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Abstract: Endoglucanase (EG) is an important component of cellulases and play an important role in cellulose
degradation. However, its application is limited due to the low yield of endoglucanase from natural microorganisms.
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Efficient heterologous expression of endoglucanase is an effective way to solve this problem. To obtain the engineered
Saccharomyces cerevisiae for high-yield endoglucanase, endoglucanase gene was cloned from Clostridium cellulovorans,
with a total length of 1 996 bp, encoding 440 amino acids, and the complete expression cassette (PaEGC) was constructed
with the PGK promoter sequence from Saccharomyces cerevisiae, a-signal peptide sequence from pPIC9K plasmid and
CYC1 terminator sequence from pSH65 plasmid by gene splicing by overlap extension PCR (SOE PCR), and the expression
vector of endoglucanase in Saccharomyces cerevisiae was constructed by rDNA integration. The relationship between copy
number and protein expression was explored. Random multicopy expression of endoglucanase was performed in
Saccharomyces cerevisiae. The copy number of endoglucanase was identified by Droplet Digital PCR and explore the
relationship between copy number and protein expression.The engineered Saccharomyces cerevisiae of endoglucanase with
copy numbers of 1, 3, 4, 7, 9, 11, 15, 16, 19, 21, 22 and 23 were obtained by rDNA integration, respectively. The results
showed that when the copy number was 15, the enzyme activity was the highest, namely 351 U/mL. The engineered strain
of Saccharomyces cerevisiae for endoglucanase was successfully constructed, which can provide reference for the

heterologous expression of other industrial enzymes.
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LT YRR BRI A B R RT EAE RR
AR, Bl RE TR M) A & 0, 212 R Y
T 2% 5 M) E 28 iR BRI A )
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Genencor %5 [# PR il 71 B Sk ¥ i T £F 4E 5 1 LA
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1) 45 8 B B (Endo-1,4-B-D-glucanohydrolase ,
EC 3.2.1.4, {AjFR EG) REME/KAEMHTTHE . FTHEET
YEFbE, LT REMNG R P R E SR HE,
AL F R R B A 20 7 14 PN ) R Rl 3 7 o 4K
ik, alifb e, FMEmBRG T HA S8 @t
SRR IR 11y 2 = P U SR T ) e 38 Ak F
TN R, BARICE T R R B R
Gk, HEREEREZARE, TLRLHNY
L 3 O R e YO s~ N A o 2 4 S O ]
TR IR0 T B 45 A 1 )7 A e 2 U
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Jii 75 /% £ Saccharomyces cerevisiae J2 it (1
HAZA Y A B B A, e TR
BEEAL, HEAARKEH M. RENE. 5T
Iy EEESE | BB S WA, R BIMRE E
Bk, BHTC A 2R MRS 1 DULAE 18 £ 500 54
kO R R L, A 100-200 NS
KEER 9.1 kb MEE T, KA GENALKMN
60%, f77EF55 XII AUtk I, BFR Az p ik
DNA (ribosomal DNA, rDNA)®! FF5x LB,
FEILR A1 rDNA B85 D15 2 i T LAl o5
B FANEIEA FR E A A5 2 —, ¥ rDNA
AT AN I DR 3 5 28 T i v R i A i 3 A
B Fs® FMVE—ZEF ] rDNA B4 1kse
P45 2 (Calcitonin, CT) 7 FRI B2 & d 1y &
FIALERIR , 4 ELISA Rl HLge ik & 5 bk B
) 2.05%0%; X S0 A T IDNA 454 1 R Eh 5
P B~ W T BT MR R R i 28 DL RGE, il
I 7 2 B DL (14 3.04 51

fiifi %% 5 PCR (Droplet digital PCR, ddPCR)
K IR oA B, 3 3 R S RO = A Ly
¥ DNA #17 PCR 9"}, AW IEAS S5 4
PODAER{: U5 NI i1 PR il E2 Sl @ X B P A T
MGG, EAETHEORE O i R 1R 7 1 5l0E 1 H
FAZM G PR, DLSCEURE i il o o) o 112100,
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ABEGE, Sy 1R R AR PN ) SRR il TR
WERE ARG, A JH S 4 fft PCR AN 2H R A
& PGK. M55k a-factor. RIHFELF4E%
¥ Clostridium cellulovorans (1) PN 1) 4 58 4 ik 3k
(EG) M LT CYCLA A TERZE S (PAEGC)
Hr, dEat rDNAHE Sk S B U A 5RO T A
(EG) TEBRWIEELErh 1y 2248 DL K3k, Aiv il i 3 3
T o UE T KA ST Bk R 3R ) 4 v DA S B
VA 70 7 SR Tl A R B R R R R S . I
ddPCR ¢ A X 5 41 P )4 SR W i 1) T2 D 4 DL K
PEATYE5E , 25 X B 20 T T PN 10 SR e
JIZEEE, WEE N UG SR T 5L DX 48 DL 55 TS
NZIBIPEFR, FEXTEG ) B AT e e
FE TS THFSE .

