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ABSTRACT. Recently, secretory granule €astorage protein chromogranin B (CGB) was shown to be
present in the nucleoplasm proper in a complex structure that consists of the inositol 1,4,5-trisphosphate
receptor (IRR)/Ca&" channels and the phospholipids. Further, the amountsBElpresent in the nucleus

of bovine chromaffin cells were shown to be comparable to that of the endoplasmic reticulum. Therefore,
we investigated here the potential contribution of nuclear CGB on thedpendent Ca mobilization

in the nucleus, using both neuroendocrine PC12 and nonneuroendocrine NIH3T3 cells. Chromogranin A
(CGA) expression in the NIH3T3 cells, which do not contain intrinsic chromogranins, increased-the IP
induced C&" releases in the nucleus by 45%, while CGB expression in the same cells increased the
IPs-induced C&" releases in the nucleus by 80%. Microinjection ofifRo the nucleus of CGB-expressing
NIH3T3 cells increased the Rlependent nuclear €amobilization~3-fold, whereas in CGA-expressing

cells it remained the same as that of control cells. In contrast, inhibition of CGA expression in PC12 cells
by siRNA treatment decreased the-iRduced C&" releases in the nucleus by 17%, while inhibition of
CGB expression decreased the-lRduced C&" releases in the nucleus by 55%. Microinjection of IP

into the nucleus of siCGB-treated PC12 cells decreased thaejfendent nuclear €amobilization by

~75%, whereas in siCGA-treated cells it remained the same as that of control cells. Given the presence
of CGB in the nucleus, these results further highlight the critical contribution of nuclear CGB in the
IPs-induced Cé&'" release in the nucleus.

Granin family proteins, chromogranins and secretogranins, it was estimated that15% of total cellular IBR-1 and -2
are abundantly expressed in neuroendocrine cells, and ofand~25% of total cellular IBR-3 are present in the nucleus
these granins chromogranins A and B are the two major (17). These amounts are comparable to those aRIP
proteins of secretory granules of secretory cells-). isoforms present in the endoplasmic reticulum (ER), which
Chromogranins are high-capacity, low-affinity Tatorage were shown to contaity15—20% of total cellular IERs (17),
proteins and have been shown to induce secretory granuleand point out the potential prominence ofiependent Ca
formation 7—9), though the granulogenic effect of CGB  release capacity inside the nucleus.

was 50-60% higher than that of CGA8]. Moreover, it was further shown that thesR, CGB, and
Despite the dominant presence of chromogranins in phospholipids colocalize in the nucleoplasm, existing in a
secretory granules, CGB has also been demonstrated tqesjcular nucleoplasmic complex with an estimated average
localize in the nucleus as weB,(10). The CGB concentra-  sjze of~(2—3) x 107 Da (18). In light of the presence of
tion in the secretory granules of bovine adrenal chromaffin the vesicular nucleoplasmic structures that are composed of
cells is estimated to be200xM (1) while thatin the nucleus  the |IRRs and CGB, it is likely that these structures serve as
~40—80uM (10). Chromogranin B binds-90 mol of C&*/ IPs-sensitive nucleoplasmic @astores. The nucleoplasm
mol with a dissociation constant of 1.5 mM1). In this has been known to contain phosphatidylinositol 4,5-bis-
regard, the presence of a relatively high CGB concentration phosphate (P and phospholipase C (PLC) activityd—
in the nucleus implies the existence and operation of a high- 22), two components that are necessary to produgeltP
capacity C&" storage and control system in the nucleus.  appears therefore possible fok B mobilize nucleoplasmic

Although the IR-induced nuclear Ca releases have often  cz+ in the nucleoplasm by binding and opening theRP
been attributed to Ca releases through the JR/Ca&" Cca*+ channels.

ihar}[gelf trFf;tCZE_f Ior::ated Im rt]he mger nuﬂear n:emb_ﬂzilje 'Eh The nucleus is home to chromosomes that were shown to
5)’| ela i CI anneis t‘f‘“’g tﬁ?ﬂ shorvn oheX|s 't’.‘ edcontain 20-32 mM C&" depending on the condensation
nucieoplasm, widely present in bo € heterochromatin antgy,q 23); the condensed chromosomes contained higher

the euchromatin regiond§, 17). In adrenal chromaffin cells, Ca&* concentrations, whereas the decondensed chromosomes
Towh J hould be add 4 Tel 82.32.890 contained lower concentrations. Given-282 mM C&" in
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0936. Fax: 82-32-882-0796. E-mail: Shyoo@ inha.ac.kr. the chromosomes2§), it appeared inevitable for high

1 Abbreviations: CGB, chromogranin B; 4R, inositol 1,4,5- capacity, low-affinity C&" storage proteins such as CGB to

trisphosphate receptor. actively participate in the control of nuclearaMoreover,
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IP;-mediated C& release through the {R/C&" channelhas  was used as an empty vector. The transfection of CGA- or
been shown to be essential in the fusion of nuclear vesiclesCGB-ECFP fusion protein was identified on the basis of the
(24). We have hence investigated the effect of nuclear CGB cyan fluorescence emission using 42Bl5 nm excitation

in the control of IB-mediated nuclear Ca mobilization and and 466-510 nm emission filters, respectively, and micro-
found a close relationship between the presence of CGB andnjection, C&" measurements, and the electron microscope
the magnitude of IRinduced C&" mobilization in the experiments were performed using the successfully trans-

nucleus. fected cells 48 h after transfection.
PC12 Cell Culture and Transient Transfection of CGA-
EXPERIMENTAL PROCEDURES and CGB-siRNAC12 cells were maintained in RPMI 1640

(Gibco BRL) medium supplemented with 10% fetal bovine
serum. Transient siRNA transfection was performed with
70—80% confluent cultures. The CGA-siRNA duplex sense

AntibodiesPolyclonal anti-rabbit CGA and CGB antibod-
ies were raised against intact bovine CGA and recombinant

CGB, and the specificity of these antibodies was confirmed and antisense sequences afeCBACAACAACACAG-

