[DEXyESI

Acta Microbiologica Sinica

2022, 62(5): 1936-1948
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20210662

Research Article BiakiE=s

\_\.

HER, Mk, T, BER

HAEBE R A Rl 2# B, Jbat 100048

4

AR, IMEEVE, ML, WRAEFY. BT 4k a5 58 7 XORLRE Dk £ 1T AR K A S e B AR LRI DT . AR WA i, 2022,
62(5): 1936-1948.

Han Huifeng, Sun Haitao, Li Yanhong, Chen Zhiling. Effects of point-mutated profilins on the growth of Neurospora crassa and
the biochemical mechanisms. Acta Microbiologica Sinica, 2022, 62(5): 1936—1948.

i OE. [86) At—F THATH 4% E G (profilin, PEN)ELKRAB Foyh4e, AL HE R
J0.H (Neurospora crassa) AR5t %, #ATT M4 & G st L % A KA IL3) & & (actin) R A45 14
o IRA. [ BT RALLER. RARELE. sAF T PCR FH AR, RIFHELLK
FOE AL 4 & & F78 (F78A #= F78D)A= V113 (VI13E. VI113R A= VI13W)#9 5 R E 4K, F)H P44
Kk, EHEHART I HRENELNERE T/, F46 % RMABRFEREMEL, AL
BEAF G LR FRRSHERRGMA RO T REFRGTAa, [ER] FRF
B AL PRIOTE AT 4F 45 B & & R T4k F78A. F78D. VI13E. VI1I3R #= VI13W, 53t BB &k ku70™”
e, RAEMRAE K BMIZ(P<0.05), £+ PFN (F78D)#4= PEN (V113W)#) R Z 4k 2 A& ¥ 49 12-48 h,
B % H 425 BIALA 3T R 20.0%—75.7%F 12.7%-39.2%. =4 HA K% 2 &9, PFN (F78D)#=
PEN (VIBW)REM A LA KR E XTI EZWH, SERTHROGTEFALENI AL, ¥
HRFOMA RO FARRERTH FI8D #= VII3W & & #HATILS) & & 69 AL R LI, T
H@EOQUITFIINFHEE RO mAZITFRE, FERINARERMALL; MEREEZEE FISD =
VII3W 4| ILsh & & B LAz Ve k35, #t—xfsh & A ReF AR AN FAEAH
A4 & G 8 0-5 umol/L JE B A =T 39 4| IL3h & & 49 K&, HRURE B sl/E R st —F g%, %
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1 LER RN EO S ERSTEHNE 82%AA; # 5 pumol/L &K% %& ¢ F78D 4= V113W 37
HF &G REGER AN ZRIG, AL RIZEE ST RBTE 12.0% (P<0.01)Fe
30.7% (P<0.01). (41 RFFRIE LA A L& G AR IRICE FAE T ZOER, L FI8 4 V113
REZHFRLLE, S TRATNHEAOREGMBRILFHEBRRICANERLT LA T2/,
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Effects of point-mutated profilins on the growth of Neurospora
crassa and the biochemical mechanisms

HAN Huifeng, SUN Haitao, LI Yanhong, CHEN Zhiling*

College of Life Sciences, Capital Normal University, Beijing 100048, China

Abstract: [Objective] In order to further clarify the functions of profilin (PFN) in filamentous fungi,
we explored the effects of point-mutated PFNs on the colony growth and actin polymerization of
Neurospora crassa. [Methods] The PFN F78 mutants (F78A and F78D) and V113 mutants (V113E,
V113R and VI113W) of N. crassa were obtained by techniques of site-directed mutagenesis,
homologous recombination, filtration of conidia and PCR. With plate method, race tube assay and
microscopy, the phenotypic changes of colonies were observed, and together with polyproline affinity
chromatography, fluorescence spectrophotometry and high-speed co-sedimentation, the effect of point
mutation of PFN on the actin nucleation and polymerization was analyzed. [Results] Mutants F78A,
F78D, V113E, V113R, and V113W all grew slowly compared with the control strain ku70*" (P<0.05).
Particularly, the colony diameters of F78D and V113W were only 20%—75.7% and 12.7%-39.2% that
of the control at 12—48 h. Race tube analysis demonstrated that mycelia of F78D and V113W presented
slow growth in comparison with the control. However, both of them exhibited near-normal conidiation
rhythms. In addition, the purified wild-type PFN could inhibit the spontaneous nucleation of actin in a
concentration-dependent manner, while the inhibition of mutant proteins PFN (F78D) and PFN
(V113W) on the actin nucleation was weakened. Wild-type PFN could suppress the polymerization of
actin in the concentration range of 0—5 pmol/L, and the suppression was enhanced with the increase of
the concentration, causing the monomer actin content in the supernatant to peak at about 82%.
However, the inhibitory effect of 5 pmol/L PFN (F78D) and PFN (V113W) on actin polymerization
was significantly weakened, as manifested by the decrease of actin monomer content by 12.0%
(P<0.01) and 30.7% (P<0.01), respectively, from the control. [Conclusion] This study confirmed that
PFN played an important role in N. crassa, and F78 and V113 were important active sites for regulating
the polymerization and depolymerization of actin and the growth and development of N. crassa.