1 MREFE

1.1 #ME5EF
AWFT FH RN R A FTOR 0 1 TR o
WA & . R s &L BRI PE N
VIl . SD-Ura 5772, I H HA TaKaRa 27 ;
JoRL B O & L B R & A AR T AEY)
TR (E) B4 PR Al ; Salmon Sperm DNA
W H b A YR A BR 2 w5 Droplet reader

1 ARWRETAE KRR
Table 1 Strains and plasmids used in this study

oil . ddPCR Eva Green Supermix g { 3£
BIO-RAD /Al ; Mt 3 PR 41 $ B 50 & il [ 36
[H OMEGA 237 ; B RNA $EEGEH & [ 25 [
AXYGEN 723 Al 5 At 550 35 4y [ 7= 43 B 4

PDA [ & K% 5% & (g/L) . # % M 20,
MgS0, 7H,0 1.5, KH,PO, 1, Iifigks 20, ks
200, ZEMM/KEZ, A pH.

YPD W ARKEF 5L (g/L): BEERRY 10, MK
20, FZEFE 10, ZEBKER, AR pH.

YPD [E{AB; 353 (g/L): BEEERY 10, &1
20, FEZME 10, BiIEME 20, EIBAKESR, HR
pH.

LB R AAEE AL (g/L): SR 10, BEREM 5,
NaCl 10, Z&MB/KES, B pH.

LB [ {AK; 773 (g/L): &P 10, BELEH; 5,
NaCl 10, ZfEME 20, Z8I/KEZ, HER pH.

U R R B R (g/L): D443 200,
%W 2.4, H M 10, KH,PO, 1.5, MgSO,47H,0
1.5, CaCl,-2H,0 0.1, ntiE-80 1, ZEMM/KEL,
H4k pH.

1.2 3|9
AT G ange 2 s, ¥iE T A TR
() B A B HIA R

Strains and plasmids Features

Source

E. coli DH5a Host of gene cloning
Clostridium cellulovorans Used to clone EG gene

S. cerevisiae INVScl

pYES2

PPICOK

pMD19-T Gene cloning vector

pSH65 Used to amplify terminator CYC1

pYES2-PoEGC
endoglucanase vector
pYES2-PoEGC-rDNA
endoglucanase vector

Expression host of MATa, his3, leu2, trp, ura3

Constitutive single copy expression of

Constitutive multi copy expression of

TaKaRa, Japan
China Industrial Microbial Species Preservation Center
Invitrogen, American

Expression host of ura3 Saccharomyces cerevisiae Invitrogen, American
Applied to amplify signal peptide a-factor sequence China Plasmid Strain Preservation Center(NTCC)

TaKaRa, Japan
China Plasmid Strain Preservation Center(NTCC)
This study

This study

% : 010-64807509
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F2 AMRETASM

Table 2 Primers used in this study

Primer Sequence (5'-3)
EG-F ATCATACATTATTAAAATCAACTAG
EG-R ACATTATTAGAACTTATATTAACTC
PGK-F CCGGAATTCAGCTTTCTAACTGATCTATCCAAAAC
PGK-R GCTGCCTTGATCTGAACCATTGTTTTATATTTGTTGTAAAAAGTAGA
a-factor-F TCTACTTTTTACAACAAATATAAAACAATGAGATTTCCTTCAATTTTTACTGC
a-factor-R TGTCGATGCTCACTGAAGCCTGTCTTTTCTCGAGAGATACCCCTT
CYC1-F ACACTGCTATCGCAAATGCTCTCTAGGTCATGTAATTAGTTATGTCACGC
CYC1-R TGCTCTAGACGGCCGCAAATTAAAGCCTT
rDNA-F CCTACGTACAACGAACGAGACCTTAACCT
rDNA-R GGTACGTACGGAACCTCTAATCATTCGCT

Note: italic letters indicate restriction enzyme sites.

