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weight lower than that of neurophysins 
can be demonstrated in the A-NSG. This 
suggests possible postmaturational 

Neurosecretory Granules: Evidence for an Aging Process cleavage of intragranular proteins. 
Albino (Wistar) male rats weighing 250 

Within the Neurohypophysis to 300 g were anesthetized with ketamine 
chlorohydrate (10 mg per 100 g of body 

Abstract. When cysteine labeled with sulfur-35 is injected into the third ventricle,of weight) and given intracisternal irijec- 
the rat brain, it is jirst incorporated into only one of the two populations of neuro- tions of [35S]cysteine that was obtained 
secretory granules that can be isolated on an isosmotic gradient. The second popu- from the supplier (New England Nucle- 
lation of granules is labeled much later. Stimulation of hormone release from isolat- ar, 500 Cilmmole) or by reduction of 
ed labeled neural lobes and subsequent isolation of neurosecretory granules at dif- [35S]cystine (470 Cilmmole) with 10 mM 
ferent times after the injection of labeled cysteine shows that the radioactivity dithiothreitol in 0.1M phosphate buffer 
decreases in only one population of granules. One of the fractions of the gradient (pH 7.0). Each rat was injected with 10 
represents the granules found near the release site; the second population is prob- p1 of the final solution (50 pCi of radio- 
ably located deeper in the nerve endings or in the nerve swellings. Whereas neu- active cysteine). The rats were decapi- 
rophysins are found in both populations, smaller proteins can only be detected in tated at different times after the injection 
one. Thus it appears that neurosecretory granules undergo an agingprocess and that and their neural lobes were dissected out 
isosmotic gradients can separate the aged granules from those newly formed. in less than 1 minute. Immediately after 

their isolation, ten of the radioactive 
Neurosecretory granules (NSG) in the motic gradient yields two populations of lobes were homogenized in 1.0 ml of 

hypothalamo-neurohypophysial tract are NSG, each of which contains neurophy- 0.3M sucrose buffered at pH 6.8 with 10 
formed in the magnocellular neuron of sins, oxytocin, and vasopressin. One mM Hepes, and mixed with 20 non- 
the supraoptic and paraventricular nuclei population has an isopycnic density of radioactive neural lobes homogenized 
(1). Labeling with [35S]cysteine indicates 1.13 g/cm3 and is insensitive to osmotic under the same conditions. The NSG 
that the magnocellular neurons mainly changes in the surrounding medium, were isolated as described by Nordmann 
contain a large precursor protein (- whereas the other sediments at a density et al. (4). The gradient fractions were 
20,000 daltons), which presumably is of 1.11 glcm3 and is much affected by the collected with a Buchler device, and a 
packaged into granules. The contents of osmotic pressure of the surrounding me- portion of each fraction was kept for a 
the granules mature during transport to- dium. Furthermore, the mean diameter determination of density. Scintillation 
ward the neurosecretory nerve termi- of osmotically insensitive NSG after fix- fluid was added to the fractions and their 
nals. When the granules reach the neural ation is very similar to that of the NSG in total radioactivity was measured with a 
lobe, almost all the precursor has been 
converted into proteins of 12,000 rt 

1 0 0 -  2,000 daltons, neurophysins, and pep- 
tides that may include the hormones Fig. 1. Time course 
oxytocin and facopressin (2). of the appearance of 2 - 

The neurosecretory axons in the [35s1cysteine in NSG c 
fractions isolated on 2 

neurohypophysis can be subdivided into a sucrose-metrizamide E 
three compartments, all of which contain isosmotic gradient at ; 
NSG (3): undilated axons containing few different times after g so - 
NSG, nerve endings characterized by the injection of the 2 

isotope. The radioac- 12 the presence of microvesicles, and nerve in NF-NSG 
swellings containing secretory granules and A-NSG (0) was ,$ 
but few if any microvesicles. We pre- measured and the re- 2 
viously showed that the mean diameter suits are given as the 
of NSG in the endings differs from that of f ' ~ ~ , " ~ ~ t , " f f ' , " { $ t ~  
NSG in the swellings (4). Furthermore, both fractions. 

I 

6 12 18 24 2 5 2  5 4 5 6 5 

we showed that fractionation of NSG Hours D a y s  

from the neural lobe of rats on an isos- 
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Fig. 2. Release of ra- 68 m~ KCI 

dioactivity from iso- 8 

lated neural lobes (A 
and C) and amount of 3 - 
radioactivity found in SO 

the two NSG frac- 5 
tions after prolonged 2 .  80 

stimulation of hor- 
mone release (B and 
D). (A and C) Lobes 
were incubated in 
normal saline (12) and 
stimulated by 56 mM O 
KC1 as indicated; ve- g 4 .. 
ratridine (0.17 ) 58 m~ KCI r D * 
was added during the -7 = 
last 30 minutes of in- 
cubation. Closed cir- ,= m - 
cles represent the loss i; 
of radioactivity from 5 
stimulated neurohy- z 
pophyses, and open 
circles represent the 
rate constant for the 
efflux of 35S (13) from o o 
unstimulated lobes. 0 30 80 SO 120 150 180 Control Stimulated 
(B and D) Percen- ~ l m e  (minutes) 

tage of radioactivity 
found at the end of the incubation period in the NF-NSG fraction (shaded columns) and in 
the A-NSG fraction (open columns). The lobes were isolated 3 days (A and B) and 28 days 
(C and D) after the injection of ["Slcysteine. 

liquid scintillation spectrometer (Inter- 
technique). 

