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Abstract kiwifruit bacterial canker disease, which is caused Pseudomonas syringae pv. actinidiae (Psa),
is known to a destructive disease in kiwifruit production worldwide. Psa is classified into the five biovars
such as 1, 2, 3, 5, and 6 by genetic variation of the pathogen. Chemical control, which is streptomycin
and copper-based agricultural chemicals, was performed to manage Psa, but the disease was not
completely controlled. Therefore, this study focused development of a biological control agent against the
Psa pathogen using Streptomyces spp. library. In this study, we constructed a Streptomyces library, which
was collected from kiwifruit rhizosphere, and screen anti-Psa agent. As the result, Streptomyces
venezuelae 1-1 9D was selected as the most aggressive anti-Psa strain. Additionally, S. venezuelae 1-1 9D
showed strong enzyme activities such as cellulase, chitinase, protease and siderophore. Strain of S.
venezuelae 1-1 9D has many potentials to develop as the biological control agent against the kiwifruit

bacterial canker disease.
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gt T Azhet G vX L vk A (Kiwifruit
bacterial canker)> FtiEjo] WAsl= Wl F SR
Pseudomonas syringae pv. actinidiae (Psa)’} 91|t}
UEoA] 1984 HEE HI oM Sfje} ogg|olelA
19943 22 W15 A TH(Takikawa et al., 1989; Koh, 1994;
Scortichini, 1994). Psa= 2008 d=F-E] 2011 Afole] o]
g2]ol(Ferrante and Scortichini, 2009), &-=+(Koh et al.,
2010), T2~ (Vanneste et al., 2011), E=FZ(Balestra et
., 2011), 2=¥Q](Balestra et al., 2011), E17](Bastas and
Karakaya, 2012) 5 o] =7l AFEe] o] B
HAuh.
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<t ojElES A3 Aok AA Psaw FAF A4, ALt =
2o 9J3) biovar 1, 2, 3, 5, 62 F EFEH 7} vl B
2% biovar7} th2th(Fujikawa and Sawada, 2019). TFst
biovars 7= Psas #El3l7] fal F714Q0 EUEHE,
AEE &5 AlA, streptomycin FAYA|, 2] T TS T
S o] &3 s5HA] WAl oJEste] $ith(Frampton et al,
2014). AT, streptomycin®] ARES e 7oA A
gk A7} o] Fo] AA] %o, Psacll A A S HERY
= AT SAFHAY, o, L2 E TS 5 1
Ao A S T AREY 54 FHS st
FHEAZ o718 4 Urk(Pietrzak and McPhail, 2004).
olo] whEhA], PsaE *AI5L7] 913 tite = A=A WA
A7t &s] o] Foixih.

Wi (Streptomyces spp.)y> 11 9, 3714, Bl-E4
g glol2 A=Y, gole} Blszg APIA FEIE 7H
tHFliardh and Buttner, 2009; Hasani et al., 2014). thi¥-
WS EROA et 7]F 28] 2l st
gk 4= 9ltH(Vurukonda et al., 2018). Eel A 2]3l= v]AY
ARE YA EZAN 8402 713 A& o 2349
Agstetd 25 F71¢] dF 52 48] Tkt
(Meschke and Schrempf, 2010) Th3k A& &4 33HES
24733t &tA](Ramesh and Mathivanan, 2009; de Lima
Procopio et al., 2012; Kumar et al., 2014; Ser et al., 2016),
31274 (Lam, 2006), FHto] 2] 24 (Ara et al., 2012), B
AIA| (Kino et al., 1987)¢] 92 sh= A= 4&A U
o} o]ggt o] o WMHFS o] gt AE WA A=
A iAol tigh B2 A7} o] FoisiTt.

oo & A= el oA EEldh a0 &
sl Aol ASHLd Pseudomonas syringae pv. actinidiae
(Psa)ell theh 218+ WA /NS 18 At S Adst
Ack. g A TES Ueil 43 AlssE 548
e Wow o] Psadll gk AESHA WAl Ao 7127t
g 7107 welg,
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Fohel A Aol AFYH S Yeplie Balds &
a7 sl FolE Afsidich. sEUEH SH9LdE
247} 7}819) (34°48'56.8"N 127°55'42.7"E)ollA ohefe] 2
A& 50 mL FE(SPL, Republic of Korea)oll H33FATh.
2UL FEYE Yall 20% glycerok= 1:12 E5810] 20°C
of B3I

