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Analysis of Antifungal Proteins in Streptomyces sp. SAR01
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Abstract - To analyze proteins related to antifungal activity, SAR01 strain was isolat-
ed from seaweed and identified as Streptomyces sp. from the result of FAME (fatty acid
methyl ester) analysis. The isolated strain had antifungal activities against 7 species of
plant pathogenic fungi. Antifungal activity deficient mutant (SAR535) of Streptomyces
sp. SAR01 was induced by gamma radiation (¥°Co, 5 kGy). By 2 D electrophoresis
analysis, 6 protein spots were found in wild strain (SAR01) but these spots disappeared
in mutant strain (SAR535). Among them, 5 proteins showed similarities to heat shock
protein 70 (HSP70), Fe-containing superoxide dismutase II (Fe- SODII), ribosome
recycling factor (RRF), 10 kDa chaperonin (GroES) and inorganic pyrophosphatase
(PPAse), respectively. It suggested that the above 6 proteins could be closely related to
the antifungal activity of Streptomyces sp. SARO1.
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vkA -, Streptomyces sp. 52 cellulase, hemicellul-
ase, chitinase, glucanase 59} ©}oF3t Fbo] A=z &
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€z #FY B ole) = 5508, Y H, §
B4 5 9okt oz RE HeH1 v (Okami
and Hotta 1988; Hayakawa et al. 1988; Jiang and Xu
1996; Kim et al. 1998). o]# 3} A F FAS 2= o8
AE B F4 UL AE B3 By 2
gEel 2 EAlol fHE v AEERE fEHE
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(Dempsey et al. 1998). ZAutd & o]43le] dF9 B4
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v 9F 1gg 0.8% A9 20mlol] Y3 30 £7F wHk
gt & AbSol 100 ul2 ZH7} R2A (Difco, USA) vi %] ¢}
NA (nutrient agar, Difco, USA) vl X]of] =2ts}9it} 37°C
oA 16A1ZF wiek &, EAAM] F24E ald FAAA

7+ FRFoz o&sigt) AdxpH o2 Candida albi-

=y
A7 FA M7& A e 2 Rhizoctonia solanis
A

NEHIA AFF 128l A T S

RN |
2 Z}7} PDA (potato dextrose agar, Difco, USA)
A8 Fodoll AEE F, A vikd dw AHlwe] wl
oFoB - paper disc (Advantec, Toyo) £ "oz in

0 2YAYE WA Dises] APl RE T
o A 7R ] Aol EA st A AT &
A=g 2ASIH-

B 5 AT M FS A o2 Gram staind A3
gk ¥, API 50CHBE kitZ o]-83 A3sta EAL 3]
ol5}l31 fatty acid pattern -2-A (MIDI system)3} < 7|3}
o

wel A7 FAF BHE 2AS) 9 C albic
cans®} A EHUA A F 12% (Pyricularia grisea KACC
40415, Colletotrichum gloeosporioides, Alternaria solani
KACC 40570, Fusarium oxysporum, Botrytis cinerea
KACC 40573, Alternaria alternata KACC 40020, Phyto-

phthora capsici KACC 40158, Pythium ultimum KACC
40705, Rhizoctonia solani KACC 40411, Mycosphaellera
melonis, Botryosphaeria dothidea and Sclerotinia sclero-
tiorum KACC 40457)> gt=a5g 37| €d v E
BEAE (KACO)ZHY 7|5 e #F& AHe3tdd

3. Aok Z=ALE ol &8 A A Ay
Eddo] fE

Bl FFE petri dishel =@sled 3,4, 5 28|71 6
kGy2] 7 ulA (8°Co)-& A8 & (8°Co irradiator, AECL,
dose rate : 920 Gy/hr), 122 C. albicansol] o3t 321+
o] Agd Edlo| w75 AL FHFH oz 4
2394 Bl AT PATF DY 29E HAsas,