Keywords: Neurospora crassa; profilin; actin polymerization; site-directed mutagenesis

Mz B4R R EE N, EE o1 7 H (global actin, G-actin). £F4EARALshEH
b RSO B A e, RPNl (filamentous actin, F-actin)MLahE H455HE
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(actin binding proteins, ABPs)Z1{, %40 A
V2 EEMAE S, . Dimd . 2
S I 1108 eS| UL ) B N DA SR 11 B
K, KT eL iR R BRIE A R A i it
GG T HEJE, 4N . HDRS ki i 28 55 Ah
LGB, R 1 G E AR
RE act', SEPAERIMIELES, A K HURZ F|
TAMHIC, 2L B 4R R 259 latrunculin B 40 B
LS SRR R s K B, WA latrunculin B ¢
JER T, VR AERKERBE N, WLk
PAKEIRE, RIWERTH, Rk
. R OME R RBRE T, AR
Jo . RN T TR 22 20 P N T 22 R B b .
GAEH M i 2, W ry KR
i1 ~0.79 um/min J8 18 £~0.25 pm/min™*!, DI |3
Y B A AR S PR Ry T i 22 B BRI A S B 52 3|
T, R B 22 B AR R R /R A A
A X T YE R 22 R ELA E AR B
T £ 4 %5 11 (profilin, PFN)/2 % 5L % BLAY |
SRR FEN MK T & ABP. TESIYH
MY ani, PEN MR NIREA . ERES
3 RBERLE S, 43RS actin, BN EEULEE A
ZRIGERY . sh¥irh, PFN %I F-actin 3
SWERAINEEN: — T HERES
G-actin 4545, JEHCERM I EME A, W
G-actin, il F-actin MR A . 73—J7, PFN
WA IR 45 5 7E G-actin [H) ADP #5450
ATP, ffi G-actin 4b T 5 T RE M= B R,
EMifE I F-actin ()R E AEY A0+ PEN t H
A F-acitn BA5MMER, H HATR KA
A% AT R 28 4 o BUEE A R F-actin 19 0% R 1,
4 FHI., FH2 I FH3 S5k, Hb i) FHI
gl I S Il &R (35%—-100%), PFN 5454
JATE actin AL 2EAE BERE RIS P A5 2 UE S,
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H AT UL, PEN AAUFE actin A 4H%E, R7ETH
5 Al ABPs (196 M RS R H4 A A D) RE

PEBEE 5> F LW ORI R J2 AR
WFoE 2, PFN XFFAiffid & . etk 4
Fi A5 S A oy B B R A
TS fan, F RNAG $ AR /N7 Bids g PEN
P FNEVETT AR Tt A K 58 4 2 B
AR B . R RNA 5 ARG I
PFN-U #ifk, BRI, HT AR
ARKE, Tk Ik AR AR MR PFN-O 1, JLAR
K B FL B AR A3 I T 50%, REBHCRE D
I 1A%, BEREANME) PEN hRgskiG, WS
MK RN, R 2R IR BRI AR
Hiz 4 A1k, AN 220K BB PEN (WD RE T i
WAEH A

AR SORE ke FRDRE AL TR L TR R L BOK
B IR . AN 6 P A1 PFN
HEATES R XS, RIE AT 5L 1R 7 51 IF A f
SF, FPEL 30%, HE = R EE AR R ML
XPok B IT . BOK ELAIZE A9 PFNs, A il
i I AR A W S B E T R4 H S actin
GEL IR IR A5, 16 16 M A HA 4 MR
B RS, = ar kR el F %
LRI BB 4. 5. 6 AR I o- M E K JE
FPL, BLAh, PNEESFITE R, PEN fEHLRE
Fk LB Ry AT SR, LR T B R BORTRE ik
A BEAFTE O JE T LA _E X PREN A 4544 20 #r
AW NS 5 actin S5 5 BE AL K,
Ve LA TETE actin 255 FPEDR F78 Fl V113 {if
SHEAT A SRS AR, A SR RS KA A A S AR TR A
R e A AL, E— X PFN RS 5848 2R
FEEfT4lifl, 43HrHXT actin ShASRFPER R,
DUHA A ) B o 22 B 2R 2R B AR K R E
PR AL ERS AR
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1.1 ##
111 EHRF R

JT PR K A8 B e 70" T AR ph PP R AR R
AR W . KA W WPk DHS5a .
BL21(DE3) [ 4t 57 71 = SC4F £ W RHS A BR
FAE A T o JE KL pBlueScript-SK-5'flank-PFN-
3'UTR-hph ., pBlueScript-SK-PFN 3'flank-hph "4
SCIRAEEIFORAT , BURL pET23a A S 25 (AT o
1.1.2 EZEKFH

1A B AR R 2 w] (AU 58 B, Bk
Wy B B R E D ER A BRA w8 i BRI
PN VIR . T4 DNA %30 . Phusion PR 5 2R
A W3 H Fermentas 23 F); DNA RIS &

*ﬁ%’%ﬁliﬁ*ﬂé‘%ﬂ@ H R AR AL A

R s 28220 & B b 28 A 5L R 4
ARA R H g%ﬂﬁ%ﬁ&(MFlz 000). PMSF,
ATP Il H Merck /7] ; CNBr-Sepharose 4B i H
GE Al

