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1 E. [8 8] AR KE( Myricaria laxiflora) &K AT 2 B 2| 69 N A A H SG17 A5 AT
%, AAHILIEAEE A BT et i, st LA M F LT . ALLE \iﬁ‘&/ﬁ NS
WFEAAR . [k ] 5HZE nrDNA 89 1 253K 8) g R #AT0 5 R S aikml &, A% C
et B, ME LI BAEE A5 R F 2088 &5 (HPLC) A= B &35 (TLC)AR i+ H & B ¥ 49
@1\@5\7”%4%/\451 [4R1SG17 ARG HRBAE M, LRBRARY G R AANE A FIRE
IR MER ) 31.86%, o T A 5% 2 KA SG17 2 —# I8 h F (Aspergillus fumigatus). H& &% =
My B BRENRSEFE, HPLC AN B & A AR T8, HiBid HPLC A= TLC 4 47& L
—APRE MRS R B A A K. (48] WAL H RS F SG17 LBk e AILEL
%3 T B RREKT, £ BA B AT LML BT TR

XHEIR: MARR, LBk, 5T LA, BRENN, HR0RM EE, TR E#

Molecular characterization and phenolic acids analysis of an
endophytic fungus with high antioxidant activity

GAO Yuan LEIQi JIANG Wei KONG Yu-Shan XUE Yan-Hong LIU Shi-Ping"
(College of Biology and Pharmacy, China Three Gorges University, Yichang, Hubei 443002, China)

Abstract: [Objective] An endophytic fungus SG17 was isolated from the root of Myricaria laxiflora
before flooding. In order to explore the antioxidant capacity and the possible material foundation,
bio-identification, antioxidant confirmation and phenolic acids analysis were conducted here.
[Methods] The internal transcribed spacer (ITS) of ntDNA was sequenced, and a total antioxidant kit
was used to measure the capacity with the positive control of Vitamin C. Furthermore, High
performance liquid chromatography (HPLC) and thin layer chromatography (TLC) were applied to
analyze the natural phenolic compounds from the fermentation broth. [Results] The antioxidant
capacity of SG17 was extraordinarily high, and the extract of the fermentation liquid was 31.86% as
high as the same content of vitamin C. ITS sequence and BLAST analysis indicated that SG17 would
be Aspergillus fumigates, and this conclusion was further proved by morphological characterization.
The contents of phenolic acids were rich in the fermentation broth, in which gallic acid could be
detected by HPLC, and a compound with the same UV spectrum as chlorogenic acid was found both by
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HPLC and TLC. [Conclusion] The endophyte SG17, an Aspergillus fumigatus, had much higher
antioxidant activity than reported before, and could be explored as a potential antioxidant resource in

the future.

Keywords: Endophytic fungi, Antioxidant, Molecular identification, Phenolic acids, High performance

liquid chromatography, Thin layer chromatography
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SR | P N R 7 N bl WL L 7/ ISR N
(4 PN 2B T L I B AT R I 3l B v e 4 AR
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Yy BTAE B ALK AR T A A AR I A v A A

T
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R B A AR A A AR R 75 A LA E
N sEg el uLiTR el SO RN A IBIER U IPI oy e
AT RERIT AL BUEERL , AT —RRok A TR
FEKAABHRER A S PR AL TR PR P AR LR SG17
ik, MHBEAT TSR RS T45E , FH
SPUEIRR G T HAE AN PTRALRE ST, I
OIHT T R R AT BRI R, X LE BTN
AR S 0T . IBRARIR AR 5E T AR
LA P B ARG TR LR Y 3 A 4507 A — €
AR

1 Me5hE
1.1 HHRFEFE

SEU TR N AE ELE SG17 4388 H AL K MIAR
AR, 4 oC IR ST rb Br il FH A R
4 PDA [ 4377 5B SDA Wi 7 5:00,

1.2 E#HHSFEE

H 4 °C AR SG17 $:Fh T PDA [k 773%
28 °C $53% 5 do Witk 5 HeFh 834 200 mL PDA
ARG FREL 500 mL —ffJfii, 28 °C. 140 r/min
Bige 7 do KW S 000 r/min B5.00 5 min CEE 4
AT AFES . I Ezup KE3X ELE SR 4 DNA
R B (A T)HEEUE DNA,

