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Summary. Sections of isolated X-organ - sinus gland 
neurosecretory systems of the crab, Cardisoma carnifex,  
were studied by light- and electron microscopy with con- 
ventional and autoradiographic procedures. The somata 
only were exposed to a pulse of 3H-leucine (5 rain 5 h) 
and the entire system perfused with chase medium for 
various times (1 72 h) before fixation. Within 1 h, radio- 
label is concentrated in Golgi complexes and nascent 
granules of both large and small somata. Label is unde- 
tectable in the terminal region following a 10 h chase. 
It is found in the nerve tract near terminals at 14 h, 
while after a 19 h chase, label is concentrated in terminal 
profiles abutting blood sinuses of the neurohemal organ 
(sinus gland). Following a 72 h chase, label is distributed 
throughout the terminal region. Each of the six morpho- 
logically distinguishable terminal types shows labelling. 
These observations show that the vast majority of newly 
formed granules are initially transported to release sites 
of the perisinus terminals. They thus provide an explana- 
tion for previous analyses indicating that newly synthe- 
sized peptides are preferentially secreted. 

Key words: Neurosecretion - Crustacea- Axonal trans- 
port Neurohemal organ - Peptidergic neurons - Cardi- 
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Knowledge of the rate and route by which neuropeptide- 
containing secretory granules reach sites of release or 
storage has recently taken on new importance. The 
"message" resulting from secretion by a peptidergic 
neuron has been shown in several systems to be con- 
veyed by a mixture of peptides representing the post- 
translationally processed fragments of a preprohor- 
mone, each of which may have a distinct target and 
a different effect (reviews: Newcomb et al. 1988; Sossin 
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et al. 1989). Because processing proceeds within granules 
at rates that may be similar to or longer than the life- 
time of the granules, it rarely goes to completion. Thus 
granules contain a complex mixture of the prohormone 
and its partially proteolyzed and modified derivatives 
that varies with the age of the granules. It has been 
shown that the peptide mixture in nerve terminals indeed 
varies with secretory demand (Newcomb and Nordmann 
1987). 

While the generality of the slow, often incomplete 
post-translational processing of peptides has been quite 
broadly established (Sossin et al. 1989), there is very lim- 
ited information on rates and routes of granule move- 
ment through the often complex anatomical structures 
of neurohemal organs, nor has the question of non-ter- 
minal sites of secretion been closely examined in prepa- 
rations other than the neurohypophysis. In the neurohy- 
pophysis, newly-synthesized neuropeptides are preferen- 
tially released (Sachs and Haller 1968). An explanation 
that has been often evoked is that newly-synthesized ma- 
terial is first transported to sites of release, identified 
as endings of axons against blood capillaries ("end- 
ings"), as suggested by autoradiographic studies (Kent 
and Williams 1974; Heap et al. 1975). The interpretation 
of these observations has recently been under reevalua- 
tion (Chapman et al. 1982; Nordmann 1985). Observa- 
tions from two groups suggest that release occurs from 
pretcrminal axons and swellings, as well as endings in 
the neurohypophysis (Morris et al. 1988; Nordmann and 
Dayanithi 1988). Further, biochemical differences be- 
tween old and new granules have been demonstrated 
in the neurohypophysis (Nordmann and Cazalis 1986) 
that could provide an alternative to spatial arguments 
in explaining selective release of the contents of newer 
granules. 

