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Abstract: [Objective] To investigate the mechanism of Jingpixian Tincture (JPXT) on
Trichophyton rubrum. [Methods] Microdilution method was employed to determine the
minimal inhibitory concentration (MIC), and fluorescence microscopy to observe the effect of
JPXT on spore germination and mycelial growth of 7. rubidium. Sorbitol was used to detect the
effect of JPXT on fungal cell wall. Flow cytometry was employed to determine the intracellular
reactive oxygen species (ROS) level of T. rubidium treated by JPXT. A microplate reader was
used to determine the leakage of intracellular nucleic acid. High performance liquid
chromatography (HPLC) was adopted to determine ergosterol content in the cell membrane. A
microplate reader was used to measure the activities of B-1,3-glucan synthase (B-1,3-GS), chitin
synthetase (CS), squalene epoxidase (SQLE), and 14-alpha demethylase (CYP51). The mRNA
levels of f-1,3-GS, CS, SQLE, and CYP5] were measured by real-time quantitative PCR
(qQRT-PCR). [Results] The MIC of JPXT against 7. rubidium was determined as 1/8 of the
stock solution concentration. JPXT inhibited the spore germination and mycelial growth of T.
rubidium. It increased the leakage of intracellular nucleic acid significantly after treatment for
24 and 48 h, elevated the ROS level, and decreased the ergosterol content. It did not affect the
activities or mRNA levels of B-1,3-GS and CS, while it inhibited the activities and
down-regulated the mRNA levels of SQLE and CYP51. [Conclusion] JPXT may inhibit the
growth of 7. rubidium by destroying the cell membrane, increasing the oxidative stress, and
affecting the synthesis of intracellular substances.

Keywords: Trichophyton rubrum; Jingpixian Tincture; antifungal mechanism
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SPITEERLAR . A2 P S A g 8 it 245 44
IR T T YR — R B A
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1.1 ERE54Y

21 (%, 08 TR B ofE B Pk ATCC MYA-4438 iy
H 7 A A WA Y AR K O (Guangdong
Microbial Culture Collection Center, GDMCC),
TE S R A M B R AR e S 2 1k,
TR RIS, PR A RO R AP I %
HEATAEAR

FR) R o 0 5T W 2 R rh R 2 KA — B
J& BE B2 By, Wt 2l % BZ20080009 , it =
20210427,
1.2 iRF

L B A A BE SR P AR B AR SR EL
YRR BRAF, S L2291Y; PBS W H
HyClone, b5 AD24464280; AL H
VOB R ety A BR A F], fitS 21012515 364
ARIEAH & A E s RAEYRHCA R A,
S 011521210319; Jo/K 2 BE 5 579 B 14 )
H B = B A R A F, i 200k
20210914 FI 20210716 ; TRIzol Wy [ Life
Technologies, fit5 350508; DEPC-H,O 4§ H

fHEmAY TRERARAA, #5 2107G20;
Novostart® sSYBR qPCR SuperMix Plus I H
novoprotein, #lt*5 05229413; PrimeScript™ RT
reagent Kitwith gDNA Eraser lJ H TaKaRa, Hit
5 AL21115A; JLT A i (chitin synthetase)
ELISA il ik 77 & . B-1,3- # B M & Ak il
(B-1,3-GS) ELISA ikl & . ff &l ¥ A il
(SQLE) ELISA Ml & . 140-25 H 3L AL
(CYP51) ELISA Kalii) &40 [ gk Ak
YR ABRA T, #5 202204; EHFETOEYE
W CEBUE R B R A A R A F, fitS
20220221),
1.3 42

