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Inhibitory activity and mechanism of oleuropein against
Trichophyton mentagrophytes

LIN Kai', XU Jing', YANG Aixia 2

1 College of Pharmacy, Hubei University of Chinese Medicine, Wuhan 430065, Hubei, China
2 Department of Pharmacy, Wuhan No.1 Hospital, Wuhan 430030, Hubei, China

Abstract: [Background] Trichophyton mentagrophytes is a common superficial skin pathogen,
and dermatophytosis caused by this pathogen has a high incidence, posing a threat to human
health. [Objective] To investigate the inhibitory activity and mechanism of oleuropein against
T. mentagrophytes. [Methods] We determined the minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC). RNA-Seq was performed for T. mentagrophytes
treated with oleuropein and the obtained sequences were subjected to quality evaluation and
information annotation. DESeq2 was used to identify the differentially expressed genes (DEGs),
which were then subjected to Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment. RT-qPCR was conducted to validate the results. [Results] The
MIC and MBC of oleuropein against T. mentagrophytes were 400 pg/mL and 800 pg/mL,
respectively. A total of 534 DEGs were identified between the treatment group and the control
group, including 401 genes with upregulated expression and 133 genes with downregulated
expression. The sequence has been submitted to Sequence read archive (SRA) of the NCBI, with
the accession number PRINA1091040. These DEGs were mainly enriched in pathways related
to oxidative phosphorylation, amino acid metabolism, and glyoxylate and dicarboxylate
metabolism, with significant expression (P<0.05). The RT-qPCR results were consistent with
the results from transcriptomics, demonstrating the reliability of RNA-Seq findings.
[Conclusion] We investigated the mechanism underlying the inhibitory effect of oleuropein on
T. mentagrophytes, providing a theoretical basis for deciphering the antifungal mechanism of
oleuropein.

Keywords: oleuropein; Trichophyton mentagrophytes; transcriptomics; mechanism

LB Tk R B s 2 4 BR O 0 10 15 e 2
—, R e R BN BURE, R E T
41 b & # J& (Trichophyton) . /N il ¥ I &
(Microsporum) 12 % 1% J& (Epi dermophyton) 221,
TE K Bk B b, 2 E B J8E 1A (Trichophyton
mentagrophytes) & B B P B2 Jik 995 14 55 — K it
1A, AN YR T£1 ¢4 8 1 (Trichophyton rubrum)!®!,
HAT, ImIK FIG Y7 B Rt i 3 22 DL A iR K 4b
MAPEEY £, ARk WHEkEmZ

WSEW BT B R 245 9 09K
0 I TR 2 e ) AR e RIVE R B AR,
T U FL 2RO 25150 P E SR T R 1Y
RITRCR, IR RAUHT Y . =R . BEEARE
PLEE )

M 271 (oleuropein, OL)A&—Fh K IR 2L EA
BRI TS AL S ), R IEEIR . % T B R 4 %
B FART, T AT AR S Gl |
ORI TEE G T &) S
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OL 7EMM i & ity F ™', APk

UG . BUMORT . BRILBE . R BRI GRS
RS BRI A B, AN [ (A RORS i K 4R
W%t Bz R TR R €0 B TR A5 D A LA o
VERL, 1.25%MIUHS 7K 42 9 R 6 400 il Bz Jok- 0 1
IS%A M K RE 8 R L B R KE
(Candida albicans)!'*!. Zori¢ ZSERAIMIFSE T
OL X IS IRIAPUIETE M, XLk &k
12.5 mg/mL. HHEIRKT OL FAARXT {7 ke i 1)
WF9E e AT R, AR IR 5 LA 2008 6 0 T o O 5 %ot
G, VIBERVT OL X /00 6 8¢ 1 (4 Bt 7 F %
ATRESLE], DA ik — B S I & OL $ i3
WP,

AR

1.1 E#k

OBV B R AE TR R ATCC 9533 I I FifE {7
JB AR W4 AR ot (Shanghai Bioresource Collection
Center, SHBCC),
1.2 FEKFIMLF

M 1 (CFS202202, >98%), wil Bihnfl
HARAF; BAMmEQ1011-8611), #iyl KAt
YR B A5y A BR 2> 7l 3 TRIzol 33457 £ , Thermo
Fisher Scientific /3wl ; 2% %37 &1 2xUniversal
Blue SYBR Green gPCR Master Mix, i FE4E
IR BR AR o AR 4, SIRFR (R )
PSR A IRA s mBVEIR S IRAE, B
JRFVIAL AR5 Z IIBEREAR A RT-PCR 1%,
Bio-Rad AH); PCR ¥, JbutZxHEA1H A YRk
BARAH]
1.3 EBHEE

