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Markerless DNA deletion based on Red recombination and
in vivo I-Sec | endonuclease cleavage in Escherichia coli
chromosome

Meigin Zhu'?, Jian Yu'?, Changlin Zhou', and Hongqging Fang®

1 Institute of Life Science and Technology, China Pharmaceutical University, Nanjing 210009, Jiangsu, China
2 Institute of Biotechnology, Academy of Military Medical Sciences, Beijing 100071, China

Abstract:  Red-based recombineering has been widely used in Escherichia coli genome modification through
electroporating PCR fragments into electrocompetent cells to replace target sequences. Some mutations in the PCR
fragments may be brought into the homologous regions near the target. To solve this problem in markeless gene deletion we
developed a novel method characterized with two-step recombination and a donor plasmid. First, generated by PCR a linear
DNA cassette which comprises a I-Sec | site-containing marker gene and homologous arms was electroporated into cells for
marker-substitution deletion of the target sequence. Second, after a donor plasmid carrying the 1-Sec | site-containing fusion
homologous arm was chemically transformed into the marker-containing cells, the fusion arms and the marker was
simultaneously cleaved by I-Sec | endonuclease and the marker-free deletion was stimulated by double-strand
break-mediated intermolecular recombination. Eleven nonessential regions in E. coli DH1 genome were sequentially
deleted by our method, resulting in a 10.59% reduced genome size. These precise deletions were also verified by PCR
sequencing and genome resequencing. Though no change in the growth rate on the minimal medium, we found the
genome-reduced strains have some alteration in the acid resistance and for the synthesis of lycopene.

Keywords: Escherichia coli DH1, Red homologous recombination, markerless deletion
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T 15%F K FF I MDS42, TRk B9 2E KR
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W, HAT T RN 22%K) KT E MFG-01,
PR ) A R R AT R AR B, A R AR
w1 L5 A%, RER RS T 2.4 1. ik
Hirokawa 2:Ph% W3110 JLH 48/ 2 2.98 Mbp,
iR P E R EN 2k S (£ B DS 2
X Ik [] 5 R e A — e SR A, RTREJE PCR ¥
W F B AR AR B AT

SRy Tk G E ) B DX A R R X 5] OA %R
AR, FRATTEE S T —FhH B TR MR k. Bk
T K PCR Y A& AT Cm-IS JF 51 AT HE
FEBSRARERA L, BFA—"1w4 4
VR LR-IS (FlG [V LR A PIME AT 1-Sec
YIEILL ) BIHMARTRL, S8R5 3Rk 1-Sec | NP
Tl U7) 0 AL A SR R i il ()RR 5 e £ A R
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Table 1 Strains and plasmids used in this study

WA ST M B . AR Y [F] PR
WV@E.%KAEﬂ@wLHWBﬁmAﬁ

o FRATINLFH L PR A e Xy 7 MK AR I DHL
%l@¢mL T 64 AR, F A
JrEXT KB R DHL JEPRI 64T T oI Mk,
MR 11 M EMFRIX (6. 12, 13, 27, 29,
41, 47, 50, 51, 53 F155 ZE X kM8 T Ak
PIZH I8/ T 10.59% A M8 % DH11, AH EJsihh
PRk DHL, JEDEZH MHDsi b i A K AR e A K, A
i fR BE S1 AT BTk 2E ,  FEXF T MLl 2 A9 A A AR TH)
A8

1 MRE5x®

1.1 E#R. BRR&34)

PRIRR S TR L3R 1, ASS0 2 A7 sl Ao R
g, WRRBIITIIERZE 2, hata PR
H W AR R BB A TR TR R IR 45 A BR
YNCIREgT

Strains and plasmids Relevant characteristics Source
E. coli strains
DHS5a SUpE44 lacZAM15 hsdR17 recAl endAl gyrA96 thi-1 relAl This lab
DH1 ATCC 33849. The genomic sequence is listed in Accession No. CP001637 This lab
BL21 (Al) F ompT hsdSg (rz" mg ) gal dem araB:: T7TRNAP-tetA This lab
MG1655T7 Derivative of wild type MG1655"") | araB:: TTRNAP-tetA This study
MDS42T7 Derivative of MDS42, a minimized MG1655, araB:: T7TRNAP-tetA This study
DHO06T7 Derivative of DH06 (Table 3), araB:: T7TRNAP-tetA This study
DH11T7 Derivative of DH11 (Table 3), araB:: T7TRNAP-tetA This study
Other DHXx series See in the Table 3 This study
Plasmids
pUCIS Derivative of pUC19 including Cm" with I-Sec | recognition site (1S) in its both sides This lab
pBRIS Derivative of pBR322 has a cloning site which containing IS site, Apa | site and Mlu I site  This lab
PAAGBE Derivative of pKOBEG™with Cm' replaced by Amp'". A temperature-sensitive helper This lab
plasmid expresses Red recombinase by adding L-arabinose
pKAISGBE A temperature-sensitive helper plasmid expresses I-Sec | endonuclease and Red recombinase This lab

