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Preliminary studies on the antifungal mechanism of supercritical extraction
from Aspergillus niger against Alternaria alternata

ZHANG Su', YUAN Hongwei*, LI Zhu', XIAO Yang®, JI Yuyu', TANG Jinghong'

(1. College of Life Sciences. Guizhou University, Guiyang 550025, China; 2. College of Life Sciences
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Abstract To investigate the antifungal mechanism of supercritical extraction (SE) from Aspergillus niger against
Alternaria alternata , the chemical constituents from A. niger were extracted by supercritical extraction and ana-
lyzed by GC-MS, and the conductivity and content of macromolecules (nucleic acids and total protein), 4'6-dia-
midino-2-phenylindole (DAPI) staining, active oxygen (ROS) content and respiratory metabolism were studied.
The results showed that SE could affect the membrane integrality, increase electrical conductivity by 37.2% with
SE treated for 4.5 h, significantly increase the content of extracellular nucleic acids and total protein, respectively,
compared with that of the negative control. The fluorescence microscopy and fluorescence spectrophotometer
studies manifested that DAPI could integrate with A. alternata, and anomalous dispersion occurred in nuclear
chromatin treated with SE for 30 min. In addition, SE stimulated the cells to produce excessive reactive oxygen,
and the content of ROS increased by 79.67% with SE treated for 40 min compared with that of the negative con-
trol. The succinate dehydrogenase (SDH) activity of A. alternata was significantly inhibited by SE and the SDH
activity of A. alternata was reduced by 35.4% compared to the negative control. SE had obvious antifungal activity

against A. alternata. The mechanism might be that it could affect fungal membrane integrality, damage the cell
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structures and inhibit fungal metabolic pathways to exert its antifungal functions.
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Table 1 Chemical constituents from Aspergillus niger by supercritical extraction

IS A F B} [H] / min oy ¥ AHXS 43 F Joi ARt &R/ %
Peak Retention B Molecular Relative Relative
. Compound

no. time formula molecular mass content

1 7.29 MRS Furfural CsHO; 96 0. 079

2 19. 47 5-H fit-2-4 % 5-Formyloxymethyl-2-furfural C7Hs Oy 154 0. 745

3 21.51 5-¥2 I FopE S 5-Oxymethylfurfurole CsHg O3 126 90. 194

4 36. 00 1,4- "% Z-2,5- " -3-F T HRIR[4. 3. 0] F-ke Ci1 HisN2 O 210 0.128

1,4-Diaza-2, 5-dioxo-3-isobutyl bicyclo[ 4. 3. 0 Jnonane
5 37.29 5,5/~ CHL 0 FR ) -0 2- ke g Y CizH100s 234 7. 843

5,5'-(Oxydimethylene)-di-2-furaldehyde

2.2 SE M EEAERKENM
SE XH#EAS A KA B EIER (- 2,
A 2e AT 25 0k BE 1 700 X6 BB X 4 A% 10 1 A
|_.'¢ e
Vi

RN TG 25 S (P>>0. 05) , %5 DMSO %}t
IS8 45 0 2 2 L J 3R EE DL 7] DMSO A A 4
PO

a
60 a

g g 50

i % 30F b

25l ]

W o

b B T
0 I
K DMSO SE ﬁﬁ‘fﬁﬁ;
Water Mancoze
Ab ¥R e
Treatment

a: ZXFXTHG be WD IR(DMSO); c: SE; d: RERELPERII; e HEER
TR LR 7 W /NS TR 45 AR ) 22 57 B35 (P < 0.05)

a: Negative control; b: Solvent control (DMSO); c: SE; d: Mancozeb control;
e: Results of colony diameter determination; Different lowercase letters
mean that difference is significant compared with groups (P<0.05)

2 SEXf#tRAE & E KR

Fig. 2 Effects of SE on growth of Alternaria alternata colonies

2.3 SE Xt B4 A iR a2 0

5 7% PR T S AR R AR R A i 9B 3
AR o ASHIF 5 A 00 22 45 SR 27 . SE /R R4
W, 1V O R I [ i g . 2 4E
4.5 h i), SE 21 ft 3 58 35 B W F . Bb BF P X B3 in
T 37.2%(P<0.05) (& 3), Ut W SE fi 5% i 5% 4%
60 240 HE HSE 388 375 P o A SR AR TE R I E n 2 R S
DNA FI RNA 85K 43 1) J5t (14 722 Ak 4 0 245 ) % 240