(8, 10, 25). The antibodies for thg ER marker protein calnexin CAGCUdTdT-2 and 2-dTdTGUUGUUGUUGUGUCGUC-
S.nd ;he nuc(;eus markef prothe|n|h|stone L w«_erel from Cal- GA-5', respectively, and the CGB-siRNA duplex sense and
lochem ant Upstate B|ot§c nology, respectlve.y. antisense sequences afeAQJGCCCUAUCCAAGUCCA-
Construction of Expression VectofEhe expression vec-  GqTdT-3 and 3-dTdTUACGGGAUAGGUUCAGGUC-5
tors for CGA and CGB were prepared by polymerase chain respectively. The two-nucleotide’ 8verhang of 2deox-
reaction (PCR) using bovine cDNA as a template, and the ythymidine is indicated as dTdT. The cells were transfected
PCR products containing full coding sequences were sub-yjith the siRNAs using the Silencer siRNA transfection kit
cloned into theEcdRI/Xbd site of pCl-neo mammalian  (ambion). Briefly, approximately 2 x 10° PC12 cells
expression vector (Promega), in which transcription of the \ere plated on a collagen type IV (BD Biosciences) coated
cloned gene is under the direction of the constitutively active cyjture dish (100 mm in diameter) in RPMI 1640 medium
cytomegalovirus promoter. On the other hand, the expressiongpplemented with 10% FBS and were cultured for 48 h
vectors for CGA- and CGB-ECFP were prepared by sub- pefore transfection. For doseesponse experiments of
cloning the PCR products into tidhd/Sal site of pd2ECFP-  girNA transfection, 0.252 ug of the appropriate SiRNA
Ny (Clontech) to produce pd2CGA-ECFP and pd2CGB- ang 104l of siPORT Amine were used per $ 10° cells.
ECFP, respectively. Circular plasmid cDNAs for transfection gyt for the EM study, lug of the appropriate siRNA and
were prepared using the Qiagen maxipreparation Kkit. 10 uL of siPORT Amine were used per & 10 cells.
NIH3T3 Cell Culture and Transient TransfectioAll Addition of more siRNA did not reduce the number of
culture reagents and powdered media were purchased fromsecretory granules further.
Gibco BRL. NIH3T3 cells were maintained in Dulbecco’s For real time C#& release studiesyl x 1P PC12 cells
modified Eagle’s medium (DMEM) supplemented with 10% were plated on a glass coverslip coated with collagen type
fetal bovine serum. Transient transfection was performed |v (BD Biosciences, Palo Alto) in a well containing 800
with 70—80% confluent cultures. The cells were transfected ;L of RPMI 1640 medium supplemented with 10% FBS and
with circular plasmid DNAs using LipofecTAMINE-plus  were cultured for 48 h before transfection. In preparation of
transfection reagent (Gibco BRL). Briefly, cells were plated transfection, 6L of SiPORT Amine was mixed with 194
at a density of 5¢< 10° cells per well (100 mm in diameter) 4L of OPTI-MEM | and incubated for 20 min at room
and were cultured for an additional 24 h. Four micrograms temperature, followed by addition of 0/ of siRNA to
of plasmid DNA in 20uL of LipofecTAMINE-plus reagent  the siPORT Amine-OPTI-MEM | mixture for 20 min of
was mixed with 750uL of OPTI-MEM | medium and  additional incubation. The transfection mixture00 xL)
incubated for 15 min at room temperature. In addition, 30 was then added into the well containing the cells on a
uL of LipofecTAMINE reagent was mixed with 750L of coverslip in 800uL of RPMI 1640 medium, and the
OPTI-MEM | and incubated for 15 min. The mixture was transfection was performedrfé h at 37°C. After transfec-
then added into a culture plate containing 5 mL of OPTI- tjon, the medium was replaced with fresh prewarmed RPMI
MEM | medium. 1640 medium and was further incubated for 48 h. The
For real time C&' release studiesy5 x 10* NIH3T3 cells transfection was monitored using the Silencer CyTM3 siRNA
were plated on a glass coverslip in a well containing 800 labeling kit, and the PC12 cells that emitted red fluorescence
uL of OPTI-MEM I, and two DNA transfection reagents, as determined by using 540/25 nm excitation and 605/55
reagents 1 and 2, were prepared. Reagent 1 contained 0.hm emission filters were considered transfected successfully.
ug of plasmid DNA in 6uL of LipofecTAMINE- plus Through our siRNA treatments, almost all of the PC12 cells
reagent and 108L of OPTI-MEM | medium while reagent  were shown to emit red fluorescence, indicating virtual 100%
2 contained 4L of LipofecTAMINE-plus reagent and 100  transfection. Microinjection, Ga measurements, and elec-
uL of OPTI-MEM | medium. Both reagents were incubated tron microscope experiments were performed using the
for 15 min at room temperature, followed by mixing of the successfully transfected cells 48 h after transfection.
two reagents and an additional 15 min of incubation. The Detection of Nuclear and Cytosolic €aSignals with
mixture was then added to the well containing the cells on Confocal MicroscopyBefore incubation with the fluorescent
a coverslip, and the transfection was performed3d at C&" indicator,~5 x 10* NIH3T3 cells or~1 x 10° PC12
37 °C. After transfection, the medium was replaced with cells that had grown on a glass coverslip were stabilized with
fresh prewarmed culture medium and was further incubated OPTI-MEM | medium for 30 min. Then the cells were
for 72 h. In our culture condition, about #80% of NIH3T3 treated with a cell-permeant fluorescentCimdicator fluo-
cells were transfected. The pCl-neo vector or pd2ECEP-N 4/AM (4 uM) in OPTI-MEM | for 40 min at 37°C and 5%
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CO,, after which the cells were washed three times with of interest drawn in the nucleus, nuclear envelope (NE), and
OPTI-MEM I and then stabilized with the same medium for cytoplasm. The baseline fluorescengg)(of each ROI was
30 min at room temperature. The coverslip containing the calculated as the average fluo-4 fluorescence intensity of 100
fluo-4-incubated cells was mounted to a custom-made frames before IPinjection. The onset of the €a signal
perfusion chamber on the stage of an inverted microscopewas determined as the time point at whieh- F, began to
(IX71, Olympus). Confocal images of intracellular nuclear rise above 5% of the difference betwelepn.x — F, for the
and cytosolic C& signals of NIH3T3 and PC12 cells were first time.
recorded near the middle of the nucleus using a Perkin-Elmer Extraction of Cellular Proteins and Immunoblot Analysis.
