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Trichoderma reesei Set2 modulates sorbicillinoid biosynthesis
via regulating the expression of transcription factor Yprl
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Abstract: [Objective] Sorbicillinoids are important natural active compounds synthesized by
Trichoderma reesei and exhibit various biological activities, such as antineoplastic, antioxidative, and
antiviral properties. In this study, we aimed to clarify the biological functions and regulatory
mechanisms of TrSet2 during sorbicillinoid biosynthesis in 7. reesei. [Methods] We identified the gene
encoding TrSet2 in 7. reesei using bioinformatic analysis, and investigated its functions in
sorbicillinoid biosynthesis by knockouting and overexpressing Trset? gene. In addition, the
transcription activator Yprl was overexpressed in Trset2 knockout strain to elucidate the regulatory
mechanism between TrSet2 and Yprl. [Results] Knockout of Trser? led to the strain’s inability to
synthesize sorbicillinoids. Conversely, overexpression of Trset? resulted in a significant increase in
sorbicillinoid secretion. Further studies showed that overexpression of Yprl in 7rset2 knockout strain
restored sorbicillinoid production. [Conclusion] TrSet2 positively regulated the sorbicillinoid
biosynthesis via controlling the expression of Yprl. Our results facilitated the control of sorbicillinoid
secretion during the fermentation of 7. reesei and the development of cell factories for high-level

synthesis of sorbicillinoids based on the regulatory mechanism.
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B SR RARIE - I 2R E, HA
BTG P B 43 P B SO VR S R IAY) BL 2 hn T AE
W Je VR 25 0 W53 T NS a3 sh W e i i
S, EEAEDLT, XS KRG M AL e B
WA B P, BT A A G A
T, EEA T ARG S AR . AU .
2P RIS 0 5 TR o L TR R A L e R o o 2
BURAEAE, B AT R IR 2 B R 0 8 .
Sorbicillinoids J2& H FL I8 15 B —F K AR IR AR
WY, BRTE & &P sorbicillinoids K244
90 ZFhH, WFFTFEM, sorbicillinoids H-4& £ Fh
A e, AT RN R = Fln, F
sorbicillinoids ZH 43 F2 B8 HY T BH S 1Y) o- 4] 28 B 1
[ R O = = e S A e R B T v

P4 actamicro@im.ac.cn, 7 010-64807516

2B R, X ULH sorbicillinoids HA5 B
T (3R TR PR (A8 7

HiH B RS (Trichoderma reesei) & 1)l
R EE AR TR, AW K i
FEAR BT 4t 22 28 AR ) o B 5 ) R R O TR HE A
ew EEMEAY, KM, 78 B IR KB
R, PRB 2T 4k 2B 3 HLA 2 A UK
f) sorbicillinoids® *. & T i i) £F 4 K g2l fbid
i, £BR sorbicillinoids {45 T.Z N 2%, A
I8N T A=A, RGP R S) sorbicillinoids
WA SRR WA Bk, ERRAER
P 5o 2 Fr s ] sorbicillinoids 194 i A5 G 0 &
5 Ah, R4 sorbicillinoids S B4 Z A0 1
IR FARE Y, AT & B G ATE SR 5k



F&E | MAEWEN, 2022, 62(8)

3215

WS . K, JFE sorbicillinoids /& 7™ bk 2 1
Sl HE ] o B SRR YT o SR, OIS R
B RARBA RN L 1 #2H sorbicillinoids [
B WA S 4 2 v K5 ) sorbicillinoids B 4 i
T, %% sorbicillinoids 4 i HY I #5 HLH]
Bk T R A PR AR AR

L BA Y U AR 5 R R 1) 3 A o
W27 B e KRR KRR
B, T e o S 8 4 56 TR 9 R sk T e T I %
AR O R AR A R BT R OR
sorbicillinoids & i #Y & K 7% (sor HE R #%) = 2t
18 AL, AR sorl—6 Fl 2 AN FyE T
FImM LA yprl A1 ypr2. AWK EH, Yprl
& sor FEFFRWIEIGEF, BRI FECER
AKREWERICE W sorbicillinoids, T H o ik
AJ i R sorbicillinoids f-& BUK - TisE 5%
HF Ypr2 B9 Z I RE AT AE e HE i — A~ 1 s d5kt
PIHIPLE] 2450 Yprl ROERIK, CRUEZH S B id
HH A R sorbicillinoids® ', 4R, FNHET N
1k, JLFBA LT sor FeHFEG A 5 K-
FERIDESE . XA R b BR A T AT R B ROR
sorbicillinoids A8 A TA TR S itk — 25 i g A .

