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Chlorella is one of the microorganisms which can live autotrophically by their own photosynthesis. It
was previously revealed that pre-treatment of Chlorella fusca caused a suppression of appressorium
formation on the cucumber leaves after inoculation with Colletothrichum orbiculare. In this study, the
ultrastructures of C. orbiculare on the cucumber leaves pretreated with C. fusca were observed using
both scanning electron microscope (SEM) and transmission electron microscope (TEM). The SEM
images revealed that most fungal conidia and hyphae were attached with lots of C. fusca cells. Also, the
conidia could germinate but not form appressorium, which is necessary to penetrate into host tissue.
These observations suggested that C. fusca adjoined to the fungus may play a role in suppression
of the appressorium formation. On the other hand, the observations of TEM showed no remarkable
cytological differences on the ultrastructures of the intracellular hyphae between in the pre-treated
and untreated leaves. It seemed that the fungus could grow in the pre-treated plant tissues as in the
untreated one. Based on these observations, it is suggested that the suppression of appressorium on
the leaf surfaces by the C. fusca cells may be a main cause of the reduction of the anthracnose disease.
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2 o]etA 8 o] 2142l Colletotrichum orbiculare= A |
Aoz o] F7Y ZE st BAA wfE A
th(Agrios, 2005). B = & "W 1 Magnaporthe oryzae®} vtk
THA 2 QolgA Y #E AlEof AYst7] fste] ot
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o] &0 A F27](Appressorium)2h= S g
FAgteh AlE T HE FE7]= U Fof At
FAE = oy detd 52 727) 7ls |
Hdgo m;ﬁﬁ}*}ﬁ"ﬂ Aokl &
Valent, 1990). &, dztd Z-o A&l & R o2 Qs £
2k7] Y 5o eto] SR =W o]= RA7| oA fgt I
ddAZE A5 FEHE S Al ZHS BE5H= o 7]
t}(Bechinger 5, 1999; Howard 2} Ferrari, 1989).

Colletotrichum©l] &3t= M Ad= T H Al F 7HA] 9] 9¥
A3 BAl S Fst=dl(Perfect 5, 1999), AA, 53 FH
O AN} dAbE Aok e 715 A2 F3 AN &
EGYDAE AR 1 F 7t=ohst A2z FARE v 2
=7 sty A ZE JGsHA A FTHAE
o] EW A 7] M E2F HARAXITH(Bailey 5, 1996). ] 2| 3t
Eold FFHFTA S AT = st 7| 7o Yot}
O AT B/AE Wo|l= B2 Aol ZE= o]&5of gt}
(Gan %, 2013; Kubo 5, 2015; O'Connell 5, 2012).

Chiorella<= 33 &/3& S8l A7FFFe] 7Hed 5272
A O] &7HA 7L uf - 2 A o2 dE A ok A F7HA] o
BE QY FFUOR o §H UL, 2T YA A4
F Y ddolH v 22 AHE 7Hs A & Al 7] H A THSafi
5, 2014; Shaaban, 2001). 1 &) A& ¥ & Z 4o = a7}
Ue AR RuE= B 7 #784 #Hafol o3l
WA a27F e m(Kim 5, 2014), 53] 20| A& Qo] A
A5t E Y QolgtA o WA o] A = QU rhal KAl
%l th(Lee 5, 2016).

138 Chlorellaol] &3t A& W JA| 712 s A =&
o] 4 A A &t o] A Aol &5t Chlorella 4351 C.
fuscas Z(ji-lﬂlﬂ Qo] Q2 FAegt Qof vls| L o]eA

7= JTeT F R FAEC] FHEHA HLH= A
4 °‘%E}(Lee 5 2016). w4 o] A3E F3 C fusca
ot AlE o FHANA AF7HA A UA -2 A3}
= 72 AEo R A% QoA Yo F2H7)
Had Aolgtal F5E QA #2H7] 4 A7t
Hololgtx #etsticth 2 FeHeGE ]
s Ao 2= oA 7| Fof gt Aol F&
52| ghoh wEbA & Aol A e AAPAAE R A & o] &
5t C fuscas A 2|3t 2.0] Yof] Lol d& HFTT
3 A& EHAA C fusca®t Lo|SAE Ao HAE H
o FUstHA st o Bgt B AR A& o] &5t
of A Z2A o AYG Lo|fA o A|EZ 9 AL A
Z Y A HRES BEF o 2N AT AE2E Yo
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A o] 2ol et A g gt AR Bl IO 2 C fuscao] 2Tk T
QA L& F o AA|3] B8] ALz} st A,

