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Effects of overexpression of the MHF histone fold complex
component encoding gene MHF 1 on production of cellulase by the

recombinant Saccharomyces cerevisiae
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Abstract: [Background] Saccharomyces cerevisiae is widely used to produce valuable proteins such as
pharmaceutical proteins and industrial enzymes, but the low protein production and secretion level are
challenging for efficient production of heterologous proteins. Synthesis of heterologous proteins and their
secretion may produce a variety of stresses to host cells, thereby inhibit the production efficiency.
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Therefore, studying the effects of stress responsive genes on heterologous protein production is of great
significance. Mhf1p is one of the components of MHF histone folding complex, and involved in repairing
damaged DNA and maintenance of genome stability, but its role in the production of heterologous proteins
remains unclear. [Objective] To study whether MHF1 overexpression can promote protein production in
the recombinant S. cerevisiae. [M ethods] MHF1 was overexpressed by chromosomal integration in the
recombinant S. cerevisiae strains producing different cellulases employing CRISPR-Cas9 based genome
editing, and cellulases secretion was compared with that of the control strain. Furthermore, the underlying
molecular mechanisms were explored. [Results] Compared with that of the control strain,
cellobiohydrolase (CBH) activity in the MHF1 overexpressing strain was increased by 38%. Transcription
levels of key genes such as genes related to protein production and secretion of the yeast strains were
further detected. Comparing with that of the parent strain, elevated transcription levels of CBH1, aswell as
key genes related to protein secretion such as SEC22 and ERV29 in different time points were revealed by
overexpression of MHF1. [Conclusion] Overexpression of MHF1 promoted the production of a
heterologous cellobiohydrolase in S. cerevisiae. Enhanced transcription of CBH1 and genes involved in
secretion pathway was revealed, indicating that MHF1 modulates heterologous protein production by
synergistic regulation of multiple genes.
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P+ EEAE AT, MHFL 5007 P 4 dp Sk
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R ORI S TG P B S Y B 11 2 3K 1) R 42 L3 R
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11 EMFEFRE

S F A TR P B R AR BRI LR 1, TR
ZHPRPG FRE R B AR Y294-CBH1, Y294-EG2 I
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(Talaromyces emersonii) > i 1) 4h U £F 4 % i
CBH1. H K A% (Trichoderma reesel)k i i) N 1)
YL RN EG2 FIHNTE S R £ (Saccharomycopsis
fibuligera) i i B- 1 25 5 17 BGLL Y R I e £
Y294 FEbk, MmAEPEE K Riaan den Haan
TR

R 9% K #i (Escherichia coli) DH5o {3 /] LB
WA SR (g/L): AR AR 10.0, BEEHZH 5.0,
FAfbEN 100, LB [ SR IAE R AR SR I

1 ARE R ROERE RS B E AR A BTRL
Tablel Yeast strainsand plasmidsused in thisstudy

7N 20.0 o/ ik o T AR TR P BE AN A 7 S 1
PR YPD BERAk(glL): #iAbE 20.0, M
20.0, LR 10.0, YPD B FRILTE LA
Ui 20.0 g/L BASKY . L E3EFREIITE 1x10° Pak
15 min,
1.2 FERAFIFNLEE

EAM. BREOMK. BN 3R . W
HE B, BREEZ K (PBS). A B RNA fh
feaifbin &, B TAY TRECEE)RMGARA
wl; MR . NaCOs. FIERRN . FrERR. N
M. VKESIR . OB, FEZ5%EH; Xmal, Pac | Bl
PE N VI . A YD -H  (Endoglycosase H,
Endo-H), New England Biolabs /A #); T4 DNA %
e . RPN &, FAEY TRERORE)AR
ONHly R R, RERTAARHEA RA
4- i 3 R B -p-D- £ 4E — B¥ (4-Nitrophenyl-
B-D-cellobioside, pNPC), iRz T A= fLRHE B0y
AR A 4 i 5 9K JE -B-D- it IR i A R T
(4-Nitrophenyl-p-D-glucopyranoside, pNPG). #:HiJE
£F 4 2 4 (CMCNa), Sigma A&l ; iQ™ SYBR®
Green iR jfl &, Bio-Rad A w]; I M A ik 7
&, B REVEARMT,

Yeast strains and plasmids Description Source
Saccharomyces cerevisiae strains
S288C Model organism Laboratory preserve
Y294-CBH1 CBHL (T. emersonii CBH1) producing parental strain From Dr. Riaan den Haan

