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Identification and Characterization of Paraconiothyrium
brasiliense from Garden Plant Pachysandra terminalis

Min Ah Choi, Seung Jun Park, Geum Ran Ahn and Seong Hwan Kim*

Department of Microbiology, Dankook University, Cheonan 330-714, Korea

ABSTRACT : A fungal isolate DUCC5000 from a garden plant Pachysandra terminalis was identified as Paraconiothyrium
brasiliense based on the results of morphological and molecular studies. The fungus formed brown to black conidiomata of (0.2-
0.7)-2(-3.5) mm singly or as a group on PDA. Conidia measured 2-5x1.8-3 um in size, hyaline, ellipsoid to short-cylindrical, and
rounded at both ends. The internal transcribed spacer (ITS) DNA of the isolate shared 100% nucleotide sequence homology with
those of known R brasiliense isolates. Phylogenetic tree inferred from the ITS sequence analysis showed that the DUCC5000
isolate formed a clade with known isolates of P brasiliense. The fungal mycelia grew better on oatmeal agar than on MEA and
PDA. On PDA media under various pH conditions, fungal mycelial growth was observed at pH 9. Colony morphology of the
fungus tended to alter depending on the kinds of nutrient media and pH condition. On chromagenic media, the fungus
demonstrated its ability to produce extracellular enzymes including amyalse, avicelase, B-glucosidase, protease, and xylanase.
However, in pathogenicity testing, no disease symptoms were observed on the leaves of R terminalis. This strain is the first report

on P terminalis in Korea.
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2] 8 el A de] AojA]a A= 3
Zv B 3] (Buxaceae)dll &3k AlEEA
-2 Japanese spurge®]il S8 Pachysandra terminalis
ojt}[2]. o] AE9] YA PEolH, AP TEA| L g
=, G, AR, S5 o2 dEA vk 7is17t 4
~5€Q1 o] A=2] & ot e Yo o] 25
e AL sl Grlles AFEA 97F RS shar 9l
o} Hof g 548 W5 o8 F4] -2 vhaAoM %
Z 2p2p QA 2= A2pr] viiel SEAER 2 oo
A At FEE= Aulstr] Aejsie] A 8710 Hot
719715 s shdol] DEAA =4 e A=)
ol o]&5taL vt web F2 AAE= A= E2d
shet, &9, oltE ©A] 2 A& 1, At B2 AR
A7RA| o, A 2449} B AA)EC 2% 2xo)al 9]
o} 55k 9 910l & AT AL AR 2 o=
st FASAo] Fslal Aol £ AER s
B Stk P e o3 183 54Ol wEt A A=
o

FH LA 3ol A 473S vk Blg]oll7 |7} (Variegata) &
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FT= HIE @A o] 7HA] F50] Sle Ao s IR o

T valop oA aARS A AAES
ol-go] FHT HAE AlolM APAER] FE e H
= shefsil edAnt AgAAl AgF e} Adn] |44 Sl
77 S7FSIAL QAL o] 85 S AL gl o] m
2} e x| gk Tl A= A S7kslaL l=H| §
7BhelE}t SHolM= W FFS rAe B84 29
of #gk A5 HaL[3)e} =AFTA A ] AEl g
EAEEM T B8 7RPF HIElne,5). 75 =
HollMe IrEHE YO7|= Psedonectria pachysandri-
cola 7ol Tk =] Bal[e]oh APHE (Volutella bli-
ght)= YO71= Volutella pachysandricolawtell gt =-<]
HI7E QEH7]. & Aol sz dowyy Eed
U] V715 F< Paraconiothyrium brasiliense®l gt &
A 54l el Barsparat gt

