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ABSTRACT : We identified S9940, a novel microbial metabolite from Streptomyces spp., to inhibit the
release of neurotransmitter from PC12 cells. S9940 is an inhibitor of trifiated norepinephrine (°HJ-NE)
release in high K' buffer solution containing ionomycin, indicating that S9940 inhibits neurotransmitter
release after the influx of Ca™ ions. We also examined the effect of S9940 on B-glucuronidase release
Jfrom guinea pig neurophils and the effect on the neurite extension of PC12 cells and rat hippocampal
neurons. As a result, S9940 inhibited B-glucuronidase release: when treated with 5 ug/mi of S9940,
which prevented [°H]-NE release, the inhibition of neurite extension for both PC12 cells and rat

hippocampal neurons was observed.
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A ZANA ARFALEAY o i THE FARH
743} PC12 M| Eo]| incorporation® X 2 o] 5|5 &l (["H]-
NE)¢] 75% K' Aol 2]3} exocytosisE Eo]d o
2 A B S9940& WA A tiAMEERE o
%t} o] 42 FAB-MS 43 E3]31 NMR ¥4] 23}
2}e 3002] AFEAE 259},

3+#, ionopore?] monensin, vesicular-ATPase A3
A, concanamycin A 52] A= A E W organelle®] ¥
A4S AR WE AR Sle AHIERE,
599402 7 $oll 2 & H471He hehz sk
A U] AFA) organelle®] acridine orange &3 A= of] 2]3))
2 A

§99400] AlZALGEAWZl] dIFF A4S B
AAA A EE] FolAal A3 ARE FA}8l7| Y5,
Hxol ZAAENE 3l glE B2 E9] neurophil]
412] B-glucuronidase2] W}Eol] thgl F3kS Z2A3)C).
T 2 Ao ARA Axe g FAIRE HEs}
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1. MIZZHHX] ! M| ZHHSE

01% 22124 A=A d5E-d-L FejzaA8e 04 g,
NaCl 3.6 gol] o) 400 mie Ar}sle] 121°C,
2087 g Fsle] ARE-3)t}. Hanks $h38& KCl
0.4 g, KH,PO, 60 mg, MgSO,- 7H,0O 97.7 mg, NaCl 8 g,
NaHCO, 0.35 g, Na,HPO, 47.5 mgol] &o]-24 112 7}
3 shd=dF3c}t. Wxg "7 CaCl,2H,0(185.5
mg/l) X 022pme] pore FFLE|R Fe{HAT
glucose(1 g/yE 71314, 1 N NaOHZ pH 742 23
sl AE HFNO T ALESTh 24 BFAL B
o] &4 100 mlo] ZAF 1.15 g& H7lsled 02M2] %
At stock 8- 51 m/, 0.2 M2] sodium acetate -§-4-S-
49 ml H7} ¥, ol &2 Hl4sle] % 200 mie] 24}
FFAQH 4.6)¢ =AYk,

2. S2MAEY

Al 1.5 g o "ol 100 mi-g& 7}, 0.2 MY
=24l stock £4-L 772 ml Y& F , o] &5 7}
A3 33t F 400 mi2] F2]4l NaOH 2+3-8(pH
103y A} g Ve FAMY - Hsjglel
1000(1000 Umlys Fojzz(Hutelz)z He 74

% 3]43}e] A2-3r}. N-formyl-L-methionyl-L-leucyl-
phenylalanine(FMLP)+= SigmaA}, 4-methylumbelliferyl-
B-D-gluculonide®} 7}a|glAl}E”]§-&  NakaraAl
(Japan)2| A|F-S 75t A3}

3. &2 EQ| neurophil?] XXt

¥ AL Tsujii 52| v W3 Ych(Tsujii er al,
1992). E-% = (Hartley, §, 10~12 weeks)ol] 2|44
T2 39 12% MM ER] S 20 mi/mHe] S o]
2 viH3tA FARIL FAE $5EE FErely
AN F, Aeds dAdste] WA Sw
ml |52 o] £ Hanks $h&o) 20 mi/mle] S ip FAHS}
o] neurophil® # &t} 1,100 rpm 5 min 4°ColjA] YAl
Hel3lod, AHAFE wE]a, Hanks B5jol] 13 A%
¥, Al £¥ =4 D-MEMo) 1.2X 10 celyml 2. Z A3}
A9 ol HEg)

