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 E. ¥ RB: 1-558 (sphingosine-1-phosphate, S1P)Z —#F LA A & M eg 3505, B L A5 & Hf
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REMR, FBTEA M. KB LA, JE R ARBLF 9752+ MoLcb3 9 &4 5 7 e #ATHE R,
F) Bf £ AMolcb3 R R AR o 3R 45 J2 77 B #5 2 B% 4L B (sphingosine kinase, SK) MoLcb4, #—F iK%
FE B B MoLcb3 #=it# MoLcb4 Z 1A #9% % . [4 R ] 3k MoOLCB3 AW FH AR RA A LA K
REFFRELETR, YaotioTodt Rl ERnIAE R, AMolcb3 £ Tk T4 & Kt X
Z W R, AMolch3 R TARA B T &5 it . IR T AW AE . R, AR AF ISR A
RATHF = BAAe SR H F0T, SHAAAEFZF, $.9 MoLcb3 A5 Lk it RN A= Sk
A AHE. AMolch3AMolcbd M R Z AT A K LA AMolch3 R R P £ A 8k Fa. A9k, R
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Boumk, Mg R Efe IR MRS F IR Y ARETREM, IR MoLCBS A b4
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MoLcb3 contributes to sphingolipid balance and stress
responses in Magnaporthe oryzae
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Abstract: Sphingosine-1-phosphate (SIP) is a bioactive sphingolipid notable for its
involvement in the regulation of biological processes and the development of diseases.
Sphingosine-1-phosphate phosphatase (S1PP) plays a role in regulating the intracellular
metabolism of S1P, while the biological roles of SIPP in plant pathogenic fungi have not been
reported. [Objective] To explore the role of SIPP in the morphological differentiation,
pathogenic process, and maintenance of sphingolipid balance of Magnaporthe oryzae.
[Methods] We employed homologous recombination to delete the SIPP gene MoLCB3 from
M. oryzae and characterized the obtained mutant AMolcb3 was by phenotypic analysis, gene
complementation, and lipid metabolomics. Furthermore, we deleted the sphingosine kinase
(SK) gene MoLcb4 from AMolcb3 to explore the relationship between MoLcb3 and MoLcb4.
[Results] The deletion of MOLCB3 resulted in significant decreases in the mycelial growth rate
and spore production and affected conidial malformation and initial appressorium formation.
AMolcb3 completely lost the pathogenicity to barley. Moreover, the AMolcb3 mutant were
significantly different from the wild type in responding to hyperosmic stress, cell wall integrity
stress, high temperature stress, and fungal lipid synthesis inhibitors triadimefon and myriocin,
suggesting that MoLcb3 was involved in these stress responses and lipid anabolism.
Interestingly, the double mutant AMolcb3AMolcb4 basically compensated for all phenotypic
defects of AMolcb3. In addition, lipid metabolomics showed that compared with the wild type,
AMolcb3 presented significantly different levels of lipids, such as free fatty acids, ceramides,
and phosphatidyl inositol. [Conclusion] MoLcb3 plays an important role in the mycelial
growth, sporulation, spore germination, pathogenicity, stress responses, and lipid homeostasis.
In addition, knockout of MOLCB4 can cushion the effects of MoLcb3 deletion. The results of
this study provide new ideas for elucidating the sphingolipid metabolic pathway of M. oryzae
and the development of inhibitors of fungal lipid biosynthesis.

Keywords: Magnaporthe oryzae; MoLcb3; sphingolipid; functional analysis; lipid metabolism

http://journals.im.ac.cn/actamicrocn



2920

ZHANG Xiaozhi et al. | Acta Microbiologica Sinica, 2024, 64(8)

LI TR T 7R Ao A Ao 8 e 5 | S B R 1Y
I —— R (rice blast), FE IR A E
Y AR K T R e R, 24
K, FEORIETE B TR o8 R, X EE
TEAT 2 00 3 M LA R A S 6 2 PR v B B TR 2
TR A BF AR -5 s IR A AR T R R
TA Y, AR B UK AR B AR — A e B sh s
A2 PRI R , SR TSRS T HH RE 852 MR B0
PEECRE IR AR, DL v Bl K A 27 = e ie—
FRH R AT AR, MR B H 2L
4 JE 36 AL 25 H #4 B (high-osmolarity glycerol
mitogen-activated protein kinase, HOG-MAPK)f5
S PR A0 i RE SE A (cell wall integrity, CWI)
bk e N B N 7 e R o s AR A E
HLHIN ISR T I RS R A I RTX L
ZRIRAR NSRRI TR B0 1 FH A IR L & 22 4k
AT W, (H2 5 A HA R AR S 5 P 4 AR T
MBS R A A B