= % R B O ML (Eppendorf, AU S O
5430R); £ K bR (BioTek , %154 Epoch 2);
P, AP IR 35 97 A8 (L T BRE R 7 Se iAT FR A WD
#1454 HDPN-11-88); 18l & & i i (OLYMPUS,
5k KE0003087/KA0056573); ik 8 55 .0
BLGH RS AT AL R 1 & A IR ], L4-5K); 9
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PIKOREAL 96); M3t B TR e L X
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TR T RBREHERE, KRB REBRZEIH
EP (eppendorD)® 1, #R¥ZG &Ik 15 s, 140
TR %, RPMI-1640 8% B 2 Wk B
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M38-A2 J7 52, D i B o 0 5T 0T 21 €0 6 08 1 e
IC I & ¥ B (minimum  inhibitory concentration,
MIC)!', Ji] 96 FLARES 1 B AA 60 uL 254
Ji R (BP0 7 B 0 ) R BN IT ), 5 2 N &
5511 5B L in A 60 uL RPMI-1640, 7]
55 2 FIFLHFINA 60 pL 259, RA GRS
60 uL 255 3 FI4L, DIbeHE, =2 10 514L.
P EEFIFL R A 60 uL i £ 1 1 B B R
(1x10° CFU/mL), #iftiZ BN 120 pL.
29U B S R IR R R IT R 12, 1/4
1/8. 1/16, 1/32, 1/64, 1/128, 1/256., 1/512,
1/1 024, =5 11 fLABATEXTIRZH, A PBS 4t
B, T 28 °C M FM PG 5-7d, M
X BRFL AR K B 225, DA R IR SR A A
KA BRAR W o MIC,
1.6 IEEEEMEFIALINGIKE

kT A SR R o T R AN 4T 5 R R
A B R A MR, B 500 pL WA
SDA 15 3% H A BE Y I K2 88 1 T (MIC . 1/2 MIC
1/4 MIC)FJEH EP &, FLAIA 500 uL (4
B (2x10° CFU/mL), F 28 °C fHiEREF46h
WEE 24 ho HMANMEIFEARITE, RIE TR
BT & R
1.7 I eEEEE2SE KGR

B 100 puL B (2x10° CFU/mL)2 95
100 pL 3 f AT (MIC. 1/2 MIC)TE L% EP
EIRGHA, RAMBRMEYS RN T 5
B E PRI SR AR, T 28 °C fHEKE SR
FATREESR 7 d, P S A R AT 0 O Al L 1A
&, HL DGR AE D MR 350-460 nm
e B W% B 22 8 A5 R4 e s
1.8  WIEERRRIP IR

] 96 FLAREE 1 5 i A 60 uL 259 )5,
%2 525 11 91 SLHmA 60 uL RPMI-
1640, 55 2 FI4LHHINA 60 pL 259, 1R
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HIEHE 60 uL 25 3 FIFL, LIS, =5
10 F4L. P ESLP o 5IInA 60 pL il & 4F
A BRI (1x10° CFU/mL), F50 5141 A 0.8 mol/L
WAL . 55 11 FLoMBATEXTIRA, A PBS
¥, 96 FLIRE T 28 °CIHIRIE AT E ,
7 d JE I R ) R T X 2T T e R Y MICE
1.9 EgsR {80 4T 8 3 B I 40 Bl P A% BR 7%
M=

o RN g R P iy i AR G EY |
) 240 R R, XoT 24 D PN A% R 1 R RIS OO 3 A
FE o P[]V BE (R 90 B e T (1/2 MIC . MIC)
A FRLT 46 B B ATCC MYA-4438, LI 25%%4
SAACER - B RAE Ry BE A X R (T 5 | A 40 5
%), UL PBS fEABITEXTIR . & T 28 °C
TR IGFRFEh G55 4. 24, 48 h, B
fh 3 000 r/min 2.0 5 min, FAEM BIEHBE
96 fLikH, BEFRIUINAE ODasoo MY T RE L
R (%)=F i OD {H/24#77) OD {*100%",
1.10 RNAEARENIEEREMBEAE
i1

X1 mL R (1x10° CFU/mL)5 1 mL MIC
T 6 fLAiRGH IR 7 d, JF PBS X HEAL.
AR A A AT, 4 TR S U B B i A R 8 R
10 pmol/L #J DCFH-DA, 37 °C #% 30 min,
1911E) BB 35 min BUENEST 10k, (HHREH A2
MoFE 3 VE R . P PBS YERANM 3 Wk, LA R
K AN DCFH-DA ¥ =X 40 i SR il
DCFH-DA 1 %¢ 6o B, i (E A0 R i A
(reactive oxygen species, ROS)/K
1.11 EEFRUAE NI B EEBHEE p-1,3-GS.
CS. SQLE. CYP51 EgiE

