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ML o B 1L 6 A Rptl-Rpt6 ATP fiff fl 2 43k
ATP fifi Rpnl &% Rpn2 #{p, Hih 6 4~ ATP fiff 4
BERC IR ZE 4, Ry SR A B A2 1L B i . Base
) EE Y RE G 22 17 ZALME AR KRR O
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Bt 1) o B Pk ELA S B . T A Ah e T
RPN4 [{RIFFE EIAR /D, H T G a8 18 3 B I 2
4% RPN4 RPN7 J% RPN10 fy4Rit .
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TN AL SR PR IT /N B R A )
) LRy A AT EU X, & B RPN4 19 7 51 R PR ST,
ifii RPN7 11 RPN10 [ J¥ 371 i 2 R <F o AR BiF 9% 44 2
7 RPN4 RPN7 F1 RPN10 = /™35 B Ao W7 20 43 1y
PG AR A, JEAG TN T FL R AL, & 95 10 A AR
Eb, rpn7" (ku70™" 3 5 ) 8 AR R IG B 22 4 K B
ORI BE T B S s rpnd ™ S AR IR A A KA
WM 22 E K G208, T J5 0 P fLRE ) 5 B AR ARG
BEEF; rpnl0" RASEHIRAY RN T Ek 2 Fhge
ARAFA 2 6], AR E LA S5 R IRATIA N 26 S 2K
FIEEA I 3 AT 6 8 0757 I e X6F bk A 787 1) A= K A
REBREE, Hix e TR ik — 0 5% 8 1
A XS RS Jok e PR JEC At A i 3 R 1 5 i) 2 1R B K
Wi o

1 Aopfadr ik

1.1 #r#4
.11 BEFP . o A MRS ik M2 ( Neurospora crassa)
AR 1 iR,
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Table 1  Strains of Neurospora crassa

Strain Phenotype Genotype Source
87 -3 wild type bd, a He Lab
ku70""” ku70 null mutant bd, ku70"", @ He Lab
301 -6 his-3 null mutant bd, his-3°, A He Lab
L1.2 F 23 5 F A A% @ BT kL. pCSN44

(Amp") " ARSI R AR AE . @51 7EARE K
B B P A 4R 3K R rpnd ( NCUOL640 ) | rpn7
(NCU03972) #1 rpn10 ( NCU02982) i) DNA &4, /3
BT 3 AL Y 5 flank A1 3" flank 5[4 (403 2
JI7R) o @RS 355 F 00 1 F5 HURE K 1 1 i 2
Wigedk | FIRRE IR AR IR A FR AL 2%
%5 0% 15 9% W . Race Tube 15 97 2 25 it 41 77 ¥k fn
Hildur "'~ 40 iR @R BRI 9 VI g & T4
HEREREN [ NEB,

x2 ER®RSY

Table 2 Pimers for rpn gene knockout

Prime 5'—-3'

rpn4-1F ATGCACAACGGTTGTACGACTC

rpn4-2R. BamHI CGGGATCCGAGTGGTAGGATAGTATTGTGG
rpn4-3F. Hind Il CCCAAGCTTTGTCGATCACATCGCTGAATTG
rpn4d4R CTTTGCATTCTTTCCATCCTTCC

pn7-1F CCATCTGACGTTGACGAATCTG

rpn7-2R. BamHI CGGGATCCGAGGAGGATGCAAATGGAAGAC
rpn7-3F. Hind Il CCCAAGCTTAAGCGAGCTGTGCTATCGTTAG
pnT4R GTACCTCTTCCCTACCATCAAC

rpnl0-1F GTTGGATGATGTTGATACTGACG

rpnl0-2R. BamHI ~ CGGGATCCAAGATGGTTGGTGTTCTGATGG
rpnl0-3F. Smal TCCCCCGGGGTACAATAGACTCGCCATGG

rpn104R TGCCCACTCATCTCAACCCTGG
hph-1 GAAAAAGCCTGAACTCACCG
hph-2 CGTCGGTTTCCACTATCGGC

1.2 34 rpn EFEKTE [ AR EKIEE

MR Hildur! " " 8 JEA )7 13 118 510 45 1
M . B AR RUBR Ak 87 — 3 JL R AL 43l 4
rpnd .rpn7 B rpnl0 FE[K ORF L. Fi#EZ5 1 kb 19
DNA 751t 5'flank 1 3"flank , 417 1 7= {51448
TR . FEMBORL pCSN44 | U] T ) 25 28 B 14 ik
K (hph ) B Ja 30 1 4 65 42 13 51 (9% 1R 20 [ B
DNA) , /355 5'flank £ 3'flank %32, 3515 5'flank
+hph 5 3 flank + hph, B $ 7 0 S 00 3 3
PCR K4 MW Fr Bro #5320 v B3t ] % 4k
LR F M BT e 70" BRI , 1 P 400 M A 2290 4 ) %
B[ JEEE 2H , AR 2 et B ] (Chph) 5 418 32 1A
FER Py rpn FE P (RUCREISE B L 45 B AR R 7Y
SRR GEAR A, 9K I 38 2ak 2% 52 5 4 Az At - 2o Oy
AT BN A5 R SR
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Fig.1 Method of rpn*’ mutant construction.
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O, 60°CARIEHAIL 45 min  SRJF IR,
1.6 BERTEHEERETEHKN
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2.1 EEA rpnd . rpnT rpnl0 By FF 51 EE X3

