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W% A HE AT Gtk b 15 DLEC R S B 7 AN [R] 43
AT T AN R R 1 52 > o0 BEZL ) & R S B R
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DHS« HJ F 3t R #g g A fR A7, W 9 B BF
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oy 4 0t R JBORE o A S50 i R S PR BOAR LR 1 L AL (D-Sorbitol) 5 F - R VY i B 7 401 B K 07 32 11
1.1.3 ExE AR EE R YPD B2 YGM %555 (1 L) : YGM (Ura™, Trp ™ > Leu” ) 8 g, 3
FERL R KA AF ) LB B2 353 (2 50 weg/mL ¥ ZGBE (Glucose) 20 g, # % R (Leu) 100 mg, £f % fR
SRR 2) B R R 0 TR RE R (Trp) 100 mg.

HALR) YPDS R 72 3 YPD B3R b N 0. 5% 1)

= 1. AR BB H A

Table 1. Vectors used in this study

Vectors Promoters Comments Selection markers
pZ-4 None 18S-UP Amp *

pZ-2 Pilv5 18S-UP, Pilvs Amp *

pZ3 Pilvs 18S-UP, Pilv5, mCherry Amp *

pZ4 Pilv5 18S-UP, Pilv5, mCherry, TIF4631 IRES Amp *

pZ-5 Pilv5 18S-UP, Pilv5, mCherry, TIF4631 IRES, URA3 URA3, Amp *
pZ1-0 Pilv5 18S-UP, Pilv5, mCherry, Pura3, URA3, 18S-DOWN URA3, Amp *
pZA-O Padh2 18S-UP, Padh2, mCherry, Pura3, URA3, 18S-DOWN URA3, Amp *
pZI-M Pilv5 18S-UP, Pilv5, mCherry, TIF4631 IRES, URA3, 18S-DOWN URA3, Amp *
pZT-M Ptdh3 18S-UP, Pidh3, mCherry, TIF4631 IRES, URA3, 18S-DOWN URA3, Amp *
pZA-M Padh2 18SUP, Padh2, mCherry, TIF4631 IRES, URA3, 18S-DOWN URA3, Amp *
pZ1X Pilv5 18S-UP, Pilv5, XYL1, TIF4631 IRES, URA3, 18S-DOWN URA3, Amp *
pZ1-1. Pilv5 18S-UP, Pilv5, LACZ, TIF4631 IRES, URA3, 18S-DOWN URA3, Amp *

R2.AFRHPAESY
Table 2. Primers used in this study

Name Sequence (5 —3") Restriction site  Usage

18SUP+F CCGCTCGAGAAGGACTCAAGGTTAGCCAGAAG Xho 1 Cloning of 18S rDNA Homologous region 3 End
18SUPR ACGCGTCGACAGGGAGCCTGAGAAACGGCTAC Sal 1 Cloning of 18S rDNA Homologous region 3 End
Pilv5F ACGCGTCGACCCCTATCTGTTCTTCCGCTCTACC Sal 1 Cloning promoter region of ILV5

Pilvs R CCATCGATGTTTTATTTTTTACTTATATTGCTGGTAGG Cla | Cloning promoter region of ILV5

Padh2-F ACGCGTCGACGCCAAGAACTCTAACCAGTCTTATC Sal 1 Cloning promoter region of ADH2

Padh2 R CCATCGATTGTGTATTACGATATAGTTAATAGTTGATAG Cla 1 Cloning promoter region of ADH2

Ptdh3F ACGCGTCGACATAAAAAACACGCTTTTTCAGTTCG Sal 1 Cloning promoter region of TDH3

Ptdh3 R GAATTCCCATATGTTTGTTTGTTTATGTGTGTTTATTCG Nde | Cloning promoter region of TDH3

Pura3 ¥ GGAATTCGAGTATTTTCAATAAATTTGTAGAGGACTCAG EcoR 1 Cloning promoter region of URA3

