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Abstract

In the present study, the investigation on the role that cytoskeleton may play in exocytosis
which were enzymatically dispersed rat parotid acini has been approached by morphological
techniques The auther examined microfilaments, intermediate filaments and microtubules by
immunofluorescence technique and electron microscopic observation
Furthermore, distribution of microfilaments using heavy meromyosin (HMM) decoration
method was observed

The results obtained were as follows
1 In response to secretory stimulation with isoproterenol (IPR) or carbachol (CCH), parotid
acim revealed exocytotic secretion that lumen was dilated and the number of secretory
granules had markedly decreased
2 Immunohistochemistry showed that actin was localized in the granular pattern of staining
with the cytoplasm Microfilament stained with rhodamine-phalloidin, which binds selectively
to polymerised actin filaments Most of the microfilaments were localized beneath the apical

plasma membrane Upon stimulation with isoproterenol (IPR), the number of ndivided
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rhodamine phalloidin positive small granules increased dramatically, indicating that the secre-
tory granules was surounded by microfilaments after the fusion with luminal membrane
3 Intermediate filaments were stamed by immunofluorescent techique using antibodies against
cytokeratin, while microtubles were stained with ant1 8-tubulin In acinar cells, the intermediate
filaments exhibited a reticular distribution 1n the cytoplasm The microtubules exhibited a
radial distribution in cytoplasm of longitudially from the apical resion to the basal resion At
secretory phase, the distribution of intermediate filaments and microtubules n the acinar cells
were almost the same as the resting phase
4 Ultrastructurally, microfilaments were not detectable around the secretory granules which
stored 1n the cytoplasm, but were observed around them whose membranes were continuous
with th luminal plasma membrane during exocytosis

These results indicate that microfilaments are localized mamly underneath the luminal
plasma membrane at the resting phase and act as blockade to exocytosis At the secretory
phase, microfilaments allow exocytosis by encercling the discharged secretory granule mem-
branes, provide forces for the extrusion of the secretory products through the action of

actin-myosin contractile system

Key words microfilaments, exocytosis, cytoskeleton, parotid acinar cells
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Table 1 Monoclonal antibodies for this study

monoclonal antibody immunogen source

anti-actin chiken embryo fibroblasts  Amersham
anti-keratin (PKK 1) pig kidney epithehial cell line Labosystems
ant1-e tubul in chiken brain microtubules  Amersham

ant1-8 tubul n chiken brain microtubules  Amersham

D L& & proteintkinase COWEMEALZRET, RN .
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S A =#HL, 275 F—+¥ (CLS II) &
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L7co d—=%3s>ve77u4vY > (RP) I,
Molecular-Probestt®! (Eugene, OR, U S A)
ZHER L7, MIERES 2R T 2
T/ 7ar—nNHikE LT, 7 7 F ik
(Amersham), iV 1 b7 7 F Pk (PKKL,
Labosystems) 8 & Ufta B L UBF 2 —7V >~
Pk (Amersham) % w72 (Table 1),
2. FETREBRIREDRSE
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DNy 7 AREEEW (HBSS-H) 12k v, 37°CT
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parotid glands from male Wistar rat were
excised and miced finally

1

Incubated for 60 min at 37°C m 10 ml of HBSS-H
containing collagenase (130 U/ml) and
hyaluronidase (0 25mg/ml) under 5%C0,-95% O,

4

At 20 muin intervals, the minced tissue was
gently pipetted and gassed

i

Acmi were filtered through one layer of nylon
mesh and suspended in HBSS-H containinig
0 1% bovine albumin

+

Washad with HBSS-H contaiming 019% bovine
albumin and suspended 1in same medium

Fig 1 Method of cell preparation

frFan—F Lz, 2006, 200HETE
Ny T4 VT EITO, REIC605 1 v F o
N—hL7o ZODH, HWETHHEBE A 2
YA Y a T L, RS TRE &
LT o i H R B 4, HBSS-HT 2
E¥e&D DB, 0 1%BSATMMHBSS-HT20-30
ml DML W & Lz (Fig Do