In this study we present autoradiographic observa- 
tions on peptide-secretory granule formation and trans- 
port in a crustacean neurosecretory system that can be 
isolated, intact, from the eyestalk of crabs, the X-organ 
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sinus g land  (XOSG) .  Extens ive  s tudies  o f  the  X O S G  
( C o o k e  and  Sul l ivan 1982) have  shown tha t  it  shares  
the essent ia l  ana tomica l ,  phys io log ica l  and  b iosyn the t i c  
features  o f  o the r  pep t ide rg ic  secre tory  systems,  inc lud ing  
those  o f  ve r tebra tes  (Stuenkel  and  C o o k e  1988; New-  
comb  et al. 1988) and  is therefore  a re levan t  genera l  
mode l  for  s tudy.  Biosynthe t ic  and  b iochemica l  s tudies 
have shown tha t  a t  least  90% of  the pep t ide  con ten t  
o f  the  n e u r o h e m a l  o rgan  (sinus g land)  is der ived  by  p ro -  
cessing f rom a single p recu r so r  (Stuenkel  1983, 1986; 
N e w c o m b  1987) or  a closely re la ted  fami ly  o f  p recursors  
( W i e d e m a n n  et al. 1989). F u r t h e r m o r e  a c o m p a r i s o n  o f  
the relat ive a b u n d a n c e  o f  b iosyn the t i ca l ly  rad io labe l led ,  
p rocessed  pep t ides  re leased by  a secre tory  s t imulus  wi th  
the mix ture  s to red  in the  sinus g land  is cons is ten t  wi th  
the preferen t ia l  release o f  newly-synthes ized  pept ides  
(Stuenkel  1983; N e w c o m b  et al. 1985). 

We have  examined  the rou te  t aken  by  pep t ide -con-  
ta in ing  granules  by  use o f  the i so la ted ,  in tac t  neurosecre-  
tory  sys tem m o u n t e d  in a c h a m b e r  tha t  ho lds  the s o m a t a  
( " X - o r g a n " )  and  the axon  te rmina l s  tha t  fo rm a com-  
pac t  n e u r o h e m a l  o rgan  (the " s inus  g l a n d " )  in separa te  
c o m p a r t m e n t s  wi th  the axon  t rac t  pass ing  t h r o u g h  a 
sealed ba r r i e r  between them. Thus  exposure  o f  the p rep-  
a r a t i on  to a r ad io labe l l ed  a m i n o  ac id  p r ecu r so r  (3H- 
leucine) can be res t r ic ted  to the  somata ,  ensur ing  tha t  
r ad io l abe l  a p p e a r i n g  in the axon  te rmina ls  has  been 
t r a n s p o r t e d  there.  Ana lys i s  by  l ight- and  e lec t ron  micro-  
scopic  a u t o r a d i o g r a p h y  o f  X O S G  systems fo l lowing  var -  
ious regimes o f  pulse-chase  rad io labe l l ing  p rov ides  clear  
evidence for  the  m e c h a n i s m  under ly ing  the preferen t ia l  
release o f  newly  synthes ized pep t ides  in this p r e p a r a t i o n :  
t r a n s p o r t  o f  r ad io labe l l ed  ma te r i a l  is d i rec ted  to  termi-  
nals  abu t t i ng  h e m o l y m p h  spaces,  the a p p a r e n t  release 
sites; days  la ter  the r ad io labe l l ed  ma te r i a l  is found  even- 
ly d i s t r ibu ted  t h r o u g h o u t  the n e u r o h e m a l  organ .  

Materials and methods 

Preparation and radiolabelling. The experiments were performed 
on isolated, complete X-organ - sinus gland neurosecretory systems 
dissected from the eyestalks of the tropical semi-terrestrial crab, 
Cardisoma earnifex. The preparation, radiolabelling procedures 
and the pulse/chase chambers were the same as described previous- 
ly (Stuenkel 1983, 1985, 1986). Briefly, the preparations were 
pinned with cactus spines in chambers formed in Sylgard divided 
by glass coverslips to leave a gap of about 0.5 mm through which 
the nerve tract passed. The gap was sealed with a Vaseline-paraffin 
mixture so that no fluid passed between the compartments. The 
viability of the preparations, as well as the adequacy of the seal, 
was checked by monitoring spontaneous impulses of the nerve tract 
across the recording resistance formed by the seal. 

