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Effects of islet-activating protein on the catecholamine release, Ca2+ mobilization 
and inositol trisphosphate formation in cultured adrenal chromaffin cells 

(Received 9 Ocfober 1987; accepted 13 January 1988) 

Secretion of ~atecho~amines from the adrenal chromaffin 
cells is considered to be a Ca”-dependent exocytosis [l]. 
An increase in the cellular Ca2+ uptake [2,3] and sub- 
sequent rise in intracellular free Ca*+ concentration 
([CaZ+],)* are correlated well with catecholamine release 
]4,51. 

It has been reported that in certain cell systems GTP 
binding protein may also participate in the secretory process 
[6,7]. In permeabilized adrenal chromaffin cells, the 
reported effects of guanine nucleotide anaiogues on the 
catecholamine secretion are somewhat controversial [B, 91, 
and the role of GTP-binding protein in the intracellular 
mechanisms of secretory function still remains to be 
clarified. 

Islet-activating protein (IAP), the active component of 
pertussis toxin, catalyses ADP-ribosylation of the GTP 
binding crsubunit of G, and prevents the effects of inhibitory 
hormones on adenylate cyclase [lo]. It has been shown 
recently that a GTP-binding protein, which is different 
from G, and is also ADP-ribosylated by IAP, participates 
in the control of celiular events such as the reguiation of 
the linkage between receptors and phosphohpase C 111,121 
or regulation of ionic channels 113,141. 

Our preliminary observation revealed that the pre- 
treatment of the cells with IAP enhanced the CCh-induced 
catecholamine release without affecting Ca*+ mobilization 
[15]. In order to further elucidate the regulatory mech- 
anisms of GTP-binding protein on catecholamine release, 
we examined the effects of IAP on catecholamine release, 
Ca*+ mobilization and inositol n&phosphate formation in 
cultured adrenal chromaf~n cells. 

Materials and methods 

Primary culture of bovine adrenal chromafin cefls. 
According to the previous reports [l&-18], chromaffin cells 
were isolated and cultured. The chromaffin cells were used 
for experiments 4-7 days after plating. 

Catecholamine release. Catecholamine release was 
measured as described previously [17, IS]. 

Measurement of ]Ca*‘li. The cultured chromaffin cells 
were collected by centrifugation (2OOg, 6min) and sus- 
pended in a Locke’s solution supplemented with 0.1% 
bovine serum albumin. The cells were incubated at a density 
of 3-4 x lo6 cells/ml with 2 PM fura- acetoxymethyl ester 
for 30 min at 37”. After the incubation, cells were washed 
and resuspended in the solution without fura- acetoxy- 
methyl ester and incubated for another 30min. Immedi- 
ately before use, 0.5 mt cell suspension (2 x lo6 cells/ml) 
was centrifuged (5OOOg, 10 set) and the cells were washed 
and resuspended in Locke’s solution. The cell suspension 

* Abbreviations used: ]Ca’+],, intracellular free Ca” 
concentration; IAP, islet-activating protein; CCh, car- 
bamylchohne; high K+, KC1 (56 mM). 

was transferred to the thermostated quartz cuvette (37”) 
settled in a fluorescence spectrophotometer (CAF-100; 
Nihon Bunko, Tokyo, Japan). [Ca’+], was measured as 
described elsewhere [19,20]. 

Measurement of [3H]inosifol triphosphate accumulation. 
13Hlinositol trisnhosnhate accumulation of cultured adrenal 
chromaffin celis was measured as described previously 
[21,22]. 

Chemicals. IAP was kindly provided by Kaken Seiyaku 
Co., Ltd., Tokyo, Japan. The fobowing chemicals were 
obtained from the companies indicated. myo-~2-3H]Inositoi 
(17 Ci/mmol), from Amersham Internation~ Inc, flucks, 
U.K.; Carbamytcholine chloride (CCh), from Sigma 
Chemical Company, (St Louis, MO); monensin, from Cal- 
biochem (La Jolla, CA); fura- acetoxymethylester from 
Molecular Probes Inc. (Junction City, OR). 

Results and discussion 

In the present study, we examined the effects of IAP 
on catechoiamine release, Ca2+ mobilization and inositoi 
trisphosphate formation in cultured adrenal chromaffin 
cells to elucidate the role of GTP-binding proteins in the 
mechanism of stimulus-secretion coupfing in these ceils. 