Wl e —RTE BRI AFTER IR BT, 1R
o 240 I P A 5 4 1 M 5 1 A A
FI U8 R B 46 7E N i (endoplasmic
reticulum, ER)HF &1, FH#s i 2w /RIEK, B
Y 24 IR #4A 3)) J i (plasma membrane, PM)
W, R | SRR A Wy W aE e A i A) i 22
F1 240 At ) S8 TR G RO U b R S AR 1 T
R R =, A7 Bl T4y 22 R 240 i DO RE AA I -
U7, B AR N A R G S I S A T
T, WADROIFOR B, FEH AR IR 1)
ot

1EShY) . FYAELE S, SR PG A
LR A —E WA, A Sl AR
a R R O W S = N N S i S
P2 (ceramide, Cer)Jedi (] B HYBENE AL &
WYY, h TR AR RS 4 2D 1,
22 A FRAZHE T 5 74 i (serine palmitoyl transferase,
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SPT)fiEfb 22 AR AR HIEAE S A, 485 AW 3-
Ml 3 — & 5 % ¥ (3-ketodihydrosphingosine,
3-KDS)?, $RJ5, 3-KDS 2 3-Ji 5k — S0 i
it J5i B (3-ketodihydrosphingosine
KDSR)i& Ji A= 7 — U4 2B (dihydrosphingosine,
DHS)™, 35, 2N B8 i R e 4 22 9k
it Wil (ceramide synthase, CerS)AMEAL T LIk
e B 45 A W E A, B A& M & B %
(dihydroceramide, dhCer)*", [5G — S M & B
TE A ph 2 W e 25 i A (dihydroceramide
desaturase, DES){EF T & it & B>, Lk
3 AR AR N B SE ALY, BR)E, e
Pk iz 36 1f B 76 B A 25 Ik g 5% 32 B 1 (ceramide
transport protein, CERT)¥% iz 2| = /R F&4A o 5 &%
FIBRAVE SR TR EE 5, PR AL HAh A B e 25 )
JR 2028, 54 (sphingosine, Sph)if AE Bl Y 2 W7
PBEREIR AL, T U - 1-BE IR, P i 4
Ko i 3 A2 e 2% Tl —— B 2 T - 1- W R 2L i T
(sphingosine-1-phosphate lyase, SPL)/Mi#, =4
7 T i 5 BR 1 (phosphoryl-ethanolamine) A1 C16
& 1 (palmitaldehyde)™ ", i S0 B5- 1-BE IR W IR
it 1 P A 1 B - 1 - TR 2 W TR A B 2 e
XS S R 1 300 B vy B
- 1-BE IR R I B 72 de Ceuster 5%
TER BUH IR0 M s AT A A 255, B Mao 5%
1 Mandala %5 M FR VB % £} (Saccharomyces
cerevisiae) " rE R STPP fE4T Il — &
WS- - L A - 1 - R AT O - 1 -
fifk iR (phytosphingosine-1-phosphate, PHSP)Z: i
PR ALy U A A TR )
(phytosphingosine, PHS)®™ . TEWFLsh¥d, W
AR FER SGPPL il SGPP2 4ifity T 742 1) S1P
WM , 5 LA LA T2 IR S 0 R T R
Bt ANTR], S TP B TR Tl o) 4 S P W R FLAT 15 BE IS
YRR SRRSO M NG SGPPL LA,

reductase,
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JETE BN Y STP RSP A3, il & £ R
TR AN R oAk, 80 AR TR TLR P A fa i
FIET-P, SGPP1 K55 T L e I il 45 i 9
AR TG S A SR P T, 1 SGPP2 RENS IR
5 /I U 55 4 PR 5 X ) 7 SR RN 5 [l
LCB3 Zt (1) S1PP 75 PRI i £ Ak 4 1A 38 s
N R E R, SRR MR AR A
Hig AL 4 HT, LCB3 3R 75 1] LAY
M AR 0 DA TR P A K R T RO 1 DGR
AT LA MoLceb3 MWFFEXT 4, 403 1 e Al
Sy BT RIIE B4 2= 43 BT, WFSE MoLcb3 e 1 Fidi
WERARKER . AERTIE . SomtE . Wk
ORBR BRSSP R ThRE . ILAME IS E AMoLcb3
AR R v G R R IR TR 22 B MoLcb4, B
fifi MoLcb3 1 MoLcb4 W& BRI R, Nik—+
iR 7 8 AT P A B DA S e LT AR
A= 0 B SR A A 5T S A — S A LS AR

