NN/ *E S HEEEBARDEERSEIARGERY

Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn January 25, 2014, 30(1): 30-42
DOI: 10.13345/j.cjb.130227 ©2014 Chin J Biotech, All rights reserved

M 5xETIE

| I
1

KE, K& xF, TR Ho, tEi

300072

, s , .- . , 2014, 30(1): 30—42.
Zhang Y, Zhang L, Liu D, et al. Match of functional module with chassis in 7-dehydrocholesterol synthesis. Chin J Biotech,
2014, 30(1): 30—42.

1 OE: ARASREMBERET T-MASL GBI M E TIRFO R AL RAmBRER AR, ANE
BAF AL REN BT AR REOBFRAA S @, s H ) E AT, A 7-BL A2 & 8%~
¥ SREBEERSRERTHARIILE tHMGR A+ ERGI, R34 F KB ERG6 #2 ERGS vA7 4|82 £ B
Bive) & A B BE 494640, 1333k 5 09 8 & &L SyBE 000956; 4|/ 3% 5| 334k K H TDH3p. PGKIp #= TDHIp
Y REHT, FIAAR C-24 & REEEE DHCR24, #3E 3FBE MR AR, FoRFAIHEREF, 7
B9 AT SR ML, 4REY, TDH3p A4x6y 2 etttk 5k & Mt SyBE_000956 £ &4 ag & fetk, I
T-REANE B F a9 F . A B E R TR T IR R

CT-BLEASEE BE, ARAMFE, AR, KAmL, ERK

Match of functional module with chassis In
7-dehydrocholesterol synthesis

Ying Zhang, Lu Zhang, Duo Liu, Mingzhu Ding, Xiao Zhou, and Yingjin Yuan
Key Laboratory of Systems Bioengineering of Ministry of Education, Tianjin University, Tianjin 300072, China

Abstract: The key challenge to generate engineered cells by synthetic biology for producing 7-dehydrocholesterol

Received: May 3, 2013; Accepted: June 15,2013
Supported by: National High Technology Research and Development Program (863 Program) (No. 2012AA02A701), National Natural
Science Foundation of China (Foundation for Young Scholars) (No. 21206114), Natural Science Foundation of Tianjin (No.
12JCQNJC03800).
Corresponding author: Xiao Zhou. Tel: +86-22-27406491; Fax: +86-022-27403389; E-mail: zhouriyao@tju.edu.cn
K PR SUR JETHRI(863 11 %) (No. 2012AA02A701), [H K AR B IL G (No. 21206114), KHTH HARFHFE S (No.
12JCQNIC03800) ¥ .

2013-10-11 http://www.cnki.net/kcms/detail/11.1998.Q.20131011.1835.003.html



KE %/7-BEUB KA B AR S A AR PR SE R

(7-DHC) in a high titer is the match between functional module and chassis. Our study focused on solving this problem by
combining different promoters and yeast chassis to increase 7-DHC production. To optimize the chassis in order to
accumulate zymosterol, the substrate for 7-DHC synthesis, we overexpressed truncated HMG-CoA reductase (tHmglp) and
squalene epoxidase (Erglp), both are key genes of yeast endogenous zymosterol biosynthetic pathway. In addition, we
knocked out C-24 methyl transferase (Ergbp) and C-22 dehydrogenase (Erg5p) to inhibit the conversion of zymosterol to
ergosterol. By introducing heterologous C-24 reductase under three promoters with different strengths, namely TDH3p,
PGKIp and TDHIp, we constructed functional modules of diverse activities. Nine engineeredcells were generated based on
the combination of these three modules and three chassis. The result shows that the engineered cell composed of functional
module regulated by TDH3p and chassis SyBE 000956 had the highest 7-DHC production, indicating a better match than
others. This study provides evidences for importance of match and empirical support for rational design of subsequent

researches.

Keywords: 7-dehydrocholesterol, synthetic biology, functional module, chassis, fitness
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7-DHC biosynthetic pathway in Saccharomyces cerevisiae
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Table 1 Yeast cells used in this study

Yeast cells

Genotype

YSG50 MATo.  ade2-1 ade3A\22  ura3-1
W303a MATa  leu2-3,112 trpl-1 canl-100
BY4742 MATa  his3A1  leu2AO  lys2A0  ura3A0

YML BY4742 erg6::KanMX

SyBE 001344  YSG50 his::pRS403-TDH3p-ERG20-CYCIt
SyBE 001358 W303a his::pRS403-TDH3p-ERG20-CYCIt

his3-11,15 trpl-1 leu2-3,112 and canl-100
ura3-1 ade2-1 his3-11,15

trp::pRS304-TDH3p-tHMGR-CYCIt
trp::pRS304-TDH3p-tHMGR-CYCIt

SC drop-out
(6.7 g/L 2 g/L drop-out
20 g/L 2% )