M=z 3 S8

DUCC5000 ZF2| &+=2|

B Ao ARRE ok 9L THEE A
o YIX|gk ol e TR TAgtol|A v A
A 2o o] A7 oz S st A3 st AF
2 7PA et delE A=ttt (Fig. 1). MRS T3 A
of Ao g FAE= BoE oz HAIRl w2
0] 83}l 2F 1 em x 1 cm V|2 AFH St AAAEE
HISHATh A= 5% 22 ol T} 3023t
AESaL WA EHEgE ol83te] 123t AlE $ 100%
ethanolZ 30%37F ThA| EHASS 3. Alass 29
AFE s ol 8at] oAl 127t AlHsIST. Al g
 HAHAEE SR RMA 1He] EV7F S
EF 2FA7FA1Z] TS Potato Dextrose Agar (Difco, De-
troit, MI, USA) HijA] #of] X[dstsit. A9 s Xdsh
HiA]E 25°C w7104 293 BiFAIRAL 9 A5 Aol
A A E2 AR TARE AT needleS: ©|-83t] £
5 AZF PDAHIA|O HESIaL 25°CollA] vljoFspaA] A}

1

off N
i3
o

1
L

]

>
o

AN AU HO m of

f

=3
(B F

Fig. 1. Photograph of Pachysandra terminalis plants sampled
for this study (A). A sampled leaf with brown and discolored
parts (B).

gt T S EEiath 2l E TS 2 mL tube
| 10% glycerol?} 37 HolFE - -80°C W& 710 BHA|
7|HA 2 Aol A8ttt

SEfEY R 22X SF

] #FE5E PDAYAN LF +F FEHE 7L A
oA & 7R Fo= AEo] 17] #5F5 DUCC5000%
7 WSS Holsla 2ol MjgsheA 571502 3
B4 595 dEEt. viAlT R e s (SZ
61, Olympus, USA)¥} 33388 7] 7 (Axioskop40, Carl Zeiss,
Jena, Germany)= ©]-8-51] A3} Zu|AlTE= A
ZAAF&W] 7 (scanning electron microscope, SEM, Hitachi
S-4300; Hitachi, Tokyo, Japan)= ©]-83}] Tang et al.[8]
o] Al 7Ied WHoE MRS Askal sl
2 Alge] 7Z+= Hitachi critical point drierZ SF3L
Hitachi E-1030 ion sputterE ©]-8-5}%] platinum palladium
°F 50% 7F ZH F 15.0kv Hto = st

FAHESH B85 M 2] dFE AR 7t
PDAH| Aol HE5aL 24°CollA 147 Wi 5 A
AFE 831 Kim et al.[9]9] drilling "Wl w2} geno-
mic DNAE F23}13th. =3 genomic DNAE template
2 3}al ITS13} ITS4 primerE ©]-83F polymer chain
reaction(PCR) =3¥3}] internal transcribed spacer region
(ITS) DNAS SZ3IATH10]. 553712 Tang et al.[8]9]
ATl ARSE 223 Zow SFE PCR AHE2 07%
agarose gel 171955 Fall FI3I3L NAVIGen™ PCR
Purification KitE AF8-3] DNAE “JAI38laL MACROGEN
(Seoul, Korea)Atell 471X €E 2435 <] #sl3itt. 4
71X E-& V|3 National Center for Biotechnology Infor-
mation (http://www.ncbi.nlm.nih.gov)] € 7|5+ 2 7131
! BLAST 235 8-8-5f0] 71 Leixl e
At A71/99 7} homologyE: B4 HluLsitt.

HASEMEH B4

A4S siAE homologyE Hole fAF T/
ITS @71 LEE reference AEE 3kl A9E NCBIC
GenBankellM Wz 1o} ARg-8litt. DUCC5000 52
Q718 reference A/ g2 Cluster X program[11]S ©]
&t 97IXE alignmentE 183} 31 MEGA 5 Pro-
gram[12]. 2.2 phylogenetic treeS ZJ3) AlF 7He] F<A
HAE 4819, Tree A2 ITS region 9714<E 7%
© 2 neighbor joiningH [13]-2 ©]-83JaL tree] clade 2]
Z=E 9J3= 1000 2] bootstrapping 43S 4333139}

