SOk} otY| X (Korean J, Pestic, Sci.)

Online ISSN 2287-2051

Vol. 25, No. 1, pp. 55-62 (2021)
https://doi.org/10.7585/kjps.2021.25.1.55

Print ISSN 1226-6183

"m Check for updates

ORIGINAL ARTICLES

Evaluation of Antibacterial and Synergistic Effect of Lichen Extracts

with Antibiotics Against Fire Blight Pathogen, Erwinia amylovora

Su In Lee', Wonjun Kim', Da-Ran Kam®*, Youn-Sig Kwak?**

'Department of Plant Medicine, Gyeongsang National University, Jinju 52828, Korea
*Research Institute of Life Science, Gyeongsang National University, Jinju 52828, Korea
*Division of Applied Life Science (BK21Plus), Gyeongsang National University, Jinju 52828, Korea

(Received on March 19, 2021. Revised on March 24, 2021. Accepted on March 25, 2021)

Abstract Fire blight disease, caused by Erwinia amylovora, occurred at more than 40 countries around the
word. In 2015, the fire blight disease was firstly reported on pear trees in Korea. The disease has been
attempted to manage by antibiotic, sulfate, copper, and biological control agents such as Bacillus subtilis,
Pantoea agglomerans as biocontrol agent. However, the management of the fire blight disease has been very
limited. Therefore, apply to control of the pathogen with new antibacterial compounds and other bio-
compounds that can replace pesticides. In this study, we used lichen extracts to evaluate anti-Erwinia amylovora
and determine synergistic effect with antibiotics such as streptomycin, oxytetracycline, kasugamycin, and
oxytetracycline + streptomycin in vitro. As results, demonstrated ECs, with liner regression analysis that was
provide a value for synergistic effect. A lichen extracts, Rimelia reticulata, had properties of antibacterial
activity against E. amylovora, also shown synergistic effect with streptomycin WG. Moreover, R. reticulata
lichen extract has positive results at Pearson correlation coefficient, which was negative correlation with .
amylovra growth. To our reports, lichen extracts (F-1A) and streptomycin WG combination was the most
synergistic effect to decreased bacterial growth. Fundamentally, the lichen extract can be useful to control the
fire blight disease.
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and Zwet, 2000). FWlA & 20153 59 72715 SHAIA] ul
U oA Ago = sPdgo] BAEATHPark et al,
2016). =FellA g HaE Al7)eh vSs Fx BAA
oF A Mo} Bk =A Hx wAR e} AT
U= AP M = s o] ERIEATHMyung et al., 2016).
E. amylovoraw= %, A% 52 3l st I AAE
AR F gleH, dE7I7 Bus AVIREH FE2 AE
of Ajseel] AL 9, 7HA, £71, £, Gullel= #A o] &
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A=olle Slo] A el gt SAE. 7Y A

Sttt 2 7100 Alseoly 7EA7E Al S
TFHEAH A0 Z ¥ det Fof x| FEE Y A
AY HolZ|x gt} ae|d M e FE gemEolA
WAs7] AlZste] 27KA] Auprt Hm 32 A 7F AlE3L
SAo 2 Wit} dufjdMs A2 2] Al FE 0]
2 W3t} (Johnson et al., 2000).

olfl s Al Walle] 54/ WAl e A
3L 9lew = 5 s WAo] Algh STt M E A
Ao} 2] g oA AR ARl lth(Jamar and
Lateur, 2007; Stockwell et al., 2008). M= F&Z
3 AR Q=] AlEE vgoE FAA L e A
M 5 F 1671] FAE AA FEAIZTHLee et al, 2018).
au A 55 ol 55H w9 §IAY aHY A&
o] FAHE Qb gRE fEl okellE UEA] e A W
< BAste] AAlske o)A Rt, AAR FaFol] o]F
AR A= Ut Bgk sk} o2 9=e] xR 2 A
v F5o] el AolE Atethd, A 55 oA
SAZE AS FoE Q1A HI AUk HEY FTtA] dnt
sl AAE FEEAY oFAle] 58S ol sA|

=
2 283 e A7 AT ), oleld #A
£ 3837] o Fo4 PAE 2d 5 e A4S
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A77E ol Foixlen FejdM = e S
A5 18 A2 Pantoea agglomerans, Pseudomonas
Sluorescens, Latobacillus plantarum?}t ¥+ % THPusey et al.,
2011; Jordi et al., 2007; Rosello et al., 2013). 28|y AE
S B AA] AEA o] a3t AAl RN 73
B2 Zs AU A &3] A& 5] dA ] ERIEHA
TH(Bérdy et al., 2012; Parnell et al., 2016).