Pura3 R CGGGATCCGATTTATCTTCGTTTCCTGCAGGTTTTTG BamH 1 Cloning promoter region of URA3

mCherry- CCATCGATCATATGATGGTGAGCAAGGGCGAGGAGGAC Cla 1 -Nde | Cloning ORF of mCherry

mCherry-R GGAATTCTTAGCCGGCCTTGTACAGCTCGTCCATG EcoR 1 Cloning ORF of mCherry

TIF46314RESF GGAATTCTCCCCCGGGGACTCGATAACGACGTGAGAAAC EcoR 1 -Smal  Cloning core region of TIF4631IRES
TIF4631dRES-R CGGGATCCTATTGTAATAGGTAATTACAGTTGTCCTCTTAC BamH 1 Cloning core region of TIF4631IRES

URA3 ¥ CGGGATCCGACTAGTATGTCGAAAGCTACATATAAGGAACGTGCT  BamH 1 —Spel ~ Cloning ORF of URA3

URA3R GCTCTAGATAATAACTGATATAATTAAATTGAAGCTCTAAT Xba | Cloning ORF of URA3

18SDOWNF GCTCTAGACGTAAGGTGCCGAGTGGGTC Xba 1 Cloning of 18S rDNA Homologous region 5 End
18SDOWN-R CTGCAGAACCAATGCATTGGGTGGCTCTTGGCGAACCAGGAC BstX | Cloning of 18S rDNA Homologous region 5 End
XYLI¥ GAATTCCCATATGATGCCTTCTATTAAGTTGAACTCTG Nde | Cloning ORF of XYL/

XYLIR TCCCCCGGGTTAACCGGTACGGACGAAGATAGGAATCTTG Xma | Cloning ORF of XYL1

LACZF AAGCTTATGATAGATCCCGTCGTTTTAC Hind Il Cloning ORF of LACZ

LACZ-HISR GAATTCTCATTTTGACACCAGACCAACTG EcoR 1 Cloning ORF of LACZ

RT-URA3-F GTGGGTTTAGATGACAAGGGAGACG None Realtime PCR for URA3

RT-URA3R ACGTTCACCCTCTACCTTAGCATCC None Real-time PCR for URA3

RT-ACT1¥ ATGTTTAGAGGTTGCTGCTTTGGTT None Real-time PCR for B-actin

RT-ACTI-R TAGATGGGAAGACAGCACGAGGA None Real-time PCR for B-actin

Restriction sites used for cloning purposes are shown by underline.
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1.2 SFRESFINSH