4 90 2Y FAF B4 ¥4

500 ml NB (nutrient broth, Difco, USA) wj x| o]] 12A] 7}
AA ek £, 3,000 rpm, 207 WA Ee]ste] oA ¢}
wjj ool & 2z} 3}9) o} (Centrifuge MF-80, Hanil Science
Industrial Co.). 7% & 2ml tubeol] ¥ 1 12,000 rpm, 10
+7F G Eested wiekd g 3] A AF F, protein
extraction buffer (0.5 M Tris-HCI pH 8.3, 2% NP-40, 20
mM MgCly, 2% 2-mercaptoethanol, 1% polyvinyl poly-
pyrrolidone (PVPP))& 1ml A ”}8 & mini-bead
beater (Biospec Products Co.)E ]85l AH|ZZ 3}
shodet. o] 7€ 12,000 rpmo2 1087 YA 2]}
AbS-oBe| acetoneo] 80% H == 73l &, —20°Col] 10
B2 ¥ F o QURes Beae Hesiid
(Kim et al. 2001).

1mge] =¥A-E 500 ule] ddHOol 5o, Microcon
centrifugal filter devices (Millipore Co.)S ©]-£-3}<{, 100
kDa<, 100~50 kDa, 50~30 kDa, 30~3 kDa, 783 3
kDa> 9| 547te 2 Folslgir}

5. 12} IEF 9 23} SDS-PAGE

ol a1 7)¢] 52 O'Farrell (1975)2] W& W3 sl
ArEgeh Al z2RE F53 A 200 pgE sample
lysis buffer (9.5 M urea, 2.4% NP-40, 3% ampholyte,
0.12M DTT)¢| %o 1-DE=. IEF (isoelectric focusing)
2 AlA]3}ledT). IEF gel2 9.5M urea, 2% NP-40, 4.5%
acrylamide, 2.5% ampholyte (pH 3~10:pH 4~6 :pH 5
~7:pH6~8:pH 7~9=1:25:2:1:052 7&E%
Cathode buffer= 20 mM NaOH, anode buffer: 10 mM
H;PO4E 3}ed 250V 304, 300V 308, 400V 3087+ A
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7199%& & ¥ 600V 164]7}, 800V 3A12F 3k A7
%39t} IEF gel® 22 % 5ml equilibration buffer
(2.5% SDS, 10% Glycerol, 5% 2-mercaptoethanol, 0.125
M Tris (pH 6.8))el] 2o} 3087+ w¥lst & 2-DE=Z SDS
-PAGE (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis)Z Al A3} } (Davis ef al. 1964). Separ-
ation gel2 13%, stacking gel-2 4%2] acrylamideg o}
L8l 3, A 932802 95 mM Tris (pH 8.3), 195 mM
glycine @ 1% SDS (Bio-Rad. Co.)-& ©]-83}ed 70V 184]
7+ F A o)A % ¥, gele Helmut 5
(1987)2] wio) ozl 349 (50% methanol, 10% acetic
acid)© 2 313 38}3 silver stainingg 33t AZ A, gel
2 AR A 1417} ¢} 50% methanolo)A] wHIA]| F o}

6. obulxAt AE 4

o]z} M 71ed%% AL PVDF (polyvinylidene difluo-
ride) membraned]] mini Trans-blot Cell (Bio-Rad Co.)
E o] &-3}e] transfer 3}3iv}. &FEN-2 25 mM Tris (pH
8.3), 195 mM glycine, 20% methanol& A}-4-3}¢]. o,
100 mA 12A]7F E<¢} transferdlsit}. PVDF membrane
< 0.3% Ponseu-Sell 5&7F 94 3t & ddH.0= €A
8le] Y3l spot-2 348l v} Amino acid N-terminal
sequencing-> Procise 491 Protein sequencing system
(Applied Biosystems, KBSD) 2. 2 3}9] 2™, sequence:=
NCBI (The National Center for Biotechnology Informa-
tion)2] BLAST (Basic Local Alignment Search Tool)Z.