DL DNA KB, LU E B ITS 4 45 4%t
ITS1 (5-TCCGTAGGTGAACCTGCGG-3') Fl ITS4
(5-TCCTCCGCTTATTGATATGC-3") % nrDNA [ P
] X BEATPCRY 1M, RORiA R 4420 L A
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HRDNA 1.0 uL, 1E[5[#(10 pmol/L) 1.0 pL, JzIa]
5#)(10 umol/L) 1.0 pL, dNTP mixture (2.5 mmol/L)
2.0 uL, Tag DNAE & i U/uLl) 0.2 uL,
10xBuffer 2 puL, ddH,O 12.8 pL, PCR¥Y"14 544
95 °C 5 min; 94 °C 1 min, 60 °C 30s, 72 °C 1 min,
33MEH; 72 °C 10 min; 4 °CfrE,

¥ 3 44 4R 15 9 DNA F B I PCR 46 1k i 7] &
(TaKaRa MiniBEST Agarose Gel DNA Extraction
Kit Ver.4.0)[mll, #AJ5Z4E LA T A ERH
ABI-3730 DNAM G TN, EE 2K, SRIGHE
GenBank ' #EFT7BLAST EE X34 o
1.3 AEGMSWEES R

W 1E A R R RE 20 R0 21 SDA Il PDA WA
Fiardth, RAHBPTAIH &(T-AOC, Rt d ik
A ) TR 5 T ) o R N HL R e 1) S b A Ak g
U BAR D REER BRI L
&, JEW 10 000 t/min B5.0> 10 min, BFFraRASHY |
TH WA R SN A JE ROV S TE 520 nm &b
T 5 1 A

ﬁ‘%:/A\I :
T 40C (UfmL) = 9Pu=OP) >N

0.3n

ODy: MEEWOCEE; ODc: W HREWOGHE
85 N: NARR A BRSO I S AR U i) 5
n: ARSI AT RERY

FA AR B AR T SG17 PLAfkRE
FH 1 mol/L E AL BN SDA AAR;F7%E pH 4
SIPHATE 6.9 F1 7.4, FALHIHKIEH 100 mmol/L F
200 mmol/L, 28 °C. 150 r/min ¥53% 14 d J5ill5E4L
AAbiEE.
14 MERVBEBREYRSIENERRELENE
SR

Sk it — 25 W R T T L R ) B Rl B
(IR, X SG17 MY & BRI T T MR 4 AR .
SRR AR 5 AW 325, 50 °C B Hs ki
BEEEPIR, AR LR Ol A Uk 46 5 1 % TR
3, BIFEIIA 50 mL ZEi/K, 40 °C iefksgk

Ja TR R B3R A Folin-Ciocalteu 7%
M 2B &, IS TR A A ERR il
2R DL 0.8 mg/g BYBTIR AR AT g 1E %o FR 2 Hdg
bR, A 1.3 frik,
1.5 HPLCFATLCH#f

HPLC 437 AT & TR AR SR R AR A
@A WP EE(A)-/K(B) OKHI & 0.1%E
fiR), BEEEVEME 0-30 min, WJEREE N 10%—100%
AU FIH Shimadzu CBM-10A 4347 B30 oHe €2,
RS, LC-6AD —JCHES, SPD-20AV 45N
MESIEAT 0T o STk COSMOSIL-MS-IT RP-Cj
g5 pm, 250 mmx 4.6 mm F3HTAY) . EE TR
Rl £ 4 273 nm, LRIFEFRANE KA 326 nm,
TR HPLC 43 M BUER R AE A BRifE i

TLC A AR IERRAE it il . FH SR TR T
i R /K=7:3:1:1.2 AR LU TF, BT, 7E
Pk 354 nm 4T g

2 GRS

2.1 SG17THIEMIZFLE

WA SG17 4385 A @ BRI AL KRR AR R,
WEIEFE PDA FARKEGE, EFIE, 22400k, K
Meggtn, HGARF(E 1A), WK AA(E 1B);
W EE, JHRRE; a4 Frstadd 10),

$ SG17 B DNA $28U5, LIH B, f#
FHE S 19 1ITS1 F1ITS4 #E47 PCR 371, [A]ik
7Y% Sangon A RITNIT o 4815% 18S rRNA JE A /Y
ITS J¥5li it BditSeq fRFPHE, S45Ra0F .

