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Effect of dictamnine at different concentration on
Trichophyton mentagrophytes transcriptome: based on
high-throughput sequencing
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Hohhot 010031, Inner Mongolia, China
2 Inner Mongolia Medical University, Hohhot 010000, Inner Mongolia, China
3 Baotou Medical College, Inner Mongolia University of Science and Technology, Baotou 014000,

Inner Mongolia, China
Abstract: [Background] Superficial mycosis cases have been increasing year by year and the
pathogenic fungi have become one of the major threats to human health. [Objective] This paper aims to
explore the inhibitory effect of dictamnine (DIC) on Trichophyton mentagrophytes and the underlying
mechanism. [Methods] Transcriptome sequencing was performed on 7. mentagrophytes and
T. mentagrophytes after the action of DIC by high-throughput sequencing technology, processing and
bioinformatics analysis of the sequencing sequence, sequencing quality evaluation and sequence
annotation. By comparing with the control group, differentially expressed genes were identified, and
then GO function significance analysis and KEGG metabolic pathway analysis were performed.
[Results] The minimum inhibitory concentration (MIC) of DIC on 7. mentagrophytes was 50 ug/mL.
A total of 360 differentially expressed genes (DEGs) were identified between the control group and DIC
high-dose group (265 up-regulated and 95 down-regulated), and the expression of MFSI, KU70, KUS0,
L2, cpaT, MFS2, VdtG and patC was significantly different. The DEGs were mainly involved in the GO
terms of ribosome, mitochondrial membrane, antioxidant activity, toxin metabolic process, single
biological metabolic process, secondary metabolic process, primary active transmembrane transporter
activity, and active transmembrane transporter activity. The changes in the KEGG metabolic pathway
mainly focus on enrichment pathways such as ABC transport, membrane transport barriers, glutathione
metabolism, DNA replication and repair changes, meiosis, oxidative phosphorylation and pyruvate
metabolism disorders, and related genes are all There is a significant change (P<0.05). [Conclusion]
DIC inhibits 7. mentagrophytes by influencing DNA replication, expression, and repair, energy
metabolism, ABC transport, and other pathways of the fungus.

Keywords: dictamnine; Trichophyton mentagrophytes; high-throughput sequencing technology;
mechanism of action
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[ 8 §% (dictamnine , DIC)J& —F KR4 W)
B, TN R PR R R B L L
LR DU AR BRI S5 2 Rl A A T REN
FEh i, PR FRIGYT B R Bt ff
FeAE R —Rh R RSO I 2 ], 2
RISt A Ay 1 6 i ELA e LR A
AR G B2 RN TABYIR T B RE TR o R
e 2, (RO EAE FALH AT 2 . A
SRS 1R RRO0T 250 B R A A0 TR R AL

1 #H57%

1.1 ##
1.1.1 %54

RS HE A, dE T R SRR A BR A A
DMSO, M AEYRHEABR A v .
1.1.2 &Etk

Z0UEE B 8 7 (Trichophyton mentagrophytes)
BNCC 340405, dtatdb g8 a0 4 98 R 5T b
(BNCC), HPH%eikds.
1.1.3 ERE

0.5% i % i R 75 e 5L, db ot B R R i
WA BRA T s D EHERE SR AL | PDA B3RSk,
H ARG RA A
1.1.4 FERFFNLEE

Trizol 5f, FEB KRB A RAF
Ribo-Zero™ #1745, Epicentre 4= ¥4 R/
A]; QiaQuick PCR #& U &, JUREWHAR
BIRAF . EWEaetE, WRERAEDHEARS
BRAT s Iz K, ALP 23wl fHIR B
FH, B —ERAES AR A A Illumina
NovaSeq 6000, TR AW AR N A Agilent
2100 AL HEAL, Agilent A= H1H R 2N A
1.2 FiE
1.2.1  Z54aY Bl

B 10 mg F&FR A A 1 mL DMSO, Btk

10 mg/mL [F1EEGRA W . 151 )5 B F—20 °C KA4H
.
1.2.2 BRERMERENE

V4 VR BB R 2 R T PDA KSR |
28 °C #rE R 3% 7-14 do FH 0.85% LR AR FER
KGR, JCREA RS, MR R
R B TR A W T K EP B IR 15s, R
Jo TR U 85 35 S R AT i R, v B2 45 i 7
(0.4-5.0)x10° CFU/mL 45 ",

