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ABSTRACT: We show here that expression of chromogranins in non-neuroendocrine NIH3T3 cells
significantly increased the amount ofstfhediated intracellular Ca mobilization in these cells, whereas
suppression of them in neuroendocrine PC12 cells decreased the amount of mobifizetV€dave
therefore investigated the relationship between teénéuced intracellular C& mobilization and secretory
granules. The level of Pmediated C& release in CGA-expressing NIH3T3 cells was 40% higher than

in the control cells, while that of CGB-expressing cells was 134% higher, reflecting the number of secretory
granules formed. Suppression of CGA and CGB expression in PC12 cells resulted in 41 and 78% reductions
in the number of secretory granules, respectively, while the extents-afidBced C&" release in these

cells were reduced 40 and 69%, respectively. The newly formed secretory granules of NIH3T3 cells
contained all three isoforms of thes®s. Comparison of the concentrations of theRsoforms expressed

in the ER and nucleus of chromogranin-expressing and nonexpressing NIH3T3 cells did not show significant
differences, indicating that chromogranin expression did not affect the expression of endogeRsus IP
Nonetheless, the BR concentrations in secretory granules of chromogranin-expressing NIH3T3 cells
were 3.5-4.7-fold higher than those of the ER, similar to the levels found in secretory granules of
neuroendocrine chromaffin cells, thus suggesting that thiedRargeted to the newly formed secretory
granules are newly induced by chromogranins without affecting the expression of intrigR&: [Fhese
results strongly suggest that the extent ofifRluced intracellular Ca mobilization in secretory cells is
closely related to the number of secretory granules.

Chromogranins A and B are major proteins of secretory the channel18). This difference in the IfR/C&* channel
granules of neuroendocrine cells-4); thus, they are called  activating properties of CGA and CGB is one of many
marker proteins of neuroendocrine cel. (In addition to properties in which these two proteins differ, and is likely
the abundance of chromogranins, secretory granules ofto contribute to different G4 release responses of a variety
neurons, exo/endocrine cells, and neuroendocrine cellsof secretory granules1Q, 11, 19—21), which contain
(secretory cells) contain 40 mM €a(6, 7) and store up to  different kinds of chromogranins at different concentrations
60% of intracellular calcium8). Most (>99.9%) of the  (1—7). Combined with the high-capacity, low-affinity &a
intragranular C& stays bound to chromogranins in secretory  storage property, the $R/C&* channel activating properties
granules §), and only a very small portion0.1%) of the  of chromogranins appear to provide the molecular basis for
granular C&" exists in the free state9¢13). Hence,  gecretory granules to function as a major-#@nsitive
chromogranins are also called €atorage proteins: chro- intracellular C&" store of secretory cell29).

mogranin A binds 3255 mol of C&"/mol with a dissocia- .
tion constantK¢) of 2.7—4 mM (L4), while chromogranin Moreover, chromogranins A and B hav_e also been shown
B binds ~90 mol of C&*/mol with aKq of 1.5 mM (L5). to induce de novo secretory granule biogeneg3 R4),

Chromogranins A and B interact with the f® at the  &lthough the granulogenic effect of CGB was-$D%
intragranular pH of 5.5 and activate the inositol 1,4,5- higher than that of CGAZ4). Suppression of chromogranin
trisphosphate receptor/€achannel 6), drastically increas- ~ expression in ne_ur(_)endocrlne PC12 cells led to a reduct|_on
ing the open probability and the mean open time of the in the level of intrinsic secretory granules, whereas expression
channel 17, 18) Neverthe'eSS, CGMissociateS from the of Chromogl’anins in non-neuroendocrine NIH3T3 and COS-7
IP3R at a near-physiological pH of 7.5 and no longer activates Cells, which normally do not contain any secretory granules,
the channel 17). However, this is not the case with CGB, led to formation of secretory granule23 24). Hence, in
which still couples to the IR even at pH 7.5 and activates light of the presence of all three isoforms offfPin secretory

granules 25), the possibility of the presence of;is in the
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1 Abbreviations: CGA, chromogranin A; CGB, chromogranin B; granules 10’. 11, 19-21) and thgt granular Gé.i has been
IPR, inositol 1,4,5-trisphosphate receptor; GFP, green fluorescent SNOWN to directly control the Ca concentrations of the
protein. cytoplasm that is immediately adjacent to secretory granules
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(1), the possibility of a potential contribution of the newly
formed secretory granules in the control og-dependent
intracellular C&" concentrations became very real.
Therefore, it was of great interest to determine the effect
of the presence of secretory granules on thginBuced
intracellular C&" mobilization in both neuroendocrine and

non-neuroendocrine cells. Accordingly, the number of secre-

tory granules and the extent of sHhediated intracellular
C&" mobilization in these cells were measured, and the
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and were cultured for additional 24 h. Four micrograms of
plasmid DNA in 20uL of LipofecTAMINE was mixed with
750uL of OPTI-MEM | medium and incubated for 15 min

at room temperature. In addition, 3Q of LipofecTAMINE

was mixed with 75Q:L of OPTI-MEM | and incubated for

15 min. The mixture was then added to a culture plate
containing 5 mL of OPTI-MEM I. The transfection was
performed fo 3 h at 37°C. After transfection, the medium
was replaced with fresh prewarmed culture medium, and was

relationship between the number of secretory granules presenfurther incubated for 72 h. In our culture condition70—

and the magnitude of Gamobilization was investigated. It
was hence found that the magnitude of intracellula?*Ca
mobilization was closely related to the number of secretory

80% of NIH3T3 cells were transfected. The pd2EGFP-NI
vector was used as an empty vector.
The NIH3T3 cells were also transfected with eithejRP

granules present not only in the neuroendocrine PC12 cellsSiRNAs or IRR—siRNAs and pd2CGA-EGFP or pd2CGB-

but also in the non-neuroendocrine NIH3T3 cells.

EXPERIMENTAL PROCEDURES

Antibodies Polyclonal anti-rabbit CGA and CGB antibod-
ies were raised against intact bovine CGA and CGB,
respectively, and affinity purified on each immobilized
purified chromogranin. The specificity of the CGA and CGB
antibodies has been confirme2ig]. IP;R peptides specific
to 10-13 terminal amino acids of type 1 (HPPHMNVN-
PQQPA), type 2 (SNTPHENHHMPPA), and type 3 (FVD-
VONCMSR) were synthesized with a carboxy-terminal
cysteine, and anti-rabbit polyclonal antibodies were raised.
The polyclonal antibodies were affinity purified on each
immobilized peptide following the procedure described
previously @5), and the specificity of each antibody has been
confirmed @5). Polyclonal anti-rabbit-tubulin antibody was
obtained from Oncogene.

