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Abstract: Isoprene is an important precursor of synthetic rubber material. In our previous study, metabolic engineered
Escherichia coli strain (BW-01) was constructed and used to produce isoprene. Based on the theory of protein budget, using
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synthetic biology strategies including the increased copy number of genes and rare codons, we regulated the expression of

key enzyme to improve isoprene production in Escherichia coli strain. Under shake-flask conditions, isoprene productivity

of the engineered strain (BW-07) increased by 73% compared with BW-01, reached 761.1 mg/L. It provides a reference for

further studies.

Keywords. protein budget, mevalonate pathway, isoprene, Escherichia coli
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L[ fE 3 # Escherichia coli DH5afll 61k 15
FIHE. coli BW25113 WAL EMAF; WH
M VAR 12 il 4 % 3 B ) JBORE (R 1) BT T4
AT T — M3 R A R E#E, FEE. coli
BW25113 15 & W& H' & A pYESs . pSPMIc .
pBAD-S 34 JFUkE, LUK SN EM VAL 1845
FIABIKIGFF IR 73Rk . pYESsBURL %
A Tk A S 5 B [ /HMG-CoA & 1 I
(MvaE), WG (Mvas) 54> it 1 2 5
B pSPMICURL & A H BRI (MVK).
IR R IR (PMK) . —Wis F 3 i it
R (MVD)., S0 fE MR e (1di) 411
Mg IE N s pBAD-SFURL & A 7 1 0 & i i
(Isps) -

1.1.2 REF S5

GC S MHEIE ST (Agilent 23 H]); BEBE
W4 %% (% BIO-RAD 7 7l); Mulotifuge
XIR m#E VR EOHL (2E Thermo A F]);
SDS-PAGE HLJK{Y (£[E BIO-RAD A +l); Taq
DNA R4 . FRPENYIE (Ncol | Xho I 45)
I B NEB 23] ; Bofi 4 U0 & 5@ PCR ™
Wy R 6 B RN Rl & B Omega A F
AR Sy [ o Bt
113 BFESHEW

LB AR IR 3L 1%E AN, 0.5%BE1E L
¥, 1% NaCl,

[ A 5 5 O b 3R B4y PN 1.5% F 3

HEH

ZYHi IR B 1%E AR, 0.5%BERHE ) .

MOEFEHE (g/L): Na,HPO4 6, KH,PO, 3,
NH,Cl1, NaCl 0.5, MgS0,0.12,

1 000xfif #& JC % : 50 mmol/L FeCl;,
20 mmol/L CaCl,, 10 mmol/L MnCl,, 10 mmol/L
ZnS0y, CoCl, ., NiCl,, Na;MOy, . Na,SeOs . H3BO;
£ 2 mmol/L,

50x5052: 25% i, 2.5% %0, 10% 7
{(SL7

50xM ¥ W : 1.25 mol/L Na,HPO, ,
1.25 mol/L KH,PO,, 2.5 mol/L NH,CI,
0.25 mol/L Na,;SOy4,

1 mol/L MgSOy,: FRIt24.6 g MgSO,-7H,O
ddH, O fft, ERE100 mL, & HEKHE -,

Hi% S5 3 ZYM-5052, 7£100 mL ZY
BRI 2 mL S0xME#, 2 mL 50x 5052,
1 mL 1 mol/L MgSOy, 100 uL 1 000xf{ & It .
12 A&

1.21 PCR 315 B EE F B

LUK pBAD-S A, Is-FAIIs-RA 5|4 ;
pYESs N E1-FAIMs-R 54 ; pSKPMIcH
B, MK-FRAIMK-RAEIY) (#%3). PCR&A::
94 C 3 min; 94 'C 30s, 55 °C 30s, 72 °C 2 min,
30MEER; 72 °C 5 min. JIADpn T B LA,
THALIS 79 [BDI
1.2.2  H 5 A 2 B AH B R B B A

PCR 158/ 7=y Fnagedas,  FIAH R 9 B P
WUIEGEALFE, #2396 1 Wik, KA e R 34
IR PE DU BA Gk 2) #H L3 E. coli
DHS5ao JEZ A AN, X3 Ry A PE AR P
PR FoRE %, IRk R AE 1Ay TR AR MR
FARAFEMF
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*1 BATFARMARBIER AL
Tablel Strainsand plasmidsused in thisstudy

Description Reference
Strains
E. coli BW25113  A(araD-araB)567AlacZ4787(::rtnB-3), lambda-, rph-1, A(thaD-rhaB)568, hsdR514 This lab
E. coli DH5a F-, 80dlacZ AM15 This lab
Plasmids

pBAD-S pBR32, Carb’, P,.pap, Isps This lab
pYBIS-GFP p15A, Strp", Paapap, GFP This lab
pSBIC-GFP pSC101, CM', P,.a5an, GFP This lab
pABIA-GFP colA, Carb’, P,..gap, GFP This lab
pUBIA-GFP colE1, Carb’, P,apan, GFP This lab
pDBIA-GFP cloDF13, Carb’, P,.,5ap, GFP This lab
pRBIA-GFP RSF1020, Carb", P,.,5ap, GFP This lab
pYESs p15A, Strp", Parapap, MvaE-Mvas This lab
pYEI1Ss p15A, Strp", Prapap, *MvaE-Mvas This study
pYESKs pl15A, Strp", Parapap, MvaE-Mvas-MVK This study
pSKPMIc pSC101, CM', Porasan, MVK-PMK-MVD-Idi This lab
pASa colA, Carb’, P,.pap, Isps This study
pUSa colE1, Carb’, Pyapap, Isps This study
pDSa cloDF13, Carb’, P,.pap, Isps This study
pRSa RSF1020, Carb’, P,apap, Isps This study

