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EREFH—FZ2RE. [B49] B3k 2 XAREHE G & CBLEE A (histone deacetylase, hdac)
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RT-QPCR #-| 4 4 & B & HL 48 % AL cbhl. egll #= xyrl #9&i&. [4R] REIR T. reesei Ahdac %
MEEHHRES T EAEK, 55 5H 8.00. 30.00 IU/mL. K EIK T. reesei Ahdac 4F 4 Z B A
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Effects of knocking-out histone deacetylase gene hdac on cellulase
expression in Trichoderma reesei
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Abstract: [Background] Trichoderma reesei is the most representative fungus to produce cellulase.
Epigenetic regulation is a heritable change that does not involve changing DNA sequence. Histone
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deacetylation is one of epigenetic regulation, and histone deacetylase (HDAC) is responsible for
deacetylation. Knocking out the acetylase gene can cause a series of changes in spores, hyphae and
cellulase activities. [Objective] A mutant of T. reesei Ahdac was developed by knocking out the histone
deacetylase (hdac) gene to investigate the effects of hdac on regulation of cellulase expression. [Methods]
The hdac knocking-out expression boxes were constructed by the Split-Maker technique, and were
transformed into Trichodermium reesei QM9414. After being verified by PCR and Southern blotting, filter
paper enzyme activity and carboxymethyl cellulose natriuretic enzyme activity of the mutant were
continuously detected for 7 days, and the related gene expressions were detected by RT-gPCR. [Results]
The two enzyme activities in mutant strains were 8.00 IU/mL and 30.00 IU/mL higher than those of the
start strain Trichodermium reesei QM9414 respectively. The transcription level of cbhl, egll and xyrl in
the T. reesei Ahdac were 6.50 times, 6.01 times and 4.51 times higher than those of the start strain,
respectively. [Conclusion] The cellulase gene expression in Trichoderma reesei QM9414 was significantly
regulated by the histone deacetylase, this provides a new way to study the effects of epigenetic regulation

of Trichoderma reesei on cellulase.
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(ATCC), & A btk % R btk 2k N 1) 3R 35 8k
pBC-Geneticin® f13k [ M 22551 K% Philippe Silar
s, HFR R LA 1,
112 EFE

5 PDA R EE(g/L): T4 200.0, 4 Bl
20.0, il 20.0,

HIRARBRMIEALE R (IL): BHEEW
R RIS diiy

BT SR . S B
FRIERL DT

1.1.3 FELF IS
& Fh DNA T.EJF. T4 DNA &%/ . DNA

Marker. RNase Free H,O, TaKaRa /A H]; DNA Ji¥
Mg aifbiin g . PCR ¥ llkalifbiAf &, &
TAEY TR R ARAR; HEE RNA 4
Buii &, Omega awl; fuik st & (EasyScript
One-Step gDNA Removal and cDNA Synthesis
SuperMix), JtaieXEEWHARARAR]; gPCR

f1(+) ori

Gene resisitant

lac Z
. Kpn |
pBC-Geneticin. R MCS
3.4 kb Sac |

Chloramphenicol

Plac

pUC ori

B 1 Rk pBC-Geneticin® B
Figure1 pBC-Geneticin® plasmid map

%7 £ (Bestar® SybrGreen gPCR mastermix), DBI
Bioscience 2\ H] ;
Trichoderma harzianum), Sigma /2\w); #1752 %
THEZR, Invitrogen A H

7t & PCR 1L, Applied Biosystem /A ;
PCR 1%, Bio-Rad /vw]; WO, Sigma 2>
Al IEESOLEMEE, Olympus A ; BEE £
4, Siemens 2\l
1.2 A&
121 AEBX ZEBLEEE E (hdac) Tk F EXB9i%
TEEK

H3 & GenBank 23113 it hdac 3 [R5 (& % 5
k1 18489230) -4k .. T 1 000 bp KB4l 44
iy hdac-1F1hdac-2, Ffiseit A i e 22 [ [m] 4
BRsIY, /P44~ hdacFl, hdacR2. hdacF3
#l hdacR4. LI pBC JikL I35t 1% % % ¥ 51 (pBC-
Genneticin®)i& i . T3 #4444 hdac-MKF il
hdac-MkR, 5|¥1/75 L3 1.

