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Eold A7 MTL fatty acid pattern (MIDI system) £2.0.
2 FA3At ¥8] #5E petri dishol]l =8l 7k (“Co)
S 747} Ao 3, 4, 5 12T 6kGyR HAl 2ARF (P Co
irradiator, AECL, dose rate: 920 Gy/hr), C. albicans®l] T3} a3
T 249E Akl w84 A9 E9¥oAE Bkt
(25). ZAPATEL Fricke dosimetryZ S48 3F1TH36).

clY x5

100 mi NB x|l 12 Az wieF &, 574xg, 20 E3F L4
2] 5} (Centrifuge MF-80, Hanil Science, Seoul, Korea) 1|
o wiFd-g EeletHth dAE 2ml tubedl €Il protein
extraction buffer (0.5M Tris-HCl (pH 8.3), 2% NP-40, 20 mM
MgCl,, 2% 2-mercaptoethanol, 1% polyvinyl poly-pyrrolidone
(PVPP)YE 1ml 37}t % mini-bead beater (Biospec Products
Co)E olgste] MEE F4) At ©|3E 10,770Xg2Z 10
1 AAlEe et AT AN Belgt & acetones 80% H713h
of, =20°Cell 10 #3F ¥ F oA A& s Micro-12,
Hanil Science) ©¥2-& 3|53} tH23).

O|AtH M7|HE

MEZZHE F23 dE 200 ugS sample lysis buffer
(9.5M urea, 2.4% NP-40, 3% ampholyte, 0.12M DTT)ol|] =<
12} A719E S 2 TEF (isoelectric focusing)Z A5t} IEF
gel> 9.5M urca, 2% NP-40, 4.5% acrylamide, 2.5% ampholyte
(pH 3-10:pH 4-6:pH 5-7:pH 6-8:pH 7-9=1:25:2:1:0.5)
2 W=t} Cathode buffers 20 mM NaOH, anode bufferv=
10mM H,PO,E 3} 250V 304, 300V 304, 400V 30 &
Lt A719EE 3 F 600V 16 AITE 800V 3 AIRF FE 27
3R TH23). IEF gel2- 5ml equilibration buffer (2.5% SDS,
10% Glycerol, 5% 2-mercaptoethanol, 0.125M Tris-HCl (pH
6.8)° ¥of 30&3t wHHE ¥ 2.-DEE SDS-PAGE (sodium
dodecyl sulfate-polyacrylamide gel electrophoresis)E A1)
(7,24). Separation gel<> 13%, stacking gel 4%2] acrylamideZ
o] &3tar, A/ =8N 25mM Tris-HCl (pH 8.3), 195
mM glycine 2 0.1% SDS (Bio-Rad, Richmond, USA)S ©]-&3
o] 70V 18 At FeF HANSIATH29). oA 7Y s F, PN
(50% methanol, 10% acetic acid)©-Z 143} silver staining=-

SFATH(14).

ofulicAt Mgt EA
O)ZFH 719 F 3 gel& PVDF (polyvinylidene difluoride) mem-
brane®] mini Trans-blot Cell (Bio-Rad.)E ©]-&3} transfer 3}
Act. LFHL 25mM Tris-HCl (pH 8.3), 195mM glycine,
20% methanolE AHE&-3}.2., 100 mA 12 A1ZF F<t transferd}
At} PVDF membrane 0.3% Ponseu-Soll 5 #3F &4 3} &
HAEHFTE B3l Udl= spotd Fdtgith. N-Ee oln
=4k A9 AL Procise 491 protein  sequencing  system
(Applied Biosystems, Foster City, USA)2. 2 3}%1.2.B}, NCBI
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(The National Center for Biotechnology Information)®] BLAST
(Basic Local Alignment Search Tool)Z 4548 ZAFIA T

Primer M|% % 224

gQlE N-ge ofm|ieit X EE vBlRO = primer (GroSF; 5'-
GGATCCGTGACTACAACCAGCTCC-3', GroSR; 5-AAGCT-
TCTACTTCTCGACCGC-3)E FAstAen, o8 Algaa]
PCRE F88 T L) PCR AHEE WA pGEM-T easy
vector (Promega, Madison, USA)ell 243 & T}A] pQE30
vector (Qiagen, Hilden, Germany)°ll ZZY3t{ct /43t
primerdl] 295 &o|sHAl stz Aghas Q1 F71A
& (Hindlll, BamHIy& 5-Zekol] 22319 0H3).