P

1.1 ##

FER s TR B AR U TR AR Guy 11 S SEBG T Y
S8 KA il A cCO-39°Fh F . B K £ ‘Golden
Promise’ Fi ¥, % rlBREMATR. pKO3A LUK &
T AMEAR pKDS (KT (Escherichia coli),
FH T VLA RO B2 e A ) O 4 5 i A W it 53 e
1) H A S A e 9 % R fE, AMolcb3 287
K. AMolcb4 JBk | HAME# AMolch3-C #
AMolcb3AMolcha XU 58 A A Ry A5 i gt
SERFEH complete medium, CM)F1 LB H57ERACH] |
LAF RS54 4k (Agrobacterium tumefaciens-mediated
transformation, ATMT) I %€ A8 1A §ifi & ¥ 2 B8 3¢
Hk[41]. KRIATF R AZ 25 40 i (Trans1-T1 Phage
Resistant Chemically Competent Cell)Il4 [ It 5% 4=
KB EYHE AR A PR F], A RAT B A
ML (AGL-1 Chemically Competent Cell)llJ H |-

Vi P e A= B A R ) o AR A T 5 1 400 o
BN BRADFRHA R ARG, 5 1,
1.2 SYEEENH

PAFEIER B MoLCB3 (MGG_09184)3E: [X ()
EOFHI KRN S, £ NCBI (https:/www.
ncbi.nlm.nih.gov/) "Rz . 1592 98 F 781
A ClustalW ¥ 3k (https://www.genome.jp/tools-
bin/clustalw) )7 51 FLXT, X455 |l ESPript
I 3 (https://espript.ibep. fr/ESPript/cgi-bin/ESPript.
cgVEIF 41 LT RIS A MEGA 11 RS
"R
1.3 RFREZRRIIRE

DU A RUBERE Guy11 SERA AR, (# 5]
Y% Icb3-upF/lcb3-upR #1 Icb3-downF/lcb3-downR
G314 MoLCB3 | T4 2.0 kb A YA
B, il UKk 7 BeR/NIE R, AR L
T B R R PR HPH R B Gl 51
Y%t HPH-F/HPH-R 434 a0 i £ F Bri &
filg 22 BV 5 1 PKO3A R ARml G o K B 41 84
B NI RIESZ S A, PRIBGE i e R TR
7 PCR B&iiF(Icb3-upF/Icb3-upR . lcb3-downF/lch3-
downR . HPH-F/HPH-R), AR S
U B A R B, WIE R AR . A
JF 0 1 1 B TR TR 2 T RS R S R BRUBTRE
=20 °CIRAFE& M o FIHAATHE A S5 AT E, ¥
FOREE ALAT T, Bl 5 2R FH B R Bk ik 3k
15 1 R R A o BRIBUST ARG I R R 5 A
FFER 4] DNA, H519%F 1cb3-upyzF/HPH-yzR
4T PCR Al b i F & = btk LN B4 A
B, F51¥%F 1cb3-innerF/lcb3-innerR il 3L A
NP B, 45 LA v By, RN B,
WE B 56 AL 1R, R BB . MoLCB4 2
PRI Bt 22 L, (HEE A B S Bkt HPH 2t
PR Z Wi IE N BAR, 7E3KfS AMolch3 %
ASRTERRIERT B, PR MoLCB4 BE1H, 15
#] AMolcbh3AMolch4 575 {4 B Ak
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*1 AARETAGY
Table 1 Primers used in this study

Primers name

Primer sequences (5'—3")

lcb3-upF AGGCTAACTGACACTCTAGAATATGTGCTATAGACAGGTCAC
lIeb3-upR TGTTGACCTCCACTAAAGATTGGCCCGAAAGGTG
lcb3-downF GGAATAGAGTAGATGAAACACCCTTTGTTCTCTCAAC
lIcb3-downR CGACGGCCAGTGCCAAGCTTATCGGCATGATGCTCAACTGG
lecb3-upyzF CTGGTGTAGAATGTGGCG

Iecb3-innerF CTGCCAAAGATTGCTGTCAATG

Icb3-innerR TCCACACCAAAACATGATGGG

Icb4-upF AGGCTAACTGACACTCTAGACGACGCTGATGATCAGGATGGC
Icb4-upR TTCAATATCATCTTCTGAAAGTTTCCGAGGGAAT

lcb4-downF CCGTCACCGAGATTTAGCTTGACGTCGCTCTCGTTG
Icb4-downR CGACGGCCAGTGCCAAGCTTCGATTCCGCCGCATATTGTGT
Icb4-upyzF TGCAAAAAATCTCAGCGC