122 mEBRREEWEE
PIFERIZH ik, 03k hdacFl. hdacR2 #H

hdacF3. hdacR4 4514, My 14 hdac HEH |- |

7 1000 bp FrEt, Jfin4 ok hdac-1. hdac-2. LAJ
ki pBC-Geneticin® Jy#éifiz, 1A hdac-MKF Fl hdac-MkR
HE Y4 GR R BE. PCR RUBIfAZ (25 uL): ddH,0
13.75 uL, ## DNA 1 uL, k. FiF519
(10 mmol/L)4% 1 uL, dNTPs (10 mmol/L) 1 uL, Mg**
(25 mmol/L) 2 pL, 5xBuffer 5 uL, GoTagq® DNA
Polymerase (5 U/uL) 0.25 ulL, PCR Fz)¥ &f4: 95 °C
5 min; 95 °C 2 min, 58 °C 30 s, 72 °C 1 min, 3t

7% BE T (lysing enzyme from

#F 1 hdac ERF E. T 1000 bp 3|¥I & EEEEZEESIHF
Table 1  Oligo nucleotide sequences of hdac gene and geneticin gene primers

ElLY B4 ¥4 H B
Primers name Sequences (5'—3') Target segment
hdacF1 GGGCGTTGAGTGCTTGTTTG hdac-1

hdacR2 CTATTTAACGACCCTGCCCTGAACCGGGCTTCATTTCCAGCCATTGTG

hdacF3 CTTACCGCTGTTGAGATCCAGTTCGATGGTTCCTAACGGGGGCTGTTTTG hdac-2

hdacR4 GGGCAACAAACGGACATTTC

hdac-MkF CACAATGGCTGGAAATGAAGCCCGGTTCAGGGCAGGGTCGTTAAATAG Gentictin® (GR)
hdac-MkR CAAAACAGCCCCCGTTAGGAACCATCGAACTGGATCTCAACAGCGGTAAG
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35 MEFR; 72 °C 5 min, 43ILL hdac-1 Fi GR gt
¥z, LA hdacF1l F1 hdac-MkR K5 |#14 1% hdac-1-G®
B4 B 49 LL hdac-2 F1 GRS #EiAR, L
hdac-MKF F1 hdacR4 5|99 14 hdac-2-GR gla A
B, PCR FRJWAZ (20 pL): ddH,O 8 L, 2 Mtk
DNA £ 05uL, k. #7410 mmol/L)%- 0.5 uL,
2xPrime STAR® Max DNA Polymerase 10 pL, PCR
RN &AE: 98 °C 2 min; 98 °C 10's, 58 °C 5 s,
72°C20s, IL354MEH; 72°C7 min, HaES B
PEFAE AR TR T B A PR W I P B
1.2.3 T.reesei QM9414 [E4 RIKBYEEIL

%% Wang 26005, MR TR
AR FE TR 564k, ¥4k, H hdac-1-GR.
hdac-2-G® % 10 pg, PEG Buffer 200 pL (60%
PEG4000, 50 mmol/L CaCl,, 10 mmol/L Tris-HCI,
pH 7.5), A% 100 pg/mL 5t f£ 75 K i PDA
WA TRk 7, 28 °CEi% 2 do A%
PRI AL T B B A i v 8 3R 0 b, RS
PGSR MEE 6 14
124 E[F4H DNA 1ZRBURRZ{R T. reesei Ahdac
3L 78 PCR 383E

YAk FH2Fh T PDAEA |, 28 °CHi¥%5d
Jei il AR R B TR AR A R A
28 °C. 250 r/min Ki5% 2 d. #UERR, #Eik
W EBIF I WS 5 1 E.Z.N.A® Fungal DNA Kit $%
UKL [R 4H DNA. I NanoDrop 2000 #3230 6ot
FETH AN B HEE B HL KA T DNA A i 7 o 2
Ji

FHFE[RI 41 DNA SR, DL Ver-1F Fil Ver-1R
Ver-2F Fl1 Ver-2R Ry 5|9t 43 54 38 BHAE % 1L 7
hdac-1. hdac-2 Jr B L. Fii#%y 1 000 bp A5G IETF
51 Ver-1 Fl Ver-2, PCR JZh{AZ(25 uL): ddH,0
13.75uL, B DNAL1pL, F. FiF5 14510 mmol/L)
% 1L, dNTPs (10 mmol/L) 1 uL, Mg (25 mmol/L)
2 uL, 5xBuffer 5 pL, GoTaq® DNA Polymerase
(5 U/uL) 0.25 plL. PCR Jwizcfd: 95 °C 5 min;
95°C 2min, 58°C30s, 72°C1min, 335 MEE;

72°C5min, JFHUREREIILE 2, 51975 03K 2,
1.2.5 Southern blotting J&IEZRZE{K T. reesei Ahdac
BT

PLZEASAK Ahdac 554k T DNA SWAsAR, Ver-1F
H1 Ver-1R J Ver-2F Fl Ver-2R A5, SCB62H 5%t
MREHR R LR 3. PCR SERURTE 1%HIBRIEHHEER

hdac-1

hadc-2

I Genetictin, Resisitan I
. _

Ver-1 . Ver-2

\I/.
| Verify transformants |

.

