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Abstract: [Objective] To study the effects of flippase DRS2 on the expression and secretion of
lignocellulases in Trichoderma reesei. [Methods] The homologous gene drs2 in T. reesei was firstly
identified through sequence alignment by BLAST and then deleted via homologous recombination
strategy from T. reesei. The growth, protein secretion, and activities of cellulase and hemicellulase were
compared between the drs2-deleted strain Adrs2 and the control strain Cpyr4. Furthermore, the
subcellular localization of DRS2 was predicted. [Results] Compared with Cpyr4, Adrs2 showed
significantly decreased growth rate in the medium supplemented with glucose, lactose or
microcrystalline cellulose (avicel). The total protein secretion and the activities of cellulase and
hemicellulase of Adrs2 were significantly higher than those of Cpyr4. The transcriptional levels of the
key cellulase genes were similar between Adrs2 and Cpyr4. Subcellular localization prediction revealed
that DRS2 was located in spitzenkorper of the hypha tip. [Conclusion] The deletion of drs2 gene can

significantly improve the production of lignocellulases in 7. reesei cultured with cellulose as the sole

carbon source. DRS2 may play a role in the secretion rather than the transcription of cellulases.

Keywords: Trichoderma reesei; flippase; cellulase; protein secretion; gene deletion
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15200 CGERUIR)E R IETS BE), AR 20,
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Table I  PCR primers used in this study
Primers Sequences (5'—3") Characteristics
P1-F CTATAGGGAGACCGGCAGCGGCCGCCTCCAAGGTGTTGGGGATCGTG For 5'UTR of
PI-R GATACCCGATATTGCGACTTTGGGGGCCGGAGGACGAGCAGTGGTTAG Adrs2
P2-F CTAACCACTGCTCGTCCTCCGGCCCCCAAAGTCGCAATATCGGGTATC For T. reesei pyrd
P2-R CAATTTTTTCTTTGCTTTTTCAACTGCATCCAAACCATCCTAC
P3-F GTAGGATGGTTTGGATGCAGTTGAAAAAGCAAAGAAAAAATTG For 3'UTR of
P3-R GAAAATTGGAGCACTGCGAGGGGCCTTTGGTGTGAAGAGGGGAGG Adrs2
P4-F CCTCCCCTCTTCACACCAAAGGCCCCTCGCAGTGCTCCAATTTTC For backbone
P4-R CGATCCCCAACACCTTGGAGGCGGCCGCTGCCGGTCTCCCTATAG
Pk-F TGTACATGTTGAGCTATGAC For genotypic
Pk-R CAATGATACGGACCTTATCTC analysis
Py-R GAGATGGCACAATTCTGCTGTG
Pd-R CCAGGTCGTCGTCATTGAG
Pm-F GACTCCAAGCTGGACATCACC
P5-F CGACCTATAGACGGGATAGGTGGCTCCGGTGGCTCCGGTGGCTCCGTGAGCAAGG For gfp
GCGAGGA
P5-R CAATTTTTTCTTTGCTTTTTTTACTTGTACAGCTCGTCCATG
P6-F CATGGACGAGCTGTACAAGTAAAAAAAGCAAAGAAAAAATTG For backbone
P6-R GATCCCCAACACCTTGGAGGCGGCCGCTGCCGGTCTCCCTATAG
P7-F CTATAGGGAGACCGGCAGCGGCCGCCTCCAAGGTGTTGGGGATC
P7-R TCCTCGCCCTTGCTCACGGAGCCACCGGAGCCACCGGAGCCACCTATCCCGTCTAT
AGGTCG
Tcbh1-RT-F  GCGCTCGCCTTTACCTTATG For qRT-PCR
Tcbh1-RT-R  CAGCTGGGAGCCAACAAGAA
Tcbh2-RT-F  ACTCTATTGCCGATGGTGGC

Tcbh2-RT-R - GGCACACTTTGGAGTACCGA

Tegll-RT-F CCCTCAACACTAGCCACCAG
Tegll-RT-R  AGGTCTTGGAGGTGTCAACG
Tbgll-RT-F  CTGTACATCACCTACCCATC
Tbgll-RT-R TAGCTGAGATCTCGTCGTC

FRFBETS, HHBUSTETRIN 2% % A L
0.1% Triton ) MM 35353 ERBIER,
28 °C ¥5dF 3-6 do ¥ AR A A B TR V% Bk
B(F| PDA FAH | 28 °C 3% 5-7 d. Fr- )
XT R 2 DNA #4752 B PCR B ik, L2
21 DNA NHiH , LA Pk-F 5 Py-R JAhE514,
Pk-F 5 Pd-R N INERSY), e BOANREI A %
A T PN 5 | 40 TG A% I TR Rk , BRIV Sk B 2 () A% A4
R
1.5 BERARBAdrs2 EfRE KRR E
WK% Cpyrd XT MRS B[R KRE Adrs2
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HIVETE PDA AR 28 °C 535 7 d )5, &+
B, A3 RN 1 uL 2x10%/mL AR F B T4
AN 2% 75 250 A FLAE Y 1% avicel (1 3 F MM
R 2 S (B 90 mm)HP e, 4 24 hid 5 1 K
HiEER, —HdE6d, HE 6d EHAK
R
1.6 ERABAdrs2 EHRERSENTE
1.6.1 EHS=ENTE