Icb4-innerF TCAATCGTGGGAGACAAGCT

Icb4-innerR GACGATCTCGAGCTCCATG

K5-GFP-1cb3-F ATCAATCACAATGGCCATGAAGCGAAACAACCGAGGCT
K5-GFP-1cb3-R CGCCCTTGCTCACCATCCTTGGCTGGCGTAGGTGTT
HPH-yzR GCAGCAGATGATAATAATGTCC

BAR-yzR TGGGGCTGATCTGACCAGTTGC

HPH-F TAGTGGAGGTCAACAATGAATG

HPH-R CATCTACTCTATTCCTTTGCC

BAR-F AGAAGATGATATTGAAGGAGCA

BAR-R CTAAATCTCGGTGACGGGCAGG

Tubulin-F TGGAGCGTATGAGCGTCTAC

Tubulin-R AAGATGGCAGAGCAGGTCAG

1.4 Molch3 EE B4 MNHKBIIKE

Bt 5 91%F K5-GFP-1cb3-F/K5-GFP-lcb3-R,
e B S % Ok B 1T (green
fluorescence protein, GFP)J&[H, 744 MoLCB3
SRR R B, SRAFRIEEA R 7k 838 &
A BARFUE 1 1 24K BTk pKDS o HE,
Xof 20 TR A TN, K 9 L A 1) R A R
B ANAAFER, R ATMT J7:5% A AMolch3 (1)
By, R R BAR%ﬁ‘iu*ﬁiﬁE@%w%
Pl UG AL T 22 AF 2% 6,58 6 i T BE T W58 ¢
I, WA TSR B AR CE—2 PCR 50
E, #5431 MoLCB3 JEK H B, W zh 4k 45
HAMERE AMolcb3-C.
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1.5 B#HESTEREENE
PR Guyll, AMolcb3, AMolcb3-C,

AMolcb4 Fl AMolch3AMol ch4 13 k75 58 42 15 5 Bt
sk, KB ] R FEmR i L 4 XS, i
[FIRE R /IN B R BRI A BT Y e e i R ik |
TE25°CTRiFF 7d Ot 16 h, 2BEE8h), ZJ5
FH A7 28 SR i gikﬁﬁ, sk, F LR
ffo BMRMKEIANEER, LREL 3K,
1.6 FRE. MFEREMNMERLZENE
FAREIRIMMA 3 mL (9 ddH,0, 73 B AE
SEAIEIRAE FREIR 12 d BB AR A R4S 00 TR Rk T
&R ERFETEE S, WER 20 mL &
L, 7500 r/min .0 5 min 37 F, WEM
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T MABLEERE 2 mL, B8 7E I
BRAtBOR b, 7R TS . Gt
BH, JhdssdE, XBREL 3 K. Kl
JERRE 5x10* A~ /mL J5, EEDE A B R
AL, I 40 M RE £S5 5¢ 5 F (calcofluor white,
CEW) % 't G €050 X o £ 60— 241 i B 70 e J i
T, St ARMFRRERE, BIRERS
T3k, BRI 3 K, [RIEPR BRI R
TR AT BUK BB b, 28 CCRREE R
KR3e, fEET 4. 8. 24 hpi MBS A 2 R0
S 11 A N IO BT 0 -
1.7 BURMENE

BT 7-8 dAEK REFRYREE i i =i
— U B KRR S =, AT FLE X e 58 4
FRAHEERESR 7 d MFRNTEAREEATAT AL, NS
(TR 22 P 22 B AR ORAZ it e AUk Rt l B,
MHESR 4 d, WEN & iE LR E % .
MRERICE 3 ANER, LREL 3 IR,
1.8 =B 040 paEE B8 iK 16

DRt E i ST Yies - E - S 1| RN
0.7 mol/L ZILH(KC). 0.01% 1+ ke SLhifiéh
(sodium dodecyl sulfate, SDS)F1 400 pg/mL KI5
£1(Congo red, CR). F#& Wi k42 F i a8 35
FREERM, T 28 CHRMFTHEREFR 7 d 5, W&
W% BAR TG ART AR R Se i vy EE A
3, AR 3 M EYEEE
1.9 EHEAEREHHIF B8R

DLoe s R 5L LR IR A, A Al
1 pg/mL =M (triadimefon, Tri)Fl 1 ug/mL £
FR7E 1 & (myriocin, Myr). B 25 M3 5 Ak $2 Fp
Fra R R, T 28 CHRMTFREE R 7d
Jo, R AR TR I AR IR ST A A K
LT~ B 3, AL PIRE 3 M EYE
HH,

1.10 SEEiRL

WA B I G RR TR 22 S T o8 e g R 1
B, 43HIF 25 °CHFI 30 °CHEREF: 7d, ZJ5H
TR X R P AR AR sk RO AT
BAWHKE 3 MEE, LREL 3R,
111 $BEAERMBEXEE S

