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Summary

In order to screen the compounds affecting calcium transport from
marine microorganisms the assay system using LuMA cell line(Human
embryo lung cell) and 3T6 cell line (Mouse collagen secreting
fibroblast cell) was optimized. From these experiments we found that
several parameters as followings played an important role for the
establishment of the assay system for screening of bio-compounds
enhencing or inhibiting calcium transport;

The up-take rate of calcium into the LuMA cell showed the
highest value when the extracellular concentration of cold calcium ion
in the reaction mixture was maintained at the ca. 1.08 mM. It could
be also concluded from the results that hot calcium ion(*Ca’") at the
concentration of 2.5 uCi/ml was effective for the measurement of calcium
uptake and the incubation time within 10 mins were sufficient for the
reaction. As an comparative control for the enhancement and inhibition of
calcium transport, ionomycin and verapamil were added with 5 UM into the
reaction mixture. At this concentration the calcium transport was enhanced
about 2.4 folds by ionomycin and was inhibited about 28 % by verapamil
comparing with the control value.

To screen the calcium transport enhancing or inhibiting reagents



3,000 strains of bacteria and 5,000 strains of actinomycetes were
islated from marine environments. The microorganisms showing
cytotoxicological effects on the DLD-1 human adenocarcinoma cell, P388D1
mouse lympoid neoplasma cell and lymphocytes isolated from mouse spleen,
and haemolytic activity against the mouse erythrocyte were excluded
through the prescreening steps. 1,414 samples from bacterial culture and
2,124 samples from actinomycetes culture were selected as candidate for
screening of the calcium transport modifying compound without showing side
effects such as the cytotoxicological and haemolytic activities.

Among the extracts having the strong activities 4 extracts which showed
60 % higher calcium uptake rate to compare that of control were selected as
followings: water layer from actinomycetes strain number 224, water layer
from actinomycetes strain number 100, mycelium extract from actinomycetes
strain number 267 and mycelium extract from actinomycetes strain number
8405. On the other hand, 4 extracts showing 30 % inhibition to compare
with the calcium uptake rate of control were founded as followings; water
layer from actinomycetes strain number 224, water layer from actinomycetes
strain number 100, mycelium extract from actinomycetes strain number 267
and mycelium extract from actinomycetes strain number 8405. These
compounds are now under the purification and analysis of chemical structure

to check whether these are novel bio-compounds showing the calcium

transport modifying activities or not.
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Ca™ pumpel 93 dA&A FAHt F, AX Ldested 2de Axu
mitochondria, endoplasmic reticulum(ER) ¥+ sarcoplasmic reticulum(SR)e] z}
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2 FAge] g, 9, 10).
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calcium channel& A3ls=RAoz 9&A wk Urk12, 13). FH sponge
Luffariella variabilis2 $¥] £2]¥ Monoalide(©]= sponge & FA3le njAE
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Table 1.

channel derived from marine organisms.

Bio—-active compounds having effects on inflammation and calcium

Compound

Activity

Reference

Manoalide

Pseudoterosins

Lufferollide
Hyrtial
Foliaspongin
6-n-tridecyl
salicylic acid
Flexibilide
Dendolare

Maitotoxin

Gonioporatoxin

Anti-inflammatory
PLC, PLA: inhibitor

Analgesic,
anti-inflammatory
Anti-inflammatory
Anti~inflammatory
Anti-inflammatory

Anti-inflammatory

Anti-inflammatory
Anti-inflammatory
Activates VOC-lacrima
glands

Ca++ channel activator

Bromo-eudistomin Anti-viral activity

tunicate

w-conatoxin(s)

Bryostatins

Ca++ release SR

Blocks N-type Ca++ channel

Anti-neoplastic agent

Protein Kinase C

Jacobs et al. 1985,
Glaser and Jacobs 1986
Bennett et al. 1987
Look et al. 1986

Albizati et al. 1987
Crews ef al. 1985
Kikuchi et al. 1983
Buckle et al. 1980

Buckle et al. 1980
Buckle et al. 1980
Takahashi et al. 1983

Qur et al. 1986
Nakamura et al. 1986

Rivier et al. 1987

Olivera et al. 1985
Ramsdell et al. 1986
Smith et al. 1985
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1. Calcium uptake &% %+