% F] Bradford #:(Bio-Rad protein assay)illl
TE SR DI WO R E R, e UL R
(Bio-Rad, USA)#EATH#ME, LA MG & AR i
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B mL & E 1.5 mL 2045+, 10 000 r/min
B0 5 min, A3 EIEW, A 400 uL 245
(0.001 mol/L EDTA . 0.05 mol/L #§FR%h 2% whi
5% )5 100 uL 0.5 mm AYBEEERR , FEBFEE{YL
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M2t B A T i
1.7 BERAKEAdrs2 BEEREEENE
1.7.1 A E R e 5 AR IEEE T B E N E

1.5 mL EP &+, JOwifk & AR, 200 uL,
HrAr 6 uL 3 mol/L BEFR4MZE #hik (pH 5.0), 30 uL
2% (WIV) Azo-CM-Cellulose 5% # Azo-CM-Xylan,
144 uL ddH,0, 20 pL & FiEW, FTR5 .
40 °C {2 1 h S A 1 mL PL3E R & 1k [ b,
4 000 r/min &[> 20 min, B 200 pL FIEHZ
96 fLAH, FIFHBEFR I E ODsoo (HRAEILAH
XG5 PV AL NS WA S X R, A
FEAR g 3 AT RE
1.7.2  JELKERIE N E

) Whatman No. 1 JE4CHIEY), FIE4CAITE
PEDIE L b B e R B0 T . K IRANARE
F 25 mL HIEELEIEH, A 1.5 mL 0.5 mol/L
PR R -7 15 TR M 2% v i (pH 4.8), 50 °C Tk
10 min J5 A 500 pL i 5% B OB, 1RA
KIS G AE 50 °C [ 1 h, B 200 pL KWK 5
200 puL DNS BGRITR A5 J57E 100 °C 7 10 min,
BB EIRG, 78 540 nm ARG, JE4E
it 1% 0 B E X s 1 mL VR AE 50 °C, pH 4.8
M, AR/ KRR AC A AL 1 mg 3 ORI
EREER, A U/mL FoR.
1.8 RNA f£2El5 qRT-PCR

i H RNA #2 B 5] (Keep, China)i #2

total-RNA , il 13 2 #% 5% 17 £ (Transgen, China)
¥ RNA #5358 cDNA. RAMA% CFX 96
Touch %€ 7 PCR {X(Bio-Rad, USA):INIAH
KFENAIXF H AR, UL Actin HNZ, @it
BN Loga(Criest gene—Croactin) X 451~ 3 R 251 5 A
X ek HE
1.9 DRS2 EHS5 GFP & RIEEH
DRS2-GFP 8y

DA pMF272 ki Jfsidi , 514 P5-F Al
P5-R ¥4 gfp 2L, fi1514) P6-F Fl P6-R 4"
1 RORE drs2 FEI L B3 S'UTR [RRET
#5149 P7-F Al P7-R 4§48 B [CRE drs2 B X
T 3'UTR [A] R L & pBluescript 11 SK(+) &
Amp FERICHEAE A B, FIA Gibson
BRI R 2 A pDRS2-GFP., it PCR ¥
pDRS2-GFP #i A i [a] 5 H 241 h Be et Ak,
pyrd JER Fik £ 5 pDRS2-GFP £kt i Bedie e iz
FEIREC N 10 3 BYLLH, #E7 L IROR % Tu6Aku70
Jir 2B SRR AR LR A5 5% A+ DRS2-GFP,
1.10 DRS2 iF 40 B E 3L 53 #7

¥ Wbk DRS2-GFP #:F1 %] PDA ¥k I
28 °C K557 24 h, Fp K H A 22 )5 ol A B AR /K e
FORIE TR R AR R ) s — T AR B R K
(0.9% NaCl i&¥k), FI 10 uL B2 W Sk PR EUiH &
2235 T A B ER K, B SR B il ) o —
Mg F RS, Hr e s, & RS
BB 48 LSM 780 (ZEISS, i )ik f 1 W 2%
(M RGN 543 nm), WELH BRI DRS2 &
BRI VAR

2 BEREAW

2.1 DRS2 EHAEMEEFESH

i i RS Bk /8 % DRS-2 K 11 ¢ 4
(XP_957823.1)#kfT BLAST H X345 B[R AR E
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Ml 2 BRI 5 43 AV RAT 85% . 79% . 79% . T7%
B RRLLE o 45 A 0 381 1 3k 2 ] Y5 1 1) B R
%13/ 13 maximum likelihood IE# @ R4 & B W
(K 1A). 45RFW], B 5 kA2 #
IR R R RN MIT . AR . M
e KR L TG P 1 R I R A T 45 A 10 B

