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Studies on the Relationship Between the Presence
of Plasmids and the Tumor cell’s Cytotoxicity
Shown by the Streptomyces spp.
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Abstract—We isolated Streptomyces spp. from Korean soil, which showed high cytotoxicity against tumor cell
lines, L1210 and P388D1. Among 30 strains, three strains (DKM 104, DKM 128, DKM 409) were appeared
to possess plasmid. Strain DKM 104 and DKM 128 had two CCC(Covalently Closed Circular) form plasmid,
about 20 Kb in size and about 1 Kb compared with A Hind III DNA size marker. And strain DKM 409
had three plasmids, among which two plasmid were CCC form about 1 Kb and about 20 Kb compared with
same size marker. To find out whether plasmid involved in production of antitumor agent or not, we performed
to curing experiment. Comparing cytotoxicity between culture filtrate of plasmid-containing strains and cured
strains, we knew that only the cytotoxic activity of the strain DKM 128 was involved in plasmid.
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T5E S32 sle] 7 AdFelAe oA A FH
A8} 4 A4 F3AEel cloning ¥ 4 Stk Pla-
smid7} #HF FPE2E GdESFD S kanamyceticus
22 kanamycin A-TA, = S venenzuelge =€) 2
chloramphenicol A4t 5 2& ¥ 7EZo] g)v} =g HF
Aol g fAz 2275 9§59 Hopwood S
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ol Aotk 53] cloning¥ f3AE multicopy?] plas-
mid vectorel] A43ste] 2 FAdAl Hje) 27 A
49 i FER 3tz glvh old B dTelME
NE2d FFNEE A A AR F5 ddde B
glod o] =2 H plasmids ®elstyal sleiz, &35
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plasmid7} CCC(Covalently Closed Circular) form<el=],
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1993w 6Y4E 9¥Y7kx] = 1374A]F-& A3}
2o BE AFsle] 2 AEF 1gg 80TA 903k
AZANF AEEFF 10m/S 9 Agans 45
-9 10~°7}%] 3]4}3}o] starch-casein agar (starch 1%,
casein 0.03%, K.HPO, 0.2%, MgS0O, TH.0 0.005%) |
AEsgr) olw A Fe sk A& A3 A
v =] ol nystatin (50 ug/mi)3} cyclohexamide (50 ug/mi)
< APtk AFAA A 28T #27|elA 74
o) 4] 149 Eot wiakslel FAle) moFw M7k, S8 W[4
=% vlmdle] A% dada A4 755 o ¥
glsleich, x3d Hej=l vhdd-2 YEME (yeast extract
04%, malt extract 1%, glucose 0.4%, agar 1.5%) At
W] R el AE, wjoksl F 4T YAzl BEAsiHA] A
ol AL25}912™ spore solutionS wHE] WEAd
BA3tg A ARgstedc)
saEF YU ES ME EME EH

EAH M £ EF4) L1210, P388Dy(Lymphoc-
ytic leukemia, Mouse)? A4 ELFq Vero (Kidney,

Africa Green Monkey)Z A3t} L1210% P388D;-

AEFEe o AXZFEHZHE Pk on, Vero
HEFE FYPBAYAA FEobitol wljoks] 2 ot}
Vero Al £ wj<k v x]= EMEM(Eagle’s minimum es-
sential medium), L1210z} P388D; A EF wickw ==
RPMI 16408 AF&31e] o0y AlgA]ol = 10% FBS (Fetal
bovine serum)®} FAA)Z antibiotic-antimycotic solu-
tion 0.1%8 A7stect AE™ F5E9 wofe] g
& AlE S5 &3 MTT [3-(4,5-dimethylthiazol-
2-y])-2,5-diphenyl tetrazolium bromide]Z A2 %4
aho] AE SAE 50% AT F sdE # (GY2 =2
el
S8 @Fo| plasmid &l

