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Plant Growth Promotion and Gibberellin A3 Production
by Aspergillus flavus Y2H001
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ABSTRACT : Perilla frutescens var. japonica Hara was collected from farmland in Seongju-gun. Fifteen endophytic fungal strains
with different colony morphologies were isolated from roots of P frutescens. Waito-c rice seedlings were treated with the
concentrated culture filtrates (CF) of endophytic fungi for observation of their plant growth-promoting activities. In the results, the
CF of Y2HO001 fungal strain promoted the growth of the waito-c rice seedlings. The phylogenetic tree of Y2HO0O01 strain was
analyzed by the combined sequences of the partial internal transcribed spacer region (ITS) and partial betatubulin gene.
Molecular and morphological studies identified the Y2HOO1 strain as belonging to Aspergillus flavus. In gas chromatography mass
spectrometry (GC/MS) analysis of the CF of Y2H001 strain, gibberellic acid (GA) was detected and quantified. Therefore, we
describe Y2HOO1 strain as a new GA,-producing A. flavus based on morphological, molecular characteristics and analysis of
secondary metabolite.
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ol| A E7) (Perilla frutescens var. japonica Hara)E A3
of WATR 225 93 AEAIEE ARSI AEA
S s At ey TR EYS AlAStaL, A
HEJA]| (Tween 80), LA (perchloric acid 1%) % 2}
QA4 HIEF (sodium hypochlorite 1%)S ©]-83to] W
S AR ST, 13]. BaE AZE FES AAT
BEAEE 2~4 cm Zo)2 A3l HHAEE AREIIA
o WATERe EEE Sl AR EHY AldS
Ag e o oaely) 3 wiles ~EErjoll
(streptomycin) 80 mg/L®] Z3HE hagem minimal (HM)
SRS ARES] 25°CollA 3~5U%T HiGFEIATH16-
18]. HFTH o2 WA 5] U Tl A TALE
S-S o83 Al FHS Bot] FEEZ o= A
2 golg F 15075 o5 EEstat

ols WATRES AS4ESIEEeS A st
o, WATRE 25°C 4=71A 180 rpmSE Czapek
broth medium (CBM)ol| HZ3le 747t XEka] ok k3Tt
vt (30 mL)S FAAZS 3, 308 FFHOZ A
Z5l] WoH (waito-c rice)ol] A& A|BE FHISFA
t}e, 13]. o] A= 2447t 52t uniconazol (Su-
mitomo Chemical, Tokyo, Japan) 20 mg/L¥} prochloraz
25% &1 (spotac)= 2,0008 B]X NS ALg-3}o] AtAie]
SFAAL Holst FAME i water agar (0.5%)°l 353}
Atk o7l F Faoll s=E HAATFe v gl
(10 pLy& *2jste] 797t R A7 HE8IH tix
TE2= IS5 (sterile distilled water, SDW)%} =%
CBM< 22 X710 2 7hao] ARESIaL, Wao|H o =
’$5-70] (shoot length)2} 21=4]2 0] (plant length)E =7
skl ols & 3 HkESIITE. FAIAE= SPSS T2
& (version 18.0; IBM Co., Armonk, NY, USA)S- AF&-5}]
AL XEAHEA] (ANOVA) 2 2 7|5 AIRkS SRIsHd T,
AR Duncan's multiple range test (DMRT)S] %
(1318 ARS8 F-285 p<0.05 S0l £41L 3tk
(Data not shown). o] =S Ays B
AP Zoli= SDW Aol A 4.94 cmE, CBM A2
NME 548 cmE, oJ9} IR 2 Y2H001 752 cul-
ture filtrates (CF) A2]TA= 9.74 cm@] =2 Ax}
= YeRATH A& Zol= SDW A2lollA 9.20 cmE,
CBM Aol A= 10.26 cmE, ©]9} 22 22 Y2H001
2] CF A= 17.90 cme] SR A=
ERHATH(Table 1). B 79 A2]7-9] AR A