KV # DHS o 3652 25 40 B 1) i 2 B A 7 ik
B4 0 1 va B S 5w ) vh )R R T VA AT . TR
T 19 B 1 52 25 A TR ) ) 2% < B A g vk S B TR 41 DNA
R E 792 Wk 81, DNA Jr By PCR 14,
it D)~ 2 B AT N BOK /NI 5 1) 1) Il D) 4 e A 8
fo Oy 7w SR AR M ) P I O 7 VL #E 4T . PCR
Sl (L2 2) th B TAD TRARAA A K.
DNA J7 7 7 i 46 K 3 (R 5¢ f» JF % ] Vector NTI
advance 10 (Invitrogen Corporation) ¥ 1 3 17 /% %) )
M E AR o
1.2.1 mCherry BI% M - 41 2 #£ 5 mL YGM K5
FEHE T 30°C 7 0K (225 r/min) 55 7535 00 ; B 0 4 TR
5, H0.9% NaCl ¥t 1 & ¥ W A& B F A 0.9%
NaCl 1, V4], BB 10 % 5 L 200 wL - 96 fL
FH B AR AT 52 BE S ) OD gy » LA 583 nm Ry % A i K
26 B FR AL 5 610 nm &b FF i mCherry 1) &
GEO6 9 B, T SRR A B AL 0D 1 mCherry %€
wm.
1.2.2 EFAH B a9E FE# RN E A S
Pt e 7 PCR AR E H A 2 IR A5 58 P4 op 1 4%
DU MRS GenBank b TR WY 8 BF L X 41 vp B-actin
HURA3 [f) 5& 5 7 510 43 ) it RT-B-actin Py 2 &
KI5 RT-URA3 JE BKIHF 57 51 ) H T RT-PCR, A
K5lW (WL 2) « fE)6% PCR &, FLifl PCR & W
W (20 wL 44 %) SYBR premix ExTaq™ (2 x)
10 wL, F3# 514 (10 wmol/L) 0.2 L, F i 51 ¥
(10 pmol /L) 0.2 wL, B R BEJE M 41 1 wL, ddH, 0
8.6 wLo PCR Jx M2 FFhy (= 1%) :95C 2 min,
(95%C 15 5,58%C 30 s,68°C 30 s)40 M. 2 )5
TEN VS it Ze RE R DUAE AP 0. 2°C 1 380 B2 3 A
50°C 42 95°C ™,
1.2.3 EFRAHENKEMNEENBES T HHL
224 Copy Number =2~ ANCC D TR G T R 1 B-actin H
DIACTI gy 25, #4024 M1 52 B H IS A 1 75
NH. Hrp, AACt = ACt, - ACt,, ACt = Ctx - Ctro H:
ot S ARSI AL, ¢ AR HESEIS AL C b H bR 2 A
B HESE N 1) CofE, Ct, A WS IR Cufi . A SK
B DU UG TR Ak W303 4 B-A JE A 41 b i) URA3 O #%
AL, Hopg gy 11
1.2.4 8B & &Y 32 BL: B % B (Saccharomyces
cerevisiae) AT 7E YGM 5 F5 ik [ A 852 72 H v 30°C

EnT7 N S SN QA S (S| - R g S B P !
100 mmol /L Tris/HCI buffer (pH7. 4) %% 2 &, 4R J5 %
T i ) fR) 24 A 22 v (100 mmol /L Tris/HCI,
0.5 mmol/L EDTA,0.5 mmol/L DTT, pH7. 4) ; f£
RTINS SRk (H A2 0.5 mm) , A 3k
Vw20 s, oK 20 s, 3 4F 5 min; 4°C B 0
(12000 x g,30 min) W £ b3, B4 HIBG W T 05
22 (10 W8 5 DU 5 534 o

1.2.5 #EDNA RFBREBGERBAPEERRE
TR RR 5T PRI SO B Al T YPD AR 1% 7 2k A
30°C $E IR (220 r/min) K5 5%, B 24 h B He— R AT
BAAIE IR, ISR IR 9 K, IF il £E 1.2,
3.4.6.9 RIS EAE; B 1 mL % 35 % & 0 (12000 x g,
2 min) WA 48, ] PBS PE 1 UK A 1 mL PBS
R A R 1S %A X 200 L 0T 96 fLAR
1. 2.2 ik U5 00 %€ mCherry 3R 05 & 44
1.2, 3 PPk 77 vk 0058 FF i 5 DR 4 H iR B X)) 4 DL
1.2.6 A#ELREE (XR) BYEGEMNE 1 mL 2 WV
& 100 mmol/L  Tris/HCl buffer ( pH8.0),
0.2 mol/L xylose, 6 mmol /L NADH J i& & i B J5 1Y
it 0 YR AT JE 7E N =340 nm 4K NADH 44 16 i 72
)8l )27 284k W€ TR B I ) 2 5 s, 2l 3% 5 min,
BEASFE A3 AP AT Bl NE AL E X AE 25°C,
pH8. 0 (Y W 4 A T 5 1 min N BEH AL 1 pumol JIEH)
i i fry g