[Csozte]l wlarA w2 75 30708 AAHsle] o]lE=
He] alkaline lysisol] 2]&) plasmidZE £=|5k3L Samb-
rook(1985)0] Apg-3F whHel| ule} A7)d-5-g HA|eHe]
o}, =3 2292 A 7)ol E(two dimensional gel electro-
phoresis)2 A2]8}s =1 lane 1= plasmid DNA size
marker?l A Hind 111, lane 2%} lane 3ol %2 plasmid
DNA sample$ loading3}t & 12} A7]3%2 A1# ) 12}
A7) E0] B} % lane 1, 28 E33H= agarose gele
el TAE bufferel] Mzsln JoA] gel 70Tl A
1027t & 7192 plasmid DNAE denaturation A]7]
o}2, WZAIA 13F A7[edFubeke| e & wbek
22 22 A7|45S HAFE
Plasmid curing test

AA A AP FAA-L Rhinwald(1973)uH-S- H A A
AR2-slge}. Curing agent2%E novobiocin®  acridine
orangeS A3} 5L Curing agentE #H7}AZ] YEME
brothell #5528 AF, wiekstan} DAAL R 3444
7l ©}8 YEME agarel] *Fsle] 28C incubator o]
340 Wk F AT colony] 7h v R plate 2 HE]
plasmid’} 91913 FF8 AEH o= Q] #3 3
AA 7 T8 iR e} 3R] o2 A A2+ co-
lony-&- replica plating-2 4lA]sfglc}y. DKM 104 f-F-=
penicillin 1600 pg/miZ} ampicillin 800 pyg/mle] EFH
w7 el|, DKM 128 ¢#52] #-$-¢ll+= penicillin 50 yg/m]3}
streptomycin 100 ug/mie] E3E uwfA]el], 222 DKM
409 735+ penicillin® ampicillin 400 pg/mio] E3+3
plate)] curing agent <oj) 4] ¥}k colony Z+7+-& rep-
lica platingsle] Wjde] glelxl #FES Fopsich
o] 714 Zold FFE YEME brothe] 349 ®i<t & &
A% 353k alkaline lysisBlH .2 2 plasmid E 223
AN Fo g HEAOE plasmid’} curing =H=A
#alstydct. Plasmid®] curinge] #<1E dF=2 FF
AL wjokdolg o3 dEat g oA % AEF
112107} P388D,, &) 32 A AN E 541 Verod| Wil Al E
B35S MTT 53 v o 2 [Cogts ¥ls] Kol cu-
ringsll oigt AlE FAFe] A9AdE AHRgich
Antibiotic Resistance Test

971x] BARAE 22re] 3 8-Hof Fo, 0.22 um me-
mbrane filter2 oj=} W#3F 5 YEME =)o) 25~1600
mg/mie] EEZF two fold dilution®}e] agar plates-
TE & FFE S F 5d F9 28T vl
s oFA)2) & Zh7he] g AAel] gl resistance?] o|H-F
Ao gt
Antimicrobial Activity Test

7 FAL B $ste] AFPFL2H Gram A
Ao 2= Bacillus subtilis ATCC 6633, Staphyloccus
aureus ATCC 25923, Gram &4 A L2+ Escherichia
coli ATCC 11105, Pseudomonas aeruginose NCTC 104
90, 18|32 AFLo.2¥= Candida albicans ATCC 102312}
Aspergillus niger ATCC 326265 AM4-3ltich APF&
A eke ArElel e AlFL nutrient brothE- AR5}
931, Candida albicans$t Aspergillus niger+ sabouraud
dextrose broth® Al&3lgdch A& 37CelA 184)7L,
HERE 30TeNA 4827 wigsled o, Aspergillus ni-
ger= spore solution (10°m/)-& Fu]3}e] WFA (—20T)
o Bnaat A& AHgst ok Aok AldE-2 YEME
brothell 4] 28, 200 rpme.2 717k Woksion T u]
ool e 022 ym membrane filter2 o3} "7 & 50

E paper disk Smm)ell FFAA AR F ek
Aol T=HE plated] &8 FUh A4S =
plates 18A|7F wiokslia R} ZF-E 24A]3F Wik
3}lod inhibition zone-g& &A%}
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Fig. 1. Agarose gel electrophoresis of plasmids isolated from
Streptomyces spp. lane 1, A Hind I DNA size marker; 2,
plasmid from strain DKM 104; 3, plasmid from strain DKM
128; 4, plasmid {rom strain DKM 409
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—v‘ﬁ“‘ g WAEE ez F4 A ’tT(L1210
P388D)2} A A EF(Vero)el] gt AlE F45& 1Cs
po vlmEte] AE EA5e] vl 52 TF 30HE
Ad sl (o= el 93k