N B S B PE R SE R Y . S 25 R SE 52 A% A 40
RS 1) 3 i 1 A R I SE T SE M T B A R 23
TPt L. AP 4 TR . SE AR B )
RLR AN AR 50 B UTAR T B B AR B
I6f [ A% L i I R e e, (H 22 S AR TH I =35 (P<<
0.05) . PLEPIAAER L - SE A5 E HE A .40
N REE I PR AL id P S SO IR MR 95 K7 T
Py oh s .



45 55 2 W

5K ER A < R a2 i A I 0 o A AL P AILAR A0 25 5

0610

25001

20001

cm™!

1vity

1500F

1000F A SE
—» — [REREE B Mancozeb

HL5:3 /s
Conduct

5001
—o— [ P:XTHR Negative control
0 L 1 L 1 1 1 L )
05 15 25 35 45 55 65 15
Wl /h
Time

3 SEMER#RAEERRESENTL
Fig. 3 Change of conductivity after treatment of

Alternaria alternata with SE

0.8
07r &
0.6 ; ____
E osk 0 T A ZSE
o 04 & SE B, .
© 03L —x - R#%4EE Mancozeb &
02+ —©— BAEXTHE Negative control
01} o o
DLESRe T e T
0.5 1.5 25 35 45 55 65 15
1) /h
Time
0.9
08} A
0.7k R
£06r  A.SE R B
A 05t By
O g4l X~ REFH4E Mancozeb

03L —©— BN Negative control

02 X~\\x___ e
0.1} B T
0 &—FT6— o a T TS o
05 15 25 35 45 55 65 15
R /h

Time
B4 SEER#HRAEASFHWHRODEMNEWL
Fig. 4 Change of OD value of macromolecules after treatment of

Alternaria alternata with SE

2.4 SE XM S =R

DAPI Z—FlHE2 5 DNA Fl RNA Z54 17556
Yerh AR R, DOt re g . I B O B
8 (OLYMPUS 1X73) W%, DAPI 0] LA 5 3% 40 fifd
EE A BN ER, SAZERASS & . BIPEXTIRY SE 4b
FREERSIEL 30 min P 96 S s B IR 2R 45 SR UL 1A 5.,
S A PEXT B L SE Ab BRATE A% £ J5 12240 i A% e 60 5
RIS R HEDU W] RS SE B0 Sk 40 A
T 1A, Bt HsF T SRS o 200 B AZE 08 0 i B S T AR A1
2.5 SEX#iRAEERSENME

Jay ROS 3 BEFUE 25 g L 26 A T iR &5
PR AR AL A0, E T fish A mRCE i A0 e O T
F2#), Image J 9865 40745 S (& 6) 7% : SE

T AR AR AL R 1™ A i 22 ) 1 4 SE 4L
H ROS i 2 S5 THaE B4 7E 4L 3 40 min B H
BRI AE . 15 B P 3 BEAT BE 22 53 . 25 (P<<0. 01D,
SE 4b Bl 2% 3 EUHEAR A1 A A KR ROS 7742, A
T M0 40 4 1 A A

a: BT R 10 min; b: BAERXS BE20 min; c: BHPEXY B30 min; d: SEAR##10 min;
e: SEALFE20 min; f: SEAEFE30 min

a: Negative control (10 min); b: Negative control (20 min); c: Negative control
(30 min); d: SE treatment (10 min); e: SE treatment (20 min); f: SE treatment
(30 min)

5 SRR ERHE

Fig. 5 Fluorescent microscopic image of Alternaria alternata

180 o B % HR Negative control a
2 160F BSE 'I'
'g 140} @ FH %) B Positive control -
# g 120} :
8 100f a bl
R % b b . a
®Q 80
§ 60} b .
i 40 2y :
20} ﬂﬂ ¢ %
0 % N R ) R -
10 30 40 50
Ff 1] / min
Time

