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Abstract: As an abundant and renewable bioresource, lignocellulose after efficient
depolymerization can provide raw materials for green bio-manufacturing. Trichoderma reesei is
one of the main industrial producers of cellulases. Its outstanding capability of producing
cellulases plays an important role in lignocellulose saccharification. In the past few decades,
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researchers have gained a preliminary understanding of the mechanisms underlying the induced
cellulase gene expression in T. reesei, and revealed a complex regulatory network controlling
the biosynthesis of various glycohydrolytic enzymes. Here we systematically review the recent
progress in the regulation of cellulase gene expression in T. reesei regarding signal transduction,
transcriptional regulation, and chromatin remodeling. Furthermore, we review the latest
progress in genetic engineering for improving cellulase production based on the understanding

of the above regulatory network.
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Figure 1

Schematic diagram of cellulase gene expression and regulation in Trichoderma reesei.
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KA EIREI R 2 F T cbhl i X A2 /IMA Y &
FRPU APREHB T RY], BRAGHEALZ
M RAE RS 2 A4 Spt-Ada-GenS5 acetyl transferase
(SAGA)YEAL IV I GenS B4 1T 58 cbhl J3 3
FIX LR 1 H3 26 9 Al 14 0L B IR £ B AL 16 1
FEEBIRIRAR, JF™ B 1 2F 4 R 75
FRBO, A, BRARGE D - MBRENHE
Sl Lacl WXTEF4E RS S RIE
WS, lael KPR 23 IR A A7 21 4 2 iy
T 68 ikl B IR - - e T A AR SROME Al )
ik, Mk Rk lael W 2x G F R TR LA
FR e 53 5 AHLE— 25 A g (0 5T S 8 LVE 0 T s
Lael AJAEIFA B IS5 N e S U AE G R 41
H I H3 | K4 8 K9 i EAL 2, AT

A B AR A R A — A B 5T,

B Yo o 5 21 B P A, i e o
e U AZ IMANT B ERAL L, IS | R B R ik
IRV 1 28 A 2 BUAZ AR W R PR 3 3k IR 1 — A
T M AR T AR, Xyrl ol 3@
15 Snfl2 WARAHEAERRE SR AR ERL
A SWI/SNF, WA T kA8 £F 4 26 i 5L 8 U 20+
XA A% /MR o i R A AR R ZR iR L i 2k
Snf12 5% SWI/SNF & &9y H At W 562 T 4F 4
F5'F)5 cbhl Fl egl ja sh T X481 H4 %
XKy b—HHREB, H—AROREPE S
PR JE Tsw 1 76 BIMJA B FROR 25 41 4 2 il ATk
AW —F O AR EY SRR R
ViR BB AW E PR A, Iswl —J7 T E
I 1 27 4 R g 5L R i 2h 7 X A% /MAR 2R T P
Bl Xyrl i3 B £F 2 2% g 5 D A 2/ s 0SS O —
5 T3 ) R €0 £ 3R L DR K (sor) JE Bl F X Y
K%/ IV o5 R ) 7 S TR F Yprl (EREE
S PN v 8 8 R G AR OO