UltraVIEW LCI confocal imaging system with a 6Q 1.4 To obtain the total cell lysates from the control and siCGA-
NA objective lens. In the case of NIH3T3 cells transfected or siCGB-treated PC12 cells, approximately-@) x 1C°
with CGA- or CGB-ECFP, only the cells that emitted ECFP cells were washed twice with ice-cold PBS and lysed in
fluorescence were chosen foraneasurement. To detect RIPA buffer (50 mM Tris-HCI, pH 8.0, 150 mM NacCl, 5
the confocal fluorescence images of the calcium signals,mM EDTA, 1% NP-40, 1 mM phenylmethanesulfonyl
fluo-4 was excited at 488 nm using an argon laser and afluoride, and 2Qug/mL aprotinin/leupeptin mix). Then the
488/10 nm excitation filter (Chroma Technology Corp., City, extracts were incubated for 20 min on ice, and the cell debris
VT), and the emission fluorescence signals were collectedwas removed by centrifugation at 22@dfbr 10 min at 4
through a HQ525/50 nm band-pass filter (Chroma). Images °C. To obtain the cytosolic and nuclear extracts, the harvested
were acquired every 260400 ms after application of cells were lysed by buffer A (10 mM HEPES, pH 7.9, 10
appropriate concentrations ofstproducing agonist ATP and  mM KCI, 1 mM EDTA, 1 mM EGTA, 1 mM dithiothreitol,
every 100 ms after microinjection of 10 nMdBsee below), 0.5 mM phenylmethanesulfonyl fluoride, and 0.5% NP-40).
which were analyzed using the region-of-interest (ROI) The lysates were then incubated for 30 min on ice and then
function of the UltraVIEW LCI Imaging Suite software 5.0 pelleted by centrifugation at 20§Cfor 4 min at 4°C to
(Perkin-Elmer, Boston, MA). The Ca release in the  separate the cytosolic supernatant and the nuclear pellet. The
cytoplasm and nucleus of microinjected cells was measuredsupernatant was used as the cytosolic proteins. But the
using the UltraVIEW LCI confocal imaging system with a nuclear pellet was washed four times with buffer A and was
100x objective (NA = 1.35) from the optical Z-section sonicated in a lysis buffer (62.5 mM Tris-HCI, pH 6.8, 1%
transverse the middle region of the nucleus of the cell. In SDS, 5% glycerol, and 50 mM dithiothreitol) at€. After
these experiments, only the cells uniformly loaded with incubation for 20 min on ice, the nuclear debris was removed
fluo-4 fluorescence both in the nucleus and in the cytosol by centrifugation at 210@Pfor 30 min at 4°C, and the
were used. supernatant was used as the nuclear proteins. The proteins
Microinjection of IR;. Microinjections were done with an (20 or 40ug each) were then resolved by SBBAGE and
Eppendorf system (Injectman NI2 5181, Femtojet 5247; analyzed by immunoblots using the appropriate antibodies
Eppendorf-Netheler-Hinz, Hamburg, Germany) using pipets and an ECL detection system (Amersham Life Science).
(~100 nm inner diameter) pulled from quartz glass (outer Immunogold Electron MicroscopyCells grown on the
diameter, 1.0 mm; inner diameter, 0.7 mm,; Sutter Instrument, culture dish were fixed fol h at 4°C in PBS containing
Novato, CA) using a P-2000 micropipet puller (Sutter 2% glutaraldehyde, 2% paraformaldehyde, and 3.5% sucrose.
Instrument). The IPto be microinjected were diluted to their  But the cells intended for immunogold labeling were fixed
final concentration in a buffer (20 mM HEPES, pH 7.2, 110 in the same solution containing 0.1% glutaraldehyde. The
mM KCI, 2 mM MgCl,, 5 mM KH,PQ,, 10 mM NaCl) and cells were then scraped from the culture dish with a cell
filtered with a 0.2um filter before being filled into the  scraper and pelleted by centrifugation at 290@r 2 min at
microinjection pipet. Injections were made using the semi- 4 °C. The cell pellets were resuspended in warm agar (1%
automatic mode of the Eppendorf system at a pipet angle ofin PBS) and repelleted by centrifugation. After three washes
45° under the following instrument settings: injection in PBS, the agar-embedded cell pellets were postfixed with
pressure, 80 hPa; compensatory pressure, 60 hPa; injectiol% osmium tetroxide on ice for 2 h, washed three times,
time, 0.5 s; velocity of the pipet, 200@m/s 26). Under and stained en block with 0.5% uranyl acetate, all in PBS.
such conditions using Femtotips #5600 nm inner diameter)  The cell pellets were then embedded in Epon 812 after
as pipets, the injection volume had previously been estimateddehydration in an ethanol series. The ultrathin sections were
to be 1.5% of the cell volume in the case of Jurkat collected on Formvar/carbon-coated nickel grids and were
T-lymphocytes 26). Hence, in light of the similarity in size  floated on drops of freshly prepared 3% sodium metaperio-
between Jurkat T-lymphocytes and PC12 cells, and muchdate @7) for 30 min. The immunogold labeling procedure
larger NIH3T3 cells that have an average diamet8ttimes was modified from Spector et ak®) and the manufacturer’s
larger than that of PC12 cells, our injection volume was also recommended protocol (British Biocell International, City,
expected to be-1% of the PC12 cell volume or less than U.K.). After etching and washing, the grids were placed on
0.05% of the NIH3T3 cell volume. Selective microinjection 50 uL droplets of solution A (phosphate saline solution, pH
to the nucleus and cytosol was confirmed by microinjection 8.2, containing 4% normal goat serum, 1% BSA, 0.1%
of 4',6'-diamidino-2-phenylindole (DAPI) and ER-Tracker Tween 20, and 0.1% sodium azide) for 30 min. Grids were
Blue-White DPX (Molecular Probes, Eugene, OR), respec- then incubated fo2 h atroom temperature in a humidified
tively. The IR-induced C&" release was initiated by the chamber on 5Q:L droplets of anti-rabbit CGA or CGB
microinjection of 10 nM IR, and the changes in the antibody appropriately diluted in solution B (solution A but
fluorescence Cd images were acquired every 100 ms. with 1% normal goat serum), followed by rinses in solution
C&’" Release as a Function of Tim&he fluorescence  B. The grids were reacted with 10 nm gold-conjugated goat
Ca* signal F) of the cells was measured over the regions anti-rabbit 1gG diluted in solution A. Controls for the
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Ficure 1: IPz-induced C&" mobilization in the nucleus and cytoplasm of NIH3T3 cells. Theitfeluced C&" releases in the nucleus and

