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SEES AR ARE BzE AT EAAL
VYIRS PR VRYITTRUE IR TRTEASIRE R %I 518060

B E. [%%] ZRAKETrichoderma reesei) 2 —FP b L A H 1R Z 64 % talo A AW, £
T EZBZEA, MEAAE QM4 R AFAARSE AR A fFomF eI RERAH®K. [ B

] MEZRAE PAE G AR T EA{LEE(Histone Lysine Methyltransferase)& B hkmt 49 siRNA
TLER BN 1T R A BAR R EARRE I 5% hhmt £ 2 KARE QM9414 F oy R A E, AnM st 2K A
B Y £ RS REER . [k VARIEZ K ARE hkmt /55357 siRNA TR BH R REEF 89 7 ik ik
it EGE hkmt BB, BB BERGREREARE R KAREARA FABART, WK hkmt
B BARFR L KK hkmt 9B, FH LN EZRARE QMI414, Bl LR MM R EARNH LA
KAFI, seohat &-F LA H BHAT L Y & B9 JE 4K B 7% 4 (Filter Paper Enzyme Activity, FPA)feiR F AL 47 4
% 4M B 7% M (Carboxymethyl Cellulose Enzyme Activity, CMCA)#3X; F|F % X2 & PCR &7 HAaN
hkmt. FHZBEIE cbhl. egll ARFAEIHER T xyrl ¢9RZATEM, [4£R] Bid4E LA
BILE, KIREK. TR bkt THRNALTSHEELARALAR £7F. RALE PCRAU T L
E R, IR B AR Fr it R A BAKET VA5 B LR AR hkmt 09 &K . LR hkmt ELBH 4R F FPA f= CMC
B NARL B A H T ¥ 2.5 48, suob, R BAR XA R Al E B T A hkmt TAH F 69 kL
SR P, 2R it Rk hkme ELRE AR VA _EAD R 36453 ZIARR G4 %, [446]) A5G A
BRYPRESBEARERL TN RARERAE A G LBARGEL, XIARZFERRE = H gL
KFRAET AE, FAHLRKE 4% E B0 RV P RRAET 37694845 .
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Effects of silencing histone lysine methyltransferase gene on
cellulase expression in 7richoderma reesei
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Shenzhen Key Laboratory of Microbial Genetic Engineering, College of Life Sciences and Oceanography, Shenzhen
University, Shenzhen, Guangdong 518060, China

Abstract: [Background] The filamentous fungus Trichoderma reesei is a eukaryotic microorganism and
smaller than any other multicellular, which is widely used in industry, and 7. reesei QM9414 were one of
the most abundant cellulase producing mutant. [Objective] In order to study cellulase activities and
expression regulation in 7. reesei, we constructed siRNA interfered vectors and overexpressed vectors to
inhibit and enhance HKMT expression in 7. reesei QM9414, respectively. [Methods] The siRNA
interference fragment was designed according to the hkmt gene sequence of 7. reesei and the
overexpressed hkmt gene fragment was obtained by reverse transcription. The two fragments were cloned
into the constitutive expression vector and the two vectors were transformed the protoplasm of 7. reesei
QM9414. The hyphae growth of the recombinant strains was observed through a fluorescence microscope.
In addition, cellulase activities (CMC enzyme activity and filter paper enzyme activity) of recombinant
strains were detected and related gene expressions were also detected by quantitative PCR. [Results] The
mycelial morphology of the interfered and the overexpressed recombinant strains were not significantly
different from the original strain. Quantitative PCR results showed that the interfered vector and the
overexpressed vector can silence and promote the expression of Akmt gene, respectively. The enzyme
activities of FPA and CMC in the interfered recombinant strains were increased by an average of 2.5 times
compared with the original strain. In addition, the expression levels of cellulase-related genes and
activators in interfered recombinant strains increased. However, the recombinant strains for overexpressing
HKMT showed the opposite patterns in the genes’ expression levels and enzymatic activities.
[Conclusion] These findings indicate that HKMT in 7. reesei is involved in the negative regulation of
cellulase expression and production.