Construction of Expression VectorSor the expression
vector construction, the cDNAs for CGA and CGB were

EGFP. The IBR-1-siRNA duplex sense and antisense
sequences are'-£EACCACUAUCCAGCACUCAdTAT-3
and 3-dTdTGUGGUGAUAGGUCGUGAGU-5 respec-
tively, and the IRR-2—siRNA duplex sense and antisense
sequences are'-BAAGUUCAGAGACUGCCUCTAT-3
and 3-dTdTCUUCAAGUCUCUGACGGAG-5 respec-
tively. The IRR-3—siRNA duplex sense and antisense
sequences are-&5CAGAAGAAGGAAGAGAUCITAT-3

and 3-dTdTCGUCUUCUUCCUUCUCUAG-5 respec-
tively. The two-nucleotide '3verhang of 2deoxythymidine

is indicated as dTdT. The cells were transfected with the
siRNAs using the SilencerTM siRNA transfection kit (Am-
bion). Briefly, approximately 1x 10° NIH3T3 cells were
plated on a culture dish (100 mm in diameter) in DMEM
medium supplemented with 10% FBS and were cultured for
24 h before transfection; Ag of the appropriate siRNA and
10 uL of siPORT Amine were used per s 10 cells. The
transfection was performedrfé h at 37°C. After transfec-
tion, the medium was replaced with fresh prewarmed DMEM
medium, and the mixture was further incubated for 48 h.

prepared by polymerase chain reaction (PCR) using bovineThe transfection was monitored using the Silencer CyTM3

cDNA (27—29) as a template, and the PCR products

siRNA labeling kit, and the electron microscope and'Ca

containing the full coding sequences were subcloned into measurement experiments were performed using the trans-

the EcoRI/Xbal site of the pCl-neo mammalian expression
vector (Promega), in which transcription of the cloned gene
was under the direction of the constitutively active cytome-
galovirus promoter. For chromograntgreen fluorescence

protein (GFP) fusion proteins, the reading frames of CGA

fected NIH3T3 cells 48 h after transfection.

PC12 Cell Culture and Transient Transfection of CGA
and CGB-siRNA DuplexesPC12 cells were maintained
in RPMI 1640 (Gibco BRL) medium supplemented with
10% fetal bovine serum. Transient siRNA transfection was

and CGB without the stop codons were subcloned into the performed with 76-80% confluent cultures. The CGA

Bglll/Sall site of pd2EGFP-NL1 vector (Clontech). The PCR
products were produced using the following oligodeoxy-
nucleotides: 5 primer (3-GCAGATCTGCCTGGAGC-
GAGCAGTCCA-3) and 3 primer (3-GAGTACTCTCAGC-
CCCGCCGAAGCTCCTCCA-3 for the pd2CGA-EGFP
construct and "Jprimer (3-GCAGATCTGGACGAGCGAG-
GCCAT-3) and 3 primer (3-GAGTACTCTTAGCCCCT-
TCGGGTACCACTGA-3) for the pd2CGB-EGFP construct.
The circular plasmid cDNAs for transfection were prepared
using a Qiagen maxi-preparation Kit.

NIH3T3 Cell Culture and Transient TransfectioAll

siRNA duplex sense and antisense sequences'dCAA-
CAACAACACAGCAGCUdTdT-3 and 3-dTdTGUUGUU-
GUUGUGUCGUCGA-5, respectively, and the CGB
siRNA duplex sense and antisense sequences are 5
AUGCCCUAUCCAAGUCCAGATdT-3 and 3-dTdTUA-
CGGGAUAGGUUCAGGUC-5 respectively. The two-
nucleotide 3overhang of 2deoxythymidine is indicated as
dTdT. The cells were transfected with the siRNAs using
SilencerTM siRNA transfection kit (Ambion). Briefly, ap-
proximately -2 x 10° PC12 cells were plated on a collagen
type IV (BD Biosciences)-coated culture dish (100 mm in

culture reagents and powdered media were purchased frondiameter) in RPMI 1640 medium supplemented with 10%

GibcoBRL. NIH3T3 cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10%
fetal bovine serum. Transient transfection was performed
with 70—80% confluent cultures. The cells were transfected
with circular plasmid DNAs using LipofecTAMINE-plus
transfection reagent (GibcoBRL). Briefly, cells were plated
at a density of 5x 10° cells per well (100 mm in diameter),

FBS and were cultured for 48 h before transfectiopglof

the appropriate siRNA and 14 of siPORT Amine were
used per 5x 1C cells. Addition of more siRNA did not
further reduce the number of secretory granules. The
transfection was performedrfé h at 37°C. After transfec-
tion, the medium was replaced with fresh prewarmed RPMI
1640 medium, and was further incubated for 48 h. The
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transfection was monitored using the Silencer CyTM3 siRNA by centrifugation. After three washes in PBS, the agar-
labeling kit, and the electron microscope and Qaeasure- embedded cell pellets were postfixed with 1% osmium
ment experiments were performed using the transfected PC12etroxide on ice for 2 h, washed three times, and stasred
cells 48 h after transfection. block with 0.5% uranyl acetate, all in PBS. The cell pellets
Extraction of Cellular Proteins and Immunoblot Analysis. were then embedded in Epon 812 after dehydration in an
To obtain the total cell lysates from the transfected cells, ethanol series. After collection of the ultrathin sections on
~3-5 x 1 cells were washed with ice-cold PBS and Formvar/carbon-coated nickel grids, the grids were stained
lysed in 500uL of buffer [20 mM Tris-HCI (pH 7.5), 1% with uranyl acetate (7 min) and lead citrate (2 min), and
Triton X-100, 1 mM EDTA, 1 mM DTT, and 2Q«g/mL were viewed with a Zeiss EM912 electron microscope. The
aprotinin/leupeptin mix]. Then the extracts were incubated area of the cells was measured, and the number of total dense
for 30 min on ice; the cell debris was removed by core granules in the entire measured cell area was counted.
centrifugation at 22009 for 10 min at 4 °C, and the The density of granules was determined by dividing the
supernatant was used as the total protein lysate. The proteinsumber of secretory granules by the area of the cell.