Ty 4% 2 7 7 W B I8 (potato  dextrose agar,
PDAEFRIE(g/L): THR B R B 12.0, Hj4bE
20.0, B 14.0, WHCAELEK, 121 °CKHE
15 min, RPMI-1640 }iFrdk, sUTELE/RA-H)

PHEABRA A
1.4 ZMIERSEERNEIE

259 T AR - FREL 0.128 g OL %% T 10 mL
& 10%M46 4 L1 (fetal bovine serum, FBS)fH)
RPMI-1640 H1, 0.22 um T FLIE B S8 BR 1A ,
LR PE S 12.8 mg/mL, B3 OL TAFW# .

PR« (0 P A IR TR PRI AN FE PDA 15
Ik B TSR, 28 CCIEIRIG IR 1 . B
FR5E UG IAGE A B AR K R R AT, L2
AT U8 e 2 i A B8, TS 10% FBS
1) RPMI-1640 ¥ {4 3% 55 J ) 5% TR B IR VK i &2
2x10°-3x10° CFU/mL 7 .
1.5 HIEEMRINE

KA EAR B RO I R e . )
B 100 pL B2 # (2x10°-3x10° CFU/mL) % PDA
FEFREE B S UR A, TR ETRCE 3 AR EAR,
AN 100 uL 254 TAEW . WK HEms 24 3 Fn A=
PR K, 28 °CHi3R 5 d, MhsrEE 3 RIRE:,
05410 T R LA
1.6 K% & &/ H1E K E (minimum
inhibitory concentration, MIC)HJ0 E

Z 36 I DR R S 56 = A o Ak 5
M38-A2 W7 %%, R R BED E OL
Xof AU B 1 g MICU T BOIE T 96 FLAR, 14
55 1L 8 pg/mL WK B 245 WV Ay 1%
B, 3 5lim) 2-12 FLH A 100 uL FH 8% 55 2
100 5 BB 2 W (2x10°-3x10° CFU/mL), &
JGAESE 2 LA 12.8 mg/mL 25 TAERK
100 pL A7 A% HeAG B, 5 12 LRSS 2 PE A
KX IR, A fLAAR R 100 pL, %8 3 NE AL,
28 °CHigt 5 do R ZYIREEGHR AT ODgoo
{EIC SR A Ak, RIZ50H0E 08 B 1 A= K AR 1k
24 h K 1 R0, 24, 48, 72, 96 F1 120 h),
AHABE T A X B, K B 08 410 ] 250 ¢ = o8¢ 1A
80% LA | A K I eI 25 W vk B2 7 7y MIC
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1.7 &/ FAERE (minimum bactericidal
concentration, MBC)RBYJN E

K FHPEAR B i MBC, M _E ik 96 L
M b W B K MIC LN B 51 A &
PDA Hig5 4k |, 28 °CIEIR 9% 5d, UL PDA 84
F% 3 0T 95 A2 K BT X R R e /N 25 0 vk R R
MBC, #1173 RAEY¥ELR.
1.8 MFEHARF &

TR K R4 1 2000 B 8 G A MIC 1Y
OL iS4 8 h )5, JoId EP BHER 24, H
JGTE PBS 35k, 7 000xg B0 5 min FF LI,
HE 2K, AREER, DT kigfiat 2 L
B0 A= Rk B AT BR A IR A T S AL DU 53T o
1.9 2 RNA HI2EL. X FE# 37 & RNA-Seq
M

i B TRIzol i & A J7 4R B RNA 2R
JE X RNA 5 4l B R4 ds , s 4% 5 i
FRFE S SCEIATIN, P64 Tlumina
NovaSeq™ 6000, ¥ K}y X 2x150 bp
(PE150), RNA Ay$RE , SC7E 7 S e el L ifg
BT 2 P Bt A R E ) 58 A
1.10 MFZERGITSH

SR AT SR, IR T R 1 B I

# 1 RT-qPCR HI5|#F5!
Table 1  Primer sequences of RT-qPCR

IR T U8, DIARAS B i T
T G807 73 B o X I s B e 25 B il e 422
Sk BASE 6 79 5 159 204 S8 (clean data),
BifiJ5 %) clean data 47 2H 256 K bR ofE Ak b A 21
Unigene. {# ] DESeq2 3K {4 i e A a1 22 5 %
A F: [Hl (differentially expressed genes, DEG), LA
llog, (fold change)>1, P<0.05 Miiikscfd. Kl
J5 %t DEG #1712 A 4 {K (gene ontology, GO)F
AR 5 L P2 H R4 A5 (kyoto encyclopedia
of genes and genomes, KEGG)'& & 73 #7 .
1.1 EFREEFER RT-qPCR WIiF