<A 1g& Ed5 9mLe 43819 1/5 PDK (potato
dextrose, 2 g; peptone, 2 g; agar, 20 g per L) 8] 100

uL 25, =28 A3t =S Mgk wixE 28°Col)

HI
¢
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A 59 7F afeFerinh. Mige wiR oA WAl BRFS
YeRl+= colony= 96-well plate (SPL, Republic of Korea)
o R¥FFE AZslct. BEEF A2 96-well plate
o TSB 150 pLE &5 ¥, B9 colonyE HE3H
3 28°C e wigTlelA 59 7+ wieksilnh. wiget
platedl = 50% glycerol 150 pL-& #F38ke] -20°Col| B34
SFSATH

O HSEHZ 45 oM Mz M
Fop) AFELEE Al WS Addas] S8l

WS F 3= &SI Pseudomonas syringae
pv. actinidiae biovar 3 (Psa) @5+ 1/5 TSA (Tryptic soya
broth 6 g, agar 20 g per L) ¥ix]o| =5l 20°C A
3U7F WS THLee at al, 2021). Bl 3, AAE ©A
colony:= 1/5 TSB (Tryptic soya broth 6 g per L) HI=X] 10
mLell FEsIATh JE A= 200Co4 39 7F wi st
3L ODgre 0.3% 3JAsto] et A 3ol ARS8
o} 12} thIiRS 96-well plated] £2]® WATS A&}
o A9e ATt WAFS 96-pin microplate replicator
(Boekel Scientific, USAYE ©]-83] tray plate TSA Hjx]o]
AEsIATh HES o= 28°CAlA 597t wljesial o,
ODgS 0308 28T Psa #75 5SmL 53] 20°Ce]
A 397 710th Psa MEHS SAleke WA 241 o
2 gel] AR&-stATE. 22F thA[uHY- 9 em petri dish PDK
iAol 12k2 AW #FE v FlTh. #FES w9
SAOA 3 em Eoj 9IA]9F H 7S o] FEE oF 3em A
olg] A& IZo)FUR. 1 F, 13} B 2o E wjYF
g Psa 775 w5t hAEGS A&l Hlds
g5 el #5752 32 XS aFieh. 33k thA]
%S 9 cm petri dish PDK HJA]2] Paper disctl] #+55
Y 2 JForh 4 HHFES ODgs 0.62
2438193 8 mm paper discoll 20 uL HEE ATt BFe
plates= 28°CollA] 5U7F w3l PsaS Hslo] &t
FEE Y= 571 A=At Clean zone Z©] 5 mm
o). At 59 Psatt *2|$ 2] Wilcoxon
rank-sum testS ©]-83f A% Aol& VFERAITE. Wilcoxon
rank-sum test= 7} A 2759 HEo] AZ HgHola A
TEZE WEeHA] 5w AREske SRR p grol
0.055ch 2+& o, BA1H Zpol7} frofw|ehs vrepdinh %
M-8 BtE A2 S8l MS (Mannitol Soya; Mannitol
20 g, Soya 20 g, Agar 20 g per 1 L) ¥ix]o]] 490-aF A =k
ato] 28°ColA 57F wiFatE. widE WAHEES 20%
glycerol 1 mLS H4l Hg<0 & o} syringe (10 mL)dl
golom UE Yol FE2EZ R¥ATE A +
EFEL 20°Ce] Bl
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O AYEUT N GNP ERYESN 5Y &
HEEE 2M
Aokl AL PAE 5HL
AYEIH FAL ATk PAE FuP
wAlel 4uker A 2
913 DNA 4] 2 168 rRNA 995 o] PCRS 7
kT, iR WAl CTAB
FZ319tH(Graham et al., 2003). CTAB (Cetyltrimethy-
lammonium bromide; 2.0% (w/v) CTAB (cetyltrimethy-
lammonium bromide; 100 mM Tris-HCI, pH 8.0, 20 mM
EDTA pH 8.0, 1.4 M NaCl) 500 pLoll ¥-A73} Lysozyme
solution Lysozyme solution (50 mg/mL)& 15 uL 2 7}8F 3
37°ColA 1A17F &<t uiFatoitt. wist 5+ Protease
K solution (20 mg/mL)S 8 uLE ¥¢] 65°C Heating block
oA 307 REGAIATAT Tl WA A S AR &
PCI (Phenol:Chloroform:Isoamyl alcohol, 24:25:1) 700 uL
W Sk 2 12,470 x gollA] 102 3t A
£ &8 dES st e e AR
S A2 microcentrifuge tubed] 2] 400 uL
IsopropanolS 7}ttt H7He tubes 5~73] 92 &
SojX EFIN oM 12,470 x goll A 58 7F QAR E 5}
Oﬂr,]. HA 9] e gdLe AASIH LM, 70% ethanol 500
LE ol&3lo] 5Ye SE2 5k 53 YiwelE 53 o
225 AASIY. dAaEe $, tubed] S-S A A5k
2A7F FoF H3E] AxsIth. 23 DNAE Nano-
DropTM 2000c (Thermo scientific, USA)E ©]&3] DNA %
£ 34530tk DNA 374 A A260/280 H]&-2 1.8 WS
2 A260/230 H]&°] 1.8~2.2¢2] DNAE ©o|&3t] PCRE
kit
PCR-2 168 ribosomal RNA (16S tRNA), ATP synthase
subunit beta (afpD), RNA polymerase beta subunit (rpoB)
99 FE5AT 16S rRNA Bl sl 27F (5-
AGAGTTTGATCMTGGCTCAG-3")/1492R  (5’-TACGGY
TACCTTGTTACGACTT-3"), atpD %Akl thale] atpDF
(5’-GTCGGCGACTTCACCAAGGGCAAGGTGTTC
AACACC-3")/atpDR  (5’-GTGAACTGCTTGGCGACGTG
GGTGTTCTGGGACAGGAA-3’), rpoB 34l  thal
rpoBPF (5’-GAGCGCATGACCACCCAGGACGTCGAGG
C3’)/ rpoBPR (5’-CCTCGTAGTTGTGACCCTCCCACGG
CATGA-3’) primer (Rong and Huang, 2014)& AM&-3}51t}.
PCR2 Genomic DNA 1 uL (100 ng/pL), primer (10 pmol)
1 uL, dNTP (2mM) 4 pL, 2 x PCR buffer 20 uL, KOD FX
Neo 0.3 pL (0.1 U/uL), ddH,0Z ZF 40 L2 5o
2184399t} PCR #74-& 98°C 587} pre-denaturationS
3Jgk 3, 98°C denaturation 30%, 56°C (16S rRNA)/63°C
(atpD)/65°C (rpoB) annealing 30%, 72°C elongation 13-

