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Potato glycoalkaloids affect the respiration and reactive
oxygen species metabolism of Fusarium solani

DING Dedong', ZHAO Jitao', HE Jing ">, HOU Caixia', LI Nan', ZHANG Chongging’,
ZHAO Qian'

1 College of Forestry, Gansu Agricultural University, Lanzhou 730070, Gansu, China
2 Wolfberry Harmless Cultivation Engineering Research Center of Gansu Province, Lanzhou 730070, Gansu, China

Abstract: [Background] Fusarium solani, a ubiquitous pathogenic fungus, can cause a variety
of soil borne diseases of plants and is one of the main pathogens causing root rot of Lycium
barbarum. Potato glycoalkaloids (PGAs) have strong activity against F. solani and their source
plants are widely cultivated with low cost. [Objective] To observe the effects of PGAs on the
respiration and reactive oxygen species (ROS) metabolism of F. solani and decipher the
possible antibacterial mechanism from the perspective of energy metabolism. [Methods] PGAs
were extracted from potato buds by acetic acid and ammonia precipitation method, and F'. solani
was selected as the test pathogen. The inhibitory effect of PGAs on the mycelial growth of F.
solani in PDA and PDB was investigated and the concentration for 50% of maximum effect
(ECso) was determined. The effect of PGAs on the respiration of F. solani was detected by an
oxygen electrode. The effects of PGAs on the antioxidant enzyme system, ROS, and the
metabolite malondialdehyde (MDA) of F. solani were studied in PDB. [Results] The PGA
treatment decreased the mycelial respiration rate in a concentration and time-dependent manner
and increased the content of intracellular hydrogen peroxide (H,0O,) and superoxide anion (O )
(P<0.05). Furthermore, the treatment caused the imbalance of the peroxidase (POD), catalase
(CAT), and superoxide dismutase (SOD) system, aggravated the membrane lipid peroxidation,
and increased MDA content. Transmission electron microscopy results showed that the PGA
treatment broke the mitochondrial membrane, caused the loss of mitochondrial contents, and
destroyed the mitochondria of F. solani. [Conclusion] PGAs inhibit the respiration and reactive
oxygen species metabolism, destroy mitochondria, the main organelle of the energy metabolism
pathway, and finally inhibit the mycelial growth of F. solani.

Keywords: potato glycoalkaloids; Fusarium solani; respiration; reactive oxygen species;
antioxidant enzyme system

J& Rz ik J] T (Fusarium solani) & — Fh 43 1
AT ZBURMEERE, MY R ER E
LT, AR Z R IR s, AR
J ORI RS RZERE Y wEs IR
B F A TEMRF AR SRS I SR, R
TARIAA Dy 4 S B, AR B 2 2 s i 2 kDA
BA, PR B KR, ™ R )

Fe AT RS A R . RS R BRI PG
PR HE I FETB, ARMHRITER H 2R 8,
B SO R LR A 2, ES AR R,
AR —E B, TN E, EFEREE
FHEIR T TN NSRRI EG e A i vk
SR AR B A AR AL 25 R T R B A S
LR BT A Wil (potato glycoside alkaloids,
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PGA)Z— i & A HAT 57 WK A9 HS 1425 19 21 1 i
(steroidal glycoalkaloid), H 1-4 /PR o
3-O-WETF A5 G M AL, FEok A R BB 2R
R, AR Y o DR R TR R AR
JZ . CASIRRR . R EREE G 6 3 Y R T 32 B
B2 HEN T, CAREY, PGA HAT
TR, L 90% L b & i A i e
(solanine) 1 7% 7ifi B (chaconine)™®, Allen %]
R TS I T % B AR W A AR I TR
gL E T, I Uk S8 H B A — E 1Y 3 T I
Mo BRAR SIS i T R 0 T AR X A
e i 2R R 5 Y JL AP 3 SO I L, W Ag
%ﬁ%i‘@(Alternaria alternata strain JL-19). i
JI W (Fusarium sp.). Ek&tl(Alternaria sp.) isolate
G-54 FNANM BERS TR (Alternaria tenuissima) strain
JL-7w 3594 — & WM EI1E A . ZEECIR A
AR E DA% R T AR ) e A% Bk A
& K ik J)
(Fusarium solani) . W% IH 16 (Colletotrichum
gloeosporioides) . fi#% 1§ (Alternaria alternata)
FIHE 3R 1 (Capnodiume leaophilum)iX 5 Fihazisd
A4 A IR R, I T R i T T R A W
o S AR O T B SRR AR e B
AR b, BIFSY T X R 4 %5 1655 (Botrytis
cinerea) 5| L LAINHIVER , 54 PGA WRJE
300 pmol/L I3 b 4 7 £ %5 4 1 HOR B
U, PERRE A R A k. BIRBESEUE W]
PGA RESGAN T A Y I FL I A AR 1, DA 5
MY TORE, BAKERT . B, 3
T Ze . HREYIRZITE T