For all radiolabelling, except for pulses of 5 rain or less, only 
the somata were exposed to the radiolabel. The region of axon 
terminals was superfused continuously during both the pulse and 
chase periods with nutrient-supplemented medium containing unla- 
belled leucine to avoid uptake of radiolabel which might have 
leaked into the terminal chamber and to reduce non-specific back- 
ground binding. The cell somata were likewise superfused with 
nutrient-supplemented medium during the chase period. 

The physiological saline consisted of (mM): 440 NaC1; 11.3 
KC1; 13.3 CaCI2; 26.3 MgCI2; 23 NazSO4; 4 HEPES, adjusted 
to pH 7.2. Pulse medium additionally contained 4 mg/ml D-glucose 

and 20 gM 3H-leucine (120 160 Ci/mM), except that in the 5 rain 
pulse experiments the label was reduced by 10- or 100-fold. Chase 
medium consisted of physiological saline with the addition of 2 mg/ 
ml D-glucose and 10% (in physiological saline) Medium 199 (Gib- 
co). For chase periods longer than 3 h, both penicillin (100 U/ml) 
and streptomycin (100 gg/ml) were added to the chase medium. 

Fixation and autoradiography. At the end of the desired pulse/chase 
regime, the viability of the preparation was checked by recording 
spontaneous activity in the nerve tract as it passed through the 
chamber division. The preparations were then removed and pinned 
to a sliver of Sylgard and fixed for 3 h in a solution of 4% glutaral- 
dehyde, 0.1 M phosphate buffer and 0.35 M sucrose. They were 
then washed in 0.1 M phosphate buffer containing 0.45 M sucrose; 
post-fixed in 1% osmium tetroxide in 0.1 M phosphate buffer; 
dehydrated by passing through a series of concentrations of ethanol 
and then propylene oxide; then embedded in Ladd LX112 resin. 

For light-microscopic autoradiography, thick sections (1.5 gin) 
were mounted on cleaned glass slides. Slides were dipped in a 50% 
solution of Ilford L-4 emulsion and exposed for 7 days at 4 ~ C. 
The slides were developed in Kodak D-19 developer for 8 min, 
rinsed in distilled water, fixed in Kodak Rapid Fixer for 8 min 
and washed in 5 changes of distilled water over a period of 5 min. 
Thick sections were stained with Azure II - Methylene Blue for 
30 60 sec. 

For electronmicroscopic autoradiography, thin sections (0.7- 
0.8 gm) were cut, picked up with a platinum loop, floated onto 
drops of distilled water on coated glass slides (0.8% collodion) 
and dried down. Slides were dipped in 20% Ilford L-4 emulsion, 
and exposed in a light-tight box at 4 ~ C for 14 days. Slides were 
developed in Kodak D-19 developer for 2 min, rinsed in distilled 
water (30 sec), fixed in Kodak Rapid Fixer for 4 min and washed 
in 2 changes of distilled water over a period of 3 min. Collodion 
membranes with the exposed sections on them were floated off 
the slides into distilled water and 200-mesh nickel grids were placed 
over the sections. After the grids had dried (at least 1 h), the sec- 
tions were stained in 8% aqueous uranyl acetate for 15 min and 
post-stained in Reynold's lead citrate for 10 min. Sections were 
examined and photographed by use of a Philips 300 electron micro- 
scope. A total of 18 radiolabelled preparations were examined by 
autoradiography for this study. 