AGGGGCATCCTACCTGATCGAGGTCACCT
TAGAAAAATAAAGTTGGGTGTCGGCTGGCGC
CGGCCGGGCCTACAGAGCAGGTGACAAAGCC
CCATACGCTCGAGGACCGGACGCGGTGCCGC
CGCTGCCTTTCGGGCCCGTCCCCCGGGAGAGG
GGGACGGGGGCCCAACACACAAGCCGTGCTT
GAGGGCAGCAATGACGCTCGGACAGGCATGC
CCCCCGGAATACCAGGGGGCGCAATGTGCGT
TCAAAGACTCGATGATTCACTGAATTCTGCAA

TTCACATTACTTATCGCATTTCGCTGCGTTCTT
CATCGATGCCGGAACCAAGAGATCCGTTGTTG
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1 SG17 MEEKEBMES

Figure 1 Morphology of colony, hyphae and conidia of SG17

{35 A: _[%1—%%%3, B: %E}B%&, C: %%*nﬁ/_—t@%

Note: A: Morphology of colony; B: Back of the dish; C: Hyphae and conidia.

AAAGTTTTAACTGATTACGATAATCAACTCAG
ACTGCATACTTTCAGAACAGCGTTCATGTTGG
GGTCTTCGGCGGGCGCGGGCCCGGGGGCGCA
AGGCCTCCCCGGCGGCCGTCGAAACGGCGGG
CCCGCCGAAGCAACAAGGTACGATAGACACG
GGTGGGAGGTTGGACCCAGAGGGCCCTCACT
CGGTAATGATCCTTCCGCAGGCCGACCCTACA
GA.

W54 25 Bt A GenBank Bk VAT FE X4
M, AERIPESR Y 5 RREESS SRR 1 R
I P48 558 5 NCBI Ff BLAST FeXFrHr e,

B ALK AR N A B SG17 50 i 8 (Aspergillus

Sfumigatus)FUMER E, 53] 99%—-100% (2 1), N
PE— W SG17 BT, MR (EREE
FHEY U, HE T SGL7 FHRI A 9 TR A 40
G ARG SCHR[ 141003, JR IR A 3=

G T, BRI SR @, AT
FESEHE, TRAENFRIR, X ELRRIE S B KA
A B SG17 WIEAFRESE 2MF, il SG17 J&
— kA
2.2 SG17 AERKInEWE LS

R SG17 ERRERPUAARE IR/, Kk
JE RS BN E] SDA WiiAREFRIEr, RALR
PUAAL IR G (T-AOC) T R I 2 H A TRV 1) S B A
fbfie ). KrZER (B 2A)E, SG17 KEER T
AALRE NTERG R 14 RAFIABIRAME, BbiElk
{Hik%] 186.87 U/mL, BlJ5IFIR FRE. #E—H050
BrM, SG17 1€ SDA HifHt Ak ag i T I
PDA HWFHIE(E 2B), [FILL 14 d ], HiAE PDA
SRR 29.70 (%73 5 IRE ), ] SDA

R 1 EHK SG17 B ITS FFI7E GenBank IR R R
Table 1 BLAST analysis of ITS sequence from isolate SG17 in GenBank
KRy BkS e ARbLEE BAH
Possible source Accession No. Query cover (%) Identity (%) Total scores

KP317993.1 99 99 1013

KJ001801.1 97 99 1013

Aspergillus fumigatus FJ214371.1 97 99 1007
KF201647.1 96 100 1005

KF577886.1 97 99 1002
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Figure 2 Determination of SG17 fermentation broth antioxidant capacities
IE: A: SGI17 1E SDA HAR[R A e ] P RYPTEALEE S B: SGI7 fEA[F R AL RE ST

Note: A: The antioxidant capacity curve in SDA medium; B: Antioxidant value in different medium.

B FR B R T H b AR TE Y B A

T SG17 M1E EEALKARE KA —Fhig
ERBRAFREE AR R, SR [ ARFREE, FRATINAE
T SG17 TEA[FERBAAIF TP fbae 1k,
SG17 43%ET pH 6.9 F1 pH 7.4, 1)K 100 mmol/L
F1200 mmol/L NaCl ¥k B 45 T ) SDA #5532 24 7
iR, 14d 543 5 E G bt bae s . 45
FWI(IE 3), SG17 KFHRAERFEFRIIAAE FAKIH &
N EERPUAALRE S o BR TFE 200 mmol/L NaCl
WRERATET, HbrE e A i RS, Hifth2: 5

200
g = —F— ]
)
=
g 120
k=
<
= 80
2
=
=40
<
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=
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3 SG17 REERTE BB T AL EE N (P<0.05)

Figure 3 The antioxidant capacity of SG17 fermentation
broth under saline or alkaline conditions (P<0.05)

Note: 1: pH 6.9; 2: pH 7.4; 3: 100 mmol/L NaCl; 4: 200 mmol/L
NaCl; 5: SDA.