gaxg

E. coli M15%} 3307 &4 AF EARCIANE 22} smie]
LB HAufA]o} NBolA wiFsled 20mi9] LB AAM=]9} NB
Bzl 1 ml e HEE F 4-5 AR wFste] 3% 0.5-0.69
u) NEE AR VIZ FHL o]F 10% glycerol MO F
Al 2k AFEEACE AlA" v AEE 2mi] 10% glycerol 8-
of ®EF3te] —70°Co] RS} electro-competent cellE A&}
Aot F2YS vectorS ZH2E 1 ug/10 wl A AFE-31o] electro-
competent cell 90 w2} 430 4°CellA] 30 #7F WFR|SIATH
Electroporation (40 uF, 500 V)& 8¢k & 2}z 900 /2] LB
A A} NBHIATE H7Fste] 30°CellA] 1 AIE B2t v sl
31 LB} NAOl 50 ug/mi®] ampicilin®] FH7FE viAlo] =tslo]
PAABAE T30 B,12). E. coli M15 A AEA 2] i
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e oz ArIdE oz gl on, 3Rkl A
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GroES 2 TITSSKVAIKPLEDRIVWSPLDAEGTTA 23
Spot No. 1 1 TITSSKVAI KPLEIRI ABQTTA 28

Fig. 3. Multiple amino-acid sequence alignments of the GroES
(Chaperonin cpn 10, gi:461946) of S. coelicolor and Spot No. 1 of Fig. 2 .
Amino acid sequence of GroES(S. coelicolory was compared with that
of Spot No. 1 of Fig. 2. The different bases are shown by box.

ok #A77E AAEE Ao ® 96% AHEAA-S HYTHFig 3).
Chaperonin®! GroES+ HbA o2 whlde] folding?} assembly
= &AsH. ame] oE viss @A sltkion),
Mycobacterium tuberculosis®] 73%- GroESS] ZpFaA] AA}g
o] S/} BEE A0, GroES Ze] Eehelde] 49 Al
o] FRAH #2E FATle], GroES7) AR et 3
= Aoz 4 Atk26). Spot No. 19] GroEST= w2l xyAd
Al F83E 9ghs- 1. immunodominant antigen© 2% $Fe A
U Strepto-myces sp. SAROI 9] @3t BT 721 @
gdo] 8- Aoew AMAHETKS). Streptomyees sp. SAROL T

Fig. 1. Antifungal activity deficient mutants of SARO! against C. oAl GroES®] Iyt BAS #elsty] fs Fxat F2ds
albicans induced by radiation(*’Co). Streptomyces sp. SARO1 was sk 2243 pNAel @74 B2243 NCBIC BLAST
irra(;liated at the dose of LD, by gamma radiation(“‘"(,‘o). 23 723 groES-J a9 olv]e] olub 9l ¥
Antifungal activities of mutants were observ-ed on the C. albicans .
lown. *: mutant that still has antifungal activity. 95%2) 5 4E HAHFig 4.

SHEIF 2HH groESS| W
T AR M2 oA B o9l spors QO SFATHFig. 2). @roESZ pQE30 vectordll S5 938 (p30GS) E. coli M150114]
o1 6 THAEL pl ghd0-5.500 w2t wA #Ese] fle.  FURANZ A PTG A2} AZke] Azl we} sojEe e
™, 25-10 kDa Atelell EAJ8I5TE ©]& SAROI ﬁﬁroﬂﬁv} UER ER1E S QISThFig 5). £ coli MIS @AZAC] C
U= spots> @RIt Ao fEue] 918 AHow AlREh albicans®l] W3 AR5 A AF3 e AU F1E 185k ¢
Szt A WA S-S Ancovenin (2 kDa), Cinnamycin (2 albicans®ll W3 E coliZ 1008 3] 415} ‘Hrﬂb}ﬁ’d‘% E. coli

kDa) “L2]31 Lactococcin A (5.8 kDa) 5 10 kDa ©|3}2] S-Alu MIi5e C albicans®)] Tt 11%2] AAAA G5 B oL E

& 7F Fo) wiE-gelth2). 1A B AFAME fle) FAk coli M15 AHEA ] H-9 GroESE Azl 2y} 549
Sl FAl-S 71wl A (spot No. 1; MW 10kDa, pl 4525 of AAAAENE BYTh S Grob‘§7} Ao A C
B §4 #8298 e N-dek opuio A M Fadgs AlAjs) albicans?} S-G4w 2] &k AAE S B o APEA Y=
ek opulieak A B AT Speptomyvees coelicolor= 58] Holx] ekkt} SAPS} Magainin “o‘ﬂ]r e YR 48 7
25k vkl Ale] 10 kDa chaperonin ¢pnl0 (GroES)¥} 277)2] o}v] G AEe 7 Ao g U RS AbEAlF AL, S gh

IEF IEF

SDS-PAGE

SARO1(AF+) SAR535(AF-)

Fig. 2. 2-D Electrophoresis analysis of intracellular proteins between SAR0O1 (AF+) and SAR535 (AF-). After IEF (pl 4.0-5.5, 15 cm height) and
SDS-PAGE (13% acrylamide gel, 15 em*16 c¢m), gel was stained with 0.2% silver nitrate.
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TGGTCCAGCCGCTCGACGC
TGGTCCAGCCGCTOGACGC