(30 ug each) were then resolved by SBBAGE, and For immunogold labeling experiments, the ultrathin sec-
analyzed by immunoblotting using either the polyclonal anti- tions that had been collected on Formvar/carbon-coated
rabbit chromogranin and each isoform-specifigRRntibody  njckel grids were floated on drops of freshly prepared 3%
or the monoclonabi-tubulin antibody (Oncogene) and an  sodium metaperiodate for 30 min. The immunogold labeling
ECL detection system (Amersham Biosciences). procedure was modified from that of Spector et all)and
Determination of [C&"];. NIH3T3 cells transfected with  the manufacturer’s recommended protocol (British Biocell
the CGA- or CGB-GFP fusion protein and PC12 cells |nternational). After being etched and washed, the grids were
transfected with the CGA or CGB-siRNA duplex were  placed on 5QuL droplets of solution A [phosphate saline
stabilized with serum free medium (OPTI-MEM I) for 30  golution (pH 8.2) containing 4% normal goat serum, 1%
min, and then were loaded with 4 mM fura 2-AM (Molecular BsA, 0.1% Tween 20, and 0.1% sodium azide] for 30 min.
Probes) in OPTI-MEM I for 40 min at 37C in a 5% CQ Grids were then incubatedf@ h atroom temperature in a
atmosphere. After incubation, the cells were washed threenymidified chamber on 5@L droplets of anti-rabbit IR

times with OPTI-MEM |, followed by stabilization with the  antibodies appropriately diluted in solution B (solution A
same medium for 30 min at room temperature. Then, eachbut with 1% normal goat Serum)' followed by rinses in

coverslip containing the cells was mounted on a perfusion sojution B. The grids were reacted with 10 nm gold-
chamber, and the NIH3T3 cells that had been successfullyconjugated goat anti-rabbit IgG diluted in solution A.
transfected with the CGA or CGB—-GFP fusion protein  Controls for the specificity of I§R immunogold labeling

were selected for [C4]; measurements on the basis of the included (1) omitting the primary antibody and (2) replacing
green fluorescence emission by GFP at 520 nm excitation.the primary antibody with preimmune serum. After washes
Transfection of PC12 cells with siRNAs was monitored using in PBS and deionized water, the grids were stained with
the CGA— or CGB—siRNA duplex labeled with Cy3, and  yranyl acetate (7 min) and lead citrate (2 min), and were
the PC12 cells that emitted red fluorescence at 520 nmyjewed with a Zeiss EM912 electron microscope.
excitation were used for [C&]; measurements. Fura-2 was

excited at 340 and 380 nm using a filter wheel controller, RESULTS

and the fluorescence €aimages were collected with an

Axiovert S 100 fluorescence microscope (Carl Zeiss) at 515 IPs-Induced Intracellular C&" Mobilization in NIH3T3
nm. The ratio images were acquired every second andCells. To determine the effect of chromogranin expression
continued with the addition of 100 mM ATP. The changes on IP»-mediated C# release in NIH3T3 cells, the non-
in fluorescence Ca images were analyzed using MetaFluor neuroendocrine NIH3T3 cells that do not express endogenous
and MetaMorph (Universal Imaging Corp.). [€h was CGA or CGB were transfected with either the CGBGFP
determined from fura-2 measurements according to the or CGB—EGFP fusion protein, and the expression of CGA

following formula @0): and CGB was confirmed (Figure 1A). Theifediated
intracellular C&" release of chromogranin-expressing NIH3T3
[Ca2+]i = K(R— Ri)(Rax — RI(Fage/Fraso cells was assessed after application gfpRoducing agonist

ATP. As shown in Figure 2A, IPinduced a rapid increase

The ratiometric 340/380 valuBnax and Fyago (fluorescence  Of the intracellular C& concentration, followed by a slow
at 380 nm excitation) were obtained after saturating the cells Sequestration of the released?CgFigure 2A, trace a). This
with Ca2* by addition of 10 mM ionomycin and 5 mM €a resulted in an approximately 3.8-fold increase in the intra-
Rnin and Fago were obtained after addition of 10 mM  cellular C&* concentration over the resting level (Figure 2B).
ionomycin and 20 mM EGTA. A of 135 nM (value at 22  Application of same concentration of ATP to the NIH3T3
°C) was used30). cells transfected with EGFP only (empty vector) also induced
Electron MicroscopyCe”s grown on the culture dishwere @ rapid increase of the intracellular €aconcentration

fixed for 1 h at 4°C in PBS containing 2% glutaraldehyde, (Figure 2A, trace b), similar to the level shown in the control
2% paraformaldehyde, and 3.5% sucrose, but the cellscells. This resulted in an approximately 3.9-fold increase in
intended for immunogold labeling were fixed in the same the intracellular C# concentration over the resting level
solution containing 0.1% glutaraldehyde. The cells were then (Figure 2B), showing practically no difference between the
scraped from the culture dish with a cell scraper and pelletedcontrol cells and the cells transfected with the empty vector.
by centrifugation at 20a9for 2 min at 4°C. The cell pellets However, the C& release property of chromogranin-
were resuspended in warm agar (1% in PBS) and repelletedexpressing NIH3T3 cells was markedly different (Figure 2A,
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A
control CGA control CGB
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B
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o-tubulins | S s W WP -« o-tubulin

Ficure 1: Expression and inhibition of chromogranins A and B
in transiently transfected NIH3T3 cells and in si-RNA-treated PC12
cells, respectively. (A) The total protein extracts from the NIH3T3
cells transfected with pd2CGA-EGFP (left) or pd2CGB-EGFP
(right) were resolved on 10% SDS gels and probed with the anti-
CGA (left) or CGB (right) antibody. (B) The expression levels of
CGA and CGB in PC12 cells treated with the si-CGRNA duplex
(left) or the si-CGB-RNA duplex were resolved on 10% SDS gels,
and probed with the anti-CGA (left) or CGB (right) antibody. The
same blots were reprobed with the-tubulin antibody after
deprobing the first blots to check the amount of protein loaded.

traces ¢ and d). Breleased significantly larger amounts of
Ca&" from the CGA-expressing NIH3T3 cells than the control
cells or the cells transfected with the empty vector (Figure
2A, trace ¢), inducing a 5.3-fold increase in the intracellular
C&" concentration over the resting level. This result indicates
that approximately 40% more intracellularCavas released

in the CGA-transfected cells than in control cells (Figure
2B).