o o mlm
ol l‘—lE

= ol
ol

30% S 309 E'_PEO}??J’_ final-elongation 72°CellA] 10
345 W8Pt PCR & AHE-2 1% agarose geloﬂ A
1952 3IAAL gel elution F3Y3I T} A7 F&5= T3l
Aojzl 2F 1.5kb (16S rRNA)/1 kb (atpD)/0.8 kb (rpOB) band
£ elutiong 3] 253 v~ Zsith, AhE agarose A
HE Expin™ Gel SV kit (GeneAll, Republic of Korea)E
o]-g3te] At} Microcentrifuge tubeol] A3} 300
puL GB buffers 71l 50°ColA 1087 vH-s1dT), vk
St tube= 7204 48l &, column tubed]] 5 A YA
5 53t 942 columne 80% ethanols ©]
3l Ex=S AASR S 712A1A EB buffer® genomic
DNAE columndi|A] E—alé}air:}. 2% DNAE 7195
< Fol T W= o RE eIt

A" PCR AHES Cosmogenetech (Seoul, Korea)ol
high throughput DNA sequencings 53 9714 ¥ES 4
&k 9714¥8L NCBI Nucleotide BLAST  (https:/
blast.ncbi.nlm.nih.gov/Blast.cgi)lX 4L A 5
A " WHFSMEGA 10 program®] maximum likelihood
WS ARE-31ed 16S rRNA phylogenetic tree9t 2+ 39 %
4 (16S tRNA, atpD, rpoB)S 5 35191 Multiple sequence
Z18435}e] phylogenetic treeZ |23}t