Fz1 ERRESY

1.2 5|4t

AR BE Tk A 0 s R rh A& R L ) PEN
(NCU06397) DNA J¥51, FIH 5191144
Primer Premier 5 X} PFN H F78 fl V113 X 2 >
B T S R AR T, FFR RN A E
TOMATE R, BIAFRRIT S 1,
1.3 PFN S X TEHKEE

PAFF 2 A8 B i B pBluescript-SK-5'flank-
PFN-3'UTR-hph &4 , 535k F78A-F/F78A-R .
F78D-F/F78D-R. V113E-F/V113E-R. V113R-F/
VI113R-R. V113W-F/V113W-R K5 |¥1i4T PCR

KW, 7S B PEN 875, KW AR 2 FIFE

¥ 525 38 A e s AR & B 5. PCR 44
HE, T 1 pL MutazyrneTM (10 U/pL),
37 °CHRAE 1 h, DLLERH AL TR, Hik
J& P G AL KA A I DHS o, BRI 3T
R IUTURL I 35 A W1 o 4300 LA BGIE 1 1 1)
FORL AR Y38 B 9 B : 5'flank-PFN (F78A)-
3'UTR-hph. 5'flank-PFN (F78D)-3'UTR-hph .

Table 1  Primers for site-directed mutagenesis

Primers DNA sequences (5'—3")

F78A, F GTAAGCGCTACGTTGCCGCCAACATCGAGGGTCGC
F78A, R GCGACCCTCGATGTTGGCGGCAACGTAGCGCTGAC
F78D, F GTAAGCGCTACGTTGCCGATAACATCGAGGGTCGC
F78D, R GCGACCCTCGATGTTATCGGCAACGTAGCGCTGAC
VI113E, F CTACGGCGAGAACGCTGAGGCCGGCAACTCGACA
V113E, R TGTCGAGTTGCCGGCCTCAGCGTTCTCGCCGTAG
V113R, F CTACGGCGAGAACGCTCGAGCCGGCAACTCGACA
VI113R, R TGTCGAGTTGCCGGCTCGAGCGTTCTCGCCGTAG
VI13W, F CTACGGCGAGAACGCTTGGGCCGGCAACTCGACA
VI113W, R TGTCGAGTTGCCGGCCCAAGCGTTCTCGCCGTAG
PFN, F EcoR 1 CCGGAATTCATGTCCTGGCAAGCCTATGTT

PFN, R Hind 111 CCCAAGCTTTTAGTATCCGGCCTTGACGAG

hph-1 GAAAAAGCCTGAACTCACCG

hph-2 CGTCGGTTTCCACTATCGGC

The site-directed mutagenesis positions were shown in wavy lines and the restriction enzyme recognition sites were

underlined.
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5'flank-PFN (V113E)-3'UTR-hph, 5'flank-PFN
(V113R)-3'UTR-hph 1 5'flank-PFN (V113W)-
3'UTR-hph, DA J LLJii#i pBlueScript-SK-PFN
3'flank-hph WA 4% 3'flank-hph F B, % H
i 2o R AL T B AR Bk A0 P TR A k70", R
AN 2257 40T R A R IREE 4L, DA PEN 55
AR BB PFN, [R5 A aE R YUk SE R
(hph), TERMNEHEFRHE B 3-5 U5, 521
YRR AR AR, SRR U AR RO, AL
25 um BUUEREEUE , WA R PUE g, SR
K121 DNA J5 PCR ¥ p gk, K545 1
PFN S5 RMR(E 1).
1.4 FREFE L PFN S X TEKRRE
)

W5 X BRI RR A4S PEN f5 A8 R 43 HE 1
T A AR, DA [ B 4 D T A
FERPEAR g, BT 30 °C IRAAFEIE R,
B 12 h R 7% AR . A IC SR AR AE KR
B, LIWE 3IEKR
1.5 PFN R RTLTEMELEKERMNE
B F BT RN

2% Cao M7 M PRBGE 240 A 11,

PP TE 52 P A K45 (race tube)— i, % G
B 1 dJaE R 25 °C BRI, HFE 24 h
LU AR AR . Lk 5% BBk
AN i, % 72 TR R T 24 A K SR RN oy AR A
BRTHERAZ, TRNE 3 IRER.,
1.6 PFN ST REKEIE L2 5 8

] FL42 10 em AFIILHOIMA 15 mL SEACKE 7
B, BHE, BRI DL 45 RHm AR IR
e, A3 IO BRI PEN 5 2875 AR A 43 A2 960
TR 5 uL, WEmE R SR Ak
ZEGEREERD, 30 °CRAREEFE 12 h e, & 3.7%
ZEHEERFZEJG, F 0.5 pg/uL Calcofluor White
Yot J5 8 H, Lecia DMRE 766 5 iU WL .
1.7 PFN % PFN (F78D). PFN (V113W)
RRTERARIEHMEEE
1.7.1 #MEFR#ZFIEEH KX pET23a-PFN