¥ Guyll . AMolch3 . AMolcb4 #i
AMolcb3AMolch4 TR TE CM IR AR 75 36 vh s 55
60 h, JralWEERIZZ, HARKE 3 MEE,
K Z RS A YRR R A\l 2R TR ) B i
T E I o XS0 1 B ) B ) i S5 22 s 1 A
(multiple reaction monitoring, MRM)Z5 #1722
SRR K IRE/#T, FIFH GraphPad Prism
8 FRA-22 i 0 1k 1) i AR T i 2 S L

2 ZERE54

2.1 MOLCB3EEHWLE

WA AEYE B, FEIEN T MoLCB3
FE IR (MGG _09184) 37 T 5 i o 1 275 145 Yo {4
F, FHleR N 3161 bp, I 6 AMHMNETF, 44
WEF, gt s 597 NMEFRNE AR, XTF
GBS LS 3 BT R, HA 6 MSIRIX . ST
o D B EE DR G AN (], A T R Ry Rk P
2 AR VR I F 4 f5 S1PP, 437l J& LCB3 il YSR3,
X 2 FhE I HA 53.00%F0—2tE, Leb3 157
ZHANNIE 340 3l 3 R JE X & B, MoLeb3
-SRI 2R Leb3 &5 M1 Ysr3 25 F A 2 5
MR — 2 2 Ik 5] 29.58%F1 28.96%., #E—4 15
HoAh R A R IR T T R R F WA, Hrp
B 98 0% B MoLcb3 5 /N 2 4 bl
(Gaeumannomyces tritici) R3-111a-1 #l/ ff
(Xylariaceae sp.) FL0016 [R5 25 [ Y15 14 55 R 5%
(K1), AR B0 71.19%
65.57%.
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= | 10 20 30 40
Nakaseomyees glabratus A T MEHQPVITLNDVNGNSTDVLVSHNVKSRIRARS hLSNPNDYQ
Saccharomyces cerevisiae MVDGLNTSNIRKRARTLSNPNDF|Q
/‘;gﬂ\u(ckammy(es_f)maf)m.’u ............... MSTEGIPLTGVEF NDF|Q
Gaewmannomyces (ritici .MNSTARGSSPGSQLLPKKNTKKAPNGSAHPQPPRPAVLV|TSADGSAG

.MKRNNRGSSPASASLPKIAVNGPSTN............ MIREPDKll\GT..

Mgnaporthe orvzae
Xylariaceae sp.
Colletorrichum orbiculare
Homa sapiens

MSLROQRLAQLVGRLODPQKVARFQRLCGVEAPPRRSADRREDEKAEAPLAGDPRLRGRQP GAP GGE| PE’GSDRNQCF‘ ces e s e s ARPEG

Nakaseomyees glabratus .[Msp 1RF]| FrK v P S[WLRK ¥ vDNQE/EMT]Y Y WDS|
Saccharomyces cerevisiae iF RITRMSKF|RF| rN RE| K LILVF TNNQ|S|F T|L{S RW|QK| i]

Zygosaccharonyces parabailii  DHF KGKMSKLRF|S

‘TR AT|KRFTDTQ9DYI[SKWQLK
Caeumannomyces iritici HH Y KRA[LIP QWR Y|S|

ﬂLPLVRWE[PYLtAWMQSKJ
2

Mgnaporihe oryzae GH Y KRAILP P WR YAV RQKMLPLIRWETP YIAWLOSK
Xvlariaceae sp. D{H Y KIRAL) PPW‘!VLN‘MP WALP L IRWE|T|P Y|LIA WMQAKIL
(u.’lemrr.':fn.-m orbiculare D|H Y KIRA[LIP TWR Y|KIMR Y‘r."]LPLIRWE TP Y|

Homo sapiens GVRNGL|AAELGEASE

Nk o

Saccharomyces cerevisiae
Zygosaccharomyces parabailii
Gaenmannomyces tritici
Mgnaporthe oryzae
Xvlariaceae sp.
Colletotrichum orbicuiare
Homo sapiens

HIOF].DF-C?CFBSVAFMV\SlFVSD- HEFDDRSLIYA......0
HVR[PVDECP CF/OIS VAF MEVV FG..VILVYN

HIKPVDECPCFAMNSVAF VEVV|GEIEWS KiW| RLG. .IEYGQG. ...
HPEPADDCP CF|DjslS VAF AlgVMI| il RISAFAWP .
HPEFADDCPCFDIS VAF AldV M il HSSFAWP .
BPEFADDCPCFDEIS VAFARVMIELEVGI RSPFAT........IP.FDLNALGWPAVILE
HEE[PADDCPCFDRIS VAF AV V i RTSLDSFGGNAHSVTA. IDLSALGI&’HI\-LA"
SIFTILDTWS TSRGETAE I L{gS GA[ET A F !

