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SUMMARY

. Title

Development of artificial microorganisms for future biotechnology

[I. Background

For the production of valuable biomolecules, many industrial microorganisms
have been improved using conventional mutation methods and simple DNA
recombination techniques. However, these approach have reached limitation in
increasing the productivity of industrial microorganisms.  During the course of
evolution, the strains being used in the bioindustry have exogenously acquired many
currently unnecessary genes, which were once needed for adapting to new
environments, in addition to the genes needed for growth. The maintenance and
expression of these unnecessary genes leads to excessive energy consumption and
production of unneeded by-products, which in turn reduces the cost-effectiveness of
the final product by decreasing the production efficiency of the microorganism and by
complicating the purification process. Although the existence of these unnecessary
genes was predicted, the strain improvement through gene manipulation has been
limited by the lack of information on the sequences and functions of the genes. And,
hence, metabolic engineering had to be accomplished by the reiterative trial and error
process which resulted in simple mutations, but not the elimination of the
unnecessary target genes.

The recent completion of genome sequencing of many microorganisms and
post-genomic research are accelerating researches in functional genomics. Therefore, it
is now possible to precisely identify, locate, and eliminate the unnecessary genes for
metabolic engineering and obtain new strains with the highest production efficiency
and desired characteristics. This research is aimed at engineering new microbial
strains containing a minimal set of genes, which will lead to construction of artificial

organisms with defined characteristics and higher production efficiency.

Ill. Objectives

The objectives of this research are the construction of an artificial microbial
strain containing a minimal genome, based on the completed genome sequence and

functional genomics research of E. coli, and the application of the artificial strain for



the production of valuable biomolecules and functional studies of other genes.

The 1st stage sub-objectives are:

(1) Identification and selection of genes that are non-essential for growth

(2) Development of techniques for the selective deletion of genes from the genome

(3) Construction of vectors for the targeting and deletion of the selected genes

(4) Construction of an artificial microbial strain library by site-specific recombination and
transposons.

The 2nd stage sub-objectives are:

(1) Progressive deletion of the genome by using the artificial microbial strain library and
construction of cross-hybrids

(2) Development and characterization of the artificial strain containing a minimal genome
(3) Introduction of metabolically useful exogenous genes into the artificial microbial strain
(4) Mass production of useful biomaterials using the customized artificial microbial strains

IV. Contents and Extent

1. Identification and selection of genes that are non-essential for growth

- Selection of non-essential gene by searching E. coli databases

- DNA chip analysis for E. coli genome

- Selection of conditional expressed genes on rich and minimal media with DNA
chip

2. Construction and analysis of new metabolic pathway

- Identification and selection of genes that are removable

and construction new metabolic pathway

3. Selection of deletion target genes

- Design and generation of primers for deletion of non-essential genes

4. Construction of vectors for the selective deletion of genes from the genome

Construction of vectors for selective deletion with Cre/loxP, Flp/FRT system

Construction of vectors for deletion for non-essential genes with

double-strand breakage repair system

Construction of vector for controled expression of I-Scel to cut large genome

Construction of vectors for homologous recombination system used for markerless

deletion and construction of vectors for negative and positive selection

5. Development of techniques for deletion and deletion confirmation of non-essential



gene clusters

- Development of markers, generation of primers, and construction of vectors for
deletion region confirmation and selection

- Establishment and confirmation of techniques for screening

6. Construction of genome library of E. coli for gene deletion by using transposon
- Random targeting with transposon. Construction of hundreds kinds of E. coli

genome library with marker for deletion of non-essential genes.

7. Identification of transposon targeting position

- Identification of transposon genome library targeting position

8. Minimization of non-essential E. coli genome by 20% and construction of various

deletion mutant

t

Deletion of foreign genes which are not essential for growth

Deletion of anaerobic respiration, LPS, and flagella-related genes which are not

essential in industrial usage

Deletion of paralogs

1

Construction of deletion mutant library
Deletion of 860 ORFs among about 4300 ORFs

V. Results

1. Selection of non-essential genes for growth

- Removable genes : Chemotaxis and motility-related genes, horizontally transfered
genes, and paralogs

- Unremovable genes : Replication, transcription, and translation-related genes,
essential nutrient transport-related genes, cell structure-related genes, and

ATP and production of reduction potential-related genes.