1.3 A&
1.3.1 PGK BEh Tk

1 YPD [ 44 55 57 50K R P % B INVScl B
TEALE , PRBCA R 1R B YPD A RS 77 2 8 57
48 h JE 4RI AR, I OMEGA % £): 5L PR 2H 42 I
Ffr, SRR I o SR 2108 DR U B
R R RL A1 M, PGK-F. PGK-R N5|4¥)
P14 PGK A 2741, R BB W e o Dk kA 7
BAE I X F A 285 pEA 7m0 B A T
95 CHiZ 1 5 min; 94 C7A5E 30 s, 55 CiBk
30s, 72 ‘CHEAf 1 min, 30 MEH; 72 CJg A
7 min,
1.3.2 a-factor BT

fifi I LB [ 1A b5 35 FL A 547 1 pPICIK BTk 1)
KIHFF B DH5a G 1L, PRBCRE &M T LB )
BT, 12 h 5 FH SOk i 050 £ $R
PPICIK Jiikr, DA MR, o-F. a-R A5
P14 a-factor JPH, SRAAEENEWHEE RS HL UK IE1 756
TEFENT H 0 4 EAT 17, 51 464y 95 °C
WAEYE 5 min; 94 CZAE4E 30 s, 55 CiE k
30 s, 30 MEFR; 72 CHEff 30 s; 72 CJTiEfH
7 min,
1.3.3 AWYTHRMEEEEE R

VLT AR T TR PDA AR TEAL S, $k
IR TR VR D 21 R B R R 56, 78 30 °C 150 r/min

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

ZAF R REFE 720 )5, #5208 AXYGEN & RNA #2£1)
RGO IR BT e R R FI R B RNAL DLZF
M T T AP R Y A RNA P AR, #4 1E TaKaRa
FE SR 64 i, cDNA, Tl cDNA E R,
EG-F. EG-R N5|¥4 1 EG LN, K HABUEHIEE
I8 R PR HEA T B AIE I F 0 4 HEA T I o
Aty 2 95 CTHASYE 5 min; 94 CA8PE 305, 55 C
Bk 30s, 30 MEH; 72 CHEfifi 2 min, 72 CJ5
FEAH 7 min,
1.3.4 CYCl&ILFRIIERE

¥ & A7 pSHE5 Bk i KA FTF I 28 LB A ik
fb)G, PREBCAEVE RS LB MiAR SR, 12 h
Je i b B2 G 3R 8 1) i HR B pSHB5 Bk o
L pSH65 JFiki Mk, CYC1-F. CYC1-R K54
PHE CYCL ¥4, R BN MEEE S H Uk HE 1 T e
I F St A T m T i 4k . 95 TR
ZZPE 5 min; 94 ‘CZA8M: 30 s, 55 ‘CiE -k 30 s,
30 MR ; 72 ‘CHEMH 30's, 72 'CJEiEfH 7 min,
1.35 mEHRAMERE. Bk, X<

¥ 1.3.1-1.3.4 TP B4 43 1) 5 pMD19-T
AT S B KT DHSa S AZ 2540
M, FERVZE S AT Amp 8 LB Hobk A 5 ik
ik, 12 h J5 , B o T V% PCR %,
WA B s IR 7E & Amp HiPERY LB W ARRE 35
3, F 37 ‘CHI 150 r/min 5552070 12 h Rt e
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O R A, PR IBUTURLRE 28 95 4 MER AR R
FA B | HEA TR o
1.3.6 EZEMM PCR#E PoEGC BERIEXE

i 1.3.1-1.3.4 LA PGK. o-factor, EG
K CYCL Wy F BeEff JGiR G, S HLBR A k1T
A BERh A B se s 0 R O B AR R A A
59 ‘CiE k., #EH 60s, 35 PMEHEL, &4 H B
B 8 e, Ba&um T 94 CHIAEE
5 min; 94 “C7%1:30s, 59 CiBk 30s, 35/
Ry 72 CHEF 1 min; 72 ‘CJ5EM 7 min,