ol9} -2 FAIME sl dsh] fls) M= 24498 UEh
© =45 YA AeF Aol ket dhibES
ke AR/ FE=S o§3 A7 s o]Fof
A THBarnes, 2000; Behera et al., 2005; Karagoz et al., 2009).
Al (Lichen)y= 59 7221 A oAlg= A4AE 974
atH, F3olet 2/7F FARAE 7= ABAZ AAA
Aoz Jde] Exdle IIE F shto]tk(Crittenden et
al,, 1995). thi-E Ao F= F&O0 =2 AREE oM, 1944
A 8|72 FE streptomycin?t penicillino] A - 29
FEFE 0= A Aol A3k A7t g Ke
ATH(Ingolfsdottir et al., 2002). Z A#}Z P8-S =
ohggt 14}, 23F AR Eo] AL, usnic acid d-
o] getatgo] sk A= e A th(Ingolfsdottir et al.,
2002). T3t 2= A QF{FE o] &3t dulolei A, A%
Al 5] TRl ARSEHI lon 2E M7 FujEo] &
kgl 127} o] F0)| AL ITHGang et al., 2004).
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FEE=T
FAAZ AL e SAHEZAIEE 7514 (Oxy-
teracycline, WG), Z~E & Enlo| 2l 2314 (Streptomycin, WG),
SAHEALOIZH + ~EZEnfo]2] 4284 (Oxyteracycline,
WG + Streptomycin, WG), 7F=7Fo]2l 4] (Kasugamyein,
SL)®] ECy 3= S4sISit). o] % 4 s edtol tigt
471A] AAAS] ECyy wt AR Ao F/ FEEE 9 A
328 a9E AEs N2 A4 AU A7/ F=&
55 Adsisit.

AF FEHEE LAUSEL FRAFABALLA L
3 © & (Korean Lichen Research Institute, KoLRI}*E] 622
T5 B Dot AREslit). FrsE Aol ek Al
g ke FYedALLN FAsan. el A
A AR FEES A7) 918 MGY media (D-mannitol,
10 g; L-glutamic acid, 2 g; KH,PO,, 0.5g; NaCl, 0.2 g;
MgSO,7H,0, 0.2 g; Yeast extract, 1 g; Agar, 15 g per 1L,
pH 7.005 Alzxste] #5 wieke et rh(Park et al.,
2016).

Xo|f FES MT &4 ULUAMEH

o5+ MGY media (D-mannitol, 10 g; L-glutamic acid,
2 g; KH,PO, 0.5 g; NaCl, 0.2 g; MgSO,-7H,0, 0.2 g; Yeast
extract, 1 g; Agar, 15g per 1L, pH 7.0)0l A= 2 ghil
FHoeE FEF F 28°ColM 3U7 AA skl
(Choi et al., 2019). |5 AAE & colonyS MGY broth
10 mL (D-mannitol, 10 g; L-glutamic acid, 2 g; KH,PO,,
0.5 g; NaCl, 0.2 g; MgSO,7H,O, 0.2 g; Yeast extract, 1 g
per 1L, pH 7.0)0ll FE3led 28°CollA] 347+ Zehal 43t
th. 12} 232w o] SEE TS3128 #7+= MGY
brothE ©]€3] O.D.°14 012 &4 & 96-well plate
(SPL, Korea)oll 27} 100 uL B33 622%2] A7
FZ 2L 10l (V/IV)E sutEo 7 H7ieid}. 23F &
A 12} 23T YT WHOE #FE wiA
0.D.5°1A 0.1Z 34 T 96-well platel]l 22t 100 uL &
FoIAL A 7] Aol B2 AF{F FE=S AL
3171 913l 5L (VIV)E SHHE- Hrtsiinh 28]a 33F &~
Aed2 22 23 olA AR FEES] %S 1pl (V/
V)E Yol subgo® sty FE% 42 1A%
VAo 2 37 600 nmolA Microplate reader (BioTek,
Synergy HI, Nederland)& ©]-&-3}od 28°C 27102 48A|7F
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>88%, 34} >88% & AH&-aFith(Kokoskova et al., 2007).
HFAHoE T A iy BFolA FAFES vER