DLHLBE Bk f0 7 B cDNA SWAAR, Ll PEN,
F EcoR I/PFN, R Hind III/PEN N34y, #E17
PCR, #:4% PFN ¢cDNA F Bt, EcoR 1 #l Hind III
ity U] J5 55 A [ BR i) 7 il U0 9 281K R B pET23a
A, EE ALK AR R DHS o, PRI 5T
GERR IR, )4 S k2 w0 B IE

[ 5flank | PFN

<
BUTR[:.. . Fph ]

f

[ 5flank | PFN

[3'UTRL " hph o

Chromosome

P

[ ph ]

3'flank |

Conidia

electrotransformation X

——

5'flank | PFN

[3'UTR[__ 3'flank  —rff—

Chromosome

——f——  S'flank | PFN

+ UTR[: = hph -l

3'flank  —F—

Bl1 PFN mREHRMETEE
Figure 1
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Schematic diagram of PFN point mutant strains construction.
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1.7.2 MRS RELRIEEHIK pET23a-PFN (F78D).
pET23a-PFN (V113W)

%% 1.3, Ll pET23a-PFN Jouki by SEafi B AR
WEATHRAS , SR8 e W SR 36 2 W] T B i
1.8 PFN X PFN (F78D). PFN (V113W)
RRTERMNES K

BT RIL, K pET23a-PFN  pET23a-
PFN (F78D). pET23a-PFN (VI113W)43jll 444k
KIGFFHE F A F bk BL21(DE3), %5 IE i 1Y 2
FEREEAN R 10 mL &2 N E 8 R W LB AR
FRHdr, 37 °C fHEFE, IHIMR 1:100 1)
Fefilfe LB HidkRs Ry KI5, £ ODgoo
4 0.6-0.8 i}, fil A 0.1 mmol/L IPTG, 20 °C i
$ %35 10 h, 4°C. 5000 r/min &[> 10 min,
AR TR R T80 °C AT

Hyoemmaifk, FIMH PFN 52 RIfzm
455 B REPEE T 44k, B X PLP-Sepharose
HATIEALALF], SREH 25 mL B2 A9 buffer 1
[10 mmol/L Tris-HCI (pH 7.5), 50 mmol/L KCI,
0.2 mmol/L DTT]E &R AFH —4 Wik,
A 10 mmol/L PMSF, # R, 4 °C,
7 500 r/min &> 30 min, WL PLP SEFZ
Mk, 555 FH buffer 11 2 mol/L JR % (%5 T buffer
DfPEZeE T, 7 mol/L JRZE (& T buffer DPEME
HME M PFN, HMWEMEIE T buffer 1 HiE
B, BB ST, 12% SDS-PAGE BEF 146,
FE AT VR BE I E o
1.9 PFN X PFN (F78D). PFN (V113W)5
REEAXMNMHEBR ST

%% Spudich A0 LM, il & B BRI
PRy, L gL AT TS AT A T
B T LB B 1 4lifk . Ca® -ATP-actin {f- 17 1E
G-buffer (5 mmol/L Tris-HCI, pH 8.0, 0.2 mmol/L
ATP, 0.1 mmol/L CaCl,, 0.5 mmol/L DTT #0
0.1 mmol/L NaN;)H,,

1.9.1 RAEHDHKLXEITRN PFN RERETE
SESEIREA=IER AR A0k Al

3%tE (pyrene)bric i G-actin 5 1xME (1 mmol/L
EGTA, 1 mmol/L MgCL)¥¥ & 2 min J5 il AA[H
WePBEO, 1, 3. 5umol/L)AY PFN B 5 umol/L
PFN. PFN (F78D). PFN (VII3W)&EH, HH
3 min, ZJGMIA 1xKMEI, ] G-buffer #+55 &
150 pL &K & . A% %6 & {¥ [QuantaMaster

Luninescence QM 3 PH Fluorometer (Photon
Technology International, Inc.)]# 52 A4 Z N

PEICAE AR o R 3 R < TN R B i K
A 365 nm Fl 407 nm,
1.9.2 SRERILIEHRN PFN RaRxTEAN
MEhERREHMEI

2% Jang kM Bk 3 pumol/L
G-actin 5 AW O, 1. 3. 5 umol/L)AY PFN
1, 4°C HIEH 50 min, RJ5HNA 10xKMEI
(10 mmol/L EGTA, 10 mmol/L MgCl,, 500 mmol/L
KCl, 100 mmol/L imidazole, pH 8.0)Z 2y i
MG, FIREA 16 h, B 4 °C. 90 000 r/min
B30 30 min, bV FUTTE 73 54T SDS-PAGE,
Image J At E SR, #1750
Mr, SCEE 3K,

2% Bk ik, 4rulf PFN J¢ PFN
(F78D). PFN (V113W) /R4 5 16 A R e iE
(0. 1. 3, 5 umol/L)HF, X F-actin -G .