$AHE ARSI,

do 3 o

1. A7 AlF SAR0L strain?] #2]

odferE 1439 FFE FoRged, 1400e
C. albicansoll g AF A A} A3, No. 1073
7} A A& B SAR01Z HEge (Fig 1. ¥
213 SAR01E& FAME BA 3}, Streptomyces sp. 2 %
G SAROL FHE APl o0, A vhopa
AAA 7L A ez AFHE dAE Byd wEby
SAR01 #53= AERE7]IE o] 43 HFYAA] 347}
A¢ 2 9ge A ez waEst

2. 2k (o) & o1 4% FAF BA 2
Ed¥e] #E

SAR01¢] 37 A A FAAE 243} 8

Fig. 1. Antifungal activity of isolated bacteria from sea-
weed against C. albicans Strain of No. 10 showed
antifungal activity against C. albicans lawn.
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Fig. 2. Antifungal activity deficient mutants of SAR01
against C. albicans by radiation (5°Co). * : mutant
that still have antifungal activity.

SARO1 #3E petri dishA}ol] Ewsle] HPAIM-E A}
st A, 5kGyY] B AR ol sloll At A&
o} =38 26709 colonyE Ao 2 C. albicansdl]
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Table 1. Antifungal spectra of SAR01 and its radiation induced mutants against several plant pathogenic fungi

Antifungal activities

Plant pathogenic fungi
SARO1 SAR534  SAR535 SAR536 SAR5108 SAR5112 SAR5113 SAR5118

P. grisea + + + + + + + _
C. gloeosporioides + + + + + + + _
A. solani - + - + - - + -
F. oxysporum - - - - - - - -
B. cinerea + + - + — + +
A. alternata + + - — — _ + _
P. capsici + + ~ + - + + +
P. ultimum - + - - — — £ _
M. melonis - - . - - — - _
B. dothidea + + - — + +
S. sclerotiorum + + - + — + + _

+ : positive, — : negative

T dxd BAAE gl A, 210 dAE 84 A2 kda

H s F4E 2e & AN Fig. 2. 1908
oIF 2122 Bl TF F 739 FQHel FF s

o ShalA AEEas Awel AT GAF BY 2k

He A Z3), Table 13 7] ehdtl. obAg el 25

SARO1 55 7&2 A EHAA A7 A 4% o

Apel slevh, WAl o8 f=d 729 FAW

TF %, SAR5359} SAR51082] F ZgWe] #Ft of 100

ARG wld 55 Al NI AFdA G 4A
s}91on, SAR536 Bl TFE obY el vlsted
A B4 2¥=de zv)e 2eAA gt Pyri-
cularia grisea®}t Colletotrichum gleosporioides & Al
o WAL SARSIIS BdHle] T AT YL
yehfiz] kgl o] ¢} Hij 2 SAR5113 EdW o] 75
sk SARS34 S o] FHE oAy T sl 2%
o] Mg Al At A S M2 e}
Hoieh elel @ Az A ZA) Aoz S

PAF4 AT $ET + Aee vz

3. SAR0L R ¥t Eodeld|e) A=) Qe
S 24

bl 2tz =R dwel 2 WA W

PYE BH3H7) Hotod 84S BAe] FFe A
WuAE F%e] SDS-PAGEE olgsle] of4EQ)

SARO1 #¢} ¥ B3l (Fig. 3). 2 A=}, shxl#
Aol U FFoNMul 465, 25, 22.3kDa2] FA}eks
Zt3= protein band”} EA)Fon, x3 HA o=z 75
kDa>, 22.7~16.0 kDa, 10.5 kDa<ojA] twiiizle] B
zkol 7} viebgth. o]Abe] Az B u o] B¢l
2 ZvtAl zAbl o4 Al SAe] WEll e, o

Fig. 3. SDS-PAGE patterns of radiation-induced SARO1
mutants and SARO1.
Nine lanes (1: SARO01, 2: SAR534, 3: SAR536, 4:
SAR5112, 5: SAR5113, 6: SAR5118, 7: SAR535, 8:
SAR5108, 9: SAR5110)
« : These are protein bands only found at antifun-
gal strain.