Results 

Anatomy of the X-organ - sinus gland system favoring 
autoradiographic studies. The  abi l i ty  to isola te  the ent ire  
neu rosec re to ry  sys tem by dissect ion,  the discreteness  o f  
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Fig. 1 A-E. Light micrographs showing anatomy of X-organ - si- 
nus gland neurosecretory system of crab (Cardisoma carnifex) eye- 
stalk. A Photomontage of section through a system isolated by 
dissection as for all experiments. Note somata (X-organ), portion 
of sinus gland nerve tract (nt), and heavily staining terminal dilata- 
tions surrounding a complex of hemolymph sinuses (s) that consti- 
tute the neurohemal organ (Sinus Gland). B Section of sinus gland 
showing small size-class of terminal dilatations surrounding sinus 
(s) and larger profiles further from sinuses. Individual terminals 
show variation in staining with azure II-methylene blue stain (see 
Fig. 3 A). C Autoradiograph of section of sinus gland from a radio- 
labelled preparation (aH-leucine, 5 h pulse to somata only/19 h 
chase). Note aggregation of exposed grains around sinuses (see 
Fig. 3 C). C Section through X-organ showing large and small so- 
mata lacking dendritic processes. E Section through X-organ of 
radiolabelled preparation (5 min pulse/l h chase). Note clumping 
of grains in cytoplasm (see Fig. 2A, B). Scale in E same as in 
B, C and D 
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the group of somata, the aggregation of the axonal stor- 
age and secretory terminals in a compact neurohemal 
organ, and especially the separation of somata and ter- 
minals by a length (about 1-2 mm) of axon tract provide 
the possibility of well-defined autoradiographic tracking 
of the newly synthesized peptides because the application 
of radioactive precursor amino acid can be restricted 
to the somata. Figure 1 A shows a photomontage of a 
longitudinal section through an isolated XOSG system, 
stained histologically, but not radiolabelled. In Fig. 1 B 
and C, sections through the sinus gland show the cluster- 
ing of swollen axon-terminal dilatations around a com- 
plex of blood (hemolymph) sinuses. Other studies (Na- 
gano 1985, 1986; M. Nagano and I. Cooke, unpub- 
lished) have shown that individual axons form a widely 
branching arborization with complex swellings and nar- 
rowings within the sinus gland. In Fig. 1 B and C it may 
be noted that the terminals immediately surrounding sin- 
uses form a smaller size-class than those further from 
the sinuses. The differences in staining intensity may re- 
flect differences in the nature, state of processing or 
amount of material stored in the dilatations. In Fig. 1 C, 
the preparation had received a 5 h pulse of 3H-leucine 
applied to the somata, followed by a 19 h chase before 
fixation. Note that the small-sized processes immediately 
surrounding blood sinuses are particularly heavily la- 
belled. Figure 1 D shows a section through the cluster 
of somata from a non-radiolabelled preparation, and 
Fig. 1 E, one from a lightly labelled preparation (5 min 
pulse, 1 h chase). Both large and small neuronal somata 
show labelling. In the large somata, the labelling is dis- 
tinctly clumped within the cytoplasm. 

Somatic incorporation of 3 H-leucine and axonal transport 
ofradiolabel in granules. EM autoradiography of somata 
after brief pulse/chase protocols (Fig. 2A, B) shows that 
the punctate appearance of the label in light micrographs 
such as Fig. 1 E is the result of the concentration of label 
at Golgi complexes where it is associated with formed 
or forming granules. The rapid and highly preferential 
localization of label at Golgi complexes suggest that the 
predominant synthetic activity of these neurons is the 
production of peptide-containing granules. 

While we have not given attention to the axon tract, 
sections that include the transition of axons into termi- 
nal dilatations, such as Fig. 2C, show arrays of parallel 
microtubules with end-to-end rows of granules among 
and aligned with them. In these transition regions, mi- 
crotubule arrays are surrounded by densely packed 
masses of granules. Radiolabel is preferentially found 
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Fig. 2A-C. Electron-microscopic autoradiographs showing local- 
ization of radiolabel in somata and axons. A Cytoplasm of large 
soma showing labelling of abundant rough endoplasmic reticulum 
and particularly heavy labelling over formed or forming granules 
at Gotgi complexes (arrows); 5 rain pulse/1 h chase (see Fig. 1E). 
B Higher magnification of radiolabelled Golgi complex (as in A). 
C Section at zone of transition of axons to terminal dilatations. 
Rows of granules, some radiolabetled, are aligned with central ar- 
ray of microtubules; radiolabel is associated with granules periph- 
eral to the microtubule bundle as well (20 min pulse/72 h chase) 

over granules that are within or close to microtubule 
arrays in material fixed after a 19 h chase. 