4. NeurophilOjjAM Q] §RIBIRE

1.2x 10° cell/m/2] neurophil £-§-< 150 m/S 37°C
oA 1583t v FRAct. 5 pg/mie] $9940&- 713l 52 ¥
o] FMLPe]] cytochalasin B(Sigma)3- & 7}3) £ 45 W
E A7) 5E Foll 36l HRe-& WA 8o
4°C, 1,500 ppm 0.2 25-7F 441 2] 3o} & A4 100
WE AH8-31o B-glucuronidase] #A1S- =AY},

5. B-glucuronidase §M T &3

Aol 0.1 M ZAkHEl(pH 4.6) 300 WE 7}3) 37°C
oA 15%-7} incubatingd}ed, 7R 24 50wl 1 mM
4-methylumbelliferyl-8-D-glucuronide & 7} 3ic}. 155
Fell 0.1 M Se]A45A(pH 10.3) 2 miE Fr}sto]
AN HEA Yo FFFEAL ormiate
365nm, ¥FIAE 450 nmel| o] {3 4-
methylumbelliferone®] ¥FF7}c & APl He
neurophil ¥-#-94-8- 0.2% Triton X-1002 A|¥& £-3)
3, A F2 B-glucuronidase F4S- 100%2)
Sz ek,

6. £+M organelleQ] acridine orange S4A4
PC12 M| EE 24 wells platee]] -2x71 93] cover

glass(®13 nm : o}A|E, ofJels Feol] AL F, polyethyle-
nimine(PENZ. & 71-&- A9 oll4] wiokslod, $9940



I+ concanamycin A(1 pg/ml)el|l &3] A A2 E 1X]7k
). wlx]o] 10 mM acridine orangeZ 1/2000%f-S-
vy 3 (final conc. 5 uM), 1587} vl o3t} cover glassE-
3 pEled, E A8 FIA(KR 0 120 mM NaCl, 4.8 mM
KCl, 1.26 mM CaCl,, 1.22 mM MgSO,, 25 mM Hepes-
NaOH pH 7.4)o] 29 /‘1]7‘4 s}od, cover glass®] A ¥7}
BoiglA] 9 &9 ¢85 & 7 ¥ AxAA KR
L7 & 3}01—‘:—%‘3}1\-"0““ nhegich 33|
°]3} #22- Olympus BH-2 7|34 A, UFHE, B
ZF4E Y455, 1008]2) thENZe 31 dE oA
HA&3c}

7. Rat hippocampal neuron 3! HjX|

£ Al 83 ZE AEi= D-MEM vz 24
37°C, 10% CO, €47}~ incubator W ol 57)& 233
“’E]M]H vkt Al 18U 9] ratg TF3}hed, AAl

£ 70% ethanol® A|A F B2 Re wlE 257 &

] 23} nlE A o2 N B, 73 F A
a3t Adgho] A3 AAMOE HEF Ao,
dE&HolA #°CE FAIT SFHEe ol d1-3r]
sl A w22 F-9-] i ub-§ Aot Al
2 g do] AALES Aeg AR Adrhlo]
w2 AA ek 10 mg/mie] w}skel (Worthington)
2 T3 gukel A Smid @Este] 37°CellA]
1087k vRgAl At el tipE 7]% Jl o2 F3=
o2 AEE BAAA, 0.002% DNase I(Sigma)
E A7 ¥ 1087 o Ak 5% HSE X3
D-MEM-¢- A7}3td vhA] gt =)3El3t 3 autoclave
3] lens paperZ o 3}3le] AEE EAFAZF 1000
mpmollA] SE7F QAR5 23] kg3l A 2E AA
o}, A XSS 71263 &, primary culture-§- vl x| of]
&elste] 24-wells plateNunc Co.)ol] A E3}e] w3t
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1. @2 E neurophil?| EiE[0fl CiEt XS