FIRA A5 B2 07 % # WK AL T rpnd  rpnT 8§,
rpn10 BE[A 2 5% (0 25 1 P 9 5 L R AR U4 W)
(Arabidopsis, S. pombe, S. cerevisiea, Human, M.
musculus , Drosophila, C. elegans) [ [] & ¥ 7 #E 47
Hoxt o Z525R R RPN4 8 (R A A4 b s A PR <F
YA, T RPN7 k2 RPN10 2 B RSP PEAR o, Ak
T SO AE R AT REFRIX 3 AN L R T 1] i
B , LAIBIREAY Bh e AR RS K 761 T 2 1 A 0 R T L
il o
2.2 yEER rpnd rpn7 rpnl0 BHERK RTE

AR BT 10 PR SR SR w20 39 1 1 kb A2
F B rpnd rpnT B rpnl0 ELH Y 5 flank 1 3'flank
B (B 2-A) 43 S RTAR I BR A1 N DD g AL, R 5 5
M ARAF 0 hph Fr Beiedie . 23 mll LAz 5" flank
+ hph 5% 3"flank + hph JgFiMR , £8 PCR K944 5k
PRl ny d2H B, Bl 2-B R T 42K 6 1~ DNA
By PCR 345 5, ¥R 131 B iy v BOH S
UUTEWRARIT L BREE R ZR BT, T BE S 00 MU k96
[ e IR
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2 PCR M) rpn EENER
Fig.2  The results of PCR amplification of rpn genes. A: PCR
amplification of the bilateral flank fragments of rpn genes;1. rpn4
5'flank (1. 02 kb) ;2. rpn4 3'flank (0. 97 kb) ;3. rpnl0 5’ flank
(1.04 kb) ;4. rpn10 3'flank (1. 13 kb) ;5. rpn7 5'flank ( 1. 05
kb) ;6. rpn7 3'flank (1. 07 kb) ; M. I kb DNA marker; B: PCR
amplification of the ligation products of rpn genes’ flank fragments
and hph fragment. 1. rpn7 5'flank + hph (2.09 kb) ;2. rpn7 3’
flank + hph (2.45 kb) ;3. rpnl0 5’ flank + hph (2.08 kb);
4. rpnl10 3'flank + hph (2.53 kb) ;5. rpn4 5'flank + hph (2. 06
kb) ;6. rpn4 3'flank + hph(2. 35 kb) ;M. 1 kb DNA Marker.

2.3 MEERARNELREE

Sy rpnd rpn 5%, rpnl10 FeK A 5 flank + hph
J& 3'flank + hph WX R B ZEFLEE IS ku70"" 43
fi 7 R R rpn B PR R A9 5 AT Al
(W R) LSR8 MHitERR . fESWER
A BRI E Ze A5 1 4 AU |, JRIRCEEAI 2 DNA g7
PCR ¥ . FoATTA 7 Bk (#10-#16) rpnd™’ (ku70™")

ALEAR Y I 1 T 5 flank + hph, JAS BR (#10, #
12-#15) AL P 18 H T 3'flank + hph BB, 1X 86
GERRWL A S BREEAL T Y rpnd FERI B hph BEH]
AU, M, 7 4 Bk (#1,#2 #3 F1#9) rpnl0"
(kuT0™ ) FeAL B R 1) rpn10 o hph FEPRERAR,
XSELE LA IR AT 23845 T X WIS rpn 56 R K
PRI A2 G (TR RIS R & A7 7 A= AU 20 M A% A hph
FEHBZC AR o

TECRT DATE & A W25 R AHI E A K Y 10 BREL
A6F rpn 7" HREIUEE D 41 DNA AEBIAR , T pn7" 1F
M pn7* AR FEG AT PCR KGN, P T 0155 29t
PEFEPA L rpn7 B[R /N 300 bp, QA rpn7 BE A V5 4
hph 4545t W4 14 1O 9 R Be R /N 3879 bp; i
#5 hph A5 T rpnT FE WP 3E ) e BER /N
#3552 bp, WIE 3 iR, 18 rpn7"’ (ku70™") Bk
A#L #2 #8 =R F BER/INA 3552 bp, B
TEIX 3 DA hph JEC S8 T AN B 1)
rpn B,
2.4 EIFEZIKE pn BEENAESRARTE