1. 1. AHE- AlEF 2 A wjFdy

2 A3¥ 234 Human embryo lung celld] LuMA Al X5 Al&-3lo] Al Eu)
% 2@ calcium uptake assayE #¥3l9 1 YH Mouse collagenase secreting
fibroblastyl 3T6MEZ vl APt o] AEFE 54 YA Ta0dA

okwtolty, LuMAAMI ¥+ 10 % Fetal bovine serum (FBS)®} gentamycin 20 i

it

g/ml7} 0]zt Minimum essential medium(MEM)(GibcoBRL Cat. No.41500-016
contains Earle’s salts, L-glutamine, nonessential amino acids) ¥l XS A}-§-3}¢
75 cm’st 175 cm® ZAujy ol wgsAdnt. olw ik 37 Tola 9
2L FE 5 %E FAA AXEuL7(Reveo)dl Al 4-5 AzE wiFIAS
4=712] A XE PBS(Phosphate buffered saline)® 1 3 Al&HE 005 %
trypsin-EDTA &40 2 A3l cell& H¥HAIFI A2 wiAZ HHYAM 12
2 3 AM3o Auiekalgct.  calcium uptake A @ Alol= o]9} o] wljgt
LuMA A ZE AWuMFA]l 1x10° cells/ml FE=2 24 well culture microplated]
BZ3le] o]lE ul¥s monolayerd A4S & 3 F AP AHS-3Uh. 3T6A
¥¥E 10 % FBS9 gentamycin 20 ug/ml7} £9]3F Dulbecco’s Modified Eagle
Medium(D-MEM)(Gibco BRL Cat. No. 23700-040 contains 4,500mg/l
L-glucose, 25 mM HEPES buffer, no sodium pyruvate or sodium bicarbonate)

A& ARE-sl Al HS LuMAA X9t S L3l Al B3t



1. 2. Assay system of calcium uptake

Calcium uptake assay® g 4% 24& 7H37] Adte] “Ca”™ sk
e AP A9z 2 AR BEFxd oF, WAt ada e #99
Z7F &L dAlS 3=  ionomycin(sigma chemical co.), verapamil(sigma
chemical co.)®l F=7F ZE/Fel e 9F 5 Lolry] A7 Zzde] A
P2 A A FU 9 Ao 3l A& AFAFZY slolA AL E
WlFA g2 BE ZERY EEA gAAdE cell monolayerE: AT 24
well microplate2 F-El wWlA & A A3, Yol H7F HA G A= HAS
05 mi¥ 7 welld] ¥ F, &u]d v Eud AR A100 u/m)E YAk ol
) ol EulF HAPA] {rl8ui7t A X E4S ez AF folchE 3}
yxgel #Falel ethyiacetate%% w2 2uf BAM3te] ALE-EATE ZF wellol
g HA wMgAe ¥e ¥ Z ®CaCl (5 uCi/m)(Dupont NEN
10Ci(370Bq)/g)E sk WAl 05 miE ¥ 10 ¥ wgAAT (®Ca”el 4
FE% 25 pCi/m) WHg F FEHE AASI 500 ul LaCls soln(l mM LaCls
in PBS) 22 1-28 #2349 calcium channel® 3% © ©}49] calcium influx
£ ulojEt. 2 3] PBSE AMAF F 500 ul warm lysing soln (0.25 % SDS,
0.125 M NaOH)2. 2 M X E lysisAlZl ¥ pipetting3le] 400 ulE scintilation vial
o] &7)11, scintilation cocktail®] Lumagel (Lumac-LSC) 4 mlE YW1 %3]
&590] & ¥ liquid scintilation couter(PACKARD, TRI-CARB 4000series)-& ©]
43l cpmS Z£A 3l quenching2 BA%Y FUh LE5/Y S7HARTEE
5 UM ionomycin (1 mM stock soln. in EtOH)2, Z&#¢ JARZTZE= 54

M verapamil (1 mM stock soln. in EtOH)S A}-83}¢ ).



< YA FALAE o] 8§ calcium uptake assay>

LuMAZE 24well microplatedll ¥3(1X10°cells /cm?)te] w2k
J 37C, 5% CO2

ATt BAZE FYRA 4542 wAG

!
A U= viA 05mIS Zwelldl We)
|
Z} welldll A3 gl vAAE AAY 100uS Bt
l
®Ca™ GuCi/mDE Egshe AHYE WA 05mlE 2 wellol
WA wkAIZIY,

I 10%

At
&
ole
>
~y
o

€ Wi ImM LaCls &9 05mlEs ¥ 1-2
!

