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Gibberellins Production and Identification of Endophytic
Fungi Isolated from Aquatic Plant in Fresh Water
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ABSTRACT : Aquatic plant Hydrocharis dubia (Blume) Backer was collected from the Dalsung wetland in Daegu. Sixteen
endophytic fungi with different colony morphologies were isolated from the roots of aquatic plants. Waito-c rice (WR) seedlings
were treated with fungal culture filtrates (FCF) for screening plant growth-promoting activity. In the results, HD1008 strain isolated
from aquatic plant showed highest plant growth-promoting activit. The FCF of HD1008 strain was analyzed using gas
chromatography mass spectrometry (GC/MS) with selected ion monitoring (SIM). Analysis of the FCF of HD1008 strain found that
it contained gibberellins (GA) (GA,, 1.2 ng/100 mL; GA,, 5 ng/100 mL). Phylogenetic tree of HD1008 strain was constructed by
partial internal transcribed spacer (ITS) region and partial beta-tubulin gene sequences. Therefore, we describe HD1008 strain as
a new gibberellin-producing Penicillium trzebinskii based on morphological and molecular characteristics.

KEYWORDS : Endophytic fungi, Fresh water, Gibberellin, Penicillium trzebinskii, Plant growth-promoting activity
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tal A AoH2]. fEuvee skE FAHeE Aa
2k WS5A 2 4 uis FA7F 2ol B33k 9lor,
O|F AMAAE Sh= Thst A2 EE] Bkl A3t
gk 3ES 7HA AL T3],

7 uE FAAEAE 553 ASES 7T e
| 53] % FA)9] AAush= Zhe] W) vll-e- HA s
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Wethal HaEa Qiuh12). ey A Ee] 4o

Aoz A9 gle Ao, FA4H)
Al WATF7E oGS PIXI=A) tist] A7
7} s,

B Aye AL A g SRl Ashs 484
Eof Yol digh dtEA UATRTE $AAE]
A7 PAle S AQlsarat st A A4
o] RN Eed WATERE 283t AE8EE
& 23, oz AkE &4 3 #-8rE] 5
e e

GAFA AAEIAL e FARER] RS (Hydro-
charis dubia (Blume) Backer)S A|Fsle] AEHE]E A|
Z3tar, AAE/dA (tween 80)2F WA (perchloric acid
1%)E Aelste] Aeiltt. aejar AEFEvio]L 80
ppm©] 31 hagem minimal BJX]E AR5 25°Col| A
A FRIAEE wdeRom [13] Be] THoA A
TAE AT S o83ty Bl A= 4dE3
2 2=e2dS 98t Ee]e WATEFE Crapek broth
medium (CBM) 50 mLol| &)kt 3o o35} o,
sefelsiole EARESG FEAS ARARE A8
ATH14].

oW ] FAFE uniconazol (20 ppm)F X E]| 1
d AelE Fole] WolA|A water agardl] IFIIH O,
FEO| o]F7] FY FEel TFe w51 ol (10
pL)yS At 793 S AT T =2
F5E CBMHIAIE 2 ZA0E A3l sukEow
g3t om, WolH o] 2ol (shoot length) 2t 2]
EAZ20] (plant length)E S783I3th. FAI-2]= SPSS
ver. 18.0 (SPSS Inc. Chicago, IL. USA)< o83t ¢
HJX:24HE4] (ANOVA)YZ Duncan's multiple range test
(DMRT) A4S Foto] Aaghs =230

2SR ES YeR= HD1008 T59] Hijeked]
Z}-& =317 high performance liquid chromatography
(HPLC)Z 431941, $HEAS 243} chromatog-
raphy mass spectrometry with selected ion monitoring
(GC/MS-SIM) 2.2 A= st 12-14].

2B EAS Yehlle HD1008 T2 E4H
2 5AHS flsted, 52710x% TAE DNeasy Plant Mini
Kit (Qiagen, Germantown, MD, USA)E ©]-8-5}%4 genomic
DNAE FE31%3L, beta-tubulin &} (primers: Bt2a,
Bt2b) [15]9] H71X LS 573l ©]835A M, NCBI Gen-
Bankl blast 747} FRAZALS Foto] 25| /34
F7IMES st Add 29555 FAdA=
ZHd-& MEGA ver. 6 Z2 1313} theAH-2 ClustalW, 7
ALk Tamura-Nei <+ 54, 7155 (phylogenetic tree)
<+ neighbor-joining (NJ) "< ©]-83513tH(16]. 12|

Table 1. Screening for plant growth-promoting activity of WR
seedling with FCFs of endophytic fungi