4 HEEEETREKEERS
BERABEALRWRL SR T
I

HRAZEAE TR QM6a A — Ul B
OYEARIE , AANTETF G kAT TRy
AR YL B BT LT A R AR 7 i 1708,
W o L Je S R R 28 LA B R A T I, AT
LI f 45 5 M P e A% i SR, A 0 17 i i
T RRAE | SR N1 R m e s I
T RO E [ MOE ER, LASR TH R I
SRV, BT AR AT BE BT e 7= 2T 24 3% Il 2% O TR A
(R D)o WIFEERW, R AR P RFR acel J1E
P BE TR A5 47 A LA ebhl J8 3 73R8 - A H
fitp 2 [N bgl1 BN D) H R HREEE Y egll YR
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Table 1 Summary of genetic engineering strategies based on transcriptional factors regulating cellulase
gene expression in Trichoderma reesei
b HiR S 3k
Strategy Result Reference
MR AN T Acel R [69-70]
Delete Increase in cellulase activity
transcriptional Crel e AL TS $EF 72.6% [71]
repressor 72.6% increase in filter paper enzyme activity
Reel N OIS AP D) B B2 71 70% [57]
70% increase in endonuclease and exonuclease enzyme activity
M RIEFRRAE  Xyrl fifBk CCR, B4 bgll id LK UBATHE 125 102%, WHLACE [37.72]
¥ $iw 85%
Overexpressing Eliminate CCR and its combination with bgl1 overexpression lead
transcriptional to an 102% increase in filter paper enzyme activity and 85%
activator increase in saccharification efficiency
Ace2 IEATHEE 2w 2 % [46]
2 folds increase in filter paper enzyme activity
Ace3 RN 2 L S T [73]
6.4 folds increase in transcription level of cellulase genes
P SEROE I Xyrl: A824V ARG L DR 5 21 2 K Wk X A sfok P R R [40]
B4 35 A AR A Significant increase in xylanase gene and cellulase gene transcript
Constructing active levels
mutants of Xyrl: V821F IR B g ity 6 S R T [35]
transcriptional Significant increase in xylanase enzyme activity
activators Xyrl: R434L AN BE TG BT 80%, ML BCRIET 21% [38]
80% increase in exonuclease activity and 21% increase in glycation
efficiency
Xyrl: A873Y LF Y R ' TR 3.3 % [41]
3.3 folds increase in cellulase production
Crel: S388V IR ACAE T DR AR AN SN MRS S R T 2.25 50 2.45 1 [74]
Under glucose conditions, 2.25 folds increase in filter paper
enzyme activity and 2.45 folds increase in exonuclease enzyme
activity
N TSR T NTREREASUE AR U3 IBAUEHE 1T 55%, B-HiZ b P EGRES 27 8.1 fiF  [75]
Constructing Artificial zinc finger In mutant strain U3: 55% increase in filter paper enzyme activity
artificial protein library and 8.1 folds increase in B-glucosidase enzyme activity
transcription DBDace1-ADvris TEACHETE IR T 80% [76]
factor 80% increase in filter paper enzyme activity
DBDace2-ADvri6 IEARE TG $R T 1.3 £ [77]
1.3 folds increase in filter paper enzyme activity
DBDcre1-ADvris TEARHTE R T 26.5 £F [77]
26.5 folds increase in filter paper enzyme activity
DBDyyri-TmaclAD  SMIEFHHE LT 1.7 1%, BEALACRIE R 60% [78]

1.7 folds increase in exonuclease activity and 60% increase in

glycation efficiency
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&, LIS B ST A 2 S R YK AR
RS EA AR, Gao FEVHE—HE S
7 OB TR R FER crel, JEad ik
BRI S IE N bolA, 53 T —HkeT 4k
RGN B AT RS PE Y B R m ) BLEROR
BEPAAR o 1% TR BRR I A0 2T 2 22 06 1 42
1 63%, MRS FFAR i HAT 5 e R AR AR,
ARV AL A A 0 L ROR A E
5eia B M g IE A teul W B 9K Bh i SR 0
7 Xyrl B35, 15 I SE B FROR R 41 4k K il
ARG IR AR . S R KR
ik, HSERfRIRIRACIHE , 24 Rk
K-SR YEZA5 T 55 T G KA B,
AT 3 B A& PR, Xyrl Hr(a] [ PR X B 434 17
KRR AL J S @R AT, R R K% Xyrl &
AR AT LA i AT 2 2R 1D LA R A SRt
FE BB AR Xyrl 4332 T 80% 1 70% , H AL
A T TS LA 3L KRS A A B L 3k R 2 T
21%0%, Zhao ZE*1ffi F§ CRISPR ik [K 4 # 5 A
4 Xyr1 25 873 o7 I TN 2 R 58 28 Sy i 2 g I % L
PEATL R FRK R IR 58 A5 AR A A 2 2% A
A R 5 2T 2 R g AR R T A R
T 56.7 £ H01 3.3 5 IR AR A
PR TR Ak 3 R KA, 4 20 W5 AR R TS e A A
T R AT IR T 51%H1 52%., Arai ZE731)
i E ORIk e S BE T Ace3 Al
Xyrl V8F GEARfA (A5 TR AR 1 21 4 2 il 22 357K
S H Bt B 8 Ace3 Al Xyrl V3 AE TR 4l 4R
5.5 AN 1.5 5. A, K Crel AYSS 388 fii 2
AR 575 F B A TR LA B LR R Ak (B4, A o
R A 5 %6 W5 2% 1R 1 i 4K I TS N A1 )
(PNPCase) A 433G T 2.25 F5H1 2.45 F5074,
B T N TR L S R ko A, 3T LA IR
I A B TR SR ok ST 4T 4 5
ity 22 3K I ¥ . 446 B 1 (zine finger protein,