M CLSI M38-A2 HY 224K BL 1A I 25 5
L0 A R R 1 A 2 TR AR R
400, 200, 100, 50, 25. 12.5. 6.25. 3.125.
1.563 pg/mL, W 100 uL fin % 96 fL#k, 4
BN 100 pL B R o [T —AN B
XTHEZH, BPSEhn 100 uL A7, BRI 100 pL #f
MR 2 96 FLAR . it E T 28 °C fHE A
BigE 7 d, WS P R 2T B T 1 MIC Y
1.2.3 WpEANE

K CCK-8 Wil s 4G g o A=+
B 96 FLARH, DIC MW JE 551N
400—-1.563 pg/mL, )i —FL BRI . 7E
28 °C THi%: 3d J5, BALIA 10 pL CCK-8 i
WA TS 1 E . 9% 4 h J5, 7E 450 nm
AR ARG T . SEIREE R 4 1K,

124 SE=NFHANGE

W Z00E B R TR 2 PP F PDA K573t | 28 °C
FRERESE 7 d 5 I AR BER K ph ik Ae 2 e E
W, FH0.5% M ZME R A R B R RS
(0.4-5.0)x10° CFU/mL . ¥ [ fef i 24 3 50 51| s 18
B 25 pg/mL (@RI 12.5 pg/mL (fIF] &
), F H T xR, I E 24 fLtkcd, F 28 °C
fEIR RS R 7 d R IA

WeHC 1 mL 557 7 d IR E 1.5 mL &0
i, 4 °C, 7000 r/min .0 5 min; FEANA
1 mL PBS ZZopif, I FRZmus i B iAsoT,
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7 000 r/min &[> 5 min WA, BE 2-3 1K;
3By, WA 15 min UL F, Bl ERAT
F-80 °C VKA .
1.2.5 5 RNA #i2. cDNA X EHENFEFHE
i

ffi Hl Trizol UM & HCE RNA, @i
Ribo-Zero™ fif 1415 & 25 B rRNA , H Oligo(dT)
¥ mRNA &4 RGBS bl s £0
mRNA R Bk s 7 Br, FIREHLS |0k Hoas i
SkN cDNA, ] DNA 4 1.RNA Jiff H.ANTP
2% R RS — 5% cDNA. #RJ5 ] QiaQuick
PCR 1RBGAF| &4tk cDNA B, Rimsi,
AhnmsAL, %EHF Mumina 7S B os 2E1 T4
VEo BEH A PEEERC LUK . PCR it )5
H N e B A W R R 23 W) A Tlumina
NovaSeq 6000 1474 34 1l ¥
1.2.6 MEFEERFEITHHF

F o s SR A R A R 2 R Y
G AT RE BN A W5 B 22 o0 i, PRAN DU o
HUAT AR, Wk SR A, %I
7 57 % 3k 3L (A (differentially expressed gene,
DEG), PhKi#1T GO Thie B &Pk fil KEGG
&R % ] DESeq2! Ok 4h % 2 4 kA7
RNA 2R REDHr: 2= 57 58 W07 5 b5
|Log, (fold change)>1, P<0.05. F|H GO %¥z
JEXT TR 25 S AL R TR RS, SR A KEGG $4d
JE X 2 S R DR R A 7 3 4 43 BT o R FH R JLAR] 43 A
a2 RN EEEEM GO %4 H M KEGG i#
P, P<0.05 NEEE

2 X504

2.1 B R SR E RY MIC B

HE S 7 d fa, MTER S SR 46 b B
96 fLMR , ZrG 4 F T I a2 e R T Y
MIC {5} 50 pg/mL. HAHREE>50 pg/mL AYfL