The maximal catecholamine release induced by 300 PM 
CCh was augmented by pretreating the cells with IAP in a 
concentration- and time-dependent manner. The maximum 
effect (about 150% of control) of IAP was observed by 
pretreating the cells with 250 ng/ml IAP for 20 hr. Pre- 
treatment with the same concentration of IAP for 2 hr was 
not sufficient to exert its potentiating effect. The Ecso value 
of CCh for ~atecholam~ne release (50 ,uM) was not aftered 
obviously by IAP pretreatment. Furthermore, 56 mM KCI 
(high K’)-induced catecholamine release was also 
enhanced by pretreating the cells with IAP (Table 1). The 
basal catecholamine release also tended to be increased by 
IAP pretreatment. These results are essentially in agree- 
ment with the communication by Tanaka et al. [23]. IAP, 
however, failed to affect the monensin-induced cat- 
echolamine release (Table 1). According to the observation 
reported by Izumi et al. [24], catecholamine release induced 
by monensin occurs by a nonexocytotic mechanism. 

Since the increase in [Ca*+], plays an essential role in 
catecholamine release from adrenal chromaffin cells [2,3], 
we examined the effects of IAP pretreatment on [Ca2+li of 
these cells. As shown in Table 2, neither basal [Ca*+], nor 
CCh- and high K’-induced rises in [Ca*‘], were affected by 
IAP pretreatment (Table 2). Furthermore, both CCh- and 
high K”-induced “rCa*+ uptake were not altered by IAP 
pretreatment (data not shown). 

All of the above results suggest that IAP acts on the 
common process of the depolarization-mediated and the 
receptor-mediated secretory mechanisms. In addition, our 
present results suggest that IAP augments catecholamine 
release by acting on a secretory process distal to the rise in 
[Ca*+],, such as an exocytotic process. 
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Table 1. Effects of IAP pretreatment on CCh-, KCI- and monensin-induced cat- 
echolamine release from adrenal chromaffin cells 

Additions 
Catecholamine release (% of total content) 

IAP (-) IAP (+) 

Experiment A 
None 2.4 ? 0.2 2.9 + 0.2 
CCh (3OOpM) 12.3 2 0.8 18.3 + 0.4* 
KCI (56 mM) 11.2 2 0.6 14.8 t 0.9” 

Experiment B 
None 4.1 -r- 0.3 4.8 + 0.2 
Monensin (0.3 PM) 24.7 ? 0.9 25.2 + 1.6 

The cells were pretreated with IAP (250 ng/ml) for 20 hr. In Experiment A and 
B, the cells were incubated with or without stimulant for 5 and 60 min, respectively. 
The released catecholamines were determined as described in Materials and Methods. 
The results shown are mean ? SEM of quadruplicate determinations. Typical data 
obtained from two different cell preparations are presented. 

* P < 0.05 vs corresponding IAP (-). 

Forsberg ef al. reported that muscarinic receptor- 
mediated inositol trisphosphate formation may prime the 
cells for nicotinic receptor-mediated catecholamine release, 
and suggested that inositol trisphosphate formation may 

Table 2. Effects of IAP pretreatment on [Ca’+], of adrenal 
chromaffin cells 

Additions 
[Ca’+li (nM) 

IAP (-) IAP (+) 

None 112 + 25 168 +- 38 
CCh (300 PM) 690 2 47 704 -c 65 
KCI (56 mM) 740 2 38 720 ? 30 
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[Car+], was measured as described in Materials and Grant-in-Aid for Scientific Research, 1986, from the Min- 

Methods. Maximum rises in [Car+], induced by CCh or istry of Education, Culture and Science, Japan, and 
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of triplicate determinations. Typical data obtained from We thank Miss Hiroko Une for her excellent technical 

two different cell preparations are presented. assistance. 

modulate catecholamine release in chromaffin cells [25]. 
Thus, we examined the effects of IAP pretreatment on 
CCh- and high K+-induced inositol trisphosphate accumu- 
lation in these cells (Table 3). Although the CCh-induced 
inositol trisphosphate accumulation was partially inhibited 
by IAP pretreatment, the high K+-induced inositol tris- 
phosphate accumulation was not affected (Table 3). On the 
other hand, both CCh- and high K+-induced catecholamine 
release were potentiated by IAP pretreatment (Table 1). 
Therefore, the potentiation of catecholamine release 
caused by IAP pretreatment was not due to the changes in 
inositol trisphosphate formation. 