Y 294-EG2 EG2 (T. reesel EG2) producing parental strain From Dr. Riaan den Haan
Y294-BGL1 BGL1 (S fibuligera BGL 1) producing parental strain From Dr. Riaan den Haan
YCMHF1 Y 294-CBH1 overexpressing MHF1 This study

YEMHF1 Y 294-EG2 overexpressing MHF1 This study

YBMHF1 Y294-BGL 1 overexpressing MHF1 This study

Plasmids

Cas9-NAT Nourseothyrcin, expression of Cas9 [11]

pR$42h gRNA 20 Hygromycin B, expression of gRNA in Y PRCdelta 15 [12]

pHO G418, integrating vector [13]

HPC-MHF1 G418, overexpression of MHF1 This study
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BAE, B REESARAR; BaOHL,
Eppendorf 27 ; PCR Thermal Cycler, Bio-Rad /A
Al B, dEES—XER) T R I ZEIR K
WA, IR A BRA R 5 SR R A,
ProteinSimple /A .
1.3 EAEHKME

Mg a R OB A MHF 1 of 355 2 Ik
HPC-MHF1: MR % B R Ak S288C iy 5L R 41
Hy G B MHFL P R B, Fdat Xma | Al Pac |
BRAIPE NIRRT pHO Feikk A TRy, K5
KFH T4 DNA H#H:ERE MHFL JEH A B S BRI H
PHO Feik gk 1, eI Z: PCR B A/ ER
HLRE 2N /I I TG A8 (2 Fe 3R 30 T J 225
¥, LUK HPC-MHF1 W&, HSIW
20 Ppgk1-F 1 20_Teycl-RUIy-16 4551 FF [ &
LML R B, A % R 7 BF S288C
S XVI Jetafk Fff YPRCdelta 1514, F RS
B AL Cas9 ik 2k A CasO-NAT H: A T2
Y294-CBH1, Y294-EG2 Fll Y294-BGL1 J5,
100 mg/L /R 221 2 i 15 B AL 7. PR
YPRCdelta 15 i i) gRNA Fik#/k pRS42h_
gRNA_20 FI&4A MHFL JL [ () PCR 741 LIAH H] i)
PAL IR AT Cas9 Fikg ks tbrrp s
100 mg/L /R 22 Z 1 300 mg/L {55 & B fikhs
7. M Y294-CBH1. Y294-EG2 F Y294-BGL1
X 3AME EMEAL T R A BENLPkIE 3 PR TR ik
T4y Rlér 48 YCMHFL, YEMHFL F1 YBMHFL,
FREUENZH 73 9 Ppgkl-F (5-AGGCATTTGCAA
GAATTACTCGTG-3)F1 MHF1-R (5-CCTTAATTA

ATTATTCTTGAGTAACTCTTTCCTGTAGGTCAG
G-3). MHF1-F (5-TCCCCCCGGGATGAATGACG

ATGAAGATAG-3) il Tcycl-R (5-GCAAATTAAA
GCCTTCGAGC-3)HiXt Kl 5 |4 1d PCR 1 %%
PRI HIT SR UE RIS IE AL LT kAR
AL T CHIME YPD SRR, 35 3 o e 4 3 45
5K (5F 18-24 h #54—1K), F4& Cas9 Al gRNA i)

s gk AM SR SERE R PCR LT
T MHFLEER R IR, S — D InIER S b1
HERPE
1.4 BEKESTEMEITMN

2 T WIEARE AR R RE PR AP T 100 mL
Y PD Ki 555619 250 mL i) H, 30 °C. 150 r/min
REFRI R EXPEOY, 4 °C. 3 000 r/min &5.0> 3 min
WA, LIS ODeoo 4 1.0 4 100 mL YPD
Figedd ) F 30 °C. 150 r/min 3535, FR4HSCIN
3AEE., Bk 24 h B 1 mL kKR, HRE
ODgoo 7E 0.2-0.8 Z[H]Hll 2 ODgooo Fifi i 4 6 43 14T
¥ 6000 r/min .0 5min, i 4 °CIRfERTIE4:
P D