Fungal isolates SL PL

N.D 412 +0.29 1 844 +045¢g

D.W 456 + 0.32 fgh 9.48 + 0.47 fg
CBM 5.02 £ 0.18 cde 10.30 + 0.58 de
HD1001 4.90 £ 0.16 def 9.82 + 0.38 ef
HD1002 4.92 £ 0.26 def 10.54 + 0.49 de
HD1003 4.50 £ 0.33 fghi 9.60 + 0.52 fg
HD1004 5.42 + 0.24 bc 11.00 + 0.52 cd
HD1005 548 £0.28 b 11.88 £ 0.38 b

HD1006 5.06 £ 0.21 cde 11.00 £ 0.39 cd
HD1007 432 + 0.24 ghij 8.98 + 0.53 fg
HD1008 770 £ 020 a 16.06 + 0.31 a

HD1009 4.20 £ 0.32 hij 9.50 + 0.50 fg
HD1010 4.58 £ 0.19 fgh 10.34 + 0.65 de
HD1011 4.64 £ 0.46 efg 10.46 + 0.53 de
HD1012 4.34 £ 0.40 ghijj 9.30 + 0.73 fg
HD1013 4.92 £ 0.19 def 11.48 £ 0.58 bc
HD1014 4.06 + 0.34 832+051g

HD1015 4.66 £ 0.35 efg 10.84 £ 0.59 cd
HD1016 5.24 * 0.50 bcd 11.76 £ 0.57 b

Ten microliters of lyophilized fungal culture filtrates (FCFs) were
treated to Waito-c rice (WR) seedlings. The shoot length (SL) and
plant length (PL) of WR seedlings were measured after a week of
treatment. According to Duncan's multiple range test (DMRT)
(p < 0.05), the different letters in a row indicate significant differ-
ences. The letters indicate that values are not significantly differ-
ent. Values are presented as mean + SE.

N.D, not treated; D.W, distilled water; CBM, concentrated solu-
tion of Czapek broth medium.
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B2l P22 95le], MEAHIA], CYAHIA], CREAR]A]
AME3FA AL, 3B8FAR] 7 (Zeiss, Oberkochen, Germany)
S AREsE] FAYEZAA (conidiophore) 2 A A} (coni-
dium)2] ATFZE TEsle] T o831t
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gatgor, olg #F79 5% wddHA S oy
o] AR uf, o2 #RERD AFEHEdo] 95
gt HD1008 -5 A3 TH(Table 1). W=7 FollA
e A 219 9ol APFRA0] 4.56 cm, A=
AZo] 9.48 cm$AL, = HIRE A2 Apoll= AR
59 APFREA0)7} 5.02 cm, A=A 2] 10.30 cm$30H,
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Fig. 1. The chromatography mass spectrometry (GC/MS) with selected ion monitoring (SIM) spectra for GA, in fungal culture
filtrate of the HD1008 strain. Arrow indicates the peak of fungal GA, that coincides with that of internal standard GA,. GC/MS
peak of HD1008 strain; (A) GC/MS peak of fungal culture filtrate, and GC/MS peak of standard GA,, (B) Ion value of standard

GA.,

w), HD1008 152 i f ol A GA, (1.2 ng/100 mL)
3} GA, (5 ng/100 mL)7} A HEA =] ATk(Fig. 1).

HD1008 7] 97|14 ¥-S NCBI GenBankl 553}
internal transcribed spacer (ITS)% <ol A] accession num-
ber KP6910702} beta-tubulin®] accession number KP691
0695 WEITE 18]31 HD1008 752 beta-tubulin #-%1
At Q7IMEE ARl T8 lES W, HD1008
T Penicillium?:9] section  Aspergilloidesol] X3+
P trzebinskii = 1 & 4= e, F/3A 9
A& g5 flte] FEdTo FaFdES &8st
AFETZAR] ARE IR 5= UATH(Fig. 2) (17, 18].

Fe AR TS fIsted, vhdst miAlel e w5
o] P s TA3IAIL, MEABN A A St 755 33t
dr|Hoz #ASIES W, BAEZAE] AF(stipe)=
200~600 x 2.5~3.5 um ZL7]ol| 3] AZHAIL, & (phi-

alides)= 9~12 x 2.5~3.5 um 2719, EAYFEA= 25
~3x 2~2.5 um A719] Lol 77k AL HEE 5 A
T} (Fig. 3). T=3F, FENZQ 54E SIS W, P trzebin-
skiiol] &3 FOZA ATl vit)7t FAEE AR 5
S 7HE AL 891E 5 AU 28]l HD1008 5
= P, spinulosum¥} P trzebinskii®} vl-5- FAISE F O ZA
AT O ZE P trzebinskiiol &3 T5-57} (ex-type
of P mediocre, P. toxicarium, P. tannophagum) 322 T15S
FAdstar e AS 1T = e (17, 18], AR
E47 Fe] 545 EUIE HD1008 ¥+ P tree-
binskii var. trzebinskii® < SAE YT