Labeled granules were found in the 
neurohypophysis 3 hours after the injec- 
tion of [35S]cysteine; the arrival of radio- 
active molecules leveled off after 12 
hours (Fig. 1). This time course is similar 
to that reported previously (5). More 
than 90 percent of the radioactivity in- 
corporated by the two fractions was 
found in the NF-NSG fraction after 1 
day, but after 2 months it was equally 
distributed between the fractions (6). 
Thus it seems likely that A--G are de- 
rived from NF-NSG. Alternatively, A- 
NSG may be transported to the posterior 
lobe more slowly than NF-NSG. How- 
ever, since the amount of labeled materi- 

Neurohypophysial hormone is re- 
leased only by the nerve endings (7). 
Furthermore, after the granule content is 
labeled, the specific radioactivity of the 
material released upon brief stimulation 
is higher than that of the tissue (8). Since 
the diameter of the isolated NF-NSG is 
very similar to that of the granules found 
in the endings, and since the NF-NSG 
are initially highly labeled, we speculate 
that these newly arrived grannles are the 
first to release their content upon stimu- 
lation. 

Three days after being labeled in vivo, 

al found in the neural lobe varies widely 6 8  - 
among rats after the intracisternal injec- 
tion of an isotope, it is impossible to 
compare the exact amount of radioactivi- 4 ,  -.-1. 

ty in one fraction with that in others at 
various times after injection. 

25 7 
Fig. 3. Protein content of NSG electrophoresced 
on 12.5 percent polyacrylamide gel with 0.1 
percent sodium dodecyl sulfate and 8M urea 
at pH  6.8 (14) (stain, Coomassie blue). The , , , - wi) 

values on the left are the molecular weights 
(x of the markers given in (a); (b) and (c) , 
are the protein patterns of fractions A-NSG 
and NF-NSG, respectively. Note that smaller 
peptides than neurophysins (10,000 daltons) --t 

are only found in the A-NSG fraction (arrows). 
The gels were overloaded to reveal species 

lli 
of low molecular weight. Markers: 68, bovine -+ 
serum albumin: 41, alcohol dehydrogenase 
(horse liver); 25.7. chymotrypsinogen: 17.2. 
myoglobin; and 12.3, cytochrome c. a b C 

neural lobes in vitro quickly released 
part of their radioactive content when 
depolarized with potassium and vera- 
tridine (Fig. 2A) (9). The material prob- 
ably was released. from the NF-NSG be- 
cause the ratio of radioactivity between 
the NF-NSG and A-NSG fractions, 
which was - 10 in controls, was < 1 in 
stimulated neural lobes (Fig. 2B). De- 
polarized neural lobes isolated from rats 
that had been injected with [35S]cysteine 
in 28 days previously released their ra- 
dioactive content at a very different rate 
(Fig. 2C). During the first 30 minutes af- 
ter the beginning of stimulation, less ra- 
dioactivity was released, and this release 
was less rapid than in the animals inject- 
ed only 3 days before stimulation. More- 
over, the further release of radioactivity 
that occurred when the lobe was 
depolarized with veratridine represented 
only about 60 percent of that which was 
released from lobes isolated 3 days after 
labeling in vivo. Figure 2D highlights the 
main difference between the two experi- 
ments. After hormone release was elic- 
ited, the ratio of NF-NSG to A-NSG, 
which was markedly altered in lobes 
stimulated 3 days after labeling in vivo, 
was only slightly altered in lobes stimu- 
lated 28 days after labeling. We suggest 
that the labeled granules move from the 
release site (the nerve endings) deeper 
into the endings and eventually into the 
swellings, where they are less available 
for release upon stimulation. 