\1

alignments-

= M M

kil HJ @l —3— cellulase, chitinase, protease, sidero-
phore A3 A4S 1Tt AdE #5= ST HiA <]
8 mm filter disk (Advantec, Taiwan)°ll F&3}o] cellulase,
chitinase €44 A¥S Z18Y3}3I ). Cellulase (yeast extract
lg, CMC 1g, KH,PO, 4g, MgSO, 1g, MnSO, 0.05¢g,
FeSO, 0.05 g, CaCl, 2 g, NH,Cl 2 g, Agar 18 g per L; pH
7.0~7.4) ¥ A], Chitinase W}A](Chitin 5 mL, Yeast 5 g, KH,PO,
0.7 g, K,HPO, 0.05 g, MgSO, 0.3 g, FeSO, 0.1 g, NaCl 0.1 g,
Agar 20 g per L; pH 6.5~7.0) HIX]& o33} 7Fo] Az}s)
9tk MAFS] FE ODgOIA 06 (6 % 10° chmL)FE.2
A3 wEs s WAl filter diskell 10 L
T3t 28°CAlA 7Y E<Lt vl SIS th(Carder, 1986). I
3} plate= Congo Red 0.1%, 0.2% 2 mL %33} plate?]
Fd 99 ZolE =435I thHwang et al, 2016).
Protease /-2 protease (skim milk 10 g, Agar 20 g, per
L) HiZ]e ODgyy 0.6°2 &3t HES plate= 54
Zof] Ewd g9 ZolE FtkBerg et al, 2005).
Siderophore (MM9 salt solution 100 mL, ddH,O 750 mL,
PIPES 3224 g, Agar 15g; pH 6.5 autoclaveol x| Ha 5,
50°CollA] casamino acid solution 30 mL, 20% glucose
solution 10 mL, blue dye solution 100 mL) ®A|ol w5
ODg?IA 0.6 (6% 10°cfiymL)ZES-E 10 uL HE5F sidero-
phore /4 A&-& 7133} tH(Louden et al., 2011).
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Untreated 1-19D

Fig. 1. Antibacterial ability of selected bacteria. (A): Comparison of untreated and 1-1 9D treatment after overlay of Psa. Wilcoxon
rank-sum test is used to statistical analysis between the group. (B): Antibacterial assay against Psa. The selected bacteria 1-1 9D was
cultured to ODgqy 0.6 in PDK media and incubated in 28°C. Psa is overlaid to ODg, 0.3 after 8 days and plate is incubated in 20°C.

Clear zone is measured after 2 days (n = 3).

R Tt
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Aol Aok o wHE My
Aokl APEL JAlske WA A
A% FHLASAT BN Frie)e)

Fel7) Slal
2 2ae A5
2

o]
o}, e o] ol el a2 F 288719 Bt
T2 A== AT 12} g A el A= 96-well plateoﬂ A=
H #AFES olEato] “Jéﬁ% A= AT} Psas 3
A2 Aukg 467) o _—3— }q] | H kS zhsgo}
et 58S Ve 167H4 +& 245 o8 Al o}ga
3xF thAul -2 filter dlskoﬂ NS WTro 2N Psa

Je s

ﬂlé}‘ﬁ% 7P Hold dMldsEE Yehle 1-1 9D o
£ Aukslinh, AutE FFE 5.5~6.5 mme] Hojd B4
JJrE gel519 tH(Fig. 1B). Wilcoxon rank-sum tests &

3l Untreated®} #12]72] clean zone Z°]E HW3}5S o,

SAA ztel7F frolndhe: & 4 AUATHFig. 1A).