= Y

YR
Jeongseonsamcheok; FarmHannong, Seoul, Korea) =
AlS oA Fdste] AHESER T 20] FAE A& A=
(Tuksimi®; Nongwoobio, Suwon, Korea)7} A ¢ A Z &} A€
EZE(A7 8.cm)ol| #5310 F3F 25°Cx1°C, k7 18°C+1°C,
F37112127F FAEE A E i FA A skt A

L o|F A= A A4 (Cucumis sativus L., cv.
Txog

A110¢ 3, Aol &ds] AAE AES AAAER A
gahant.
Chlorella, Chlorella fusca CHK0059 #FE <=7}

s+ o 7 B ¥ EoF dto} Kim 5(2014)©] A A g BG11 modi-
fied medium (BGMM) ¥l X| & A&} vl k3t Tt C fusca
£ 28°Co| A 5U 7 AR o 2 wjFet £ H Y HF S
A F{3Fof 5% BGMM A} ] o] 4 F5F Atk C fusca®]
A S & w2 7)o 7] EEA 7] (PD-40; Zhong-
shan Chuangxing Electrical Appliances, Zhongshan, China)&
A 2|3k 3 28°C, 5,000 luxol| A 747t #j eFst it 2o A&
o A 2)st7] gt C fusca BEN ] A E4=+= hemocytom-
eter (Hausser Scientific, Horsham, PA, USA)E ©] 23} 2.0x10’
cells/ml2 273} 0.01% Tween 202 F7}slo] 20|41 &
A 2 of| AH&-3F AT

BAFOR Aol dgE
Lo] oA Ee7t L olekA 2l C orbiculares ©]-8-5F
Atk e o|Et A HHFL 7R3 %
Becton, Dickinson and Company, Le Pont-de-Claix, France) ]|
A& 3to] 25°C7F F A == -2 7] (DA-MIL-2500; Dong-A, Si-
heung, Korea)ol| A 104 7+ v st ot 22471 A/ & vl A
o B 10 miE A7t TAE ST 5 TR
5% 5 1.0x10° conidia/ml7} E| =2 24 35}9 0.01% Tween
208 A718 5 A2 Yo 2 ARG

A ¥lj ] (potato dextrose agar;

C. fusca Mx2|2} QO|EINMHA HE, Z4H|3Cfusca
A AS Qo] A=A 19 29 73] 22 A== &
L5k 5 AL o] A 24| 7F B9 AR A FH T C fuscall 2.0]
B4 WA oA A= @3] 9190 C fusca B o
Al At 49} A g Z9] A A| benzimidazole (Benomyl®, a.i.
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50%, WP; Agrotech, Seoul, Korea)& 35 = 2 5 L3 HH
O 242 27 A GG, A2 4 Qo

u
k=1
;# }cﬂu} z,g,*a gow “xﬂ 28°C,99% FH&E=E
F A 8l= 3235 7] ol A (DA-DC; Dong-A) 2441 7+ B¢ 2
T3 3 271 25°C+1°C, OF7F 18°C+1°C7F 42| 5] &= 4]

&7 vl ek At

o

FAR &

SEM &S At MES=EHME. FARIAE ] (scan-
ning electron microscope, SEM)= ©]-&3f| C. fusca®ll &3t &
cIRARE 4G oA e B okl 2
% Cfuscas AA 2 5tal Lol S HET =14,
39,59 ol 22 AT AR E Aele 67) 42

A Az A1 AdEst s R FT dolA Huk 29
HEY 2 05x05 mm’e] 27] 2 &} 2% glutaraldehyde
335 0.05 M phosphate buffer solution (PBS)®ll &} 30
FH AT A2e 3 ALo|H 247 5 DR,
o] Tt A| R E PBSE 108 F<F33] A& sttt Al &
H AR 52 ethanol A] 2] Z(30%, 50%, 70%, 80%, 90%, 95%,
100% Z+ZF 108)E 53l ©<4=3F% 3L, 100% acetonel| Hot
308 ¢k 2-33) 22 8hof 8544 o Hayat, 1989).
AR Ra =