Plasmid2| &2 % S&

A= 307 #F el digt plasmid 7% alka-
line lysis Wye= s B An 4 45 (DKM 104,
DKM 128, DKM 409)%}+o] plasmid £ z+al gl&°] &<l
= aehFig. 1).

o]E Al FF5ol W3 plasmid®] profile2 agarose
gel electrophoresis® 3] 4¥ 2 Az, DKM 104
75} DKM 128 FFol 4= F 77} 225515, DKM
409 FFo| A4z Al 719 plasmidz} EEH e, 23}
A7) % 5(two dimensional gel electrophoresis)% AL
3ted 22| plasmid?] 5 FU¥ 7 ds=e(F =
1—}-5}141 A o9k8) A Hind 111 DNA size markeri’} v] 5]

B A3}l DKM 104 #F2} DKM 1287F+ < 20 Kb A=
3715 717! plasmid 1709} <k 1Kb A=2] Z7]E 744l
plasmid 1747} ¥#=2] =¢ew, DKM 409 FF= <F 20
Kb 171, 1Kb ZQE-J Z7]E z+te plasmid 27H
A el plasmidzb = le) =gk 22 A7 °§%§
Ar)sle] B Ax 227} E2lgt plasmide 25 CCC
(Covalently Closed Circular)@el& Zt3Z U8 ¢
Asich
HEZSMLEZ D} plasmid2te| 42k
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A8 golE 7] 85 curing testE A A 81} DKM 104,
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\. b]l

4

Table 1. Comparison of ICs hetween culture filtrates of plas-
mid-containing strains and cured strains with novobiocin, ac-
ridine orange.

ICs
Novabiocin Acridine orange
Cell lines DKM 104 DKM 128 DEM 409
Pa Ch PI Ch Pa Cb
L1210 + +  ++  + + +
P388D; ++ ++ ++ A+ o+
VERO - - — - - —

9Plasmid-containing strain “Plasmid cured strain +; ICs, between
10-! and 1077 dilution facior. + +; ICs hetween 1077 and 1073
dilution factor.

Table II. The survival rate of cell lines against culture filtra-
tes of plasmid- containing and cured strains with novabiocin,
acridine orange by MTT assay

Strain

Novobiocin Acridine orange
Dilution Cell line DKM 104 DKM 409 DKM 128
Pa Ch Pu Cb P Cb

10* L1210 0442 8762 92.73 9545 9593 8541
P388D, 9542 90.15 95.21 93.27 9748 96.10
Vero 92.22 9222 8593 8769 9480 8227
107* L1210 0432 7524 9258 90.24 9122 84.92
P388D, 63.21 90.11 7855 9302 9724 9238
Vero 92.21 92.60 85.16 86.27 9368 85.00
107 L1210 60.11 6021 82.33 5242 2439 8238
P388D, 14.38 3553 47.66 76.27 2040  90.00
Vero 8264 8245 8321 8383 8104 7545
107" L1210 3028 44.16 23.16 3215 2358 4440
P338D, 6.02 2443 942 3024 1327 5027
Vero 7521 7490 8273 8326 5092 7532

*plasmid-containing strains "cured strains

7+ FFEo) digt MICS 4w Z3 DKM 1047
F£ 80 ug/m/, DKM 4097 5= 107pg/migdc}. =%
DKM 104 #of sl 43 H ™, plasmid”} curing= ~]
A2} curingd FF vlms] & w Sk AEFe} A
AZF el WA ICxgtell E o]z} gl A
"‘ﬂ"“’i A wfpe] wep A dolAle HAE E

= 9lgith DKM 409 @55 4w ¥ 9 plasmid curingel|
—«]ﬂ ICozkel W3t gt curing®7] A vl oko]
Ho] FoF HEFo gt AZ FAFo] 34 wi 107!
2] 1072014 71¢] 30% w|=ke] X fﬂ-;;. ¥ql vk plas-
mid curinge] ¥ 3 2 34 uwlgolA 30% o]
AEEE el oFzhe] Alolg Heli 9R|RE plas-
mide} AZEAER QA7 QDAL HolA| gkprh
Acridine orange® plasmid®] curinge] ¢]Fo]z DKM
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Table IIl. Resistance of strains to various antibiotics.