by adding L-arabinose, Kan"
pAOC-GPS-CrtIB

The p15A ori plasmid including gps (multifunctional GGPP synthase), crtB and crtl This lab

expressing under control of T7 promoter, Cm’

pBRIS-XLR series

Derivatives of pBRIS, containing IS site, XL arm and XR arm. Also see in Table 3

This study

http://journals.im.ac.cn/cjbcn
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x2 KALWHEAASY
Table 2 Primers used in this study

Primer name Primer sequence (5'-3") Primer name Primer sequence (5'-3')
BC5 GTAGCACACGAGGTCTCT 50L17 CGGGGCCCAATCACCTCCAGCCTGAATAA
BC3 TACGACTCACTATAGGGAGA 50L2 CTGACGTCCGGCGAAAGT
ISF ACGATGAGCGCATTGTTAG 50R1% ACTTTCGCCGGACGTCAGCAGCGCAACCAA
ACTCCA
ISR GAGTTGGTAGCTCTTGATC 50R2% CGACGCGTCGCAGTGACCGTGAGAAG
51L5 TATTCGACCAAGTTCGCCTC 50-0 TTCTCGGCGGTCTGATTG
51L3" AGAGACCTCGTGTGCTACGTAATACGA 50-1 CCAGAGTCGCGTCGTTGT
GAGTGGACGGT
51R5™ TCTCCCTATAGTGAGTCGTAAGTGAGC 53L5 CGGGTTTCGCCTGTCTGA
GAAGCCC TATC
51R3 CTCCGATGCGATCCTGAC 53L3" AGAGACCTCGTGTGCTACTTCCATATAACG
GCCCTGTA
51L1% CGGGGCCCTATTCGACCAAGTTCGCCT 53R5" TCTCCCTATAGTGAGTCGTACCACCGCTGC
C AAACAAAGT
51L.2 GTAATACGAGAGTGGACGGT 53R3 ACTGGGCGTACCGAAAGAT
51R1% ACCGTCCACTCTCGTATTACAGTGAGCG 53L1% CGGGGCCCCGGGTTTCGCCTGTCTGA
AAGCCCTATC
51R2% CGACGCGTCTCCGATGCGATCCTGAC 53L2 TTCCATATAACGGCCCTGTA
51-0 TGGACGCT GCGGGATTTA 53R1% TACAGGGCCGTTATATGGAACCACCGCTGC
AAACAAAGT
51-1 GCTGTTAAAGCCGAAGAGTA 53R2% CGACGCGTACTGGGCGTACCGAAAGAT
13L5 TCATTGATCT GTAACGCACT 53-0 GTGGTCGTCGTGATGTAATG
13L3" AGAGACCTCGTGTGCTACAGTCGCTTC 53-1 TGAACGTGCCGACGGTAAAT
AAATATATGATGC
13R5™ TCTCCCTATAGTGAGTCGTACCACAGA 41L5 AACAGGAGGATGCCAGAC
GTTTCTTCTTTAG
13R3 AAACGCTATTAGGCAGACCA 4113 AGAGACCTCGTGTGCTACCGTTCACGGTC
TGTCCAA
13L1% CGGGGCCCTCATTGATCT 41R5™ TCTCCCTATAGTGAGTCGTAGCCAGCACCG
GTAACGCACT CTTACAGT
13L2 AGTCGCTTCAAATATATGATGC 41R3 TACAACGCACGCCAGAGG
13R1® GCATCATATATTTGAAGCGACTCCACAG 41L.1% CGGGGCCCAACAGGAGGATGCCAGAC
AGTT TCTTCTTTAG
13R2# CGACGCGTAAACGCTATTAGGCAGAC 4112 CGTTCACGGTCTGTCCAA
CA
13-0 C ACCATCCACG GACTGAA 41R1° TTGGACAGACCGTGAACGGCCAGCACCGCT
TACAGT
13-1 AATATCAGCCTCGCCACACT 41R2% CGACGCGTTACAACGCACGCCAGAGG
6L5 CTT TCGGGATATT GAGTGC 41-0 TGCCTGTAGCTTGCTCAAA
6L3" AGAGACCTCGTGTGCTACCCACGTTGC 41-1 CGGTAAGCCTCGCATCAA
GCTCCTCTT
6R5" TCTCCCTATAGTGAGTCGTAAGCGTGA 55L5 CAACATCGCCAGCTTCATC
TGGTGACTCGTT
6R3 GTTGCTGGTGGGTTTAGAAT 553" AGAGACCTCGTGTGCTACCATCATCATTAC
TCAAGGTGG
6L1* CGGGGCCCCTTTCGGGATATTGAGTGC 55R5" TCTCCCTATAGTGAGTCGTATAGATGTACGT
TGATATCGGTT