N T B UERE s A A5 R R MERPE L IR 10 4
DEG #£17 RT-qPCR k. L) 18S rRNA EA N
ZFEA, FIH Primer 5.0 #5149, ZHLiiL
TEYEIRAE YRR PR el G i, 518 LR 1.
5 2 e SR 0 0K 1.9 $REUAY B RNA i % 5
A ¢cDNA, JZWKZ(20.0 uL): 5xSweScript
All-in-One SuperMix for qPCR 4.0 pL, gDNA
Remover (10 U/uL) 1.0 uL, &L RNA (200 ng/uL)
10.0 uL, RNase free water #Me 20.0 pLo JZ b 2514«
25 °C 5 min, 42 °C 30 min, 85 °C 5s., RT-qPCR
SV A% (20.0 pL): 2xUniversal Blue SYBR
Green qPCR Master Mix 10.0 uL, . TFiiE5]

Name Forward primer (5'—3")

Reverse primer (5'—3")

Trinity-dn4606-c0-g1
Trinity-dn4552-c1-gl
Trinity-dn1850-c0-g1
Trinity-dn1618-c0-g1
Trinity-dn23841-c0-gl
Trinity-dn3425-c0-g1
Trinity-dn6259-c0-g1
Trinity-dn3120-c0-g1
Trinity-dn2673-c0-gl
Trinity-dn1066-c0-g1
18S rRNA

GTGCTGGATTCCCATCTGGTT
ATTTGTGGAAGTTGTGCGATGA
GCTGGTATAACTAACGCCCGTCT
CAGCACCCAATGCCGAATAT
CTGAAGAGTTTATGCGTCTCCTACC
GACTACGGCACGACCGAACA
CCTACGACCACCCAGATACCA
TCTGTAACATGGGTGCCGAAAT
ACCTTTACTTCGGTAGCCGTGTC
CGACGAGAATGGAAAGGACAAA
AGGCGCGCAAATTACCCAATCC

ACCCTCATCAGCGTTCACGAC
GATAGATGCGAGTCTCCTTGGTAG
CACAGAGCACAGCGTCAAGAAC
GGTTCCCACTTGTCACCGTTT
CTACCCACATACCGCAGTACCTT
GGCGGAAGGAAATGAGGGT
AATTCAGACCTCCTCCACCCAC
CGTATTGGGCGTTCTCGTCA
TGAGCGGGTGATGATGGTAGG
ATCGGCAGTTCGGATCTTGTC
GCCCTCCAATTGTTCCTCGTTAAG
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YI(E 1) (2.5 umol/L)4% 1.0 uL, cDNA 2.5 uL,
K KAME 20.0 pLo i 4544 : 95 °C 30 5595 °C
155, 60°C 30s, fHFF 40 k. K 27249kt
B H MR R

2 BRS04

2.1 OL MaEEBREMMEFMESH
2.1.1 HIEGEMNESER

A HAR IR Y BRI OL AL 141 Tk
PE, S5RWNE 1R, AU B EER R Sd T,
OL AN Bl A2 M (1.52+0.04) cm, BKFEMAR
T B4 (3.51£0.02) cm, FH] OL X/
B A —E AT
2.1.2 OL MAEBEBERMEKMEE MIC 5
MBC 7347

MIC 5 MBC % T iFh 4 Fibt @b 59

HIHL DA ASEIME EE OL A T 250 B 14 )5
MEE MIC, 453K 2A 1 2B . Akl
2RI R 2R 25 SR 26 B OL X250 B i 141 1Y) MIC

4 —

Diameter of inhibition circle (cm)
(S
I

Miconazole

Oleuropein

1 OL XWEERENNEER
Figure 1 Inhibitory effect of OL on T. mentagrophytes.

4400 pg/mL. VAR FIG R TE AR i Nk B2 R
i MBC, & 2C ff7x, MBC 4 800 pg/mL.
22 EHRMFER
2.2.1 RNA-Seq RETFHREREITLLER