2 BEREAW

2.1 PFN W& 5

R A D5 B E, KRR Bk AL PEN
Yok AmERE . BIRIT. AL BREL . NELS Fh
FAZ Y [RDE e 34T Le X, S5 5R BoR e
(0 2 LR 7 91 — SO AIG, HR = s R AR B
R, WEAH 4D o-i2HE. T A ARSI,
S L3h & AR AR BAE ] R A e B- IR A 3.
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4., 5 MR Iy a-IRTE BT . FEF LA E 454+
GYMT, G5 AR S G 2 A HEURS KA B PEN 1Y)
WHoE, ARSCEFEALT B 4 1 F78 A4
FR I M2 HER) V113 BIALL SXE PEN #7738
FRAR(F 2), B 78 MK NE IR (F)RAE N
WRAMR(A)B KA ATRD), ¥ 113 (@R (V)
G AT AR (B) Bk 2 MR (R) B Z R (W), M
T 9 TR SR BAS i BE A 98 FL T RE L DA i A
PFN ] # FHURE ik 70 0 1) A= 4 & B LA
2.2 PFN R HK(F78A. F78D. V113E.
V113R. V113W)HI3%15

PLJEHL pBluescript-SK-5'flank-PFN-3"UTR-
hph 22 55 28R, 4352 F78A-F/F78A-R .
F78D-F/F78D-R. V113E-F/V113E-R, V113R-F/
VI113R-R ., VII3W-F/V113W-R N5 ¥ #4T PCR
KR, S HKIERE PEN 2878, 4350 LA 7
6 UE TE B i SR AR B 1S H A Bt 5'flank-
PFN (F78A)-3'UTR-hph . 5'flank-PFN (F78D)-
3'UTR-hph. 5'flank-PFN (V113E)-3'UTR-hph
5'flank-PFN (V113R)-3"UTR-hph F1 5'flank-PFN

B2 FHMEPKFE PFN 5 actin BIE &K&W

Figure 2 Predicted three-dimensional structure of
Neurospora crassa PFN-actin complex based on the
structure of bovine PFN-actin coordinates (PDB ID:
3UDb5). Light grey: PFN; dark grey: actin.

<l actamicro@im.ac.cn, & 010-64807516

(V113W)-3'UTR-hph, £ H LAtk pBlueScript-
SK-PFN 3'flank-hph & i #x ¥~ 38 4% 15 1
3'flank-hph F B¢ (¥l 3A), 1E°M knock-in F Btil
o R AL T B AR R A0 TR TR AR kw707, i
TR MBI R FER 3-5 W, A E
il o B 7 3R 1R A5 PFN R R A8 Bk
(F78A. F78D. VI13E, VI13R, VI113W), PCR
Y e I — 2 e B

I 25 () 3BYRT AR i, Bra sl S
25 R 58 2 MAF, F78 AN A (5-3":
TTC—GCC)/D (5'-3': TTC—GAT), V113 %78
H E (5'-3": GTC—>GAG)/R (5'-3': GTC—CGA)/
W (5'-3': GTC—TGG).,

(A)
bp M 1 2 3 4 5 6

3000
2000

(B) TGCGEChACA  TGCCBATRACA

‘if;l\nf!j} ?" M,Mf M

F78A F78D

cocfedeccs  cocficdocce

!

cecrpadoce

A ity

V113E V113R

J«J

VII3W

B3 PFN mRTHREEE

Figure 3 Construction of PFN point mutants. A:
PCR amplification of the target fragments. M:
marker; lane 1: 5'flank-PFN (F78A)-3'UTR-hph;
lane 2: 5'flank-PFN (F78D)-3'UTR-hph; lane 3:
5'flank-PFN (V113E)-3'UTR-hph; lane 4: 5'flank-
PFN (V113R)-3'UTR-hph; lane 5: S5'flank-PFN
(V113W)-3'UTR-hph, lane 6: 3'flank-hph; B:
sequencing results of site-directed mutagenesis.
Mutated characters were shown with rectangles.
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2.3 PFN K= ZEZTHR(F78A. F78D. V113E.
V113R. VII3W)FRE S #f
231 EEEKRBEUR

9T 43 Hr PEN (F78 . V113W)E 2748 Ji %
FHRE KA AR R B IE I, AR SOX BT A R
AR T TP ARG R MES, FFFERER S 12,
24, 36 Fl 48 h 4 M [A] g % B IR HLAR A3 B A T
T (K 4), SXTEAHLL, PEN A5 %R A8 fk
(F78A. F78D. VII3E. VI1I13R. VII3W)&H
M AN [ AR R Y K422 5, Ferb PEN (F78A) . PFN
(VI13E)FI PEN (V113R)EMRTERE SR, Sxt
HE TR AR TRV 2B K AH L B R 808, T3 48 h B,
Z S AR . PEN (F78D)F1 PEN (V113W)Etk
TEFTASIN B IF 8] Be A= K 2%, 7E 12, 24, 36
Al 48 h B, PFN (F78D)ZE AL 1A I V& HLAR 50 3 24
Xt RS 20.0% ., 31.6% . 27.8%F1 75.7%, PFN
(VI13W) 58 5 (K 1 7% B 42 43 9l 29 S X B8 Y
21.1%.12.7%.23.5%% 39.2%, % ¥ PFN (F78D)
I PFN (V113W)RAE B B I06I T RvE A K .