WP EELE A K, 50 pg/mL g S AR & e
R DIC X250 8% 8% 1 1) MIC EL.
2.2 B EERE 2 AT 0 E B I Y 4 R E
M ZE

R CCK-8 5 N 35 g o 5 5t B4
ODuso[H 9 1.411, AbFRZH 555 B2 2 M8 4 4H°F
A28, 15 P2 ODaso {8 o FLIR A KA 21y
WE ARG ARKINHI (%) =(4-4,)/Ax 100,
Horp A Ry as T BRAL I F-35 ODasofl, A WAL
P A9 ODysoE . R CCK-8 15 E AN []
W DIC X200 B 08F 4 1) ODaso EL A 2%
mE 1w,
23 HEEARNAEEBREESBEENF
5

MFREASY R 3 AN, A 5l il a4l
25 ug/mL (hx) . fIGFIEA 12.5 pg/mL (1x)F1XT B8
H(ex)o BHWA 3N EYEEL,
231 MEFER=EEFIEXN SR ITE

R T ORUEEE B, T AR B A B E X 5
URBURE AT BRI 0E , DA JC OB i ke
B4, B e, XFE reads )] FASTQM!Y

* 1 AREIKE DIC ¥ HEEBER 0Dy ER
tHIE RS

Table 1 Determines ODys value and the inhibition
rate of different concentrations of DIC on
Trichophyton mentagrophytes

Concentration (ug/mL)  ODys Inhibition rate (%)
400 0.042 97.02

200 0.051 96.39

100 0.201 85.75

50 0.191 86.46

25 0.522 63.00

12.5 1.022 27.57

6.25 1.209 14.32

3.125 1.289 8.65

1.563 1.315 6.80

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



706 (/=S E

Microbiol. China

VEAT S, UK 8 P55 %) clean reads,
FEXF clean reads PBRIE % 43 A1 AL S5 1 5
MHFTHITER 2). BMCEE, SR
clean reads F1 43 LR T 99%, I 4k Foa &
RAF, W fFEaHr sk,
232 HHEEAREARMEBEEBRNESE
E B R it

Xt 3 4LRE AL 2L R A RSEM! P H -8 A4
FEA T A R B Rk, IR AR R
ik (fragments per kilobase million, FPKM)if
FAZIERTEA R FEAS [B] (1) 22 57 Rk A k. # R
P<0.05 H 25 RIEMHEHAMRT 2 £%(|Log, (fold
change)|>1) 1) 254X 3 PRl iE 1 7 22 S Rk i 1k o
AWERA 3 A, WP LA T R 22 7k
BEANS v a o TR W B B v B S S e G
o8 T R IE R B R D45 SR ot R,
cx Y5 hx 0] 2% 2 5 RIB MR By
360 1>, HPAf 265 MR BIAERIL, 95 A
TR ox 5 Ix 220 T 3% 25 Rk 0
SN EHCH 186 4>, A 111 I BiFRIE,
75 MEF TN ARIE . AR WE 1R

x2 MEFHEREIZH
Table 2 Sequencing data quality control

Sample  Reads Clean reads® Q30°
cl 40 023 764 39 856 336 (99.58) 93.31
c2 39178 284 39 025 060 (99.61) 93.73
c3 37 678 352 37 538 600 (99.63) 93.67
hl 38 896 462 38 748 432 (99.62) 93.63
h2 41771 676 41 621 542 (99.64) 93.92
h3 49 603 828 49 425 814 (99.64) 93.74
11 42182260 42033 026 (99.65) 93.71
12 44 186 796 44 015 500 (99.61) 93.77
13 44 953 852 44 789 922 (99.64) 93.87

@ : a: Clean reads (4 i reads M E 70t b WP AL
i E A E] Q30 UL KIS FEE H K i reads (2§ clean
reads) I H 77 He

Note: a: Clean reads data as a percentage of reads; b: The

number of bases with a quality value of Q30 or higher for
sequencing bases and the percentage of reads (or clean reads).