Table 1. Growth promotion of waito-c rice seedlings by lyo-
philized culture filtrates of endophytic fungi isolated from
Perilla frutescens

Fungal isolates Shoot length Plant length
SDW 4.940 £ 0.270fgh 9.200 + 0.57%h
CBM 5.480 + 0.311cdefg ~ 10.260 + 0.365cdefg
Y2H001 9.740 + 0.862a 17.900 + 0.548a
Y2H002 5.340 + 0.385cdefg 10.000 + 0.524efgh
Y2HO003 5.640 * 0.329bcde 9.900 + 0.490fgh
Y2H004 5.200 * 0.381defg 9.780 + 0.349gh
Y2HO005 5.400 + 0.500cdefg 10.860 + 0.639cde
Y2HO006 5.260 * 0.451cdefg 10.920 + 0.402cde
Y2H007 5.100 * 0.361efgh 10.780 + 0.396cdef
Y2HO008 5.860 + 0.261bcd 10.600 + 0.524cdefg
Y2HO009 4.540 £ 0.43%h 10.100 + 0.510defgh
Y2HO010 5.300 * 0.332cdefg 11.080 £ 0.701c
Y2HO11 5.920 + 0.466bc 12.020 + 1.143b
Y2HO012 5.620 + 0.540bcdef 11.020 + 0.449cd
Y2HO013 5.500 + 0.539cdef 10.840 + 0.336¢cde
Y2HO014 6.220 + 0.705b 12.460 + 1.474b
Y2HO15 4.800 £ 0.212gh 9.240 + 0.397h

Ten microliters of lyophilized fungal culture filtrates was treated
to waito-c rice seedlings. The shoot and plant length of the waito-
¢ rice seedlings were observed after a week of treatment. Accord-
ing to Duncan’s multiple range test (p < 0.05), the different letters
in a row indicate significant differences. Data are expressed as
mean value * standard deviation.

SDW, sterile distilled water; CBM, lyophilized Czapek broth medium.

9 a 1FoE EREe AS IS, e 147
T+ CBM A&z vlszebAL =] At J&rt of
e S T AT A 3 S-S Hole Y2
H001 79| EAAIESH 578< flall vt 22 34
S ARG TFE potato dextrose broth (PDB) B A]] F
)AL 25°C2) 424 ol 7U7F 120 rpm O E HEHH]
ot gk wAE SEANE ST SENEE AR
+ DNeasy plant mini kit (QIAGEN, Germantown, MD,
USA)E ©]-83}%] genomic DNAS FZ3}% 21, internal
transcribed spacer region (ITS) ¥¥e] G/ Mg S3F&
$J3ked 1TS13 1TS54 ZEto] ™ [1915 AHE-8}9aL, B-tubulin
AR SES 913 Zefo]HE Br2at Bu2b 2015 At
831 polymerase chain reaction (PCR) BF8-S 183}
). 555 PCR 2H=2 purification kit (Accu Prep PCR
& Gel Extraction Kit; Bioneer, Daejeon, Korea)E A18-5}
o AR & A7 IMEE o8t si=sidtt. 1TS €714
A7} B-tubulin A F7IAME-S NCBI®] GenBank
BLAST A& g3l 7]& Hlo|eH|o]2=9} “dEAo] =&
TATEY TAXANE Fot vlusl o™, Aspergillus




KA - v - AT - R - ol2)E -

202 HE=
flavus 2] fr9]430] 100% LXek= AL IR
AT, 18] AFEHA] 412 MEGA Z 213 (Ver-
sion 6.0)2 ©]83l ClustalW O = multiple align-
mentE - 3}TF. Phylogenetic tree®] =32 maximum
likelihood (ML) method& ©]-8-5}] Kimura 2-parameter
AR daelEs 8309, branch®] AF|EE #5)
&3 bootstrap value= 1,0008] ¥Ha-3}of F-2331T}H21].