B 1 mL &M (1x10° CFU/mL)S 1 mL
MIC T 6 fLik IR &3 5% 7 do B O W E HIA
IS BORAE VK h R AU . T 4°CF
5000xg B0 5 min, WO LIS, A& IEES
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MR & UL A5 5 OD4so™
1.12 qRT-PCR #&MI B EHREIFFERE
H 3 RKE

(1) B RNA M : 2 mL B (1%
10° CFU/mL)5 2 mL 23k i f MIC A4 3R] iz 8 10
PR GG T 28 °C 1537 7d, BRI, T
@ PBS ik 3 W5 #EAT A RNA B2, 57y
RNA VRJE, R AR — 2, HAARHRAE )72
Z: & TRIzol $&HLE 45371,

(2) SIS G MRS NCBI k4
BT FEE S, - Primer Premier 5.0 %X
PRI IR 519, 246 BilEA TH W51, &
FIEBLILER 1.

(3) Ju¥%s%h cDNA: #% i TaKaRa 2% 5%
R & DO B R R B RNA e #E ¢
cDNA. 7£ 0.2 mL EP &H', JIAE RNA 1 pg.
5xDNA Eraser Buffer 2 uL.. gDNA Eraser 1 pL,
DEPC-H,O %M 2 % 10 uL, BHRIEAFE O
PCR ¥ I 42 °C Jii#4 2 min, SZEPYKH 1 min;
£ iR EP & PrimeScript RT Enzyme
Mix I 1 pL, RT Primer Mix 1 pL., RNase Free
dH,0 4 pL . RevertAid™ M-MuLV Reverse-
Transcniptase 4 pL; 37 °C 15 min, 85 °C 5 s;
W BRIV, BISA cDNA, —80 °C P74 H

(4) PSSRt RE . SR Novo” start SYBR
gqPCR SuperMix Plus il &, % T 51 2H B e
PCR WA R, SNIAZR N 10 uL: 2xSYBR

x1 J5HMFINER

Green mixture 5 pL, LF¥#51% (10 pmol/L)
1 uL, F#51%(10 pmol/L) 1 uL, ¢cDNA 1 pL,
TolgK 2 uLo ¥4 [N 7E %Ot E & PCR Y -
AT, NS5 TAEPE 95 °C 15 s33R K 50 °C
15 s; FEfH 72 °C 45 s; 1% f# Hl 2k (melting
curve): 60-95°C, MIFHE N 0.1 °Cls, NS
SR EFl-0, BRI E 3 HEE, 5%
BHEE 3 K.

(5) AT LIPSO LE R PCR 404
IS H A FEN B-1,3-GS. CS. SQLE. CYP51
MNZ EFl-a W CAH, S5RBULFHHE, HH
B SRR RSB AR Fom 272 ),

1.13 HPLC NEZEASES=E

FHF B IR AT (MIC)AL BB AR 7 d, WidE
HEAM, B RESE 0.2 g, A L7 (25%
AEA - B WO E 1 min, 85 °C K
BEdk 1 h, &P 15 min #8% 1 K. ¥ 1 mL
TCHZEME KA 3 mL 1E FERE TR A ¥ 51 LR
BUSS B, JRIZ03 5E 3 min, BEJE T 60 °C KB
R TR B Abhs . R BB T H Bz
W, 0.45 pm LB B L U8, 1T HPLC 5397 .
635 2 F . Agilent TC-Cg {03 1 (4.6 mmx
250 mm, 5 pum); FahAH. HEE; KK .
282 nm; HEild: =il WE: 1.0 mL/min;
PEREEE: 10 pLo XTIESECH] . 0.22 mg & A
BB T 2 mL B BB P 5 A% 45 110 mg/L
2 i1 HS AR I S A T

Table 1 The primer sequences

Gene Length (bp) Forward primer (5'—3") Reverse primer (5'—3")

EFl-o 193 ATTGAGGCCTCCACCAACTG CGACTGGCACAGTTCCGATA
p-1,3-GS 98 AACGTGTTGCGTGGGATAGT AGTGCGAGGAGAGTGGTTTG
[\ 85 TGACAAGAACGGTCAGGGAC GTTTGCAGTGAAGACGCCTG
SOLE 123 GACCAAGGCCGTTTCTACCA GCATAACCATCCGCGACAAC
CYP51 91 CTGGGCAAGAAGACGACTGT AGACATCCTCTGCGCAAACA

http://journals.im.ac.cn/actamicrocn
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2.1 HIREEGRAET X & E B R REEKE
MIC