45

Asag v 23 PBSE AMAFc
l

Lysing solution 05ml2 2z} wello]l ¥ 1 pipetting® ¥ 04ml2 3l
scintilation vialoll gt}

l

scintilation cocktail 4mlS 2} vialdl B & 4 F
liquid scintilation counterg ©]§3dt =3



g QG 2 G283 dF, WPEY, AFEE AE FAM B
A 3000 FoF AFPATF 500075 ] REF AL uigs P §ol3}
A F&8o] ztzh A X9} FFAE di vAE HAFEAYY 45 4
P &, A X SAL A JYehiA ge Ad AAFEFAH $HdE AR F
Zdg Myslglony, o FFAE . F3Y human fibroblast cell(LuMA:
human embryo lung)®l Al X% calcium channels $3% Za44d dAF I

e F& 2 gas

2.1 NEAH L uAER.

S5 QAT #FE R At = 23 ® G537 Aot &
2 HHEY AYTES AS2 Ak A Ages A FA A
galAu, dad AR A wol Ag4A7A AL vsidy. AdE EE
87 A E PYG AWM A(Table 2)& AHEstgla YAFS Est7] A8
£ ISP4 @A (Table 3)5 AHg-3tgth WFATH 2ee 4 Ald2 25T
oA 5-62z, 22 WAFE 0TAA 6-78022 3Pt wiF F IAHE
ZAS Fgd EFJoz T FAuA HF, SdTANE dGEu7tA &
F Bsqo. 249 Ad 2 gAd FFE 20% glycerol 8-fel Aestof

~70Cel A R

2. 2. PAE WIS FE 9



ATAIEL PYGAAWIA] 4mlell HF st ZAAulE ( 25T, 562 ) & F,
A} vkl ®alslx] gt 35ml folch soln (CHCl3 : MeOH = 2:1)2 #H
7He & QAR sle, 3129 folch solution layer®d A% 9] water phase Al &
2 Zzy Yok A7 Wy E Zobell WA (SZu] X)) (Table 4.) 10 miloll ¥
A FEs] ABHIYE0 T, 6 - 8 D) F, A& 3te] FAG vFAE Y
i FAE methanol 5mlE FZF, HlY¥AL ethylacetate 7 mlES F7}3lo]
ethylacetate ¢} water phase® ¥2|8l9th. &+ % A2 eppendorf tubeol 1ml¥
ol 4T BF stgoen, AwrAe folch solution layerst W4 e
ethylacetate soluble phaset speed vac 22 %3ta] B3, FAA zZ+z 200

pl1®] methanolg Yol AH8-3lth.

Table 2. Composition of PYG medium

peptone 10g
yeast extract 5¢g
glucose 20g

aged sea water 500 ml
distilled water 500 ml

pH 72



Table 3. Composition of

medium)
soluble starch 10g
K2HPO4 lg
MgSO47H20 lg
NaCl lg
(NH4)2S04 2g
CaCOs 2g
trace salts solution 1 ml
agar 15 g
aged sea water 750 ml
distilled water 250 ml

pH 7.2

* trace salts solution
FeSO47H0
MnCl24H20
ZnSO47H0

distilled water

ISP4 medium(inorganic salts-starch

01g
0lg
01g

100.0 ml

agar



Table 4. Composition of SZ medium

glucose 20 g
bacto—peptone 5 g
yeast extract 1l g
iron phosphate 01lg

aged sea water 750 ml
distilled water 250 ml

pH 74
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o] o8yt ¢ B AP YR Forg MXo FTFE
nAA e FE29L 1A Ay AFgelAct. AFAEQ] FHe HIA ol o
&85 249 A9 lymphocytest A1 E(DLD-1, P388D1)ell @ A E =4
5 AAE AX EF A4S JeElA g vAdE AR FE4E 142 443
A