AR, RINMAERRARETEET
— AMREST A2 TR 1 H3K36 F EFE RS TrSet2,
FFxF HR 4 sorbicillinoids £ B A4 AE 112 2h g i3
17 T RAE . wBR Trset2 M5, HERAEZHT
4 R sorbicillinoids, it 3Rk Trser2 J5, H
[CAEE S sorbicillinoids B AE 7 @ 1, X
i B TrSet2 nJ ¥ id B G K % sorbicillinoids (4
YIE . ZER|ATrset2 HHET ypril WS
TR, RATEZ @R SGE R8T ypri A,
RGN, WKL yprl AT R ML ATrser2
FMRANRES B sorbicillinoids M7 % . X B
TrSet2 A 1 P4 Yprl (2% 528 i # i HL FGOR
% sorbicillinoids fJ5 M. FRATHINEFR A figbir

G A% sorbicillinoids 4= 914 AL $ 4t 1 5 %
LA, ARSI A R p R P I 2%, X
T ML H] sorbicillinoids f-& ME T & 5
JK -4 A sorbicillinoids (2 - 5 HAT 2 ()
/IR,

WEERE

1.1 EHRINEFREG

FEAHFFE  , KGAF I DHSo F T 50k A4 2
MY KGFFEEE SR LB KR, 1R
JER 37 °C, FEREHN 200 r/min, HCARE
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MgSO47H,0, 0.15 g/L CaCl,, 0.005 g/L FeSO4-7H,0,
0.001 6 gL MnSO4H,O , 0.001 4 gL
ZnS04-7H,0, 0.002 g/L CoCl,-2H,0, 0.5 mL/L
Tween-80, pH 5.0)" 5% 48 ho R )5 &%}
T RIER R 22, REERKWEE 2 Wm)E, SRR
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J i BP FelEi% A pDONORpyr4!" 23 (R 3515
pDONOR-ATrset2 ki, FikiZ: 1-Sce 1 PR
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OETrset2 T bk AH [F] B i 6 75 ¥2: 45 3] ATrser2&
OEyprl DAtk JukL 5 Ik PR 5 41 o ki 5 | )
W% 1.
1.3 5|4

FIME 1.

Table 1  Primers used in this study

Primers Sequences (5'—3")

set2-up-F TAGGGATAACAGGGTAATTCTCGCTCATCTCGCCTTGT

set2-up-R GGGGACAAGTTTGTACAAAAAAGCAGGCTAAGTTCTCGCCATCTCCTGCT
set2-down-F GGGGACCACTTTGTACAAGAAAGCTGGGTAATGCATGCGTACCAGATCC
set2-down-R ATTACCCTGTTATCCCTACATTAACTGTAATATGTGCAGTC

Vset2-up-F GGTATACGGGCAGTCTGT

Vset2-up-R GGTAGGGAAGTGGTTAGGAAAGG

Vset2-down-F

Vset2-down-R TGGTACAATGCAGATTCTATC

TTTTGAGACACGGGCCAGAGCT

GGTTGATACGACAGATATCATGGAGGATGAGGAGAACACGAC

Vset2-in-F AACTGTGGTGGTGGCTGTC

Vset2-in-R TGGATGACGCGCTCCTCGTCG

OEset2-F

OEset2-R AAGCCCGGTCACGAAAGCCTCAATGGCCCAACAGCTCCTGC
OEypriI-F GGTTGATACGACAGATATCATGGGGAGCAGCGCCACGGC
OEypri-R AAGCCCGGTCACGAAAGCCCTAGCCGTAAATCTATGTAG
Pcus-F CCACAAGAGCCTACTGCCAAATC