A F29 zpo|7} vepts i) 37 FAG
A" g o] 24 Aoz Alsdo

SARO1, SAR534, SAR535 18] 11 SAR5362] A =ZM)
g Bofl o C. albicansol] W FzF A A
4 73}, SAR0L oMY FF 9 SAR534 FAWel FF
gke] Al AL vebdoh(Fig 4-A). o] Aae &
A C. albicansoll A A A HA Azl dX)s}
E Zlelw, =31 SAR019] JA1FA EA AA ==
YR} A S AJALEE

SAR01¢] A7 A A EAskE ofolny)
A Bxlepd= B3sle] C. albicansel] W3 AT
24 AA A7}, 50~100kDa Ae] o] Al E-3ojaie
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Fig. 4. Antifungal activities of intracellular proteins against C. albicans.
A : Crude proteins from SAR01, SAR534, SAR535 and SAR536. B :Fractionated proteins with different molecular

weight from SARO1.
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Fig. 5. Comparison of 2-D electrophoresis patterns of intracellular proteins between SAR01 (AF+) and SAR535 (AF-).

o1 3~30kDa A}o]e] izl B3
ol A 7}gt BA& vepd vl (Fig. 4-B). o] & 53] SAROL
o) FAF B4 AL §~30kDa AfololA] s @
o] 4% Hoz ArPrt

& 9 SAR01 #5-9] A7 #A4 @
Z32 25kDa o|3}8] EAEE 7= Aoz

SAR01%} 3¢ &4 N‘i]
SAR535 %

rﬁ
_°.
ey
N
o
é.
£ |m

wlmahgich. o)k H7199E Ak 671 ol spot
£ sl eH(Fig. 5). |5 6% v}ﬂ"?&%——:— pl gtol] o}
2t WA 2xHe ddlevt 2% 4% pl 4.33~pl 4.83
oA F2 Bafsiedow, SAROI«] 5% w3 spot
2 15~20kDa2] 215 W4 9le ez Yehyt
.ol A= 99 C. albicanse] W& whMAe] AT
24 Ao} §Abehe (Fig. 4-B), SAROL FFo| A7} 1}
EllE= spotEo] Ml FAlel) F:HEF ] ¢l&& AJA}
Fo},

M SAROL TRl EAHE 63 e 3
$3led olu| Al A FE A A}, 522 Streptomy-
ces coelicolor2%-E] 13 w2 <q) heat shock pro-

AU <\r:
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Table 2. N-Terminal sequence of proteins only found in wild type strain fraction (SARO1)

P?é’;’% (:%13?5 N-Terminal sequence Size (kDa) pl Bl-ii’;rhx % Similarity
1 AKILFMFQLTGLPPAXGGVXQDX 19.78 4.33 HSP70 75
2 NS 20.65 4.50 - -
3 ALYTLPELPYDYAALLPVIIXEEIXL 20.22 483 FeSODII 93
4 MIEETLLEAEEKMEKAVLVAKEDFAAIRTGRAHPA 18.91 5.33 RRF 100
5 TTTSSKVAIKPLEDRIVVSPLDAEQTTA 10.00 4.50 GroES 96
6 MEFDVXIEIPKG 16.31 4.33 PPAse 83

HSP70 : heat shock protein 70, FeSODII : Fe-containing superoxide dismutase II,
RRF : ribosome recycling factor, PPAse : inorganic pyrophosphatase, NS : not sequenced.

tein 70 (HSP70), Fe-containing superoxide dismutase II
(Fe-SODII), ribosome recycling factor (RRF), 10 kD
chaperonin (GroES) ¥ inorganic pyrophosphatase
(PPAse)9} 247} 75%, 93%, 100%, 96% X 83%2] §-AFA]
< R} (Table 2).