On the other hand, Pinduced a rapid and markedly
greater increase in intracellular €aconcentration from the
CGB-expressing cells than any other cells (Figure 2A, trace
d). The IR-mediated intracellular Ca release in the CGB-

expressing cells caused an approximately 9.0-fold increase

in the intracellular C& concentration over the resting level.
This amount of released €ain the CGB-expressing cells
is a release 0f~134% more intracellular Ca than in the
control cells, and is even 68% higher than that of CGA-
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FiGurRe 2: Measurement of [Gd]; in chromogranin-transfected
NIH3T3 cells. NIH3T3 cells were loaded with fura-2, and the
increases in [CH]; were measured after the cells had been
stimulated with 10Q«M ATP. (A) The [C&"]; changes in control

expressing cells (Figure 2B). Nevertheless, even the high(a), empty vector-transfected (b), C&&FP-transfected (c), and

level of released CGa was sequestered on a time scale similar
to those of other cells, returning to the resting leveth00
s (Figure 2A).

Since the expression of chromogranins A and B in NIH3T3
cells induces de novo secretory granule formati24),(the
increased level of intracellular €amobilization appeared
to result from the IRinduced C&" releases from the newly

CGB—GFP-transfected (d) NIH3T3 cells are shown. The data
shown are representative of similar results repeateedl83imes.

(B) The [C&']; changes shown in each cell group of panel A are
expressed as ratio changes over the respective resting level and
are shown in a bar graph (mean standard deviationn is the
number of experiments). In the pairedest, an asterisk indicates

p < 0.001.

of newly formed secretory granules in the-iRediated C&

formed secretory granules. Consistent with the more effective release. Moreover, the CGB-expressing NIH3T3 cells that

granulogenic role of CGB, which caused formation of-50
60% more secretory granules than CGX)( the extent of
C&" mobilization in CGB-transfected NIH3T3 cells was
significantly greater than that in the CGA-transfected cells
(Figure 2).

Nevertheless, when the expression of the thregR IP
isoforms was suppressed by sgR>-RNA complexes (Fig-
ure 3A), the level of IRinduced intracellular G4 release
decreased to 48% of the control (Figure 3B, trace b),
indicating a 52% reduction (Figure 3C). On the other hand,
the level of IR-induced intracellular Ca release in the
CGA-expressing but si-4YR-treated NIH3T3 cells decreased
to 70% of the control (Figure 3B, trace c). This level ofCa
release in the NIH3T3 cells with the newly formed secretory
granules was stit45% higher than that of the cells treated
with si-IP;R only (Figure 3C), suggesting the contribution

contain 56-60% more newly formed secretory granules than
the CGA-expressing cells released substantially more Ca
than the CGA-expressing cells despite the sRIEFeatment
(Figure 3B, trace d). The Hnduced C&" release in the
CGB-expressing but si-BR-treated cells was similar to that
of the control cells (Figure 3B, trace d), and the extent was
110% higher than that in the cells treated with sjRPonly
(Figure 3C), further suggesting the contribution of secretory
granules in the IRinduced C&" release.

IPs-Induced Intracellular Ca" Mobilization in PC12 Cells.
To further determine the effect of chromogranin expression
on IP;-mediated C#& release in neuroendocrine PC12 cells,
PC12 cells that express endogenous CGA and CGB were
treated with either the si-CGA or si-CGB-RNA complex
to suppress the expression of either CGA or CGB (Figure
1B), and the IRmediated intracellular C& releases were
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Ficure 4: Measurement of [Ca]; in PC12 cells treated with the
. si-CGA— or si-CGB—RNA duplex. PC12 cells were loaded with

fura-2, and the increases in [€§& were measured after the cells

é@\ »Qg; QOV OOQ’ had been stimulated with 1QgM ATP. (A) The [C&']; changes
@0 & Q3 < in control (a), empty si-RNA-treated (b), si-CGA-treated (c), and
& 5 5},{2 si-CGB-treated (d) PC12 cells are shown. The data shown are
00° representative of similar results recorded-149 times. (B) The

[Ca"]; changes shown in each cell group of panel A are expressed

FIGURE 3: Inhibition of IR expression and Fnduced C&" 55 ratio changes over the respective resting level and are shown in
release in siRNA-treated NIH3T3 cells. (A) The total protein g par graph (meat: standard deviation).

extracts from the NIH3T3 cells treated with sizF% were resolved

on 70./]3 SDSt.t?e('jS (4T%gllane) and Fr.c’bed with eaclh3H§i5°f‘1)g;}' spg!he released Ca. Unlike the non-neuroendocrine NIH3T3
specific antibody. The same proteins were resolved on 10% s T

gels (20ug/lane) and probed with the-tubulin antibody to check cells that do not contain |ntr|ns+|c secretory gr.anules and
the amount of protein loaded. (B) NIH3T3 cells were loaded with réleased~3.8—3.9-fold more C&" over the resting level

fura-2, and the increases in [€% were measured after the cells  (Figures 2 and 3), neuroendocrine PC12 cells that contain
had been stimulated with 1éM ATP. The [C&"]; changes in intrinsic secretory granules released markedly more @ad

the following conditions are shown: control (a), skfPtreatment ; = ; ; ;
only (b), si-IRR treatment, along with CGAGFP transfection (c), resulted in a roughly 13-fold increase in the intracellulat'Ca

and si-IRR treatment, along with CGBGFP transfection (d). The concentration over the (esting level (Figure 4B). Application
data shown are representative of similar results recordedldl  Of the same concentration of ATP to the PC12 cells that had

times. (C) The [C&]; changes shown in each cell group of panel gone through the si-RNA treatment but without the chro-
B are expressed as ratio changes over the respective resting leveinogranin si-RNA (empty treatment) also induced a rapid
and are shown in a bar graph (mearstandard deviatiom is the increase in the intracellular €aconcentration (Figure 4A,
number of experiments). . . . L
trace b), reaching an approximately 13-fold increase similar
assessed after application of the-ffoducing agonist ATP  to those shown in the control cells (Figure 4B). There was
(Figure 4A). Since introduction of the si-CGA- or si-CGB  virtually no difference in the levels of intracellular €a
RNA complex into PC12 cells has been shown to reduce mobilized between the control and the empty si-RNA-treated
the number of secretory granules in the celd)( the effect cells.
of the reduced number of secretory granules gmtediated However, when the PC12 cells that had been treated with
C&" mobilization was measured in the si-RNA-treated cells. the si-CGA-RNA duplex were exposed to the same
As shown in Figure 4A, IPinduced a rapid and steep stimulation, the amount of intracellular &areleased was
increase in the intracellular €aconcentration in PC12 cells  drastically reduced (Figure 4A, trace c), thus reaching an
(Figure 4A, trace a), followed by a slow sequestration of approximately 7.8-fold increase over the resting level (Figure
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4B). This amounted to a 40% reduction of the amount of A
C&" released in control cells (Figure 4B). Analogous to the
effects of inhibited CGA expression on theslifduced
intracellular C&" releases, inhibition of CGB expression in
PC12 cells also resulted in a marked reduction in the levels
of IPs-mediated intracellular Ca release in these cells
(Figure 4A, trace d). IPinduced an intracellular Ca
increase of-4.1-fold over the resting level in the PC12 cells
that had been treated with the si-CGRNA duplex,
indicating a 69% reduction in the amount of Caeleased

in control cells (Figure 4B). Considering that the number of
secretory granules in the si-CGHRNA PC12 cells was
reduced by 78% and that of si-CGA-treated cells by 41%
(24), the amount of intracellular Gamobilized in response

to IP; appeared to be related to the number of secretory
granules present in PC12 cells (Figure 7A).