Tepn-R TAGACAAAGACTCCGCCAACC

set2-qF CCAAGGAGGCTAAGAAGG

set2-qR GTAATCGGACGCCACGAG

yprl-qF GTTCTACACACGACTTCCCATG

yprl-qR CCAGCCACTGATGTCGTATCC

ypr2-qF GCTGCTTGAACAAATGGGAG

ypr2-qR GCACATTCTTGGAGGAGTCG

sorl-qF GGCCTTTGTTCTTCATGACTCC

sorl-qR GTGAGCCAAGGCATCTTCG

sor2-qF AGCTACTCAACAACGTGACGC

sor2-qR ATCCCACTGCTGCTCAGGTAC

sor3-qF CTTCGTCTTGAGTGTTCCTCTG

sor3-qR GGCAGCAACGATATAAGCGAG

sord-qF CCTGGTAGTGAGAAACACGG

sord-qR GGCCAACAGTCGGACATATC

sor6-qF GTCTACATGTTCCTGGGAGCC

sor6-qR CAATGCTAACAGCCCAGTGG

actin-F TGAGAGCGGTGGTATCCACG

actin-R GGTACCACCAGACATGACAATGTTG

<l actamicro@im.ac.cn, & 010-64807516
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S sk A —SE i IE SR H3K36 19 H 3
25T I 5 EMEH . RNA B PR 8T L
K DNA #5165 S el 5 H A %5 B
YRR, BEREEEAFEE RE 1 A9 EN
H3K36 AR, 57 | B0 = H 84k
N TTERRARFHLEE HIK36 HREBE,
FATT VAR T 9% B (Saccharomyces  cerevisiae) %
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Figure 1

Comparative analysis of protein domains between ScSet2 and TrSet2 via InterPro. All predicted

domains are marked with different color and their position are labeled. AWS (associated with SET); SRI

(Set2 Rpbl interacting); TFIIS N (N-terminal of TFIIS).

, AT pOE-Trset2 ki, KHEEHEHA
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Relative transcription of Trset2

QM9414 ATrset? OETrset2

B2 BERAE Trser2 £RERMRANTRIEZEKREE

Figure 2 Construction of ATrset2 and OETrset2 strains, respectively, in 7. reesei. A—B: schematic
illustration of the Trset2 knockout cassette pDONORpyr4-ATrset?2 (A) and PCR analyses of its integration
into the genome of ATrset2 using the primer pairs as indicated in Figure 2B; C-D: schematic illustration of
the Trset2 overexpression cassette pOE-Trset2 (C) and PCR analyses of its integration into the genome of
OETrset2 using the primer pairs as indicated in Figure 2D. Lane 1-3: PCR products with genomic DNA of
three independent ATrset2 or OETrset2 transformants as template; Lane PC and NC: PCR products with
genomic DNA of control strain QM9414 as template; Lane M: commercial DNA marker. E: transcriptional
analysis of Trset2 in ATrset2, OETrset2, and the control stain cultured on 1% (W/V) glucose. Statistical
analysis was performed using the Student’s ¢ test (*: P<0.05; **: P<0.01) analysis.
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Figure 3 Quantitative analysis of sorbicillinoid synthesis in ATrset2 and OETrset2 strains. A—B: captured
image of sorbicillinoid production about ATrset2, OETrset2, and the control stains after cultivation of 36 h
with 1% (W/V) glucose (A) or cellulose (B) as carbon source. C—D: quantitative analysis of sorbicillinoid
synthesis in ATrset2, OETrset2, and the control stain cultured on 1% (W/V) glucose (C) or cellulose (D) at
indicated time points. Statistical analysis was performed using the Student’s ¢ test (*: P<0.05; **: P<0.01;
**%: P<0.001) analysis.
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Figure 4 TrSet2 regulated the expression of sor gene cluster at the transcriptional level. A: schematic
diagram of the sor gene cluster in 7. reesei genome; B: the mRNA abundance of the genes in sor gene cluster
was investigated by RT-qPCR after cultivation on 1% (W/V) glucose for 36 h. The actin was selected as a
reference gene and its transcription level was used for normalization in all samples. Statistical analysis was
performed using the Student’s ¢ test (*: P<0.05; **: P<0.01) analysis.
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Figure 5 Construction and screening of 7. reesei ATrset2&OEyprl strain. A: schematic illustration of the
yprl overexpression cassette pOE-yprl; B: PCR analyses of pOE-yprl integration into the genome of
ATrset2&OEyprl using the primer pairs as indicated in Figure 5A. Lane NC: PCR products with genomic
DNA of control strain QM9414 as template. Lane PC: PCR products with the plasmid pOE-ypr/ as template;