2.3. 1. AT Ui &5 HA
Edo HYF SAAEE FA] A% ez Fo B4 EFL AL



Bt AR AEE wE vty Ay

L8 AlEE Fo A¥T2 Holle FH dAo 2Ry EYsiy uygE
AR Mgt AP =5 FAsHh. PBS(phosphate buffered saline) 5
mlE ©2 Hlo]F o] AolE Ho B2 wA FAg Hojx=A AP e
AAEE ( 2000rpm, 4min, 4-10C )dl] MXE 34383 o] PBSE 3 3 A
AP, 8% FAAAldE AYF AAEGE0%) S ASFE 1 %71 HEE PBS
2 gAste] ALg-3A

9% well microplate] 2+ welll A@anA s vlAE PA Wk 20 ul
H 9 F 7 welldl 1 % AT At} 200 uls F7hsked 37 T, 1 A1 B¢
AR F &2 BFeAT. AEst 482 dehid H¥7} gegee 5
B AECE Ha, 8§82 YA e ASele AE T well vidte] FA5
o] B5%3lA Btk Microplate reader(Molecular Devices, THERMOmax)&
ALEE Wl 540nmolA OD#E FHAL o u, §H¥YANZTEN ZF &
g 4L Bole HAdA EYF toxin (FAF 630-1 FAS methanol F&

M), FESAHANZTEE PBSE 2+ 20 wl A A3y

2. 3. 2. Lymphocytedl] 3 Al X A% A

AEEALS 4L Carmichea §9 MTT assayE W33 A&
MTT[3-(4.5-dimethylthiazol-2-y1)-2.5-dipheny! tetrazolium bromide]= %+o}3l
+ Al¥9] mitochondrial dehydrogenaseol] 213 @&g=o] H Aol fomazanZd A o)
A=t oo §3Al(dimethyl sulfoxide)s ¥ 3 EAM7|2 FJLE &

Batel ALY AESE A Yol



e ANt=Re ¥ lymphocytesS AHE-3te] FFAX i nAE 7
Fujgde NX 4% ARG ol ZAPPELS F e ARE AFs)
o] homogenizationdtd] gauze® A& T 1 AL QAIE2(2000 rpm, 4 min,
4-10 C)8ld 2 FAES PBSZ 3 3 A3t HF AXsES & M9
A2t 10-15%107 cellseln] ME 4% Aol 2-5 x 10° cells/ml7} HES
RPMIM| A 2 3] A3l AL-§-3l4t.

2349 lymphocyte & 96 well microplate®] zb wellol] 100x1¥ B 381

olo

A@stnat sk o|BE AR WSS 10 x5 ¥ 37 Tl 2 AF F¢ wb

U
—

AN F 747+ wellol 50 #1 MTTEA-S Wi 37 CTollA 4 AZF &< Ale
At ASAL A A3, formazanZAA-E dimethylsulfoxide (DMSO)E Y1 &
A7) ¥ ELISA microplate reader® 540 nmolA O.D #2 SAH3AC. o]
b AESAIPRTE 2T AEEYS dehlis DT 630-AdAlY

methanol & %-& ALg-3lgon] SANZTE= PBSE AHE-3yth

2. 3. 3. A i AE 54

2189l Al¥E= Human adenocarcinomaq! DLD-13 Mouse lympoid
neoplasmg! P388Dlelw = A EF oA EFigitt. DLD-13 P383D1
<€ 10 % FBS (Fetal bovine serum)9t Kanamycin 20 ug/ml7} £9017F RPMIH}
Z}(GibcoBRL Cat. No. 31800-022. contains L-glutamine but no bicarbonate)S
AHg-8ted 25 cm” flaskell Hol YFA Ao 2 Adiul 3ot

AE 5% 534, P38D1E dlF71e] AIES A4&(1500rpm, 5min) ¥

% PBSE 13 A3 & A2 wiAZ 1X10° cells/mz BE{AA AL,

__28_



DLD19 7<%+ monolayer¥ 4%, PBSZ 13 A3 005 % trypsin-EDTA £
o7 MIEXE B{AFI 2 AEZ(1500 mm, 5 min)F F Q=2 RPMIMIA & 1
x10° cells/em’Z RH4A1A AHg-3tAt},