(A) 12h 24h 36h 48h (B)

Colony diameter/cm

El4 PFN mRTHRAETR ERYRE

IS, PFN (F78D) R V4 2 Sk, PN (V113W)
PG AR, AR R B
DL BG5S, F78 I V113 T RLRE i 15 1Y
AR AT HAREEMMEEM, IF H PFN (F78D)
A PFN (VI1I3W)I/ER L B35 .
232 HEKERMPEBRFHERTENE
Race tube 73 BT 2 WF 5 TR 22 A5 4 B Fil B
617 T8 BT A R T B . AR
Mrimas i, JR8: FLEXF R4Sk PFN (F78D) A
PFN (VI13W)#EFT0F5E . FI A Race tube 73 #7
2R E 5 frs, TPk PEN (F78D) A £
-4 £ K 3 #K (1.06+0.14) em, PEN (V113W)
A B 22 - 24 A K3 2% (0.81£0.15) em, 435112
%t BB BE ku70%" (3.3140.39) cm HY 32.0%FH
24.5%, FH] F78D Fl VI13W &Ml T H 2
AR . WA AERTIEBN AR E, R
BT RS SR I, S X BRTERRARAL, ZREH F78D Al
V113W 548 R Xt o3 A A B9 T8 515 1 A=
-4 R

=|ku70RIP
= F78A
== F78D
= VI13E
== V113R
== V113W

Figure 4 The phenotypes of PFN point mutants strains grown on plates with minimal medium. A: the

colony morphologies of PFN point mutant strains;

B: analysis of colony diameter of PFN point mutant

strains. Results are means=SD of three parallel measurements. Different numbers of star indicate a significant
difference. **: P<0.01; ***. P<0.001; student’s ¢-test.
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Figure 5 Race tube assays of ku70"" and PFN
point mutant strains on minimal medium. A:
mycelium growth and circadian conidiation
rhythm in ku70""" and PFN point mutant strains;
B: growth rate of ku70""" and PFN point mutant
strains. Data were measured at 25 °C in constant
darkness. Results are means+SD of three parallel
measurements. Student’s 7-test.

233 HaHoRERPE

i T #E—2 40 HT PEN (F78D. VI13W)iE &
G AR I TE AN AT b X RS Jk A6 1 TR 22 4 K 1
B, ASCiE T Caleofluor White X ku 70%7 %o

W& TE #& F11 PEN (F78D)F1 PEN (V113W) % 28 Hi bk
0 REFEAT T U, SO0 B IR WL 45 2R
K6 fitn. ATLAEH, 5XTRERE ku70™ 2
He, RAKHZZIEERM A FREN R,
HHt PFN (F78D)Z2 4 H 43 B 4%8 , PFN (V113W)
P22 B AR
2.4 PFN (F78D. V113W) = R EHMAL
HMEBEIMSFFERET
T WF9E PEN (F78D)#1 PEN (V113W)E

FLGRAR P RURE B AL R AR K L B R IR EALE, A
SCHE E. coli BL21(DE3)H %} PFN. PFN (F78D)
A PEN (VI13W)E H 317 T i Rk maifl,
FEXTEAMTRIR SN E AR FE ST T 5007
2.4.1 pET23a-PFN K 5 33%F pET23a-PFN (F78D).
pET23a-PFN (V113W) R A& K2

LHLBE ik £ B cDNA ik, PCR ¥4
315 PFN HBt, 5 pET23a #iik &G, #ik
2 KA DHSo, $2EUTOR R 7T AU 4508
M T AT LI BV R BER/NVT 312 3 666 bp
1402 bp, SHUAK/N—F WFEIEES S
AT E I F IR K pET23a-PFN, A pET23a-
PEN W€ s 878 BURLA AR, IS A E 578
B iEAT PCR &1 , A4 AR AH I Y IR 2K
{& pET23a-PFN (F78D).pET23a-PFN (V113W),
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Figure 6 Hyphal morphologies of control and PFN point mutant strains. A, D: ku70%"; B, E: PEN (F78D);

C, F: PFN (V113W). Bar: 10 pm.
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Figure 7 Construction of expression vector
pET23a-PFN (F78D) and pET23a-PFN (VI113W).
A: results of PCR amplification (left panel) and
enzyme digestion (right panel); B: sequencing
results of site-directed mutagenesis. Mutated
characters were shown with rectangles.
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Figure 8 Purified recombinant wild-type PFN and
its mutants. M: protein marker; lane 1: PFN; lane 2:
PFN (F78D); lane 3: PEN (V113W).
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Figure 9 Pyrene conjutated actin assay to measure actin polymerization in the presence of PFN and mutant
PFNs. A: assay to measure actin polymerization in the presence of increasing concentrations of PFN; B:

assay to measure actin polymerization in the prescence of 5 pmol/L PFN and mutant proteins (F78D,
VI113W).
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Figure 10 High-speed co-sedimentation assay to assess actin polymerization in the prescence of PFN and
mutant PFNs. A: results of various concentrations of PFN copolymerized with actin; B: results of various
concentrations of PFN and mutant PFNs (F78D, V113W) copolymerized with actin. Different numbers of star
indicate a significant difference. ns: not significant; *: P<0.05; **: P<0.01; student’s ¢-test.

SO TR S5 v BE i) PEN R R A8 1 PEN  26.6%F1 30.7%, 45258 %, F£U PFN
(F78D). PEN (V113W)J5, bFEHAREASM  (FI8D). PFN (V113W)5 G-actin 454 HIAE 110k
G-actin F B HTHD, TERWEFWRE 1. 3. 55, il F-actin R & WRE 1 8.3 T F (& 10B).
5 umol/L B}, HWfAERI PEN AL, JIA PFN s .