cytoplasm of NIH3T3 cells, normal (A), empty vector treated (B), transfected with CGA-CFP (C), and transfected with CGB-CFP (D),
were measured after stimulation with 4M ATP. Traces show the oscillatory fluorescence signals in the nucleus (Nu) and the cytoplasm
(Cy) and are representatives of similar results repeated.3@imes. (E) The highest (top) and baseline (bottom) fluorescentesmals
(meanst SD) are shown in parentheses in each case, and the increases in the fluoresées@méla are expressed in a bar graph along
with the pairedt-test results.

specificity of CGA and CGB immunogold labeling included RESULTS

(1) omitting the primary antibody and (2) replacing the

primary antibody with preimmune serum. After washes in  IPs-Induced Intracellular C&" Mobilization in NIH3T3
PBS and deionized water, the grids were stained with uranyl Cells. To determine the effect of chromogranin expression
acetate (7 min) and lead citrate (2 min) and were viewed on IP;-mediated C& mobilization in the nucleus and
with a Zeiss EM912 electron microscope. cytoplasm of NIH3T3 cells, the nonneuroendocrine NIH3T3
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FiGure 2. Microinjection of I and C&" mobilization in the nucleus and cytoplasm of NIH3T3 cells. Theiffluced C&" releases in

the nucleus of control (normal), CGA-transfected (CGA/ECFP), and CGB-transfected (CGB/ECFP) NIH3T3 cells were measured after
microinjection of 10 nM IR into the nucleus of the cell (A). The increases in the fluorescenée €ignals (means- SD) are expressed

in a bar graph along with the pairedest results (B). The Binduced Ca&' releases in the cytoplasm of control (normal), CGA-transfected
(CGA/ECFP), and CGB-transfected (CGB/ECFP) NIH3T3 cells were also measured after microinjection of 19intd tFe cytoplasm

of the cell (C). The increases in the fluorescencé'Gignals are expressed in a bar graph along with the p&irest results (D). Traces

show the representative fluorescence signals in the nucleus (A) and the cytoplasm (C), which were repeated six to seven times.

cells that do not express endogenous CGA or CGB were measured using confocal microscopy after application of the
transfected with either CGA-CFP or CGB-CFP, and the IPs-producing agonist ATP. Figure 1A shows thaj ifduced
expression of CGA and CGB was confirmed (not shown). oscillatory intracellular C& releases in both the nucleus and
For [C&']; measurements of the NIH3T3 cells that had been cytoplasm of normal NIH3T3 cells, followed by a gradual
successfully transfected with either CGA-CFP or CGB-CFP, disappearance of the oscillation. To estimate the magnitude
only the cells that emitted the CFP fluorescence were chosenof C&* release, the fluorescence®Caignal in the first Ca"
for [Ca&"]; measurements. peak (highest Ca mobilization) was expressed over that
(A) Application of IR-Producing Agonist ATPThe IR- of the resting level. This resulted in approximately 4.0-fold
mediated C& releases in the nucleus and cytoplasm of (from baseline fluorescence 97 18 to 387+ 67) and 2.4-
normal and chromogranin-expressing NIH3T3 cells were fold (from baseline fluorescence 1G8 15 to 247+ 35)
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Ficure 3: Microinjection of IR into the nucleus and Gaimaging of NIH3T3 cells. (A) 10 nM IPwas microinjected into the nucleus (the
exact location of microinjection is indicated by an arrow within the demarked nucleus) of NIH3T3 at the time indicated by a downward
arrow (between 15.2 and 15.3 s). The resulting'Galease images are shown as a function of time in pseudocolors. Note that the initial
IPs-dependent Ca release is limited to the nucleus, though it propagated to the cytoplasm later. (B, C) Temporal resolution gf the IP
induced C&" release shows that €awas released first in the nucleus (Nu), followed by the nuclear envelope (NE) and cytoplasm (Cy)
of the NIH3T3 cell injected with IRin the nucleus. The box shown in (B) is redrawn in (C) in an expanded scale. The subcellular regions
from which the C&" signals were collected are demarked in the normal image. The results shown are typical of cells microinjected with
IP3 in the nucleus.

increases in the initial nuclear and cytoplasmic*'Ceon- However, the C# release properties of the nucleus and
centrations, respectively, over the resting levels (Figure 1E). cytoplasm of chromogranin-expressing NIH3T3 cells were
Application of same concentration of ATP to the NIH3T3 markedly different (Figure 1C,D). Freleased significantly
cells transfected with CFP only (empty vector) also induced larger amounts of Ca from the CGA-expressing NIH3T3
oscillatory intracellular CH releases both in the nucleus and cells than the control cells or the cells transfected with the
in the cytoplasm (Figure 1B), similar to the levels shown in empty vector (Figure 1C), inducing approximately 5.8-fold
the control cells. This resulted in approximately 3.9-fold (from 104+ 14 to 603+ 134) and 3.5-fold (from 10% 21
(from 974 13 to 380+ 77) and 2.4-fold (from 10&: 18 to to 353+ 82) increases in the nuclear and cytoplasmié'Ca
239 + 48) increases in the initial nuclear and cytoplasmic concentrations, respectively, over the resting levels (Figure
C&" concentrations, respectively, over the resting levels 1E). This result indicates that approximately 45% more
(Figure 1E), showing practically no difference between the nuclear C&" and 46% more cytoplasmic &awere released
control cells and the cells transfected with the empty vector. in the CGA-transfected cells than in control cells.
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Ficure 4: Microinjection of IR into the cytoplasm and €aimaging of NIH3T3 cells. (A) 10 nM IPwas microinjected into the cytoplasm

(the exact location of microinjection is indicated by an arrow outside the demarked nucleus) of NIH3T3 at the time indicated by a downward
arrow (between 14.7 and 14.8 s). The resulting'Galease images are shown as a function of time in pseudocolors. Note that the initial
IPs-dependent Ca release is limited to the cytoplasm, though it propagated to the nucleus later. (B, C) Temporal resolution gf the IP
induced C&" release shows that €awas released first in the cytoplasm (Cy), followed by the nuclear envelope (NE) and nucleus (Nu)
of the NIH3T3 cell injected with IRin the cytoplasm. The box shown in (B) is redrawn in (C) in an expanded scale. The subcellular
regions from which the Ca signals were collected are demarked in the normal image. The results shown are typical of cells microinjected
with 1P in the cytoplasm.