1 x 10° cells/ml DLD-1°]1} P388D1 A} ¥ @eted-2 96well microplate well
ol B3¢ ¥, Agsna e vAE AAMERE HFEE 5 pl/mist 05 ¢
V/mli7h E =& 3|AM3te] 100 p14 Wi, 4 4 <t Mg F 50 ¢l MTT &9
< Y1 37 TollA 4 A &< vheAFY. A5d-e AAST formazan 24
& DMSOE ¥i &8Al71 ¥ ELISA reader2 540 nmollA A3dch  £<t
BEA], AZTF F AEY ST welle AT 2AE Jehuiny, AX 3F&
AAG Aol welle €2 FHF HepdS oz 1 APz wa}

AX 545 A5 #dE &+ Aok
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nAERY FEN0F RE calcium uptake RHEA-L @A 7] oMo &
AAYE Y-S FEFIH] At 27 AEE HdAEGT o] APe F2
Z279 4% 2 WAzt 2u AHSEE HAbs FA94CaM e s A
¥ oo FojA ulA ARl e FE T Fdo Zwel Rtz

o4, ABAHE Eola RESME FAYYE &3] A7 Aol

1. Alx9 ZEFE7F AEZ jon channel2 53 calcium uptaked] »x}&
R

A3} jon channeld 53] ZgEol MEYZE 49 u AXd &A= 4
FEFEE STl B 98 mXe 8 QA F slvolth. uaha B
Ago)M= MET ion channeld T3 Z#o] AXYRZ #4548 u PP AX
9l ZEFEES U7 98 calcium uptake BHSAPA] o 1.8 mMe] ZH4o]-2o)
EAste MEM HlAE PBSZ Z+Zk 1 F:H|(MEM:PBS)7} 10,0, 82, 6:4, 46,
2:8, 0:10°] H=%F EAste] AP wEA AT HF BEFEEE
1.8, 1.44, 1.08, 0.72, 0.36, 0 mMo]iL old] *Ca™e] v 34 YARSA 5 u
Ci/m2 fAFon o ¢ WaAlgo] A A 4L ZdEskd v FAL
BAE2 AL Foltt

Fig. 2014 H& uie} o] ZH5%¥E MEM:PBS7} 64 H|8du 2 <F 108

mMe] Zgo] F7hE AP TN cpm@ke]l 7HE IS &+ AN W
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Figure 2. The effect of extracellular calcium concentration on calcium influx
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H ole WAbs EXE ZEol BEXYE TesEe 72 Q8o INanr}
vebd 22z Atg gt 2y 1.08 mM old e ZEolL FEAE Wil
EAE BEFE/ s EAHA 4L ZEFE 9 HE JdFes royg ¥
Ay By FTEE7F FAHA %ol cpmte]l FAHoR e ez AlgdHr
% Michailes-Menten &4jell oJ&td 7]de] T/t X3Fed EA3A 2&
At 7147 47t Bl Ao R volx AxnHoz s fYdUde HAHAG
aEg o] ¥ BE A U AX¥e ZEFEE o 1.08 mME #A3}7]

A5te] MEMMI XS PBSE 6:4 5 43ke] Ag-shdch.

2. A X2 jon channel¥ %3 calcium uptaked @Al WA 99949
HARsx 2R
AERZ F98 25 ¥ A7 s EAE Za9 Adder 4%
F At w2 AFHzHAA 7 = cpm #E Ao AFye wAgAe
Fo7198 A HAAF WAe THQ9L PCaCh ¥=s 2P
®CaClz §F¥ %7} 1, 25, 5 uCi/mIEE2 MEM¥MI A2 843 ¥ LuMAA| X

99 cpm@te EAEAUT ol W WAls EAJ H TES] BEE o 108

°F 5,000,000 cpm ©.2 e
Fig. 304 HE& ule} #o] LuMA AMEZ jon channel® E3 {8 e
®Ca™& % cpmgtel Wngew vl¢ Hee % 4 Yo, 1 - 5 uCi/ml A+

ol9] ®Ca"e] FEANE #YY ZEYL dehile cpmgkol WELolst] W



Ay BRA94E BA9 ®Ca” wxol uat Be zols} LS o 2 gk o
gy 3T6 AlX2 7% LuMA A¥ske ga ®Ca™ $= 5 uCi/ml H7HA 7138
2 @2 Yehdla wxvt A4 %o ua) cpm gko] ¢4 A de kS Ay