3. KBFHE

1) 73iI5—ERWENAE

53 RSSO B 9 & FERBIICEE 3 2 D
12575 T, IPRB L OUOCCHD A iF o £
MR AR Lc, Thb b, 1 mlDERERE
FEME WA IPR & I IR E104~10-°M,CCH #
FAKIEE10-5~10*M & & 5 K D wilimL, #
5360EDIRE T A v FaX—F LT, £
DDH, A FTEM (ToyolEif) % v TE
WUARI &S, £/, MlahicEEshs ey
27—V AMET 200, FEOREETT
b3 ik kR OWERE 2, Ry ¥ —Hl7 7o
Ve REVFAYF—THREIFA X LT 55
NI 20 9% DBEEAKTHERL, 73 7 —%

(100)

M % Bernfeld® 7310025t THIZE L 2o D
W, Ml S S NIRRT DT 2T —
YA 27 3 7 - 2HEEO% E LTEL, 7
2T —EaWEE Lz, FOfREr S /o,
IPR & CCH D iR & Tlir SRR 55 2 R B L ¢,
B2 s7 37 —E5WErFED LT,
RERFAICHIE L 72,

2) DIRF 70y MECLIBEREEER

D

i AR B %, 20mM b Y A -HCI £ ffr ¥
(pH7 4) TRy 8T 70 KEYF A
F—THREY A =P LIZDBH, 150Xg, 55D
HOSEERTO BB R R, JORERICE
n2E&EHER%, Blo-RadEHHEE F v b
(Bradfod® /7# © Bio-Rad Lab ,Richmond,
CA,US A KXV HIEDDH, SDS sample
buffer (2 % sodium dodecyle sulfate, 10% 2
Dva—, 2%B—ANH T NLY /—), 60
mM b Y ZHCI, pH7 3) LR IEML T, 3
S OEPIH 2T, WEHEE E Lz, 20
VBN FES0EF 2 Laemmh D 7 2125 W, 10% 0
SDSHKY 727 VN7 & KeAZ7 77 ) (7T0mm X
80mm X0 75mm) ZHWT, I =aisA 71
ERUKENEEE (Bio-Rad Lab, Richmond, CA,
U S A) I &9 ukEh (50mA-200V, 45%3) L7z,
SEELT-ERE R I RIA4 AROT I AY v
Ty hNEE (K4 Xay b, ATTOf, H
Ay R LT, 58 ICPVDFE (Im-
mobilonp Millipore Ltd, Bedford, MA, U S
A) WERB LY, ZO0MEHXE®RE L /2
PVDFIEA, 7 av 7 r— AEK (K HAREIEE,
KR, HA) T28f7 oy x> 27 Lz, 20
W, 2%IEFEBIEZ&A720 3% RIEKE
BDY CREW (PBS) T304 LB 7205,
KEMEEEERCET 2E ./ 7 o— LbikE
— R E LT, 6053 UG E ST, £DD B,
005% k74 b~ >X-100&%H L 7PBS (T
-PBS) T3 EgE# (£1043) L, ZRPUkE L
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Electrophoresis was carried out i SDS polya-
crylamide gel according to Laemmli 1n the electro-
phoesis buffer

2

Electroblotting onto PVDF membrane

4

PVDF menbrane was incubated with Block Ace®
for 2 hours at 4°C

4

PVDF menbrane was incubated with 295 normal
horse serum n PBS for 30 min at room tempera-
ture

4

PVDF menbrane was incubated with various mono-
clonal antiboodies for 1 hour at room temperature

1

Bound various antibodies were detected by
biotinylated mouse 1gG or IgM for 30 min at room
temperature

3

PVDF menbrane was mcubated with avidin-biotin
complexperoxidase solution for 30 min at room
temperature

i

Bound various antibodies were developed with 3,
3’-diaminobenzidine tetrahydrochloride at room
temperature

Fig 2 Immunoblotting method
TEF F At~ 7 Z1gG (1 : 1000 : PBS) %
721EIgM (1 :1000, PBS) %309+,
T-PBST 3 B (%1053 Lic, oXZ, 7
EYr—EFF e VT F VS — PEEEE
# (ABC KIT Vector Lab Inc, Burlingame,
CA,U S A) 2304 FHH&¥ D5, T-PBST
3k (%1043) L, 3,3-Diaminobenzidine
EHOTEREZRE L2, &8, U EO#EER,
TRTCERTIT->7 (Fig 2),
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M Na-% a2 v v— MEER (pH7 4) T4°C,