ZFP) & — 28] LR R A R A 25 A e 3 4
BATIR LT 1Y) DNA 45 & 45 F 38 il 1 R Bk 2 4
PUNARFAZAF BRI 7 AR, TR 5EE
TERSEBOG S5 a4, Zhang ZEUSUEE T W]
TEH UK E Rut-C30 Fhgud L Rk g N T
PEFRE SO, IFR LIRS T2 a4 R
Bty AR A A, Hh— AR K U3
U AR TS I B 2B T B S 2 R T T 55%
81, 5N TAHEE i 5 TR w25,
Zhang %% Ace2. Crel, Xyrl & Acel A DNA
S5 B BE RIS 0 5 PRl E 92 0 B I T 4 A I
VP16 fifs, A DBDacer-ADvpis Fll DBDerei-ADvp16
FE Rut-C30 1 )25 1] 43 Sl A I = 4 P A A
LFYER TR T A A R TERETG ; 41,
733K DBDerei1-ADvpi16 B ZH BARE Tavraizo 75 7 2 B
SUF T IR AR TE R R T R 26.5 457677
ZNTS I RURTIBUR S SEP SR TN o) 2N 8
R FE 5 F Tmacl ) AD £35S Xyrl Y
DBD Zitsat 5t TN TS HE T XT, it
— I N TF SRR P Xyrl SRR L
ik, 15209 OEXT mitk 5at FRikJH Xyrl A
Pk OEX DIECEAEH QM9414 AL, OEXT
F U ACEE TS 4> B3 m T 0.6 f5F 1.2 5, H
OEXT MY ARMEN IS W E 4w, /52 OEX
A QM9414 1 33.8 fi5 1 8.2 f518, 25 L rik,
FE T SR T TR 1 B PR O R R T L R OK 2
R HNANTB, Kk 5 &R
JOT TR 4 b B A LA BT LA B A0 G 4 S A )
K E MRS A, UM — SR TR R E A
o3I T RE

5 kZ

ZRLHAERETE, AT B RO B2 27 4
R ML D A R B TR T8N RGRA R
T, R A M IR S B A% S 2 A
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A% PR SR R TR 2 e LA e 40 o 45 g A8
P25 T7 1T 3R 8 A 48 R T BT X £ 2 3R i 5 I
IR A S 2% I R Y P o P AL R T X A
WFSELE IR, 2 B0 1 A a8 A% Bl DR iR R 3 T
T RS B 2T 2 R R 5 UK o RRAT)
3 LA JLAN T 11 J B g TR AR BIEFE LA T 4
AT o 7 B ROR B 4 4 R S R B WA
AL

() MHA4ERFEFHMRNGESA R, JIf
R 7S HBON 5 18 Sk Ae S AL, X RLHLIG
N B O AR PR 22 R I TR e SO 24 L A ) K
AP AER , UK A FRIE 115 S 055
A7 P45 ML A A 38 T e 2 fih 7 46 2% g B N R
RS R R AR TR R SRR, IR D TR B
fifp FCAZ B A W ) B 35 ) 7 5 A 2 AL 7] B
ESLIRIoR S8

(2) MWHRtRSCE M RE K, B R LR
B LT YER ML N A 2R i RBP4, A B
TE BE— A 12 4 % 78 A S S 5 I 1 DA e IR
N SEMT I RENLA B R, A R G4 7R
W of Ak 25 Y8 P P S A T R T, DA DR A S
JZ A B0 I 2R 2H A8, I {6l 2% g 2 o i [
(82 SR R e TR R B R BR T, LA PR e ¢
I ADoK Sk Tl 2R 0 3 B o

(3) HREFENEEF R AEYEA R
AN S — A, A b EEE Sl gy
T AWy A A e R T B, T R LR
AT o O R 2 G AR BOR O SRR B, O 4w
F G0 b )RR B IO R 2 4 R I e A0S A B
Ao g H A O i B GEBA Y, A0 2R
Ja A M PR S A e v R 20 T Ak B DL K
i GRS € S i Bu kit U Y R i
2R DAL AR TR 22 35 00 , T T i — 4%
A LA TR g 7K1 B 3 R DC T 14 2 5 K
Pz AR, DI R R JEE R T B FROR B 4T

HEZR MG R T1, LA RO AR £ 4 I A 7 il
A, HEB A 5 21 4 28 0 IR R 2% 5 2 By i i
7l B R R
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