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Mechanism of histidine kinases in responses to carvacrol
stress in Neurospora crassa

CHEN Pengxu, LAN Ziyi, XI Juan, CHEN Yingying, ZHENG Weifa, ZHAO Yanxia"

School of Life Sciences, Jiangsu Normal University, Xuzhou 221116, Jiangsu, China

Abstract: The role of histidine kinases (HKs) in response to carvacrol stimulation in Neurospora
crassa was investigated by comparing the morphological changes, the formation of
growth-inhibition zone, total superoxide dismutase (T-SOD) and catalase (CAT) activities, as
well as carotenoid content between different hk-deficient mutants and the wild-type N. crassa
under carvacrol stress. hk-deficient strains, with the exception of Adccl, exhibited a zone of
growth-inhibition and increased malondialdehyde (MDA) synthesis under carvacrol stress.
Analysis of T-SOD and CAT activities revealed that the deletion of hcpl and sInl resulted in
inhibition of T-SOD activity, while the deletion of osl, phy2, and hkl led to reduction of CAT
activity. Carvacrol stress stimulated T-SOD activity in the wild-type strain and 4hcpl, 4sinl,
Adccl, and 4hk16 mutants. However, it did not induce CAT activity in the strains Ahcpl, 4nik2,
Aphy2, Aluxg, 4dccl, and 4hk16. Carotenoids are the main components within N. crassa and have
antioxidant properties. It was observed that the deletion of hk9, osl, sinl, phyl, phy2, luxg, hkl,
and dccl resulted in inhibition of carotenoid synthesis, but the carvacrol stress promoted the
synthesis of carotenoids in 4sInl, 4luxg, and 4hk16 mutants. In summary, N. crassa responded to
carvacrol stress by regulating the activities of T-SOD and CAT and the synthesis of carotenoids
through HKs which sense the signal from carvacrol.

Keywords: histidine kinase; carvacrol; carotenoids; malondialdehyde; superoxide dismutase

W ME 5 T R Gt (two-component systems,
TCSs)) {ZAFAE TR . Ml LB R, 2
A ) R R GE N R R AR R R R —
(Rajeev et al. 2020; TIshii & Eguchi 2021), TCSs
A DA AR Yy ) Z2 R A BRI RE , Qo A 4
SENIRPARPU T dHML R AR . BEIR
JEN, FN AT B A, DA AR IE R AR K B
(Bem et al. 2015; Calcaneo-Hernandez et al. 2023),
22 LR TCSs 32 iy 41 & B B4 (histidine kinase,
HK) A1) & 8 15 2 H (response  regulator, RR)ZH
B, 38 3o AR A RN S TR A S g A 42 4 A 5 e
5 (Ortet et al. 2015; van Hoek et al. 2019; Bleul
etal. 2021), KZ HK & [FAI IR, {7 T4iH
FRES 2 ML, 24 83%0Y HK & BERIX, Ml Sh X
T HURINAE S 1 X3k, AN B PRSP VR

YTERNE S )5, HK A ShBRR AL H AR 2 2
FRER I, SRIGISHEMRL 2 RR. BERRILIY RR
T2 B Y 2 S R Y DR I IR N
RZRIK . HK AMUTE L 5T M B ol b B R
5 T LA 5 R R R . (R R
7 DR R0 Al B A 1 B R 2 JE N (Cai et al.
2021; Xie et al. 2022). kB2 1 UEdE £ B,

HAS HK A LU 2455, Il —R
IR R A5 5 158 B ML N (Cai et al. 2021 ;

Yan et al. 2024), 4 5 {550 o 24 Z R Vad)
P HA R R F el R G i(Zhao et al.
2021), AR HK 25955 W 8%
(Calcaneo-Hernandez et al. 2023). ZH %4 2 1 il
Sinl 5 5 K1 Prfl W B BEA R T
FI#E J)(Cai et al. 2021), HLREWKAL P Neurospora
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B (Heckler et al. 2021; Al-Tawalbeh et al.
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Duan et al. 2024 ; Moghadasi et al. 2024), 7Ef#/4
PG e, BB A IR o i
{6 H ™ A= 3 85 % (Khan et al. 2017), 77 T
FOIRE TS TR PR R ) 40 T2 2850 R 240 L R P 5
T REAG A HF R R AR (A I TRSE 2024),
A SRR TR A PN BT R 8 (Chaillot et al. 2015),
SR 22 PR LT 6T 35 7 1 38 P L3 8 R 8 4
W BH .