& 010-64807509
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“4R2

6L2
6R1®

6R2#
6-0
6-1
29L5
29L.3"
29R5™
29R3

29L1%

2912
29R1%

29R2%
29-0
29-1
47L5
47L3"
47R5™
47R3

47L1%

4712
47R1%

47R2%
47-0

47-1
50L5
50L3"

50R5™

50R3

CCACGTTGCGCTCCTCTT
AAGAGGAGCGCAACGTGGAGCGTGATG
GTGACTCGT T
CGACGCGTGTTGCTGGTGGGTTTAGAA
T

CACCAGGCCGACAATAGG

CGGCCTTTCCCATCACTA

GT GCCGAAGGAG TGGGTT
AGAGACCTCGTGTGCTACCACGCACG
CAGAAACTCC
TCTCCCTATAGTGAGTCGTACCCCACTT
ATTCGCACCT
CCGCCATAATCAAACAACAG

CGGGGCCCGTGCCGAAGGAGTGGGTT

CACGCACGCAGAAACTCC
GGAGTTTCTGCGTGCGTGCCCCACTTA
TTCGCACCT
CGACGCGTCCGCCATAATCAAACAAC
AG

GGCTTTGAGCAGTT GATG

CCCATTCCCACTTCGTTA
AGCTACGCCAACCTGTCT
AGAGACCTCGTGTGCTACAGTTAGCG
CTTATGGGAGTA
TCTCCCTATAGTGAGTCGTAATCAGCTT
GTCGTCGTGC
TAGGTCGGGAAATTGTACTT

CGGGGCCCAGCTACGCCAACCTGTCT

AGTTAGCGCTTATGGGAGTA
TACTCCCATAAGCGCTAACTATCAGCTT
GTCGTCGTGC
CGACGCGTTAGGTCGGGAAATTGTACT
T

ACTGCAACACGCTGGACG

ACAGGACGGGTTCGGAGA
AATCACCTCCAGCCTGAATAA
AGAGACCTCGTGTGCTACCTGACGTCC
GGCGAAAGT
TCTCCCTATAGTGAGTCGTACAGCGCA
ACCAAACTCCA
CGCAGTGACCGTGAGAAG

55R3
55L1%

552
55R1%

55R2%
55-0
55-1

12L5
12L.3"

12R5"

12R3
12L1%

1212
12R1°

12R2%
12-0
12-1

27L5
27L3"

27R5"