(F78D)HIK & FiEH G-actin 85> T 3 s %VE

2] 5.5% . 8.0%F1 12.0%, JIA PFN (VI113W)f) M2 ERNRRIBEDEEEX T4AY
KRR 3G G-actin & 84350/ T 2 23.4% . AR IEH A K AT RO, mHRHHAT

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



S | AR, 2022, 62(5)

1947

TIRERIRTHE, PFN JZ U89 22 B 2R sl A i oG
f)—Fh ABP. 7EHREIKIRIE H, PFN Z0h75 5
R, PRt 9% HL B 1 4540 S Dy e HL A i d
Y S, T P AL s I A3 A Ly i DU —
FEAFIR R . Schutt 25 F FH X514 S ik fi
P4 )T EBFSE 4 PFN-actin &4 25 A4 I & 91
PFN Y actin Z [AIMAHE 4545, {2 T PFN B-47
Bh 4. 5. 6 MR o2 HE KM, @it
Actin 456385 1 F1 3 (10 SE IR FR HL 22 18] ¥ 5 7K
FHEAEA . B s s e ok i s —
BB EE AT, T XU B R PFN
MIEER 53 BT, G5B AR LI = RTINS, Ak
A% PFN 5 actin MZ5ARE IR/ RS, ik
BT B-Ir 8 A 4 1Y F78 FIISS AR R KLt o- 12 i
B V113 PIALZ ST PEN JE 172 55 28 A 5T
30K F78 28748 A 5 D, ¥ V113 74k E
o REE W, i o H4  7 kURS Ik 60 7 PEN (F78A) .
PFN (F78D).PFN (V113E).PFN (V113R)#l PFN
(VII3W) s 2848 Kk, JF % oA K R AL T
5%, —F 58T PFN. PFN (F78D)#fl PFN
(V113W) & [ i alifb S AR A= A1 5T 20 7

IE R Y G-actin #% PFN Z5 4% T4l 1F
ARV TR, 4 PFN 5 G-actin Z [0] /)P
PeATHE, AR AR S ZE RN B R 4
A K TF 2 F-actin fENHLEZ MR8 2 A4 KT,
LB A AR A RS B A SR O
24 R IR N F-actin BSCIBRER 11, 76 R IR0 141
H BRI . AP F-actin BOU8/0, #E31EH
ZEIBHAG, FEERKEEAREY . KRR HE
P45 F-actin SR INIEE A IREBR S, TR
S, AR EZE ", R PEN
(F78D)HI PEN (V113W)ZE 25 bk B 7% AT 22 5L 31
5 FAHGEA R R, AR, HEm R
PRI PFN 875 J5 T 22 4 i F-actin 223 5%, A

T 38 5, 3 760 3 i 2 A 2 T ity B o A\ T B 1) 3k
RIRAMAR, XIRT G ik — TR

>k B HAB A Y104 58 K2 278 PEN | actin
ZEEN ERATIG 5 actin B2 A1 T AR PR 4
. RAMIFFEE LA PENL X actin B84 (U520
B, 38 AR5 B 2 iR R AR 5 | A Ah
Hfb2FE, H 3455 PFN (V60E) . PEN (G120F)
55 actin WER] G5 R H ML T 5 G-actin
fI3EF S, PEN () F59. K125 4355 actin fiY
H173. E364 MHAEM, 28 F59 REZEN AL
K125 %420 A J, B3] T 5 G-actin BEF1)
TR TR Sk B AL A T 1 s 2R AR
FHH PFN (K114E) He 42 & 3 £%5 A4 sk 28 A4
K PEN X actin 54 [l 25 R4 i 5 R PO %)
COS 7 4fi g B ARAATE B i 58 2 FE v & 8L, PFN
(HI19E)Ht = 5 G-actin fIZEAIST, (HRGRES
HAbBRLS A fE 11PN A HaE R W, 7 T actin
W 4EH B, 3 # W-loop (aa: 165—172)FIME45#4
B 1 B C K ¥i(aa: 349-375)12 5 PFN Fa B 454
(R 3 B B TE, KA AS BIF 5 T A RELRE ok F A
PFN-actin Z5# W] LLA i, F78 A1 V113 4045
actin [ W-loop 1 C R¥m&h&, el 5ek
RAFNE , X F-actin BAF1 H & R 30 68
TR, FATHEMZ PEN K258 115 actin A
HAER ks, st Fas AR S I i 2
N, S8 T PFN (F78D)F1 PFN
(V113W) 5 G-actin BYZERIIREML . AR
FHIESCHRE , PFN W57 55 actin A0 B AR
SRR B D HOLA & B ORSF Y, HofhoR
ZHIFAPRSE, LA IR 45 5k PEN Q] 4
7 actin ShAIRME TR BB, ik — 2
PEN ¥ AE WA AE KR B LT B T Al

BUf: BMtRRERFRELHRAET RIS
Fah4EF.