A7 FEE Akt

IAE (Index Antibacterial Effectivity, %) =
*C-T
] x———— x 100
C+T

*C: OD of untreatment, T: OD of treatment

A AolF FEE tigk ECyy A4S MYG Al
2o 85101, 96 - well plate (SPL, Korea)l MGY
broth (D-mannitol, 10 g; L-glutamic acid, 2 g; KH,PO,
0.5 g; NaCl, 0.2 g; MgSO,7H,0, 0.2 g; Yeast extract, 1 g
per 1L, pH 7.0)2} 7 TS3128 #FE ODgyonn1A 0.1 &
e A . A o] AelF 222 77} D-
3Ce}F D-5C= #2410 uL (V/V)ellA o] 40 L (VIV)Z
G-2A= 4 2.5l (V/V)RIA Ao 10 uL (V/V)E F-1A
2 FA& 10 pL (V/V)ellA Hdl 50 uL (VIV)E H71sIT
479} A o7 FE2ES HF 3 24-well plate (SPL, Korea)
£ 28°CollA 48A17F 18l $ Microplate reader (Biotek.
Synergy HI. Nederland)?ll F3H3 600 nmel|X F45E
ZAFSI ECses ER15I8I T 7F Ed|o|Edll= tI2FHMGY
brothyS 35U ECs TA7F ¥ s a2 347t
F2 7102 Wt

gM S SMN EC, §F

Al T sl tigk 1671] 2A 55E WAA (Lee
et al., 2018) 5 #7119 &AYA Kasugamycin SL (stock 0.5
g/L), Oxytetracycline WG (stock 0.5 g/L), Streptomycin
WG (stock 0.5 g/L), Oxytetracycline + Streptomycin WG
(stock 0.5 g/L)E tido= Paet. sl et
IAFE HEE $l8 96-well plate (SPL, Korea)dll MGY
broth media®l E. amylovora TS3128 4FE ODgyomOIA
0.12 314 $ 100 uL E5=312™ 7k IJAAE 1 pLl/mL,
5uL/mL, 10 pL/mL, 15 uL/mL, 20 pL/mL 557} H5=E
7181k 2t Zdo|Eole ETF(MGY broth)2} TS3128
o5 APTE ZFstRor 3HHEo 2 Fegsitt. 4=
=% 28°C shaking incubatorollX 48A17+ HlF T
Microplate reader (Biotek. Synergy H1. Nederland)Z &5~
¢ 600 nmE ©]&-3t FEE=E ST AApE o
&3l AE 39 £A4S dste] ECi& AFEsision, A

TSt HRAMT Erwinia amylovoradl| CHSE X|Q|=

FE29 YA

=2 9 SMEy ASXR 31 AS 57

3 3|9 &4 (linear regression analysisy> R (version 4.0.3)
ol ggplot29] stats package (version 4. 0. 3)& AR&-3}o]
A A8 tH(Seber and Lee, 2003).
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A F FZEH S A QAe] e AaE aAE A
gat7] sletel Z-2e] ECs, 34 $%=ES MGY broth (D-
mannitol, 10 g; L-glutamic acid, 2 g; KH,PO, 0.5 g; NaCl,
0.2 g; MgSO,7H,0, 0.2 g; Yeast extract, 1 g per 1 L, pH
7.0) wiRlell H7Fslth. FE2E HES 24 well plate
(SPL, Korea)°l 1mL MGY broth Wi & Y& 3 Aulg
A7 FZ2EF A ECyoll dldahs FS A F
ov SPPE UM ODgpon0IA 0.1 FEZ HEFSI] 100
puLE #7183t} ©]% 28°C shaking incubatoroll A 48A]7F
Hj ATt vl 2kE ¥ plate= Microplate reader (Biotek.
Synergy HI. Nederland)E ©]-8-3td & 3 600 nmol| A
THEE S5t A A AR/ FF EE AE

SHEME

Hrstd A AR A 55E e FAAlC o
8 287 F=E9 Ak AE 37154 (linear regression
analysis)& AR8-3}d R-squared %] 0.99~0.97 HH ol
=R Alskdlny. 2P AR FEE sHE A
a43e] FAAAE FRIsh] fl8led R program (version
4.0.3)2] ggplot2 package®} Pearson correlation coefficient
BAYS Balo] gual B4 2 A48 S,