lane M: commercial DNA marker.
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Figure 6 Overexpression of Yprl in ATrset? strain restored the sorbicillinoid synthesis. A-B: captured
image of sorbicillinoid production about ATrset2, ATrset2&OEyprl, and the control stains after cultivation of
36 h with 1% (W/V) glucose (A) or cellulose (B) as carbon source; C—D: quantitative analysis of
sorbicillinoid synthesis in ATrset2, ATrset2&OEypri, and the control stains cultured on 1% (W/V) glucose (C)
or cellulose (D) at indicated time points; E: the mRNA abundance of the genes in sor gene cluster was
investigated by RT-qPCR after cultivation on 1% (W/V) glucose for 36 h. The actin was selected as a
reference gene and its transcription level was used for normalization in all samples. Statistical analysis was
performed using the Student’s ¢ test (*: P<0.05; **: P<0.01; ***: P<0.001) analysis.

Bk B E NI, HAEATrser2 AR 1 Fe ik ik
FWOE T Yprl 5, SR T ATrser2 Ttk
AHEA B sorbicillinoids YR A . i AFRATTHED
TrSet2 A LR Ry — A~ b i o 4 DX 3 o 45 36
Yprl ARG S sorbicillinoids A4
o RGN, TrSet2 J& 5 HAE R Yprl IR
IBMIRANTERE o

TiAk, AT K RAEATrser2 TR H 5% s
Wil AT Ypr2 BYZRIE W T, MAE OETrser2
R ERRBAHE B, Z20tREN,
FBR Ypr2 5 BLEROREE Yprl MFRIE B, T
B Yprl J5, Ypr2 WA E TR, XKERE
HRKREE Yprl 1 Ypr2 i35 2 H AR 21,
H Ypr2 w]geAEN S Il v i — 4> OB A

P4 actamicro@im.ac.cn, & 010-64807516

o, @Rl Yprl B9 3Rk K 2 AR UE
sorbicillinoids fJ{ BUALTE & FH/KF- o B4 Yprl
A2 15 F RS 3L sorbicillinoids BY-S it Z 5T,
Yprl [AIEF A Bl Ypr2 (s SEmmE A &y
% i sorbicillinoids (194 B 814 22 4 FKF-
R, FRATHEMATrser2 BWHET Yprl BRI T
TR FE Ypr2 RIE TR FLEERE . mE
OETrser2 WL, Ypr2 MIZRIATEMEE Yprl 1
A

BRILZ Ak, TrSet2 J& 75t AT LA &3 51 i 38
FEATE sorbicillinoids Y& WA A 1+ Tt — 2P By
5. AT R G RA Y TR ERAER
AR sor FEFFEPTE ML, XFF ¥ B R AR
SUERMA BB AR, BT



F&E | MAEWEN, 2022, 62(8)

3223

W TZHMERE, WA AR X ER, [, XF
F I TR HLPRAL 2 5 K& i sorbicillinoids
RSN EHERE, JF AT sorbicillinoids 4 F
P25 7 i A B —E 48 T 8 3L

S

(1]

(2]

(3]

[7]

Katz L, Baltz RH. Natural product discovery: past,
present, and future. Journal of Industrial Microbiology
and Biotechnology, 2016, 43(2/3): 155-176.

Meng JJ, Wang XH, Xu D, Fu XX, Zhang XP, Lai DW,
Zhou LG, Zhang GZ. Sorbicillinoids from fungi and
their bioactivities. Molecules: Basel, Switzerland, 2016,
21(6): 715.

Pang XY, Zhou XF, Lin XP, Yang B, Tian XP, Wang JF,
Xu SH, Liu YH. Structurally various sorbicillinoids
from the deep-sea sediment derived fungus Penicillium
sp. SCSIO06871. Bioorganic Chemistry, 2021, 107:
104600.