DUCC5000 ‘4% S4 A}

Akl AR XS 2] YEIME A= g2 pH 2
27} GG RNA TAF 7G-S ZAF vl 2t
pH 2715 30ts}7] $Jsixe PDAMIAIE 7| B2 3}
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3l pH 4014 pH 92 A3} vijAE whao] AR8silt.
PR A13S 9I3A= PDA, oatmeal agar, 1% malt
extract agar (MEA) B|XS ZH2} ARS8 Y. HEE -2
24°CollA] 1093 vt & wtAte] ZHolg sl S
Hlw AT} AE-e sHkEo 7 S=ai5lot)

M Z 2| S 4 (extracellular enzyme) £H| 53 A

AE7F 7L Qe 54 AR AE|as 24
A& chroma ¥EEHIA]0l] FF8te] AlpaA a4Rkg-e]
A FYE= clear zone®] 7S S8 EAEI
o AR} Sl AlIZL]EAE amylase, avicellase, -
glucosidase, CM cellulase, pectinase, xylanase, proteinase
T 7HE dlide g2 ZALIATE. Chroma HHEHIAS] X
JL- proteinaseS AL = FEZHOE AP ZA
0.1% yeast nitrogen base (Difco, USA)$} Y €A =
] 0.5%9] starch from potato (Sigma, USA), Avicel PH-
101 (Fluka, Switzerland), D-cellobiose (Sigma, USA), CM-
cellulose (Sigma, USA), Polygalacturonic acid (MP Bio-
medical, France), Xylan oat spelts (Sigma, USA)E 712} 3
7FIAL 1.5% agars ARE-St] a1 steiltt. ARke-S
H3lA= 0.5% Congo Red dyeE F7Fste] 35Tt
Proteinase A4S 9lall4l= skim milk (Sigma, USA)E
ARgEIoH, ThE aanAel g2 Ao B g,
0.5% Congo Red dyeE Fo1FA] 221 2% agar 2JC
2 RS THEo] ARSIt 14]. HAREE-2 7} Chroma
HESH| R0l & HF3IaL 24°ColA] 10€3F viFAI] T
+ Wiste ghe] dojo} At gAake] Lol SAgal Hlas)
ot

HelM HAE

HAA BIAES Foe tiddd Slolx Fre] 4
TEE XEMHE 2 vol 240X 2797 718 v
AEl A3 Wi AFYP O EE DUCC5000 TH5
24°C PDACIA 359 7| & At S/HTE ol-8st] A
e (HF5E 1x10° spores/ml)S ZA|SHAIL, ZAFAE
Mof] A=A ZA] Tween20 (Sigma, Co., Germany)< 0.01%
7t H=E A7t 5 ol AtE nleE oA 7
o AAHE W@ ZAEEN 10 uL HESIAIL[15], o1&
PSR F 1497 ¥ A o RS ALt iz 22
TolME G 10 uLE 5L HEsIh

Zm o oz

ety X

PDA9 Hi%FE DUCC5000 #5225 & B235199S u)
TS TAPE ddsHA Aehhs BFC 24 pale yellow
of 7R A& AstA JeERNHA & FRA Asth
(Fig. 2A-B). TAR= 7h=ar Sdloln g4 A8kt

Fig. 2. Colony and microstructure shapes of DUCC5000
isolate from Pachysadra terminalis. A, B: Top and back side
of culture plate after the growth on PDA for 14 days. C:
Conidiomata formed on the surface of PDA after the growth
for 35 days. D, E: Conidia. Bar in photo E is 3 m.