NCBI GenBankZ5E] accession no. = F-J1 Y2H001
759 1TSHY 7ML (KT462567)3 B-tubulin A4}
7MY (KT462568)= Adst] EFdr<F #aAEE
ot ATEAE Fdslth. 1 23 3 dF= et
o2 Aspergillus2] section Flavioll L= o, #A}
ASSH EAAT A. flavus= 573 ATHFig. 1).

FE3HA] T2 malt extract agar (MEA), czapek yeast
extract agar (CYA) 2 creatine sucrose agar (CREA) Bl %]
ZgollA wiFst Y2Ho01 w5 7IHkeE AL, |l
FERIE TFHLE 25°CY dEAANA 7U3F v
TF. MEA #fj#ellA 4735 wAl= B8HAW| 7 (Carl Zeiss,
Oberkochen, Germany)< ARESFe] A ZAE T} FAYE
A A

A. flavus Y2H001 9] w4 323 2{sll MEA Hj
2o viekEIR T FEU7} 4.5 x 3.5 cmE BEHAOH,
CYA HJA|:= 5.0 x 4.5 cmE, CREAE 2.5 x 2.5 cm®] 7]

87

99

= YEMATE. Y2H001 w72] BAYEAE Y] AR (stipe)
£ 800~1,500 x 8.0~12.5 um =L7]ol] FHo| 27 AAY
31, 73AH(phialides)= 15~30 x 3.5~5.5 um Z7|HOH, A&
& (vesicle)2 27~35 x 27~38 um$Jt}. TdF BAYE A= 3~
3.5 x 3~3.5 um 27|91 A& #HFE 4= Y. BAAIT
SH2 547 FeeHQ] EFS EUE Y2H1TH <= A
flavus= SH=ATH22] (Fig. 2).

A. flavus Y2HO01 T2 o xRS E4317] $1s)
of wljgFodztle] pHE A3 UIFETEZEEE 20 ng
o] [17, 17-'H,] GAsES F=317] of| wj izl 27}
st o, v ool 7R o) ethyl acetate (EtOAc)E 7]
pHE ZA3INTH. A|8E C, column (90~130 pm, 60
pore size, Altech)¥} Celite/SiO, column (vl formic acid
2 3Z3}E ethyl acetate : hexane = 95 : 5)% ©]83}] &
Zg A 82 F851T Y2H001 757} AAksRE o]Aj)
ARERERTS
atography (HPLC) column< p BondaPak C, column (3.9
x 300 mm)S AF8-3199aL, E-EA| 85 gas chromatography
mass spectrometry (GC/MS)Oll T=H3FATH5, 6, 12]. 18]
Al 5973 Network Mass Selective Detector (Agilent Tech-
nologies, Santa Clara, CA, USA)7} AX]¥ GC/MSE ©]
83l hydrocarbon standardE F3lA] FEEA] E KRI
valueE YERATE. 2+ GAS} ['H,] GA internal standards

13+ high-performance liquid chrom-

AF257795 EF203144 Asperyillus subolivaceus CBS 501.65T
gg| EF661560 EF661483 A. oryzae CBS 102.07T
AF027863 EF661483 A. flavus CBS 569.657

KT462567 KT462568 A. flavus Y2H001

00|l EF409240 EF203130 A. parvisclerotigenus CBS 121.627
EF409241 EF203158 A. arachidicola CBS 1176107
96LAY373859 EF661481 A. parasiticus CBS 100926

99| AF004930 EF661470 A. caelatus CBS 763.977

EF409242 EF203128 A. pseudocaelatus CBS 1176167
AF272574 EF203125 A. pseudotamarii CBS 766.977
AF004929 EF661474 A. tamarii CBS 104.137

AF104444 AY017547 A. bombycis CBS 1171877

AF027860 AF255067 A. nomius CBS 260.887
AF338643 EF661495 A. pseudonomius CBS 1193887
EF661544 EU014104 A. coremiiformis CBS 553.777

EF661553 EF661468 A. lanosus CBS 650.747
100 EF661551 EF661465 A. alliaceus CBS 536.657
100 EF661548 EF661464 A. albertensis NRRL 206027