300
250 -
200 |
150 f
100 |

= Up = Down

Number of genes

(9,1
S O
T

cx vs Ix Ix vs hx

cx vs hx

1 WA IR ERREERRIT
Figure 1  Statistics of differentially expressed
genes between the two groups.

Fie B P B /IN e HE 44 AT 10 19 25 S5 A
P, AR 22 AT BN KB/ N T HE T
g 3 s, SXTREAA L, hx I ZES
FEN R, B R DIC 1E i 2 R A7 a5
%, ARSI Z 5L RIE 22 5. AR cx vs
hx 5 ex vs Ix A FREFEHR ZFZAK, Ut
B = 5 & %) DIC 2 FAER ThiE

HHr MFS1.SPBC146.06¢ .FUS7 .YHRI12C,
KU70. KUSO. gedE. gliA. cpaT. MDR5 . MFS2
R EE LRI, L2, amdhd2, ARB 05178,
MCRI. cdhR. VdtG. ydcJ. cta3. acuE. SCP2,
CTBS5 . patC H FHEFER o X $L 5L K 7] fe 20
il 2700 B R TR AR A DGR RL(GR 3, 3R 4).
233 ERFREEER GO BEELT

GO J&—™ [ Brn HE Ak 1Y 3 X Tl e 43 25 R
F, BIAE 3 A, 3R 412
e, MM S5AY SR T GO #ds
JE , R PP AR A Y 25 S TR B E AT GO ThE!
FAE R T, AR RN 225 10 219 GO
B 5 PN, 1E cx vs hx 1 16 > GO 4%
H 2% & £ (P<0.05), Ha4h b sk | 14
Yl s E . R R A AR . AR RS
7E ex vs Ix HA 94~ GO 2% H .3 & 4 (P<0.05),
IFH A FOREA i 2: 5, SR & DIC
AUSURT LU 5 D RE i AR A Fr 22 57, U FE e i
E . PUARALTE M e — el AR AL SE, IR =
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x3 TEHGYMKEERNBEEBHEHZH 10 LHERREERE
Table 3 Different drug concentration effects of the top 10 differentially expressed genes of Trichophyton

mentagrophytes

Group Gene

Log; (fold change) :Group Gene

Log, (fold change) i Group Gene Log, (fold change)

cx vs hx MFS1

2.89

SPBC146.06c 2.24

FUS7

YHRI112C

KU70
KUS80
L2

amdhd?2
ARB 05178
MCRI

2.08
1.90
1.71
1.63
—2.54
—1.88
—-1.16
—-1.02

rex vs Ix gedE 2.79 Ix vs hx edhR  —1.71
MFSI 2.60 L2 -1.64
glid 2.59 VdiG 155
cpaT 2.56 MFS2 -1.50
YHRII2ZC  1.99 ydeJ —1.43
i MDRS5 1.99 i cta3  —1.32
. MFS2 1.73 . acuE —1.18
KU70 171 SCP2 -1.13
FUS7 1.57 CTB5 —1.06
ARB 05178 —1.48 patC  —1.06

x4 BEREREFY

Table 4 Gene expression products

I Gene F2IK 77 W) Expression products

MFS1 it 25 % [1 Resistance protein

SPBC146.06¢ 553 0] JE A0 5 A2 FR ¥ I5] U547 Nuclease homologs related to fanconi

FUS7 I i 1 Aldehyde dehydrogenase

YHRI112C S R LB Desulfatase

KU70 ATP #HitE: DNA fig e if§ 11 W JE 1 ATP-dependent DNA helicase II subunit 1
KUS80 ATP #HitE: DNA f# e ii§ 11 W JE 2 ATP-dependent DNA helicase 11 subunit 2
L2 HMHESE Efflux pump

amdhd? N- 2. Bk 2 FL 75 28 Wt -6 - 2 i 20 Bk i N-acetylglucosamine-6-phosphate deacetylase
ARB 05178 & 5 i %(FR W FE [ T 6 Proline-rich protein 6