&2 RATAMRIRRE N
Table2 Plasmid copy number used in this study

Replicon Copy number
pBR32 15-20
pSC101 ~5

colEl 15-20
cloDF13 10-90
colA 20-40
pl5A 18-22
RSF1020 10-60

1.2.3 AEIEHEMEE

e 4 ik, B& T 0 RIRBAR LR
E. coli BW25113 15 E &, 7€ Carb", CM". Strp’
B o w29 QR
124 EHREMFHERRE

MOBTEE - (Carb™, CM', Strp = $1) #k
B TE R, RN TS5 mL 3 4 B i LB IR A
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Regedtdr, 37 °C . 250 t/min PR¥%HEFE12h, R
R %R R RS0 mLAB SRR (F
Carb". CM'. Strp"—#1), 37 'C. 250 r/min T
16 h, #RJ517SDS-PAGEZ#T -
1.25 BEHREKNAEYEL I YNE

LR EFRERA C L 4000 r/min O I
BRIA. FIMOSFRIE (4% iz M) Ea, il
ODyoo=60. HL1 mLJin AT % % 3 EA 7T A= e
b, SRIGATRAM EIERI, DLS IR R bR
YE R e mbnifE . R 58K H Agilent Techbologies
7890A GC System IS4 (B i (L, % H: N
HP-55% phenyl methyl siloxan & #1: (30 mx
320 pmx0.25 pm), Rl &5 A KO 25 AR A I 2% 5
SAEEIRES0 C, HAIRE240 C, Kl g
280 C.
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#*3 AMRPERSY
Table3 Primersused in thisstudy

Primer name

Primers sequence (5'-3")

Restriction enzyme cutting site

Is-F CGCCTCGAGTTTCTACCGAGAACGTGAGC Xho [
Is-R ACCGAGCTCTCAACGCTCGAATGGCAGGA Sac |
El1-F CGCCTCGAGATGAGGAGGAAAACCGTTGT Xho I
Ms-R ACCGAGCTCTTAGTTGCGGTAAGAGCGAA Sac |
MK-F ACCGAGCTCTCATCACAGCAGCGGCCTGA Sac |
M K-R AGTCCATGGTAAATTCGTGTTTCCTGGCA Nco [

The bold sequences are the rare codons. Restriction sites are underlined.

R4 AR A R B EHE M E X AR

Table4 Srain names and the corresponding plasmids

Strain Plasmids Reference
BW-01 pYESs, pSKPMlIc, pBAD-S This lab
BW-02 pYEI1Ss, pSKPMIc, pPBAD-S This study
BW-03 pYESKs, pSKPMIc, pBAD-S This study
BW-04 pYESKs, pSKPMIc, pASa This study
BW-05 pYESKs, pSKPMIc, pUSa This study
BW-06 pYESKs, pSKPMIc, pDSa This study
BW-07 pYESKs, pSKPMIc, pRSa This study

2 BRE5440

2.1 MVA IRRE LiifmigBe s E 3w

S O AR BW-01 PR T/
ik MvaE S:[H (1) Rk &, ([F8A RGP, iR
P SCHRIRE A AR F AGA/AGG £ P&
HMIEEE R 2R AR B T a4 (R 3)
PCR 8% 2 1~ AGG i f1 % % F 1)
MvaE-Mvas 3K i Bt (£ 2 400 bp); MVK J&[A
F B (251100 bp), K24 PCR =% &,
JPa MR, R BT S L= RN T
Hl—3,

BT A #SF A MvaE-Mvas F Bt A
Xho I 1 Sacl WG U1 )5 43 Jll i % 3| 2k K
pYBIS. & 3A o, FEAFOR A Xho I il

Sac | M EFYI G 7=k 3 400 bp K/ 3 A F0
2400 bp B H 2671, RUIFRIRHARM E AL,

44 N pYE1Ss. K MVK JE K - BEAILGRL pYESs
H Sac I 1 Nco I AU Y] 5 i+ . anl&l 3B Fis,
FEAHFR A Sacl Al Neo I WEFYIE, r=4&
6 500 bp K/NIERAAFIZ) 1 100 bp 14 H 5574,
R R HE R, 544 pYESKs.