ARG PR R R RN RS 22 R B (P < 0.05)
Different lowercase letters mean that difference is significant compared with
treatment groups in the same time (P<0.05)

Eo6 $#EERMEE ROSZFEXNKEENN
Fig. 6 Fluorescent quantitative analysis of ROS in

Alternaria alternata



. 62 e 490 44 25 2019

2.6 SE X E{E=RERIEIN X BRI RN

TR FAmR B i (SDHD Fi 59 5 152 i &0 Bl (MDH)
& FLAZ AU MR A% A M R 4T TCA 3R iE iy 5%
S 7R A0 M RE A QI R A AR g AR
AT S e 2 1 1 B B AR PR B0 . B Ta SR
Bradford J:4l7E B4R e fh 2%, [B1H 5 y=1. 377 1x
+0.135 6, MK R R2=0. 995 6, H A7 R UL 56
Z RS IR sk . SE X A5 79 SDH i 2
AW AAMEIVE A . SE 40 SDH il 55 BA 1 % i
LA T 35. 4%, SE 41 MDH i % 5 BA 1 i
HERH PU R 2 R Rt 34 (AR B 22 5 (P=>0. 05)
b AT, SE AP 25 S 8UE # 1 =R IG 1 72
32 B 5% e 248 B A T AR

0.50
y=1.377 1x+0.315 6
0451 R>=0.9959
£ 040+
S 035
0.30%
a
0.25 : : : : : .
0.02 0.04 0.06 0.08 0.1 0.12
HHEWKEE/mg - mL™!
Protein concentration
151
=
g
5 8 10f
N o
#H =
- O
— T
5
0
FRA X Rwﬁ’f‘?
Negative control Mancozeb
Treatment
- 157
on 2
gz
o 8 10f
~ Q
3=
g
R st
=)
==
BRI x FRARGRBE
Negative control Mancozeb
Treatmem

a: OD,,, K8 HFARHER I 4; b: SDH{EE; c: MDH{E .
AN 6] B /N B A5 AL B0 ) 22 57 B3 (P < 0.05)

a: Protein standard curve at OD,,, :b: SDH activity; c: MDH activity.
Different lowercase letters mean that difference is significant compared
with groups (P<0.05)

E 7 SDH #0 MDH Bgtt iF 2k
Fig. 7 Change of SDH and MDH enzyme activities

3 itig

IAE KB G A2 1 DR PR ENT T &N
AW R B A T T R SR 7 AR KRR =
B T TER . LR U T A
i EPIIL IR RS AR © B R R i
B Y ) EEEG, EIm AEBUR — R im0 i
WA, HRTC 12 0 F KR P0 0 53 85 S WGt
o ARG AT 8 i 5 2 O P8 25 TR 22 A4 rh 2 BT
FFERW) SE, 2 GC-MS 4007 5 f Jik a9, &
eI ) T R ) S R 55 HY S R (90. 194 %6) I
5,5'-C4 3 B 38 -X0-2-1k g F B (7. 843%) ., A
SCHRFRE 5~ HY e ELAG — e A S 25 1 (L B T
FHTARZG 5 G o PR 4 D0 P8 oy 25 e 5 22 By SE w]
RE A LW A SE B EHLHIE T TS .