FH a5 SE8e 7= ) i, L PGK-F Fil
CYC1-R Jy5|%y, ¥4 PGK ., a-factor . EG K CYC1
R a4 B, BRA PGK-a-factor-EG-CYC1
(PaEGC) Rik&r, KL WEEERE H VKA T 0 E
Xt B W gk dE A7 B, o B ) g
pMD19-T #ifk, 54~ pMD19-T-PaEGC, #;fk
KA DH5a 852 S AL , 2K PCR A,
PEEUTORL I 3% 2 950 M 4 MER AR MR A BRZ w1
PO, PR E ol . 95 CHIASYE 5 min; 94 CAr
P£30 s, 55 CiB+k 30 s, 30 MEFF; 72 CHEAf
3min30s, 72 ‘CJ5 M 7 min,

1.3.7 rDNA FF3I{ 1

DL 1.3.1 F i By TR G e B R PR 2 R A, LA
rDNA-F. rDNA-R 5|19 14 rDNA FITH 1%
OITHEFA, BT ) 5 pMD19-T #ik % 4% ,
fir4 4 pMD19-T-rDNA, %4k 3| KA1 # DH5a
W, FREERNTE B Amp BUtE R LB SR LA i
. 12 h J R RVE ST PCR %8, ik
PERAPESERETE S A Amp BTtk LB AR 57 5
i, 37 'C. 150 r/min % 12 h J5 & OIEE R
A, BEBUTOR 25 Z I8 4 MER A MR AT R
FIE T 5 4 95 CHIAEYE 5 min; 94 C
5Pk 30s, 55 CiB sk 30s, 30 MEH; 72 CHEff
2min30s, 72 CJg4Efd 7 min,

1.3.8 pPYES2-PaEGC Ak HiEE
e F IR HE PaEGC SE 8 Rk G, 76 LT i

% : 010-64807509

5|95 AT EcoR I Al Xba I BIf7 4, H
EcoR I 11 Xba I 23 5I%F pYES2 #A&F1 PMD19-T-
PaEGC BRLFEAT WD), W) [l H 1) 457
2t T4 DNA H T 16 Crd i, m kR 4
ALK AR DHb50 B2 541, 4 PCR
R, K BHPE R AT 4ERD T 5 Amp /9 LB A RE
FRAEED, PRI, RIUTORL, 2 IR A ER
LR MR A BR A wI R
1.3.9 pYES2-PaEGC-rDNA kit gt

i [ rDNA R Beit R iiEs 4151 AT SnaB 1
AL, S BN 344 pYES2-PaEGC Fl PMD19-
T-rDNA H SnaB T #EA7 5 §Y), XTI pYES2-
PuEGC H B AEMRILIG, %4 T4 DNA EEMT
16 Cil & fai#dE, EHRAER LW THRAKIEIT
I DH50 /&2 54, £l H PCR &, FFHME
AL FHEFIE S Amp FiPER) LB JRIAE:; 5L
o, BRI, RBUTRGREYI S E, WA
PYES2-PaEGC-rDNAL,
1.3.10 #M4k pYES2-PaEGC-rDNA #ikH4L
T 715 e £

JH Sph I 7£ rDNA %} pYES2-PaEGC-rDNA
PEATEEYD, (R Ak )E , 2 BNE HEE e [ i
J& » F LiAc/SS carrier DNA/PEG 8 Ak Pt G 1 £
S. cerevisiae 50 pL . 50% PEG3350 240 puL .1 mol/L
LiAc 36 pL. 2 mg/mL boiled carrier DNA 50 pL .
Plasmid DNA 34 pL., 42 CI¥& 30 min 5, #4H
i E ST 1 mL YPD AR #3L4, 30 °C 150 r/min
7% 1 h, IR, A 100 pl ddH,O LB {4
&, B EWATE SD-U ¥4 |, 30 CHFFMEFF
T IR T X T R B Y AT )
SR WE G EE R (9 TR PCR ik
1.3.11 H(F PCR %5 FRMERAL 7 B4 3K

190 K BRET : K AT 2 0 FHPE AL TR T
YPD ¥ 4L, 30 °C. 150 r/min }535% 48 h, It
TR OMEGA 2wl (1) i 1 56 PR 21 42 B 7 4
PRIUR AL T IE R 41 DNA, DISEZH DNA St

. cjb@im.ac.cn
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M, ACTL LRSI, FIF] BIO-RAD QX200
OB PCR UK EG LR D1 Bt 4o 22,
WS R DO ARICEE A HEX, H R 26
ICHEHAT FAM, 58S P91 Ik 3 it o