Time-course of appearance and movement of radiolabel 
in the terminals. Sections of the neurohemal organ were 
examined by light-microscopic autoradiography from a 
series of preparations given a 20 min pulse of radiola- 
belled leucine and fixed following various chase times 
(Fig. 3). Very little radiolabelling was observable in the 
terminal region at 10 h (Fig. 3A) or 14 h (Fig. 3B) after 
exposure to the label. The section shown in Fig. 3 B in- 
cludes a portion of the axon tract near the terminal re- 
gion in which a dense pulse of radiolabel is evident. 
In sections of the sinus gland fixed after a 19 h chase, 
there was a large increase of radiolabel relative to that 
seen at earlier times. These observations indicate a rate 
of axonal transport of 0.1 0.2 mm/h. 

After a 19 h chase the label was most dense in the 
band of small terminal profiles that surround blood sin- 
uses. This very clear zonation of the label near blood 
sinuses was observed in all six of the preparations fixed 
following a 19 h chase. 

Sections from material that received a 72 h chase peri- 
od show label seemingly evenly distributed throughout 
the terminal dilatations of the sinus gland. The differ- 
ences in the distribution of the radiolabel in preparations 
fixed 19 h as compared with 72 h after a pulse of 3H- 
leucine are more easily appreciated in unstained sections, 
as illustrated in Fig. 4. 

Presence of label in terminals of different molThoIogical 
types. EM autoradiography of sections of the sinus gland 
establish that the radiolabelling is predominantly asso- 
ciated with granules enclosed in terminal profiles. In 
Fig. 5 (top), the clustering of label near the blood sinus 
is again evident. Label is sparse in areas near the sinus 
lacking granules, possibly representing terminals de- 
pleted of granules (Weatherby and Haylett 1985) or pro- 
cesses of glial cells. 

Previous EM studies of the sinus gland of this species 
(Weatherby 1981; Weatherby and Haylett 1985) have 
described 6 morphologically distinguishable types of ter- 
minals. The 3H-leucine radiolabel is observable over all 
of these types (Fig. 5, bottom). 

Discussion 

The autoradiographic observations on sections of the 
crab X-organ - sinus gland system obtained in this study 
provide clear visual evidence for the rapid (within 1 h) 
selective routing of the labelling leucine in the somata 
(X-organ) to Golgi complexes, the axonal transport of 
radiolabel in granules to reach the neurohemal organ 
(sinus gland) within a day, and its initial direction to 
and deposition in the granule-filled terminal processes 
bordering blood sinuses which are sites of secretion. 
The autoradiographs provide a mechanistic explanation 
for the preferential secretion of newly synthesized 
products, as observed in a separate study (Stuenkel 
1983; Newcomb et al. 1985) of Cardisoma preparations 



Fig. 3A-D.  Light-microscopic autoradiographs showing distribu- 
tion of transported radiolabelled material in sinus gland with differ- 
ent chase times (20 rain pulse). A 10 h chase: almost no exposed 
grains are present. B 14 h chase: terminal dilatations with almost 
no labelling; portion of nerve tract intensely labelled. C 19 h chase: 

label present throughout  sinus gland, but concentrated near sinuses 
(s); see also Figs. 1 C, 4 top. D 72 h chase: label uniformly distrib- 
uted throughout  sinus gland; see Fig. 4 bottom. Scale in D applies 
to all 
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Fig. 4A, B. Light-microscopic autoradiographs of unstained sec- 
tions of sinus gland. A 20 min pulse/19 h chase: exposed grains 
concentrated near sinuses (s); see Figs. 1 C, 3 C. B 20 min pulse/72 h 
chase: exposed grains more uniformly distributed over sinus gland; 
almost absent over surrounding tissue; see Fig. 3 D 

biosynthetically radiolabelled with a 5 h pulse/19 h chase 
in the same way as those studied here. While the initial 
delivery of granules appears to be to release sites, after 
3 days the radiolabelled material is almost uniformly 
distributed throughout the granule-filled terminal dilata- 
tions of the sinus gland. 