WF5E 45 R, SE XA 6 5 A B S 1 40 1 1
SRR BT S (PN A N e i NG a7
JOR B R 25 SR B, SE AN 5| L4 A% 0 200 i 12 i
PERTRCEE , IR IR T 40 M JEE ) o8 M 2 UM S A
R R SR T i . L SCR S5 X1
VRETHE AR AN A 4 O T Ak B A B A S A5 A
— 3, SE Kb 35 355 A% £ 1) 20 R 57 3 1 57 3 il
. DAPI 2 —FEd 5 DNA F1 RNA 254 7950
Jubl, 2% 1R & 5B, 9O 58 W B R, AL-
LEN™ 77 2 WA RE 5 0R% e €0 50 573 18 A 4
M. DAPT 4o 45 5% B s 4 SE 1E A5 54
761 55 BRPE XS RERE L 40 R A e €0 0T 1 B0 S5 R A
DAl BE & SE S 2020t 0% 40 M AZ i i Ak i L I B
[ HERS AN AR A FE B FRAIG . 16 PR %A (reactive ox-
ygen species, ROS) & — K7 T &5 08 R B 7 T
s, ELA AR R A A 1 i i ROS e g fiff
AW R4y DNA R A 5 BR 28 & A it b g =X
N 3 S AN 25 A 1 483 45 2 ) A B
SE A] DIk WA b AR i 2 6 M 4R SE AR T BE
%41 40 min B ROS 55 5 FEBHPEXT BEBE T 79. 67 %6,
REZERE ALLEN 257 fp 5l A 8 -5 2500 9 7%
PEAFR R DI 475 A MO 45 40— 3. PP AR A=
YA T A A Bl ) R BT X, S R A i
M%Eﬁ AL R, — EURE A S A A e ] £t

8 A0 LA A T Sl T R 1 R RN A T R ) ik
B8 KA 5 73R T A B A A A B AR A TN B A7
BH. B 1R 0 S0 2 = PR BR G 2 Hh 1Y) S B il XoF 40
HAE AR B R T . ARFIE SR BN, SE



45 55 2 W

5K ER AT - 2 R i S AR IO 0 o A R LR P B0 25 BT .

63 -

XA SDH BT PEEAA B e i il 4 F . SE 7R A
HEAS L SDH B LI 1 B o BRFRAIR T 35. 400
X5 SE 20 2 5 TCA i 35 A0 18 09 A1 G i
TSR TEAR — 20 . e R R AT e & SE 5 SDH
AR e LR e Yo S LR L <R
R NI BC A ATP A NADH 1965 8032 BH »
AN A R

£5 LR IA . SE 38 i 5 0 4 0 R ) 2E H DI RE L
A 20 235 R0 0 ) 5 ) I AR 5 T 40 1] B A
FRA A AT n] BE -5 2 U T A9 35 ) T
FHE o A AP 4G 2 B9 A U 22 Al 2 B3 ) TR
BV AR E PR — A R RS R IR e Z R
I BB RLE T B AT B AL A 25 ) A i R
1 B R 3 26 ) BUA A T Bk — 28 R AR TR
ARG I WA 1 2R e S AR O T B
1085 5 R MR AR AL HLER AT T 0048 9 2R
B L T B AN ol AR AR 24 A — 28 O e o 4 3t
TSR AR

% 3k

(1] skRF. PEAEFEEIM] Jeat: Biasm ek, 2003: 1-30.

(2] BiR=. WP EEEIM] deat: shEgOlr s sk, 2000.
390 - 397.

[3] JANISIEWICZ W J, KORSTEN L. Biological control of post-
harvest diseases of fruits [J]. Annual Reviews of Phytopathol-
ogy» 2002, 40(1); 411 - 441,

[4] TRIPATHI P, DUBEY N K. Exploitation of natural products
as an alternative strategy to control postharvest fungal rotting
of fruit and vegetables [J]. Postharvest Biology and Technolo-
gy, 2004, 32(3): 235—245.

[5] ROUKAS T. Citric and gluconic acid production from fig by
Aspergillus niger , using solid-state fermentation [J]. Journal
of Industrial Microbiology and Biotechnology,2000,25(6) ;298 — 304.

[6] SCHUSTER E, DUNN-COLEMAN N, FRISVAD J C, et al.
On the safety of Aspergillus niger .-a review [J]. Applied Mi-
crobiology and Biotechnology, 2002, 59(4/5): 426 —435.

(7] XUSRAE BRTT E 00, 55 DR 7 22 AR PUT v 1 S A T Bk  4
A2E L) . i S 75 700 2 2435, 2013, 19(5) : 125 - 128,

[8] KITTURAF S, VISHU KUMAR A B, VARADARAJ M C,
et al. Chitooligosaccharides-preparation with the aid of pecti-
nase isozyme from Aspergillus niger and their antibacterial ac-
tivity [J]. Carbohydrate Research,2005,340(6):1239 - 1245,

(9] ZRUL. B0 R 46 PR 5 K IR VR B 0 1 1 e S R s M
FEJ]. SRBFFE 5 1% . 2011,32(7) : 141 - 143,

[10] Zevfs UL A AR TR A5, — Bk N 28 ZUT P o 5 1) 0 A 0 %
BT BN S, 2012.1009) 1 - 3.