607 FEEL /2o DWT, ZORBEEETI%

F ALY LABAKERIC LD, 3047, BEEL,

7x by ERARIITHRAKDODE, AN— LY

AL, 67°CT, 48RO ESTHE(LALE %

Thoteo COEMZ, I 7 1 b—A
(LKB2088 Ultratome V LKB, Bromma,

Sweden) #HHWT, 7 AF A 712&D 1um

DYIFE2EEL, 1% VA Y7 1—(TB)

THREL, SEFEMECHEL .,

4) BMERMBEIC L 3 HABOESR
BRI B U 2l ERERORER, &

HOMIEEM NS 2€ 2 7 a)r—1fitkzH

WG, HOETUAR R & D HOLBEMESE TR L 12,

7B, MEOBEEIXLATOFikE v,

W7 7F s 3/ 70— LHEORE
ETo7zak N, 4%/ 8T RVAT AT E R
EBEDOPBST4°C, 159rFEE L 72,

@QBp—Fa—=T7V T sE 7 0F— NP
o4 % To7 3%, Osborn and
Weber'YD HIEIZHE> CETB L2, T 2b b,
# A 2 1mM bis (2
—amioethyl ether)-N, N’-tetracetic acid
(EGTA) L 4 %RV F Vv 7Y a—n
6000 HE D0 1M PIPES (piperazineN, N’
-bis (2-ethanesulfonic-acid) sodiumsalt)
-KOH (pH6 9) 2» & B % micro tubules stabi-
lizationfB W (MSB) T30MEHEDOD 5,
02% k74 F>X-100, A <7F> (10
ug/ml) BEXUOT7 a5 = (10u/mb) 2&H
L7zMSBT, 5404 FaxX—ML, OO
HMSBT 2 Bl (%308) Lize DWW,
4 %7K NVAT VT ERERDPBSTIL0
SEE L7z,

@)Y A b rIoFred e rar—niik
DR AT > 72388HE, 100% D¥ 7 & b > T
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Table 2 Dilution ratio of monoclonal antibody

dilution ratio

monoclonal antibdy

western blot

immunofluoresence

anti-actin
anti-cytokeratin (PKK 1)
antl- tubul 1n

ant1-8 tubul 1n

1

1
1
1

1000 1 100
500 1 100
1000 1 100
1000 1 100

After fixation,all staimning was performed by in-
cubating for 1 hour 1n various primary antibodies

4

Washed in PBS at 3 times for 5 minutes

1

Antibodies were detected by FITC* conjugated
anti-mouse 1gG or 1gM

4

Washed in PBS AT 3 times for 5 minutes

i

rhodamine-phalloidin  for 30,
minuties

i

Washed in PBS at 3 times for 5 minutes

i

Examined with a fluorescence microscope

Incubated with

Each steps were performed at room temperature
* FITC fluorescein 1sothiocyanate

Fig 3 Immunofluorescence method

553HEE L7z,

BOBOOREM ZRHEORIEIC L VEEL,
7 744 b —2A (Tissue-TekII Miles Labora-
tortes, MA, U S A) T, 6 um®DE X DHFEY)
FrafEsilr:, 2o O % E T 2 KR
HODbE, —XRiikE L CEEOMERED
nx /7 uad—NLiigk (Table 2) %6073 KIG
47z, PBST3EPEH (£54) L, ZXH
f& & L T fluorescein 1sothiocyanate £ i 12G

(1 :20, 1PBS) 27213 1gM(1 20, PBS)

20 IG Sz, DX, PBST3ED k%

(% 547) ODOb, HHIHHEZ FHEINCGEHRT
ZENAETHLO—F I Tryuf Y9

(RP, 1:40, PBS) T304KGS & _ELRME
ZfTotze OO H, PBST 3 BIFE (%5 43)
L, 5%7 VXY -PBSIEWTHAL, Nik-
kon FluophotoH# B # (Microphoto V I H
AN, B, HA) THZL (Fig 3),
5) EFEMEREMOER