T PCR S Al ds 4 2058 . Bl PCR
SR F . AR R . IR ER A S P
ddPCR & & A 20 pL,fd4f 10 uL 2xddPCR Master
Mix, 10 pmol/L N 25 H (% b il F1 T i 51 9 45
1.8 uL, #4405 ub, FENAIEH 2 pl. fHim
(4 7 A e A FH BB 7 A R RO A A .
20 pL PCR KRR ARG AR R, FEmMALH
)BT A T S A e T e B AT A A
TR, AR R ECT PCR T A1
. 94 CHIARYE: 10 min; 94 ‘CAE: 30s, 55 C
Bk 60 s, 45 MEH, ¥ G RIE I T 98 C .
10 min MARIE . BRI R 3 - EATRIN
P IGSE UG, R FUAR B T e B b e e
Jef5 S, ffi ] Quanta Soft VV1.3.2 FR {443 B 5236 %4
P, AR g gl e
1312 WYIEREMIREREL TEERBRES
il &

KRR A A R ANT < (1) 5 AE AR
Mtk 1 #5006 501, 15 45 LA 21 45 UL A N WD
SOV IR P B AR B AN T YPD K 70,30 C
150 r/min ¥55% 72 h J5, HU5 mL B 8 000xg 2
O 5 min, I4E R (2) 7 BEBRPAKKINA
20 mL H % . 5 mL CHCIs Al 15 mL ddH,0, i
PR3 30s, Fuk F#E 30 min. (3) 4 'C . 10 000xg
B0 15 min, XEHRIERISZ. (4) ABES
BRBL FEPEFTEZE CHCl, HiEAEADL
. (5) FREAMBEAVIIESL 4 °C. 12 000xg Z5.0»
5min J5 BRI, 153 KB A .

1.3.13 SDS-PAGE #&il]

el 11 B R R oA B
ZZwpi, W 10 min J5, 4 °C. 10 000 r/min E5.0>
10 min, HX 10 uL FiF SDS-PAGE.

http://journals.im.ac.cn/cjbcn
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Table 3 Probes and primer sequences
Primer probe Sequence (5'-3)
ACT1 Upperreaches TATCCCCTGCATCCCTATCA
downstream CAGGCTTCGTTGCAGATACA

probe CATCTTCGTTAGCTTCATCCGACG
CTA
EG  Upperreaches GCTAAAATCACAAAAGTATGGAC
ACAA

downstream TAGGAGCCACCAGACCATTCA

probe AATGAACCTCGTCCAGTAGGCGC
AGC

1.3.14 HALFr=mERe S

BAE 1.3.11 (i 50 PCR R %2 AR R #5
DUE PR A 20 B2 R0 8] YPD S5k, 1
30 'C. 150 r/min 25 F 1537 48 h 57, WLk,
T PN 0 T SRR G 17%) AR T6 2 o N ) SR R T
I EARI 8 J5 1525 SCHk[27].

WG 7 B ;1 mL BSIR 1 min MR A
A 1 pg ARG RS Oh 1 ANERG TR0 (V).

FifH % 71 (UImL)=(NxDx1 000)/(MxTxV),

A, N ORRERREE s D b B 0 B
B M OCHEER ST T KR RN ]
V R B AR 1000 AR 2 mg 35558 ng
S
1.3.15 FHATFrEERE LR

FEAE 1.3.14 ThARAT 1Y LA 5 BTG 77 10 BH A
AL TR T YPD MARRE SRS, gl
10 WAEAR . HAAE, B 1 mL B 00 A
171748 SR W Tt 1 TS T

2 BREMT

21 PGK B#1FF%5. a-factor F3 7w,
EG EEF%I. CYCL & IEFFFIEN PeEGC
RirEWE

D4 B0 R G e RE L ZH DNA HBEAR ,
PGK-F. PGK-R M54 14, S8R/ H
B F B, K/l 850 bp (GenBank % 5 5 .
AHO001380)., LA pPICOK JFki MH#itl, o-F. o-R
JEIy G, SRS RN B, KR
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254 bp (GenBank 5% % : KM032189), DAFEILK)
LR TE S RNA SRR, — 0k R e skidnl &6
i cDNA, DL cDNA Mtk , DA EG-F. EG-R W
YY1 E EG HR B, K/hA 1 996 bp
(GenBank % 5. M75706.1). LA pYES2 Jfikih
i, CYC1-F, CYCL1-R M5|¥y i, 1530%i
KB B R B, K/ R 260 bp (GenBank % 5%
5 AF298780.1), 4 3™ W K/IN 5 F IR AT o
Wi EaRFER H Be % 42 2 pMD19-T 2k, LIg4 1k
B2 B KA DH5a, 4 PCR Kl $2 5t
FORLHEA T, #2455 GenBank Xt E, AH
IR 100%, FRHAFHIY 1R .

