoreactivity. Specimens collected
n both years were extracted by the same method.

Purification of GnRH. Procedural steps for the
urification of a GnRH-like peptide included three
uccessive HPLC stages after Sep-Pak HPLC. A new
18 Supelco column connected to a Beckman 125/166
PLC and detector was used. Solvents and ion-pairing

gents for the HPLC steps are listed in Table 1. The last
tep of the purification was done with a phenyl
olumn (Vydac) to determine if more than one GnRH-
ike peptide could be separated. Aliquots of 100 µl

ere used to determine the amount of immunoreac-
ive GnRH (irGnRH) in each fraction collected. Frac-
ions that contained irGnRH were selected for further
urification in successive steps.

ABLE 1

teps in the HPLC Purification of GnRH from
accoglossus bromophenolosus

PLC
step

Column
type Solvent A Solvent B

1 Sep-Pak 0.05% TFA 0.05% TFA in 80% ACN/20% H2O
2 C18 1.2 mM TEAF ACN
3 C18 0.05% TFA 0.05% TFA in 80% ACN/20% H2O
4 Phenyl 0.05% TFA 0.05% TFA in 80% ACN/20% H2O

Note. Solvent and column types are listed for each successive step.
mmunoreactive areas identified by radioimmunoassay were re-
uced in volume, combined, and applied to the next step of
urification. Abbreviations: ACN, acetonitrile; TEAF, triethylammo-

ium formate; TFA, trifluoroacetic acid.
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Gonadotropin-Releasing Hormone in Mulberry Cells 5
In most GnRH purification schemes, some of the
mmunoreactive GnRH elutes early (fractions 1–10)

ithout interacting with the column. This occurred
lso in the Saccoglossus GnRH purification. With the
xtract prepared in 1995 several methods were de-
igned to improve the yield of GnRH. To disrupt any
eak protein binding to carrier molecules and allow

tronger interaction (retention) with the C-18 column,
ooled fractions of early-eluting material were treated
ith a 6 M guanidine–HCL solution prior to column

oading. This treatment did not alter the elution posi-
ion. A stronger ion-pairing agent, 0.05% heptafluoro-
utyric acid (HFBA), was then used in the HPLC
rogram and similar results were obtained. Finally, a
olyhydroxyethyl aspartamide column (200 3 4.6 mm,
olyLC, Inc., Columbia, MD) was tested for use in
urification of the early-eluting fractions using hydro-
hilic interaction chromatography (HILIC). HPLC frac-

ions 1–10 were vacuum dried to 0.5 ml and then
iluted with a 20% methanol/80% acetonitrile solution

o a final volume of 3 ml. Five consecutive 600-µl
olumes were injected into the column (at 2-min

ntervals) and eluted using the following elution pro-
le: 100% B for 10 min (A, 0.05% TFA; B, 0.05 TFA/90%
cetonitrile), 85.5% B for 10 min, and then 85.5 to 54%
uring a 40-min period.
Radioimmunoassay (RIA). Two identical RIA
ethods were used except that the labeled trace was
ammalian GnRH in one method and lamprey GnRH-I

n the other method. Iodination methods were identi-
al for both GnRH peptides. Antisera GF-4, BLA-5, and
-42 were used in the mammalian GnRH method and
ntisera 36–52 and 7CR-10 were used in the lamprey
nRH-I method. The standard was mammalian GnRH

or the first three antisera, lamprey GnRH-I for the
6-52 antiserum and chicken GnRH-II for the 7CR-10
ntiserum. An aliquot of each HPLC fraction was
ssayed for irGnRH by standard RIA (Sherwood et al.,
983, 1986).
The cross-reactivity of GF-4, BLA-5, and R-42 have

een previously reported (Kelsall et al., 1990; Sher-
ood et al., 1991). Antiserum GF-4 (raised against

almon GnRH) was used in a dilution of 1:25,000,
esulting in 22–32% binding of 125I-mammalian GnRH.
ntiserum BLA-5 (raised against lamprey GnRH-I)
as used in a dilution of 1:10,000, resulting in 9–17%

125
inding of I-mammalian GnRH. Antiserum R-42 r
raised against mammalian GnRH) was used in a
ilution of 1:50,000, resulting in 10% binding of 125I-

abeled mammalian GnRH. All of the known GnRH
orms are recognized by at least one of these antisera.
imits of detection (B/Bo 5 80%) for each assay aver-
ged 10.4 pg for GF-4 and 47.6 pg for BLA-5.
Antiserum 36-52, raised against lamprey GnRH-III,
as a gift from Dr. Stacia Sower (University of New
ampshire). Antiserum 36-52 was used in a dilution of

:25,000 and resulted in 42% binding of 125I-labeled
amprey GnRH-I. The limit of detection was 33 pg. The
ross-reactivity of 36-52 was 100% for lamprey GnRH-
II. Antiserum 7CR-10 (raised against dogfish (df)
nRH) was used in a dilution of 1:37,500 resulting in

2% binding of 125I-labeled lamprey GnRH-I. The limit
f detection was 22 pg. The cross-reactivity of 7CR-10

s 100% for cGnRH-II, 25% for dfGnRH, 6% for lam-
rey GnRH-I, and less than 0.03% for other known

orms of GnRH.