The two size-classes of terminal dilatations observed 
in sections of the sinus gland, with small terminals pal- 
isaded against blood sinuses and larger dilatations more 
distant from the sinuses, suggest their analogy with the 
endings and swellings of the neurohypophysis (Heap 
et al. 1975). Serial EM sectioning showed that the small 
perisinus profiles are finger-like extensions to the blood 
sinus from the larger, preterminal swellings (Weatherby 
1981). In studies of the sinus gland of Cardisoma under 
normal (Weatherby 1981) or potassium-stimulated con- 
ditions (Weatherby and Haylett 1985), as well as in stu- 
dies of other crustacean species under a variety of condi- 
tions (Bunt and Ashby 1968; Shivers 1976; Nordmann 
and Morris 1980), omega figures suggestive of exocytotic 
events have been observed only where terminal mem- 
brane abuts a hemolymph sinus. Such evidence indicates 

that areas of contact between terminal membranes and 
sinuses are the predominant sites of secretion. It is at 
these sites that radiolabelled material is most concentrat- 
ed after a 19 h chase. The paucity of labelling at the 
same time, in the larger structures through which the 
labelled granules must pass to reach perisinus sites, 
argues for their directed transport, perhaps attached to 
microtubules. 

The observations from the crab neurosecretory sys- 
tem are entirely consistent with the earlier observations 
on the neurohypophysis and the interpretation that the 
initial delivery of the newly-transported granules to ter- 
minals abutting blood capillaries (Heap et al. 1975) ac- 
counts for the preferential release of newly-synthesized 
peptides (Sachs and Haller 1968). The functional cate- 
gorization of endings as sites of release and swellings 
as storage depots is in question as a result of more recent 
work. After tannic acid fixation (Buma et al. 1984), exo- 
cytotic profiles were seen associated with swellings and 
undilated axons, as well as endings (Buma and Nieuwen- 
buys 1987; Morris et al. 1988), suggesting that release 
may not be restricted to endings near capillaries. Both 
in situ (Morris et al. 1988) and in preparations of iso- 
lated swellings and endings (Nordmann and Dayanithi 
1988), release of vasopressin was correlated with images 
suggesting that exocytotic events occur at similar fre- 
quencies, if calculated in relation to the available mem- 
brane area, in swellings and endings. However, the fail- 
ure to detect non-terminal exocytoses except by means 
of tannic acid fixation would seem to dictate caution 
in concluding that non-terminal release contributes sig- 
nificantly to physiological secretory responses. Whether 
or not release occurs from swellings as well as endings, 
the smaller volume and larger surface of endings would 
predict a more rapid turnover of material in them and 
opportunistic "parking" of granules in available space 
could account for the autoradiographic observations 
without requiring that granules remain fixed to a trans- 
porter out to the endings (Morris et al. 1988). Biochemi- 
cal changes with aging of granules (Nordmann and Ca- 
zalis 1986) that reduce their probability of release could 
provide an alternative or additional mechanism for the 
preferential secretion of the most recently synthesized 
material. Reconciliation of the new with the earlier ob- 
servations on the neurohypophysis is incomplete. 

Evidence for the directed transport of vesicles to sites 
of release has been provided in video observations of 
the movement of fluorescently labelled synaptic vesicles 
prepared from rat cortex to preterminal active zones 
following their injection into squid stellate ganglion pre- 
synaptic processes (Llinfis et al. 1989). However, neither 
the source of vesicles nor the presynaptic processes rep- 
resent peptidergic neurons. 