ForAn| Ao g gk Al TAA e e 5olF] R
Holz] Tt 47 A Hojx AL Pojg] B 27}
HiA] 9ol FAE AL vjAV ol A FAPE= Xk L A
7] a8jar 2] EqtAlehAl veRstH(Fig. 2C). A2 W@
O ZRE AEE WA Ftn|H oz #Es Ay el
o] 5 I}t B IAFH= H B2 Qg
3lo] ZAISIATH(Fig. 2). ¥AR= SAIE P22 7= o
5-6 x 1.2-2 m3ATE. ZH|AFER BES 918l FARIARER]
7oz AATE A}, DUCC5000% 27 HiFE FARY] 7
- °F 2.5-3um®] FH71E 7HAL ATk (Fig. 3). LAIEA}
(Conidia)7} AAT AL Holgle 0] =&sw= 729}
E29 79| A Fatoll o] EAlSHAT (Fig. 3B). T
g v A FE 2 R AR Ut 1Y
U & gojele dAE AdshAl A8 2F]ellony

Fig. 3. SEM images of DUCC5000. A: Mycelia 14 days after
the growth on PDA. Bar: 100 um. B: Conidiomata observed
35 days after the growth on PDA. Bar: 200 pum. Arrow indi-
cates an opened hole.
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Table 1. Morphological comparison of conidiomata and conidia between DUCC5000 and of P. brasiliense CBS100299

Isolate DUCC5000 CBS100299[16]
color dark brown to black dark brown to black
Conidiomata shape unregulated, with a single cavity unregulated, with a single cavity
diam size (0.2-)0.7-2(-3.5) mm (0.2-)0.5-2(-3) mm
color hyaline hyaline
Conidia size 2-5x 1.8-3 um 2.8-4.5 x 1.8-3 pm
shape ellipsoid to short-cylindrical, rounded at both ends ellipsoid to short-cylindrical, rounded at both

A T3 QA e olol wiek S B FAke
AR AR, O 23 YA EEE 24
o] BAIHA o] A7)a I 7o r BAXAT U
Ao BRIt o3t AL blist-like XS A A
AAE B3 Coelomycete 5742 Ho|al it} wleba]
-2 Boj2]= Conidiomata® 5= It} Conidiomatat
73 A7l wel A2 ZAjoll A SAS Har wiA] 3
ol A FEHAY viAE ARE vfarsar] A=
o R EZSAY 545 Bt ¢ ) e oY 77t
A Y= shed] 7eE IApt Yee Hlow
E o yol] BFEAE vee 72T EAT BleE F
BT 22y WL HolR] edo} FRlskA] Xt &
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T2 EAl JsiA FxAn S

sivety Aot Eo) Basit. oleld Ea
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Verkley et al.[16]¢] 23138} Paraconio-

EXAEY 53

DUCC5000 T5 & U A&3] F438}aLA} ITS region
QrNDE olgalel BABEHA FHL T 2
GenBank DNA database ‘3|4 Paraconiothyrium brasili-
ense2] ITS region 71X E3} 100% F5/3S HATH £
H o] AR 9IXIE P brasilieunse, P. variabile,
P africanum, P. cyclothyriodes, P. estuarinum, P. hawaiiense,

Paraconiothyrium variabile (STE-U6309 EU295640.1)
variabile (STE-U6311 EU295639.1)
variabile (isolateCb JX456477.1)

variabile (CBS121754 JX496031.1)
variabile (CBS121164 JX496028.1)

Paraconiothyrium
Paraconiothyrium
Paraconiothyrium

Paraconiothyrium

Paraconiothyrium variabile (CBS120014 JX496026.1)

—— Paraconiothyrium variabile (CBS119486 JX496023.1)

Paraconiothyrium brasiliense (PV51 JF934923.1)

aconiothyrium brasiliense (CPB111JF934922.1)
aconiothyrium brasiliense (STE-U6306 EU295634.1)
CC5000 (KM 520128)

100] Paraconiothyrium africanum (CBS121166 JX496029.1)
Paraconiothyrium africanum (STE-U6316 EU295650.1)
— Paraconiothyrium cyclothyrioides (R-4779 1Q681303.1)
sl Paraconiothyrium estuarinum (isclateSC5 J572126.1)

Paraconiothyrium sp.(WA0000017577 HM623324.1)

Paraconiothyrium sp.(WA0000017618 HQ316933.1)
Paraconiothyrium sp.(WA0000017617 HQ316932.1)
Paraconiothyrium sp.(WA0000017615 HQ316930.1)
Paraconiothyrium sp.(WA0000017614 HQ316929.1)

69
| Par
100
72 Par
DU
|
38
99
99
0.005

Paraconiothyrium hawaiiense (EC1-38 K1737370.1)

Fig. 4. Phylogenetic tree of Paraconiothyrium inferred by neighbor joining analysis based on ITS rDNA sequence data. Boot-
strap value is given under the node. Species clades are indicated by vertical bars.
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Myecelium length(mm)

3

A)

(B)

Fig. 5. Mycelial growth (A) and colony morphology (B) of DUCC5000 at different pH conditions on PDA at 24°C forl0 days.