IR, Ui SG17 N T —FhR i Shmdorss,
TR A5 N R B A B Pt A ke

23 AERREBWMINEIMELEE N REFER LY
R

¥ SG17 1Y & BEW T8 = i 24 FH Jo K
PR BERL 0.8 mg/g, 5 [)He EE BTN I R — &2 il
EHGUE AR 1. AR EY] SG17 K ERR I HL 1R
YR RA RS PR G, SPTELEIRF
62.56 U/mL, k% 0.8 mg/g FiIRIM12(196.33 U/mL)
1) 31.86% (& 4A), Uil SG17 AR =& A
Ky a LG e,

M T IR W o (R AL Y N I T R Fak
JRIR)TE SG17 M7 EAEM B AL KA BT A Gl
R R BB, RIS T
PR FIUR B A B RS T 1Y) B i . S5 SRR
BRI RIS 5 5 A #) 8.03 mg/g, K TR IR
Y TS EIAF] 64.43 png/g (32 2), UHEH R B
Hh A I e, SOk PP R A LB
W L IRATA B ALK AR R 23 B 37 A b e e
PENAE B EE R

SR TLC A% SG17 R =i AT 1
SEMERGIN , N 4B BTN o 1 -S4 S A SR R PR i
2 SHEACNESRIRIR S R ERHIR IR G, 3 540
TR BRI o SRIFFRIY ReHoM 0.648, 2 515
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Figure 4 Analysis of extract from fermentation broth

E: A BHEAESYT, SG17 R AR, DL VC AR
MR B: SUREMMEZ 6L, 1| SHANSRRRES, 2 5
HABIERR S LR YIR -G, 3 5 8 RO Y).
Note: A: Total antioxidant value analysis, SG17 means the
fermentation broth with a control of VC; B: TLC of chlorogenic
acid. Sample 1 represents the standard of chlorogenic acid, sample

2 was the mixture of both, and sample 3 was the extract from the
fermentation broth.

A1 3 50 RAETEFIN 0.644-0.648, TLC 4554k
W %z T2 VOREL 2 90 vh vT B 5 A 2k i IR i o kL 3
IE7/8

1 e AR iAW, FRATRIH HPLC $%
AR K BEBOHAR I AT T A4 b . B TR
B St AS: (KA BR BRI 7E 22=7.5 min (8] 5A), 7Ei%
BT SG17 A B ™ WA fi A A BH I 9 € 0 (1%
5B), UiHH SG17 WA= b & A B TR
gy, EIDIMARSELE, HE—ESE T %4518 . B 5D
TE (z=12.5-14 min A W E3EZ s, MiskRR
Bt 0 R R ) NI Tz X (B 5C), i
B SG17 WA rh vl fig & A SRR AL

R T IR SR R & S AEAE B TLC # b
(RIS AR S I I, F R BI04, SRR 64T HPLC
FRIHT o 2550 TR (8 6A—C), 4IRS
(PR BB RIARE , (HAE (A Bl 2B, MR
1 P HTO A SRR R R o 8 i XHZRE A T 5%
Hh-RT WIETE T, 20 i FLA S B R 1) 52 S MU A
fiE, WERZEES AT RE SR IR—M . KT A
LG Yghry, Btk 5% e,

R 2 SG17 AERPHEMRLEYFRESE

Table 2 The phenolic acid content of SG17 fermentation

broth
[E17S HEN BER
Isolates Thallus Fermentation
(mg/g)  broth (ng/g)
SG17 8.03 64.43
% 2E[15]
HerafLIA a7 i
Inonotus obliquus
IS NEE N
R AL 15.60 106.76
Phellinus lonicerinus
B
BAL KR A B i, e

Endophytic fungi from M. laxiflora

T a: IBAEKAIE 73 B Y 37 A~ Bt S A 1 B0 14 °F
HfH.

Note: a: The average contents of the 37 relatively high antioxidant
endopgytes from M. laxiflora.