False positive

2 PAME TR PCR EERERER
Figure 2  Schematic diagram for verifying positive
transformant by PCR

| The mutant strains Ahdac |

2 WIEPAMEEEL TSI

Table 2 Oligo nucleotide primers for verifying positive
transformants

Glk/ ey 751 Hih B
Primers name Sequences (5'—3’) Target segment

hdac-Ver-1F
hdac-Ver-1R
hdac-Ver-2F
hdac-Ver-2R

GGGCGTTGAGTGCTTGTTTG Ver-1
TGAGAAGCACACGGTCAC
TCGGGGCGAAAACTCTC Ver-2
CGGACTTTGCCTATTTGGCG

#* 3 IREtHIE PCR K FR
Table 3 Probe preparation PCR system

3Rz vl SEHZH Xf BRZH
Reaction reagent Test group (uL) Control group (uL)
GoTaq DNA Polymerase 0.5 0.5

(5 U/pL)

5xGreen GoTaq 10 10
Reaction Buffer

MgCl; (25 mmol/L) 4 4
Ipmo5’ Test or Ipmo3’ Test 2 2

5’ Test or 3’ Test 2 2

PCR DIG Mix (labeled) 2 0
dNTPs (unlabeled) 0 2
Template DNA 1 2
ddH,0 28.5 28.5
Total volume 50 50
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HL KA VIS T, BORERI 41 DNA FHIE 24 1 B0k 1
FAREY], 37 °C BVl 4 h. 1%BiEMREER Ik, 7F
366 nm MR PEEHIPER T WEHRIKL R . =%
Dubeau 5115256 77 % #E4T Southern blotting %
E, FRREE RR R R R R A
1.2.6 RNAEH

AT hdac JEPRIRTET 4 SR ) s, K
T A T. reesei Ahdac FlH & FE#K T. reesei QM9414
Oy BRI 30 mL JEAEEFREL AR FEREAN 3 A
SEATRESL, 28 °C. 250 r/min 15357 48 h J, 4P
WL 1.5 mL 303 30 mL &4 0.1% 4T 4E R (R
HAEO MBS SRS, 28 °CL 250 r/min 15 5E
5d, #88 E.Z.N.A® Fungal RNA Kit 138 o 24
{6 FH R U S T e B2 B0, RNAL. - NanoDrop
2000 8 T 43 56 0 B T 0 Byt PR AR R A e K A T
RINA FF il Ve A o £
1.2.7 RNA RE¥RFXNEE PCR

i F R e s+ &, L Random primer h 5]
Y1, #%5 100 ng RNA Sz 58 8 cDNA, i 26
JEHE PCR {77 i PCR, PCR Ui iA R
(20 pL): ##k 4 pL, ROX Reference Dye 0.4 pL,
Bestar® SybrGreen gPCR Mastermix 10 uL, . T
Wes 9120 pumol/L) (3% 4)# 0.5 pL, RNase Free
H,0 4.6 uL. PCR Jii&fF: 95 °C 2 min; 95 °C
10 s, 55 °C 31's, 40 MEH. &1 7455135
fihigk, HLIZXT PCR F=#iidssdt. T PCR
R FERR A 3 MR L. H IR ek il il NS
sarl ®GIE ., DIXTHREMRRS & 1, i+
(14 2235 £ 5 % HEURE (ot 19 B ABLAE S 580 0 B o
1.2.8 BEEENE

J5rAT hdac BERIXTEFAER B J) sz,
T2 A T. reesei Ahdac FlH & i #%K T. reesei QM9414
SR 30 mL AR SR AR 3
SEATRENY, 28 °C. 250 r/min 3535 48 h fi5, AP
WL 1.5 mL $P#] 30 mL &4 0.1%M 4T 4E R (R
PO iR SR L, 28 °C. 250 r/min 557
7.d, MES 2 R HF b AR [ B TR UK IR 1 mL,