)0

TR V1 mlm

2 critical point dryer (CPD 030; Bal-tec, Los Ange-

les, CA, USA)Z A - oA 158 &3t AXRAF T AxH

Al & &5 sputter coater-gold (108A sputter coater; Cressing-
ton Scientific Instruments, Watford, UK)2 ¥ HS o2 I
5 (~100 A)3+ 3 SEM (JSM-6700F; JEOL, Tokyo, Japan)& %3
20 kvoll A A2 Al&gt 67 o] 9 EHS 2T WSt
pite

Enxso g S fst MASEEKFE. Cfusca
g 7‘4 23 A=A WREANA Y 2oleA Yo A2}
2R EEREEEONEEMELEEERECEE
(transmission electron microscope, TEM)S ©]-&-3} o] 3325}
7] Y8l At € C fuscas DA 23kl Lol AEFS
AET A3, 59 Fo QAL A = = SEM=S 9
o AP ot FAsHA st AHFH T 20] do A
B8 HEZZ 1x3 mm’E A2 F Jeun 5(2007)°] 7]&
g o 17, gaek mof YL ST
A& AR EF 2% glutaraldehyde S 2 %3t 0.05 M sodium
cacodylate buffer solution (pH 7.2) .2 30% &3 A5 A 2
3 F 4°Co] M 2417 ¢ DAL 1 DHE AR E
0.05 M sodium cacodylate buffer solution (pH 7.2) .2 10&
=9} 33] A& 3t 3 2% osmium tetroxide & of] o} 4°Coj|
A 2A17E EF 22 1A 5 A E SRSE10E et
33 A3ttt 1 & A RE-2 ethanol A] 2] 2(30%, 50%,
70%, 80%, 90% 13, 100% 33] Z+7H 102)E B3 24=4]7]

l

Fig. 1. Photographs of scanning electron
micrographs on the untreated cucumber
leaves at 12 h (A), 1 day (B), 3 days (C), and
5 days (D) after inoculation with Colletot-
richum orbiculare (1.0x10° conidia/ml). c,
fungal conidia; gt, germ tube; a, appres-
sorium; ca, collapsed appressorium. Scale
bars=10 pm.
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a propylene oxide:Spurr resin= 2:1, 1:1, 1:2 8] &3} 100%
Spurr resing 2k} 302 59t 23] 2| ZA] F T} Spurr’s resin &
2 X ZEH AR E 70°Co| A 1247t B9t EZuj A 7] & 235
Z &5 Ultramicrotome (MT-X; RMC, Tucson, AZ, USA)< ©|
§-5ho] 29 #H(60-80 nm)S A SHI T 2HE H-2 2%
uranyl acetate®} lead citrate2 27} 28 5-oF A% Z TEM
(JEM-1011; JEOL)Z 53} 80 kVoll A A 2] A &3t 67] 29|
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dehou 5% 28 g9 2277 B2 drhFg
10).0]= F2H7] o A2 o] A& &3 F2o 4
H AJH#HALE E8 7Y 4 E(infection vesicles) 2 A7+

A A

S 2 B lth(Perfect 5, 1999). B+ HE T 5¢
HEE —‘%2}71 7k o A ﬂmg 31_9\:1 (Fig. 1D)

Atel A
Aol
34712 GAHA 2
o B3

ot

u
AL YT AR B S B Ao A An A5
gl th(Pathan 5, 2008).

SHH, C fuscas A 23t 2 o] o FHOA LolAY
T2 HE3 T SEMO E B3 Ak, HF 1247 3o F
A 2| e} v =5HA| o F2 Q] AL Hobst gl o A
= TEE R Tt sHA|uE A 2 o A= BEE 4 gl

A4 C fusca N2

2= A ThFig. 2A). HF

g oA YT 2 FHA B
TR AL Yo ote

2} ZW o] C fusca N EE0] 1247k B8] 1 &7} 2715

%IThFig. 28). 4% &

3AA o= BAH Qo|etA 7ol 7

ARZE A BEE oW Hdd FARE HEH C fusca Al
EZSo] @ol ¥ E thFig. 20). HF F 58 A= F&717F
FAEA 2 Lo|RA Y FAY] AolyAFo] FA 7o
vl 3 st om 1 FRf C fusca A Z 2] FA & T3
517 32 =] 31 thFig. 2D).