On the other hand, FHnduced markedly higher levels of  respective regions of CGA-expressing cells (Figure 1E).
oscillatory intracellular CH releases in both the nucleus and Particularly, the extent of nuclear €aincrease, from 45%
cytoplasm of CGB-expressing NIH3T3 cells (Figure 1D). inthe CGA-expressing cells to 80% in the CGB-expressing
In the CGB-expressing cells,Jihduced approximately 7.2-  cells, is significantly greater than the cytoplasmic increase,
fold (from 100+ 16 to 724+ 117) and 3.8-fold (from 104  which increased from 46% to 58%.

+ 17 to 394+ 73) increases in the nuclear and cytoplasmic  (B) Microinjection of IR. The effect of nuclear CGB on
Ca&" concentrations, respectively, over the resting levels the IR-induced C&" release in the nucleus is also demon-
(Figure 1E). These amounts of released'da the CGB- strated in the nucleus of NIH3T3 cells by microinjection of
expressing cells represent releases-80% and 58% more  IP; (Figure 2). As shown in Figure 2A, injection of 10 nM
nuclear and cytoplasmic €areleases, respectively, than the IP; into the nucleus of CGB-expressing NIH3T3 cells
control cells and are even 24% and 8% higher than the induced release of markedly larger amounts of nucleét Ca
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on a 10% SDS gel (129 per lane) and were immunoblotted with CGA (center) and CGB (right) antibodies to confirm the specificity of

the antibodies. (B) Proteins from the whole cells (T), the cytoplasm (C), and the nucleus (N) of normal PC12 cells and the cells that had

been treated with siCGA- or siCGB-RNA were separated on a 10% SDS gel(8r lane). The same proteins were immunoblotted with

CGA (C) and CGB (D) antibodies, along with antibodies for the cytoplasm marker calnexin, the nucleus marker histone H1, and actin

(20—40 ug per lane).

compared to those of CGA-expressing or control cells, clearly fluorescence Ca signal was shown first in the nucleus,
demonstrating the effect of CGB expression on the IP
dependent G4 mobilization in the nucleus. The magnitude
of IP;-dependent G4 mobilization in the nucleus of CGB-
expressing NIH3T3 cells was3-fold higher than those of

CGA-expressing or control cells (Figure 2A,B). However,

injection of 10 nM IR into the nucleus of CGA-expressing

NIH3T3 cells induced release of similar amounts of nuclear
C&" as those released in control cells, indicating that CGA

expression does not affect the;iependent Ca mobiliza-
tion in the nucleus (Figure 2A,B).
However, injection of 10 nM IR into the cytoplasm
induced a totally different pattern of €areleases (Figure
2C,D). Unlike the injection into the nucleus, injection o IP

into the cytoplasm of CGA-expressing NIH3T3 cells induced

IPs-dependent C4d release in the cytoplasm2-fold com-
pared to that of control cells while injection into the
cytoplasm of CGB-expressing cells induced thé'Gelease
>3-fold (Figure 2C,D). In view of the expression of both
CGA and CGB in the newly formed secretory granules of siCGA- or siCGB-RNA to suppress the expression of either
NIH3T3 cells (8 and Figure 8), these results demonstrate CGA or CGB (Figure 5). To determine the extent of
the effects of chromogranins A and B in the control of-IP
dependent G4 mobilization in the cytoplasm?2).

To further show that microinjection of §Pcan clearly

distinguish the C# release from the nucleus and cytoplasm,

the changes in fluorescence aignals were shown as a
function of time after the IPinjection into the nucleus

(Figure 3) and cytoplasm (Figure 4). Figure 3A shows the

spatiotemporal resolution of €arelease of NIH3T3 cells
after microinjection of 10 nM IR into the nucleus. The

which then propagated to the nuclear envelope and onto the
rest of the cell (Figure 3A). The temporal differences of the
C&" releases are shown in the expanded scale in Figure
3B,C, demonstrating the initial release ofCan the nucleus,
followed by the NE and the cytoplasm.

On the other hand, the injection ofdto the cytoplasm
of NIH3T3 cells induced IRdependent Ca release in the
cytoplasm first, which later propagated to the nucleus (Figure
4A). The spatiotemporal resolution in expanded scale also
shows that injection of IPinto the cytoplasm of CGB-
expressing NIH3T3 cells inducessteependent Cd mo-
bilization in the cytoplasm first, followed by the NE and
nucleus (Figure 4B,C).

IPs-Induced Nuclear and Cytoplasmic €aMobilization
in PC12 Cells.To determine the effect of chromogranin
expression on IPmediated nuclear and cytoplasmic?Ca
mobilizations in neuroendocrine PC12 cells, PC12 cells that
express endogenous CGA and CGB were treated with either

chromogranin suppression in the siCGA- or siCGB-RNA-

treated PC12 cells, the protein extracts from total, cytoplas-
mic, and nuclear fractions of the siRNA-treated cells were
separated on an SB®olyacrylamide gel, and the amounts

of CGA and CGB expressed were visualized by immunoblot
analyses (Figure 5C,D). Separation of the cytosolic and
nuclear proteins was confirmed by immunoblot analyses
using antibodies for calnexin, a cytoplasm marker, and
histone H1, a nucleus marker. As shown in Figure 5, CGA
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FIGURE 6: IPs-induced C&" mobilization in the nucleus and cytoplasm of PC12 cells. ThernBuced C&" releases in the nucleus and
cytoplasm of PC12 cells, normal (A), empty siRNA treated (B), treated with siCGA (C), and treated with siCGB (D), were measured after
stimulation with 30uM ATP. Traces show the fluorescence signals in the nucleus (Nu) and the cytoplasm (Cy) and are representatives of
similar results repeated A3 times. (E) The highest (top) and baseline (bottom) fluorescentedals (means: SD) are shown in
parentheses in each case, and the increases in the fluoresc@hcig@als are expressed in a bar graph along with the paiest results.