Our observations provide some insights on the func- 
tioning of peptidergic neurons deserving brief comment. 
The rapidity and selectivity of the appearance of the 
labelled amino acid in rough endoplasmic reticulum and 
Golgi complexes suggest that synthesis of peptides and 
their packaging for transport in granules is the major 
biosynthetic operation of these neurons. Our data, while 
not providing a complete time series, permit estimation 
of the rate of axonal transport of radiolabel, visually 
associated with granules, as between 0.1-0.2 mm/h, 



Fig. 5A, B. Electron-microscopic autoradiographs of sinus gland. 
A Section from preparation receiving a 5 h pulse/19 h chase, fixed 
during stimulation with saline having 10 x normal potassium. Note 

clustering of exposed grains near sinus (s) and their absence where 
granules are absent. B Radiolabel over terminals of all six morpho- 
logical types (A F) (20 rain pulse/19 h chase) 
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consistent with t ransport  of  granules by microtubule- 
associated mechanisms (Smith 1982; Weiss et al. 1987), 
as is also suggested by images of  rows of  granules aligned 
along bundles of  microtubules in the preterminal axons. 
A similar rate of  t ransport  was estimated f rom the radio- 
labelling observed in sinus glands isolated after pulse/ 
chase regimes (Stuenkel 1983). 

While our observations suggest the directed t ransport  
of  granules to release sites, they leave unclear the means 
by which the later redistribution of the radiolabel occurs. 
We suggest that granules distribute in a diffusional man- 
ner to storage areas, with those not participating in exo- 
cytotic secretion possibly being displaced by newly arriv- 
ing granules. Consistent with these suggestions are ob- 
servations with colchicine (E. Stuenkel and E. Gillary, 
unpublished), known to disrupt microtubule polymeriza- 
tion. I f  colchicine was present in the chase, radiolabel 
failed to reach the sinus gland. I f  colchicine was added 
after the first day, when label had reached the sinus 
gland, it did not  alter the uniform distribution of label 
throughout  the neurohemal  organ normally observed 
following a 3 day chase period. 

The time scale of  a day for material to reach release 
sites and longer for its general distribution throughout  
the neurohemal organ can be considered in the light 
of  evidence for the slow, regulated processing of  precur- 
sor peptides (Newcomb et al. 1985; Newcomb 1987). 
Differences between animals (but not between right and 
left sinus glands of  the same animal) in the completeness 
of  processing, as indicated by the mixture of  peptides 
in the neurohemal  organ, suggest granule-turnover times 
of  weeks. In this respect, the observations are similar 
to those for the neurohypophysis  (Burford and Pickering 
1973). Efforts to predict how the mixture of  peptides 
might change with changes in secretory demand, taking 
into account the processing kinetics and the routes, 
t ransport  time and geometry of  axonal terminations, re- 
quire computer  modeling (Newcomb et al. 1988). Our 
observations here suggest that, as long as synthesis meets 
or exceeds the rate of  secretory release, the material re- 
leased will be newly synthesized; the maturat ional  age 
of  the peptide mixture released will be set by the trans- 
port  time (in this particular preparat ion under our exper- 
imental conditions, between 15 and 19 h). In the crab, 
comparison of the circulating levels of  a presumably ton- 
ically released sinus-gland hormone,  crustacean hyper- 
glycemic hormone  ( C H H ;  Keller and Orth 1989) with 
its rate of  synthesis (Stuenkel 1986) suggests that  synthe- 
sis ensures an excess relative to release, as might also 
be expected f rom the presence of large amounts  of  C H H  
in the sinus gland. In the rat, increased secretory demand 
has been shown to lead within 24-48 h to increased levels 
of  m R N A  in somata  synthesizing peptides for release 
f rom the neurohypophysis  (Sherman et al. 1986). It  is 
not known what  signals adjust supply with demand. The 
crab X O S G  system provides a convenient preparat ion 
and a relevant model in which to study such questions. 

In summary,  the observations on the crustacean neu- 
rosecretory system are consistent with the long-standing 
view derived f rom earlier studies of  the neurohypophysis  
in which terminations abutting the circulatory system 
are principal sites of  release, and the vast majori ty of  

newly-formed granules with their contents of  newly-syn- 
thesized peptides are initially t ransported there and later, 
if not released, are displaced to storage areas. 
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