Paraconiothyrium sp. 52} 2] MEGAS5 programs ©]-8
3 43k A3}, DUCC5000 5= P brasilieunseS} 3F
clade® BSATH(Fig 4). o]eIF FeNH, BAREH
4 432 vEES Z DUCC5000 5= P, brasilieunse®-
A3ttt 28ldke] DUCC5000 #5+9] ITS G714 8-S
GenBankell KM520128 &2 5231t} FF+= =144
EAM Tl 71ESIATHZ e S NIBREGC00130103).

DUCC5000 85 SM=xA}

s0] o]Foizl & pH 271 DUCC5000 75-2] PDA
HjR|o| M o] B4 AR A, SolHolAE e FHolA
o] Ago] Wit} A9l pH 4, eFHIR1 pH 5 2319
A1 DUCC5000-> TA] Aol Aek=1aL wjA1E dals
o7h= S Hom ubde) pH8-9ollA Ao 71
F3L AN BoF WA Qe TARIZE Bol es &
Y & 4 AT (Fig. 5). §F 7FA] 758 AR pH 24
Aol et 7] Fejelth. 7] ZEHUS et
T2 SAFRIR 245 ofF 24, 7PdARE 25
= SRF HAHIE U= Ae RIS ol Fig. 29
PDA “gollx 9] A5 Fejol thE E5olltt. o= pH X
2 Aol AF3F DUCC5000 TF5 -80°C AT}
ARESHAA YERE7] wiitell 2 -2 pleomorphict 57
=AY e Ao E A

MEA, oatmeal agar, PDAR| || A] A5-& v|w gt 23}
oatmeal agar BiX|olA 71PF wi=A] S YehJlar
MEA | z]ol| A A7go] 718 =3Itk (Fig. 6). Verkley et al.
(16} P brasilieunsex= oatmeal agartll Z|ol|lA] AJ7go] wi}
23 fARAPE d¥e® w7 ARlal FARSE E
2 A o FEAE wal TP R s dAL
A7} SRS He AEES Hdtal Yet] £ AtellA
% oatmeal agariiZ||A] AR S/80] YRS 4= UL
T} (Fig. 6). ©]2gF I+ Fig. 29} Fig. 5914 HF PDA
gollxe] AS e} k2 A Aehe Ao} tiEo] E o

80

~— 60
=
£
p=2
=
=
=
o 40
£
2
o
; 20 -
s F:

0

MEA Oat PDA

Fig. 6. Mycelial growth (A) of DUCC5000 on MEA, oatmeal
agar, and PDA at 24°C for 10 days. B, C: Photos of the DUCC
5000 culture grown on oatmeal agar.

o] & WA W}, Teln A 20wt T 54
o] B LR 553 S40] 9182 & 4 A

M=Ze| &4 2H|=sY AHA

F7F SARAREA 77HA] FRY 849 71AS A A
7}8t chroma ¥FSHIR|GNA P brasilieunse DUCC5000
T AL BGES AR Ay AR BE w Aol A S
o] 7FsetAth(Fig. 7). Lelvt AlE28 A FHIE 35
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Mycelium length(mm)
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Clear zone(mm)

Fig. 7. The mycelia growth (A) of DUCC5000 on chromagenic media used for the assay of extracellular enzyme production.
Clear zone (B) is formed on chromagenic media by the growth DUCC5000 that was measured to evaluate for the fungus'
ability of producing extracellular enzymes. Chromagenic media contained the substrates of extracellular enzymes: starch (a),
avicel (b), cellobiose (c), CM-cellulose (d), xylan (e), pectin (f), and skim milk (g).

