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Chromogranin A (CGA) has been localized to the large dense cared vesicles (LIMY) of sympathetic neurons SDS-PAGE and immunobloiting of

soluble LIV proteins fiom ox and dog adrenergic neuronal cell badies, axons and nerve termunals, revealed an increasing number of CGA-

immunoreactive forms, consislent willl proteolytic processing during axonal transport, Splenic nerve electnieal stimulation (10 Hz, 2 min) revealed

thdt. apart trom CCA these CGA-processing products are released rom the sheep spleen. The secretion of CGA-detived (ragments from
sympathetic neurons might suggest a role in the regulition of synaptic ransmssion.

Sympathetic neuron, Chromogranin A; Vesicle, Prosessing; Release

1. INTRODUCTION

Chromogranin A (CGA), the major soluble protein
of adrenal medullary chromaffin granules, and present
in various other neuroendocrine secretory granules [1-
3], is extensively processed by specific endogenous pro-
teases, yielding smaller immunologically cross-reacting
fragments [1,2,4-8]. CGA has also been localized to the
large dense cored vesicles (LDVs) of adrenergic neurons
[9-14] which are embryonically related to the adrenal
medulla [15]. Yet, although it is clear that different
CGA storage granules may exhibit different cleavape
patterns [4,5], very few data are available on CGA
breakdown in sympathetic nerve axons [2,14] and al-
most none in nerve terminals, presumiably becanse of
difficulties in obtaining the appropriate vesicle prepara-
tions [10]. Moreover, while the release of CGA from
sympathetic neurons has already been demonstrated
[17,19], no evidence has yet been provided for the re-
lease of CGA products from adrenergic nerve terminals.
Since the funectional significance of CGA-derived pep-
tides is a growing field of interest we have studied CGA
breakdown in sympathetic neurons by comparing CGA
immunoreactivity (CGA-IR) in preparations of LDVs
from ox and dog sympathetic ganglia, splenic nerve and
spleen, representing adrenergic cell bodies, axons and
nerve terminals, respectively. In addition, the release of
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CGA breakdown products from sheep spleen, tollowing
splenic nerve electrical stimulation, was investigated.

2. MATERIALS AND METHODS

Chromalflin granules were prepared Irom bovine, dog and sheep
adrenal medulla as described previously and subjected to lysis [18]
Partly o1 highly purified LDVs from bovine stellate ganglia, dog eeliae
ganglia, spleme nerve (0x and dog) and spleen (ox, dog and sheep)
were prepared essentially as reported eatlier [10,20-22), Afler lysis of
LIDV-containing fructions in the presence of inhibitors of the major
classes of proteases (Bio-Rad} and boiling l'or 5 min, soluble protains
were subjected (o SDS-ged electrophorens (SDS-PAGE) and un-
munoblotting,

The icolated sheep spleen was perfused essentially as previously
described [23). Electrica! stimulation with bipolar platinum electrodes
was performed at {0 Hz for 2 mun at supramaximal vollage {200 mA,
10V, 3 ms) in the presence ol phentolaming (1075 M) to prevent spleen
capsule contraciion and the 1elease of residual blood. Perfusales con-
tining proledse nhibitors weie immediately centnluged (3,000 % g,,,../
15 min) to sediment the blood cells. The resulting supernatant was
boiled, dialyzed, lyophilyzed and subjecied 10 SDS-PAGE (13% gels)
and Western blotting, according to established proced ures [24,25]. The
antiseruim employed {(anti-WE 1-14; 1:400-1:1,000), rsed in rabbus,
15 directed against a CGA peptide (CGA, ;) cOMmon to various
speeies [8,26]. Immunodetection was performed using biotinylated
alkaline phosphatase or an lnymun-Lite Chemiluminescent Assay
(Bio-Rad). The degree of proteclylic proeessing of CGA in bovine
tissues was estimaled by laser densitomelrie scanning with an XL-
Ultiascan (Pharmacia-LKB) in comparison with contral fractions.