FR iz Y TR %o 210 T M A O TR R 9 MIC
RGP ERRE B 1/8, $E R B — e T
RETI
22 HIREREIMOBEERMB FAAR
A

53 U REATAE L, 90 R T i 0
1 (0 B TR ()96 T &, HLER R O 3 i
ZSRHEA G245 L (P<0.01) (K 1),
23 FIREREIMAOGEEEEZERKD
=AU

X IR LB BRI A K R, T
K BEZLH . AaRwEes, A28,

Germinated conidia (x10° cells/mL)

Control 1/4 MIC 1/2 MIC MIC
JPXT

B 1 HIEERAET XL & EREERFiFAR R0
Figure 1 Effects of wet JPXT on spore germination
of Trichophyton rubrum. **: P<0.01.
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INGY AR A T B 22 B, DL R o A A
T FR R BREET (1/2 MIC, MIC)AHS, ki
We B T 22 R W, AR AR
Bi, BT AMEE 2),
2.4 FIRRERET XL EEEMMEER
=A

18 1 1L BLBE EE (sorbitol) £ 4732 56 i PEH
BN T 0T 1 60 B R A A I BE A PE ] . AR R
(£ 2), SAINLAYBEREAALL, A 0.8 mol/L
I BORHEE S, 6 B R iR T X 21 €6 6 08 18 A MIC
B R A4k, 10 BH R Rz 8 T X 21 €6 6 8 P
20 R A IR

200x 400x

Control

1/2 MIC

MIC

2 FIREREMAREEEELEKIZNT
(400x%, 200x%)

Figure 2  Effects of JPXT on the growth of
Trichophyton rubrum mycelium (400%, 200x).

x 2 WEHEEZ (0.8 mol/L)7F 7 X A~ 77 7& B X
JPXT I B EEE MIC B 1Y
Table 2 The MIC of JPXT against Trichophyton

rubrum in the absence or presence of sorbitol
(0.8 mol/L)

Group MIC
Control Grow well (T rubrum)
JPXT Sorbitol (-) 1/8 MIC

Sorbitol (+) 1/8 MIC
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75 T HY 82 M

WE S Ui, S5a5E RAF L, F0) K
MEAT (MIC)Ah B 1) £1 €5 6 08¢ 1 41 i - B-(1,3)-D-
HIRMES B . LT RS R T A B AR
1k, i SQLE KX CYPS1 BiGPEM B Ff%, 25
BA G2 X (P<0.001),
28 FHIREREAIXNOEEERETR
FIE K F R 20

qRT-PCR 4R s, S HXRAMIL,
2290 B e YR ET (MIC) AL BRI, B-1,3-GS . CS F:[A
) mRNA K3 A B2 4L, 1 SOLE K&
CYP51 FEH A9 mRNA /KFEE T, 2R HH

(S

4iit2F i L(P<0.001) (K 6).
29 HREREINAGEEREZASES
=N

HPLC 53R B/R(E 3), Ha5H 4

o, 98] R T (MIC) A B 5 T 22 v 22 A 1SS s
I ERL, ZREASIAE L (P<0.001),

3 WwE5&E#

S FORAEE T 9 2 B FDRAB DAL 14 9 0 L R e
Wi, EIRAHAESEN:, HME RS A

A oen 4h
0.4}
Qﬁ
3
0.2
ns *
0.0 =
> Q
S &S
Aéﬁ &g
he JPXT
B s, 24h

C
0.06
0.041
S
3
0.021
0.00
o\ Q Q
o i§> K
$§ N
he IPXT

B 3 HEBEENNAECEBEMBEANZESE
abA )

Figure 3 Effects of JPXT on nucleic acid content in

Trichophyton rubrum. Changes of nucleic acid content

in T. rubrum cells treated by JPXT for 4 h (A), 24 h

(B), 48 h (C). *: P<0.05; **: P<0.01; ns: P>0.05.
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2 1500 WA ST AL L R . R
S o B0 T BB 250 i 5
: R, RS R ES ST,

b 25 05 SR 1R T B R TR e B 0 TR e R R 2
Yy, K 25 1 A 0 0 A R A AT
Control  JPXT AR, PR TR = A, X B2 S i