AF104443 EF661499 A. leporis CBS 151.66T

0.05

GU981567 GU981619 Penicillium glabrum CBS 1255437

Fig. 1. Phylogenetic position of Aspergillus flavus Y2HO001 based on sequences data of combined of partial internal transcribed
spacer region and partial B-tubulin. DNA sequences of the A. flavus Y2H001 strain was compared with type strains belonging
to Aspergillus section Flavi [22]. Dendrogram was constructed by the maximum likelihood method and Kimura 2-parameter
algorithm (1,000 bootstrap replications) with MEGA 6 software. The “T” after the collection number indicates the type strains
of the species. Bootstrap values (70%) are indicated at relevant nodes. (scale bar = 0.05)
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Fig. 2. Aspergillus flavus Y2H001. A, Colonies on malt extract agar; B, Colonies on Czapek yeast extract agar; C, Colonies on
creatine sucrose agar; D~G, Conidiophores and conidia; H~I, Conidia (scale bars: D~G = 20 pm, H~I = 5 um).

(Obtained from Prof. Lewis N. Mander, Australian Natio-
nal University, Canberra, Australia)®] 37]2] ion mass&
vlaste] g=F B89, 7]. 7L A3 A. flavus Y2H001
9] oIz GA, (1.954 ng/mL)7} ERIES]
Uh(Fig. 3).

B dve 2709 ey Eeld WadERTE S0
Aol TAE YIS I sl FolH el fHE
oz RS sl AFE2EE v
B Y2HO001#52] BAAI T4 Felets] 838 &
3l A. flavus= S8 A. flavus Y2H001T5-2] Hl
of o7l s BAsle] GAS ALkshE Ao] 3RIF L.
AR L GAE 1365 FOIAN 45 Tho] 254
/30l Bofitial HauEa glon, 53] =3 34
AR WAEF7E oA ZA AL By
3L 9tk BE WATERZE GAS AAFehs 31 o, o]
SRe] 5ol A Fxet daEtaL & = 3
TH23]. HZell EolX thdst el Ashs Aet &
ABARJN WATFE GARLE A7 B AR,
12, 13], 543 7571 GAE BRIt Hae glow,

A Al whebx] WA TERRR] AR]ZQl st o FolA
ol & = ik A2 Fejex e AE WA A7t
Ao g BHauwar glow, AR thdst ol XAt
AHE ALk FEE Ao g RoZ Al o=
WAl theh Barr} Bol o] Foj=|A] o} Stie A
T7F B2E Ao, B Ao Halsh= A. flavuse &
Fo] =421 aflatoxin [23]2 ARl TFEA] 2o 4Y
A At A. flavuset THE 9] TS B3 afla-
toxing A4t theh A7} vk 24], 874 &= e
=437t 5ol Wt aflatoxin®] A} A FrAAtl
ek A7-50] ol FoIAAL JUth(25, 26]. & 7ol £
H A flavuse AFEolll A Fgo] S48} st Hol
ATEIJAE, AR E Hart 2 gls Addto|t.
a2]aL 550l GAE Aikehes kst ARl thste
GA A vlaEA A7 2ad Zlo= Azhdn.

B Aol = 719 Belol A o] Agarge] 3
A AFS HIAE A. flavuss FEI5t] GAS Ak Al
28 wFEA Bt 28 $AES ek U
sk Al e AES WATRl thgk Ao T84
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Fig. 3. On gas chromatography-mass spectrometry (GC-MS) selected ion monitoring (SIM) analysis extracted from culture
filtrate of Y2HOOI strain, a bioactive gibberellic acid (GA) was detected [12]. The GC-MS SIM spectra for GA, in culture
filtrate of the Aspergillus flavus Y2HO001. Arrow indicates the peak of fungal GA, that coincides with that of internal standard
GA,. A, GC-MS peak of culture filtrate, and GA, standard; B, Ion value of standard GA,.
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