Immunogold Electron Microscopy of thesRs in NIH3T3
Cells.In view of the chromogranin-induced secretory granule
formation in non-neuroendocrine cell23 24) and the
increases in the extents of;Hhduced C&™ mobilization in
these cells (Figures 2 and 3), it was necessary to determine
whether the IERs are also localized in the newly synthesized
secretory granules of non-neuroendocrine cells. This pos-
sibility was studied using immunogold electron microscopy.
As shown in Figures 5 and 6, thesRlabeling immunogold
particles were localized in secretory granules of the NIH3T3
cells that had been transfected with either chromogranin A
(Figure 5) or chromogranin B (Figure 6). All three isoforms
(types 3) of the IRR were found in both the CGA- and
CGB-induced secretory granules, indicating that the secretory
granules formed in the NIH3T3 cells also contain all three
isoforms of the IR (Figures 5 and 6), as has been the case C ;)51
with secretory granules of neuroendocrine c&ls 2, 32). i

We compared the degrees ofRPexpression between the
normal NIH3T3 cells and the cells treated with siR3
(Tables 1-3). As summarized in Tables—133, the number
of IPsR-labeling gold particles per square micrometer of the
ER area of normal NIH3T3 cells was 6:4.5 while that of
the nucleus was 4:56.2. However, the si-§R treatment
severely reduced the level of expression of all thre®RIP
isoforms in the NIH3T3 cells. The number of;fRlabeling
gold particles per square micrometer of the ER area was 2.4
3.4, while that of the nucleus was *4.9. When the
numbers of nonspecific background sRRlabeling gold
particles per square micrometer of mitochondria, which are . SN ,
considered to be background, were subtracted from the =% - ol S :
number of cognate YR isoforms, it became apparent that FIGURE5: Immunogold electron mlcrographs showing localization
the si-RNA treatments severely suppressed the expressiorPf the IRRs in the newly formed secretory granules of CGA-
of all three IRR isoforms. transfected NIH3T3 cells. NIH3T3 cells transfected with CGA

S . . were immunolabeled for BR type 1 (A), type 2 (B), and type 3

Determination of the relative concentrations of eacdiRIP () (15 nm gold) with each affinity-purified isoform-specifics®
isoform in secretory granules and the ER of the CGA- antibody. The IER-labeling gold particles are localized in the
transfected NIH3T3 cells shows that the ER has-B® m_ttetznbrane r_egit?]n of tc?e Inewl_y for{netil SGC(ret)or)IgJ gtramiles (tﬁG)
IPR-labeling gold particlesh’ of the ER; secretory gran- 0 S0 1 e, sheopasmie Blekun (0, Bt oL e
ules have 25.327.5 IRR-labeling _gOId part'demz' and antibody, no g(;ol)d particles were s%en in secretory granﬁles. rl'yhe
the nucleus has 5:17.9 IP;R-labeling gold particlegim?. bar is 200 nm.

When the numbers of fR-labeling gold particles per square

micrometer of mitochondria are subtracted from the number  Similarly, the relative concentrations of eachRRsoform

of cognate IBR isoforms, these results show that the in secretory granules and the ER of the CGB-transfected
concentration of IR type 1 (IRR-1) in secretory granules  NIH3T3 cells show that the ER has 6:8.7 IP;R-labeling

is ~4.0-fold higher than that of the ER (Table 1) while those gold particlestm? of the ER; secretory granules have 25.7

of IPsR type 2 (IRR-2) and IRR type 3 (IRR-3) are~3.8- 27.5 IRR-labeling gold particlegi?, and the nucleus has
and 3.6-fold higher, respectively (Tables 2 and 3). 4.8-6.5 IPR-labeling gold particlegm?. When the numbers
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% ] 3]

L. : etk ol 2 g
Ficure 6: Immunogold electron micrographs showing localization
of the IRRs in the newly formed secretory granules of CGB-
transfected NIH3T3 cells. NIH3T3 cells transfected with CGB were
immunolabeled for IBR type 1 (A), type 2 (B), and type 3 (C) (15
nm gold) with each affinity-purified isoform-specificJR antibody.
The IRR-labeling gold particles are localized in the membrane
region of the newly formed secretory granules (SG) with some in
the endoplasmic reticulum (er), but not in the mitochondria (M).
In the control experiments without the primary antibody, no gold
particles were seen in secretory granules. The bar is 200 nm.

of nonspecific IRR-labeling gold particles are subtracted,
these results show that the concentration ofRH2 in
secretory granules is3.8-fold higher than that of the ER
(Table 1) while those of IJR-2 and IRR-3 are~4.7- and
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Ficure 7: Comparison of the increased ratios of {Qawith the
number of secretory granules in chromogranin-expressing NIH3T3
and PC12 cells. (A) The ratio changes of the 4Gain control,
empty si-RNA-treated, si-CGA-treated, and si-CGB-treated PC12
cells are shown in comparison with the number of secretory granules
per cell. Here, the number of granules per cell indicates the number
of granules found in the respective average central section area of
a PC12 cell in each group, and the numbers are from published
data (Table 2 of reR4). (B) The ratio changes of the [€3; in
control, empty vector-transfected, CGA-EGFP-transfected, and
CGB-EGFP-transfected NIH3T3 cells are shown in comparison with
the number of secretory granules per cell of CGA- or CGB-
expressing NIH3T3 cells. Here, the number of granules per cell
indicates the number of granules found in the respective average
central section area of an NIH3T3 cell in each group, and the
numbers are from published data (Table 1 of 24¥.

amounts of IBRs whether they are targeted to the secretory
granules by CGA or CGB.