ARG RIS K PGA AT S0 1
PR A, (A RE AR LR AN B
Bl B, AHIEST LSS R Hik 0T B R F 5
2, ATE PR U R T R I A R DA R
JERE PGA Xf AN ML R AHOCHESE, LU A

fil (Marssonina juglands) .

SGF 3T R P BB B A e (1 B K
W, MY AR E B A YR P AR A AT RERY

wh.

1 AR5

1.1 st
1.1.1 #HilmER
Fusarium solani 43 B MM K WWAERE, &

B PRI 5E J5 H IR AR M R A AR R S8 g = IR
7, (EJHRETTE PDA K557 5E b 25 °CisfbAb 3,
T 0-4 CIRAF 1.
1.1.2 #ikEsE

T A W 2 25 W B I B 77 JE (potato  dextrose
agar, PDA) (g/L)H1 B 4% 2 4 %5 Wl 44 1 % 3
(potato dextrose broth, PDB) (g/L)Z: IR B fE 4]
7 3 L
113 FZRF R

LR AL I 1P Hepes-KOH (pH 7.4) .
0.6 mol/L H &% (mannitol) . 0.2%7%} ML &
H (bovine serum albumin), 2 mmol/L Z —F#3(2-
A £ F k) DY £ R (ethylene glycol tetraacetic
acid). 2 mmol/L A% 75 B (dithiothreitol )3 1y
H IR A R A R A ]

W TAER, BNEREIERAERA
Ay AN OEEETE, Nano Drop 2Avdl; &K
BRI EOHL, B SRR R A A
B ZE KA, M FE R A R AR 4l
KEE AL, EREDPHHL LA RA A &
ST BB, HSr(PEDARAA; Ak
10, SOH (R B B A BR A | tE R SR
PG as(FEIR), REBE A I A PR .
1.2 7%
1.2.1 PGAWHIERHEEZMIEEBNN

PGA R ZR-20K DLTE IR B FRE
TR EEIERR 100 g, JIA 400 mL 5% 2

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



2940 (P ES Gk

Microbiol. China

i, FRESIEPEASEEE 1 h S g, sRE A
200 mL 5% LFRE I 2 ), HIF 3 Ik
o FEACK pH IR ZE 11.0, 15 FZKEFIE
1E TEE(200 mL) 73 3R T2 HL, AR A IR HE L
W, Pz ZAGET, FRE YA 20 mL HIEE
i, 193] PGA FEHCR:R (BRI - 5% B8 o
oM 1762 mg, BPEERHE N 88.10 mg/mL),

HYE B 53, B PGA (B A2 5 id) 7
MRYEA R, A SRR LA G, H
B RS PGA Frak S EAHE, e IRTE
530 nm AAYMROGAE, TEARAERNZ b AREURE f i
PGA WJE, 1A H PGA i, PR AR
T RTIRT IS RURS, [BIARE N 1=0.362 8x+
0.025 6, R*=0.958 3,

M€ PGA B}, HUPGA #REUE | mL, %
iAo B R A IR RS, I (PO A R )
%, £ 530 nm LWEWSEEEA), 115 PGA
@%(FW)[S]:

PGA=(V*xC/W)x100
K VIR AT (mL); C pniEfhZk
27 AORE SR (mg/g) s WONEESLEEEE ().