3 e
YN AETE D 58 . ZREn AR
PR RS R, SRR O R
Y258 B T G o ARFSE A REHSHT M /K il (A
YIBAL KR N AE B I K, BB T — R EA =
PUEALIETE R AR SG17 FEARFFE T4, Xt HET
TR | PURALRE SR AN = B BR 2R S5 4y
Mro S FAER S E R SG17 B—WRWiiE, &
HAR S P E s, R R b b
TS [ EEUIR AR Y 31.86% , HLEYFERZEY) T
e FE, HPLC RERLINE] & A & TR MLk iR
A . X —FRINGERE, Wik SG17 &—Fh
BAWLETF A T E AR BT8R
HEABFIE R, Rk BEAE Y A s A1
HARTRIEER Y, SG17 (15 AL KA 5
PESTAAE =Rl —4l, RHAEELAZ B P AE 1K
e, TERSBEN AT R FIREE T, HA K
18 27 A S 1] () SE AR e o B AR KRR 119 P9 A R
G5 T 1E B b A AR BRI —
fruid i = FEE RS, (AT B AL KBS B8
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Gallic acid (273 nm) B Chlorogenic acid (326 nm)
80 80
60 60
= 40 2 40
E 20 E 20
0 T T T T T T T T T T T 1 0 T T T T T T T T T T T 1
_2()& 25 5 75 10 125 15 17.5 20 22.5 25 27.5 30 _2()& 25 5 7.5 10 125 15 17.5 20 22.5 25 27.5 30
t (min) t (min)
c SG-17 (273 nm) b $G-17 (326 nm)

50 25 5 7.5 10 12,5 15 17.5 20 22.5 25 27.5 30 50 25 5 75 10 125 15 17.5 20 22.5 25 27.5 30

t (min) t (min)

5 RBTFERFIGRIREZHY HPLC 5S4
Figure 5 HPLC analyses of gallic acid and chlorogenic acid
HE: AMB: BERTEII; CHID: SRER.
Note: A and B: Gallic acid analyses; C and D: Chlorogenic acid analyses.

A

15 Chlorogenic acid (326 nm)
10
=
g s
0 T T T 1 1 T T T T T T 1
k 25 5 75 10 125 15 175 20 225 25 27.5 30
-5
t (min)
B 1r Sample (326 nm)
0.5
E
0 wﬂ\’| — A PN M
Qg 25 5 75 10 125 15 175 20 225 25 275 30
—05L
t (min)
C 8 Spiked sample (326 nm)
6 s
3 47
g,
0 T r T T T T T T T T T T
qQ 25 5 75 10 125 15 17.5 20 225 25 275 30

t (min)

B o6 FRELARIAFTR HPLC 247

Figure 6 Internal standard HPLC analysis of chlorogenic acid

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1242

A% B4R Microbiol. China

2016, Vol.43, No.6

®3 TRBEEEVREERMREALEN LK

Table 3 Comparison of antioxidant capacity from various endophytes and hosts

i E(HEEE) ik W 5E 7% e E Wk
Hosts (Endophytes) Effects Measurement Maximum Medium
RGN S "
) _ M T4 T-AOC i & 20.70 PDA
Eucommia ulmoides
+118] .
Ll Eni T-AOC 7l & 12.54 PDA
Sophora japonica
LI B AL , Wl
Endophytic fungi from M. laxiflora
QY1 WG R T-AOC #Fl & 55.90 PDA
SG17 Rl MR T-AOC i3l & 29.70 PDA
SG17 wEt HWR T-AOC k7l & 186.87 SDA

(165 BRINAER T, A 37 tRECA SRR PEN,
ANV AR TR T o B4 EA A 2 PR A TR T S R T
(& 3), HBEMHAYIR B R A T
FAh, 3 3 e BPUAR L RE I KZ 2 1E PDA
TR IR R B TR AR O I 1), (R AR S
b AT HFN) SDA WKL, Bl ) Bbt A
fRE I i EIE R TR TR PDA WK F: 38,
TR R BRI e LA IR AR T, BB ] SDA
WA IR T BE A I PR TS T R A

WFoE R, RN A T BT TP S IR
Y A —E R RN, RS =T T HiAE
IKFARE 37 BREHTAALTE M 9 A B A R B i
HoA T 0.5, Bt SG17 X — AR BN
B TFRMSFERATAY TREE SG17 mdtE L
PERE R, PSRRI 7 B TR A
(OB R LR, MR HE TG MR 10 7 2 B AR B DR
IR PRI, it —2 ki E AT
B, RS I AR BT SR A R A B e A

2 % 3 Wk
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