WS IN R ). CBH FEHE M 2 L pNPC
VY, FH 0.05 mol/L #EBEfRZE i (pH 5.0)%
RBER_EIERRE 10455, A 10 mmol/L pNPC,
TE 50 °C /KBS i 60 min J5, A 10%
NaCOs £ 1k I, FEAMRAIISFE 405 nm T I >
WfE . F 0.05 mol/L FrigiRZE i (pH 5.0) L i
0.02 g/L pNP (p-Nitrophenyl)¥s i 1 2 F B (FLA
s Bedc BE 4 0.002. 0.004. 0.006. 0.008. 0.01.
0.012, 0.015. 0.018, 0.02 g/L), A#EIHAE 405 nm
TR G 2 bR v R L K AT AR G
MR o L4, A5 B A L (0 TS 1k o TS
BN RE SO AR 1 umol pNP R (-
BGL1 G MM ik 5 CBHL A, UK K f#
KPR pPNPG, EG2 gy Il & LL 2% CMCNa
JOKfRIEY), K 10 ub MBS 90 uL 2%
CMCNaiZf 5T 50 °C 7K 30 min, filA 150 uL
DNS & 10 min J5, FHA 750 uL ddH,0, %]
J& M 7€ ODsag, i 1 B A 2 SRy B 43 2B A%
1 pmol AT I . BRI BT TR
D E R ) O iR =

AT EEIE 5 PR 30 °CL 150 r/min K
FERIR, IR 2 X0 f5 % 1 6 000 r/min 2.0
5 min WCASE =AY ARG, ddH0 PEEE K 2 1%,
FLH ddH,0 H 240 A AN [R) e B2 F -1 2 ODeooo 43
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S 12 mL B, 26 6 000 r/min B0 5 min
ZPR BV, F50 CHLTEEEME, RIEHEY
a2 HiI ALY, ODeoo- T HEARIERZE
1.5 SDS-PAGE #3#7

£ YPD7E30°C, 150 r/min%3% 96 h )5, B2 mL
REER IRV ERR, R TR 24 h, N
200 pL ddHoO #if#, HL 20 pl Heda B o s el
ANEIIN Endo-H 7E 37 °C [ Lh &, 5%u 4 i Fil
10%5r B iEEA T SDS-PAGE. FHLIKZS o 2 T it
ST R-250 QL ik [ S i R-250 0.1% (i
FREL), ST 25% (IRFRER), PKESER 10% (IR )]
Yett,, 2R VKEERR 10% (IKFRLEL), 2 5% (M
Ut sE 4, MBS I B RS 47
HE, SRR IR Imaged BEEA TR BE 43 #T
16 RNA EEUKSEAEE PCR (Real-time
PCR) % #f

Sy SIE 24 h A1 48 h L4 mL &%, 10000 r/min
B0 2 min TR, ddH0 Ut 2 i R AR T
—80 °CJH T RNA 42, R JHEAY 5 RNA filifz
AR S PR R RE TR RNA, RS SR &
¥ RNA S5 cDNA J5, - iQ™ SYBR®
Green itjfl| £ H17 Real-time PCR [ v/, LA ALG9 Jy
WEIE, DL 2705 R A e ik el

x2 ZWERMNEREESY
Table2 Real-timePCR primersused in thisstudy

Sl R S E IR 2. Gt bR A
tRIRE, P<0.05 M2ERAFITEE X,
1.7 RaATEMESKEED

SYSITE 24, 48, 72 H1 96 h Bt ODgoo 294 1.0
HIRBER, ZEIACE T 3000 r/min B0 3 min i
R, I 1mol/L i PBS YRR 2 K5, RATIE
A RS ) 5 A I 4 O A 3 e 4 KT o
2 BRH540h
21 MHFl SRAENFRIEREX EHEET
BVRER E 1 B9 52 M

PRI FHELZH DNA BE MHFL [193% 4,
PCR j= UK AN P45 5 R, FREU T A Ak
BIEM, SCRbE R R TR, MHFL7E 347
IR IR HR B, 24 hF 48 h 3% sgoKFER R BETE
BRI 540 1%, 15HH MHFL i kb b T a s .

VEICIE ) 1) 5% A 7 A7 J5 B2 PR VR4, a0
Kl 1A B, MHFL o B RABKRMAR 51 LR
PRIEA—FL, 7EFURFIE EG2 A1 BGLL B #E it
Pk MHFLRIFEARFZ M 1S E MR A K . SRR
PRAHEL, YCMHFL BPREF 4 Wi K i CBH BT
M E TR LRk, KB 96 h B A EGE M2
HREPRAY 1.38 {5 (& 1B). 4R1f, MHF1 ik

Genes name Primers name Primers sequence (5—3')