A SCUIHURE R AL N BEFE R L, $R5E 11 A
HK XA 7 W ok i o7, DA ER A 78 B TR
DI A A BRACI T . HCARIB A | 3 R EE Y
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1 MRETE

1.1 Ek. EFRERIEFRENE
57 A= MUK RE k161 % Neurospora crassa il hk

AR RS B SRR L ER 1. Minimal medium
KR F(100 mL): 3 g BEMH, 2 mL 50xVogel’s salt,
1.5 g Bl I 0.1%0: 3 20 W HERLRE bk &
{97 e ST ONT? S 11182 97 I € T8 4 6 R TY = (R s
PR A 2x10°4~/mL,

* 1 HEKEEERARIR

Table 1 Neurospora crassa and source of strain
(L3 [l S Taes AR RFR R I
Strains Strain number  Sexual type  Source of strain
Wild-type 87-3 a FGSC

Ahk9 NCU09520 a FGSC

Aosl NCU02815 a FGSC

4hepl NCU07221 a FGSC

Anik2 NCUO01833 a FGSC

4sin1 NCU04615 a Sun et al. 2023
Aphy1 NCU04834 a FGSC

Aphy2 NCU05790  a FGSC

Aluxq NCU02057 a FGSC

4hk1 NCU01823 a FGSC

4dccl NCU00939 a FGSC

Ahk16 NCU03164 a FGSC

FGSC: Fungal genetics stock center.

1.2 HFEX AR EEE KA E

B 2x10* M1 % A minimal medium [
AR, F 30 °cCIHIREESE 3d )5, FERGFRILGE
T SRR N A 0 DR (b v AR AR AR
BT, AR FERREE R 0.1 pg/em®, 4
SERGFR 1 do IR E LA KGN, R
RS S E PR P AR
1.3 AZEMDA)EE/INE

FEURE JK A6 D AT U PR B BRI TR AU S
R Pk 28, IMAGE &) Hepes 2 L
b, WEIRZGIRS], VKI5 min, 7E 4 °C.
12 000 r/min &.0> 15 min, Y& FigRK. EEE
B3R, A LW R A AT I R A

it AR BT B ik v R TR R T S AR
EL L Z R AR A TE AT =), 7E 532 nm AbH fx
R, BRI 0.1 mL, SN
I 32X 6 T 5 (e ) e 00 REL RS Ik £ BT 3% 7
Y MDA &,
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WEFIMEHTE2RELa6, A% T-SOD Xt
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WS R ER /L . 2R T-SOD I 5 17 & 136 1 45
(A % 2 ) N HEL RS JDk A 7 15 = v T-SOD 1)
W
1.5 TENASEE(CAT)EMRINE

CAT 43 fif HyO, 19 5 0 AT 38 23 i1 A EH R 2 171
ok, AR H0, 5 AR E R ™ IR o
GG, 1E 405 nm Kb HAR b, ATt
B CAT (936 1. BT EE A 0.1 mL, Hik
HIRES I CAT I 3500 £ d BH 15 (R o i ) K
DUKELRE WK AR 35 720 h CAT BYTEPE
1.6 EXHAET MERE=EHNE

VR S A L LA T Sy AR B R R 4R
24 h, 8 000 r/min &.0> 15 min B LiER, &R
PLE2PER 3 R, FEEMIE LR M -t b
FAREAL, N RO SR A A, A R
B 5 A FR G T AR E S . SR Sun
et al. (2023)f)77%, FIF HPLC 44l i 2
MRS
1.7 ZitESH

FIA SLge A 3 AT, 455 R M GraphPad
Prism 8.0 Z: &, B4 i & Zds b Bk H Student’s
T KIS 1245081, P<0.05 8f P<0.01 F£/REH
HAE G E X,

2 BER540

2.1 EBEFEXTHEERKAEE K HNE
IEERFRAMT, AW hk RS B4
AUWT) A K R A 22 0 e & B, WT 1 Bk 1
22 2R, IR dosl. 4sinl
22, W2 R E, AR RN 4hkl
PR YT, Adec] 43 A 6 F-E i n

A ZEAS PR B 22 AR RS, 3 E AT EE BRI
ERITE AT, WT HbE 2 ARG E I,
A3 TR N s Adeel AR AT LI 1 P
HIEWEFRFAME TR 25, 4hk9, 4dosl .
Ahcpl . Anik2  Aluxq FE R 22 30 23435 3] 50%
PLEIER TR AT 58T A 35 ()[R —
WRZ X R B i s, ankl j=AEHE
Z e @, B/ o A T AR RR P
22 (KA A 1),
2.2 BRHBNAZEMDA)ZEMF M

MDA J& Rt A b=z —, HEhES
PE B AL FR B 2 IE AR O, IE R AT, B
A B (WT) AR B RE i AL FREE G, hk ZRAF B b
5 WT ##kAI L, dphyl, dphy2. Adccl Bk
et E AR B T, & WT Y 2-3 1§ ;4081 . Anik2
M Asinl BRI o AR BRI . 24 T I Ak
S, WT MR AL, hk RASE RS
WT HERRAH L, dos] Fl Aphy2 Bk H MDA &
e WT BERERY 5 fi%; 4hepl . dphyl il 4hk16
Fikk MDA &2 WT HERIY 2 155, IEW 55
AT 57 A A B S Y TR — TR AR EE R R
Aosl F1 Aphy2 BBk BE RS 0372 B2 fin K, ahpy1 |
Aluxq I adccl BPR 5 IE #8555 544 T oW i 22
(& 2),
2.3 BRFEX BB K LEE(T-SOD)
R s apAl