Keywords: histone lysine methyltransferase, siRNA, cellulase enzymatic activities, Trichoderma reesei

Microbiol. China

H [CKE (Trichoderma reesei) e 22 K H.1#
RE R AU PR LT 2 R RIS, HAIR & Tl
FIRMNE . BRAREC SRR AN T, Hi R
FARE QM9414 ZIF R Z MR mH!", BT
REE Yt 2 Bl B — 52 4= 0 P [R) il R e 40
RZRREESA 3 DS B-HA TR, 4b
VI RSB A1 V) A SR, BRI A g R 5%
Ak w A B A ) R, FE Tl AR
2 07 FH B KB QM9414 43 K 7K A T ) A
KAk A

TEEFE D, RNA THLRNADNAL AT LIAG R T
BRIEH R, I Hak BAT R R R 41 R i
BN Z 8 T AR e R A= 7= 7 1R, Wang

R RNAL m R e FCARZE H 8tk 43 A A4
F e i £ e Z W0y 77 4= ), Hayata 253 3o #5515
IRTA DNA #3801V i EIEY, AT o s bk
e LT A R BT R PR B G R
BEE LN lael R7AF)G, lael ZR7LIKA 7 Fhef4E =R
Mgt e R TE T M, W9 lael fFENE
VR S AT 4 R BRI 3 SRk A, BFSE IR
X — 1o A 55 £ A 22 R 7 DR R SROB Tl DR
T oyl KRB EIVERIISE T LR
M) 2T 24 2% il 36 P 119 %% 53 7 40 MHR1 AT RXE 13X
SERFIY RN, FERRIRERAY MHR1 A IFRHI£F4E R
AN A BB 0TS E®), T RXEL 5 xprl R80T
i 2t T P T o 22 i R ek ™
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Y £ AR 235 ) 1 IR E LAY R IR e SR 42 e
B OHEAE AU, B BL OB 2T 4k 2 W I i 2T 4
B HLEE L K H 38 JE PR X6} £ 24t 2% Wl 106 1 (4 52 4
B (AT 2 2R il e TA AE B [CORE R st A% i
UM TR R B . HEASH L. 2tk .
IR AL FNZ 24k 55 R AL iR A2 18 1 T L BB 5
WA /A 45 R B35 B DNA B b B L 45 &
P, 28 R SRR R A AR T A L A A
s, 418 (R SRR U 5 2 A ek S IR A
SRR MEE -, o g1 R T S R
(HKMTYEFF H3 1 H4 HEAFEAREE., H
MO AMAREN H3 5 9 #izdig H H{b(H3K9)
A5 & IETTERT, B AR & B, H3K9 H L
Sl AL A hRe ™, IFE H3K9 /Y
TF IS 15 [ 36 T LA 0 3 W £ f e 3 R YL 4R
177, 28 1 AR TE FCR VR T L R, H3K9 X L
FRARBR MM W ANTERE . BRI, T 32 27 4 KTl
TE Tl A= 7= e g oy FHAL RS, AR W35 1% J7 TR AF 5T
LT Y RGBT AL & o b B

AN S e L FC AR B A 20 2 i R L 7%
VR BTN 4, It M OB AN 33K hkme (1)
2 BRI TR AN o B AR B bkt (3
ik, WF5E HKMT XEF4E ek . WEHEMergi R
FHOCHERI ZRIRAIFEMR, LU RARSY HKMT W 4F4ER
iR DR B 0K 5 I O 2% A S e B L S B0 3

1 57k
1.1 ##Y

L11 EHRERRR

HIUARTE QM9414, S8 [ A= T R s O
(American Model Species Collection Center ,
ATCC); KIFFH Escherichia coli Top10F, Invitrogen
Awl; pLXT #BAmASLIEMEE 1), & RIE
B R PUEIE A kan” FE B RORE P RIA I & R
UMDY hph o AR SERRF B Af1 1L FI Not 1 gL
K ZsGreen A TRVIVIBRIG , 3 Wi%4% hkme 33
FIK R Be(923 bp) FITLER B (60 bp) 4 i H 21 ik .

Ahd
Ahd 1 Not |

SgrA 1t i Pml Va1
%’lldl{‘ 5 ; ;prOM I
Ecod7 111 ; §
Xmal. al
Sma Bs11107 1
EcoR V..