ALG9 RT-ALG9-F ATCGTGAAATTGCAGGCAGCTTGG
RT-ALG9-R CATGGCAACGGCAGAAGGCAATAA

MHF1 RT-MHF1-F CTGTGGATCCGTGTGGAAGA
RT-MHF1-R TCGCTCTTATTGACCACACCTC

CBH1 RT-CBH1-F GTCCACGACGTCAACGGTTA
RT-CBH1-R CGTAGTCAGCACCGTCCAAG

SS02 RT-SSO2-F CGAAGACGCTCAGCAAGATG
RT-SSO2-R CAACCACAACGACAACAACAATAG

SEC22 RT-SEC22-F CCAAGCCTACCGTAAGACCA
RT-SEC22-R TTGCTTGACACCTACAAGCTCT

YPT32 RT-YPT32-F GCCATCACGTCTGCGTACTA
RT-YPT32-R CACGTTGTCATCTGCGTTCT

ERV29 RT-ERV29-F ATCTGAATAAGTGGAAGCATTACC
RT-ERV29-R GAGAAATAACGCAAGCACATAAC
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Figurel Comparison of cell growth of the MHF1 overexpressing strains with that of the parental strains and evaluation of

enzyme activities

e A: WA B: CBH GRS H; C: EGEHEMELR; D: BGL MHEMSR. HdEITR NIEE X (n=3); *: P<0.05;

**. P<0.01vsY294-CBH1.

Note: A: Cell growth analysis of the MHF1 overexpressing strains; B—D: CBH, EG and BGL activities. Columns, mean of 3 independents
(n=3); Bars standard error of the mean. *: P<0.05; **: P<0.01 vsY294-CBH1.

XoF PN VTG R B- 7 2 R Tk T 2 D S e A PR (1]
1C. D), FKWIAIREIHEE F-A BRI 530 i BRI R 2 A
6], 5 SCHR[17)40E 45 R KL,

FIH] SDS-PAGE 73 #rfill CBH1 #HH K&
o, Z5ERWE 2A i, IS5 SCER[8]E T U
ko SGXFHRE AL, YCMHFL B REFT = 42 1
CBH1 &t B BB 52, JKJE 73 M R R Hoxt IR
$Eim 129 0.49 f5(18 2B), RISk H Y E
FIer s m, 5 CBH MG I s % BE B AR AH B0
N, BERHIE A MHFL #8257 H A& R4 =K
V-, BT T A FE BRSNS WA AT 4E R S D)
(A5 1

22 MHF1 @dFRiAx EEEEEIEAE M EKF
A

H A8 A 5T ) Hhoxt 2 1 AT B SR A G
SR AR Y AR PR 5 300 1 48 (Reactive: oxygen
species, ROS) it i FLE , X i BF 1k % 4 AL 45
P30 L I R e 2 K T bR A EE R T R 1 T
ROS /KR, BlE LIRS T A& T CBH
it 5 P P B e, AR T S B 2ok SRR TR R N i
RN ROS Mg (&l 3), 5 3CHR[20]4iE—
. BRI FIRFERG CBH BTG X B AR 1)
1.38 4%, {H I PN I T AR 7K P 0 BE PR AR S A —
, BA BERRTL.
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Figure2 Secreted proteins of the parental strain and the MHF1 overexpressing strain producing CBH
TF: A: SDS-PAGE FEITHIIKIREIZER. +: FEMEIN Endo-H; —: FESNERIN Endo-H. B: FEIHLIKIEEKEE M. BRI e

FRAEZ(n=3); *: P<0.05; **. P<0.01vsY294-CBH1.

Note: A: SDS-PAGE analysis results. +: Sample treated with Endo-H; —: Sample treated without Endo-H. B: Grayscale analysis results of

SDS-PAGE. Columns, mean of 3 independents (n=3); Bars standard error of the mean. *: P<0.05; **:
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Figure 3 Comparison of intracellular ROS level of the
MHF1 overexpressing strain with that of the parental strain
Y294-CBH1
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R T AESE MHF L 208 58 By BT e B o 58
CBH HYHLEE, 15Xt CBH1 HIgmtSILN il T T4
SEAKEAT, RBEAE I R FE . EO
G U AR 5 TR I R S R B 1 AR T I 06 RO L
VI, AR, X WA I T o a]
T W TR 1 R S D 1 A R Ak
PRI (24 0)5 R4 (48 h) RG] 50 i ik

P<0.01 vsY294-CBH1.