Moreover, these numbers are not that much different from
those found in secretory granules of bovine chromaffin cells
(33); the concentration of HR-1 in secretory granules of
bovine chromaffin cells was 4.4-fold higher than that of the
ER, while those of IER-2 and IBR-3 were 3.6- and 3.7-
fold higher, respectively, thus suggesting that the relative
concentrations of the BRs in secretory granules do not vary
much whether the secretory granules are endogenous or
induced. Comparison of the relative concentrations of the

3.5-fold higher, respectively (Tables 2 and 3). These results IPsR isoforms expressed in both the ER and nucleus of CGA-
are similar to those of CGA-transfected cells, and indicate or CGB-transfected and nontransfected NIH3T3 cells did not
that the newly formed secretory granules contain similar show significant differences. The ER/nucleus concentration
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Table 1: Distribution of the IfR Type 1-Labeled Gold Particles in NIH3T3 Célls

normab Si-IP;R-1° CGAP si-IP;R-1 and CGA CGPR° si-IP;R-1 and CGB
no. of no. of no. of no. of no. of no. of
gold gold gold gold gold gold
particles/ no.of particles/ no.of particles/ no.of particles/ no.of particles/ no.of particles/ no. of
area gold area gold area gold area gold area gold area gold

viewed particles/ viewed particles/ viewed particles/ viewed particles/ viewed particles/ viewed particles/
(un?) um? (un) um? (un?) um? (un) pm? (um?) um? (um?) um?

endoplasmic 76/10.2 7.5 19/5.6 3.4 373/51.1 7.3 34/7.3 4.6 442/61.6 7.2 29/5.9 4.9
reticulum

secretory NA NA NA NA  165/6.3 26.2 24/2.0 12.0 167/6.5 25.7 31/3.5 8.9
granules

nucleus 106/23.5 4.5 33/17.7 1.9 157/30.8 5.1 19/8.3 2.3 245/51.0 4.8 10/4.2 2.4

mitochondria 6/8.2 0.7 1/3.2 0.3 4/4.1 1.0 1/11 09 2/3.0 0.7 3/2.5 1.2

aThe values are from normal (untreated control), si-RNA-treated (8-, CGA-transfected (CGA), CGB-transfected (CGB), CGA-transfected
but si-RNA-treated (si-IfR and CGA), or CGB-transfected but si-RNA-treated (sRRnd CGB) NIH3T3 cells? Fifteen images from five different
tissue preparations were usé&even images from three different tissue preparations were used.

Table 2: Distribution of the IfR Type 2-Labeled Gold Particles in NIH3T3 Célls

normap Si-IPsR-2¢ CGAP si-IP;R-2 and CGA CGBP si-IP;R-2 and CGB
no. of no. of no. of no. of no. of no. of
gold gold gold gold gold gold
particles/ no.of particles/ no.of particles/ no.of particles/ no.of particles/ no.of particles/ no. of
area gold area gold area gold area gold area gold area gold

viewed particles/ viewed particles/ viewed particles/ viewed particles/ viewed particles/ viewed particles/
(um?) pm? (@m?d  um? (m?d  um? (wm?)  um? (ur) pm? (ur) pm?

endoplasmic 46/7.2 6.4 17/6.9 25 407/54.8 7.4 30/12.3 2.4  414/62.3 6.6 19/7.2 2.6
reticulum

secretory NA NA NA NA  134/5.3 25.3 23/2.1 10.9 180/6.8 26.5 29/4.7 6.2
granules

nucleus 144/23.3 6.2 26/18.1 14 303/45.3 6.7 8/3.2 2.5 550/84.6 6.5 21/6.0 35

mitochondria 5/7.1 0.7 1/4.9 0.2 5/4.4 11 3/2.9 1.0 326 1.2 3/3.0 1.0

a2 The values are from normal (untreated control), si-RNA-treated (8-, CGA-transfected (CGA), CGB-transfected (CGB), CGA-transfected
but si-RNA-treated (si-1fR and CGA), or CGB-transfected but si-RNA-treated (sRRnd CGB) NIH3T3 cells? Fifteen images from five different
tissue preparations were usé&even images from three different tissue preparations were used.

Table 3: Distribution of the IfR Type 3-Labeled Gold Particles in NIH3T3 Célls

normaP si-IPR-3 CGAP si-IP;R-3 and CGA CGP° si-IP;R-3 and CGB
no. of no. of no. of no. of no. of no. of
gold gold gold gold gold gold
particles/ no.of particles/ no.of particles/ no.of particles/ no.of particles/ no.of particles/ no. of
area gold area gold area gold area gold area gold area gold

viewed particles/ viewed particles/ viewed particles/ viewed particles/ viewed particles/ viewed particles/
(um?) um? (um?) wum? (um?) wum? (um?) pum? (um?) um? (um?) um?
endoplasmic  62/8.0 7.8 13/5.5 24 550/63.7 8.6 20/6.0 3.3 455/52.2 8.7 26/7.5 35
reticulum

secretory NA NA NA NA  234/8.5 27.5 17/1.9 8.9 206/7.5 27.5 41/5.1 8.0
granules

nucleus 99/17.1 5.8 28/19.1 15 486/61.6 7.9 10/3.8 2.6 196/34.5 5.7 15/6.4 2.3

mitochondria  3/6.2 0.5 2/5 0.4 6/4.8 1.3 1/1.1 0.9 3/2.7 1.1 1/0.9 1.1

aThe values are from normal (untreated control), si-RNA-treated ¢&-B), CGA-transfected (CGA), CGB-transfected (CGB), CGA-transfected
but si-RNA-treated (si-IfR and CGA), or CGB-transfected but si-RNA-treated (sRRnd CGB) NIH3T3 cells? Fifteen images from five different
tissue preparations were usé&even images from three different tissue preparations were used.

ratios of each IER isoform in the normal NIH3T3 cells IP;R-labeling gold particles were subtracted, it became
ranged from 1.0 to 1.8, while that of CGA- or CGB- evident that the expression of all threesRPisoforms is
transfected NIH3T3 cells ranged from 1.0 to 1.7 (Tables severely reduced even in the siRRtreated but chromog-
1-3), exhibiting little difference between the two cell groups. ranin-expressing NIH3T3 cells. Despite the suppression of
Identical experiments with the CGA- or CGB-transfected the IPR expression in the si-BR-treated but chromogranin-
but si-IBR-treated NIH3T3 cells showed that the number expressing NIH3T3 cells, the number of newly formed
of IPsR-labeling gold particles per square micrometer of the secretory granules in these cells did not decrease compared
ER and nucleus was 24.9 or 2.3-3.5, respectively, while  to that of the control cells, i.e., chromogranin-expressing but
that of secretory granules was 6.22.0 (Tables 13), not si-IR;R-treated cells (not shown).
showing markedly reduced levels of thesRPisoforms in Correlation between the Number of Secretory Granules
the si-IRR-treated cells. When the nonspecific background and Intracellular C&" ReleaseTo determine the level of
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correlation between the number of secretory granules presenCGB in IP;-mediated intracellular Ca mobilization. Since

in each cell and the amount of intracellular’Caeleased in expression of either CGA or CGB in non-neuroendocrine
response to I the number of secretory granules present in NIH3T3 and COS-7 cells has previously been demonstrated
chromogranin-transfected NIH3T3 cells and the SiRNA- to induce de novo secretory granule formation in these cells
treated PC12 cells was compared with the amount 8f Ca (23, 24), these results indicate that thesdPediated intra-
released in each cell (Figure 7). As has been shown cellular C&" mobilization in these cells is directly affected
previously, suppression of CGA and CGB expression in by the expression of the chromogranins.