FspA'l
ppdc

v
10 000

2 000"
Ascl - pLXT HPH gfd@sll
PUC ORI 10 547 bp Pl

4000
N

6 000
7

SAT : et
SexA 1 : Xmn 1
BstX 1 SanD 1
Bgl1l  San

1 pLXT BB
Figure 1 Map of pLXT vector

1.1.2 EHFE

T. reesei WIMRFEASK: F 5L 5 BL[OOR S ™ fi b5
FREERY L 275 STIR[15].
113 EZRXFFLE

T. premix Tag™. SYBR Premix Ex Taq, TaKaRa
/v H]; Plasmid Mini Kit. Gel Extraction Kit. Fungal
DNA Maxi Kit, Omega 2A#]; Bl HEAZER A D)
Afl 11, Not I. Asc 1, Fermantas Aw); FIEHEY
W# %, Invitrogen A s WWHEENY, Sigma vvw]; T4
DNA %4, NEB 2wl HAWEGH, A TAEDT
FECERR B AT IR A W) o &0t 5E 7 PCR X, Applied
Biosystems A 5 1FE2CWMEE, Olympus A .
1.2 &1t siRNA STUEK hkmt FF5 AR 33 FRIE hkmt
RE

4 NCBI W3k (https://www.ncbi.nlm.nih.gov/)
AT hkme £ 1D “5(18482291), FAHIHIHLERA
75 L [F 4 % 3 (http://genome.jgi-psf.org/Trire2/Trire2.
home. htm)FFA 7% . hkmt £ 1298 bp, HH 4l
AN T I 3 AN, (LT Scaffold 25 H
165 779-167 076 bp. #&#i siRNA #7517 mRNA
FSRIRALEI Y, ¥ 3 SRUTER R Bk k4N
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HKMT-T1. HKMT-T3 Fl HKMT-T5; Fiik#E—4%
SIRNA A BEUEAT LT AL BUS VR A B X BE 8 Hoi
#°H HKMT-Neg. % _FiR N T IHUTER A Bedte
MR 1 RS T AR, TR 9 nt ZRRAE
1 Loop i# 4% 4% siRNA, H Invitrogen 23 Al
SEAZ AT PR I R KK 2 A% 1T TR i vk 5 2 Ry
100 umol/L, ¥4 X 1 i SEAZ 1 R 7 51138 K5 TE iy
A Afl LFN Not 1FFUIL & BUEE sShRNA T4 B

TE NCBI - [A] it AT 3845 hkme ) mRNA JF 41,
H4 K4 909 bp., iz ] Primer Premier X F15% 1151
Y, JRfE L. RS IET A A7 11 F1 Not 1
fifg YIS 5 DA R AR B i 2k, ¥ Hidw 44 8 H3-F3/
H3-R3, 5|¥FHI0LE% 2.
13  # & pLXT-HKMT-iRNA 57 2k & & #n
pLXT-HKMT 33 ik K

BB Kk XBE shRNA VB A Bt HKMT-TI .
HKMT-T3, HKMT-T5., HKMT-NEG D) K it ik

£ 1 siRNA /EF T HKMT E R B4R FF

HKMT h B & #8H NYI T Af1 11 A1 Not 1 g
J5 ) pLXT Hdk v, H4 3% 57 W A 2= R A i
Topl0 EZASHML, AT ELWE N 50 pg/mL
FHRERYIER LB BAREFRE |, 37 °C i3
12-16 h, XPFA B B s 1 TR 4
1 DNA T, 2351455 4 R e ssh iy &4 AT
DUBR BRI & ok ik i BUE AL+, r a4k
pHKMT-T1 ., pHKMT-T3 , pHKMT-T5 , pHKMT-Neg
A pLXT-HKMT .,
14 BRABRERKELAZE

%7 Penttila %51V S 5 v i £ HL IR AR I
ik, BHE WS . e T
S B 10 pg 5L DNA (pHKMT-T1 . pHKMT-T3
pHKMT-T5 . pHKMT-Neg I pLXT-HKMT) #1200 uL
PEG Buffer {41 2515 R B 1 PDA V-4, Kigw
2-3 d DA A bk s FHAA S PRI 2H B paefh 2
BTSSR I, LT 6 AAMITHERT R