Iy 25 B PEAL I 2 iR . FEfE R4l
Wi rh, ¥ OL 5 i Z00eE 6 8% 147 )i 1R J 7
G AT 1L 58 S BRAS B 48 0P 91 5 45 20 8 R
(clean data) 5 FL KT 93.54%, Q30 KT 96.53%,
G+C &b HAE 52.43%52.76% 1], FH%E
SRR TR, TN 200,
2.2.2 DEG BRI 47

A|log, (fold change)[=1 H. P<0.05 Sy #r i i
1t DEG. M TXT AR, 25 24 21 v R S i 1k
534 4~ DEG, Hr FyEEER 401 4>, TREER
133 4~(1K 3). ¥ DEG F£iAFEE IR
(1 3C), Bita s h Haz2tie, FoRER
Tk m BT M TXTA, HhmaAE
WR2E5, KW OL REME MU JFUAR B MRAE 2
Rk .
223 DEGH GO EES T

GO JRe s f4r trfg e [ ik DEG 7EAE Y1
#2(biological process, BP). #iffi2H 43 (cellular
component, CC)F1/7FIjHE(molecular function,
MF)H B 4345 0L, ¥ DEG MLg 3] GO $idi 1
T O RE TR, HERE] 791 4 GO A4k,
Hrf BP440 4>, CC 1374, MF 2144, 43451
TEHCHT 10 4~ GO W45 7, anl&l 4A 1 4B
Jii7n. #E OL THRACFRZAAE T, 2000 60 1 1Y)
DEG 7£ BP, CC 1 MF Hi54 & # 1t =%, BP
o 3 BE R IR )R R (GO: 0055114) . #
PE(GO: 00064 12)F1#5 i 4% 12 (GO: 0055085); CC
o S E AR TP R AT 4E(GO: 0005882) . PN Ji M
(GO: 0005783)Fl 4 Jfd M A 4 (GO: 0070062); MF
o R R 1 45 5 (GO: 0005515) ., 4514
2 TG PE(GO: 0005198) & AL iE I i 15 1
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e 1600pgml |
= 800 pg/mL )
> 60|
-+ 400 pg/mL =
-+ 200 pg/mL = 401
=100 pg/mL E
<
-+ 50 pg/mL 5 20
-+ 25 pug/mL
12:5 L
: Mico:ga/zrgle O v v v oy
o8 : 2 3 p ot 0 \,.‘f; RN \@Qﬂ) W@Q‘QQ

Ti d
ime (d) Concentration (pg/mL)

ATCC 9533

Ctrl

El 2 OLMMEBEBHRMMEER A A KHIZ: AREVE R 208 B8 i 0-5 d WA K28 1E,
W& OL Wk B2 p3Gn, Z508F B0 i A AR KB 2 2. B: AR, 55 5 R Wk EE T 00 B i A 1<
ARk X MR 2 2000 e A AR A Y LU Cr BT MILC 45 28 Ak S 20006 6 8 1R /6P Al b 5 d A AR
KAFOL, /M MIC - b ICHE 7% 2R K RISy MBC

Figure 2 Inhibitory activity of OL on T. mentagrophytes. A: Growth curve: The growth changes of
T. mentagrophytes within 0 to 5 days under the influence of different concentrations, and with the increase of
OL concentration, the growth of T. mentagrophytes is gradually inhibited; B: Growth ratio: The ratio of the
growth changes of T. mentagrophytes under various concentrations on the 5th day to the growth changes of
T. mentagrophytes in the control group; C: Growth of T. mentagrophytes on the plate after treatment with

integer multiples of MIC for 5 days, and the absence of colony growth on the minimum multiple MIC plate
indicates the MBC.

x2 ERANFHEST
Table 2 The summary of RNA-Seq datas

Fe i YR €1 AR AR 5 T BREE BT 5 A 43 H G+C &t
Sample Raw dead Clean data Clean data (%) Q30 bases ratio (%) G+C content (%)
Ctrll 41 625 954 39 603 276 95.14 96.75 52.51

Ctrl2 40294 160 37 692 002 93.54 96.53 52.69

Ctrl3 38 487 594 36255778 94.20 96.61 52.76

OLI 41767 828 39 646 092 94.92 96.83 52.44

OL2 39950214 37 555 346 94.01 96.77 52.43

OL3 40257 390 37 885 796 94.11 96.73 52.43
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Figure 3 Analysis of differentially expressed gene screening. A: Volcano map of differentially expressed
gene. B: Up-and-down histogram of differentially expressed gene. C: Cluster heat map of differentially

expressed gene.