was expressed only in the cytoplasm while CGB was the siCGB-treated PC12 cells was also reduced-69%
expressed in both the cytoplasm and nucleus. Comparisonn both the cytoplasm and the nucleus (Figure 5C,D). Since
of the control and the siCGA-treated PC12 cells showed thatintroduction of sSiCGA- and siCGB-RNA into PC12 cells has
the CGA expression in the siCGA-treated cells was reducedbeen shown to decrease the expression of CGA and CGB,
by ~60% in the cytoplasm. Similarly, CGB expression in respectively, in the cells (Figure 5), the effect of reduced
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Ficure 7: Microinjection of I and C&" mobilization in the nucleus and cytoplasm of PC12 cells. (A) TheinBuced C&" releases in

the nucleus of control (normal), siCGA-treated (siCGA), and siCGB-treated (siCGB) PC12 cells were measured after microinjection of 10
nM IPz into the nucleus of the cell. (B) The increases in the fluorescenéesignals (mean: SD) are expressed in a bar graph along with

the pairedt-test results. (C) The Fnduced C&' releases in the cytoplasm of control (normal), siCGA-treated (siCGA), and siCGB-
treated (siCGB) PC12 cells were also measured after microinjection of 10 saMttPthe cytoplasm of the cell. (D) The increases in the
fluorescence Ca signals (meant SD) are expressed in a bar graph along with the paitedt results. Traces show the representative
fluorescence signals in the nucleus (A) and the cytoplasm (C), which were repeated six to nine times.

chromogranin expression onzthediated nuclear and cy- =+ 124) and 4.8-fold (from 113 20 to 5324 99) increases
toplasmic Ca" mobilizations was measured in the siRNA- in the nuclear and cytoplasmic €aconcentrations, respec-
treated PC12 cells. tively, over the resting levels (Figure 6E). Application of
(A) Application of IR-Producing Agonist ATPAs shown the same concentration of ATP to the PC12 cells that had
in Figure 6, IR induced rapid and steep rises of both the gone through the siRNA treatment but without the chro-
nuclear and cytoplasmic €aconcentrations in PC12 cells mogranin siRNA (empty treatment) also induced rapid and
(Figure 6A), followed by slow sequestrations of the released steep rises of both the nuclear and cytoplasmi¢tCa
C&". Unlike the NIH3T3 cells shown in Figure 1, thegtP  concentrations in the cells (Figure 6B), reaching approxi-
induced oscillatory Ca releases were not observed in PC12 mately 7.8-fold (from 101+ 8 to 784+ 84) and 5.0-fold
cells. IR induced roughly 7.7-fold (from 104 12 to 802 (from 107 4+ 12 to 539+ 82) increases of nuclear and
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cytoplasmic C& concentrations, respectively, similar to A
those shown in the control cells (Figure 6E). There was very =
little difference in the levels of nuclear and cytoplasmiéCa
mobilized between the control and the empty siRNA-treated
cells. g
However, when the PC12 cells that had been treated with
either siCGA-RNA or siCGB-RNA were exposed to the
same stimulation, the amount of intracellular’Ceeleased
was drastically reduced (Figure 6C,D). When the PC12 cells |
that had been treated with SICGA-RNA were stimulated with
the same concentration of ATP (Figure 6C), the nucledr Ca
releases increased6.4-fold (from 98+ 12 to 627+ 91)
over the resting levels while the cytoplasmic?Caeleases
increased~4.0-fold (from 99+ 9 to 400 + 68). This i
amounted to 17% and 16% reductions of the nuclear and B
cytoplasmic C#& releases, respectively, compared to those
of control cells (Figure 6E). :
Analogous to the effects of reduced CGA expression o
the IR-induced intracellular G4 releases, suppression of
CGB expression in PC12 cells also resulted in a marked
reduction of the IRmediated nuclear and cytoplasmic’€a
releases in these cells (Figure 6D). In the PC12 cells that 5%
had been treated with the siCGB-RNAzliRduced nuclear 4
and cytoplasmic Cd increases of 3.5-fold (from 10% 9 -
to 379+ 76) and 3.4-fold (from 10Gt 11 to 341+ 59), 1 \ %
respectively, over the resting levels, indicating 55% and 29% | &&=
reductions of the nuclear and cytoplasmicCaespectively, j
compared to those of the control cells (Figure 6E). In &
particular, the extent of nuclear €adecrease, from 17%in & :
the CGA-suppressed cells to 55% in the CGB-suppressedFGURE 8. Immunogold electron microscopy showing the localiza-
cells, is significantly greater than corresponding decreasestion of chromogranins in NIH3T3 cells transfected with chromog-

: : : o ranins. Nonneuroendocrine NIH3T3 cells that had been transfected
in the cytoplasmic C# releases, which decreased from 16% with CGA were immunolabeled for CGA (A), and those transfected

to 29%-' o with CGB were immunolabeled for CGB (B) (10 nm gold) with
(B) Microinjection of IR. The effect of nuclear CGB on  the affinity-purified CGA or CGB antibody. The CGA- or CGB-

the IR-induced CA&' release in the nucleus is also demon- labeling gold particles are localized in the endoplasmic reticulum
strated in the nucleus of PC12 cells by microinjection of [P (éT) and secretory granules (SG) but not in mitochondria (M).
. — N However, only the CGB-labeling gold particles (indicated by
(Figure 7). As shown in Figure 7A, injection of 10 nM4lP arrows) are localized in the nucleus (Nu). Bar200 nm.
into the nucleus of siCGA-treated PC12 cells induced release
of similar amounts of nuclear €a as those released in
control cells, indicating that suppression of intrinsic CGA control of IR-dependent G4 mobilization in the cytoplasm
expression does not affect thesifependent Ca mobiliza- (29). Nevertheless, the effects CGA and CGB on thg IP
tion in the nucleus. However, injection of 10 nMslito dependent C4 release in the nucleus were clearly different
the nucleus of siCGB-treated PC12 cells induced release of(Figure 7A,B); only CGB was effective in the control ofstP
markedly smaller amounts of nuclear®Caompared to those  induced C&" mobilization in the nucleus.
of siCGA-treated or control cells (Figure 7A), clearly Immunogold Electron Microscopy of CGA and CG®.
demonstrating the effect of suppression of CGB expressiondetermine the localization and relative density of the chro-
on the IR-dependent Ca4 mobilization in the nucleus. The  mogranins in subcellular organelles of chromogranin-
magnitude of IR-dependent Ca mobilization in the nucleus  expressing NIH3T3 cells and PC12 cells, CGA- or CGB-
of siCGB-treated PC12 cells decrease®s% compared to  labeling immunogold electron microscopy was used. Figure
that of siCGA-treated or control cells (Figure 7B). 8 shows the localization of CGA (Figure 8A) and CGB
However, injection of 10 nM IR into the cytoplasm (Figure 8B) in chromogranin-expressing NIH3T3 cells. Since
induces a totally different pattern of &areleases (Figure  CGA and CGB induce de novo secretory granule formation
7C,D). Unlike the injection into the nucleus, injection o§IP  in nonneuroendocrine cells7{9), the chromogranin-
into the cytoplasm of siCGA-treated PC12 cells decreasedexpressing NIH3T3 cells contain secretory granules (Figure
the IR-dependent C4 release in the cytoplasm-50% 8). The CGA-labeling immunogold particles were localized
compared to that of control cells (Figure 7C,D). Similarly, in secretory granules and the endoplasmic reticulum (ER)
injection of IR; into the cytoplasm of siCGB-treated PC12 of the NIH3T3 cells but not in the mitochondria or the
cells decreased the #elependent Ca release in the  nucleus (Figure 8A). This indicated that secretory granules
cytoplasm~75% compared to that of control cells (Figure formed in the CGA-expressing NIH3T3 cells also contain
7C,D). In view of intrinsic expression of both CGA and CGB CGA, as has been the case with secretory granules of
in secretory granules of PC12 cells, these results alsoneuroendocrine cells8). But no CGA was detected in the
demonstrate the effects of chromogranins A and B in the nucleus as reported befor&Qj.