(K 1B), 25 R AW A 4 D UReIR~F
B4 #)3k . PhoLip ATPase N, E1-E2_ATPase .
Cation_ATPase Fll PhoLip ATPase C, [A]H}HL[G
KA HHBE KL EE 4 D IIREORSF B9 45 H S8 Ar &
FAML, Wi — B UEW] T IR KT DRS2 S
HURE K5 DRS-2 3 A BLE R RG KR
22 BERERAKE drs2 EERMRRERAdrs2 #)
F

drs2 & [5] R BR TRARAG R I B A 18] 2A
Ro XHEEALFUETT DNA 2B PCR BiF,
MK 2B FiR, Adrs2 Ak S 1Y)

(A)
99 Aspergillus niger
99 { Aspergillus nidulans
99 Histoplasma capsulatum
Trichoderma reesei
99 Neurospora crassa
Saccharomyces cerevisia
Cryptococcus neoformans
99 Schizophyllum commune
0.05
B
224-290  317-563 674-775 1023-1275
1 . } - b 1354 T. reesei
233-299  326-572 682-783 1031-1283
1 . ) - } 1360 N. crassa
185-251 278517 631-734 980-1233
1 . b - b 1355 S. cerevisia

- PhoLip ATPase N

E1-E2_ ATPase - Cation_ATPase

1 DRS2 EREAHEMEEZSH

PhoLip ATPase C

Figure 1 Bioinformatic analysis of DRS2 proteins from different fungi. A: phylogenetic tree of DRS2
homologous proteins in several fungal species. Numbers at the nodes indicate the confidence level from
1 000 replicate bootstrap samplings. The scale bar indicates the 0.05 evolutionary distance unit. B:
homologue domain analysis of DRS2 proteins in different species.
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Figure 2 Construction of drs2 deletion mutants in 7. reesei. A: schematic diagram of homologous
recombination occurred in Adrs2 strains. Arrows indicate the primers used for genotyping of transformants. B:
genotypic analysis of Adrs2 transformants. M indicates DNA ladder marker, WT indicates wild type strain, T
indicates transformant strains. Transformants highlighted in red indicate positive transformants.
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MAdrs2-3, J5 8L FHIX 3 #R P UEA T A I 1 5256
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1E avicel 54T, NMlERE £S5 avicel POk HY
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I TR 4 d 5, BICKEADrs? kS
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B S A 0, D] s 2 R TR 10 i o T 42 ) 4
M 7B RARE AR MR, FEEROAR
Ao BT HE drs2 FEPRIG B IROR B P 224 K
I, % B IR B Adrs2 TR Cpyrd TERTE
PDA VA B 22 KRS I T B RONEE,
&l 3E Ffi7R, Adrs2 KRS Cpyrd BARARLL, H
BB 225y S 2 LA . RIBF7E MM BE 3R 300
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=/
¥
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4r W Cpyr4 WM Adrs2 g 500 W Cpyr4 W Adrs2 ~ 800 W Cpyr4 W Adrs2
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E b sewn g S @ 6001 j
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3 .on Q=
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- A 0 -
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? | c= : (5 C—%__~
Cpyrd i Y A<l
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—S=— s 7 At
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\
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.20 pm el

3 drs2 BEERAMERABEKIZIT

Figure 3 Growth phenotypic analysis of drs2 deletion mutants in 7. reesei. A: growth rates of the Cpyr4
strains and Adrs2 strains under the indicated carbon source. B: the dry weight of mycelia in 120 h MM
cultures with 2% lactose as the carbon source. C: the intracellular protein concentration of indicated strains
after adding 1% avicel or 2% lactose into 48 h glucose-MM culture for 120 h. Asterisks indicate significant
differences (**: P<0.01; ***: P<0.001). D: growth phenotype of Cpyr4 strains and Adrs2 strains after 4 d
inoculation under the indicated carbon source. E: microscopic observation of hyphae of T. reesei strains
Adrs2 and Cpyr4 after 24 h growth on PDA plates or MM submerged cultures with 2% lactose as the carbon

source.
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Figure 4 The effect of drs2 gene deletion on protein secretion in 7. reesei. A: total secreted protein levels in
the supernatant of 120 h MM with 1% avicel culture. B: SDS-PAGE analysis of the supernatant in 120 h MM
with 1% avicel culture. C: SDS-PAGE analysis of the supernatant in 120 h MM with 2% lactose. Asterisks
indicate significant differences (***: P<0.001). ns: not significant. The loading amount of protein was 10 pL.
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Figure 5 Enzyme activity of drs2 deletion mutants in 7. reesei. A: relative Azo-CMC activity. B: relative
Azo-Xylan activity. C: FPase activity. The samples were taken from the supernatant of 120 h cultures in MM with
1% avicel or 2% lactose as carbon source. Asterisks indicate significant differences (**: P<0.01). ns: not significant.
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Figure 6 Transcriptional levels of cellulase genes
in drs2 deletion mutants. Relative quantification of
the amount of cbhl, cbh2, egll and bgll mRNA in
drs2 deletion mutants by qRT-PCR. The samples
were taken from 24 h MM with 1% avicel following
a shift from 48 h glucose-MM culture. Asterisks
indicate significant differences. ns: not significant.
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