X PGA #EEUKHITEE MR, 53
PGA 1215 0.503 mg/g, X AR 22
(RSD)H 3.25% (<10%), Vi hibEEER
(5 AEE), EHT PGA E =T
122 ECy EHIMHE

R 224 K ORI E  ECso. TG
KK PGA $EHUERE /3 HIBCHIY 1.1012, 22025,
44050, 8.810 0, 17.620 0 mg/mL f¥ 5 K
WIE, BANUKE PGA 2 liIN%E] PDA Kokt
HhEES], WIE 2R, TCEATALE%(9=6 mm)
WA GRS E R Fusarium solani, ULJCH
K (SCK) Fl H i (JCK) S X BE, 25 °C1E i K%
F%, R 3R ER . SRECEE S AR AR
e KA R (ECso)

B 22 4 KA (%) =
N%@a@%%aﬁ—%@@Gm%%E&XwN
X HE(SCK) B T ELA%

123 BEBIIEEFRZROHE

T8 B2 i ) R A0 PR VR A i 4 2 BE D k)
BRI AR . ) 2R B SRl R K e
JIEHIA 10 mL JERE/KIF A 2 Ertii-80,
BRER, MaEaraa g, FHmeEkT
B HF R 1x10° AN /mL ¥, 45,
1.2.4 FLEHIF

BRI 28 B 00 TS 12 i U0 AT A B PR WO A
PDB }7: 3, 25 °C. 160 r/min 5537 48 h 5k
W2, KGRI LK% = A PDB 5 2
(ECso PGA)RG IR LB 55 2 36 h; [RIMXE
JCTE K (SCK)FIH BE(JCK) g R IR, 23 SI7E 0,
3.6, 9, 12, 24, 36 h WEER 2K, THiK
VRV 3R, AWAR R, WS
1.2.5 BEBRIIEZEA AR IRE

SR 2 B O iR PR U R i TR A
1.2.6 & B 5 71 B P IR 22300 28 40

IR S W A T & Guo P ik,
FHEHRAGE 0. 30, 60, 90, 120 min DA%
3. 6. 9. 12, 24. 36 h J5 LR ITIG %
127 BEBIEA—BE=HNE

P % (malondialdehyde, MDA)® & Il &
KRB ACE e Z R, il sk B W TE
450, 532 1 600 nm R ACPROCEME, HT
T8 MDA &, HAR/RA pmol/g.
1.2.8 BEBIIEFEESNE S

1 E AL S (H00) % 2% X2 5P ik
HEATINE , BRI pmol/g.

A B B R R (O & 1l E 275 T
MAEP I, LR g,
1.2.9 BEBRIIERSIEIFMEANE

FRHL 0.2 g 1.2.4 Hl5 IR 2214, FITCRIZKBER
29K, WWAMEE, 4°C. 1000 r/min &.0> 15 min
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Wtk b AR, TS AT . B
A ALY 1 AL i (superoxide dismutase, SOD){ 1
% M8 B E A Giannopolitis %5 P4 iy ey
i oA YA LB (peroxidase, POD)iE PR H
A AP R E s 1 A Ak A (catalase,
CAT)T A %4 5 082 RO i 5 o

1.2.10 EHEBEFE MR (transmission electron
microscope, TEM)# @@l &

M ECso PGA $2 B (JC 1 7K R B ek B hy
XTHEOAMFRTE 2214 12 h R4k, Lokiik
RO IZE K BRI 2 U, IF T 2.5% % [
£ 2 h, 0.1 mol/L BEFRZE WYY 2 pH
7.4, REPRIEF 19%HIR A = R E 2 h [EE
Ja . R RE AR TE 9 R L BE R (30% . 50% .
70% . 80%. 95%F1 100%)H K, If40 5=
A ARG SPI-812 (35 . ] Leica UCT7
Y] LARAS B R DT 2% R Sl 1
RS EBOREC Y @, Bl T 2.6% M5 IR 45 1A T
ARG . HIESHHE T BUETE 80 kV
AT R R ML SR
1.3 #ESH