Table 1 Sequences of siRNA targeting on HKMT gene
SIRNA £ FEHMRFS FERIRIN
siRNA name Sequence of oligonucleotide (5'—3") Product size (bp)
HKMT-T1-F ttaagGCTGCCTGACGAAGAGAAATTCAAGAGATTTCTCTTCGTCAGGCAGCrttttttge 58
HKMT-T1-R ggeegeaaaaad GCTGCCTGACGAAGAGAAATCTCTTGAATTTCTCTTCGTCAGGCAGCe
HKMT-T3-F ttaagCCAAGATGCTCAACTCCAATTCAAGAGATTGGAGTTGAGCATCTTGGttttttge 58
HKMT-T3-R ggcegeaaaaaa CCAAGATGCTCAACTCCAATCTCTTGAATTGGAGTTGAGCATCTTGGe
HKMT-T5-F ttaagGCAAGGACGTCTACCTCTTTTCAAGAGAAAGAGGTAGACGTCCTTGC ttttttge 58
HKMT-T5-R ggecgeaaaaaa GCAAGGACGTCTACCTCTTICTCTTGAAAAGAGGTAGACGTCCTTGCe
HKMT-Neg-F  ttaagCCATGATGTACCCTACCGTTTCAAGAGAACGGTAGGGTACATCATGGttttttgce 58
HKMT-Neg-R  ggccgcaaaaaaCCATGATGTACCCTACCGTTICTCTTGAAACGGTAGGGTACATCATGGe

e TRIZAE =58

Note: The single underlines are loops

&2 PCR ¥ hkmt FFFARISH
Table 2 Primers used in PCR of hkmt

2| ¥4 %R Primer name 741 Sequence (5'—3)

H3-F3
H3-R3

TCACTTAAGCGTCACGAGACAGCACTTTTT
ATAAGAATGCGGCCGCCCACAGATATCCCCTGCACTT

T TR N AT R

Note: The single underlines are restriction sites
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1.5 ERASZEEFEE DNA EH

S WA S0 7 R T RO
(K41 DNA 3, %4 PCR %@l T A&
S RIB G S AR A BN AR A BE N S R
H2H AR AP T B ROR B M AR SR AR Ry 3R
28 °C. 250 r/min Z&PF P ISR 2 d; fEH A BRI 22
PRIF PR AW 5, 87 Fungal DNA Maxi Kit $
BN 2 DNA.
1.6 RNA 2E}

T 0 Hr siRNA UK BOM AT AE R BT 15
W, KL T. reesei-HKMT-T1, T. reesei-HKMT-
T3. T. reesei-HKMT-TS5. T. reesei-HKMT-Neg .
T. reesei-HKMT F1H & Fikk T. reesei QM9414 435l
HAT 10 mL BEAEESRAE T, S5 KT 4 Ay 5
Wk, AR I 3 ASFATRER, I
J2H RNA.
1.7 RNA RFEFRFRAEE PCR

225 W0 2 WA I S 5% e SO e/ PCR J7 ik
PEATSEEG, SEg b A 51 2k 3T,
1.8 EgIEME

KT 53T siRNA ULER hkmt F3d 33k hkme Xf
Y W F7 00520, 27 i ) 4 U 1 i 7 )
EHEWKEMAE T. reesei-HKMT-T1, T. reesei-
HKMT-T3. T. reesei-HKMT-T5, T. reesei-HKMT-

#*3 TARERPCRFETASIY"
Table 3 Primers used in qPCR!"”!

Neg. T. reesei-HKMT Filt Ktk T. reesei QM9414
Oy BIHERN T 30 mL JEARE IR BUEAS FRR Y
FEFEW 3 A PATRE S DU E 07 25 SR BT (B A
Pl
2 HiRE4h
2.1 RERANERIE hkmt HIKHHESEE