P TR k60 P ) BT 22 A4 F N R o0 A 46 - #88 hy S
W R T ARAR Al (R DR R B 2 AR IR, FRATT e 48
AT R () S AL 50 I A S8 B PR PR AR R A T 4%
A F R A KRR R TR A B
TR MA R b, PR e B B & A A R
FZH 2 FR (A

R 1RSI PR AR 2 7 R 2H R B TR AR, S TR AR
MR B AR IE SR L A R L, AN BE AR A TR AR B
PR FA R . i 8 BT R A B MR 5 o Sl
A PR 2 DNA 47 PCR %578 . AFE Rt By
HYLERUTR PR 87-3, ANAEY 1Y Y 5 flank + hph F1 3’
flank + hph JFr Bt (HREY 1St rpn FEIH 5 T REY 3
5'flank + hph £ 3'flank + hph F B, AREP B H mpn
SR RN BE R R sl AR, B 4-A SR BN T
rpnd #14 J& rpnd B BR S AR R 2GR 1] 4-B

rpn7 5'flank+hph+3'flank

1 2 3 4

5

6 8 M

it

<~—3552bp

B3 ku70™ rpnT*°E k) PCR ¥ %

Fig.3 Identification of rpn7%’ mutant by PCR.
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(A) rpn4%9 # 14 mutant

1 2 3 4 5 6 7

-
el

(B) rpnl0*°

- - W — - - —

rpnd4

<— 2577 bp

S'flank+hph

<—20064 bp

3'flank+hph

<— 2346 bp

#1 #2

#3

1 2345612 3 45

12345 678 91011 WT

rpnl0

<~— 1397 bp

S'flank+hph

<~— 2083 bp

3'flank+haph

<~ 2533 bp

4 "’ REGGEGEKE PCR £

Fig.4 Identification of rpn homokaryotic mutant by PCR. A Identification of rpn4 homokaryotic mutant by PCR; B Identification of rpnl0

homokaryotic mutant by PCR.

BIRT pnl0 #1.2 3 J& rpnl0 JE R S8 75 R4l &
[Ech 38

rpn7m ( ku70mp) AL FRES 301 —6 his ™ #E4T4%
SCIRE I, B AR BARBERE TE A S Pl A T 224,
{EJEAREI T4, R, rpnT DR A BRG] BESZ N

TORURE AR P IR oy R R . HETFRAT]— LR R
AT rpnT FER B AR A AR . X B S ISR
rpnT b B PR RR DR A R A A A TR Y o SEgR
FIriS Rk RSN R 3 TR o

R3 rpn REREK

Table 3

KO
rpn~ mutants

Mutant Strains

rpnd*’ #104 ,#10-9 ,#13-5,#13-9 #1499 #14-11

rpnd*’ his-3

rpnl10*

rpnl0* his-3

Ku70™" rpn7"’ ( Heterokaryon )

#10-3,#10-5  #13-2,#14-3  #14-5 #14-6
#12,#1-6,#22 #24 #3-6 439
#1-1 #1401 ,#025 #32 434
#1,42 48 #1-1 #1-15 #1-16 #1-1-11 #1-1-15 #1-1-21

2.5 mpn BRRREFHRESHN
2.5.1

rpn SRS GRARRIE T FERR B 43T« racetube

ST PRI 8 S AR -5 B A Y R A 2 R a3
B L ER T, RO Bz
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R—E A MRS T IR BT HE R I
P, IR, AT e I =S HE DR Ak AR T 20
OMERL TR R EAE R . G S R,
SR UM LG, rpn7 BRI BRI B 37 B 5
Wi, 3 A AT R R e i k. X T RE SR T
rpnT FEDN BRI T AR A 09 DI RE , E T

rpnl 00

87-3

ku70R"® ypn 750

ku70%"

rpn 10 HEDN PR i R 3 B0PR 22 A I HU B A TR A8, 202
R B 7 A B R I ) A2 T 5% A 55, (H R
TR R YA 32 B R R O B R T, TR P rpnd G5kt
K5 SRR LE AN HE A7 A B e AT AR
A Z BN AN rpnd DK G ) 2 11 78 2 A
FIFARR R EZAEH X5 pnd S 3 A A
TRSF IAE R — 2

B 5 rpn Bk ITEMERKARER RN

Fig.5 The phenotypes of rpn*’ mutants growth on racetube.