1EJEFT PGK . a-factor, EG #il CYC1 414~
ek, Wi sI YR ES M PCR W51, B
PRI A 5N — )P a AL s, FIHE
AL PCR H A A LA 8 T PGK /35 =
K a-factor. EG J:[H . £ 1lT CYCL JrEtah-&H4
## PoEGC ik &, MEITUIH /MO BEM R B, K
/I 3360 bp (K 1),

2.2 FRIEHIK pYES2-PuEGC Bty

H EcoR I #1 Xba I 435)*%F pYES2 #L KA
PMD19-T-PaEGC kLA 7 XY , [l H i F B
J5i, T4 DNA %30 16 Cad % 8 5 ¥ Ak K Fr
B DH5a /B2 540N, 4 EG JENEHK PCR %
153 JFki pYES2-PaEGC, Z5H4nfE 2 fron. B
M= IKIE RNl pYES2-PaEGC kL EABHYI 1Y
KA, KNSR 9220 bp.

2.3 FRIEHIKX pYES2-PoEGC-rDNA By
PR R R IO L N 2 DNA it ,
FAFE 514 rDNA-F A1 IDNA-R ¥ 34 B A/
Jy 2 300 bp BH®B /B (GenBank %35 :
BK006945.2). # rDNA JE[H F B 5 pMD19-T
Wi, JFREACR KB I DHSa SRS 5 4 i
TER PCR Bk 5 S BUSUR I I P o B e 25 2R 5
GenBank #17x L, AHLLE S 100%, F SnaB 1 43
SR BORL pYES2-PaEGC FIJFk pMD19-T-rDNA,

% : 010-64807509

1 PGK B#hF. e-factor 5Shk. EG £&. CYCL
#)FF XK PeEGC %ixZ&E PCR 1%

Fig. 1 Amplification of PGK promoter, a-factor signal
peptide, EG gene, CYC1 terminator sequence and PuEGC
expression cassette construction. M: DL5000 marker;
lanes 1, 2, 3, and 4 are PCR amplified products of the
PGK promoter, a-factor signal peptide, EG gene, and
terminator CYC1 fragment; lane 5 is the PCR
amplification of the PaEGC expression cassette.

bp M1 2 3
15 000

10000 X\

7 500 >

5000 —=

2500 —

1 000 —

100

2 JR¥L pYES2-PaEGC BYHIE

Fig. 2 Construction of plasmid pYES2-PaEGC. M:
DL15000 marker; lane 1 is 5 864 bp pYES2 expression
vector; lane 2 is PCR amplification of PaEGC expression
cassette; lane 3 is pYES2-PoaEGC vector.

Wl H YA B, ] T4 DNA S 7E 16 Cisdint
R, AR KIHATE DHSo B2 54, HEik
PCR Sk 5 $e sk b TR DI A E, 455 aniK 3
fitzn, rDNA FrBR/INA 2 300 bp; pYES2-PaEGC
IS /INR 9224 bp; pYES2-PUEGC-rDNA Ak
/IR 11524 bp.,

2.4 ddPCR il 4% 14 7% N £
{8/ Sph 1 7£ rDNA i ‘& % pYES2-PaEGC-

rDNA ZtEfb)E, S ALEREEEERE INVScl, X
22 SD-U 55 3% 3L 0 16 15 2 A9 5% 1k 7 3 UL IR 4
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J5i, f ddPCR # il 4% b +#5 D1 gk, & 4 &
N ASCER A T ARG S TR, R 30 A 9 1 0 P
P B FR o A, R H BA A R B A R R Ay
A7 35 B AT B, RS R LAV R R T I RN B P £
i g

OF O PCR 1 AR TR B0 A
JFEgh HEX Fl FAM 2615 5 g . g H
PSRRI N S 2O E S s, SR H P
LN EG ¥ DL%L. BRI rDNA #&47k, 618
F| 12 BT FE DLECP )7 SR T P T B TR
B, HEENE N 1,03, 4, 7, 9, 11, 15,
16. 19, 21, 22, 23 (K 5).