FBRHIE N VIEGRE E 3 A4 siRNA VLERZ 4
pLXT-HKMT-T1. pLXT-HKMT-T3 Fl pLXT-HKMT-
T5 LI 1 ANBAPEXT IR pLXT-HKMT-Neg (& 2).
4 A~ H 2 R 2 Y] R B R 2 1800 bp 1Y A
Br(FIE K/ A 1855 bp) (KIBE 5. 7. 9 Al 11),
W B 54 5 31 F Ppde (1795 bp) Al siRNA
FEAETFHR (60 bp)o pLXT ZRARL Asc T BBV Y
F B2 1700 bp (FEIEK/NA 1795 bp), i H B
A I B F Ppde BIR/NIKIE 3). AR HLTK 25
B FIWT 4 45 siRNA BERRAK , dE—
A ik DNA P25 1380, 60 bp HITTER B2
A pLXT &4k rh, KU A siRNA JLE
A

T WG T. reesei QM9414 1 hkmt (RENEE,
W U S TITEE N T, reesei QM9414 thyy i iy
hlkemt Fi B 1% R BE 22 Afl TURN Not 1Y) )5 5 pLXT
BAHAE, K15 pLXT-HKMT Jiokr, i3t B
DI RED) 1 DNA D7 %08 Bk (Kl 3A. 3B).

5[ ¥144 X Primers name

5|95 %1 Primers sequence (5'—3’)

% Purpose

sarl-F TGGATCGTCAACTGGTTCTACGA Internal reference
sarl-R GCATGTGTAGCAACGTGGTCTTT

HKMT-F CTTTCACATCGCCAACCA HKMT qPCR
HKMT-R TCCTTCTTCTTCATCTTCTTCTT

cbhl-F CCGAGCTTGGTAGTTACTCTG cbhl gPCR
cbhl-R GGTAGCCTTCTTGAACTGAGT

egll-F CGGCTACAAAAGCTACTACG egll qPCR
egll-R CTGGTACTTGCGGGTGAT

xyrl-F CCCATTCGGCGGAGGATCAG xyrl qPCR
xyrl-R CGAATTCTATACAATGGGCACATGGG

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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2 STER hkmt #4K pLXT-siRNAs B BG4 E

Figure 2 Identification of silencing hkmt¢ vector pLXT-siRNAs by double enzyme digestion

Note: M: DL10000 DNA Marker; 1: pLXT plasmid; 2: pLXT/Not I+Afl 1I; 3: pLXT vector/dsc I; 4: pLXT-HKMT-T1; 5:
pLXT-HKMT-T1/Not I+4sc I; 6: pLXT-HKMT-T3; 7: pLXT-HKMT-T3/Not I+A4sc I; 8: pLXT-HKMT-T5; 9: pLXT-HKMT-T5/Not 1+

Asc 1; 10: pLXT-HKMT-Neg; 11: pLXT-HKMT-Neg/Not [+A4sc 1
A bp M 1 2

&3 L%Jjw; PLXT-HKMT Ry SREBYI £ E . DNA illFF

Figure 3 Verification of hkmt expression vector pLXT-HKMT digested by endonuclease, DNA sequencing

. A: M: DL2000 DNA Marker; 1: 1 #A4K pLXT-HKMT; 2: pLXT-HKMT/Not I+4fl I, B: pLXT-HKMT ¥ hkmt . F
JFE 7 DNA JIF (4060 T Ik 4h J H3-F3/H3-R3 51#)17 )

Note: A: M: DL2000 DNA Marker; 1: pLXT-HKMT; 2: pLXT-HKMT/Not 1+Afl 11. B: The upstream and downstream partial DNA
sequencing of the hkmt in the vector pLXT-HKMT (the primers were underlined with red)
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2.2 LEFNERIE hkmt EEFRETE
PRI TR . i RE 5 DR R
T. reesei QM9414 J5 A& &k H A FH %4 100 pg/mL
WA RPUEM PDA AR SEAT R BE, [ B
T. reesei QM9414 & WAtk#E FIRERAERAT T &
100 pg/mL ¥ 5 ZEPUHERFAR AR B XTIR, 7E
28 °C., 1B R 37%MHIRA IR 72 he EKAE
WA R B UTER . 13 IR hkme BLEORE
FHEAR A = WI1E PDA AR F R Bl wi
R Y E Wkt VUERFELF PR siRNA
FEREM TN, 4 FOASRIUTER hkme TELL AR
AP 20 mL (YA SRS, 7E 28 °C. 250 r/min
Rig% 48 h 5 R BUE N 4] DNA JEF AL 100 ng/ul
VR FH pLXT 2138 F 5141 LXT-F (5'-CCTGCAA
GTCTCCATCACAAG-3")fl LXT-R (5-TTCATAG
TCCATTGTCAGCA-3")X$EHUFE K 4] DNA #47
PCR!", 5 401&] 4A Bi7R, PCR 2414 1000 bp,
51—, PCR 771 () DNA 745 55 Jiokr i