(117 B#rad A6 B AfE, 4. s 25 BEIUY xh LR 0 I T
FOHT R PEBE T LT ). Zefofell K224 4% . 2002(4) : 330 - 332.

[12] LEE HJ, CHOIGJ, CHOK Y. Correlation of lipid peroxida-

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

tion in Botrytis cinerea caused by dicarboximide fungicides with
Journal of Agricultural Food
Chemistry, 1998, 46(2).: 737 - 741.

CHEN C Z, COOPER S L. Interactions between dendrimer bi-
ocides and bacterial membranes [ ] ]. Biomaterials, 2002, 23
(16): 3359 — 3368.

BT « AT WA R - 3 E . R A RO
Xof LR BE BARR M S S PR [T ], o R 2 B Ak
2010,17(11):34 - 38.

BRADFORD M M. A rapid and sensitive method for the quan-

tification of microgram quantities of protein utilizing the princi-

their fungicidal activity [ J ].

ple of protein-dye binding [J]. Analytical Biochemistry, 1976,
72(12) . 248 - 254.

EEZE, U, 28505, 5-)% H LM (5-HME) 75 24 1P ()
DR BURIR (1], A EE 252 1], 2008(3): 508 - 510.
ZEITSCH K J. The chemistry and technology of furfural and
its many by-products [J].
2001, 81(1/3): 338 -339.
HEITZ M, CAPEK-MENARD E, KOEBERELE P G, et al.

Chemical Engineering Journal,

Fractionation of Populus tremuloides at the pilot plant scale;
optimization of steam pretreatment conditions using STAKE 11
technology [ J]. Bioresource Technology,1991,35(1) ;23 - 32.
FITT AT . BRI A ST TR AL T, 2008(5) : 14 - 15,
TLAR TS R (¥ A 7 e i F [ ). A2 TR 5 286 4%, 2009 (10)
137 -139.

A A, AR B 2N 4 B0 R A T T A B L
0T 0. MUAEYI2A4R . 2010,50€9) : 1180 — 1184,

/N L AR S T N R R R W R 4T
BRI IR T B HALRI A BTTELT 1. R Ol R4, 2015, 44 (12)
65— 69.

BOYD E F, NELSON K, WANG, F S, et al. Molecular ge-
netic basis of allelic polymorphism in malate dehydrogenase
(mdh) in natural populations of Escherichia coli and Salmonel-
la enterica [J]. Proceedings of the National Academy of Sci-
ences of the United States of America,1994,91(4):1280 - 1284,
G o T AR BT, 46 A 4 R B 8 i L TRV M)
AEFELT . AP B4R, 2007, 37(1) - 95 - 98,

ALLEN S A, CLARK W, MCCAFERY ] M., et al. Furfural
induces reactive oxygen species accumulation and cellular dam-
age in Saccharomyces cerevisiae[ ] ]. Biotechnology for Biofu-
els, 2010, 3(1). 2.

HANLY T J, HENSON M A. Dynamic model-based analysis
of furfural and HMF detoxification by pure and mixed batch
cultures of S. cerevisiae and S. stipitis [J]. Biotechnology and
Bioengineering, 2014, 111(2). 272 - 284.

STORZ G, CHRISTMAN M F, SIES H, et al. Spontaneous
mutagenesis and oxidative damage to DNA in Salmonella typh-
imurium [ J]. Proceedings of the National Academy of Sciences
of the United States of America, 1987, 84(24). 8917 - 8921.
ZHENG D, BAO J G, LU J M, et al. Isolation and character-
ization of a furfural-degrading bacterium Bacillus cereus sp.

strain DS1 [J]. Current Microbiology,2015,70(2):199 — 205.
(THERE. W )