MCRI NADH-41iff 1. % b5 i£ J5i NADH-cytochrome b5 reductase

gedE A K S-#5 R WiEFE 25 1 Glutathione S-transferase-like protein

glid MFS JiZ# 2 AMHEF% 2 2 11 GliA MFS glutoxin efflux transporter GliA

cpaT HMHEZE Efflux pump

MDRS5 JE 2R B #LPL A A Leptin B resistance protein

MFS?2 AMHESE Efflux pump

cdhR SEhE 7K 4 Bff Isonitrile hydratase

VdtG HMHESE Efflux pump

ydeJ % DUF1338 i85 1 DUF1338 domain containing protein

cta3 FE4LG2 ATP il Calcium transport ATPase

acuk SRR AEY, ZMEER Malate synthase, glyoxylate

SCP2 A4 S i U 5 #% 7 19 Non-specific lipid transfer protein

CTB5 FAD K 1: H#0 il A i FAD-dependent monooxygenase

patC HMHESE Efflux pump
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x5 AL EFRIEERFL GO hEER

Table 5 GO functional classification of three groups of partial differentially expressed genes

Group Ontology GO term Count P
cx vs hx Molecular function Catalytic activity 162 0.000 1
Peroxidase activity 6 0.000 3
Oxidoreductase activity, acting on peroxide as a receptor 6 0.000 3
Tetrapyrrole binding 16 0.000 8
Primary active transmembrane transporter activity 11 0.0015
P—P bond hydrolysis-driven transmembrane transporter activity 11 0.001 5
Antioxidant activity 6 0.003 1
Transferase activity, transfer alkyl or aryl (except methyl) 8 0.004 8
Active transmembrane transporter activity 12 0.011 0
Oxidoreductase activity 35 0.0214
Biological process Toxin biosynthesis process 9 0.001 2
Toxin metabolism process 9 0.001 2
Single biological metabolic process 89 0.004 4
Secondary metabolic process 11 0.006 0
The biosynthetic process of secondary metabolites 9 0.007 0
DNA repair 15 0.019 2
cx vs Ix Molecular function Primary active transmembrane transporter activity 7 0.016 4
P—P bond hydrolysis-driven transmembrane transporter activity 7 0.016 4
Tetrapyrrole binding 9 0.016 4
Antioxidant activity 4 0.016 4
Active transmembrane transporter activity 8 0.016 4
Nucleoside triphosphatase activity 16 0.017 7
Pyrophosphatase activity 16 0.031 8
Hydrolase activity that acts on acid anhydride in containing 16 0.031 8
phosphoric anhydride
Hydrolase activity, acting on acid anhydride 16 0.0318

A R A0 B e A AN SR B DL By
AILLE 1, &FHE DIC 28R T4 FIhfE,
SR T —25rFIIRE M AR I, B & T L]
EAE Y E R BRI AR L . Rl R DIC 1 2o
BRI R, ERA A,
234 ERRTIEEFEW KEGG BEDH
FF KEGG $¥ 2 130 i & 40 dr, 5%t
MR b, e A 22 SRR SR I 57 4538
B, BEEEMEEA 6 5(P<0.05): ABC #

N—

is . BT RRACH . SR P RMAY AR
A IR A i 2 . AT R VIBRAE 2 R I EE 4
5t ALt g, (RG] 25 7 ROR R
35 i, BEEEMERKA 6 & (P<0.05):
ABC iz | [RUREA . AEFEARMGER . 20
AR L BRI L PO R AR R AR (% 6)
Hr ABC ¥z, [FVRE AL . I [FIR A S 7% |
5 I JRA S A0 ) 8 L s gl T 51 o 8% £ ke
A%, R DIC X ik JL 2% 38 % = B UR%
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26 cx. hx 1l Ix ZRFRZEEB KEGG X5 1@ %

Table 6 KEGG metabolic pathways of c¢x, hx, and Ix differentially expressed genes
Group KEGG A class KEGG B class Pathway P value
cx vs hx  Environmental information Membrane transport ABC transfer 0.000 1
processing metabolism Other amino acid metabolism Glutathione metabolism 0.000 2
Metabolism of terpenoids and polyketides Biosynthesis of carotenoids  0.005 7
Genetic information Copy and repair Non-homologous end joining 0.002 2
processing Nucleotide excision repair 0.006 0
Homologous recombination  0.000 0
cx vs Ix  Environmental information Membrane transport ABC transfer 0.000 0

processing

Genetic information Copy and repair Homologous recombination  0.000 2
processing Non-homologous end joining 0.000 3
metabolism Other amino acid metabolism Glutathione metabolism 0.010 4
Energy metabolism Sulfur metabolism 0.026 1
Carbohydrate metabolism Ascorbic acid and aldehyde 0.047 0