neurophil-& cytochalasin B2] &xl|3}el|l 42} slv|zt
dlt]oo]e]e] dFql FMLPe| 23} 2} ule} £u|
#8lo| 245 B-glucuronidaseS exocytosisol] 2] 3) W
3}, Ao uE¥ B-glucuronidased ST o2
) neurophil®] 23}l h&k $9940 E4 ] 248 7
E3c}. FMLPE 1 uMQJ— cytochalasin BE 10 uM<]
FEZ Ae 9, 2 5uRS vebirh(Fg.
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Fig. 1. Effect of cytochalasin B and FMLP on granule enzyme in
neurophil from guinea pig. B-glucuronidase from neurophil was
assayed as described in Materials and Methods. Cells were washed
and treated with 0~20 uM cytochalasin B and 0 (open circle), 1
(square), 0.1 (triangle), 0.01 (closed circle) uM FMLP for the
concentration indicated. Released B-glucuronidase levels were
assayed by enzyme-substrate reaction.

Table 1. Effect of $9940 on B-glucuronidase release in Neurophils

Sample B-glucuronidase
Control 100
$9940 1.2

(% of controls)
*Effect of S9940 on PB-glucuronidase release in neurophils from
guinea pig was assayed as described in materials and methods.
After incubation of neurophil supernatant for 15 minutes at 37°C, 5 ug/
m! of S9940 was treated. Control means the amount of release of
B-glucuronidase treated with 10 pM cytochalasin f and 1uM
FMLP. The values are average of three times of experiment.

1). $99402 5% K o] el 23 22Tl 2] 3]
WEEE ARG ELZA k2| F 3} ATPS]
exocytosisE *] 3§+ (Data AJ2F) 713, neurophil®)
FMLP#} cytochalasin B2] z}Fol] 2] &3}go]] ok
A% ZAF}ol|A] B-glucuronidase?] exocytosisol] o 341

= A a)2-8-% LebiehTable 1).
2. MIZLH AtA organelle?| acridine orange 2444

vesicular-ATPase A 3| A7} Al 2] ufzle] o} 4
& AHshe 2, Be] nslzolell Ale] mzehae
24 trans-golgi o] 2] HelA ST Y= A
o] &z g)ch(Moriyama et al., 1992). WAl dAFAE
E2xg gallsie] Qdojxl $9940 EAlo) o9} k2 2}t
47)3+e E3}e] PH]-NE 2 ATP, neurophilol 4] FLMP
9} cytochalasin B2] 2}l 2|8} B-glucuronidase®] &
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Fig. 2. Comparision of the organelle acidification of $9940 and concanamycin A in PC12 cells. PC12-B3 cells were incubated on PEI coated
cover glass and stained with 5 uM of acridine orange as a final concentration following above mentioned materials and methods. Cells were
incubated with medium only (A), medium containing with 5 ug/m/ 89940 (C) and medium containing with 1 ug/ml concanamycin A (B) for 1
hour, then took a photograph was taken with 200 magnification. Bar is 25 pm.

v]of] A Aalstar gJ=r e Al FU AR organelle2]
acridine orange % Yol 2JalA] ZH EFc}. PC12 N ZE
$9940, == organelle AHA 3} A A2 223k NE2T
© 24} concanamycin A(l pg/mhE 1A]7F A x| 2]s}ed,
acridine orangeell ©3 @4} F FPAr|Ho 2 BAY
o} fxzToll A= AlE W orangeX o] AFFle] Wol B
oA cH(Fig. 2). Acridine orange+= 4FA]3}3t organelle
o F43te] 348 ulr] wlel, o] & o] Az
2-Solgtz AYztEloixch. Concanamycin A2 2] A
ofl+= dlAhglw A7 o]& orangel 2] Al x| 7}Fo]
ZAlE o], A ske] A7t vty gl Aol &4l
E]ﬁ\:}-(Fig. 20). L&y} 5 ug/ml2] S9940-8- 2]3t 7
$-ol] glo]A]& concanamycin A2} 7+H-& AHAd 3} 2] A
£ A= AFoA Role FEe A4S FAHFA
dtor ol FAE A sA]| W 2T 2 Ad
£ veblsich(Fig. 24, B).