ESULTS

Mulberry cells in Saccoglossus: Structure and immu-
olabelling. As noted above, these cells have been
escribed by several previous workers and are readily

dentified by their prominent granular contents, long
asal processes, and lack of cilia. The apical end of the
ell forms part of the epithelial surface, while the basal
rocess runs down into the mass of nerve fibers lying
ver the basal lamina. The nucleus lies just below the
ass of granules in the part of the cell that tapers

own to form the basal process. In paraffin sections
nd in thick Epon sections after staining with basic
yes the granules are strongly basiphilic. They are
lectron dense under the electron microscope after
smium staining. In both species examined, the gran-
les label strongly with anti-GnRH antisera (Figs 1A
nd 1B). No labeling was observed in the basal pro-
esses. No GnRH-like immunofluorescence was de-
ected in control preparations.

Seen by electron microscopy fully differentiated
ulberry cells could be followed from their apical

oles down to their narrow basal processes in the
erve fiber layer (Fig. 1D) close to the basal lamina. At

he apical pole, granules appear to be undergoing

elease to the exterior (Fig. 1C). There were typically

Copyright r 1999 by Academic Press
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6 Cameron et al.
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A

bout 30–45 granules per cell, the granules showing a
ean diameter of 970 6 280 nm (n 5 62). These
easurements are in agreement with measurements
ade on the granules in immunolabeled whole mounts.

he narrow basal processes extending into the fibrous
ayer mingle with the processes of neurons and neuro-
ensory cells and cannot readily be distinguished from
he latter in terms of either size of cytoplasmic con-
ents. The processes lying in the fiber layer contain
umerous microtubules and mitochondria. Small clear

IG. 1. Mulberry cells in Saccoglossus shown by immunofluoresc
mmunoreactivity in mulberry cells scattered through the posterior c
ells extending from the dorsal collar nerve cord. (C) Apical portion o
lectron micrograph showing granules (g), nucleus (n), and the t
arrowheads).
esicles and various sizes of dense-cored vesicles are p

opyright r 1999 by Academic Press
ll rights of reproduction in any form reserved.
een in many processes (Fig. 1D). It has not been
ossible to trace the basal processes of mulberry cells

ar enough in the fibrous layer for their lengths to be
stimated and it is not known if they make synaptic
nterconnections with other processes.

Mulberry cell distribution in Saccoglossus. Ob-
erved in immunolabeled whole mounts, mulberry
ells were found widely distributed through the body
all ectoderm in the proboscis, collar, and anterior
art of the trunk (Fig. 2). In the proboscis they were

A,B) and transmission electron microscopy (C,D). (A) GnRH-like
pithelium, dorsal to the collar nerve cord. (B) Higher magnification,
lberry cell in the mid-collar region, with granules. (D) Transmission

g base of the mulberry cell running down into nerve fiber layer
ence (
ollar e
f a mu

aperin
articularly abundant ventrally to the neural keel in
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Gonadotropin-Releasing Hormone in Mulberry Cells 7
he proboscis neck and adjacent to the proboscis pore.
n the collar, they were abundant in the anterior
ollarette epithelium and in the anterior part of the
ollar nerve cord, but they were rarely observed in the

IG. 2. The distribution of GnRH-immunoreactive mulberry cells
roboscis epithelia with incresing density in the region of the gill po
ulberry cell around the collarette, and with the trunk segment cut m
ollar (C), collarette (ct), gill slit (gs), primary gill bar (pb), proboscis(...... ).
nternalized part of the collar cord. Where the cord w
urfaces again at the back of the collar, mulberry cells
ere again found. In the trunk, mulberry cells were

een as lines of cells following the gill slit primary and
ongue bars. Mulberry cells were not observed else-

ccoglossus. (A) Dorsal view showing mulberry cells in the general
arette, and overlaying the dorsal collar cord. (B) Ventral view of the
ntrally to show the distribution in the gill bar epithelia. Not to scale.
oboscis pore (pp), tongue gill bar (tb), trunk (T), mulberry cell
in Sa
re, coll

id-ve
(P), pr
here in the trunk. In all regions where they were

Copyright r 1999 by Academic Press
All rights of reproduction in any form reserved.