1.2.7 B-HFAMEEERYEEENE  /AEEE 0w
om A 400 pL 100 mmol/L Tris/HCl buffer
(pH7.4), 133 uL 0.004% ONPG ¥ i, 6 uL
100 mmol /L Mg ¥ i, IR 51 J5 ¥ R MR W B T
37C/AKRA P77 PR A 60 wL A i, 37°C J
[ 30 min, A 500 pL 400 mmol /L % B2 4h £ 1F ¢
5 £ N =420 nm A0 05 WA T SIS o S
frsgE X A 37°C, pH7.4 I, 1 min #] 4 4k = 4
1 ol o4 3 B 7 5 10 Bt <

2 HRMIS

2.1 RAMES%E

ML 2 s MAH G5 ) 54T PCR 73, 3k 15
PR Sty AT R S i U067 05 DNA R B T #k vk e
g3 A - 18S-UP ([ Y5 )5 #1)) » Pilv5, Padh2, Ptdh3,
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Pura3,mCherry, TIF4631 IRES, URA3,18S-DOWN ([A]
JEIFE)) s XYLL, LACZ o« ¥ b3k Jr B4y i 5 EZ-T 8%
RIER:, WAL E. coli DHSa 2540, H
DA R %R LB PR ik, £ % V& PCR 5 IE
Jei o BEWOTURL BEAT DNA W 7o JT 43 KLy 44 4 T-
X, X jv% DNA J5 B i) 4 Fiko L3R 0K HE 1) 4 2 5wk
B 1A

e FORE pZA 3 B Xho T A1 Sal T XU
D)3 pBlu2SK ( - ) F1 TA8S-UP, [l g Al W f B )
HEHE, UL B [ RE T VE BEAT AR I B0 IE . AE T
Wi pZA TR Al bR TR 1) 5 VR 2 TORL pZ2 (G
Pilv5) , LML R HETE pZ2 1 Eal by g pZ3 GEAN
e pZ3 (W LA bk opZ4 (AN
TIF4631 IRES) , {f pZ-4 [ al 1k & pZ-5 (GE AN
URA3) , fE pZ-5 W)l b #) g pZI-M (3% N 18S-
DOWN) , JHUKEL (7 40 45 B W38 1o A gt i F% v i

mCherry) ,

B (¥ D) A7 s 2 AR W pZI-M g ik P (B 1-B) ©

UKL pZT-M Fl pZA-M ¥4 & 23 i A Sal 1 F
Cla 1 XU V) % Ak pZI-M, T-Padh2 F1 T-Ptdh3, [ i
FHR (1) DNA B G 38 B2 28 #6400 32 < I ) 580 4iF
B AR TR pZA-M 1 pZT-M.

UKL pZ1-0 Fl pZA-O [ 14 - B A} Pura3 43 %
KA g A4 pZI-M A pZA-M [ TIF4631 IRES, 1 4%
S BamH 1 F EcoR 1 XU V) # 4K pZI-M, pZA-
M Al T-Pura3, [F[ Y AH R 1) DNA R B R, RIE &
B AK O 3 D) 50 UE 5 B 28 3R AS TORL pZ1-0 Fll pZA-
0.

IR FORL R pZI-O AT pZA-O B R R I 4
pZI-M . pZT-M Fl pZA-M S5 4 . Wiéﬁ)ﬁMEP
FEIBHE M OCHE X B A2 F B 1A i X, s ag 4
M TIF4631 IRES, B X} M 21 4 Pura3 o

(A (T - ”
18S-UR 1 mCherry

. URA3
URA3 | terminator

==
o0
w
=

DWN

 Xho 1(669)

—Sac11(820)

' 18S-Homologous region
“Sal T (1008)

"TILVS promotor

e Cla 1 (1569)

“Nde T(1575)

3
BsrX1(3929) __ GFP

Sacll(2928) __FHcoR1(2297)
18S-Homologous 1eyon " \ \ Anra 1(2306)
Xba 1(3552) Ve Sma 1 (2308)
URA3 \;'\ TIF-46321-IRES