FRahi—3, £ siRNA REAC MBS % T
reesei QM9414 HYRER 4,

YT FRIR hheme T A MR FH A% 2048
19 LXT-F/R AJ 444t K/N24 1 800 bp AR,
FIHYERE hkme B)REFPES 1 P0%F H3-F (5-TCACTT
AAGCGTCACGAGACAGCACTTTTT-3")#l H3-R
(5'-ATAAGAATGCGCCCCCCTGCACTT-3") ] " 1
HIR/INA 1000 bp £ 47 254, B FUBARAT (A 4B).
XL LR TR SR UTER hkme Feh &b et £k
himt TR GO IIBEE R T. reesei QM9414 5
K2
2.3 B, TRIE hkme EEHBERBITE T 24
K

A UTBR hkomt T4 B RE B9 7 T3 21 PDA Al
FRizE 7d, EHE T. reesei-HKMT-T1. T. reesei-
HKMT-T3. T. reesei-HKMT-TS 7 PDA “E#e E 11
il FARAE B K B RE T. reesei QM9414 At IR
T. reesei-HKMT-Neg KEAH[R], B55% 5 d B Al

bp M 1 2 3 4 5 6 7 8 9

10 11

4 PCR LEMEFITRIE hkmt ELEF KD siRNA. hkmt RixE

Figure 4 Identification of siRNA expression cassette in the hkmt silenced and overexpressed recombinant strains by PCR
T A: FEH 4] DNA #i47 PCR §7H4 H siRNA #3545 : M: DL5000 DNA Marker; 1-8: 435I T T. reesei-HKMT-T1-1, T. reesei-
HKMT-T1-2. T. reesei-HKMT-T3-1. T. reesei-HKMT-T3-2., T. reesei-HKMT-T5-1. T. reesei-HKMT-T5-2, T. reesei- HKMT-Neg-1 .
T. reesei-HKMT-Neg-2 341 H 38 Bk 1Y) siRNA VLERF KA 9: M T reesei QM9414 8 457 . B: L[ 4] DNA i#H47
PCR ¥ 34 4 hkmt 53K %& . M: DL2000 DNA Marker; 1-5: DL pLXT #RMAGHE FMF5 190438, KRR Hg 4 D& hkme Feik B E 4
PR AT Z 38 TR 3 611« LA pLXT B FHIR 519097 38, MR 4 A5 hbome 33K G 0 B RTPR (i 2008 OB AN L FRAR B2 QM9414
R Rk 2

Note: A: The siRNA expression cassette was amplified from the genomic DNA by PCR. M: DL5000 DNA Marker; 1-8: The products
amplified for the siRNA expression cassette from the hkmt interfered recombinant strains 7. reesei-HKMT-T1-1, T. reesei- HKMT-T1-2,
T. reesei-HKMT-T3-1, T. reesei-HKMT-T3-2, T. reesei- HKMT-T5-1, T. reesei-HKMT-T5-2, T. reesei-HKMT-Neg-1 and T. reesei-
HKMT-Neg-2 respectively by PCR; 9: The product amplified from T reesei QM9414 by PCR. B: The hkmt gene expression cassette was
amplified from the genomic DNA by PCR. M: DL2000 DNA Marker; 1—4: Products for hkmt expression cassette amplified from the hkmt
overexpressed recombinant strains; 5: Product amplified from hkmt overexpressed plasmid pLXT-hkmt by PCR; 6—9: Products for hkmt

amplified from the hkmt overexpressed recombinant strains by PCR; 10: Product amplified from hkmt overexpressed plasmid pLXT-hkmt
by PCR; 11: Product amplified from the 7. reesei QM9414 by PCR
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LR ek A7 (8] 5A-5E), B HARME  W(& 5F-5)),