i HLH M2 t<'=“.‘_'|"_.1‘—| HSEN FoAHA 24
ok AFHl el =2 tsE S YER 1-1 9D +F

F+ 16S 1RNA, ATP synthase subunit beta (apD), RNA

polymerase beta subunit (rpoB) 9SS o]&sl] AEEH

HAE Goblth. 7+ 3lF 949 =71 1.5kb (16S rRNA),

1kb (azpD), 0.8 kb (rpoB)?] L& B1EUY dF Y

A7IMLE T3 $4S WP NCBI BLAST 54

AAZ S venezuelae®t 98% ©17F IATS YEPATH

(NCBI Accession number: OM403094). £2] 483t E57

< S8 9= Streptomyces spp.E3 16S RNA 99 H|

(Fig. 2A) 2 3714 99(16S tRNA, atpD, rpoB) multiple

alignment analysis H]2(Fig. 2B) F7IX& &Alol 2183134

T} o]= MEGA 10 Z238S &3] S venezuelae?}t £2

# 1-1 9D #5771 A EREHe AS AT = A9
(Fig. 2A, B). S. venezuelaed| W3t therst A A4 A3}
Eo| EA$). S, venezuelae ATCC 15439= W=2A 4%
sk Streptomyces T % PR UEA 4O9™ methy-
mycin, pikromycin®] AJAAZE HIEo] QIth(He et al.,
2016). S. venezuelae P10 chitinaseZ AJ4Fslo] 2 EHY
=0l 3l FF58S YERAITH( Mukherjee and Sen,
2006). S. venezuelae= F3E 1-1 9D #F= A HildE
O 7128 AME-Ste] Psas oAlske ZloE ddhEh

21 1-1 9D FFE ©]8-3led Psaoll sl A=EH WA
2 HAE AT Agoln ols B&ARl Ao 7]
Ve AOE AlEE

VARSS
=

i

My 9HMA §4 8N 53 A
Aok Al G TS YeRl= 1-1 9D 9

cellulase, chitinase, protease, siderophore A4 &4 AdS
&8I THFig. 3). 1-1 9D FF+ cellulase, chitinase,
protease &4 TS YERHUSH siderophore A3 %
Fod51ott. £3] proteaseol H|FH cellulase, chitinase 24
4 siderophore A3/l B & a3 YEMIATE oo B
I2E 8. venezuelae P109} FLU3SHA chitinase A4t 58S

7M1 Ao] FRITYT chitine] 2. AEH 2 A
o 49e EEHoR dAsE FHS H Hog 254

tH(Mukherjee and Sen, 2006). Cellulose, protease, siderophore
AL chitinase?t FIRIR|Z AEEA HHA v AU S|
kg Ao g 7jE she ZAo® 4A Uth(Richter
et al., 2011; Singh and Chhatpar, 2011; Shanmugaiah et al.,
2015). Ao EEE 45 S. venezuelae 1-1 9D= T
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(A)

1-19D

Streptomyces griseus strain JCM 4516

Streptomyces griseus strain ISP 5236
Streptomyces griseus strain NRRL B-8030

Streptomyces seoulensis strain NBRC 16668
Streptomyces seoulensis strain 353

Streptomyces seoulensis strain 475

—

0.01

Streptomyces venezuelae strain ATCC 21113

Streptomyces venezuelae strain NRRL B-65442
Streptomyces venezuelae strain ATCC 10595

(B) Streptomyces venezuelae strain ATCC 21113
Streptomyces venezuelae strain NRRL B-65442
Streptomyces venezuelae strain ATCC 10595
1-19D

Pseudomonas aeruginosa strain Pa1207
Pseudomonas aeruginosa strain PAC1

Pseudomonas aeruginosa strain Carb01 63

Salmonella enterica strain FDAARGOS 708

Salmonella enterica strain SA20021456

Salmonella enterica strain SA20100201

—

0.10

Fig. 2. Identification of the selected bacterium through the maximum-likelihood method in MEGA 10 program. (A): Phylogenetic
tree of 1-1 9D using region of 16S rRNA region among Streptomyces spp. (B): Phylogenetic tree of 1-1 9D using combined
sequences of 16S rRNA, ATP synthase subunit beta, and RNA polymerase beta subunit. Sequences were compared by multiple

alignment analysis.

Siderophore
production

Chitinase

Fig. 3. Enzyme assay of the selected strain. The 1-1 9D was
inoculated to 0.6 value at ODy, (6 x 10% cfu/mL) in all media
for 5~7 days. Congo Red of 0.1% (Cellulase), 0.2% (Chitinase)
was overlaid in cellulose and chitin media after inoculation of
bacteria. Clear zone was measured after inoculation (7 = 12).
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