Xo|f FES2 MT 24 ULUAMEH

AN =R o FAYEAFD 42428 (Korean Lichen
Research Institute, KoLRI)oA -2 622F2] 2|97
FEES WHeE I Y A9l Erwinia
amylovora®l &t 23 58-S gelskithFig. 1). Fig. 1=
B3 FAYTFET AoF FEE AF7F WA A%

—_

< Alske AS Aol o1& el E amylovorad
ek A8 297 FE2E 6513}, 1545; 23}, 505; 33}, 6
==z

%) ARl tH(Table 1). A4 652 A-7B, D-3C, D-5C,
F-1A, F-6C, G-2A°19.2W 7+ Xanthgoparmelia stenophylla,
Tephromela atra, Dadonia macroptera, Rimelia reticulata,
Myelochroa irrugans, Cladonia furcate 2 FE F&5
Aok ALE 650 43 588 7K Ao/ FE= T
IAE A3S B3l Rimelia reticulata®] F2E 155 HF
Aoz Autsldth(Table 2). A% Rimelia reticulata®] 73
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Fig. 1. Inhibitory effect of the lichen extracts against the Erwinia amylovora. The bacterial stock added 100 puL and lichen extracts

was 1 uL on MGY broth medium (» =5). Plate-96 well was incubated at 28°C for 48 h. Lichen list: A-7B, Xanthoparmelia

stenophylla; D-3C, Tephromela atra;, D-5C, Cladonia macroptera; F-1A, Rimelia reticulata; F-6C, Myelochroa irrugans, G-2A,
Cladonia furcata. Bacterial growth curve was calculated with ggplot2 package of the R (4.0.3) program.

Table 1. Selection status of antibacterial lichen extract

. Methods
Screening :
ODgy after - ODy, before IAE*
Number of lichens 622 622
1* screening 154 82
2" screening 50 14
3" screening 6 1

‘IAE : index antibacterial effectivity

Table 2. Lists of antibacterial lichen extract for suppression of E. amylovora growth

Sample Isolated lichen species Activity (IAE%)” Function Reference
A-7B Xanthoparmelia stenophylla +(87%) Antibacterial Simonyan et al., 2020
D-3C Tephromela atra +(87%) Unknow -

D-5C Cladonia macroptera +(87%) Unknow -

F-1A Rimelia reticulata ++(90%) Antibacterial Meera et al., 2009
F-6C Myelochroa irrugans + (86%) Antifungal Jeon et al., 2008
G-2A Cladonia furcata + (86%) Antimicribial Rankovi¢ et al., 2007

“antibacterial activity: 85% ~87%, +; >88%, ++

T AHEE 7 0 E BTt H] oW (Meera et al, Xojg 222 9 sMZM sMH 9 EC, &
2009), o1& Fdll < sPIEAE E amylovoradl 23 MGY AN 2] 857 552 ECse 4 10 pL
SYg BAS Zlolz} Atdnt oA Hd 50 uL AAgkez A3 3752 (linear regression
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analysis)& ARE-ste] AR=anh. Y 3HAEAS & 23
D-3CE EC4 02 20 uL, G-2AE EC4 0.8 5 puL, D-5C=
EC5.O-& 20 uL, F-1AE EC5,C- & 30 pL& =59t 2t
Al fHe MY 354 (linear regression analysisyS
53 2A8kE W R? ol G-2A, 0.84; D-5C, 0.88; F-
1A, 0.94; D-3C, 0.97 SIEUTE. o]9F e R Ao R/
FE==9 Szt LA o] 75t olHotAH | ES ARS-E
wet 240 Tt s Aol AUS Aol AlRH
o} o]F AR FE=o] FsPPEAEe] S JAlst
REA A BAIEA (Pearson Correlation analysis)S- 2. p
Z(D-3C, -0.984; G-2A, -0.916; D-5C, -0.939; F-1A, -0.969)
S ERISISITE. Pearson 4 4] A5 AdaAITwke] -1
o 7WETE £ FHAE M F qlomE 2
A} o] AABATE 8-S ERIsIATHFig. 2).