380

EKQHLKIELTANSGE . v v vuvvavvnnns
VIAARKRLEATHEEGAS. ..
EKMEERKQYAN. . ... ...
1

L

L

Nakaseomyces glabraius SEWpDY G KE|
Saccharomyces cerevisiae PGLRIEEH
Zygosaccharomyces parabailii FlQCGDY
Graeumannomyees Iritici TAYMHE S T|W|
Manaporthe oryzae WLHATG
Xvlariaceae sp. [Y[LQENS|
Colletotrichum orbictlare [YIMHS S SfW|
Homo sapiens lElN . QTH

FLKTICRLEDDR|
LILIK.VFHLKDDRN
LIH.VLELKDDRP
{LIPSLFRATIEDRGL(S
LPYIFRAIEDRGL(S
LPHLFRLIETWGL(S L
I
K

Nakaseomyces glabratus
Saccharoniyces cerevisiae

Z) vgusacclrw omyces parabailii
Gacumannomyces fritici
Mgnaporthe oryzae
Xvlariaceae sp.

Colletorrichum orbiculare
Homo sapiens

PR‘RFFMRnSEYKNIPDLLRLRTDTVLPAISELPDIMRNIR R\«’GGRRGRSVSIGPQSRADAYF
LPRRFFVNASEYKNIPDLLRLHTDNVIPSVSDLPEIVRNIR. .. .RVG.TRGRSVSIGPQSAADAYE
PRRFFMPRSEYKHIP. . LRLRVDNVMPSVSDLPGLITAVRHPR. ... .RGRSVSVGPQSAADAY[E
LEHIFR[LLEKVDM|
CKIFN[IPCDDIR]

PRFEFFTPASKYKMVD. .PGSRMDTLIPSVRDLPRVVQSIRHP ... .TTRGRSVSIGPQOSAADAYE
RQIRIME ey S T T S L b B e RS

Nakaseomyces ;n’m’:m!m
?u( charomyces cerevisiae

Zygosaccharomyces parabailii

(ICILJHH(WHOH.'W, es Iritici ESIGSNASLGSKPSLRDLREEAASDGGDGAVAAYTS.GROQOSPVPTSPTGHGHALRSGGTLAEYESMMGQGTVVLSPFTADDGDD ,EPDMFVAHQDELGDM

Mg,mpmﬂmg,-y-ue ESMGSNASLGSKPSLRNLREEVSREGGASGDAFEDGDGFAFSSSLSSAQQIRRRNQSPGTLADYESQMGRGTVVVGDEGGKGED .DVDIFIGQQDEFEEK
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Figure 1 Sequences comparison and phylogenetic analysis of MOLCB3 homologous gene. A: Protein
sequences alignment of homologous genes in Magnaporthe oryzae MoLcb3 (KAI7921492.1), Saccharomyces
cerevicae Lcb3 (KZV10140.1), Gaeumannomyces tritici (XP_009230231.1), Xylariaceae sp. (KAI1337660.1),
Colletotrichum orbiculare (TDZ17510.1), Zygosaccharomyces parabailii (AQZ17239.1), Nakaseomyces
glabratus (KTB14151.1), Homo sapiens (NP_110418.1), the red background and purple box indicated the
identity of all and more than 6 conserved nucleotides. B: Based on the sequence comparison results, MEGA 11
program was used to construct the phylogenetic tree of LCB3 genes.

P4 actamicro@im.ac.cn, & 010-64807516



TRIEE S5 | AR, 2024, 64(8)

2925

2.2 AMolcb3 RETIRRIIKE

Hi4E DNA [] 95 8 41 4 5 20K MoLCB3 2
DR B o b i 85 R UM I, DR R B ER A H Y
(Kl 2A), 2l e R Putk ks 251
FHH 82N 5 1 #%T 1cb3-upyzF/HPH-yzR
R AL B Y JE U2 15 o gl 2 4, Kl 2B R
VK 3-8 ¥ 2 000 bp AYSHT, XFHETKIE 2
LR i D S E NS N B S R Y D)
lcb3-innerF/lcb3-innerR #H—E 50k, K 2C IR

leb3-upyzF

HPH

pKO3A-Molcb3

bp M S DD

8 000
3 000

1000
500

100

8000
3000

1 000

2 000 bp

ILTKIE 2 971 5] 25 500 bp 1 2574 (35> MoLCB3
FEA), FXTRES 4%} Tubulin-F/Tubulin-R #BAE
PHE 1000 bp AT, UEBHUKIE 3-8 (ALY
B AR M IEf A9 MoLCB3 i [ it 4% 2 245 1K T fk
(AMolcb3),
23 MoLchb3 SE5RBEREEFREKSH
1E CM M AR 7 d IE MR EEES, KB
R BT A 2 Guyll SAETHZWRS, JFEK
gft,, SR AMolcb3 2R AR A VK T 22 5,