3 Gt

BAE, MTIISbUAER. WE . TR
FERHI RN 2 A, P B 1 R R A
AR ORI 22 B I 5T I R 2 sk A op
A B PURERAY, XE 25 ) B B L A
FRPEHRTT 200 6 0 TR e i JER 12 30 L TR 1)
DB, TSRS . R TR AR
TR K I | PR 2 I SRR R, IR A
W E 25 2 RN, IR, FiR A AR &
&, WL E R 2SR LAk B0 B A
JLJES B 45 B 5 5% W) L TR 0 TR B 1) B4 5 ) L
PRI AN A A VE 5 3 L R 1 R AR T
RS RA, B HAG R E FHAE
FH AR P Rz v B IR 1 1 i 5 X 20
BBF DR A 0 P 1 R B AL 38 75 A T
AL .

SR AV B W 4 R AR B, 1 M 0T A0
W EA RIFBAWER , 2 MIC {574 50 pg/mL.
VPR R PO RIS B, fE R 9 RO
i X 1 JER R B A M LA AR, S A

WA R —3.

AHF 5T R I R, T UGG
f(Ix) . & (hx) S BRAE FS 0 25008 6 8 T
Je A 28 38 AT Al A 3L 25098 B I (ox) ) mRNA
FORIITII . A5REM, ox. Ix, hx X341
FEHF B AR, W] AR AR SR A FH 200 R
AT R 7 A T AR

) 25 T B D A BT, O R 2 R R T
AMHERORRYELA, Hrp MFST F 23Rk 24
EE, ARSI APLEA L, KU70. KUSO 3£
KRR E B R, AT BB 1 SRR IR T TR AR Y
DNA %itt), BSR4, L2, cpaTl.
MFS2., VdtG. patC NAMEE, XEILH KR
A WA TN, ANHESE VR T LU SEA
TR 1) BRI N HE S S, (LR 25 )
VERIASBI R M, 30 B0 5L IR A e A8 T B 2 11 ik
04 2008 s e 1 A A R T A TR O S
SRR AT | ff e Bl 45 (1) IR H3G 0, 10 X ok
it () 38055 R B R A G . 4R N-&
T 2, 5 ) 250 W - 6- B R I £ T B . NADH-Z ift (5
b5 i i il A% L DR R R TR A, 18 BH 1 R

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



710 WA

B4 Microbiol. China

il 200 B i A I R SE IR ) R GK

ik — %) 25 F AL T GO 43t KB, 7E
w7l DIC /BRI T, 2253 EZE RS T
DRe A Y2 PR O3, AR TR . BT
Ak . BRI R . DNA BE S, i
i) DIC AT g 25 4TI sen 221k, Wk
TG PR AL A2 B TG . PP SR i 0K Bh Y B
MG TG TE . MRS ES & . BrafbIE Pk
T B 1) 125 A 8 B 1 0 1 S R AR oV T el
AR, X S 4% B XAl i DIC HAs
U, DR B R e AR A, R
R R AR

Xof 2 S AT KEGG 4T R B0, o )
DIC Al A5 ABC ¥z . 4Bt kAR . AER]
ARG . TRVIBRMESE . RIEEHSE.
fik5 i DIC AT LAG B b as . R G
R, JEFVEAR SR . UK A DIC
S T AL | S R I A 2 i Y R
P A 119 410 B AL T R AR S R )2 1w Y
AR | RS H ) ABC BB AR 1k & 48 e H ik
R SER AR

PR A IS S . SO ) BRI R
NPT, GOk AR B R R AR
LR RS2 P2 1 PR A AR K 2 B Y,
DL B34, 1 BRox 2000 6 e 1 1Y) e 1A Qs
MRS o A WFIE R, A A 00 ) 7 7
Ay R A A0 B I 4 1 20 o %o 20
S AT A0V AL -t 2 B0 7 X 240 A R 00 %) 2 g
., XT DNA 84 . Sl XUEE W 2455 34 A
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