Concentration of antibiotics (ug/m/)

Antibiotics strains
50 100 200 400 800 1600

+ o+ o+ -

Ap DKM 104
DKM 128
DKM 409
Gm DKM 104
DKM 128
DKM 409
Km DKM 104
DKM 128
DKM 409
Sm DKM 104
DKM 128
DKM 409
Cm DKM 104
DKM 128
DKM 409
Pe DKM 104
DKM 128
DKM 409
Tc DEM 104
DKM 128
DKM 409
Rf DKM 104
DKM 128
DKM 409 — -
Thic DKM 104 — —

+

+ o+ - -
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I+ 14+ +++++++++++ 1 ++ 1+ 1 +

T+ 1 ++ 1 + |

|
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Lot
I
I
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|
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DKM 128" - - - - — — -
DKM 409 — - — — - = -

Ap, Ampicillin; Gm, Gentamycin; Km, Kanamycin; Sm, Streptom-
yein; Cm, Chloramphenicol; Pe, Penicillin; Tc, Tetracycline; Rf,
Rifampicin; Thio, Thiostrepton

128 5ol g MICE 160 w/mis] 3, plasmide} A=
5% se du4e 49 DKM 128 #5& cu-
ringel] 93] B2 WH3E Be)i gl &, Fof A FEF)
11210, P388D3 A A EZFQ] Veroo] sl =5 ICs
gre) 24 vl 10722} 107304 RQAT plasmid<)
curinge] o] FoiAl Felle HME EA%S 79 HolA
ol AE 5453 plasmidele} Q@A Hols Qe
ARE P9t &, DKM 128 FF1tke] plasmide} A&
=A% d#4E Relx slgich(Table I ID)
Of2{7tX| SH4A[of| CHSE Lo

DKM 104 ¥~= penicillin® ampicillin® 32 flac-
tam AG2] AR A e WAAE velych 53
penicillin® 1600 ug/m/7}=] WAL el w9 7lat
WAge Helx 9l¢lAet kanamycin F, aminoglyco-
sideo|+= WAde] A& glel.em, DKM 128 #5-= kana-
mycing A &g FAAA o= HAde] A¢ glglow DKM
409 v+ ampicillin, gentamycin, penicillinel] =13 400
pg/ml7AZ] WS 7 gle] o} A A < wle] waH

Table IV. Comparison of antimicrobial activity between cul-
ture filtrates of plasmid-containing and cured strains with
novobiocin, acridine orange.

Strain

Novobiocin Acridine orange
DKM 104 DKM 409 DKM 128
| R N 0 P c

Test organism

Gram Positive
S. aureus
B. subtilis
Gram Negative
E. coli — — - — - —
P. aeruginosa - - - - - -
Fungi
Candida albicans — — - - + -
A. niger - = - - - -

+({16)+ (15 +QD +(10) +(12) +Q1D
+A3)+@A5) +(15) +(12) +17) -

“plasmid-containing strain ‘plasmid cured strain +: inhibition,
—: no inhibition Numbers in parenthesis means inhibition zone
diameter (mm)

& WAL R dda A FF EF rifampicin@}
thiostreptonollt= WAE 2t 97 okl Table II).
oo plasmid2te| 42k

A TF B5 Gram positive (B. subtilis, S. aureus)
el 7hgk eaee zha 9915l Gram negative @5
(E. coli, P. aeruginosa)dl= dF#Ho] ek = A
FF 2F yeast, moldd TFololes IRFHE
WA edskct. 2el i plasmidzt §leiA]7) AR Fof
F71 veple gl lelA Aol & 713 7L DKM
128 #Ftk. DKM 128 5= &3] B. subtilis) 3}
o4} plasmid”} $1&4W¥E inhibition zone¢] 17 mmE
7¢et tE-E 7ba 9lslAlqt plasmid®) curinge] °]F
o}zl Zol& inhibition zonee] ¥ vlehix] =
Ag 2ol S Heli glo] Fel¥ plasmide} 3272
QAL Holq gldrh(Table IV)