AT R X R D e 4t v 5 8 1 0 D AR AH DG L TR
P FHXT IR AT T b . S5 R E 4 PR,
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Figure4 Transcription levels of CBH1 encoding gene and
genes involved in protein trafficking in the MHF1
overexpressing strain comparing with the control strain
Y294-CBH1

T BARFRIR b2 (n=3); *:
Y294-CBH1.

Note: Columns, mean of 3 independents (n=3); Bars standard error
of themean. *: P<0.05; **. P<0.01vsY294-CBH1.

P<0.05; **. P<0.01lvs
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MAERERL G AR Sso2p 4wt LA SS02, 1E™
(48 h) 2 Fid. DL Eg5REH, Rk
MHFL 3458 1 AN [R] s [A] 5 R0 2 Wb A2 AH G A AN [] DG
AN RAE, WA BT RIEEA N7 E,

3 WE%i

SR AR A 7 R ) 40 Y 4 SR A, TR
BEAERIRAMR LT Y R W 0 R B, PRl B 1 0
TRT & AW, s A& e 3 RE AR
A 3Rl AR I 97 HE A T B R i N 4 G R
o ek, BEREER A g AN HE R PR A2 B LR
THEE A R 4L 52 R R P et pEE 5
T B AR s N, o T B 20 R
P4, Mhflp 5 FANCM B & [RIE47E R ks
KIAVER, 1B H DNA #5575 MMS 5[#2 1 DNA
i, FA A t® . AU ER, Y
JLH MMS AbBRES 2 7E 240 A% S ki A AR R
A, Had R R M RO 5 R SORL R I R 4
FAFaERERS, I, 336k MHFL AT REiad
R M S R B e 4 S IR e e 1, AT i
AN TR 53 . BTG 3Rk SEC16 (Hi4E
Horibdem, HJ2 ROS BB AARLL, A
it Tk AR EA T R RIBE A ROS
FIRERY . ASCUSFIE ML R, TERIESL
AT Y Z i 0 R e B rp o K MHFL 5, 4
TR RE AR CBH RS P4 A AR 71 4/ M B S s X
FRTA AR, (HHIE AR PR AR T, R
MHFL 3 %35 7] Be A7 B TR TG AL R
{EXFE 25 MHFL (1) CBH A = Btk gk rhi A (L i
R, A e B E AR Ak B A it R 2 4R A B
PR AL (25 SRR R) e MHFL 3 38k %) 5 20 i Bk
A AL 8 BN VR 153 Wi A% 1 52 AL LA A
H—E5E.

R E 2 AR LM LTI BB xiE
o3 Wb A A 7 A 2t P S 5552 i) R P B 5 D
FIRgr A, 1368 SNC1, SSO2 #il BETL 1] g 42
S TE MR R rp e CBHL AR HER 2 j 3k

K SNC2, SSO1. SEDS il SECO R[] Hif 12 e PR T 15
B CBHL Fl BGLL & #2243k YPT32
AT ok AT YERR T Cel A TERRI I B b S PR
IREOTHPER S R — Sk s GE 5 S R
FRARSEHEN BN SNCL, SNC2, SEC9. BET1 4%
SR (SRR ER) AL, XS I N Rk R AR 1k IF
AR, BRI 8 MHFL GRS A3 R HAA AR Y
FEHLH . BTSSRI, N (R 0 ) G
PSSR, [A]— 35 PR ) 2o 3 8 o AN [) il 1 £
PEVEFIA—REPY 2 S a5 8 MHF L3
FeRX MR A RE R I, R i SR AR
PR 7 A B Bt o AR5 0 B A i o AR 1 G
HEILR TR —l Rk, KRB —Se I 1 ok
AT 45 8 O [ g 0 7 A B2 AR e R ] 2 A T
T, #ld - EEERE, TR 2
W L R () 260, SBR[ SR
-l IR

AT IAE BRI I Bk v 2of 2238 MHFL AT 4
HEABGBEE: CBH MEGIENE, FEXHE U™ B AL
PEEAT THEVE, R TR 28, o
AR T 5 DNA #5308 52 FIEL DR AR PR AH DG )
B MHFLTE SRR P A PE R, SR AHG T
FEVTRE S U= A AR I A O o 3K e O IR
I R B 4 0 32 3K S U B 11 (R PR s LB
DA R 1 o B 2 TG P B A e A 2 R S DI RE R
PSRRI T AR A A0 S B
Bigt: Rt AE dm L3k # Risan den Haan 142
PEEAREE Y294-CBHL. Y294-EG2 #= Y294-BGL1
FEEN-E
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