PC12 cells resulted in the reduction of the number_of On the other hand, suppression of chromogranin expres-
endogenous secretory granules by 41 and 78%, respectively;jon in neuroendocrine PC12 cells had the opposite effect.
(24). Like the reduction of the number of secretory granules, By suppressing the expression of intrinsic CGA or CGB
the extents of IRmediated C# release also decreased by i pc12 cells by treating PC12 cells with si-CGAor si-

40 and 69% in the si-CGA and si-CGB-RNA-transfected  cGB-RNA (Figure 1B), the number of secretory granules
PC12 cells, respectively (Figure 7A). There appeared t0 bej, i cGA-treated PC12 cells decreased by 41% while that

a close correlation between the number of secretory granulesy, sj.cGB-treated cells decreased by 7824)( This decrease
and the extent of IRinduced intracellular G4 mobilization in the number of secretory granules in PC12 cells was shown
in neuroendocrine PC12 cells. in this study to result in the decrease in the amount ef IP
Since there are no endogenous secretory granules in noninduced intracellular G4 release (Figure 4). As shown in
neuroendocrine NIH3T3 cells, the extent of-iRduced C&" Figure 4, stimulation of control PC12 cells with 1@
release in normal NIH3T3 cells could not be directly ATP caused an-13-fold increase in the intracellular &a
correlated with the number of secretory granules. However, concentration over the resting level. Similar results were also
the effect of CGA or CGB expression on thesdfediated  observed in the PC12 cells treated with the si-RNA reagents
intracellular C&" mobilization was evident; the magnitude pyt without the CGA or CGB RNA (empty). However,
of IPyinduced intracellular Cd releases in CGA- and CGB-  stimulation of the si-CGA-treated PC12 cells with the same
expressing NIH3T3 cells was 40 and 134% higher, respec- agonist caused an7.8-fold increase in the intracellular €a
tively, compared to the control cells or the cells transfected ¢concentration over the resting level, indicating a 40%
with the empty vector (Figure 2B). In view of the presence reduction in the extent of the released*Cin these cells
of secretory granules in both CGA- and CGB-expressing compared to the control cells. Moreover; faused an only
NIH3T3 cells, it was therefore possible to compare the 4 1-fold increase in the intracellular €aconcentration in

number of secretory granules formed in the cytoplasm with the si-CGB-treated PC12 cells, indicating a 69% reduction
the extent of IR-induced C&" mobilization in these cells i the amount of intracellular G4 released.

(Figure 7B).

As has been reported previousl24], the number of
secretory granules in CGB-expressing NIH3T3 cells was 50
60% higher than that of CGA-expressing cells. Likewise,
the extents of IRinduced C&' release in CGB-expressing
cells were~68% higher than those of CGA-expressing cells,
implying a relationship between the number of secretory
granules and the magnitude ofsiediated C& releases
in NIH3T3 cells (Figure 7B).

Since the newly formed secretory granules cannot function
as IR-sensitive intracellular G4 stores in the absence of
the IRRs, the presence of thesl®s in secretory granules of
chromogranin-expressing NIH3T3 cells agrees well with the
increase in the extent of induced intracellular Ca
releases in these secretory granule-containing cells. Further-
more, the close correlation between the number of secretory
granules and the magnitude ofslidduced Ca' release
highlights the importance of FAnduced C&' release from
secretory granules in the #eependent intracellular €a
mobilization in the cell. Nevertheless, the fact that theRIP

These results show thatdPnobilizes far larger amounts ~ concentration ratios of ER/nucleus remain similar between
of intracellular C&" in chromogranin-expressing cells than the chromogranin-transfected and nontransfected NIH3T3
in chromogranin-suppressed or nonexpressing cells. Chro-Cells suggests that thesRs expressed in the ER and nucleus
mogranins are normally expressed in secretory cells (neuronsOf NIH3T3 cells are not affected by the formation of
endo/exocrine cells, and neuroendocrine cells), and non-secretory granules.
neuroendocrine cells such as NIH3T3 cells do not express Nonetheless, this should not be confused with the de novo
chromogranins. Nevertheless,zlfobilized significantly production of the IERs in the newly formed secretory
larger amounts of intracellular €a in chromogranin-  granules of chromogranin-expressing NIH3T3 cells. ThRIP
expressing NIH3T3 cells than in control cells (Figure 2). In concentrations in the newly formed secretory granules of
particular, CGB had a more profound effect op-tRediated NIH3T3 cells were shown to be 35.7-fold higher than
intracellular C&" mobilization than CGA. those of the ER (Tables-3), which are similar to the levels

The extent of Imediated C# release in CGA-express-  shown in secretory granules and the ER of neuroendocrine
ing NIH3T3 cells was~40% higher than that of the control  chromaffin cells (Table 1 of ref33). In light of the
cells (Figure 2). Like the CGA-expressing cells, the CGB- observation that the expression of intrinsigRB in the ER
expressing NIH3T3 cells also released markedly larger and nucleus of NIH3T3 cells does not change regardless of
amounts of C& in response to the same stimulation. In the the chromogranin expression, these results indicate that the
case of CGB-expressing NIH3T3 cells, the extent of IP chromogranin expression induced production of all three
mediated C# release was more than 2-fold higher than that isoforms of the IERs that were targeted to the newly formed
of control cells, and was even 68% higher than that of CGA- secretory granules of NIH3T3 cells. The 34.7-fold higher
expressing cells (Figure 2), suggesting a greater effect of concentrations of the BRs in secretory granules, compared

DISCUSSION
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to those of the ER, make it clear why chromogranin
expression enhances thegiependent Ca storage and

Biochemistry, Vol. 44, No. 16, 200%131

C&" channel by 16-fold and the mean open time by 42-fold
(18). However, unlike CGA, which dissociates from thgRP

release capabilities of the cells in which they are expressed.at pH 7.5, CGB stays bound to thesRPeven at pH 7.532)
Moreover, these results also indicate that the higher mag-and activates the BR/Ca&" channel, increasing the open

nitude of IR-dependent Ca release in CGB-expressing, than

probability of the channel by 8-fold and the mean open time

CGA-expressing, NIH3T3 cells is not because of the higher by 23-fold. Coupling of the equimolar mixture of CGA and

concentrations of the BRs in the newly formed secretory

CGB to the IRR/C&" channel also exhibited }R/C&"

granules of CGB-expressing cells but because of the largerchannel-activating effects similar to those of CGB aldt).(
number of secretory granules formed in CGB-expressing Since the equimolar mixture of CGA and CGB forms a

cells, which is 56-60% higher, than in the CGA-expressing
cells 24).