\ BamHI(2660)
Spe 1 (2667)

B 1. #RIAFIER L5 4 (A) 70 pZI-M Y 4 B % (B)
Figure 1. The element about the bicistronic DNA. A: Schematic of the bicistronic DNA construct. The mCherry gene is in the
5’ -position, driven by one of three promoters: ILV5 promoter, ADHI promoter, TDH3 promoter. X, one of two elements
(Pura3 and TIF4631 IRES) . Pura3 is the promoter of URA3 gene. TIF4631 IRES is to start the translation of URA3 selection
marker. 18S-UP and 18S-DOWN are homologous regions of recombination into chromosome. B: Vector map of pZI-M. The
vector contains 18S-UP, Pilv5, mCherry, TIF4631 IRES, URA3, 18S-DOWN.

The mCherry has been expressed in the

highest-evel in transformants with this co-expression cassette.

2.2 FRIBEBOHATFHSN

A BstX 1 1 Xho 1 XUM§ V) # 4& pZI-0. pZA-0O.
pZI-M . .pZT-M Fl pZA-M, 13 ] 5 F & A [F] 3L % 14 HE
) DNA Jv Bt (B 1-A)  Ji [8] g 4 A Ji5 » F 3 Al TR 9
i BE W303-4B-A, | YPDS % & i &, 45 7l ik T
YGM (Ura ™) “EHR,30°C AR 89 3 -7 %fﬁd%
7 WIOX.WAOX.WIMX.WTM-X.WAM-X. [d]

A AR S B AL T I RS IR R R AL T R
B e (B mCherry [ 2 €0) 5545 W 2 (0 22 ¢, L
L 3o 5 HIPEX B WIOX A H, WIMX #4¢, 1
M RE IR ) ALK T — %, s b o 1/5. 5Bk
S B WAOX A L, WAMX %% 4k 1 [f1 5% 77 I 1) 4 K-
T 0.5 K, HE R AW B
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Table 3. Analysis of transformants of Saccharomyces cerevisiae

Strains” Promoters Time to appear transformants ( day) Transformants number Color of colony ™
WIOX Pilvs 2 > 150 -

WAOX Padh2 2 > 150 -

WIM-X Pilvs 4 20 ~30 + o+ +

WTM-X Ptdh3 3 50 ~70 +

WAM-X Padh2 2.5 >100 -

Y1 WIOX, WAOX, WIMX, WTA-X and WAM-X are transformants drived by Pilv5, Ptdh3 and Padh2 respectively. “X ”refers to number of strains. X

=1, 2,0 ¥ “ 47 refers to the level of colony’s color. The more “ + ” indicates the color is deeper. “ — " shows the color of colony is white.
2.3 EFFERBHFRIEA T F mCherry HIRIES W% e B 2B 55 (1 20 0, mCherry 1335 & i 5
r A 87 Padh2 I, Fefl - WAMX (3 % %A W

M1 2.1 W77 VE W € mCherry 7 T F e 4 1 MR A) WL 20 (5, mCherry (1) R IA = (K. & 2B 4
WIO-X.WAOX. WIM-X. WTMX. WAM-X 1 [1] % SO &AL T 1) mCherry ¢ GAE . 0 & B o £
5o 45 R IR imCherry 78 TRl B A0 1 il D) &0k JT A 0 3% (4 1R K e AL 1 WIMS3 ) mCherry £ 4
FH X B WIOX, WAO-X 1 mCherry [f) £ IA 7 2 5 it SR O H Ol 6938. F | SDS-PAGE £ i