25 WiIEEHELE SDS-PAGE #1f
P A IR S RE . 1 BEDL . 6 $EDL . 15 %
DU 21 #5 DL A% P70 78 58 0 T FRe s e B T R2 28 0

FHEFF YPD Kigpdkrh, H53% 72 hJE, $RIUER

R R B S B 1, FREAT SDS-PAGE 4347 .

W 6 frs, 1E 48 kDa 4b PR AN, S51E

B TR AR AT o
bp

15 000
10 000
7 501

s

5000

2 5004‘

1 000

100

3 JR#¥I pYES2- PaEGC-rDNA EI#3E

Fig. 3 Construction of plasmid pYES2-PaEGC-rDNA. M:
DL15000 marker; lane 1 is the PCR amplification product
of rDNA; lane 2 is the pYES2- PaEGC vector; lane 3 is the
pYES2-PaEGC-rDNA vector.

Chl Pos: 76 218 Neg: 122 926

Co05 G05 HO5 A06 D06 E06 FO6 G06 HO6 D07 FO7 B07
<
2
&
g
-]
=
o

0 50 000 100 000 150 000

Event number
7566 | Set threshold
Ch2 Pos: 8 5358 Neg: 190 609
C05 G035 HO5 A06 D06 E06 F06 G0O6 HO6 D07 FO7 B07
12 000 T -

3
2 8000
=
g
~ 4000
=
o

4 ddPCR EEH LT N

150 000

100 000
Event number

Fig. 4 Detection of copy number of transformants by ddPCR. The upper graph shows the number of positive and negative
droplets under the FAM channel, the lower graph shows the number of positive and negative droplets under the HEX channel.
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211 Ezz'%zuﬁn%

207 ' 1929
£ 5 16.3 15.8 E
[ I e
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11.7%
10} 95 ¢ 98 %
12 % 70
1.22%= 0.35 4

C05 D05 GO05 HO5 A06 D06 E06

El 5 ddPCR MNEFHNLFHEREHER
Fig. 5

kDa

Wil il R IR -

97.2

66.4

443 48 kDa

29.0

20.1
14.3

6 AEH N FREEK SDS-PAGE 43 #7
Fig. 6 SDS-PAGE analysis of fermentation broth of
transformants with different copy numbers.

26 AREHENHELTHRIAYERERT
Ik kil

MR A R SR, X 12 BRAS R #5 DL
AL F AR, 19 12 h ] DNS 30052 D) R b
Fi TG 77, WE 7 FoR, 12 BRATE S DU T
WYL BERES 1, S IBUNT 15 1, D)
SRR TG 7 Bt P8 DUROE i g i, 15 #5 DU
PN U SRR S D vy 351 U/mL, 2 ELE DT
B A U138 SROBH S 1Y) 1.47 £t 15 ¥ DS,
YIRS 0 R RE, 2] 23 $B UL, WS 77
00 15 ¥ DU 1Y 62%. I 7 645 #5 DL
L BTG FEAR A S, AN 598 DR ek

% : 010-64807509

F06 G0O6 H06 A07 B07 C07 D07 EO07 FO7 HO7

Sample

Identification of the copy number of converters by digital microdrop polymerase chain reaction.

2.7 HFrEBRREMRE
X ARASF B G S B 1Y 15 #5 DL R A7, HF

LR ENESLE:, 25K 8 pras, FH rDNA %
BRI N Y R R TrERR E E R

4y, 225t 10 WA Us, 8IS LR Ba 24, 1)
REARISIEE B 1L

400

350 i

Enzyme activity (U/mL)

300 -
250 +
200
150 ¢
100 |
50
: s O ST 61021829893
Copy number
E7 #£RHE5HmENNXRE
Fig. 7 The relationship between copy number and
enzyme activity.