X Microsoft Excel 2016 % &A% w11 750

* 1 ANREIRE PGA X fF B iR 7] & RN EDE 1M E

11, R SPSS 25.0 41 B & A IR A 22040,
% F Duncan’s 331 7 28 4T, 7E P<0.05 1)
KA F AT B R, 32 Origin 2018 224,

2 ER59

2.1 PGA IEXFRIMEFHIE R RIIEE
p4c = N:OE-A

HER AT, AR (1101 2, 2.2025,
44050, 8.810 0, 17.620 0 mg/mL) PGA #ZHU&K
Xt F. solani YJEAG—EFIHI1ER, Bl PGA 4b
PR A3 IN, A EAAZREIE/ANE D), Y
PHALXT REAH e 3 2 5 28 25 57(P<0.05) . PGA X F.
solani BRI AR Bl BE ARG o g mn, 2 —&E
FREE AR AR, MW 17.620 0 mg/mL
F, IHERE R KN 80.50%, & 7 [l )y A
Jy=1.278 Tx+4.173 1, FFEZRECH 0.953 0, i
B R p AR m Atk R R E Y, AT
FFo Wt KN R (ECs0) N 4.432 7 mg/mL.,
2.2 PGA X /@ HRJIEMINIE R0

e 2A s, REACERERIAG3EN, SCK 5
JCK X} LT TR 22 (R I 3 3R AR AL 34 S 35 T T

Table 1 Determination of bacteriostatic activity of PGA on Fusarium solani at different concentrations
Medicament Concentration Concentration Colony diameter Inhibition rate Odds value ECsqvalue

(mg/mL) logarithm (x) (cm) (%) ») (mg/mL)
SCK / / 7.49+0.12a / / 44327
JCK / / 6.17+0.36b / /
PGA 1.1012 0.0419 5.71+0.22bc 25.90 4.353 6

22025 0.3429 5.19+0.32cd 33.43 45711

4.4050 0.653 7 4.60+0.28d 41.90 4.795 5

8.8100 0.9450 2.94+0.25¢ 66.10 54152

17.620 0 1.246 0 1.94+0.11f 80.50 5.8596

SCK: JCR/KXHE; JCK: HEXTAE; PGA: DR BRI, /. BBE; RR/NGFERRARAE T F 224

KB M G225 7(P<0.05)

SCK: Sterile water treatment; JCK: Methanol treatment; PGA: Potato glycoside alkaloid treatment; /: No value; Different

lowercase letters indicate statistical differences in mycelial growth rates between treatments at P<0.05.
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1 FELERE PGA MIBRRIIEESHAMEN A SCK. B: JCK. C: 1.101 2 mg/mL. D: 2.202 5 mg/mL.
E: 44050 mg/mL. F: 8.810 0 mg/mL. G: 17.620 0 mg/mL

Figure 1 Effects of different concentrations of PGA on colony morphology of Fusarium solani. A: SCK.
B: JCK. C: 1.101 2 mg/mL. D: 2.202 5 mg/mL. E: 4.405 0 mg/mL. F: 8.810 0 mg/mL. G: 17.620 0 mg/mL.