= (o)

= clear zone ¥/J2 avicelase, B-glucosidase, xylanase,
pectinase, protenase 59| 7]&-& 75k v x| A FEls}
Att. ofFel 53] B-glucosidase 71221 D-cellobioseE 3
7Vt vl Ao A clear zone FAdo] 71 A YERstT A&
A 23l 2420 CM-cellulase®} pectinase 52 78-S
71t viR]o| A clear zone B/ UERFA] kAR ui)
AM= BEshe Z10E Hol FAIERE o|& A|x9]
840 FHIE Aol AR dol U= Z1oF JdEn &
Ble} F Ao AL Ao Aot clear zone®] WE 79|
T T FAEA] g2 ZoE AlEHn). o A7HA] P
brasilieunse F-E] ML) FA42] FAJO g 7RI §l
= AAol7] ol B AFollx AN ME)as 4
o ek Az FF o] A/ 54 olsfst=nl 8

Z0 AEES vugs o 9o i S 22
AL FER] g9ttt o] R o= Bl DUCC50000] 7
gt HAAES 7L IAE B Ao E Al ET TR
TRl o3t WS AWK P brasiliense= B A
AT, Yolmel |oln] Bpol 5 Sk LhRolA] 3
Qo2 RelETH1617). Tev} HPAR ) e
OPATH GenBankoll 55 XS BAEIS o P
brasiliense$} FLT A AES AY<e P8 dF77F
Nl e 23U (DQ094168), THHE U (Pinus
tabulaeformis, AY546076), Y7} KR (Picea glauca,
AY561200, AY566890) SOl WA F]=ATH17].
1 QA= wl=ol| A= vlsyo) (Alliaria petiolata, EF4322
67), S ol A= BIHEAL71Q] Pennahia argentata(AJ6199
57), YoM = FAEH (AB 303550) 123l ofejE] =
vl A= HAE RS U (Platanus x acerifolia) 2]

o
EI‘
0,
re 1 o

| rsd dR7F T eE EETH17]. sWel=
AZFIFANA P brasiliense?t WAT O E EA6l= Ao =2
F HuEloH18]. 1y w52 5493 FEA Hals
sie Aot & A7l E8l3t P brasiliense DUCC
5000 Alg FAEAM = oA e FAFCE He i+
2]E ol FAlOl AsFeY 549 25 Harshes Hio)
Tk @A P brasiliense DUCC 5000+ 47912 WA TES]
A PR3] olehd ARolch, TRAR HETY 532
starch, xylan, cellulose, proteins= wall& &S 7FA|1L
Q= Aow Ho} olwld St & oz Amwch, U
el 79 375 2EeE WA S AR o A
£9] Ho] Wolo] me} HAToR e FAHoR
X 32 she A7k AF 7] W] S 2 O Al
2 @77k Qslolot B dol FExoIA ZHAE e

AYL 22 5 942 Folth,

S| o
= I

FE2EHE 229 DUCC5000 T2 Fej 3, 2414
&M B/E 53 Paraconiothyrium brasiliense= 5733}
A}, B -8 7|&0 LA P brasiliense 052 ITS 7]
A7} 100%2] 5783 BT AlB-F38H 4 A
P, brasiliense T2} 22 cladeE FASIAT A= o &
B iR} pH 271 slollA] TAMES SAS AR A
oatmeal agar B Z|2} pH 994 A ] S HATH. Hl
2| Z5l wel 12]al pH 30l we) v Jelrt 2t
A= EAS AU AATE. Chroma HFSHIX|E ©]835
77HA] AIE2S] BAC] 8] TS AR A3 B-glucosi-
dase &/Jo] 7 EL3IA L CM-cellulaseS} xylerase®l| Al
< Aol H|ekeaitt. 18 HEIFAOY FE ol gt
HAge JepA] Tt B 12 e xdMe A1
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