Fz4 FBTEEPCR 24 hdac EREREKFRISIHFTIR
Table 4 Primer sequences used in RT-gPCR for analysis
of hdac expression level

Slats FA H i B
Primers name Sequences (5'—3’) Target segment
hdac-F ACTTTCTGGCTGCTGTTC hdac gPCR
hdac-R ATCTCCTGTTCGTTGAATCG

F4°C. 12000 r/min &.L> 5 min, W EFHRHETT
G 5E . JEACHENS /1 (filter paper activity, FPA)
1R W L 2T 4 K i 7% /1 (carboxymethyl cellulase
activity, CMCA) i & 2 I Ghose™ 177 7% .
) CMC 1 Whatman No.1 JE4CHEEY, 4> 5 hn i
# 0.5 mL, 50 °C #%#& 30 min 1 1 h, JiiA DNS
WK 5 min, Ml ODsao fH, MR 3 NE
52, BERBCESIME ., BL1 h KA# 50 mg JE4TR:
B 2.0 mg 5 Z B EL 30 min YK 2% F L AT
ArZ i 0.5 mg 24 W I B R B AR TR
FPU #l CMCase & PE 541, Bk IU/mL.

2 YR58
21 HEPEAZEHUEBERERMRENEE

Pl T. reesei QM9414 FE K41 Ayt , PCR 44
RN E AL LR 17 1000 bp 22470 F
Bt hdac-1 (1 006 bp)#i R 1 000 bp Ze47 A9 B
hdac-2 (1 023 bp), ¥ PCR 33 H ) Fr Beitk AT 1%
FIBIERREE RS LTk, A B/ NS IR, DL 3
JkiE 1. 3. Wi, L pBC-Genetictin® JFi 4 Jy
Bz, PCR ¥ MBI RELEMARICHIMEIL - L R
FiPERE GR, K/l 2342 bp, WK 3 IKiE 2.
3 AN BEE A T AR TR (IR ) ey A BR 2 vl i
I, BARRI A 4] 50 4k 25 DNA assist 4144 He
%t, &P hdac-1 fl hdac-2 5B CAREHEMEL
BEALBEEED |, R4 1 000 bp A Br—&ikik )
100%, G H BOFHI 55Tk b i8] — sk dik
#| 100%. 433l hdac-1. GR H-B:fl hdac-2. GR
Fr B AR, Overlap PCR 175 2 i fil G Fr Bt
hdac-1-G® 1 hdac-2-G® K/INV35i12h 3 348 bp Fi
3 363 bp. FFRIMRELG F BT 1%EERHLTK,
BN TIAEN, R UL 3 kiE 4. 5.
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bp M 1 2 3 -+ 5 bp M 1 2 3 4 5 6 7 8
5000
3000
2 000
1500
1 000
750
5000 500
3000 250
2000
: ggg B4 3#kZREEK T. reesei Ahdac 551k F 89 Ver-1 51 Ver-2
750 F R ERBE MRS AR Rk
ggg Figure 4 Electrophoresis of amplifiied Ver-1 and Ver-2
100 fragments from 3 mutant T. reesei Ahdac transformants

3 hdac ZE Rk F B BIRARHE BEA Rk
Figure 3  Electrophoresis of fragments for knock-out of
hdac gene

#: M: 5000 bp DNA 43 F#ric; 1: hdac-1 F Bt (1006 bp);
2. GRBt(2342bp); 3: hdac-2 H-B(1 023 bp); 4: hdac-1-G®
FB(3348bp); 5: G"-hdac-2 F-F%(3 363 bp).
Note: M: 5 000 bp DNA ladder marker; 1: hdac-1 fragment
(1 006 bp); 2: G® fragment (2 342 bp); 3: hdac-2 fragment
(1 023 bp); 4: hdac-1-G® fragment (3 348 bp); 5: G™-hdac-2
fragment (3 363 bp).
2.2 TR T. reesei Ahdac 89 PCR £
SR EA R R R R SR e
7%, XTREAPAR EICETR, Ak e AR 10 Bk
b, BEALPRE 3 ARG 1S B [OR BRI S A 1,
Fedtrh, 28 °C. 250 r/min 535 2d, LAIEALTHE
R, DL R RREERC BIYEXT ], 617 PCR
BE . 1%B e MG UK ZE R ILE 4. SRAERE
B R PSR UE RS Ver-1 (1 005 bp)Fl Ver-2

A

7: M: 5000 bp DNA 4> F43ic; 1-2, 3-4, 5-6: i1, 2, 3
# T. reesei Ahdac Ver-1 il Ver-2 FrBt; 7-8: T. reesei QM9414
Ver-1 1 Ver-2 | B

Note: M: 5 000 bp DNA ladder marker; 1-2, 3-4, 5-6: The first,

second, and third strain of T. reesei Ahdac Ver-1 and Ver-2
fragments; 7-8: T. reesei QM9414 Ver-1 and Ver-2 fragments.