Wang L, Zhang WX, Cao YL, Zheng FL, Zhao GL, Lv
XX, Meng XF, Liu WF. Interdependent recruitment of
CYC8/TUPI and the transcriptional activator XYRI at
target promoters is required for induced cellulase gene
expression in Trichoderma reesei. PLoS Genetics, 2021,
17(2): e1009351.

Li CC, Lin FM, Sun W, Yuan SX, Zhou ZH, Wu FG,
Chen Z.
sorbicillinoids in  Trichoderma  reesei
Biotechnology for Biofuels, 2018, 11: 291.
%7 Sorbicillinoids JE ¥ (4 (4 KA L IWAE A KK
B IR0 R 2T 4 R WA P RIE L. IR OR
fifi -2 3, 2018,

Pfannenstiel BT, Keller NP. On top of biosynthetic
gene clusters: how epigenetic machinery influences

Constitutive hyperproduction of

ZC121.

secondary metabolism in

Advances, 2019, 37(6): 107345.
Seidl MF.
regulation of secondary metabolite biosynthesis in

fungi.  Biotechnology

Collemare J, Chromatin-dependent
fungi: is the picture complete? FEMS Microbiology
Reviews, 2019, 43(6): 591-607.

Derntl C, Rassinger A, Srebotnik E, Mach RL,
Mach-Aigner AR. Identification of the main regulator
responsible for synthesis of the typical yellow pigment

(10]

[12]

[17]

(18]

produced by Trichoderma reesei. Applied and
Environmental Microbiology, 2016, 82(20): 6247-6257.
Zhang WX, An N, Guo JQ, Wang ZX, Meng XF, Liu
WF. Influences of genetically perturbing synthesis of
the typical yellow pigment on conidiation, cell wall
integrity, stress tolerance, and cellulase production in
Trichoderma reesei. Journal of Microbiology: Seoul,
Korea, 2021, 59(4): 426-434.

Wang L, Zheng FL, Zhang WX, Zhong YH, Chen GJ,
Meng XF, Liu WF. A copper-controlled RNA
interference system for reversible silencing of target
genes in Trichoderma reesei. Biotechnology for
Biofuels, 2018, 11: 33.

Zhang WX, Kou YB, Xu JT, Cao YL, Zhao GL, Shao J,
Wang H, Wang ZX, Bao XM, Chen GJ, Liu WF. Two
major facilitator superfamily sugar transporters from
Trichoderma reesei and their roles in induction of
cellulase biosynthesis. Journal of Biological Chemistry,
2013, 288(46): 32861-32872.

Wagner EJ, Carpenter PB. Understanding the language
of Lys36 methylation at histone H3. Nature Reviews
Molecular Cell Biology, 2012, 13(2): 115-126.
McDaniel SL, Strahl BD. Shaping the cellular
landscape with Set2/SETD2 methylation. Cellular and
Molecular Life CMLS, 2017, 74(18):
3317-3334.

Freitag M. Histone methylation by SET domain

Sciences:

proteins in fungi. Annual Review of Microbiology,
2017, 71: 413-439.

Kizer KO, Phatnani HP, Shibata Y, Hall H, Greenleaf
AL, Strahl BD. A novel domain in Set2 mediates RNA
polymerase Il interaction and couples histone H3K36
methylation with transcript elongation. Molecular and
Cellular Biology, 2005, 25(8): 3305-3316.

Ling Y, Smith AJ, Morgan GT. A sequence motif
conserved in diverse nuclear proteins identifies a
protein interaction domain utilised for nuclear
targeting by human TFIIS. Nucleic Acids Research,
2006, 34(8): 2219-2229.

Derntl C, Guzman-Chavez F, Mello-De-Sousa TM,
Busse HJ, Driessen AJM, Mach RL, Mach-Aigner AR.
In vivo study of the sorbicillinoid gene cluster in
Trichoderma reesei. Frontiers in Microbiology, 2017, 8:

2037.

(A 5e9  TKRIGENN)

http://journals.im.ac.cn/actamicrocn