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



1948

Han Huifeng et al. | Acta Microbiologica Sinica, 2022, 62(5)

S0

(1]

[7]

[10]

Velle KB, Fritz-Laylin LK. Diversity and evolution of
actin-dependent phenotypes. Current Opinion in
Genetics & Development, 2019, 58/59: 40-48.
Takeshita N. Coordinated process of polarized growth
in filamentous fungi. Bioscience, Biotechnology, and
Biochemistry, 2016, 80(9): 1693-1699.

Virag A, Griffiths AJF. A mutation in the Neurospora
crassa actin gene results in multiple defects in tip
growth and branching. Fungal Genetics and Biology,
2004, 41(2): 213-225.

Li YB, Xu R, Liu CY, Shen NN, Han LB, Tang DZ.
Magnaporthe oryzae fimbrin organizes actin networks
in the hyphal tip during polar growth and pathogenesis.
PLoS Pathogens, 2020, 16(3): e1008437.

Davey RJ, Moens PD. Profilin: many facets of a small
protein. Biophysical Reviews, 2020, 12(4): 827-849.
Liu C, Zhang Y, Ren HY. Profilin promotes
formin-mediated actin filament assembly and vesicle
transport during polarity formation in pollen. The Plant
Cell, 2021, 33(4): 1252-1267.

Vidali L, Augustine RC, Kleinman KP, Bezanilla M.
Profilin is essential for tip growth in the moss
Physcomitrella patens. The Plant Cell, 2007, 19(11):
3705-3722.

Ramachandran S, Christensen HE, Ishimaru Y, Dong
CH, Chao-Ming W, Cleary AL, Chua NH. Profilin
plays a role in cell elongation, cell shape maintenance,
and flowering in Arabidopsis. Plant Physiology, 2000,
124(4): 1637-1647.

Thorn KS, Christensen HE, Shigeta R Jr, Huddler D Jr,
Shalaby L, Lindberg U, Chua NH, Schutt CE. The
crystal structure of a major allergen from plants.
Structure, 1997, 5(1): 19-32.

INEE, R, PRI, ORUBENKAB AT 4E 5 Y86
Ml R88 i mi AR 22 A K. P AW S 0
TAWpEEA, 2015, 31(9): 952-959.

Sun HT, Huang L, Chen ZL. Profilin mutations
Y86R/R88E and Y86R/RESE inhibit hyphal growth in
Neurospora crassa. Chinese Journal of Biochemistry
and Molecular Biology, 2015, 31(9): 952-959. (in
Chinese)

Cao XM, Liu X, Li HD, Fan YM, Duan JB, Liu Y, He
Q. Transcription factor CBF-1 is critical for circadian

<l actamicro@im.ac.cn, & 010-64807516

[12]

[15]

[17]

[19]

(20]

(21]

gene expression by modulating white collar complex
recruitment to the frq locus. PLoS Genetics, 2018,
14(9): e1007570.

Spudich JA, Watt S. The regulation of rabbit skeletal
muscle contraction: i. biochemical studies of the
interaction of the tropomyosin-troponin complex with
actin and the proteolytic fragments of myosin. Journal
of Biological Chemistry, 1971, 246(15): 4866—4871.
Jiang YX, Wang J, Xie YR, Chen NZ, Huang SJ.
ADF10 shapes the overall organization of apical actin
filaments by promoting their turnover and ordering in
pollen tubes. Journal of Cell Science, 2017, 130(23):
3988-4001.

Schutt CE, Myslik JC, Rozycki MD, Goonesekere
NCW, Lindberg U. The structure of crystalline
profilin-B-actin. Nature, 1993, 365(6449): 810-816.
Fan TT, Zhai HH, Shi WW, Wang J, Jia HL, Xiang Y,
An LZ. Overexpression of profilin 3 affects cell
elongation and F-actin organization in Arabidopsis
thaliana. Plant Cell Reports, 2013, 32(1): 149-160.
Bergs A, Ishitsuka Y, Evangelinos M, Nienhaus GU,
Takeshita N. Dynamics of actin cables in polarized
growth of the filamentous fungus Aspergillus nidulans.
Frontiers in Microbiology, 2016, 7: 682.

Riquelme M, Martinez-Nufiez L. Hyphal ontogeny in
Neurospora crassa: a model organism for all seasons.
F1000Research, 2016, 5: 2801.

Tang GF, Chen A, Dawood DH, Liang JT, Chen Y, Ma
ZH. Capping proteins regulate fungal development,
DON-toxisome formation and virulence in Fusarium
graminearum. Molecular Plant Pathology, 2020, 21(2):
173-187.

Schluter K, Schleicher M, Jockusch BM. Effects of
single amino acid substitutions in the actin-binding site
on the biological activity of bovine profilin 1. Journal
of Cell Science, 1998, 111(22): 3261-3273.

Lee SS, Karakesisoglou I, Noegel AA, Rieger D,
Schleicher M. Dissection of functional domains by
expression of point-mutated profilins in Dictyostelium
mutants. European Journal of Cell Biology, 2000,
79(2): 92-103.

Suetsugu S, Miki H, Takenawa T. The essential role of
profilin in the assembly of actin for microspike
formation. The EMBO Journal, 1998, 17(22): 6516-6526.

(ARLTTH SKRIENT)