Protein GroES 1 GGACCGCA 30
Spot No. 1 GGACCGCA
Protein GroES 31 CGAGCAGACCACGG( CTGGTCAT

CGAGCAGACCACGG CTGGTCAT
Protein GroES 61 [l40GGACA GGAGAAGCCOCAGGA
Spot No. 1 Q;WGACAﬁﬁ:GGAGAAGCCCCAGGA
Protein GroES 91 GGGCGTOGTCCTGGCOGTmm
Spot No. 1 GGGCGTCGTCCTGGCCGTY CG

Protein GroES 121 CTTCGA CEGCCITECGCTCGA
Spot No. 1 CTTCGA! PGAGEGCCHGECGCTCGA

Protein GroES 151 CGTC[GCGT PGGCGACGTCGT
GAC

60

Spot No. 1
90

120

150

172

CGTC PGGCGACGTCGT
Fig. 4. Multiple DNA sequence alignments of the groES(Chaperonin
cpn 10, gi:491946) of S. coelicolor and Spot No. 1 of Fig. 2. DNA
sequence of groES(S. coelicolor) was compared with DNA sequence
cloned from Spot No. | of Fig. 2. The different bases are shown by
boxes.

kDa i F
15w !

GroES

10~

s Brom bt

Fig. S. Expression of groES in E. coli M15 after IPTG treatment. After
transformation of pQE30 including groES into E. coli M15, groES
expression was analysed on the basis of IPTG treatment period by
SDS-PAGE (13% acrylamide gel, 15 cmx16 cm).

p30GS

Control

HHOZ hoste] HAAAS FAZAA UE ndES2HE
hosts& H.&3}(3537). ¥ A ZAa= wE A F7)2 717
IEF
ol
kDa ipl 5.0

25

SDS-PAGE

SARS535

Fig. 7. Antifungal activities of SAR535 transformants against C.
albicans. After transformation of pQE30 including groES into
Streptomyces sp. SARS35, antifungal activity was observed on the
lawn of C. albicans. SAR535-51, SARS535-52, SAR535-53 and
SARS35-54 are transfor-mants of cloned groES.

E. coli M15°l &8t C. albicanse] Y538} a 2} S GroES
o gk WAt A 02 veRd Avte} Rojxm, AldA|
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Q‘ﬂ%}?] 8l GroES®] Iéo] HA] ¢he e &4
%_OIiﬂﬁ SAR5359 p30GSE FAHEAIZ] A3} o]
ol e ‘f"?‘ﬂﬂ eRl=]ArkFig. 6). T3t ©
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Fig. 6. Polypeptide profiles of SAR535 and SAR535-52. After IEF (pI4.0-5.0, 15cm height) and SDS-PAGE (13% acrylamide gel,
15 emx16 cm), gel was stained with 0.2% silver nitrate. SAR535-52 is a transformant of cloned groES into SARS35.
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THHT} GroESe] P4 Eata Q3] A EAdo] slEH 7o

2 AlaEh B3k GroESS] ¥ 9i%ho] chaperoned! #2 F
A sz AR, Mycobacterium tuberculosis®lX12] 28 A3}
N W 22N 4B dE BET sickas). ol

AR B u), groES7} Streptomyces sp. SAR012] SR 2HA
Agel) 2 - Ao dAE fAA Ao ALRHL
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Streptomyces sp. SAROl T¢] &7t 4 712 BoAgS
FRIEkATHFig. 2,7). Aw7tA Bard 7l 8448 Zhe o
AEL AHA R it BAE 2= bl viste] 2 Aol
UFs A GroES®] 7-¢- dnbaem W de] foldingol ofghct
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ABSTRACT: groES Expression Related to Antifungal Activity of Streptomyces sp. SARO01
Young-Keun Lee*, Jae-Sung Kim, Kyu Seong Cho, Byung Il Jang and Chul Hyung Choo
(Radioisotope - Radiation Application Team, Korea Atomic Energy Research Institute, Tagjon

305-353, Korea)

To analyse proteins and gene related to antifungal activity, SARO! strain was isolated from a brown seaweed

and identified as Streptomyces sp. by FAME(fatty acid methyl ester) analysis. Antifungal activity deficient
mutant(SARS35) of Streptomyces sp. SARO1 was induced by gamma radiation( *’Co). It was found that 6 spe-
cific protein spots appeared only in SARO1 by 2-D electrophoresis analysis. Among them, a protein of 10 kDa
had homology of 96% with 10 kD chaperonin c¢pn 10 (GroES) by Basic Local Alignment Search Tool(BLAST,
NCBI) analysis. SAR535 transformants into which groES was transferred by electroporation revealed anti-
fungal activity newly similar with SARO1. It suggested that groES be supposed to be related to the antifungal
activity of Streptomyces sp. SAROL.