A T5E 459 ZAY ECe> AT AR 7
2 A% kasugamycin 1g/L, oxytetracycline 0.5 g/L,
streptomycin 0.5 g/l ZZ8]3 oxytetracycline + streptomycin
0.5 g/L. 2.t} v+ oxytetracycline, 3.2 pL; streptomycin 1.7
uL; oxytetracycline + streptomycin, 2.5 pL =2 215
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ATHFig. 3). 71| B3] wh2H Aminoglycoside Al E <]
AR I PP Al dete] 7P fask oA &
7} gel® Streptomycin (Russo et al., 2008)2 - 17-2]
AN E 459 A 5 7P 2 ECsRl 1.7 pLo =
SRI=ATHFig. 3, C). WFH 5L sk Aminoglycoside Al €<
kasugamycin Pl=oA] WARE g3 ASEHAOH
(McGhee and Sundin, 2011) & dFr = A2 selst
F Y2 Z Streptomycin®] 7T o] 4= IF
B QA= B85S BY Aol AlsE

pal

ol 10

FFEESS UMM AMWX 22 HE
FEE olgst sPhdAe A Aes el
A hEZTE ODgoun 0.66, F-1AZ 2] T-E ODggonm 0.58F
SRIF AT streptomycing TF=OE A5t Al 0.22
2 izl Hlste] 3uf & AAEE el 2oE &
sttt =gk AEE Ao F FE5 ol8ste] 1 mL MGY
Bzl oA ECs, &2 BR1¥ D-3C, 10 puL; G-2A, 2.5 uL; D-
5C, 10 uL; F-1A, 10 pLe} Z} &AAQ] ECs, oxytetracy-
cline, 3.2 puL; streptomycin 1.7 pL; oxytetracycline + strep-

0

Ll y = 0.365 - 0.0372 x, R? = 0.84
p=-0916
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Fig. 2. Antibacterial activity of lichen extracts regression analysis results on MGY broth. A; Tephromela atra (D-3C), B: Cladonia
macroptera (G-2A), C: Cladonia furcate (D-5C), D: Rimelia reticulata (F-1A). All lichen extracts were containing of Erwinia
amylovora and incubated at 28°C for 48 h in MGY broth medium (# =5). Linear regression analysis (blue line) and Pearson
correlation coefficient were calculated with ggplot2 package of the R (4.0.3) program. The gray area is confidence level 95%.
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Fig 3. Antibacterial activity of antibiotics regression analysis results on MGY broth. A: Oxytetracycline + streptomycin (stock: 0.5 g/
L, 1-5 pL/mL), B: Oxytetracycline (stock: 0.5 g/L, 1-6 uL/mL), C: Streptomycin (stock: 0.5 g/L, 1-3 pL/mL). All treatments added
Erwinia amylovora (ODgy 0.1, 100 pL) was cultured at 28°C in MGY broth medium (7 = 5). Pearson correlation coefficient and
linear regression analysis were computed with ggplot2 package of the R (4.0.3) program. Confidence level 95% is displayed on the
gray area.

1.00
T Kruskal-Wallis Rank Sum Test p =0.003
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0.75 o Control
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+ Oxytetracycline
+Streptomycin
8 . e Oxytetracycline
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O o0.50 = 1 +Lichen
T ©  Oxytetracycline
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Fig. 4. Antibiotic synergy effect test results for Rimelia reticulata extracts. Rimelia reticulata extracts was cultured at 28°C in MGY
broth medium (» = 3). Kruskal-Wallis Rank Sum Test and bar graph were calculated with ggplot2 package of the R (4.0.3) program.
(Control, E. amylovora ODgy 0.1 00 pL; Lichen 10 uL (V/V); Oxytetracycline 3.2 uL; Streptomycin 1.7 pL, Oxytetracycline +
Streptomycin 2.5 pL).

tomycin, 2.5 pLE £ A A oF FEES] F-1A ¥ AR AAE S HolEE o5 Fall A A
ODjgg0nm 0.03, ODjggnm 0.062-Z streptomycins} streptomycin + A streptomycin S=8HA| 9] GgFo] B & Aol ATt
oxytetracyclineoll A © YA A2 B} ¢ =& AR FT B AfoA AEE AR/ FE 222 B AFY
oAEs st ol Fall A TdEAHE P A AAE S UERd ASR Hol A= LA WAA| )
i Hoh Boodpo Aukgl 2|07 FEE F-1A9} strepto- wre] zpgjo] & ¢ glom Muke 2 o)F FEES F-1A%
mycin B streptomycm+oxytetracychne FAAE &3} OE A ] 28-S AT dA) o] 3lA]
A Al s AAEe] A7 Aol o] FE S-S e o i@P‘“ﬂ WAA e 712 AEEA ST =&
e 2o gRlatitth. & F-1A9 S35 W strepto- Ao g Atg

mycin #2]7-9} streptomycin + oxytetracycline #2]-ol| 4]
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