2 2 UthFig. 4). @9 WFAIZte] WE ZF HEW §90%ke LuMA Al

3% FEAAQ 2ol IdPAT £ Aoy 3T6 A ¥ A9 5 uCi/ml FxolA
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weA LuMA AEE o8¢ ZERY 2Y2A FHALFAIE 25 §Ci/ml
59 “Ca” & Agar12 AU

3. AI¥9 jon channel& 5% ®Ca™ uptakeo] AlzHd wl @

ZEol AXUR FY8E BHEAE 471 98ke 25 uCi/ml “CaChs 3

7bete} MEsh WREAIAW O AZHE 247 10802 RE 7R HRo R wjkd

F 24w,

Az

Fig. 5914 R ulg} o] M 29} jon channel & & “Ca” uptake:= 10 &
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Fs3A gv Aoz Jeyn olgt e AdE ¢o A¥AAQA Fig. 37 4
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4. vindlzTe] AR g

BARS FAFAM AEFE A3 Ve APxzde ZFAA A

ARg setar] sl v WA MEUETE YALPAL B olu] B

|

FYe A3 v 22 A ionophoreQ! ionomycin® A231870] F2 A}

O

£Eu A231872 AAl ¥dAdol A= Aoz 9 AFd A ionomycin(7)E
Ao, ZeEdde dAste HlZAETEAM  calcium  channel®] «
-subunitE antagonized}] channel-& X@3= o2 U2A verapamil(14)-L
AHgstde. F gdAle EF ethanol2 §-3A1Z1 1 mM $X9 Q- MEMH)
A2 845k} APl AHgE T

Fig 6014 2% uls} o] jonomycing 5 M, 10 pMelAl thzFol H)a) 2t
Z} 24 W, 26 WiE #AEhddel Frtes A4S #F ¥ + UAJY 2Eyg F
7 15 uM ddle 233 o FAge] WolFE B4 ARsd o=
ionomycino] Al ¥o] A& UYehlls Ro2 AlgHU. Verapamil& F71E A
e gz A¥Y AEFYS AASE AR YeEon 1 uMdlA 15
uM7AA] s=7t S7h el we} oizTel vl 16 %, 28 %, 34 %, 47 % A=

fedol A=A, o] 2R HE Verapamil F71s =S} ZEFY dAEA
ol ZA#AE Jehll AT ¢+ AU

FH 99 ¥ °Al ionomycin® verapamil®] LuMAA X0 tidt 5452 d]
n HAEZ} A Fig 74 2th. 2gdA BEe ule} o] WA AEw-S HIgd
<Al OD. g2 < 0352 uetgtout &9l ethanol2 1 % #H71¥ Al OD. %

2 9ok 0282 oF 20 % A= AEEAE YEIWTh ethanol V¥ E 1 %e
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EYEEE SR A 3000 59 BAF 5000 5 widdn, 2zt 33
kel FEate] UA AE 54T 2 8¥Fo] e AF RSN 1414
Mok AT AAMEN 212408 AA s olF AF FAWMIA 139
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Table 5. Transportation rate of Ca ion and cytotoxicological datas estimated

from culture extracts of the selected actinomycetes.

lymphocyteoll ™3+ 1385 Ca" #¢

Finali R AE E45(%) (%) (%)

224 0 0 0 37.4 0 0 - - 160
100 95.6 0 0 94.0 0 0 - 125 155
267 0 23.7 0 0 0 1.5 171 - -
5792-2 0 0 0 0 0 0 62 94 83
8405 0 0 0 0 4.4 0 162 - 103
282 3.9 0 2.7 21.6 0 0 - 62 -

E : Ao 2 RE 343 ethylacetate 3
W : ujgdl o 2 BE ethylacetateF+E5F 32 43
* Car+5g 9] ZAFL ol YA B NEE 10%2 FRASWE /&

o8 100 E A3, > 100= &AL oju],



* — ! not determined

Table 6. Transportation rate of Ca ion and cytotoxicological datas estimated

from culture extracts of the selected bacteria strains.

Lymphocyteol dl& 485 HA Ca” ¢
oFHs AE 545 %) (%) (%)
A\ F " F w F
17BS15 0 0 0 0 93 43
17BS16 0 0 0 0 188 9

W A 2 ujokadoz B¥ folch sol. .2 F&F3 G2 F

ol

F: @A 2 ujgkado s REl £23 folch &
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