2. Development of techniques for selective deletion of genome

Development of techniques for selective deletion with Cre/loxP, Flp/FRT system

- Development of techniques for deletion for non-essential genes with
double-strand breakage repair system

- Development of techniques for markerless deletion

Development of techniques for bidirectional deletion using jumping transposon

3. Construction of genome library for genome minimization using transposon



- Construction of 500 library with loxP sites on the chromosome using transposon

- Combinatorial deletion with E. coli mutant library

4. Construction of targeting vectors for seletion and deletion of genome
- Construction of 35 targeting vectors for selective deletion with Cre/loxP, Flp/FRT

system

Construction of 10 targeting vectors for deletion for non-essential genes with

double-strand breakage repair system

Construction of 20 targeting vectors for selective deletion with Bacteriophage

Ared system

Construction of 20 targeting vectors for markerless deletion

Construction of 15 targeting vectors for bidirectional deletion

5. Minimization of E. coli genome by 20% using combinatorial deletion of
E. coli genome library
- 22% minimization with specific and non-specific deletions, and

various genome engineering techniques

V1. Potential value

The idea of developing artificial strains was proposed in the past by several
researchers but the implementation of the idea was not feasible due to the lack of data on the
biochemical characteristics, genetic information, functional genomics, and genome manipulation
techniques. With the complete genome sequencing of many microorganisms and the rapid
development of new technological breakthroughs, such as DNA chips and proteomics, the
foundation for the genesis of new artificial organisms has been established.

At the heart of the artificial strain development technology lies the selective deletion
of non-essential genomic segments and insertion of exogenous genes using the new genome
engineering techniques developed by our group. At the present stage, our research is focused
on the development of a new artificial strain containing a minimal set of genes for growth
and then application for the construction of customized strains. However, this system can
also be applied not only to other microorganisms but also to animals and plants.

Therefore, this research contributes to both basic life science research and application
research. The successful completion will lead to the development of new microorganisms that
will revolutionize the bioindustry, which will elevate the domestic research level to world-class

status and provide for a massive source of economic advantage.
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AAA A2 MEE AF TF] MLe o F3" Aol glort, 19999 v=9 #
AA AFAH(The Institute for Genomic Research, TIGR)2| =y o]jzx WE(Craig
Venter) A7} Abgtel sl9} Aol Amgl Fale welziols] vholm gzl AY
22l (Mycoplasma  genitalium)& o] 83t A2 dre oty FAS doz 109 U
S ATT VAT Craig Venters A4l Qeld 2 & FA4e £A71 g AL
vholmBelzol AVelGel 48070 §47 F ARGAO] WA °F 3006 A} FAx)
o 7152 B WA W, ABALD FolN oF BE FAAE o8I FAAE F
Yetol Mg FF selols Fxsins dgn sl

dAlel ATEAE e §AAE S ARgenA 494 2h0lN Bt
"ad Aad GRS et A7T FAGE FolTh BAA WAL YAAA o
FAAY N5ATFE AP FA0l, 2B FHATL Lol 2E FHE V=
Qe A"RR o], A2 AFFFY AzclE 4T Aol 2 Aoz 42

L e
>

Sk vlo]lmEEt=ulE o] &3 WS Adties A FAAES o]&3d A
93 = AP YA Foh I olf{e 5
© M2 AF3dF o] B3] bl

T NE AFAA o dhstol} ATk, AGAAM F7IML LS B LR
F2 ANE olg3e] A FFE WEeE ATE FUsT UA ok g YA}
St1) Bz AefAAE ARY DNAZIES olgstel F2xg), F2A8
AFsAL IAZ2E 2487 98 2B 584 HF(knock-out) A

)
o o
£
Sl oy

riz %0 i
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70| dFEF Azxel Bas sx4d sl A 53zt a3 ax9
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AAE AdEA Fez Aoz AA
(Genetic Analysis, 1998, Gene, 1998), & z|=
g & drgol Tl e FLEHA 7‘“1
ZlgS B "Qolth. sl B dyzlse] E d79 7wt Jle
o, dA 2 A7 F3A A XZU j&e TAH FEoltk
mepA AAFE ob AlwstA] e d=ZA diAEEs deaFe MEries &
3] st MEE AFFFE NEEA olF FAF £ T TERIIEE ]85t
hAbE e og ol gg I AIFTRG dXE TleNEE Sliele] AEEe Al
A 7198 Aot

r_<>.H

i
=

Ky

AT 4

A 3Ad 7= HA

sk A Bokdl A EAel o EHT Yk &F
3 §-EEAe A gloiq BPaF dAE

23 - AA9 o@gT L& oY BAS AL A gezd
138 galie ZxEe] A REHE A2 AFwE sfuol
AzFE ALl Bad ANGAA 2R71ed FAAS BAATE AA
2gHoz AANA A2 HAA