22K e 100 155 B T2O0 B T WS, R EH i Rk hkme EHFEWRALE PDA A B IR
I T. reesei-HKMT-T1 | T. reesei-HKMT-T3 ., T. reesei- 2-5 d FFMER, W ERIRFHEAEKS T. reesei QM9414
HKMT-T5 R 2Z M T T. reesei QM9414 5 FAAIF IR 5 HCHL 22 5151 6A—6H). 1E2E
T. reesei QM9414 B A K | %45, EAMEAB B PSR 3 d WFRIAEHFERS T. reesei

B 5 hkmt UEBAEHEMRE PDA TR LRI FAEKFRMC A BMIETELES

Figure 5 The spores and morphology of hypha of the hkmt silenced recombinant strains on the PDA plates

Note: A, F: T. reesei-HKMT-T1; B, G: T. reesei-HKMT-T3; C, H: T. reesei-HKMT-T5; D, I: T. reesei-HKMT-Neg; E, J: T. reesei
QM9414. Scale bar: 20 pm

Bl 6 dRiE hkmt EHERTE PDA TR LR FEKIFERIL N BRIETELRES

Figure 6 The spores and morphology of hypha of the hkmt overexpressed recombinant strains on the PDA plates

TE: 75 PDA VA BA 4K 2, 3. 4 F1 5. d 19 T. reesei QM9414 (A-D)FIid 3k i) hkome TEH W #R(E-H)IF TEK NGO ; 78 PDA VA EA K
3d W T. reesei QM9414 (I-K)FIE 3R ik hieme T R R (L-N)I I 2235

Note: The spores of the 7. reesei QM9414 (A—D) and the hkmt overexpressed recombinant strains (E—H) growing on PDA plates for 2, 3, 4 and

5 d respectively. The morphology of hypha of 7. reesei QM9414 (I-K) and the hkmt overexpressed recombinant strains growing on PDA plates
for 3 d respectively (L—N)
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Figure 7 FPA and CMCA of the hkmt silenced and overexpressed recombinant strains

E: A
T F CMC F#EPE(X £SD, n=3;

*. P<0.05; **. P<0.01;

VLR himt T FPA BT TE; B: UUER hkme L E CMC BIEE; C: 33338 hkme TELH 1A FPA BTG PE
. P<0.001)

kK k

3 D: 14 3RIK hkmt

Note: A and B: FPA and CMCA in the hkmt interfered recombinant strains respectively; C and D: FPA and CMCA in the hkmt
overexpressed recombinant strains respectively (x £SD, n=3; *: P<0.05; **: P<0.01; ***: P<0.001)
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2.5 SHEFNLIRIE hkmt EEERRT hkmt RiE
B RT-qPCR 447
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Figure 8 The hkmt relative expressions of silenced and overexpressed hkmt recombinant strains

TE: A iBESHEIR 720 096 h I hdome TUERFE TR ot BOARXS ikt ; B: 555 5% 24 h Fll 96 h I 1 F38 hkme TR
hhkmt (AN S35 8 (X £SD, n=3; *: P<0.05; **: P<0.01; ***. P<0.001)

Note: A: The hkmt relative expressions in the hkmt interfered recombinant strains for induced culturing for 72 and 96 h respectively. B:
The hkmt relative expressions in the ikmt overexpressed recombinant strains induced culturing for 24 and 96 h respectively ( ¥ +SD, n=3;

*: P<0.05; **: P<0.01; ***: P<0.001)
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Figure 9 The relative expressions of cellulase genes and activator in the hkmt silenced and overexpressed recombinant

strains

T A 5557 96 h hkme TUBREE 4 bk b 21 2k R T RURINBONS TR F RO AH X Rk it B B53R 24 96 h il 33k hkme B 2H i bk HH 247 4
ZEFRE R FEOE T F ROA XS ek 8 (X £SD, n=3; *. P<0.05; **. P<0.01; ***, P<0.001)

Note: A: The relative expressions of cellulase genes and activator in the skm¢ interfered recombinant strains for 96 h induced culturing; B:
The relative expressions of cellulase genes and activator in the overexpressed hkmt recombinant strains for 24 and 96 h induced culturing

(% £SD, n=3; *: P<0.05; **: P<0.01; ***: P<0.001)
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