A3 A (Lee 5, 2016)9 A C. fuscas H A 2] 3FaL o] &

AHFS 23 00 JS FFA AR A2
A 2l Fto v 3| wholgof= & Z}ol7t gl e

Fig. 2. Photographs of scanning electron
micrographs on the cucumber leaves pre-
treated with Chlorella fusca (1.0x10” cells/
ml) at 12 h (A), 1 day (B), 3 days (C), and 5
days (D) after inoculation with Colletotri-
chum orbiculare (1.0x10° conidia/ml). c,
fungal conidia; ch, C. fusca; gt, germ tube;
h, fungal hyphae. Scale bars=10 pm.
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FAEO| CfuscaS AAH T 20] o] A F35HA 23
Atk 227] oty B A Y E gl F
donz B A A& SEME 53l C fuscao] gt 52}
7] B4 9A 718 TRt A St AU tHE @

ojebA Wt Al 2 HEH C fusca N EE SEME 53}
o] TAT 5 U 2T (Fig. 20) ol W L7 AFH A A

A& A st A o] ot d 7 AT =, C fusca Al 271 &
o) &AW Aol 1% Elo] olehA W) A Aol
H’i}ﬂ F4E AdAsH= 9ol 2 &t
Hoz = AZE A o] wha} C fusca Al
7boh= A= W E =T (Fig. 2), ©1 5 &8 A EA

oA BH EL JFH Aol Lojuh oA H 7
H217) 4ol dAE & =7t A = wiAE = gloh. &
3] Chlorella’= T4 0. 2 ZFA)35131 BAF 10-30A] 7k 1
84 470 GAEE HAete] $4E AL 3o
4-16H1 = FA| S =7t uf¢ w=thal d A glthKang 5,
2004; Safi 5, 2014). A A 2 ZA AT Pseudomonas pudia}
Burkholderia gladioliE 7t= o AA 25t =t ol
= TP Y AT F oA HSHY d=E FaAd
4= Qohar B g vk 9l ohKim 5, 2011).
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TEMS 0|88t 20[EtXEF2| MEZFLE BE, FA
2gt 20] A Fof LolgAYT FF F5ULA A==

NI
of
-

FoY d HA 22 &, 2N EZ Y, NZHF
2] GEA| 2 Yol A 22 LA =St R A Z
H A Z W 74 9 (intact) S IR FA 5
%‘—%‘— QoletA W F] AY Fof Hzuto] &4
Holm 12 g Al W& EZ o] YA FH
2= U tHFig. 3A; arrow). TFH7FR] 2 A 32 7F 3710 A
H eolgt Ay #A Yol A= n|EZ = glofet 7
Al 7] o] = 2= A thFig. 3B). A5 W]
NA e Lol AT AYTF AENEZRE AU
o A Hoo FSAxe] AFF A zuto] N xe it &
2 =& A o] 7HE 2= ¢ X 9HFig. 3C; arrow) S 3 4]
EAZo A vh-g-2 HF A ot o) g EEY
FaA NN B2 59 LolA Y 12} A AH(primary
hyphae)7} &7 = 1 thFig. 30). AFE G FHAE AR = 2
o &hA] ¥t 2] 22} 4t AH(secondary hyphae)2t 4] = 2] U ¥
Auf Abolof 7] A (matrix)o] B4 E Z o] TF HEEHIL
™ (Fig. 3D; arrow) W= A& N Z7F F 43 AR = o o
B FA 3= FAHEEEE 9l th(data not shown).
Chiorellag A 2] gt Lo] AENA = AR QoA
W o tfFEo] FA g Bla AERA A HEE
dA FH R o2 B N ZSH 02 FASIAT A&
o] 3] A|Zoj|A HAH Qo AYF FA: 4TS
A 3F A THFig. 4A). H YT I P22 Qs KA 2] A

Mo e X
30 ML
_Lm

2 qlo i > ot Rl 2 A gl
™

Fig. 3. Photographs of transmission elec-
tron micrographs in the untreated cucum-
ber leaves at 5 days after inoculation with
Colletotrichum orbiculare (1.0x10° conidia/
ml). The fungal hyphae were observed in
the epidermal cell (A), intercellular space
(B), and mesophyll cells (C, D) of the plant
tissues. ih, intracellular hyphae; ec, epider-
mic cell; mc, mesophyll cell; is, intercellu-
lar space; m, mitochondria; h: intercellular
hyphae. Scale bars=2 pm.
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ZPolE Y A FROE o] T wAH Yo