3. RESULTS

In partly purified LDV from bovine stellate ganglia
aind dog celiac ganglia, the native protein {70-75 kDa)
and a predominant high moiecular weight IR band (94
kDa), but almost no smaller CGA fragments, could be
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Fig. 1. Chromogramn A (LGA} immunoreaciive patierns, ubtained by SDS.-PAGE and immunoblotuing of the lysute ol partly and lughly purified
LDV preparations and chromaffin granules from ox (A) aud Jdog (B). Preparations of LDY [rom bovine stellate ganglion (Al) and dog celide
ganglion (B1), representing adrenergic eell badies, were «:btained using 12,0-sucrose gradients Highly purified LDV from bovine splenic nerve
(A2) as prepared with D;O-sucrose gradients, and an LDV-enmched fTaction (from an isopycnic sucrose gradient) of dog spleme nenve (B2)
represent adrenergie axons. Semi-puniied LDV prepatations flom bovine spleen (A3) and dog spleen (B3), contaimng adrenergie nerve iermunals,
were obluined by D.O-sucrose gradient eentrifugation dnd isopycnic gradient centnfugalion, respectively. CGA immunoreactivity was ulso studied
in bovine (A4) and dog (B4) chromaffin granule lysate. Approximately 35 gg proitins was loaded on the gel. Arrowheads indicate the inost
prominent [ragments in splerie nerve and spieen, the arrows indicate CGA.

observed (Fig. 1, Al and BI). The high molecular
weight band accounts for the majority of 1R as esti-
mated by semi-guantitative evaluation (>75%). In
highly purified axenal LDV frem bovine splenic nerve,
the antiserum detected, in addition to the native CGA,
lower molecular size immunoreactive forms (43, 40, 34,
and 28 kDa; Fig, 1, A2) consistent with 45-509 proc-
essing. In an LDV {raction from dog splenic nerve, a
similar pattern was observed with, in addition to CGA,
a major band ai about 49 kDa and minor bands at 60,
34 and 28 kDa (Fig. 1, B2). In an LDV-enriched frac-
tion of bovine and dog spleen, significant degradation
ol CGA was detected. In bovine spleen (Fig. !, A3)
degradation products similar to those in bovine splenic
nerve were found (40 and 43 kDa, 34 kDa and 28 kDa),
cerresponding 1o 55-60% processing. For dog spleen
(Fig. 1, B3) the degradation pattern resembled that of
splenic nerve, although the ratio of IR fragments dif-
fered (60 kDa, major band at 43 kDa, 34 and 29 kDa).
When the two species were compared, a dilfeience in
processing products was observed, probably due to in-
terspecies variations. The IR pattern of LDV from both
ox and dog spleen closely resembled Lthose of the respec-
tive chromaffin granule lysates {Fig. 1, A4 and 134).

Apart from the major CGA band (70-75 kDa), CGA
fragments of 43 and 30 kDa werc observed in a micro-
somal fraction of sheep spleen (Fig. 2, lane 1). Interesi-
ingly, 4 similar degradation pattern was observed in an
LDV-containing {raction of sheep spleen (Fig. 2, lanc
3). Analysis of the perfusate of isolated perfused shecp
snleen afrer stimulation in the presence of phentolamine
{1073 M) at 10 Hz {2 min) showed the same CGA-IR
fragmenits {(e.g. 43 and 30 kDa) as in the semi-purified
LDV of the spleen (Fig. 2, lane 2).