27R3
27L1%

2712
27R1®

27R2%
27-0
27-1

AT5

AT3

GACAGATCGGAATGGCAGA
CGGGGCCCCAACATCGCCAGCTTCATC

CATCATCATTACTCAAGGTGG

CCACCTTGAGTAATGATGATGTAGATGTACG
TTGATATCGGTT
CGACGCGTGACAGATCGGAATGGCAGA
AAACGGGTGAAGAACTACTG
TCCAGCCAATCCCGACAC

CCCGCACCATCGTTACCT

AGAGACCTCGTGTGCTACATGCCAGAGCA
AGCAATAAC
TCTCCCTATAGTGAGTCGTAGGGGTAAAGT
ATCAGGAGA

TCGGTGATTAGTATCCCATTA

CGGGGCCCCCCGCACCATCGTTACCT
ATGCCAGAGCAAGCAATAAC

GTTATTGCTTGCTCTGGCATGGGGTAAAGTA
TCAGGAGA
CGACGCGTTCGGTGATTAGTATCCCATTA
GATTCTGCCGATCCTCTG
ATGATCTTCGCCTGCTCG

GTTGAAGCGGTGGCAGAA

AGAGACCTCGTGTGCTACTGCATTGGTTTC
ATCCCTG
TCTCCCTATAGTGAGTCGTACATTACCGCTT
TATCCGCAA

CGCTGGGATGGTCGTAGTT

CGGGGCCCGTTGAAGCGGTGGCAGAA
TGCATTGGTTTCATCCCTG
CAGGGATGAAACCAATGCACATTACCGCTTT

ATCCGCAA
CGACGCGTCGCTGGGATGGTCGTAGTT

GGTGTTCAGCGATGTGCG
CGTCACCGTTTCTTTCATAC

ACTTTATCGCCATCGGTGAC

GTAGTGATGAATCTCTCCTG

*: The shadowy sequece is reverse complement of BC5. **: The shadowy sequece is reverse complement of BC3. #: the
underlined sequence is Apa | site. ##: the underlined sequence is Mlu I site. $: the italic sequence in the XR1 is reverse
complementary to XL2. X=6, 12, 13, 27, 29, 41, 47, 50, 51, 53 and 55.

http://journals.im.ac.cn/cjbcn
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XR53 (X K3 3 FA[AHE AT X 4 5) ; LA pUCIS
JFRL J bR, 1) BC5&BC3 H5|4), PCR #14
W &4 1-Sec | 324, Cm $ii1k H Bt BC, Xf BC
J BeiE AT Dpn | AL 35 BRER AR BLAR TR 5 DL XL
BC. XR AAL[#H, L XL5&XR3 A5|4), &
& PCR Y 4155125 2.5 kb AU T 41 /B XLRC (3
LI 1A FZE 3),

(iR ok A gt R 1B s, DA DHL
FEDI2H R AR, F Prime STAR™ HS DNA &4

EcoR 1
Apa l
Mlu 1. P al-Sec I
AN
'/ / rcp
Lm/ s PBRIS
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lPCR XR2
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e
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Fig. 1 Construction of targeting PCR fragments (A) and plasmid PBRIS-XLR (B).
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#3 RERMBREEAS LN ELFRX

Table 3 The 11 nonessential sequences in the Escherichia coli DH1 genome and their cumulative deletion

Deletion region/Length

PCR fragment in first
recombination

Strains after cumulative
deletion in order

The donor plasmid in
second Recombination

51 (3482313...3609066)/126 754 bp 51LRC
13 (850854...897880)/47 027 bp 13LRC
6 (246357...265152)/18 796 bp 6LRC
29 (1797471...1811875)/14 405 bp 29LRC
47 (3271785...3305875)/34 091 bp 47LRC
50 (3466141...3481012)/14 872 bp 50LRC
53 (3697930...3704311)/6 382 bp 53LRC
41 (2782237...2839088)/56 852 bp 41LRC
55 (3912835...4017200)/104 366 bp 55LRC
12 (747456...773166)/25 711 bp 12LRC
27 (1693213...1734787)/41 575 bp 27LRC

pBRIS-51LR DHO01
pBRIS-13LR DHO02
pBRIS-6LR DHO03
pBRIS-29LR DHO04
pBRIS-47LR DHO05
pBRIS-50LR DHO06
pBRIS-53LR DHO7
pBRIS-41LR DHO08
pBRIS-55LR DHO09
pBRIS-12LR DH10
pBRIS-27LR DH11

fiti, 3Ll XL1&XL2, XR1&XR2 K 5|44 1
L5 A1 R3"iti 43 57 45 Apa T A1 Mlu T B )37 55
() XL, XR H B, R Y 55551 A XL Y 1) A
3. AR XL F1 XR 3L, L
XL1&XR2 A514¥), HE& PCR Y Iy 1.2 kb fl
AR R B XLR, HUKEEI . ki pBRIS
FEDA R R B XLR 4e48 Apa I il Miu T %2
Y], P T4 DNA %% 3, F4k DHSa,
WA Tet (10 mg/L) itk LB SEAGGE, LA
5149 ISF&ISR i#47 [ 7% PCR HilE, Pkt it
B BRAE B R 2 w1 A UE, DU ) TE A 5T
$ifir 44 4 pBRIS-XLR (Z L% 3),

SR TR MRS R o AP T (] 2)