K EMESE B ORI H W ERREDO L Y
AR, S, 7o h—24 (LKB 2088
Ultratome V. LKB, Bromma, Sweden) %
WT, ¥4 ¥E K« F+ 47 (Diatome Ltd,
Bienne, Switzerland) THEEUIF 2/ERL 72,
O R, B v L T VBRI A D =
EYem L, AR E T AR (H-5008Y 0 H 7
YRR, HYL, HA) LD, WEBHETSKV TEL
£z,
8) ~EXBO Xy (HMM) EBEhE

BT AR CHRUMAE % X D RS T 5
728, HMMERTE O R IGH LTz, 372b b, i
BERREE #1mM MgSO, £10mM EGTA%&H
L 72100mM PIPES-KOH#E#E# (pH6.9) 25
% % Stabilizationf&E# (SB) 120 01% ¥ K=
YERIIUT, 37°C, 1653835 2 ik,
MR OE R 2 E® 5 L &b I HIE ORI
MWEEEEELIZY, D\, HMM (2 5ng”
md) 2&H L7-SBH T 2 REERTRIGZ ¥
DB, SBTHHL,0 2% > =Bzl
2% N —NVTNTER-01IM Na-h a2y
L — MNEEER (pH7 4) T4°C, 605 [EE L7z,
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Cells were permeabilized with SB* buffer contain-
ing 0019 saponin for 15 min at 37°C

2

Cells were incubated 1in SB buffer containing HMM
(2 5mg/ml) for 2 hours at room temperature

4

Washed in SB buffer for 5 min at room tempera-
ture

4

Cells were fixed with 2% glutaraldehyde containing
with 029 tannic acid in 0 IM sodium cacodylate
buffer (pH 69) for 1 hour at room temperature

2

Post-fixed with 19 OsO, solution for 30 mun at
room temperature

i

Dehydrated 1in a graded sequence of acetons

2

Embedded 1n Spurr resin

* SB buffer stabilization buffer
100mM PIPES (pH 69)
1 mM MgSO,
10mM EGTA

Fig 4 HMM decoration method

FODL, 1%A4 A I T ABKEKIC L DER
T, 304EE%EITV, 74X ¥ ERERYITHIA
Uy, A= LY A LT, VY VI, 67°C,
ARSI D EE (L 21T o 720 Z DR & HEE
YR 21ERIL, B 7> L 7 T UBHIC L B
“EREERTY, SENETEEEETEEL:
(Fig. 4),

& R

1. BEREA,SDT I5—ERIBEDAFE

BRI X 0 B o N EEEIRE 1, D WR)
B L U CIPRECCHAR MR OEE THRML,
BEEETICREEINS T 7 —EDaiE %z Hl
EL, WERENCHOSMEERET 27:00%

40

30 IPR

CCH

20

Amyiase release (%of total )

10

16° 167 16° 16° 16",
Fig 5 Leveles of amyase secretion in dispersed rat
parotid cells which incubated for 15 minutes

n each concentration of CCH and IPR

40

CCH

20

Amylase release (% of total

§—————3F CONT

20 40 60
min

Fig 6 Leveles of amylase secretion in dispersed
rat parotid cells which response to stimula-
tion with CCH and IPR

BRE ZBRET L7z,

Z DFER, SMWRIEE155 DT T — X5
&3, IPRTIZ10*MT17%, CCHTIZ10*M T
15%THY, BERFHICOWEOENEZAD
320, 737 —¥SumEORAEE A5 LIPR
T, 107*MT32%, CCHTIX10*T25% Th -
el s, UTORREBENEELZITOIBORE
i E %, IPRIZ10-*M, CCH 310~ L 7=
(Fig 5),

OXI, IOEMEEEIC LD SUWRIBET
2B D, WEHERED & ORI 7 S5 —¥ D
TWEROELERET L. F OFEE, IPRZ 721
CCHERTERH&®E D5, 1400 o\ T
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Fig 7 Light micrographs of dispersed rat parotid
acint Spurr resin  section, toluidine-blue
staimning

resting acini

After 15 minutes of incubation presense of IPR

After 30 minutes of incubation presense of IPR

After 15 minutes of mcubation presense of CCH

After 30 minutes of incubation presense of CCH

(Bar 10gm, X1,000)

Do Om =

I 7—¥ M & h, 159 TIZIPR T28%,
CCHT20%, 304> CIZIPRT40%, CCHT27%
L F ORIl 72, ZDD B,
7 27— EOuEOEMIZERE £ n D, Rk
505> DA E % AT HIPRT42%, CCHT32%
ThHY, ThUEERMichbZVBEEL LT
27— YOSMEDEMIAD s hr o,