4. DISCUSSION

Subeellular fractionation of sympathetic gunglia,
splenic nerve and spleen ievealed the presence of CGA-
IR in the LDV and not in SDV, as reflecied by iis
co-distribution with different LDV markers [9-13]. To
investipate CGA processing in sympathelic neurons.
CGA-IR was studied in preparations of LDV from
adrenergic cell bodies, axons and nerve terminals, in the
presence of the major peptidase inhibitors. In a semii-
purified fraction of perikarial LDV, CGA fragments
were hardly detected. However, the high melecular
weight band (94 kDa} was probably the CGA-IR pro-
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Fig. 2. CGA immunoreactive forms in (1) a miercsomal fraction of
sheep spleen, (2) a sheep spleen perfusute following 10 Hz sumulation
(2 mun, 107° M phentolamune), (3} an L3 Y-enrichied Tuctlon s ob-
tained by D,Q-sucrase gradient centrifugation, and (4) a sheep <hro-
muffin granule lysate 35 up protens were loaded 1n each lane. Arrow-

heads indicate major fragments; the arrow indicates CGA.
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teoglycan by analogy with the chromaffin granule lysate
{4,8]. In Lighly purified axonal LDV, part of the native
CGA appears to be degraded, while in LDV from sym-
pathetic nerve terminals a very similar breakdown-pat-
tern could be observed. Although it is ¢lear that CGA
is highly processed, the observed degradation paitern of
CGA obtained appears 1o be dependent on the nature
of the antiserum used. The intensity of immunostained
CGA-derived bands apparently differed in chromaffin
granules and splenic nerve LDY. In mature chromaffin
granules, CGA appeared to be processed by en-
dogenous proteuses to a higher degree (60-70%) than in
axonal (45-50%) and nerve terminal vesicles (55-60%).

It has already been shown that CGA of purified
splenic nerve vesicles is processed to a more limited
degree than in chromaffin granules, probably reflecting
incomplete EDV-maturation [2,14],

In the presence of peptidase inhibitors, proteolytic
degradation has been shown to be almost absent and the
apparent processing therefore does not occur during
lysis or isolation procedures [4,27,28); thus these frag-
ments are most likely formed during axonal transport.
Morecover, using the same region-specific antibodies,
the patiern of protcolysis was shown to be essentially
reproducible, excluding the possibility of artifactual
cleavage [8,27]. Very little is known about the nature
and timing of specific proteases that are involved in the
CGA processing, which seems to be a complex pH-
regulated process [5,28]. Since the processing patterns
of LDVs and chromaffin granules are comparable, sim-
ilar proteolytic enzymes may be present in both types
of organeclles,

Splenic nerve stimulation of isolated perfused sheep
spleen revealed a significant and Ca**-dependent aug-
mentation of NA- and CGA release (to be published).
In the presert study, the electrical stimulation evoked
release of CGA from the isolated sheep spleen revealed
the presence of CGA products in the perfusate, which
apparently matched those in LDV, This indicates that
CGA fragments, which are formed during intraceliular
transport from the cell body to the nerve terminal, are
released by exocytosis upen sympathetic neuronal acti-
vation. Since CGA-derived peptides have been shown
to modulate CA release from chromaffin cells [29], they
might also be involved in the regulation of sympathelic
neuroiransmission.

Acknowledgerments. The authors greatly acknowledge the technical
assistance of A. Schepers, 8. Chapelle and J. De Blogk. This work was
supporied by grants from the Queen Elisabeth Medical Foundation,
lhe European Economic Community and the French DRET. We
thank D¢, O.K. Langley for sugpestions and corrections on the man-
uscript.

124

FEBS LETTERS

December 1992

REFERENCES

[1] Simon, J.-P. and Aunis, D. (1989} Biochem. 1. 62, 1-13.

[21 Fischer-Colbrie, R., Hagn, C. and Schober, M, (1987) Ann NY
Acad. Sci. 493, 120134,

[3] Hutiner, W.B,, Gerdes, H.-1{ and Rosa, P. (1991) in: Markers
for Neural and Endogrine Cells (Gratzl, M. and Langley, K. eds.)
pp. 93-133, vCI, Germany.

[4] Barbosa, J.A., Gill, B.M., Takiyyuddin, M.A. and O'Counor,
D.T. (1991) Endocrinology 1238, 174-190.

[5]1 Dillen, L., Miserez, B., Claeys, M., Aunis, . and De Potter, W.P,
(1992) Neurochem. Int. (in press).