H—EA, AR pAAGBE AY K
MREEA S 100 mg/L Amp Y LB WA R; 35 5L
(10 g/L ZE MR, 5 /L BeEEMEEY), 10 g/L NaCl)
i, F 30 CHiFEZE ODepo~0.6, NIALKUSE N
0.2%F4 L-FT R PP BE S S 1 h il 5 o sz 2400,
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Hi G G AFTHE A Bs XLRC, 7€ Red [m]¥5 & 40 it
AT, WEH A 1-Sec | S8 Cm FrbE A
T AR IO 1AL A A TR TEE XL AT XR 2
[BIRYIXIFF1, ¥ Cm (50 mg/L) . FHEERX
[ PR SMIN S | 9 X-0&X-1 HEfT PCR %52, PH: 2%
WEh 2.3 kb PRAFBHME R, #7444 DH-XLRC,

S EA, K B TR pKAISGBE it
& i ki pBRIS-XLR fk#% % DH-XLRC, ¥k
Kan/Tet -4l . PRBCHR RS R FR. IRH, &%
B 5 mL A LB (% 50 mg/L Kan) k%5573
ODgoo~0.3 IFfIIA 0.2% L-Biliffikl, 4kedyiss
4-5 h, BSJEEBmFRE 1078 10°, Bt
PERY LB MR, LA X-0&X-1 5| ¥4 PCR %
., FHMEEAL N 1.3 kb, A B HZE Cm
WA LB A Tet W& LB ., KUE Cm M Tet ()
U o K PCR =ik b mt tp R M AE MR
ONSEINTY T30 A TR CRAE L AR B ) 3k it
¥ A 44k DHO1-DH11 (2 L3 3).
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Fig. 2 The schematic diagram of gene knockout.
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DHO08., DH11 Mt & #itk DH1 #:A LB K5 bk
WS BB ORI, R, FAENA
FREGA SR HOE R 41 DNA, 2410 5O Lk R
TSR /NI e S [ DS 2 o T D
CP001637 H &% )74,

1.5 HEHRE MO EFEFHEK
K M9 KigEJE (1 g/L NH,.Cl, 6 g/L

Na,HPO,, 3 g/L KH,PO,, 0.2407 g/L MgSOy,,
0.011 1 g/L CaCly, 4 g/L %4, 5 mg/L 4%
B1) #53% DH1 B #k M JLM sk 15 ¥k DH1-06 .
DHI1-11, $f 3o 5 35 57 B 53 ) % 22 2 30 mL M9
WigRLM 150 mL =AM, 37 'C. 220 r/min
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Fi3% . B 2 h BL—AE A ODgooo
1.6 EPRBY B

MRt B R AR ESEA 5 mL LB iRk
R EH, F 37 C. 220 r/imin 5535 3 h,
LB 3% 37 3 B 2 ODggo=0.3. B 1 mL f B )5
W, 4 °CEL5min, £ B, EARTTEH 1 mL
Ak LB 15953k (1 mol/L R/ LB 5537 5L
% pH 2.45) Hig& B RiXE T, T 37 'C.220 r/min
Ri g% 30 min Ji5 , B0 25 B EARTTIETR A 1 mL
LB KR Ay 2 Wk mJn ARDTIEA 4 mL LB
FFEHEEBE R E Y, T 37°C. 220 r/min
Hig% 2h Ji, M ODeooo [AIHT A AR AL AL BR A BRI ¢
XTI, DA B A R Bk TR 1,
L DH1 B REAY T FRBE ) MR UE (18R 100), it
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G251 M sk 7 6 F) R X TR R RE (L (DB INR
7N R BE 7 535

1.7 BEMLEBEK

R T RIS TT B FEEE LR A Rk
7%, BBk A BL21 (Al) LA TTRNA &
G R AIoE, #453% DH1, DHO6. DH11,
MG1655 Fil MDS42 [ bk 3L ZH | L BL21 (Al)
LR R, L ATS&ATS 5|4, F Prime
STAR™ HS DNA B4t T PCR ¥4, 35
T7 RNA RETRIATTIES Tet TRl S R B ARG
HiF% 2 Red HZ sz 840/, Jdxt Tet (10 mg/L)
rik LB SEMdfisk, PCR AL, 353 DH1-T7,
DHO06-T7. DH11-T7. MG1655T7 fl MDS42T7
2517 38

25 T AR LL FEARUE RN LR . P9 R I 1 AS [R]
WA AZL bR (05, 1, 1.5, 2, 25mg/L),
FE S ODgrs, I MLL R WRE S ODyrq (HY
PRETZE .