GO: 0016491). i Bl OL 1E I 2 5 i 20 it & i
P DL B R R G, NI R HBL A R H
2.24 DEG B KEGG BRBREENH
AR, BE N 2 18] 0 B R VR 2 R
HA Y% ohee3Eat, DL KEGG i % b ¥t
X} DEG Z5 ARl 515 55 ki s
080, WK S Fis. OL W SAbHS, k¢

WETR ) DEG F 08 L7 AL BEmR 1k (oxidative
phosphorylation), 2R . 222 R 7R AR
f(glycine, serine, and threonine metabolism), Z.
PR A — R IRt (glyoxylate and dicarboxylate
metabolism) . ZE[HBEA: )5 Bl(steroid biosynthesis) .
FPE RGN (citrate cycle) X B2 iR (tryptophan
metabolism) 553l f§ . H i A AR b 54715
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Figure 4 GO enrichment of differentially expressed gene.

Bubble plot of GO enrichment analysis.
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Figure 5 KEGG enrichment of differentially expressed gene.

MG E RS X DEG HB% Fi#Ek, T
e HAbE I A B BRRS, A BE T IR
ik, BARBERERSEADE, BAERZH
DEG &1 ZEHH . KEGG & 447 & BLKEB
5y DEG & AR, R OL n]peiE i T4k
R R A K, WM
2.3 DEG HJ RT-qPCR 3&1iiF

FE TR SR P 25 R BU T 10 4~ DEG i
7 RT-qPCR B 0iF, %t e R Feik K FAnifEfb 43 Hir b
FRIG LA 2 A JECHSOG SE PR Sk R BB B, K 15
B W5 R G SR B AT LA, DL 6.
RT-qPCR B iE4 5 e S 2l Bk (M R s a3l —
o, BEPILEE BRI RS-, £
T ST LRI e 5 TR ) ] ek

3 s 4%

LT B2 R s 8 IR 2 T 52 O T 1 ik
ft I IR AT, B PR TR 2 I T 1 B PR e 5 L )
Hom ", EAR, hTPEEAYAEIA -
MR, B R S P B R 2 R B —
E BN 32 PRSI 25 M, PR SO R P R A
LR RIR A O™ R P B R AL S Y E
A FEE R S AR LA ATURE T 8 B A 0 5%
%, BT A EWIRTE OL XU 68 1
HIINEIE R o sl 2 25 0 ot /R, OL 4524
Ak 3L 2H 55 0 REZH rh 200E R e T A R R TR K P
AR 25, ULB OL BB i Z0TE 608 7 1)
FEHFik, Lllog, (fold change)|>1, P<0.05 &
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log, (fold change)

&l 6 RNA-Seq 3¢ FH##E RT-qPCR 13

/] RT-qPCR
B RNA-Seq

Figure 6 RT-qPCR validation of RNA-Seq transcriptomics data.

FrifEL i 534 4~ DEG. %44 GO 5 KEGG
MR L DEG &£ 5
LR A I, AE X AR R 1R R
DEG ¥ FiH&iE, KU OL X208 65 & 1
AR RS M AR

A AR A AR X YRR M RS 2k
L, i AA AL BER TL S A A TG s TR Y R
REEE IR, R G 5 B2 R ) 20 6 1 A A
ghP0, BRI, R BE R b RFRE RRDE A
KN NADH, SDHI fE OL #5254 B0 ik
Feik, W ZIURE B R A AE ST IR B IR
T B G R N X AR PR A e E . NADH
A R AR T, RO EE A O Ay, M
fEHLF I NADH 38 3o W S5 B i =2 e
OL THisb3 )5, FriGmiaa M2k F LM,
NADH 1ENFFGERRIGER =42, 4 7 T NADH
174 . NADH 1R M F 3R (AR in 1 e iR 4
Jit Hh G PR 4 (reactive oxygen species, ROS)H ™

4B ROS fERRERACI AR, AL
TERIVE, TE4NME P BE R R mR 5 Fhan ffu g
), FEARANIE A DNA | 25 1 TR 25 3L A 4
A5, Sheng S5O RIF 5T 2 A Hz 25 1) i
2 LR FT R BR A P RN S A0 Wl IR A A G S R Y %
RAKOE, RSN AT RER ROS, #U6
ROS /YA Hid L. Benot-Dominguez 2577
5T &30 OL Be 3 4 it Py Ze i {4 ROS 7K,
A AR ST B A B, TR R AR T
R s Al g8 = 0 AR A 25U &
M, FW OL /B T B e, 1R Al aE
it ROS I3 A AL i 5 K15 S 4L i T, 40
Bl 7 FtR .
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