£ A7e @A AMskaL e A8AER] AR
o] B2 R 29 WATFRIT A=A desie] A
AR e S ol 9IS vA=A] FRleH

AR 23293 xS E4st A



8y

92

99

_[

10[]|:

KM0839034 Penicillium trzebinskii CBS 382.487

KMO089049 P. trzebinskii CBS 268.35 (T of £ mediocre)
HKMO88673 P. trzebinskii CBS 351.51 (T of 2 foxicarium)
KP691069 P. trzebinskii HD1008

KMO089052 P. trzebinskii CBS 289.36 (T of A tannophagum
KMO088672 P. spinulosum CBS 374.48NT

KMO089024 P. spinulosum CBS 137964 (T of P. flavocinereum)
KMO089026 P. spinulosum CBS 137257 (T of P. brunneoviride)
KMO089031 P. spinulosum CBS 374.48NT

KMO089051 P. spinulosum CBS 271.35 (T of P. tannophilum)
KMO088773 P. roseomaculatum CBS 125096 (T of P. subericola)
99'KM089004 P. roseomaculatum CBS 1379627

KMO088765 P. palmense CBS 336.79NT

KM088886 P. vagum CBS 1377287

KMO088761 P. glabrum CBS 229.28 (T of P. paczowskii)

86|' KMO088762 P. frequentans CBS 105.117

MO0B8TE7P. glabrum CBS 125543NT
KMO088876 P. pulvis CBS 1384327
KMO088791 P. aurantioviolaceum CBS 347597

KM088824 P. crocicola CBS 745.70's°T

KM088827 P. thomii CBS 260.874T (T of P. patens)

100-KM088799 P. thomii CBS 225.817
KM088789 P. montanense CBS 310.637T

KMO088785 P. fuscum CBS 295.62NT (T of P. pinetorum)

KMO088785 P. fuscum CBS 295.62NT (T of P. pineforum)
KMO088806 P. fuscum CBS 309.63 (T of P. macedonense)

99|KMO088811 P. fuscum CBS 235.60 (T of P. silvaticum)
KMO088830 “Eladia” inflata CBS 12783347

KMO088795 P. querceforum CBS 417.69'seT

KM088825 P. lividum CBS 347.48NT
KMO088976 P. odoratum CBS 294.627

a0 L KMO089010 P. sublectaticum CBS 1382177

KM088955 P. verhagenii CBS 1379597
KM088828 P. satumiforme CBS 1222767
KMO088709 P. thiersii CBS 1175037

| —
0.05

FJ629293 Aspergillus niger CBS 101698

Fig. 2. Taxonomic position of Penicillium trzebinskii HD1008 isolated from the aquatic plant. Phylogenetic tree of Penicillium
section Aspergilloides was based on data of partial beta-tubulin gene sequences [17, 18]. CBS: CBS-KNAW Fungal Biodiversity
Centre, Utrecht, The Netherlands. The “T” after the collection number indicates the type strain of the species.
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[19], Z~2Ed| 243} 20)50] G2 vXItha g294 o

E3] A8kl A= TF SN Penicillium?sol]
= Tl QJste] ARITAL dEA em (12, 14],
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Fig. 3. Description of Penicillium trzebinskii HD1008 isolated from the roots of aquatic plant in fresh water. (A) Colonies on
MEA, (B) Colonies on CYA, (C) Colonies on CREA, (D~F) Conidiophores, (G) Conidia (D~G scale bars = 10 pm).

HQl Ayeito) ohlel TR 48 PYE o
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= Adsiit. TR vlfoigale A5G
9 FAES S5t ool Aste] ~3edstae
™, HD1008 57} 2 EAGE5Z1E/d0]) 7P & o=
RIS HD1008 w52 v 7}e}-S- HPLCS}F GC/
MS-SIME- ©]-83led #2493}3]3L, HD1008 57} A1&%
282 Al GA, (1.2ng/100 mL)Z} GA, (5ng/100 mL)
£ Arkshe A8 RS Tl RISt &3, HD
10087-2] beta-tubulin F-34} G714 ES o]-&3le] 54
o ol-gslom, EAFEQI W FejHl whHo =
231598 uf), A AAES- LS = M2 P trzebinskii=
A=A
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