2.2 MVA &R T Isps dmhsBgE E £ A/

B

Rk pBAD-S Bk FIS |4 (55 3) PCR 3k
PR FRAT AT 1Y 1sps P B (291 700 bp, Kl
2); 4% Isps HE K F B Xho 1 Al Sac 1 XUV ,
I3 BRI [F] SRR A 67 U UK pABIA
pUBIA . pDBIA. pRBIA. & 3C fr~,
JECRE S Xho T il Sac T XUEEYI 5 , 74 3 300 bp

cjb@im.ac.cn
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bp

3000

2000
1500

2 MvaE-Mvas, MVK, Isps3 &R HE PCR
ks

Fig. 2 PCR analysis of MvaE-Mvas, MVK and |sps
gene fragments. M: GeneRuler 1 kb DNA ladder; 1:
MvaE-Mvas gene PCR products; 2,3: Isps gene PCR
products; 4,5: MVK gene PCR products.

bp

7000
6 000
5000

1000

K/NBYERAARFT 1 700 bp B9 H B, RIHERE
BRARKI LT, 75 45~ pASa. pUSa, pDSa.
pRSa,
23 BHAFESEMKNBESRIA

B T 1 R A Y B AL R AR
5231k 16 h,SDS-PAGE 43 #r 4 i on (K 4A),
WM T WA %M F S BW-02 W MvaE
(93.2 kDa) 33k B X A1) BW-01 [
WL, EBAASTURL pYESs b SN 5% B PR i il
AN MVK (48.6 kDa) (] BW-03 HHR1E &
3k BRI BW-01 B R £ R .

BLAE T Isps g 2t 3k B 2 (A 1) FE 4 =<
Wbk 2535 16 h, SDS-PAGE 43 b4k % @7
(I 4B), W7Ar Isps FEgmid LA (60 kDa) #iA
IR, HEARERAHEZES, HNE
EATDERAREE R Isps #K, XF

bp

4 000
3 000

2 000
1500

3 E|YARKRKI pYELSS(A). pYESKs(B). pASa(C). pUSa(C). pDSa(C). pRSa(C)HyE§HILEIE

Fig. 3

The enzymatic digestion of pYE1Ss(A), pYESKs(B), pASa(C), pUSa(C), pDSa(C) and pRSa(C). M:

GeneRuler 1 kb DNA ladder; 1: pYE1Ss digested with Xho I and Sac I ; 2: pYESKs digested with Sac I and Nco [ ;
3: pASa digested with Xho [ and Sac I ; 4: pUSa digested with Xho I and Sac I ; 5: pDSa digested with Xho I and

Sac [ ; 6: pRSa digested with Xho I and Sac I .

http://journals.im.ac.cn/cjben
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85
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kDa kDa

4 RELHEEE (A) MARTHEHAE (B) 5FRIEH SDS-PAGE £HE

Fig. 4  SDS-PAGE analysis of cells of different upstream vectors (A) and different downstream vectors (B). M:
PageRuler unstained protein ladder; 1,4: BW-01 total cell protein; 2: BW-02 total cell protein; 3: BW-03 total cell
protein; 5: BW-04 total cell protein; 6: BW-05 total cell protein; 7: BW-06 total cell protein; 8: BW-07 total cell

protein.

MvaE (93.2 kDa) 8 13835 77 A 0055 B2
24 BHEFESEWNEDEZLE N E

KBRS, BifSHRESSEA ™
SWHEARIE, 16 h JFUBERMA, H M9 HEFRH
(% 4% WA EE, B mL JiA T2 5 2 &t
AT AL, ARG B T AR I A6 ) S 1
TR, DARES S T O e AR
fb Bl R AR (B 5), WnfEaEs e,
MvaE fY ik & B g T R, Rl Bt o 5 156 — s 7
R R B3 T B A MVK B,
SDS-PAGE 4r#rgh R /R, MVK Z[H H &%
EEARAWHERR, EHRR G RRE,
BW-03 B #% (1) 7 ik 3 517.3 mg/L.

AR Isps Fggmtd 3L R A (F 6), T AR
BARZ R GO AF] , B AR 1Y)
PEDLECA X0, WeRik)E, Isps MiryRikE AR
HH R %S, (BX% MvaE (93.2 kDa) B8 1315

PRI R . A K B, pRBIA kL
YEH Isps it fith B A1 48 (A A S5 13 — s 7 ik W] 4
T AL AR AR, BW-07 B bk 10 7= 55 3
761.1 mg/L,

600
5601
520

A
%
(=}
—

BW-01 BW-02 BW-03

Strains

B 5 BHARELBEREBEEERNZK _G~E
Fig. 5 The production of isoprene with recombinant
bacteria harboring different upstream vectors.
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Fig. 6 The production of isoprene with recombinant
bacteria harboring different downstream vectors.

3 it

AR IET A BUEYE S, RAA R
A T B R BRI = S R TG
MR T I i, A% 761.1 mg/L.

S I AR A LA A A R R AL
W2, B ANEMVALC 842 A 2 i i 3 8] 4%
A RER A E IR T R RE, Hil
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| spsFIMvaEJE K 4 it (1) 2 11 5 #5A7 BH I 1) i 3%
%, T EARBUA IS IR A B2
WEFE R B AN [ ) 4 2 ) e R Ak F A X
(- BARAS I, A RE R B D e LA S A [i]
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