[6] Simon, J.-P., Bader, M.-F. and Aunis, Ix. (1989) Biochin, Bio-
phys. Acta 1051, 125-130.

[71} Winkler, H and Fischer-Colbrie, R. (1992) Neuroscience 49,
497--528,

(8] Wohliartes, T, Fischer-Colbrie, R., Hogue-Anguelelti, R.,
Eiden, L.E. and Winkler, H. (1938) FEBS Lert 231, 67-70.

[9] De Power, W.P,, Smith, A.D and De Schaepdryver, A.F. (1970)
Tissue Cell 2, 529-546,

[10] Miserez, B., De Blagk, J., Cortvnindl, R., Yan Marck, E and De
Poiter, W.P, (1992) Neurochem. Int. 2v, 577-582.

fi1] Neuman, B., Wiederinann, C., Fischer-Colbrie, R, and Winkler,
., (1984) Neuroscience 13, 921-931.

[12] O'Connor, D. T . Klewn, R.L., Thureson-Klein, A.K. and Bar-
bosu, 1 A. (1991) Brain Res, 567, 188-196.

[13] Schwarzenbrunner, U., Schmidle, T., Obendorf, D, Scherran,
D., Hook, ¥V, Fischer-Colbne, R, and Winkler, H. {1990) Neu-
roscience 37, 819-827.

[14] Haan, C,, Klein, R .., Fischer-Calbric, R , Douglas, B.H. and
Winkler, H. (1986) Neaurosei, Leit. 67, 295-300.

[15] Klein, R.L. ("982) in: Neurotransmicter Vesicles (Klein, R.L.,
Lagercrantz, M. and Ziinmermun, H. eds.) pp. 133-173, Aca.
cdemic Press, London.

[16] Fillenz, M. (1990} NMoradrenergic Neurons, Cambridge Univer-
sity Press, Cambridge.

[17] Smuth, A.D., De Potier, W.12., Moerinan, EJ. and De Schaep-
dryver, A.F. (1970) Twssue Cell 2, 547-568,

[18] Smith, A. and Winkler, H (1967) Biochem. J. 103, 450452,

(19] Geffen, L.B., Livett, B.G. and Rush, R.A. (1970) in: New Aspects
of Storage and Release of Catecholamines (Schiimann, H.J, and
Kroneberg, G. eds ) pp. 58-72, Springer, New York.

[20] Lageteraniz, H. and Klein, R.L. (1982) in Meuroiransmitte; Ves-
icles (Klein, R.L , Lagererantz, H. and Zimmerman, H eds,) pp.
89-118, Acudemie Press, London,

[21] Bastinensen, E., Miserez, B, and De Potter, W.P (19588) Biain
Res. 442, 124-130.

[22] Schoups, A.A., Annaert, W.G, and De Fotter, W.P. (1990) Bramn
Res. 517, 308-314.

[23] Schoups, A.A., Saxena, V.K., Tomnbeur, K. und De Potter, W.P.
(1988) Life Sei. 42, 517-523,

[24] Laemmh, U. (197¢) Nature 227, G80-655.

[25] Towbin, M, Swehelin, T. and Goardon, J. (1979) Proc. Mall,
Acad. Sci. USA 76, 43504354

[26] Curry, W.J,, Shaw, C., Johnston, C.F., Tlum, L. and Buchanan,
K D (19%2) FEBS Leu. 301, 319-321.

[27] Helle, K.B,, Reed, R.K., Ehrhait, M, Aunis, D. and Hogue-
Angeletti, R, {1990} Acta Physiol. Scand. 138, 565-574.

{28} Laslop, A., Fischer-Colbrie, R., Kirschke, M., Hogue-Angeletli,
R. and Winkler, H. (1990) Blochun. Biophys. Acla 1033, 65-72

[29] Gnlindo, E., Rill, A., Bader, M.-F. and Auns, D. (1991) Proc.
Natl. Aead, Sci. USA 88, 1426-1430.