Role of CGB on IB-Mediated Nuclear Ca Release Biochemistry, Vol. 45, No. 4, 20061223

Table 1: Distribution of the CGA- and CGB-Labeled Gold Particles in CGA- and CGB-Transfected NIH3T3 Cells

CGA CGB
no. of gold particle¥ no. of gold particle¥
area viewedgm?) gold particlesn? area viewedy/{m?) gold particlestm?
secretory granule 342/5.85 58.5 334/6.29 53.1
nucleus 7/15.82 0.4 123/26.10 17.4
endoplasmic reticulum 69/11.76 5.9 67/13.10 5.1
mitochondria 3/2.61 11 4/2.42 1.7

aTen images from five different tissue preparations were us&dn images from four different tissue preparations were used.

As shown in Table 1, the number of CGA-labeling gold
particles in secretory granules and the ER was aband
5.9jum?, respectively, whereas that in the nucleus was 0.4/
um?, Since the number of CGA-labeling gold particles in
the mitochondria was 14/? a number indicative of
background level, the number of gold particles found in the
nucleus was below the background level, indicating the
absence of CGA in the nucleus. Therefore, even taking the
background into consideration, 58.5 CGA gold partigle®/
in secretory granules is10 times higher than 5.9 CGA gold
particlesim? in the ER.

In contrast, CGB has previously been found to localize in
the nucleus 10) in addition to the usual localization in
secretory granules and the endoplasmic reticulum. Indeed,
the CGB-labeling immunogold particles were shown to
localize in the nucleus of the CGB-expressing NIH3T3 cells
in addition to secretory granules and the ER (Figure 8B).
The number of CGB-labeling gold particles localized in
secretory granules and the ER was 581 and 5.14n7,
respectively, while that of the nucleus was 1@ In light
of 1.7 CGB-labeling gold particlesi? in the mitochondria,
17.4 CGB-labeling gold particlgsi? in the nucleus repre-
sents~30% of the CGB concentration shown in secretory
granules and clearly indicates the presence of CGB in the -
nucleus. Similar to CGA, 53.1 CGB gold particles? in
secretory granules is’10 times higher than 5.1 CGB gold
particlesim? in the ER.

The distribution and relative density of intrinsic chromog-
ranins A and B in PC12 cells were also examined using [ 3 §
immunogold electron microscopy (Figure 9). The CGA- and : :
CGB-labeling gold particles were found in secretory granules Ficure 9: Immunogold electron microscopy showing the localiza-
and the ER (Figure 8), whereas in the nucleus only the CGB- tion of chromogranins in PC12 cells. Neuroendocrine PC12 cells
labeling gold particles were found (Figure 8B), demonstrating I?b”;ﬁ‘%'?g)'“;c')‘f dcgg?{ﬂ:?é’sr???mg%ﬁ)c;iﬁ':%tﬁ'ﬁgp(é)lgrl%quGaE?é
the presence of CGB in th_e nucl_eus. The number of CGA- shown. The CGA- or CGB-labeling gold particles are localized in
labeling immunogold particles in secretory granules of the endoplasmic reticulum (er) and secretory granules (SG) but not
control PC12 cells was 91,4m? while that of the siCGA- in mitochondria (M). However, the CGB-labeling gold particles
treated cells was 78Mm? (Table 2), showing a 13.7% (indicated by arrows) are localized in the nucleus (Nu) as well (B).
reduction in the amount of CGA present in secretory granules Bar = 200 nm.
of the siCGA-treated cells. Despite a substantial reduction,
~41% reduction 10), of the number of secretory granules um? while that of the siCGB-treated cells was 81u8?
in siCGA-treated PC12 cells, the difference in the amounts (Table 3), showing a 15.0% reduction in the amount of CGB
of CGA present in secretory granules of normal and siCGA- present in secretory granules of siCGB-treated cells. SICGB
treated PC12 cells did not appear to be large. This might betreatment reduced the number of secretory granules in PC12
due to the granulogenic role of CGA; perhaps a certain cells ~78% (L0). Nevertheless, there were only 15% less
amount of CGA is required before a secretory granule can CGB in the secretory granules of siCGB-treated PC12 cells
be formed. As reported beforé®), CGA was shown to be  compared to those of normal cells. Similar to siCGA-treated
absent in the nucleus (Figure 9A), and the few CGA-labeling cells, perhaps there exists a minimum requirement for a fixed
gold particles found in the nucleus were regarded to be amount of CGB whether the expression is suppressed by
backgrounds. SiRNA treatment or not before a secretory granule can be

Likewise, the number of CGB-labeling immunogold formed in the trans-Golgi network. However, unlike CGA
particles in secretory granules of control PC12 cells was 96.2/which was not expressed in the nucleus, CGB was expressed