It is, therefore, possible to character- 
ize anatomically (4) and physiologically 
(Fig. 2) the two populations of granules 
that can be isolated from rat neural 
lobes. After their axonal transport. the 
granules appear in the endings and, if 
not released, move into the swellings. 
Autoradiographic determinations have 
shown that, shortly after the intra- 
cisternal injection of [35S]cysteine, radio- 
activity is present in the neurosecretory 
endings and only later in progressively 
larger swellings (10). As shown pre- 
viously (4), the movement of granules 
from the endings toward the swellings is 
associated with a change in their sensi- 
tivity to surrounding osmotic pressure. 
This change must be due to modifica- 
tions of the granule membrane or the 
granule content or both. In view of the 
fact that neurophysins, oxytocin, and 
vasopressin originate from larger pre- 
cursors, the granule must contain pro- 
teolytic enzymes that produce the neces- 
sary cleavages. Subsequent cleavages in 
the granule could be responsible for the 
change in the responsiveness of the gran- 
ule to osmotic pressure. Biochemical 
analysis of the membrane composition 
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and of the protein and peptide content of 
the granules should provide information 
about this aging process. Figure 3 shows 
the two different protein patterns that ap- 
pear when the contents of both granule 
fractions are analyzed by slab gel elec- 
trophoresis. In the NF-NSG fraction, the 
smallest protein has a molecular weight 
of - 10,000; in the A-NSG fraction, pro- 
teins of 2,000 to 8,000 daltons appear. 
The peptide content of the A-NSG frac- 
tion may also be altered. 

The aging of protein-containing secre- 
tory granules after maturation (11) might 
have two roles: providing a signal for the 
eventual lysosomal degradation of gran- 
ules that are not released, and producing 
small peptides, whose physiological sig- 
nificance is yet unknown. 
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Lectins of Distinct Specificity in Rhodnius pr~k i~us  
Interact Selectively with Trypanosoma cruzi 

Abstract. Lectins of direrent activities were found in the crop, midgut, and hemo- 
lymph of the insect Rhodnius prolixus. These were most speci$c for N -ace t y l -~man-  
nosamine, a-N-acetyl-~galactosamine, and a- and /3-~galac tose ,  respectively. 
Lectin receptors were detectable in epimastigote but not in trypomastigote forms of 
Trypanosoma cruzi, a protozoan parasite of the insect and of humans. 

The parasitic protozoan Trypanosoma 
cruzi, the causative agent of Chagas' dis- 
ease in man, is transmitted mainly by he- 
matophagous reduviid insects. The in- 
sects become infected by ingesting try- 
pomastigotes from the peripheral blood 
of infected mammals. In the lumen of the 
crop and midgut the parasites multiply as 
epimastigotes, and this multiplication 
leads to the development of metacyclic 
trypomastigotes that accumulate in the 
rectum of the insect (1, 2). In general, T.  
cruzi does not develop in the insect's he- 
molymph (3). The mechanisms under- 
lying differentiation of the parasite and 
the susceptibility of the insects to infec- 
tion are largely unknown. Studies of spe- 
cific recognition mechanisms suggest 
that host-parasite interactions could be 
influenced by lectins, a class of sugar- 
binding proteins of nonimmune origin (4, 
5). Lectins interact with cells through 
their carbohydrate-binding sites, thereby 
triggering a number of important biologic 
phenomena (4, 3, such as lympboblast 
transformation and cell division, activa- 
tion of suppressor T cells, and insulin- 
like stimulation of fat cells; lectins also 
alter the movement of receptors on cell 
membranes, producing patching and 
capping. Membrane-bound lectins ap- 
pear to play a role in both intercellular 
and intracellular recognition (6). More- 
over, lectin receptors are characteristic 
markers of the developmental stages of 
T.  crllzi and of morphologicdly similar 
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stages from different milieus (7). Lectins 
are usually extracted from plants; they 
have also been detected in invertebrates, 
fish, birds, and mammals (4, 5 ) ;  yet not 
much is known about their occurrence in 
insects (5, 8). We now report that lectin 
activities of distinct carbohydrate specif- 
icities are present in the crop (stomach), 
midgut (intestine), and hemolymph of 
Rhodnius prolixus, an intermediary host 
of T. cruzi, and that each lectin is highly 
specific in interacting with development- 
al stages of T.  cruzi. 

Insects were maintained in the labora- 
tory at 25' i 2OC in a relative humidity 
of 50 to 60 percent and were fed on hu- 
man citrated blood every 25 to 30 days. 
Saliva and salivary glands, crop and crop 
contents, midgut, rectum, and hemo- 
lymph were obtained by procedures de- 
scribed previously (9, 10). Materials 
were collected from fifth instar larvae or 
adult insects, from starved animals, or 
from animals that had had a blood meal 5 
days earlier (crop washings were collect- 
ed immediately after feeding the insects 
on O.SM WaCl plus 0.001M adenosine 
triphosphate). Salivary glands (50 pairs 
per milliliter), crop (10 stomachs per mil- 
liliter), midgut (10 intestines per millili- 
ter), and rectum (20 insects per milliliter) 
were homogenized in phosphate-buf- 
fered saline (0.1M PO4 and 0.15M NaC1, 
at pH 7.2 to 7.4) and extracted in the cold 
for several hours. The volume of crop 
washings ranged from 0.1 to 0.2 ml per 
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