1.2 T EBEFILF

T4 DNA
Fast Pfu DNA Tag DNA
Fermentas DNA
PEG4000
NaCl KOH
7- MSTFA
Sigma

1.3 EETHERSIYRIT. PCRTESEM

biobrick
24 tHMGR
TDH3p PGKIt 5’
EcoR Xba
3 Pst Spe
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ERGI PGKlip PGKIt
5 Sac Xho
3 BamH  Sal
LEU
ERGS GenBank
ERGS
LEU 5" 3% 34bp 38bp
GenBank
S288c
PCR
pRS425 PCR
2
C-24 (DHCR24)
GenBank
PGKIt 5!
EcoR Xba 3
Pst Spe
Hind BsrG
pYES2
14 ThEEHERAIME
EcoR Pst PCR PGKIt
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Table 2 Primer

s used in this study

Primer Sequence (5'-3")
tHMGR-U GGAATTCGCAGGCACGTCTAGAATGGACCAATTGGT
tHMGR-D GCGACTAGTGTTAGGATTTAATGCAGGTGACGG
ERGI-U GGAGCTCATAAGTCGTCTCGAGATGTCTGCTGTTAACGTTGCAC
ERGI-D GCCGCGTCGACCTTAACCAATCAACTCACCAAACA
1TDH3p-U GGAATTCGCAGGCACGTCTAGATAAAAAACACGCTTTTTCAGTT
1TDH3p-D CGCGCGCGACTAGTGTTGTTTGTTTATGTGTGTTTATTCG
1PGKIp-U GGAATTCCCCGGCACGTCTAGATATTTTAGATTCCTGACTTCAACTC
1PGKIp-D GGGCCCCGCGCGACTAGTGTGTTTTATATTTGTTGTAAAAAGTAGAT
1TDHI1p-U GGAATTCCCGGGCACGTCTAGATGTATATGCTCATTTACACTCTATATCA
1TDHI1p-D GCCCGCGGGACTAGTGTTTGTTTTGTGTGTAAATTTAGTGA
2PGKIp-U GGAGCTCCTTAGTCCCCTCGAGTATTTTAGATTCCTGACTTCAACTC
2PGKI1p-D GGGGGGCGGTCGACCTGTTTTATATTTGTTGTAAAAAGTAGAT
1PGKI1t-U GGAATTCCCGGGCACGTCTAGAATTGAATTGAATTGAAATCGATAG
1PGKIt-D CCCGCTGCAGAAGGATCCTACTAGTGAACGAACGCAGAATTTTCG
2PGKI1t-U GGAGCTCCTTGATGCCCTCGAGAATTGAATTGAATTGAAATCGATAG
2PGKIt-D CGGGATCCCGTCGACAAACGAACGCAGAATTTTCG
LEU-U TGCTATTCCAATAGACAATAAATACCTTTTAACATTAAGCAAGGATTTTCTTAACTTC
LEU-D TATGATTTATTGTCTGGACAAAGTTCTGTTTTTCCCCAATGTCTGCCCCTAAGAAGAT
pSB1A2-PGKIt EcoR Xba pUCI18
EcoR Spe PCR tHMGR pUC18-PGK It Sac Xho
pSB1A2-PGKIt Sac Sal PCR ERGI
pSB1A2-tHMGR-PGKIt EcoR Spe pUCI18-PGK It
PCR TDH3p EcoR Xba pUCI18-ERGI-PGKIt Sac Sal
pSB1A2-tHMGR-PGK It PCR PGKlIp Sac Xho
pSB1A2-TDH3p-tHMGR-PGKIt EcoR pUCI8-ERGI-PGK It
Spe TDH3p-tHMGR- PGK 1t pUC18-PGKIp-ERGI-PGKIt Xho Hind 111
pRS403 PGKIp-ERGI-PGKIt
pRS403-TDH3p-tHMGR-PGK It pRS425

SyBE_000916

pRS425-PGKIp-ERGI-PGKIt Apa Sal

Sac Sal PCR PGKIt PGKIp-ERGI-PGKIt
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Apa Xho
tHMGR-PGK It
pRS403-PGKip-ERGI-PGKI1t-TDH3p-tHMGR-

pRS403-TDH3p-

PGKIt SyBE 000923
EcoR Spe PCR TDH3p
EcoR Xba pYES2-
DHCR24-PGKIt
pYES2-TDH3p-DHCR24-PGK 1t
SyBE 000937 PGKlIp
TDHIp
SyBE 000938 SyBE 000939
3
1.5 DNA #&1E
[25]
LiAc B¢
PCR
1.6 FPREAE
30 C 3
ODgpo 0.2
30 C 72 h 1 000 r/min