53, WEEEBR IR W RINEEE 2 WL
ugE, BEERTCREENSGT I 7 -E0D
SWEITFII0% T, REFREMAERD -5
72 (Fig 6)o

2. BEBREOAFBEHECL IBR

TR R, HITTE T & i BERA,
bbb, 10-°MOIPR, 10*M®OCCH % RN
L, SR EAT - 7o ORI 5 DIV REDE
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%, v aBskn 5 Bs N 1 gmoY)
Friz, TBEEZITWIEFIRMEE TEREL 1,

Z DFER, IR RT3 Wi R O RS
T, ZOHREBICT/NGRER A SN D &L
bz, HAEO MRS WE b BRE I T,
%7z, BREERIOME I, Z2HOTBEED
WEERL S B 5 41, BRI ORZ 13 BN RTE
LTwiz, %8B, —HMINMTEREENHEE SN
7o, FREEREEPHRMEE XA S Lo T
(Fig 7—A),

IPR&CCHIZ X 2 53R O E T, 7
WHERE 156, BEES X OCHEITTE O 53w
BORKPEEZ I NI, LT, HEEIST
AR EI O MR E PSR O ERERE S h,
ZOZERIREMEF TRE AHS 2D T
T2o E7z, BREMFEEICERD &1 5 B D55
FERLOBNIFRIERFIC L LB L Tz (Fig
7—B, D),

[PR & CCH O 43 WhH| i IKF D 22 i & LLE 4 %
L,CCHO WP KEMmo7:(Fig 7T—D). &8,
IPROFE#%305 Tk, BREMIEF O TBE D
SUFERIANZ & A ETHE L, BREE S FR IR OIX
BEIEIL TN E o Tw/z (Fig 7—C),
L L, CCHTIZHIE R & 122 A5
H, ZEIMTEAITIEA LTz DX 2505
THolz (Fig 7T—E),

3. MEBEOBRAMMEECL 2HBE
1) 9T X970y bEICL3MEEKRER

;3=

H PR EMmIE O, MfaasssEn = e
T 50, YIAYr7ay bk iBEE
Tolze TDRER, VL7 7 F PRI L D42
KD, iV 4 +7 7 F PUETH 2 PKKIFUET
1244, 50, 54KDIZ, flaB L UBF 2 —71 >~
ViR TIES0KDIZ Z NN RO & 7z
(Fig 8),
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Fig 8 Immunblotting studies of the cytoskeltal
elements 1n rat parotid gland acim

Molecular weight marker

Coomasste blue stain

Actln

Cytokeratin (PKK 1)

a-tublin

[-tublin

S U1 W DN

ERROPEAT 5 2 LR S Nz,

2) EAMEECL ZMBEEREBORELEEL
TR E #IPR % 72 3CCH TR L, %
DR 2 2L R TEREFRNCEREZE L7208, W#H
OBIOSMMERICIZ L A EDRERNRL LT L 2 HE
LTz 2 2T, LT OERTIKIPRABUIC X 2
SWEEEBRE Lz, 7B, SEE L THWR
WEThbRWERIEREORE % Hwic,
(1) ket

HIRRHE %2, RPY( L 37 7 F Ptk Z v
Te WP & 3 ZER A L DBIE L,
SR & T 2 WERIERF O BRE T, RPH:
B, BEMEOMEI —3 L 28 A 5
N, & ICHREER X O RERE un A o HE AR
=Ll dRomuENs 4 Stz (Fig
9—A), %7z, $i7 7 F PR T, MilE
B —H L2 disaonsh, Zhicinz T
HifE £z b7z > T, MFEERDKROEVHEEL
Dotz (Fig 9 —B)o
SWHRBEEDOIREIC DWW T A S &, FlEkl5
5y DRPHAA TIX, BREEHE 282 L THWER KD
INRIRDE R A SN B 5, MIREFRCIEZENn

Fig 9 Double staining using rhodamine-phallodin
and anti-actin antibody
A, C, E Fluoescence staining of rhodamine-phalloidin
B, D, F Immunofluoescence staining of anti-actin
antibody
A, B Resting acinm
C, D After 15 minutes of incubation presense of
IPR
E, F After 30 minutes of incubation presense of
IPR