3. PC12 NIEE U =CHHHQF sHOFAIZEAMIES] SHEfO
Chist =&

ARG =R W2 Fosla 9l AFAS I
W synapsin®} SNAP-257}, A7 A Z2] E7)A1A e
& Feista = o] s At Muroi e al., 1993;
O'Conner et al., 1993). LA B A& A A H AL E
Ao} wrEAA o] A& el 9l S9940 &
Zlo] PC12 Al Z & rat®] Zoiujef suialgd Al xe] &
eel] di3te] | 285 73 T HEHC

PC12 A E+ nerve growth factor(NGF)S- 3 7}3}e]] u}
2t AAFAEAE 71 F719 S FrE=JohFig. 3).
50 ng/mi2] NGFZ #2]3} PC12 A Z ol §9940 &3
< o] AlZEodA [H]-NE®] wr&-g A& 5 pug/mie]
FTER A)ste] 29 F9 miokR A3, PCI2 A 29
=7] ARl dste] AA7 A 2h4-& velich(Fig.
4). = rat?] tEIANAAEANA AAALEA 24
ATP2] exocytosisol] thaljx] =sjure-5 ¥l S9940
5 pgmiS SvHIA A E A2 29 Fof AEHEE
Fargl A3, A7A3E719 AAE oA YckFig. 5).

v.an &

Aol = H-ATPase7} EA3kT 9loA, 41744
GEA o A2 F oo FEHAAANE LFWE A
37} Feslal gle AE A dERl Mol A,
o] H-ATPase®] AZlo] ¥3x, ALEA-FFE] o
2] Zodol AT oAA Hch AEH 2] ATPase:
FRrEAY F10] HFA BHEA of, @2
A FE =] organelled]] W= 7 g9l Zlo] v}
(Moriyama and Futai 1990). 3+ Z-F&A4k, ATP, =3}
R} w297 52 monoamineF-2| F5A|7}
A= o] &Y 5L 2EEAIH, 1A
F%E Eo]d incorporation& Z7}e}A| %k Azl &
ARl 23 o o)A FUIEHRA] dhevh =3t 7]
AL FAllel] 35 5 gle HoE oAl
gt 5oty Al 4842 ATPY| 9
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Fig. 3. Neurite extension of PC12-B3 cells by treatment of NGF. The cells were incubated on collagen coated 24-wells plate with D-MEM
containing 5% HS and 5% FCS. Photographes (X 100) show control (A), 1 day treatment (B) and 2 days treatment (C) of 50 ng/m/ NGF. Bar

is 50 pm.

Z3}31 g)o], proton conductorel] F;AdS- vjebdct
Z AAAGEAL 4 ¥ o] H'9}2] antiportel] 23]
WH-o]| incorporation] o] 21t} (Moriyama and Futai 1990).
9] Hrs-27} ATPase 4] SNAP-25¢] 43§}, Ca™ &
T 9} ATPO] Eajof] o|&3te] Ax5$g A5 9l
t}x B 1= ¢ vh(Bean ef al., 1992).

g nlg| 2upolal 5o V-ATPase A 3| A7} Al £
Sulel chege ANRT AT Zlel Yeizet
(Moriyama et al., 1992). Henomatsu(1993)= v} 2w}
oAl Ale] Zz el ¥ulE A At 49
7} trans-golgi =35 ¥u]310] HA4u o] 2ule] F]
Aol lvhs A& Busisdtt. o] 712 §99400] uls]

Erto]AlF} zFo] V-ATPase A&l 2}-8-& Zki1, U3}
Al V-ATPase *&)|=-4-& z}= concanamycin AZ} G
chl o] Ml 2] 48 FA] o™l AA A rh=
& 233 ok (Muroi er al., 1993).