Spot 18] HSP70 2.2 heat shocks} 722 stress
Aol o3 fEHRE Aoz A dA gler A
Well FFe] HH ANEZAAE dodle Heoz Ud8A
21t} (Ikeyama et al. 2001). HSP70 Al<2] chaperon
folding= 2] AkA AR foldingd Ao ZAg s}
of misfoldinge]v} EX& AL ¥ 3} =3 multi
protein structure®] FTxE WEAL} A Fd e E
2 e o) o] el 715 e Ao Yol
Z ¢lo} (Han and Christensen 2001; Jaattela 1999;
Minowada and Welch 1995). Spot 328] Fe-SODII&
superoxide radical- & HyO:9} AtAEAZ Zuf 2h-8-5} o]
EE 3714 AES AaHA dF v 7%E AT
3t} (Chung et al. 1999; Fridovich 1995). Fe-containing
superoxide dismutase:= A3 n]EZE] ool WA
o, F2 AP E Mz A AP E o
B =N B A 7 ) (Kang et al. 1998; Frodovich
1978). Spot 42] ribosome recycling factor (RRF):= th
A A A, elongation factor?} &7 <A folding-&
ZA3%= Aoz d¥A ¢t} (Janosi et al. 1998; Ryoji
et al. 1981). Spot 5] 10kDa®] chaperoning] GroES:
AU} 2 &9 AT BAHE Asdow
&<l heat shock A2 ddo=zA F2 oz
9] folding#} assemblyE Z313}™, Mycobacterium tu-
berculosiso| A 8] APZAAM A} 2HR2A 2H83)
= dx 2183 v} (Legnema et al. 1996). =&
GroES: mycobacteriacl] &J3] vjgfe g FEH|Fv im-
munodominant antigen® 2 B 1 ¥ ¢} (Cobb et al.
1999). Spot 62] PPAsel o]lAlel|A] Ylite z o] 7}
FEANE X Aoz dEA it o] aAE S

A, 27h Bool et Baw Ho Mgl e v ¥
< BAE Zed AEeld 4R Adde 449
PPAsest w34 8] PPAsert Akl el b
A Z 7)Fe] AEHE Aoz d#A U (Sivua et
al. 1999; Shintani et al. 1998; Shimizu et al. 1997).

2 dFelAM 249 5% Al 3 HSP70, RRF 1
2] 1 GroES 3%2] thilA o] foldingel] Fd3}= Aoz
a2l gl7] wEoll, Streptomyces sp. SAR01S] 3FRIF
42 o5 9T DU foldingsh o DAY B
o) & Aoz Amds

| 2

PAF B4 2Y DRAe DA A9 vdFe
B AEEUd E9009) 498 Ashshs SAROL 7
E 23}l 3, FAME (fatty acid methyl ester) 24
73}, Streptomyces sp.2 FA =g}t WAL 2 AF(ECo)
£ AA 8 A3}, Botrytis cinereas T3 5%2 A4
A Fgelo| H ald BAE 42T SARS3S T
F 9 6359 9wl #F7F f=5%ch SAROL oF4
3 @79 SAR535 Ed®e] wFo| AMEu whzle]
o2t A7|°d5 EAAH, 652 A e] oY FF
2 SAROL ZF9) AW EABGS oI5 63
A ZF 5%-2 heat shock protein 70 (HSP70), Fe-
containing superoxide dismutase II (Fe-SODII), ribo-
some recycling factor (RRF), 10 kD chaperonin (GroES)
9 inorganic pyrophosphatase (PPAse)e} Z}tz} 75%,
93%, 100%, 96% 2 83%2) AHES Rt} o] & 6%2)
A E-2 Streptomyces sp. SAR01 #-F2] 321G &
4 DY BA AE Ao Aage

AL A

2 A7 Srlere YALATARAA A%
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