2.5.2 rpn BRRARA KL T MRRME N
THE—2 AR 3 AN FEP B Je X o AR AR K AR
B HsE, FRATTHEAT T A IR LR . DIOHLAE ik 6
AT A R T Bk 87-3 (W&l 6-A1) 1 ku70™ (K 6-
A2) MRy it R rpnd ™ G AR AR HE A A0 3 7R 22 2 KA
18 ARG T H = ae o W 5 B A 8 2%

25 (MNP 6-B) o Z2 4 1 ku70™" rpn 7" T R IC I8 2
BR] 22 P A5 P A i 0 A A 14 77 A AT HE R A Y 55
RZ (e 6-C) , 25 B 2 A b 2 2R G R AL
PRTTARSEG AR AR, 3 20 45 5 Ui W] 32 5 R0 T L R
WRALER ) 2 FR B A 2 PR rpn10™
GEAF R e IR K b e 55, RN T pna™

6 GRARTRAETR EpRE

Fig.6 The phenotypes of rpn*? mutants growth on plate. Al Strain 87-3; A2 Strain ku70%""; Bl . rpnd*® #13-5; B2, rpnd*O#14.9;

Cl: ku70R® pn7X045, €2 ku70%" rpn7%0#21; D1 rpnl0X#1-6; D2 pnl0X°#2-2.
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ku70™" rpn 7" ] (40 1E 6-D) , A IZ 5L K ) P
SR AR A B ) o
3 i

I AR O R A DI REE R 2
YR 2o WA RAE R st s i fn A W1k
5T 28 BB AR IS & 31X 7 A9 . R, g
TG B0 50, FRAT Ik 3 56 PR 4 v 3k B
3 A G b A 1 AR I 1 35 DR A ) B L BT A
N L R TORE B R R — 2 oY R 1 Bz R AR E
R (VR T S Ao

I T RS 2R PUPEFE AR rpn B B A 25 PR 2 1)
MR TT I, FRATTARAT T rpnl O B SEAEAN rpnd Bl
GAF A TRIRR o TR ZE SRR X P W S A2 ik 7
WA AT T AT 0. BT pnd BB 2848 I AN
SRR A R B VA A A 1 77 AR R
A, YR PR F AR 1 B AT B T R S ) 5
M IR, 3k S 248 SR 5 4 I R 40 % 1 2 10 1 DR ST PR AR
TRAEXT R o rpnlO G2 548 BLAES2 A T R A9 A2
FUARE , R gt i & A HA R & s | X st
SRR FRATIZ L A B AT BB EL B N T AR
IRREfRZ ZALE A MBE T . L, AT IR IR A 1k
HRIN —SE Tl BEEA T RALER AR E . KA =
AR BEIRAT rpnT FERIAYLE5 bR Ak, AR IZ 5L
A] BB KA R AL TG sh T b TR S R, FE 243 e
Tk A A MG —— 4, BRI R o3
R E XTI — L A B R PR A . TS
REMH A PR R R ARAT rpnT HEPA R 2R 58728 1) 4l
A, AT A R B 1 o R Ak B A /N o AR TR 1Y
D7 1A AR TR AR Z I R B i i & k. A
B RAM IR, pnT FEH SR E R E &
JEERE T AR A R B RS A A R AR
T, AR L DR P ) 7R 2R AR ok AR
R RABIRAT LA A, 10 J2 T LUF) R 32 oA Rk 1 1 25
RPutk, I E 1z 2R AL B RSO MR DU 45 T
BT

ARSI A SR UESE T KA Y 3 A G it 2R
A By 2 DRI A R 1 R RT R AR AS [R] B9AE BRI T
LAFIHT rpn1 0 [ rpnd™® 1 rpn7"™” 58 A5 PR 1 53 2 11
JT (A2 AR M R B R () R4
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B Bt B A Xk B W 5 ma T o935, Bt A
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Construction of deletion mutants for three proteasome
protein coding genes and characterization of their
phenotypes in Neurospora crassa
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Abstract ;[ Objective ] In this study, we generated strains with knockout rpnd, rpn7 and rpnl0 genes respectively in
Neurospora crassa, and studied their phenotypes to uncover their functions in the 26 S proteasome pathway. [ Methods ]
We used gene-replacement strategy to make knockout mutants. After electrotransformation, the resulted transformants were
examined by PCR. To get homokaryotic mutants, the heterokaryotic strains were crossed with the wild-type strain. The
ascospores were germinated after heat shock, and the resulting strains were examined by PCR to confirm the homokaryotic
strains. [ Results ]| Homokaryotic rpn4 and rpnl0 knockout strains, and heterokaryotic rpn7* strains were obtained.
[ Conclusion ] Compared to the wild-type strain, rpn7"’ strains exhibited severe defects in hyphal growth and conidial
formation; rpnd"’strain had defect in hyphal growth too, but displayed normal conidiation; the growth and developmental
phenotypes of rpn10*’strain were slightly affected. Taken together, these data demonstrated that these three genes were
important for the growth and developmental phenotypes of Neurospora crassa.
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