W5 HAT Cm Hi % 5k pAOC-GPS-CrtlB 434l
%Ak % DH1-T7. 06-T7. 11-T7, MG1655T7 FiI
MDS42T7 H, MR FAMLLR AR, &0
% pAOC-GPS-CrtlB [##k 3703 Cm #it: LB 5
Fedkrh, T30 °C . 220 r/min £ 35t B
WP ZE FM2GA Rt (15 o/L AR, 12 g/L
W EEHh R4, 3 g/lL NaH,PO,2H,0, 7 g/L
K,HPO, 38H,0, 2.5 g/L NaCl, 0.5 g/L MgSOy,,
0.5%Tween 80, 1.5%H i, 0.2%#Z%iHE, 0.2%
L-Fafhzfrom) o, PR R R it [ R i ODegoo=0.2,
T30 °C. 220 r/min 3% 12 h, ll5E ODggo 11 ,
[ I H 3 mL B 250 4 min, 2 B3, 3mL #
Ak EEE B3E; 0 3 mL NER, e ERE
55 ‘C/K RO E 15 min, 2.0 H EIE OD47,
BT, AR R i B T A £ R

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

J¥ CL(mg/L). T BN FAMLLE S Yse (Mylg
DCW), 8 2 2020F + Yse=C/(0.37>0Dgg0) (%
> ODeoo BT+ R 1Y 4H L T EE 29 R 0.37 g)o

2 &R

2.1 fHEE DH11 B9

X 3 11 AR X T 2L s AR AR
T MU DH11, SIS 490.8 kb, fii
PRI ZH 387N T 10.59%

R TR BAAZ )y 3k BT A sk b 7 [ VR X4
AR TESE U — 2 TOIRMER )5, #k 4 4~ PCR
FHPESCRE , XF PCR =4 1l 1y, & BRII8
PREE DR 0 7 [ X P 9 08 KRR

R Tk AR U A bk DHLL v 11 SRR
X B 25 Bk, B 11 X5 |9 i#k4 T PCR 485 HLTK
(455 DL IR ), A i ik DX 1) 468 5 0 2 I BH P 2%ty
24 1.3 kb, XF BB DH1 Pl X I B2 1978 10 kb
DAL, BT AZEAE TR 454 T 1 PCR 4734 4% o
Hp 47 X[RVEESNE1Y) 47-0&47-1 %5 DH1
B IS, AR R/ANKR T M &0, W RE
SEARRE SR G 8 SR A E Y 2 SR A E
] DHO8 & DH11 47 X8l Bk .

JE D920 F O A A 4 R K BT, DHO8 Al
DH11 4354 8 4~ Al 114148 & X I gl i B (14
4), SIEM KB ATE DH1 At K 4 )7 31
AP012030.1 fil CP001637 #A7HXF, A BIASL
B % R A7 1) DHL [& kK5 CP001637 AHALEE B .
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Fig. 3 Verification of the minimized strain DH11 by PCR. 1-2: primers 51-0&51-1; 3—-4: primers 13-0&13-1; 5-6:
primers 6-0&6-1; 7-8: primers 29-0&29-1; 9-10: primers 47-0&47-1; 11-12: primers 50-0&50-1; 13-14: primers
53-0&53-1; 15-16: primers 41-0&41-1; 17-18: primers 55-0&55-1; 19-20: primers 12-0&12-1; 21-22: primers
27-0&27-1; M: DNA marker; 1,3,5,7,9,11,13,15,17,19 & 21: DH11; 2,4,6,8,10,12,14,16,18,20 & 22: DHL1.
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Fig. 4 The comparation of the genome resequencing
results. (A) The reference sequence CP001637. (B) The
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genome-reduced strain DHO8. (C) The genome-reduced
strain DH11. (D) Lab strain DH1.
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Fig. 5 Growth curves of DH1, DH06 and DH11 in the
minimal medium M9.

150
51
g
= - T
N | — T
5100 T
=
8 *
E
B 50 H
[#]
I~
0
Q» D &P F S Q‘b °’ >
QQ*Q*Z*Q% R0 ~2~ Q* *2*

B 6 DHl REEREMBEMHENMERESD (5
DH1 4§, * P<0.01; ** P<0.03; *** P<0.06)

Fig. 6 Relative acid resistance of DH1 and its
reduced-genome strains. Comparing with DHI,
* P<0.01; ** P<0.03; *** P<0.06.
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Fig. 7 Lycogene specific production in the different
strains. Comparing with DH1-T7, * P<0.01; comparing
with MG1655T7, ** P<0.01.
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