B A& A ol 4] S9940 E-AHo] V-ATPase2] # 3l &
3 AAAGEAS] ¥ FEH= AS JAE 2
3, whEEks Al AA] exocytosisE A st B
9= 7A S v $ k. Acridine orangeol] 2}3hF
ATl 4] BoIx] o], $9940 E-A-2 V-ATPase #]
a FAJ2 2o gIA] ¥orm R §99402] A AL EA
WE A 28-S HEl ryhEs §3 AR A}

H2¥f Aot



Fig. 4. Effect of S9940 on the neurite extension of PC12 cells. PC12-B3 cells were incubated on collagen coated 24-wells plate with D-MEM
containing 5% HS and 5% FCS. After 2 days incubation, the cells were further cultured with above medium containing 50 ng/m/ NFG in
precence of 5 pg/ml S9940 or not for 2 days. Photographes (x 100) show control (A) and the treatment of 5 pg/m! S9940 (B). Bar is 50 pm.
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Fig. 5. Effect of $9940 on morphology of rat hippocampal neuron. Rat hippocampal neuron was incubated on PEI coated 24-wells plate with
primary culture medium. After 2 days incubation, the hippocampal neuron was further cultured with above medium in presence of 5 ug/ml S
9940 or not. Photographes (X 100) show control (A) and the treatment of 5 pg/ml/ $9940 (B). Bar is 50 um.

AZALEA L] vtEo] FAAstm gl= AFRAE]
hial synaptophysind} synapsin $-©¢] exocytosisE =
Atz Qoly B3 EgchHAlder et al, 1992). =3k
protein kinase C activatorq] PMAE zzjgrozx Al
AAGEA ] urEe] 2ok BaE gloh(Vitale

et al., 1995). ©]71-& PKCell &3 al4shy-$18 2w
3l+ synapsino] BAF}Ee], AYA4F actin®
cross-linking& ZAH3 o) & AAFAGEL L] WEs
FA3ta Qb AdE]eizlc)

A synapsind} SNAP-25 S| AlAAxe] E7]4l



A= Fsty oty By E¢ch(Ferreia et al.,
1992; Osen-Sand et al, 1993). SNAP-25 $-0] AP~
AuHputoluz} SAqakate] dubyg o tigk &3}
=7 o2 e HEe 715S 2 vk oAkE o]z
vk, w3} In vivo E in vitro2} antisense ¥]-2- £33} 3
A A3 AAE7 AR E F83% 9% gy
Aol SHEA. o|F Ky ZHE] CAM kinase I,
PKColl &3} 1AL E 2 9l& A A 5o vy
A, synapsin £o] A4 F9 actin cytoskeleton 2]
cross-linkingS A 2R AHALEHL] WES
FAsla glon, 3 AYaiEr}t AYs A
S o] Z2AA} AAES)S ATl E B
S A e Ak glol Flgch A S
9940 EAlo] AAA AEe] FA] L Hefol] v]X= 2L
< A&} 1A M EFA]E astroglia F-2 9] AEF
oFal C6 Alxe} vhgxe] Al7JolA|EEF] Neuro
2AS 7 I AN B A, o] AZEY el ¢ F
Al d3-& wRA] edgici(data A=F). §9940 £
<+ Al AAAEL] 7 JHE BAT A
7, B35 3= HAF= 50 ug/mle] NGF &
A 3}ol| A 2] PC12 Al E2] F7]A1A el didted A= oA
A4 et  rate] 3] ACbAE] theto] B
Al Jeo] E7|5 Wzeled, $9940 EA 2] A 7to
g FAke 7 FAET= JAIE T ok AN &
717} Al ZA 22 5350 3)9l.oH, growth cone S
330 A] %2 o] Wel A=)

Algagicde] FHAAsh= AFA Boldwd F
syntaxin®] 7-$-oJ] ¢loJA]{ % ©]2] antisense RNAE- %]
g3 AAR2 R AAHES70L] FAe daElA, =
AAA e ot R AR A 2= 43}
3 qlgo] WA ol At o] BAME o
2] 7} o] glont, vesicle fusiondl] 2] =A|2] 91z}e]
B3] 7104 B4 Holekn Atk wet
4] 89940 E--2- syntaxin, synapsin, SNAP25 $-2] ©}
Wde] A -2 ole} WA F|S Zugle A
o} ZhA oz Apdsle] AAAGELL] S-S Ao
&}, growth cone®] A&, B9} AAAEY 71
& z0E 22 Ausl olFe AHe @FE
8 2871 Fell i sAe] 7.
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