(Fig. 4C; arrow) Al & &3] &= oL} 2] FQkTh(Fig. 4A). Al E
BN Y A E & FALE FA ] A E2 Ao A T
d A FArs v ZZ = oke] g el 7t 27 31 thFig.
). A& 9] o] 7|20l 22 e GSAZAANE F
ot A W2 BEEHA| gt o]= Chiorella A 2]
7F LolgtAH 2 A& AZ Y] e HHE I
< U)X A] Zgtthe RS on|gto) ohgk A 2] 22 o A
T IEEE o] AY FAF Tl 5% T E A ohFig.
40). Z 12} FAHY Aol FRH e A5 vhg-o] YErY
A = Ao 2 e TthFig. 40). A2 FdHAE AR =
22t #A F ol A Al g2 A oA et nprt A 2 3]
AFAbet YAk Abo] ] 7] A A o] A= 9L © W (Fig.
4D; arrow) B U] I Y-S T2 A EAEZ tfFEEo] P
= dolr 7] o] HL A= 2 A & 9l th(data not shown).
QoA Y-S o2 SAYFI AT 2 7| FAE
of Mgt F GEYFIAL AHEYFTA HFS AA
7)1 FAES G A 71 thPerfect 5, 1999). & AT A =
g AE Lolgyy ol Wt T FEFITAY
AN FAZE BRE QYo £ A E AZE2 HEE
AP S FAFCZN S EYY LA )RR IS
& 5 AAUTHFig. 30). AHE Y Y DA A= ol - YA
9] 22} 4t AHsecondary hyphae)2} 2] & 9] €3 &} Afo] 9

&

Fig. 4. Photographs of transmission elec-
tron micrographs in the cucumber leaves
pre-treated with Chlorella fusca at 5 days
after inoculation with Colletotrichum or-
biculare (1.0x10° conidia/ml). The fungal
hyphae were observed in the epidermal
cell (A), intercellular space (B), and me-
sophyll cells (C, D) of the plant tissues. ih,
intracellular hyphae; ec, epidermic cell; h,
intercellular hyphae; m, mitochondria; is,
intercellular space; mc, mesophyll cell; n,
nucleus. Scale bars=2 ym.

A=, ol & 3l A& dAMtE
= AL &2 FZ5thFig. 3D). 5HA| Tt
oyl 7| A& B3 AU E o] dojyE=RE A53}
2 HEshy gl S 58 A7 = ofof gt

C fuscas A A 23t A E o A= 29]
Ao tigt AEEC] HaEHT= AS dSsHah A
07} C fuscas A A 23t A g ol A= LolebA B ato] F2k
7] B4 Tl sty 1 AR A HEC] Aadte A
© 2 BeE GlthLee 5, 2016). 124 TEM ©]-&-3 &
< &3l Cfuscas AA g A B A & Lol A%
o] FA gt A E AL} TR o] & FAFHA X3
T}Fig. 3, 4). ©]| & T3l o}utx C fuscas A A 2l gt 4] = of A
S AERA YR ET= B27] g4 A 22
& Ao A AA 712k ol B Ao HAEH=AL
2 gdEch

O OF
= =

Chiorella= 34 & &8l A7t F Fshe vl =0l o
A A5 53l Chlorella fuscaS A 2] 3t 2.0] Y ofA] 2.0]
gAY F27] HEC] JAES FR . 2 7
A SEM E TEME 53]l C fuscas F A 2]t Aol A 2. o]8t
A o] 2u A FEF2E FESHATE SEM o] =] Z]of| A
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L) WA EAbeh FAF R 910) BE 29 C fusca
A7 B T E AL Fobugot A B2
o] AUt ¢ BRI H27|= FAE R A9ttt o2 &
°P°1 HAF FHol A& Cfusca NE7 BLF B3] §
g RS o AT T Ao A7 Sk B, TEM
OlUleE 3 WU FA YR 204 FEANE C
fuscas A 2|3t A3t FA 3 o 7hof k& Zol 7} t’r
2] skt ol= WA Ao BB FA 2
e QA FARHA At Ao r Helth o]l AN E &
8k C. fusca®ll -4?'& é] ®

Ho| Ao W £2H7] 34
AA| 7} oletA Y A4S YA Ao 2 HhETh
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