HPH-yzR

B N
B ! ’

lcb3-innerF/leb3-innerR

PYY VYV

bp M &

1 000 bp
500 500 bp

100

B2 MoLCB3 EREAIMRTER R AMolch3 RI{AZ I E K 5P E PCR 1iE

Figure 2 MOLCB3 gene knockout diagram and internal and external PCR validation of AMolcb3 mutant
replacement gene. A: Knockout vector pKO3A-Molcb3 and MoLCB3 target gene knockout. The red arrow
represents the target gene MOLCBS3, the blue arrow represents the HPH gene, the position of the primer is
marked accordingly. B: 2 000 bp external fragment of MOLCB3 gene amplified with lcb3-upyzF/HPH-yzR
primer. C: Icb3-innerF/Icb3-innerR primers were used to further verify the deletion of targeted genes in
different strains, and bands of about 500 bp and 1 000 bp corresponded to Molcb3 and g-tubulin genes,

respectively. M: DNA marker.
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Figure 3 Colony morphology, growth rate and sporulation of AMolcb3. A: Colony morphology of wild type
Guyl1, AMolcb3 mutant and replacement strain AMolcbh3-C cultured at 25 °C on CM medium for 7 days. B:
The colony diameters of wild type Guyll, AMolcb3 and complementary strain AMolch3-C on CM medium
were statistically analyzed. C: An asterisk indicates a significant difference (**P<0.01).
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Figure 4 Conidial morphology and appressoria formation of AMolcb3. A: The morphology of AMolcbh3
mutant conidia was observed and the cell wall and diaphragm of conidia were stained with Calcofluor white
(CFW). Scale=10 pm. Type I: Phragmoconidium; Type II: Didmoconidium; Type III: Ameroconidium. B: The
abnormal rate of conidia in each strain was calculated. Type I: Phragmoconidium; Type II: Didmoconidium;
Type III: Ameroconidium. C: The appressorium formation rate of wild type Guyl1l, AMolcb3 mutant and the
complementary strain AMolcb3-C was induced on the surface of the hydrophobic membrane. Scale=10 pm.
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Figure 5 Pathogenicity detection on barley leaves.

i 1
R Rl

Mycelium plugs of wild type Guyll, AMolcb3
mutant, and the complementary strain AMolcb3-C
were placed on the isolated leaves of 7-day-old
barley and photographed 4 days later.

http://journals.im.ac.cn/actamicrocn



2928

ZHANG Xiaozhi et al. | Acta Microbiologica Sinica, 2024, 64(8)

F1B L RE IR R B S AR R A . R T B E
MoLcb3 X} A s i e M B8 T s, ARBi SR
STIRURANYI | PA TS 7S SIS RPN R & i ANy e
B E AN EE A T I AE RS DL B Guyll
AMolch3 ZEA5 K F1 AMolch3-C H. KM Rk 43 51l4%
FIAES 0.7 mol/L KC1, 0.01% SDS F1 400 pg/mL
CR 5 &R AR b, 7 d JailE#E He
AR HAM KR, SR ER, Guyll 5
KCI B XA Kk (67.7+1.0)%, AMolcb3 %78
IRTES KCI AT AR KRN (73.240.8)%, =5
10 R 3 %6 5 A5 A AR P ] 355 SR e 20 55 (L 6), D
FERIEL I MoLCB3 SR BAR J5 , s e s
fif5%. Guyll £E% SDS. CR HIAIXHA: KR 435
F9(51.120.7)%. (51.1+1.7)%, AMolcb3 7544y
WIR(57.7£1.0)% . (42.5+2.8)%, I K SDS X %8
AP 5 R (] 6), M4 (A% CR B
fgUEk EAR SDS i CR #FREGS TP A L aE e 4k
HHAERPA—Z, CR & 5JLT B B-1,3-
BRI RE A, Thdnireg ™), sps

BB AN L G L O (E e SR T AR
IR EREXT SDS (T T, 5% CR JERCRY
2.7 AMolcb3 ¥ E & A5 R & B 5 B9 8
B

T 29 Molch3 3 RS B4 At
I PR A R, AR T AR 2 A
AR JBT G A o R0 A BURE B o K Guyll .
AMolcb3 ZR7ZEAF AMolch3-C H kb i #5435l 4
FILE ST 1 pg/mL = MR (2 A 655 I Jm 1
S 38 AL B TR A A B ) R A A
AT )T P D 22 A7 B8 B 18, DT AR IR L TR
AR NF 1 pg/mL £ Bk 2 (224 -
P RE e RS B 00, 0 e A Sk B O
SERREFIAER b, 7 d R YR BA TR
HAX AR, 450 B/R, Guyll 765 Tri A
S A K BN (77.5£1.0)% , AMolch3 278 1Kk
(81.6+1.0)%, i8R 8 2855 (K 7). Guyll
TE Myr BOAR AR % 8(67.7+2.5)% , AMolcb3
AN (62.0£1.9)%, WBEMTFEARE 7).