o
n
n

c
s
T
s
c
R

fi
w
f
n
d
s
f
f
a
e
i
g
d
o
m
f

p
l
i
(
t
G
i
7
i
i
s

D

d
i
l

t
d
p
G
O
(
a
o
f
t

H
i
G
P
G
t
H
d
a
r
t
o

s
i
a
fi
d
o
p
i
p
m
t
U
a

s
t
f
n
t
t
w
s

8 Cameron et al.

C
A

bserved, the mulberry cells were associated with
ervous tissue and sent their basal processes into the
erve fiber layer.
Mulberry cells in other hemichordates. Mulberry

ells were located in Ptychodera behamensis using anti-
era against tunicate-1 GnRH and mammalian GnRH.
he cells showed a distribution similar to that de-
cribed above for Saccoglossus. No immunoreactive
ells were found in the pterobranchs Cephalodiscus and
habdopleura using these antisera.
Characterization of Saccoglossus GnRH. Of the

ve antisera used in RIA, antiserum 36-52 combined
ith 125I-labeled lamprey GnRH-I detected irGnRH

rom a C-18 column in HPLC eluates from S. bromophe-
olosus extract. In contrast, as noted above, GF-4
etected irGnRH in whole mounts of both species
tudied. A total of 2.7 ng irGnRH was detected in
ractions 33–40 of Sep-Pak HPLC (Fig. 3A). These
ractions were combined, reduced in volume, and
pplied to the isocratic-TEAF HPLC method where
luates in fractions 19–25 contained a total of 3.3 ng
rGnRH (Fig. 3B). In further purification using the
radient TFA method a total of 0.3 ng of irGnRH was
etected in fractions 22–24 (Fig. 3C). After application
f these fractions to the phenyl column with TFA in the
obile phase, 0.3 ng of irGnRH was detected in

ractions 22 and 23 (Fig. 3D).
Elution of the irGNRH material from the hydro-

hilic column resulted in several small peaks. GnRH-
ike material was detected using anti-lamprey (36–52)
n HILIC fractions 4 (0.4 ng), 25, 31–32 (0.64 ng), and 44
0.31 ng). Antiserum R-42 also detected immunoreac-
ive GnRH in fractions 25, 31–32, and 44. Tunicate
nRH-I antiserum detected GnRH immunoreactivity

n fractions 8, 24, 32, and 48, whereas antiserum
CR-10 detected irGnRH only in fraction 44. The
mmunoreactive material was purified further, but
nsufficient material was available for determination of
equence or mass.

ISCUSSION

A close phylogenetic relationship between hemichor-
ates and chordates, first suggested by Bateson (1885),

s now widely accepted. Some evidence from molecu-

ar biology (Holland et al., 1991) supports the idea of c

opyright r 1999 by Academic Press
ll rights of reproduction in any form reserved.
he hemichordates as an early offshoot from the chor-
ate line of evolution. The finding of GnRH in entero-
neusts provides further support for this view as
nRH is prototypically a chordate line hormone.
ther studies link the group with the echinoderms

Wada and Satoh, 1994; Turbeville et al., 1994; Hal-
nych, 1995). It now becomes highly desirable to
btain the amino acid sequence for saccoglossan GnRH
or the evidence it may provide regarding early evolu-
ion of this important molecule in the chordate lineage.

The characterization of this irGnRH-like peptide by
PLC-RIA is not unlike the HPLC elution pattern seen

n the purification of other vertebrate and invertebrate
nRH peptides by this method (Sherwood et al., 1986;
owell et al., 1996). Indeed, the presence of at least one
nRH peptide is supported by the repeated applica-

ion, elution, and detection of irGnRH from a new C18
PLC column in repeated HPLC procedures. The
etection of GnRH-like immunoreactivity with several
ntisera following hydrophilic interactive chromatog-
aphy strengthens the hypothesis that GnRH-like ma-
erial exists in Saccoglossus and suggests that more than
ne form of GnRH may exist.
Furthermore, this study parallels the work by Kel-

all and co-workers (1990) who detected irGnRH by
mmunohistochemistry and in HPLC eluates of the
scidian C. productum. This material was later identi-
ed by primary structure (Powell et al., 1996). The
etection of only one form of irGnRH in HPLC eluates
f Saccoglossus suggests either that additional GnRH
eptides were not detected by the antisera or that there

s only one form of GnRH in hemichordates. The
resence of two distinct GnRH peptides in Chelyosoma
ay mean that a gene duplication occurred in ances-

ral tunicates after they separated from hemichordates.
ntil Saccoglossus GnRH is sequenced, such evolution-

ry questions cannot be answered.
In vertebrates and ascidians, GnRH is typically a

ecretion product of neurons. Thus, it is not surprising
o find that in Saccoglossus and Ptychodera irGnRH is
ound only in the mulberry cells, which are probably
eurons. The anatomy of the mulberry cell is sugges-

ive of a neurosecretory cell that releases its contents to
he exterior. If so, the peptide would presumably mix

ith the mucus covering the skin or diffuse into the
urrounding sea water. In vertebrates and ascidians by

ontrast the cytological evidence is entirely consistent
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IG. 3. HPLC analysis of immunoreactive GnRH from S. bromophenolosus extract. (A) irGnRH in eluates from a Sep-Pak column with TFA in the
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C
A

ith a purely endocrine role and there is no reason to
uppose that GnRH is liberated to the exterior. The
asal neurites of the mulberry cells show little if any

rGnRH, which suggests that the peptide is not used as a
ransmitter or modulator at synapses in the fiber layer and
s not released internally as a hormone. On the basis of
resent evidence we therefore propose an exocrine (possi-
ly pheromonal) role for saccoglossan GnRH.
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