Rx3 AHREIWEEITIEERLR
Table 3 Functional modules constructed in this
study

Functional modules Description

SyBE_000916 pRS403-TDH3p-tHMGR-PGK It

pRS403-PGK Ip-ERGI-PGKIp-
TDH3p-tHMGR-PGKIt

pYES2-TDH3p-DHCR24-PGK 1t
pYES2-PGK1p-DHCR24-PGK 1t
pYES2-TDHIp-DHCR24-PGK It

SyBE_000923
SyBE_000937
SyBE_000938
SyBE_000939
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2 min 2
200 mg
1.5 mol/L KOH
85 C 90 min
I mL 1 000 r/min
5 min -40 C
1 mL
50 uL 80 uL N- -N-

(MSTFA) 30 C

30 min!*”

1.7 GC-TOF/MS #&

(GC-TOF/MS)

Waters GC-TOF/MS (Waters Corp.
USA) 30 mx0.25 mmx0.25 pm
DB-5MS J&W Scientific Folsom

EI+ 70 eV
40 pA 50~800 m/z
250 C 260 C
(99.999 5%) 91 kPa
70 C 2 min 30 ‘C/min
250 C 10 ‘C/min
280 C 280 C 15 min 5 °C/min
290 C 290 C 5 min
2 HEREH
1
SyBE 000954 (YML
erg5::LEU2) SyBE 000916

SyBE_000923
SyBE_000955 ( SyBE_000954 HIS::
SyBE_000916)  SyBE 000956 (SyBE_000954
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HIS:: SyBE_000923) C-24
9 7-DHC
4

21 FEZFREZAHEBESEAINE

ERG6 YML
ERGS
PCR
ERGS
LEU PCR YML
SC drop-out
LEU
PCR LEU
SyBE 000954
BY4742
SyBE 000954 GC-TOF/MS

3

F4 EKARFIHERNALSBME
Table 4 Artificial synthetic cell obtained in this
study

Synthetic cell Genotype

SyBE_000969
SyBE_000970
SyBE_000971
SyBE_000978

SyBE_000956, SyBE_000937
SyBE_000956, SyBE_000938
SyBE_000956, SyBE_000939
SyBE_001344, SyBE_000937
SyBE_001344, SyBE_000938
SyBE 001344, SyBE 000939
SyBE_001358, SyBE_000937

SyBE_000979
SyBE_000980
SyBE_000987
SyBE_000988
SyBE_000989

SyBE_001358, SyBE_000938
SyBE_001358, SyBE_000939

7.00E+05
6.00E+05 F O Squalene
< 5.00E+05F B Zymosterol
g 400E+05F ® Ergosterol
S 3.00E+05
& 2.00E+05 FL
1.00E+05 ’—I—‘
0.00E+00 S . ! ) ] s .
LA S A P
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Fig.3 Comparison of product in different yeast cells.
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TDH3p tHMGR
tHMGR PGKIt
PCR tHMGR

SyBE_000955

SyBE_000954
SyBE_000955
3
SyBE_000955

GC-TOF/MS
SyBE_000954

(Squalene)
tHMGR
[17]
2.2.2
ERGIM SyBE_000923
SyBE 000954 SC
drop-out
PGKlIp ERGI
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TDH3p tHMGR
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PCR ERGI tHMGR
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3
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SyBE_000956

GC-TOF/MS
SyBE_000955

ERGI

(1] SyBE_000923
tHMGR  ERGI

2.3 SMNRINEERRIR 5 B2 £ 4 fn pY & EC
SyBE 000956
SyBE 001344  SyBE 001358
SyBE 000937 SyBE 000938
SyBE 000939 SyBE 000956
SyBE 001344 SyBE 001358
SC drop-out
DHCR24 PCR
DHCR24
9 7-
SyBE 000969 SyBE 000970 SyBE 000971
SyBE 000978 SyBE 000979 SyBE 000980

SyBE 000987 SyBE 000988 SyBE 000989

9
GC-TOF/MS SyBE_000969
4B 4B
SyBE_ 000969 22.62 min
7-DHC
( 4A)
7-DHC ( 4A)
7-DHC 8
7-DHC
2.3.1
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