B
|:| Guyll [] AMolch3 . AMolcb3-C
80 -
*k
=3
o= ==
%60~ 15
<
5 ] B
gmg
o0
2
E 201
(5]
=1
0 | 1 & 1 | 1
KCl SDS CR

El6 HEHRERSEMEBIMAEMEREFRETHEKIFR

Figure 6 The growth of each strain under hypertonic stress and cell wall stress factors. A: Hypertonic stress
agent KCl, cell wall stress agent SDS and Congo red (CR) were added to CM substrate. After 7 days of
cultivation under dark conditions, the growth of the strain was observed. B: Colony diameters of wild type
Guyl1, AMolcb3 mutant and complementary strain AMolcb3-C on stress medium were statistically analyzed.

Asterisks indicate significant differences (**: P<0.01).
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Figure 7 The growth of each strain under the condition of two fungal lipid synthesis inhibitors. A: The fungal
lipid synthesis inhibitors triadimefon and myriocin were added on CM substrate, respectively. After 7 days of
cultivation under dark conditions, the growth of the strain was observed. B: Colony diameters of wild type

Guyll, AMolcb3 mutant and complementary strain AMolcb3-C on stress medium were statistically analyzed.
Asterisks indicate significant differences (**: P<0.01).
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Figure 8 The growth of each strain under high temperature stress. A: The colony morphology of wild type
Guy11, AMolcb3 mutant and the complementary strain AMolcb3-C were cultured on CM medium at 25 °C and
30 °C for 7 days. B: The relative growth rate of wild type Guyll, AMolcb3 mutant and complementary strain

AMolcb3-C were statistically analyzed at 30 °C temperature. Asterisks indicate significant differences (**:
P<0.01).
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Figure 9 Colony morphology, growth rate and sporulation of AMolcb3AMolcb4 double-knock mutant. A: The

colony morphology of wild type Guyll,

AMolch3 mutant,

AMolcb4 mutant and AMolcb3AMolcb4

double-knock mutant were cultured on CM medium at 25 °C for 7 days. B: Colony diameters of wild type
Guyl1, AMolcb3 mutants, AMolcb4 mutants and AMolcbh3AMolcb4 double-knock mutants on CM medium
were statistically analyzed. The strain growing for 7 days was used for sporulation analysis. An asterisk
indicates a significant difference (*: P<0.05; **: P<0.01), and NS indicates no significant difference.
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Incidence of AMolcb3AMolcb4 in rice and barley. A: The appressoria formation rate of the wild

Figure 10

Myriocin 30°C

type Guyll, AMolcb3, AMolcb4, and AMolch3AMolcb4 strains were induced on the surface of the hydrophobic
membrane. Scale=10 um. B: Pathogenicity detection on barley leaves. Mycelial plugs of the wild type Guyll,
AMolcb3, AMolcb4, and AMolcb3AMolcb4 were placed on the isolated leaves on 7-day-old barley and
photographed at 4 days. C: The same mycelium pieces were inoculated on isolated rice leaves growing at 14
days and photographed at 4 days. D, E, F: The growth rates of AMolcb3, AMolcb4 and the AMolch3AMolcb4
double-knock mutants at KCI1, SDS, CR, Tri, Myr and heat stress conditions, respectively. An asterisk indicates
a significant difference (*: P<0.05; **: P<0.01), and NS indicates no significant difference.
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Figure 11 Lipidomics was used to analyze the lipid content of each strain. A: Cluster heat maps, with significant
differences in lipid content between groups (higher in red, lower in blue). B: KEGG enrichment analysis showed
that there were significant differences in lipids involved in lipid metabolic pathways such as glycerophospholipid
metabolism, sphingolipid metabolism, and glycosylphosphatidylinositol (GPI)-anchored biosynthesis. C: The
relative content of FFA. D: The relative content of Cer. E: The relative content of PI. An asterisk indicates a
significant difference (*: P<0.05; **: P<0.01; ***: P<0.001), and NS indicates no significant difference.
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