Lumen (arrow) (Bar 10pm, X1,300)

SR HEE L - 1 EE OBERDEA A S iz

(Fig. 9 —C), %72, L7 7 F »HilERET
%, BREEECEIERFIC LA DBELFED &
., [EIRRC, MERRE O SRR O 0% b 8142
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Fig 10

Double staimning using rhodamine-
phalloidin and anti-cytokeratin antibody
A, C, E Fluoescence staining of rhodamine-phalloidin
B, D, F Immunofluoescence staming of anti-cytokeratin
antibody
A,B Resting acini
C, D After 15 minutes of imncubation presense of
IPR
E, F After 30 minutes of imcubation presense of
IPR
Lumen (arrow) (Bar 10um, x1,300)
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7z (Fig 10— D),
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Fig 11 Double staining using rhodamine-phalloidin

and ant1-8 tubulin antibody
A, C, E Fiuoescence stamming of rhodamine-phalloidin
B, D, F Immunofluoescence staining of anti-3 tubul
m antibody
A,B Resting acini
C, D After 15 minutes of incubation presense of
IPR
E, F After 30 minutes of incubation presense of
IPR

Lumen (arrow) (Bar 10um, X1,300)
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Wiz (Fig 10— F),
(v INE

UIVE %, RPRELETILF 2 —T7 ) Viifk%
Wz d ik & 2 ZHEPR O L D BEL
726

SRR AT b I WEREREOIRES Tld, RP4:
BT, BREES X OSSR SIS O M E L
ROBEOHEIEN A SN (Fig 11-A), 7z,
BT 2 —7 U HUERE T, BREM O
B RETE > S ZEERMNC [ > TREPR ORD

(106)



HIGASHI NIPPON DENTAL JOURNAL VOL 15,No2, December,1996 23

Fig 12 Electron micrographs of cytoskelton
A Resting

Lumen (L) Secretory glanule (SG) Zonula adher-

ens (ZA)

Microtubule (arrow head) (Bar 05um, X38,500)
B Resting

Intermediate filaments (IF) Desmosome (DS)

Microtubule (arrow head) (Bar 05zm, X61,000)
C Acin stimulated for 1 min with IPR

Lumen (L) Secretory glanule (SG)

(Bar 1um, X39,000)
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3 %

T

Fig 13 Electron micrographs of cytoskelton
A Acim stimulated for 15 min with IPR
Lumen (L) Secretory glanule (v¥)
Fusion-fission of the secretory granules with the
plasma membranes (*)
Enlarged luminal membrane undercoated by
microfilaments (arrow)
The membranes of the secretory granules
appeared to become undercoated by microfila-
ments mmmediately after fusion with luminal
membrane (arrow head) (Bar 1um, X9,600)
B Acim stimulated for 15 mun with IPR
Microtubule (arrow head) (Bar 05gm, x75,000)
C Acm stimulated for 30 mmn with IPR
Lumen (L) Microvilli (arrow head)
(Bar 05zm, x21,300)
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YR THE L7212 b b & 3 IRFEE DK
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o :
Fig 14 Electron micrographs of HMM decoration
method
A Resting

Lumen (L) Secretory glanule (SG) Zonula adher-
ens (ZA) (Bar 05um, X29,300)
B Acim stimulated for 1 min with IPR

Lumen (L) Secretory glanule (SG)

Intermediate-sized filament (IF)

Microfilaments are localized underneath the

enlarged luminal plasma membrane (arrow)
(Bar 05pm, X28,500)
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HMM T dh & 2 i R 38 E s i
motz (Fig 14— A),
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Fig 15

Electron micrographs of HMM decoration
method
A Acini stimulated for 15 min with IPR
Lumen (L) Secretory glanule (SG)
(Bar 0 5gm, X 60,000)
B Acim stimulated for 15 min with IPR
HMM-decorated microfilaments were seen runn-
ning i random directions underneath fusion-
fission of the secretory granules with the plasma
membranes
Direction of HMDM-decorated microfilaments
(arrow) (Bar 0 1gm, X90,000)
C A schematic representation
Lumen (L) Secretory glanule (SG)
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