J

AFFE e Az oY Aol oA Ate] AP o ¢
T 2E3 AEA 57 AR 9 Al FAA 224 71&

33 @ oz A7E 3
2] E3tH T 214 719l DNA chip#}t Functional GenomicsE H] &g A H § o7 Fof
o &% LHoz AF AEA Ax EHTSL EE At o] g At

2 Aol et azste tArE g AT F 7}1”7]%«1 AL fFHAe] BH8
& FES g2 AASFAY, ﬂvri—r 1 Jag FAATSE &A% AES AE
AE e We 72X, @A 71&e g THAA AL Ao £ A
9 7l&2 e EE HEUAE ® 0}‘4‘1} T L8 § A AENHEY 7L
F HAAA N Ve AEII A ok g ol§E F U

T3 FHFE e A s AP e DNA chip ¥ Proteomics7| &2 o]
ate] Ad dAIEEE AFsHA s, ol A 8% 4 e=F DNA %

- 21 -



rotein ¢ l»—’—'- Oﬂ—_rl-o} Al % _g_ [ed
1
P Ht:ﬂ- L3} 37
P EO]I/]-
ote EH}\ o- .»]—Eﬂ

L SLA Wh

o ]
h ] _:Ié o]
] % T

2
21:p-)

of

o

)

bl

PESY
b o

Ay

A 3

o) g 7t

Ho

oy

® o=
;01_

=
tof =t

ol

TEE

o

233
}:] 6

Ho

A 7)1
J&s HAA

T R

o
o

Ao

- 22 -



7%I'

M 3

-1 -

- 22



A3 & dEsd s & 2ot

B odide g faAe JsdTs e H]”%Pﬂ@r(comparative
microbial genomics)& EWZ thAH Ao EHAS {FAAES Ao o AA
[e]

5l7) 9%k - 31A 24 7]&(genome engineering technique) & 7l'#ste] GAAHo2 O
T FAAE F2AA MEL 9F I} 255 MEstnA gso e ARS8k

A1 dgE s BRed $A4 A% 2 stal

1. DNA chipE °] &, ;ﬁzﬁﬂ"“’ﬂ AR Wd oY XA

gl oF 43000d7)¢] == ORFE A¥ w333 DNA chip® vl E 715aT 4
He EdE AT dolr Zdas fa4 LS Adstdnh of dgeA chip 4+
DNA¢} 23Rkg& & probess WiddS Fojd EAHzAstlAM wjgd & &9
mRNAE F&3}l1, zZtzte] ORFE A A)8tE primersZ o]-&31a] zHzbe] ORFe| 483}
= cDNA 2758 dAste] AbRagth Hybridizationghg F A 59}l 2}ojZ DNA
sty ol DNA chip analysis program-S ©]-8, &3 {dx}
o AAHN B FHA T B35t dohdn BHdE FAAT FoME I Ed
YEeg vla, B43gn B A8 E coli DNA chipe A Z3te] FH33= YE Takara
Apol A el 4TS A

|

chip scanner& ©of-£

2. FEA 2 HA2MAAN A9 A dd {34 G

WETE LB FFMA HamAMIEE M63)e] F w2z StollAf 0.2% X2
d7betal FFE 600014 069 grol B wiZhA wigstHch olFA wdE WA
DNA chip processE A ztze] T wXZAA HdEHE AT T3 XA
FA% 22 PASYG £ hFF AFVARE FRHE KA% 2 vt -

St 9).

HE &2 r‘#l ofl
2 oor to wo

3. AASRLA = FAAT A

nAE FAA £4 Databases}t 4]l AES vz AASHAR} T FAHAE
Adstdth $A-02 HouA] el ddEA] & AT €2 ddTe AHol
U T8 dY Aol Aol Y& Ao NFHBR AAWY FAA wozE AEsH

A T
oh 3 GGl A oA BEHA A FAAER AANGLE UNF3 olF Haw|
Aol 2R vindtd AARA FHAA F2 AEIYT. AT 9 stationary phaseol A
HH AL AE FEEFD Grkd A7l He FAXE ol 18 49 internet siteE 9|
&3t AANE FRAAE JdH3A
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A. Exponential phase

B. Stationary phase

1% 3. DNA chip ¥4 27 (43 2883 32 &4 LBrj=| 2} M9u| )
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E. coli Database ME de[MX

—Replication, trancription, and translation

©® Metabolic Pathway —~Essential nutrient transports and synthesis

(ATP and reducing power, eic.)