In conclusion, our present results suggest that GTP- 
binding protein may play a role in the catecholamine 
secretion at a step distal to Ca2+ mobilization, such as an 
exocytotic process. 

Table 3. Effects of IAP pretreatment on inositol trisphosphate accumulation 
of adrenal chromaffin cells 

Additions 

None 
CCh (300 PM) 
KCI (56 mM) 

Inositol trisphosphate accumulation (dpm) 
IAP (-) IAP (+) 

2650 + 160 2310 + 150 
6470 2 220 5230 5 40” 
4250 ? 70 3990 * 200 

The cells were pretreated with IAP (2.50 ng/ml) for 20 hr. Thereafter the 
cells were stimulated with 300pM CCh or 56mM KCI for 2 min and the 
accumulated [3H]inositol trisphosphate was determined as described in 
Materials and Methods. The results shown are mean 2 SEM of quadruplicate 
determinations. Typical data obtained from two different cell preparations are 
presented. 

* P < 0.05 vs corresponding IAP (-). 
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IV-Alkyl colchiceineamides: their inhibition of GTP or taxol-induced assembly of 
tubulin 

(Received 24 July 1987; accepted 8 December 1987) 

Colchicine is a potent drug that interferes with microtubule 
assembly both in vitro and in vivo, by forming a complex 
with the dimeric subunit of the microtubule, tubulin [l]. 
The complex formed incorporates into the microtubule and 
inhibits the assembly process [2,3]. 

Many colchicine derivatives have been extracted from 
plants or synthesized over the years [4]. We have syn- 
thesized a group of lo-N-alkyl derivatives of colchicine 
(see Table 1) in order to examine their anti-microtubule 
activities. The lo-methoxy position of colchicine is known 
to be liable to mild hydrolysis [4]. In contrast, the lo-amino 
derivatives are resistant to hydrolysis due to the high pK, 
values of the amine. The activities of these compounds as 
tubulin assembly inhibitors were studied using GTP and 
taxol as promoters of tubulin assembly, and in cells. GTP is 
an essential component in the tubulin assembly mechanism 
and will promote assembly of uninhibited protein under 
proper experimental conditions [5]. Taxol, a novel diter- 
penoid, promotes the assembly of microtubules under con- 
ditions that normally do not support microtubule 
polymerization, by interacting directly with microtubule 
polymers and stabilizing them against depolymerizing 
agents such as CaZ+ and cold temperature [6]. Using both 
agents, we have studied thestructure-activity relationships 
of colchiceineamides. 

Materials and methods 

Preparation of colchicine analogs. To l-ml solutions of 
colchicine (200 mg, 0.5 mmol) in dry acetonitrile, several 
amines (20mmol) were added: methyl-, ethyl-, propyl-, 
isopropyl-, butyl-, isobutyl-, terf-butyl-, 3-dimethyl-amino- 
1-propyl-amine, 1,6-hexadiamine and dimethylhydrazine 
(Table 1 summarizes the analogs prepared). The reactions 
were carried out at room temperature (except for the 
reaction of 1,6-hexadiamine which was carried out in a hot 
water bath). The formation of the desired products was 
monitored by TLC. Retention times (R,) for the lo-amino 
derivatives that eluted on Alumina (5 : 95 ethanol-CH,CI,) 
were: 55,55,53,54,57,45,.50,56,35 and 62% respectively. 
Silica TLC plates (1 mm) were used for preparative 
separation. The reaction mixtures were eluted by ethanol- 
CH2ClZ (2.5:97.5), and the appropriate compounds were 
extracted from the silica by hot chloroform and recrys- 
tallized from an ethylacetate-hexane mixture. The melting 
points of the products were as follows: 150-155, 160-165, 
110, 150, 110-115, 220, 155-160, 205, 160, and 110-120” 
respectively. The structures of the resulting compounds 
were confirmed by NMR measurements (Varian 400 MHz 
spectrometer), mass spectrometry, elemental analysis and, 
in one case (compound IX), by single crystal X-ray 