n

1

T FeE AT Ao R vl A 5450
F& T 30708 Agdste] e i3 plasmid® -
F-E agarose gel electrophoresisg %4 AsR ZA#
DKM 104, DKM128, DKM 409 #34te] plasmid7}
593 o] A #5F (DKM 104, DKM 128, DKM
409)Z ) et plasmid®] ¢} FefE 23 A719E(two
dimensional gel electrophoresis)& Eaf 49 2 ZHa}
0|5 ¥%= CCC(Covalently Closed Circular) 3ejZ
ZEaL g HAF 5 ssdch dnbde s, EeH 5
1}2] plasmid band Qkoll& 373 el 2] plasmid-CCC
(Covalently Closed Circular), OC(Open Circular), L{Li-

i o /)y
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near)-forme| complex binding patterno.Z £z & 7}
S730] sl7] wlgel °lgE& FAsl7] Hel 22 ]
e AAsgoh F, R HA Ar|dEoAde & Y
bandg EHed 24 #7]9%& 3le <] bandel] <=
71¢] band7} 225ty o] plasmid bandel & 2] 7}=]
el plasmidz} £Agckn A2g 4 Qi) =3 CCC
DNA¥X OC2} LaE#]2] DNA X} electrophoretic mobi-
lity7} &<} OCs} L #efe] DNA Rl ] o] F3hcly
BaEelx glew ¥ A4, 2|7} £ pla-
smide WFE CCC FHE 262 UUT WiPE WA
79 AFel gleiA plasmide] Hej= CCC HujE R
2He} girh ol¥A =¥ plasmidge] AZFHEA
I ARAIL do} B 8] AA)%F ubHe] curing test
(Rhienwald, 1973)$ict. o)=] AM8-3} curing agent:= no-
vobiocin®} acridine orangeZA4|, ¢| agentE< plasmid
DNA¢9] replicationd $4ldo2 AsjA|7lcty od=ix
olch. Plasmid 2 zt2 gle Al #5 % DKM 104 F59}
DKM 40974 plasmid+ novobiocin® Z plasmid~}
curing® 12, DKM 128 FF9 plasmid+= acridine ora-
nge & curing® $it}. Plasmid®] curinge] =] A=} 3¢
Zof AxFel A AL Wi AE FHFS A4
2 Az g AEFHED A4 A9 plasmidefd]
ABAHE Hel 75 DKM 128 F39v} egr uhAl
Fozhie Fdid T AE A EEE gdHo) A
So] BaE glow 1 M E Gram %A ATl
el glre]l HaiEw ik wEbA] T test=
ZgAE A 94 QA F7] 93 A Age R
HE e wAES Akl {8314 AgET
girh olell, Ae=l A #5(DKM 104, DKM 128, DKM
409)] wjeked st Zhzke] F5-2] plasmid g curingA]#
QAL wjeklz) wims) B A AE 45 Ao)lg AH
B Azl SalsbA DKM 128 gaollAnl 83 o
AP o] 2 Holm ik A7 AT HH
DKM 128 #52] plasmid”} curing® 5% ¥¥ <<
A ekoiedo] plasmid®] curinge| °lFeix]7] 3 Wl
st Fok AT dE Ax E5AFe] FaEE
HEs doA plasmidel FFHES Be)a adARE o
Aol BEE o) R FOoT opiriA WHeR
Z, plasmid& 2+ A 942 wFo DKM 128 754
plasmidZ RS A AM} AEZFEHELDS Histe
2] B3 e A¥-S Fil plasmids} ANEZFAHEZ A
A7ke] ABAdE A 5 9ok

A (1993). 2 4E AejdTH A F. .
25=7] (1991). StreplomycesvloF o Felifje] FokgE Aate]

A]lare] 28] g B4 A ge=T3]. 22-48.
AT ZAE, A (1983). 4k Aoke] odeizhg 9
BA ol F(Al4H), Aoketa]]. 13, 62-69.
£4, 9 T (1992). Alre] A4iste AzFEA
o
!
al

&

2
)
e

T ey =F d=disgw
9 F(1993). = Bl A g vkl Y

3l o AEF AR gase] Bsle]. Hatsy] =E @
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