-~
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Table 2: Distribution of the CGA-Labeling Gold Particles in PC12 Cells

normal PC12 CGA-siRNA-transfected PC12
no. of gold particle¥ no. of gold particle¥
area viewedgm?) gold particlestm? area viewedgm?) gold particlestm?
secretory granule 51/0.56 91.1 11/0.14 78.6
nucleus 5/5.75 0.9 3/3.59 0.8
mitochondria 0/0.90 0.0 0/0.86 0.0

2 Seventeen images were uséden images were used.

Table 3: Distribution of the CGB-labeling Gold Particles in PC12 Cells

normal PC12 CGB-siRNA-transfected PC12
no. of gold particle¥ no. of gold particle¥
area viewedgm?) gold particlestm? area viewedgm?) gold particlestm?
secretory granule 75/0.78 96.2 9/0.11 81.8
nucleoplasm 164/10.76 15.2 29/4.04 7.2
mitochondria 0/0.76 0.0 0/0.83 0.0

a Eighteen images were usédlen images were used.

in the nucleus (Figure 9B). The number of CGB-labeling Indeed, all three I§R isoforms have been demonstrated
gold particles in the nucleus was 1527 in control PC12 to exist in the nucleoplasm of both neuroendocrine chroma-
cells but decreased to 7.@2h? in the siCGB-treated cells  ffin cells and nonneuroendocrine NIH3T3 cell$6( 17).
(Table 3), indicating a reduction of 47% as a result of the Moreover, of particular interest was the fact that the nucleus

SiCGB treatment. contained~15% of total cellular IBR-1 and -2 and~25%
of total cellular IRR-3 while the ER contained-15—-20%
DISCUSSION of each of the three cellular 4R isoforms (7). In addition,

Athe concentrations of JR-1 and -2 in the nucleus were
slightly lower than those of the ER while the nucleasRF3
concentration was higher than that of the ER)( These
results revealed for the first time that the nucleus has the

cells. The cytoplasmic Ca increases in CGB-expressing necessary machinery to function as one of the majer IP
NIH3T3 cells (58%) were slightly higher than those of CGA- sensitive intracellular Ca stores.
expressing cells (46%). But the extent of-iRduced nuclear In this respect, the presence of CGB in the nucleus further
Ca" increases in CGB-expressing NIH3T3 cells (80%) was Strengthens the status of the nucleus as a subcellular organelle
considerably higher than that of the nuclea? Ciacreases  that can store and release a large share of intracellukdr Ca
in CGA-expressing cells (45%). In light of the presence of that can be mobilized by BPThis is particularly so given
CGB, but not CGA, in the nucleus, the marked difference that chromogranins A and B have been shown to interact
(35%) in the amount of nuclear €amobilized appeared to ~ With the IPBRs @1) and to activate the §R/C&" channels
point out the contribution of nuclear CGB. The presence of (32—34). Chromogranin A increased the open probability
CGA or CGB in the cytoplasm of NIH3T3 cells increased Of the channel by 9-fold and the mean open time by 12-fold
the amount of cytoplasmic @amobilized in response to  (33) while CGB increased the open probability and the mean
IP; by 46-58%. Given the presence 6f80 uM CGB in open time by 16-fold and 42-fold, respectively, at the
the nucleus 30), the greater mobilization of HFinduced intragranular pH 5.534). Yet the channel-activating effect
nuclear C&" in the CGB-expressing cells than in CGA- 0f CGA disappeared at a near physiological pH 7.5 due to
expressing cells suggested an apparent contribution of nucleafts dissociation from the BRs at that pH2, 33). But unlike
CGB in the IR-mediated nuclear Ca mobilization. CGA that dissociated from the 4R at pH 7.5, CGB
Since CGB is a high-capacity, low-affinity €astorage ~ nonetheless maintained interaction with thgR® even at
protein that is capable of binding90 mol of C&'/mol with ~ PH 7.5 and activated the JR/C&" channel 82), increasing
a dissociation constant of 1.5 mNLY), it is quite likely that ~ the open probability and the mean open time of theRIP
nuclear CGB, which exists at80 uM in the nucleus §0), Ca* channel by 8-fold and 23-fold, respectively4f.
play a pivotal role in controlling nuclear €aconcentration. Next to secretory granules that were shown to contain
From the fact that there were no apparent differences in the~60—70% of total cellular IBR isoforms (7) and ~200
morphology of the nucleus between the CGA-suppressed oruM CGB (1), the ER was also estimated to contaii20
CGB-suppressed PC12 cells, the reduced level ginéuced uM CGB (30), explaining the role of the ER as an important
nuclear Ca' releases in the CGB-suppressed cells appeared|Ps-sensitive intracellular Ga store. As expected, the
to reflect the reduction of the overall €astorage/control  functional coupling between CGB and thef?C&* chan-
capacity of the nucleus. Moreover, in view of the observation nels in the ER has been shown to be critical in the
that the presence of CGB in the cell dictated the amount of IP-mediated C#& release from the ER3p). Disruption of
C&" mobilized in response to P(29), the IR-induced the coupling between CGB and thesR?C&* channels in
nuclear C&" mobilization indicated a close connection the ER resulted in severe reduction of the-tRediated C&
between CGB and the iRs in the nucleus. release from the ER3p), demonstrating the functional

Present results show that the presence of chromogranin
or chromogranin B in both neuroendocrine PC12 cells and
nonneuroendocrine NIH3T3 cells significantly changes the
IPs-induced intracellular Ca mobilization capacities of the
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importance of the coupling in the storage and release 8f Ca

in the ER. Hence, considering the amounts of thgRHand
CGB that exist in the ER and nucleus, the-tfependent
C&" mobilization capability of the nucleus in the cell is

expected to be comparable to that of the ER. The essential

role of CGB in IR-dependent intracellular €amobilization

has also been shown in EGF-differentiated PC12 cells and

hippocampal neurons that the initial intracellulafCeelease

in these cells occurred first in the regions where CGB is

localized 36).

The present results highlight distinct roles of CGB in the

IP;-mediated C& mobilization in the nucleus. Despite many

similarities in biochemical properties of chromogranins A
and B, the nuclear localization is the exclusive property of

CGB, and this seems to underscore thé'@antrolling role

of CGB in the nucleus. It is therefore natural to postulate

that the role of nuclear CGB is to control the nucleayRP
C&* channels via its coupling to thedRs 31). In particular,
given the high-capacity, low-affinity Ca storage capability
of CGB (11), the highly efficient IBRR/C&" channel-
activating role of CGB 34) will be of critical use in

controlling the nuclear calcium.
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