B s i S 2 TR ST B R PR i 4 e

5000

AL

== y-[16] ~ o3 B 2t i b }
Figure 4 Effects of JPXT on intracellular ROS FPREHETS, Dt WA %4 e AU DU A 24
levels in Trichophyton rubrum. ***: P<0.001. Y HA B E X

>
vs]

2500
2 2000
3 -
=) €3
~ @' =5 1500
z £
= g
g -2 1000
» @ 8
U _
& 500
0
Control  JPXT Control JPXT
C 800 r b 1 000 r
5 — ~ 800f
= 600 =
S S
z H%k z 600 -
2 L 2
§ 400 g
- S 400¢
0 =
= 200} Z
© 7 200¢
0
Control  JPXT Control  JPXT

5 FIREHRET AL G EEENEXENELEZE
Figure 5 Effects of JPXT on the activities of related enzymes in Trichophyton rubrum. A: Chitin synthetase
activity. B: B-1,3-glucan synthase activity. C: CYP51 activity. D: SQLE activity. ***: P<0.001; ns: P>0.05.
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T
*‘T'*
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& &
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Relative expression

o \5"
&S
§

B 6 HEERAMIGBEBEFREERRIE
eI
Figure 6 Effects of JPXT on the expression levels

of Trichophyton rubrum-specific genes. ***:
P<0.001; ns: P>0.05.

* 3 FEEEMOIGERERLTEAGHE
AETHHRNT

Table 3 Effects of JPXT on ergosterol content in
mycelium of Trichophyton rubrum

Groups Sample weight  Ergosterol content in mycelium
(& (ng/mL)

Control 0.2 1 956.72+0.44

JPXT 0.2 7.64£0.02%**

***: P<0.001.

2105 T 0 2 5 | B IR HRE T 1 3 0 i
TR, ARWTSEAE R, rb 24 10 5509 B A o
210 B A 0 B AR o ) BT 2
T B MR WS AESE IR 2K
AR 2557 AR, Hodr, R B B RERUBRIE |
AHURFERTIRL, FE TR R
TR OTER . FRRKRE., TR, HE
TRER 2 A5 i AR 5 114 D BT 440 A 410
PEFINS S g PR (R K S R B 40 21 5 B
BRI, PR ROR S50 A
ML, O HIRIR T8 5% S HA. RS
A, SRADKBGI AT, 8 Sz A
T GO NG =y Rk 53 S - S E NI TS 2 % 1B
REHIBEYLY AP AERIESE, W R4 F

EE7/ )RR s U R P N PO EAR R EY
BRI A R T TN o A5 B — A BT R T A
AF, PR TR DT . R iR
PUABUR I BE I SR 2T &, JFREARZS
Pyxd AR FERIFE

LR 7 A 0 B e e AL AU
EREA E, BIRIHRA M BUREY . wnrn
03 91 20 i IR AR 2, e AR
A B SRR R ) 2B IA . ARBIFSE A B,
88 A T 368 0 o A A0 B A R BR 22 2R K A K
RO IR BT 22 T 285 A 1 Al 21 € B 8 o 19935 17 o

W OGO 25 1A AL 35 278 TR
AN RESE RN, AN, TP AR I
A LA P T 2 i RE A S — e
SHASEEH, ORI EL R R A S 2 SRS 1 il
A IS AR, (U4 R] LA#EAT IR A9 AR
AR A, (R BCA BN IINE B AG E I 1L BLbE
BERITEOL T, AR ] T 0o 20 M BE 1 25 W) RE S
RN RE, (ES AL OBy, o] —E R
SR AN RE AR E MY, L, EEE T
200 e BE BT L 25 R MIC (EAT B T i o (H
TEABTEH, AR I E R s,
AFAE LB R I, ) R i 388 I %ok 21 €5 6 Jf 1 1Y
MIC {ELH-BEA Th i, 4028 R W] R T A
RO IR 210 6 J8 T 40 O B

B-(1,3)-p- 7] ZEME 1y I 1T 400 it B¥ 1 o 2
Ry, AU S R A A B2, 4ERE Al
MBS, W2 545512 % ) P 51
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