5 400 ¢
g 350
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0
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Number of generations
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Fig. 8 Progeny stability verification.
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3 Wit

TR FEGE . A IME S KBS AL B R
Zo ¥ LA 3 AN IR 1 2R K- 1 T B s g o200

A sh FRFR R — A EEIC, EREY
] MRNA 7> FEMER N FBREZ—, — ik
(1) ) 8l e A I 4R 1 22 15 B & KO 19 A 2R
B3 Julia 25E0%0E S 4 R PGK ) 1
e R e g S U e 1k EE AL AR WSS 8L T AE olk bkt
TR SR A 7=, 0 T M 2 s i aseR B A e
A PN TR 5RO T 9 1 A A s R T A i R
PGK a8l F, AT A LI h i3k
KA FAT LB HEE YPD B3R st sy o)
BRBEA R L, HEBPCREERE.

155 O B 1 200 1) G B DR, MR 1 ™
H G, ARSI B3 T i 2 40 sy e X (A, 15
SRS HE AN A RREYOE T AMNEE A fEE
WEY B3 R Han 2805 i 4
SHKATE AR . ATwsse 75 KMHAT B H G431 7K
-, BU R FH 30 15 5 RIS 8 1 S ek 4 v T 35 £
BTN E ARG S IR A AT i et Ak, bt
HIV $itik VRCOL 7E 5 AR EELE (1 3 Wb A4 & T
2-7 i AEFEMK b e 7 ] 1% 6.50 mg/mLE7
AR 53 7 ) 8 PN 7)) R it 2 Tk AR IS A T T
T BRI 105 5 B a-factor, i 2h S8 9 U 45 5
BT 0 B AN 3 b e 3K o

B i I B DBO $2 i AR B R A
KR BCTFB, AR HAS R LR (19 45 D1 B0 & 3=
IS EHT . Rawsthorne ZEP8hg 43 o 9 S 1 1 2L
FLLIrB JEREH S, 158048 DUECH 3-8 N2 4%
AN B, 453 B 4 ¥ U1 TR 18 A9 SNREE 11 R
ik Tamakawa 250K BRI S5 1
XYL3, ABHAJFEEGFEL mXYLL, A S
FER XY L2 43 Bk T 1-10 AS [R5 DL By ik 48
RIF AR TG AN, 25 5 R B4 DU 3L [ Rk
R CHEARGECR; 2 H%FH rDNA #
Gk kR T & Aspergillus niger N
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B-1,4 A JMH Ml Ik [N 75 PR VG 1 % o S BB ML 22 45
DRI, RIN 8 ¥ DINTHGS J) iy, dad 8 #5101
W, TS K R TR AR R rDNA
ARSI T PN ) SR A TR TR v 1 B AL
Z¥E DL FRIK , 288 DUECR B IS 7700 5 & 9L 15 45 D
ik 1 A PR ) SR T I T ) e L (IR 15 #
B, S B FS DURCHE T 3 s, #Ead 15 #5 DUAT
il 7 R T REARG,  1hd B R [R5 DL A 1) 4
R AR, IR,

AN, Bl 2T 4 2 0 U 22 B Ok £ 11 56
e N R B U NESIERUR (8 S E AN P NS
THREEMEZ RGP RE, ARERRKEA
U g 2 2 Sfe I KA KBS Trichoderma
longibrachiatum SSL f4 N 1-1-4-B-D-45 S 1 |
T3 3+ 5 20 ook L 7 AL e R e B J5 o) 323k, i
i 143512 73 U/mL #1110 U/mL. Haifa 23
KVE TR AL GHAS (1 P U145 SR Wl (R 9
IR E AR RE R A SRR, FUTE M 19 Uimg.
ARSI VE BRI RE INVSCL PN HI 4 SR8 i 5L
F R TE 3, M4 A G 37 PGK Rl b
FHK a-factor SEEL T PN ] SROME I A £E R TR 43
ik, JFRIF rDNA AR T AR D5
BT, Y DR 15 IF, PN B SROBE T A
. I8F) 351 U/mL, A H i SCHERHGE 1Y R Rk
PR ) R R 1) R TG 0 KT 24 BRI R T
ST PSRN T R R ) R R R

4 4

AWFGEE R ST o T IR D
IDNA B4 VL ST PN U0 4 SROBE T A FR PG 1 B vh
I REHLZ#5 DL 4L 0 i 3k, 48 ddPCR AN 3R
312 ASHAT SRS DR AR I i s
RIEPENRUNT 15 B, PEEERE 7 AP DR
IEAHSE . 1595 DA TR BB S, WIS 1k
351 U/mL, #id 15 ¥ DI, BEETE I REI%. 7E
23 MEDLET, WIS IR 15 $50LRY 62%. 45 I
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