IEHEFRAET, BAERR R T-SOD & &
7 169.00 U/mg prot, hk RAFFE RS WT kA
o, B&T dhcpl F1 Asinl FRRAE T WT HtkSb,
HAYw T WT Btk 7EF T HEHT, 4sinl
PRI T-SOD it K, M 265.43 U/mg prot.
5 WT HERRMI L, 4hk9. dosl ., Aphyl Fl dluxq
Pk T-SOD {EPE W E L. IEWEHRFMITS
T I A 3 W R — B L R B, WT Bk
T-SOD {&MTCI 225, 4hepl, 4sinl, Adccl
Al Ahk16 78R H T-SOD 7t 7, HAb R Rk
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#HE, 4hepl. Aluxq. 4dccl F1 Ahk16 #i#k CAT

R ERES . @F A, hk RAZEK

CAT TEPERE TR, IEWERAMNFT S5
o 381 S5 B R — B Bk Z (R L 2B, WT B AR
CAT WEPERZE T, 4hko . 4nik2 . Aphyl Fi
Aphy2 AR TEIM AT S T B 22 5%, dosl |

Asinl Fil ahkl BARTET T IME T CAT TEPEL

5 WT HRAHLG, dhcpl Fl4sinl bk CAT iG1E  RAMBERTAY 2 7%, Aluxq. ddccl il Ahk16 T# Ak
W3 LJt, dphy2. Aluxq. 4decl F1 4hk16 Btk A AT CAT WPEZ TS ) 2 775 (F 4),

A WT Ahk9 Aosl

Ahepl Anik2 Asinl
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Fig. 1 Effects of carvacrol on the growth and development of Neurospora crassa. A: Phenotype of different
hk mutants under normal culture and carvacrol stress; B: Inhibition rate of different hk mutants under carvacrol
stress.
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WG R T R RSB E R Z [ 25575 40
L RERAER T a0 T 5828 DA bk 5 B AR R 2 (8] i)
25, N

Fig. 2 Changes of malondialdehyde (MDA) content
in different hk mutants under normal culture and
carvacrol stress. * P<0.05, **P<0.01, ***P<0.001;
Blue * represents the difference between the same
strains under normal culture conditions and carvacrol
stress; Black * represents the difference between
mutants and wild type strain under normal culture
conditions; Red * represents the difference between
mutant strains and wild-type strain under carvacrol
stress. The same below.
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FEA 3 AT ALK, 1 AnK16 AR 3,4-
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Fig. 3 Changes of total superoxide dismutase
(T-SOD) activity in different hk mutants under
normal culture and carvacrol stress.
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Fig. 4 Changes of catalase (CAT) activity in different
hk mutant strains under normal culture and carvacrol
stress.
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Fig. 5 Carotenoid content in different hk mutants under normal culture and carvacrol stress.
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Fig. 6 Content of total carotenoid in different hk mutants under normal culture and carvacrol stress. Ctr:

Control; Car: Carvacrol.
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N R & A i 8 AR AR i, MDA, MDA BRI
SitgRTine, BlRAMIEEE. TEREE hk R
IV P (%) 3, RELARE Jk 60 P 200 B P 9 MDA %7
R, BB, hk AESR A e AL, 3
JT AR B AR AR AR AR K
KB

FEL RS ik 7 1 308 1 35 40 i 9 B AT B R AR
A 7 B T P 0 40 L 8 R 43 7 %o 8 T P ol
i, T-SOD BeME kR % B B+ 1 i JE Ak AR Al
Afd A LA, CAT DLid & L ki T2 cfi
TR AL, RE I BRI Ak S 55 B0t 240 A 1y 45
o M hin gods TR B A A N T-SOD il

CAT miEtE. Bhr e eae 1 MBS P32 hk 7
¥, H T-SOD il CAT M2 5 RS K78 5 g )
R S ERU o

KNS MRETHERIEY, RN,
KiE MREAZMAYIEE, I B U
PSR (B2 TEAE 2022)  RHLAE JDk A0 127 e A B £ 55
WER . BEABMLLE . FILLRM - P RF
(Hornero-Méndez et al. 2018), hk9, osl. sinl.
phyl. phy2. luxq. hkl i dccl FRERRIMH] T4
BE DAL S B DRG0 A AL
PEHET adnl . Aluxq F1 ahkl HEEE N RNE
M. HKs TEIH T RIS IR MR8 bR G b
EAEH], I BAEMHE 0T 2R MRS iy
Jn e HE I 38 Y e

Ak, Aphyl Fi1 Aphy2 630 H AL A 1) 2%
Febk, @A et &8, phyl #1 phy2 $)E T
VI Y HK., #&1Mi, dccl Al hkl6 ¥4J& T X174 HK,
B AR e 10 7 1 e SRR [R] . adect R
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