[I1SCK [CJCK [ PGA

600 B

140 | a
120 1L
100
80 |

60
200 -

aa
a
aal E 40l a ay
100 N ab 2y
20
C aa a
0 3 6 9 12 24 36 0 30 60 90 120
The processing time (h) The processing time (min)

2 PGAMBRMMIIEMBURRMEMW A KEFEFFIEAR. B N RIFIGE AR A F/NG 5h
BTN AN [F I 1] B I 1R i 4 92 57 W 25 (P<0.05)

Figure 2 Effect of PGA on respiratory rate of Fusarium solani. A: Long-term breathing rate. B: Short-term

breathing rate. Different lowercase letters indicate significant differences in respiration rates between time
periods at P<0.05.

e
e

500

lc
o

400

300 -

Respiration rate (nmol/min)
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TRERES, SPHIHE 3 h Fl 6 h BB KAE, B F. solani TR 22 IANEI AN HISCR BT

33 %A 521.29 nmol/min A1 529.60 nmol/min., W 2B fi7n, PGA Xt F. solani %6 i [8] 1
PGA AbFRZ BA 22 RIF WG R ARAC T BT RRAL IS (%) O 08 8 R b A7 7 AN TRl R i AR fb . 7
HZ5 B #(P<0.05), UL E]#K PGAXT 30 min i PGA AbFRZ F. solani W W 8 8 45 P 20
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it B8 2 K (P<0.05),  HS5 91 WA EAH H R %
93.30%; XTHEZH SCK 5 ICK X F. solani W 33
BRI SEEAR —3, TR
WA, ZHWE T PGA AbHIL], KW PGA X F.
solani WY TR AE 56 B (8] PN A 30T B R
2.3 PGA XI/& K % J] & & M & (reactive
oxygen species, ROS)HJ %2

i AR S S T 1 AR B0 B 1 S £ S
B E S0, HEREME S5 RB AR
AL, MTTEOE AL B &R B SN . il 3A
i/~ , SCK 1 JCK &b BEXF F. solani i FAL A%
SRR — B, BRI I
# PGAKCIRJG I F. solani i FALE & HTE 12 h
RFPILIXT IR, PIREYS CAT & &ETEizi By
B IAT S, M A ik R Be X B2 T x AL
(P<0.05), 7E 24 hikFEME, i 99.54 pmol/g.
UL PGAVE R AMEYIXT F. solani 5 — € B9 14
YERT, mIdiftnl AL S S nsghn, e e
S A P T T AR Y

O, BB, & AmE, MREk,

LA AR5 A A e Rl S, o AR T B
U0, XHAEYIRN DNA FIEARAE —E/
S, BB A RN —,
FE AR N T2 B3 o A R AL B B . B OE 4
R, JCK XU A B T B i L & ik
ERREEE (B 3B), 1E 12 h &K, SCKXf
MRS EFRETRE, 76 12hB8A EF, AT
A5 AL B AL B PG OG . PGA AbFR4L 7
0-36 h 4B & F A A0 ) Fra ek EAE
TRER RS, 78 12 h KB, WEIFHT
R, (HE RS TWAxE, Ui PGA 1E
— RE AR FE _E AT A0 A A e 48
24 PGA MERBEIIEMAKEEMEMN
A

POD & 21 i A9 352 Joih i T A6 W Bl A4 2R 11
Kz —, HE RS UL b A LR
HsESS. il 4A Fius, 4 PGA 4b¥)5, POD i
YER AN ZREL, 16 6 h IEPTERRIR AL, A
4.49 pg/(g'min); 7E 0-9 h, SCK Hl JCK XJHAZH
POD {EMHAEEATRE, IXATRE SN ROS # &

[1SCK [ JCK [ PGA

>

100 |

x®©
(=)
T

H,0, content (umol/g-FW)
& o
() (e

[\
S
T

o

0 3 6 9 12 24 36
The processing time (h)

E3 PGAXBREEIIE ROS =I5
Bt ROS 2 5 i 3 (P<0.05)

B 10,

0.8}

0.6 |

04+ ab

O, content (g/g-FW)

0.2 c

0.0
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The processing time (h)

A: HyO, %4 B: Oy &t A)/NG FRER R A [R] i [a]

Figure 3 Effect of PGA on ROS content of Fusarium solani. A: H,O, content. B: O, content. Different
lowercase letters indicate significant differences in ROS between time periods at P<0.05.
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P~ a ~ | a
£ 6F a = 2000 . 5
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%5 a Z 1500
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s 212, allb g
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4 PGA MBEREIIEINSLEEMNZT
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The processing time (h)