AKCHE 2A), % H A4k 7 mCherry %¢ )6 {7~ T WIM-X H1E % 1 mCherry )% IE& (K] 2-C) , B i
400; 52 8 4 ¥ 4L T WIMX., WTMX. WAMX 1, Wi A 0L WIM-X (lane2-7) [ ¥ g % T £F 26 — 34 kDa
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Figure 2. Mean fluorescence value of mCherry in the negative control: WIO-X and WAO-X (A) and in WIM-X, WTM-X and WAM-X (B) , SDS-
PAGE of mCherry (C) . 0: blank control, W303: mean fluorescence value of W3034B-A. M: Marker; Lanel : W3034B-A; Lane 2: WIM- ; Lane
3: WIM=2; Lane 4: WIM3; Lane 5: WIM-4; Lane 6: WIM-5; Lane 7: WIM-6. mCherry is 26. 8 kDa.
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Figure 3. Copy number of target gene. A: Copy number of
target gene in the negative control: WIOX and WAO-X. 0:
blank control, W303: mean fluorescence value of W3034B-A.
B: Copy number of target gene in WIM-X, WTM-X and WAM—
X. There are six samples respectively drived by Pilv5, Ptdh3
and Padh2. 0: blank, W303: copy number of target gene in
W3034B-A.
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5. %L F 1B AY SDSPAGE

Figure 5. SDS-PAGE of crude extract from transformants. lane M:
Marker; lane 1: WIXd ; lane 2: WIX-6; lane 3: WIX-8; lane 4:
WIX9; lane 5: WIX-H0. lane 6: Negative control. XR is 35.9
kDa. In the lane 5, obvious protein bank can be seen comparing
to other lanesdane 1, 2, 3, 4, 6. This band is confirmed to be

XR which is detected by mass Spectrometry.
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Figure 6. Enzyme activities of transformants. WIX-0: Negative

control; WIX- -0 are enzyme activities of transformants.
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Figure 7. Enzyme activities of transformants. WIL-0: Negative

control; WIL4-0: enzyme activities of transformants.
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High-evel expression of heterologous protein based on
increased copy number in Saccharomyces cerevisiae

o e 1 2 2% . 1*
Xinjie Zhang , Peng He”, Yong Tao” , Yi Yang
"College of life science, Sichuan university, Chengdu 610041, China
*Insitute of Mcrobiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: [Objective] High-evel expression system of heterologous protein mediated by internal ribosome entry site
(IRES) in Saccharomyces cerevisiae was constructed, which could be used for other applications of S. cerevisiae in
metabolic engineering. [Method] We constructed co-expression cassette (promoter-mCherry-TIF4631 IRES-URA3)
containing promoters Pilv5, Padh2 and Ptdh3 and recombined the co-expression cassette into the genome of W3034 B-A.
The URA3 " transformants were selected. By comparing the difference in the mean florescence value of mCherry in
transformants, the effect of three promoters was detected in the co-expression cassette. The copy numbers of the interested
genes in the genome were determined by Real-Time PCR. We analyzed genetic stability by continuous subculturing
transformants in the absence of selection pressure. To verify the application of co-expression cassette, the ORF of mCherry
was replaced by P-galactosidase (LACZ) and xylose reductase (XYLI). The enzyme activities and production of B-
galactosidase and xylose reductase were detected. [Result] mCherry has been expressed in the highestdevel in
transformants with co-expression cassette containing Pilv5 promoter. The highest copy number of DNA fragment integrating
in the genome was 47 in transformants containing PilvS. The engineering strains showed good genetic stability. Xylose
reductase was successfully expressed in the co-expression cassette containing PilvS promoter and TIF4631 IRES. The
highest enzyme activity was 0. 209 U/mg crude protein in the transformants WIX40. B-galactosidase was also expressed
successfully. The transformants that had the highest enzyme activity was WIL- and the enzyme activity was 12. 58 U/mg
crude protein. [Conclusion] The system mediated by Pilv5 promoter and TIF4631 IRES could express heterologous
protein efficiently in S. cerevisiae. This study offered a new strategy for expression of heterologous protein in S. cerevisiae
and provided sufficient experimental evidence for metabolic engineering application of this system in yeast.
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