CGA—CGB heterodimer at a near-physiological pH of 7.5
and a CGA—CGB; heterotetramer at an intragranular pH

The contribution of the newly formed secretory granules of 5.5 (34), the channel-activating effect of CGACGB

to the IR-induced intracellular Ca release in the chromog-

mixture is presumed to result from the interaction of CGB

ranin-expressing NIH3T3 cells is also manifested by the with the IBR at both pH 5.5 and 7.539).

suppression of I§R expression. As shown in Figure 3 and
Tables 13, suppression of the §R expression by si-4R—
RNA duplexes specific to all three 4R isoforms in NIH3T3
cells resulted in the reduction in the extents of-ifduced

Indeed, interaction of CGB with the §Rs of the ER at a
pH of 7.4 has been shown to be essential in controlling the
IPs-dependent release of €afrom the ER 85). Using
neuronally differentiated PC12 cells, Ehrlich and colleagues

Ca&" release (Figure 3B). Even in this case, the CGA- and (35) have demonstrated thatstBependent Cd release from
CGB-expressing NIH3T3 cells released 45 and 110%, the ER is controlled primarily by the functional coupling

respectively, more Ga than the cells that were devoid of

between chromogranins and themRB in the ER. In light of

the chromogranin expression, demonstrating the contributionformation of the CGA-CGB heterodimer at a near-physi-

of the newly formed secretory granules to the-iffduced

ological pH of 7.5 84), CGA appeared to participate in the

intracellular C&" release. Nevertheless, although the number control of the IBRs even in the ER. These results indicated

of newly formed secretory granules in the chromogranin-

expressing but si-R-treated NIH3T3 cells remained un-
changed, the magnitude of Hhduced intracellular Ca

that the coupling between chromogranins and thRi@z*
channels is an essential component in controlling the IP
dependent intracellular €aconcentrations in the celBE),

release in these cells was substantially lower than in thoseand further suggested that the relative concentrations of

cells that were not treated with the skHFP-RNA complexes
(Figure 3B). In view of the inhibition of the BR expression
in the si-IRR-treated cells (Figure 3A and Tables 3), the
reduction in the magnitude of finduced intracellular Ca
release in the chromogranin-expressing but sikRifeated
NIH3T3 cells indicates the Pmediated C# release through
the IBR/C&" channels of the newly formed secretory
granules.

The significantly higher magnitude of #fnduced C&"
mobilization in PC12 cells, reachingl.35uM (Figure 4A),
compared to that of NIH3T3 cells, reaching.4uM (Figure

chromogranins and the JRs in subcellular organelles
determine the IRinduced C&" release property of the cell.
Chromogranins A and B that are coupled to theRRre
known to change the conformation of thesRPto a more
ordered form, making it more conducive to;lBinding and
release of CH (16, 18). Combined with the high-capacity
C&" storage properties of chromogranins A and B, binding
50—-90 C&*/mol (14, 15), the presence of JR/Ca&* channel-
coupled chromogranins in secretory granules will greatly
increase the amount of €athat can be released from
secretory granules. It is therefore likely that a given con-

2A), appeared to reflect the abundance of intrinsic secretory centration of IR will induce release of more intracellular
granules in PC12 cells. Even in the case of chromogranin- C&" in the cells that contain more secretory granules. This
expressing NIH3T3 cells, the number of secretory granules appears to be the case not only in PC12 cells that contain

formed per NIH3T3 cell was markedly lower than that of
PC12 cells 24). So despite the significantly increased
magnitude of IR-induced C&" mobilization in the secretory
granule-containing NIH3T3 cells (Figure 2), the overall
ability to mobilize intracellular C& in the NIH3T3 cells
was far short of the similar ability of PC12 cells (Figure 4),
which contain a significantly larger number of secretory
granules 24).

intrinsic secretory granules and chromogranins A an8@ (
37) but also in chromogranin-transfected non-neuroendocrine
NIH3T3 cells that contain chromogranins inside the newly
synthesized secretory granulezsiy,

Targeting of the IER to the chromogranin-induced secre-
tory granules is a first demonstration of chromogranin-
directed targeting of an integral membrane protein to newly
formed secretory granules. Since both CGA and CGB have

In addition to the granulogenic roles, it has recently been been known to directly interact with thegR (32), localiza-

shown that CGA and CGB activate theR?C&* channels,

tion of the IRRs in secretory granules, be they endogenous

increasing the open probability and the mean open time of or induced, appears to result from direct interaction between

the channel 17, 18). Chromogranin A couples to the JR

chromogranins and the JR. Hence, this cotargeting of

at an intragranular pH of 5.5 and increases the openchromogranins and the 4R to secretory granules under-

probability of the IBR/C&" channel by 9-fold and the mean
open time by 12-fold 7). But when CGA is dissociated
from the IRR/C&" channel at a near-physiological pH of

scores the granulogenic roles CGA and CGB play in selective
segregation and targeting of secretory granule membrane
proteins, including the R, to secretory granules during

7.5, the channel activity returns to a control level, underscor- secretory granule biogenesis.

ing the IRR/C&" channel-activating role of CGA. Like
chromogranin A, chromogranin B also couples to theRIP
at pH 5.5 and increases the open probability of theRIP

The granulogenic role of chromogranins A and B is now
further extended to other regulated secretory proteins such
as secretogranin Il and hormone precursors pro-vasopressin,
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pro-oxytocin, and pro-opiomelanocortif). Nevertheless, 21
the granulogenic effect of CGB and Sgll was far greater than
that of the hormone precursors; CGB and secretogranin |l
induced secretory granule formation in all the transfected
cells, whereas the hormone precursors did the same in only

a limited number of transfected cell38§). 22.
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