C1SCK
CICK
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A: POD k. B: SOD . C: CAT iE1E. ANF/N

5 RE RN AN [ I 18] BT AR A R 1 22 57 1. 35 (P<0.05)
Figure 4 Effect of PGA on antioxidant enzyme activity of Fusarium solani. A: POD activity. B: SOD
activity. C: CAT activity. Different lowercase letters indicate significant differences in antioxidant enzyme

activity between time periods at P<0.05.

XK. EIhGFHWRSE BT, 736 hikFlk
i, 7354 5.80 pg/(grmin). 5.59 pg/(grmin),
PGA IR 530 T T 62.41% . 56.55%.

WK 4B R, 440 BR4] SOD JiPE R N
e FFHE FRERES . ANFEETE] PGA AbFIALRY
SOD 7Pk B K TP 4L X} BE (P<0.05), A [w]4b 3
i B % B 2H S Ab B gH SOD i M A 7e B g 22
5o PGA PR ML T892, 76 3 h 53
B KAH, M 734.74 U/(g'min), SCK 5 JCK ¥J7E
6 h ik El KA, 43510 1752.83 U/(g-min),
1 947.95 U/(g'min),

WK 4C frs, 1E0-36h N, PGA kbFHZ
5 CK X HRZLH) CAT G RIUN L TR b

TH FRERESE . 76 6-12 h N, PGA &bFEJ5
CAT JEPEmS A THE, 5 Hy0, o e % i [a] Bt
TR G AL BERT By, SCK 5 JCK 4k
BT CAT &M A bR 3B A — 2, 150 B HH vt
HFZWANK; 1 PGA 4bBE 5 CAT {& -S4
XTHEAH LG, BRME T XTHR4L, £ W PGA A&
W F. solani YRIN CAT JEPERIREAL, SENLAA
REA 808 PR Ho0,, 1T BES B IR 40 B I A T
g fsET
2.5 PGAXMBERBIIHARA_EMDARE
A

MDA J& ffif it I Jig o 480 f0 2 Y 4R
b, HE B S KT N — R b T A0 e
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faFE/K . i 5 s, SCK 5 JCK HA—
], WEALTHEE LTS, MDA & &
f£ 0.13-1.14 mmol/g Z 8] . PGA A4 B 3 5
TN B (P<0.05), 7E3h EFmiksli Kk, N
2.22 mmol/g. 3-9 h TFEHIE, a5 HiAl
B I ) R 2K
2.6 PGA XERK IR ZLAALE IS

RARARE R A A A E R T, W
SR ) R ESEANRS  ZeRn AR A B ]
BT, B 6A . 6B 4r5Ih SCK
F1ICK X HR T Y F. solani 2k RTHORSE#y, H
AR BRSBTS ],
REDCIHBE, LRRNE 58 ; T PGA 403
(B 6C) B Bz ik 01 TR 2 b Ak H IR B A 20k
ShMy, BRAZURERE, 2Rk S ok,
RARTET
3 it

W 2 A T 5 A P A 2 B R A — 0t
BEARET FELR AR A R R, IR R P
WORZA T IHAE AT 1% 2% KRR N
K, HEAHT H0, MEiEtEm oH Y, 1
WA, AEYE BB S DL ROS 1
TG &L, X4 [ p 3 ET A0 A R s T R 27 #
SR S S e X 7 A T TR TR R R R

E ] BRI 6 R ik 00 TR A AR BERAS o ARHIFE
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Figure 5 Effect of PGA on MDA content of
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indicate significant differences in MDA between
time periods at P<0.05.

6 [REHRIIE LRI

TEM: 80.0 kVx15.0 k, Bar=0.5 um
Figure 6 Observation of mitochondrial microstructure of Fusarium solani. TEM: 80.0 kVx15.0 k, Bar=0.5 pm.
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