(1 021 bp), iBH HMIEFE S FRAA T, reesei
Ahdac fFER 41
2.3 AR T. reesei Ahdac % {tFHJ Southern
blotting 3 iE

TEBETE R ILINEE . hdac HKE[R N K | T iiF
3 000 bp F15 000 bp {37 & & Fl|— L [F W EFTI S
Nar |, FEUIEE LI 5A, T. reesei QM9414 FE[KZH
1 T. reesei Ahdac #54kFRibk &I K B HA
FHIRI TR T. reesei QM9414 JEPRI4H W 4% 457
KN 1 864 bp F16 456 bp, 751K T. reesei
Ahdac Ak Tl £ R 25 55 K/INa ok 2 293 bp
15926 bp, Southern blotting 457 & L4 5B,

T. reesei QM 9414 hdac bp WT MTI1 MT2 bp
s Geneticin |
- Geneticin  m—
Nar1,  Narl L Narl 6% - - - — 596
+hdac ‘864 b' s 1 864 — - v — 2293
Nar 1 NarT 6456 bp Nar 1
hdac A '

2293 bp

5926 bp

5 EYIfLEr~EERERERERE Southern blotting B3 IELE R
Figure 5 Schematic site and southern blotting results after knocking out the gene

e A BN AURTER]; B: MBRFEEF S Southern blotting 455
Note: A: Schematic site; B: Southern blotting results after knocking out the gene.
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2.4 T.reesei QM9414 #N T. reesei Ahdac E#kFR
BER O
TRULE [ A 3 35 0 b W A K D 22 3 B e e
B TUEE, T. reesei Ahdac WHRIR 2K, AL
BZ&, AR, FMEILKE 6,
2.5 T. reesei Ahdac E#k FPA 1 CMCA B&3E B9l &
UELCHTEG (FPAV R LT 4E K 3 FhEGAL
4y, BV UIRUE RBERG . SN RPN . B R
WEH B O VR R 3G VRS, 2 bR A 2F
A KW R GE KGRI, T
QM9414 #I T. reesei Ahdac ) FPA 1 CMCA M

reesei

A

6 T.reesei QM9414 % T. reesei Ahdac E£2 REL Tk

5 2-7 RERRICTHEREMESE, 1655 5 RikH|%
i, o T. reesei Ahdac it B RREEG 20 F H & B
¥k, T. reesei QM9414 1 T. reesei Ahdac ) FPA I
CMCA ZEfbh & WLIE 7. oA T. reesei Ahdac 451
it B2 FPA Fil CMCA il 1% JIAH LT T . reesei QM9414
BETHR(P<0.001), ZrHPFHEmH 6,50, 25.50 IU/ML,
RIG AR AR BB P24 70 B384 1 1,35, 2.13 1%, 7
W55 5 M43 4 8.00, 30.00 1U/mL, BiZE7s
TARKBEG > 36K T 145, 2.311%. 45REH], &
B2l 8 11 2% SR AR L DR AT DI 2 45 R 41 4 R g
MR35

20.0 pm

Figure 6 Phenotypic changes in T. reesei QM9414 and T. reesei Ahdac
: A: T.reesei QM9414 1R 223 TAb; B: T. reesei Ahdac [# 223 RIARY.
Note: A: Phenotypic changes in T. reesei QM9414; B: Phenotypic changes in T. reesei Ahdac.
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sxx & 1. reesei QM9414
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=
£
215-
=
ER
2
[
2 st
=
=

0

2 3 4 5 6 7 8
t(d)
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Figure 7 T. reesei Ahdac mutant FPA and CMCA enzyme activity curve
. A: T.reesei Ahdac ZZ7A51K FPA BERGARfLHIZE; B: T. reesei dhdac Z87E1& CMCA BEHG A {1k T 28,
Note: T. reesei Ahdac mutant FPA enzyme activity curve; B: T. reesei Ahdac mutant CMCA enzyme activity curve. **: P<0.01; ***:

P<0.001, X+SD, n=3.
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Note: **: P<0.01; ***: P<0.001, X%SD, n=3.
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