@® Sequencing Database

-NCBI, E. coli genome project
- AAIs |HX

® Genome and Proteome DB “Motility and Chemotaxis

—-GeneProtEC, Ecogene _Many transporters

E. coli Data Collection(ECDC) —Horizontally transferred genes

The E. coli index ~Phage-derived genes, Paralogs, etc.

Y4 AANG T34 Ad¥e A WA Database
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A 2 A FARE AaF AA7IE QD Targeting ¥ E A

A

1. Cre-loxP @ Flp/FRT excision system-& o] 83t §&A A A A a3}t Az

dhe 2] 9 2] Plo| A f-# B Cre/loxP site-specific recombination system2 & A&
Ao A 283 systemO 2, TR ek loxP site Abo]2] DNA fragmentE Cre
proteino] #8£3te] 1 RRuS At AEE G3F<Q DNA deletion systemo|t}. o] &
Al loxP site= rEte 5F @i zo] glojof EAE 4~ = AAHHE (suicide vector)
E ALgS] Aol A4 WE insertionstgth. 283l 5H-&E(B0T)9} tetracycline]
o3l Creo] @S xAse WHE Axsgoh. 28dtd dats £0AM CeE %
8 tAFEe fAM S loxP Abo] BES AAsTh EEIM # Flp/FRT
A" e Cre/loxP Al2="3) 22 28 d2]E AYI o] 22 BYez HEE Az
s oY 5).

o
o

2. I-Scel & ©]-4-3t Double Strand Breakage(DSB)E %53 {AA Al A

AT o] AAsA sts FAAY FELE] o
sites ELFEI AT targeting WE] K9 UF&o| cloningstgth 12]il I-Scel sited
A« @ Hrato] DSBS AetA ste A|FEAL [Scele #E ol cloning® ¥ tha
WE =SAA Edstdt. S8 E [-Scelo] I-Scel A F-$jo) 283t DSBE & A sHA
HW  targeting®  fAA  FEo], coningdlH =9T TIF KA FEH
recombinationg 4o A Aeid 27} AAHEE SJATHLH6).

1ME dRE I-Scel recognition

3. Markerless deletiono]] 2]3t A&l 2] {-AAF9 AA

g FRA 22 F dolle A AY F1A T A FIAAE AA}] Y
3la], targeting WE & A %3}l positive/negative double selectiong o] 83} &l
A= markerless deletiong F33gch. AAAeE A JEF FAA 74
PCRE o]&3le] 1 IdHE A E cloningdlith ol o] $DNA fragmentA}o] o]
Shibe) selection markerZ ¥4 cloning3l A th ©]2§ targeting W E S A] xprotein
o] glojof ZEF 5 Qe y-0riZ AL YE AdHE oot bty 7 @
THY = e SENPA AMAHEE targetingWEI 9 A =JsIAT 1HWH A
goz Aed g #Ax9 homologous recombinationo] Yoju} Meld {3
B

< AAND & AT

4¢ Y e lo flr

4. Bidirectional deletion2 %3t G A A A

WA FHAY Ao HA Tny §9o deaEL: Y *‘?’—-‘H Abolell Cm" #2112}
AU glE DNA BHE Tns A9 olgslel 4g@th 1 & Tnysel AEL
x Ugd WES clftel BEADG. T BATLA DALAE AA5el

SO L

d

¢
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Aol 29 PPog AWHUA NS AAG olw £AA AA ARE 4A W2
71 SislM, Tny 09 ARE 14 F9o] F wRZo] 4% WvlrQl sacB F3
Ao} tefR §RAS AANAG. o9 e WHoE PRgos FANE AA
sucroses} kanamycing 3@ AdujRoA st Ae Ak oW FHA A
AB Holol Qi FAASL Aol B4AA Aol ohjEz 4ol Bagle FuAE
o] AAD AT FAANE AZY 5 3

5 fRAA e AA A7 AME markers]F
O REY FAA AAE AATS Lo Z selection markerdl of3f AEF
o} olw A}gxlojd 4 9= selection markersZ2E Cm, Km", GFP(green fluorescent
protein), 183 £F LA HEE A3 o83 AAFHAN FHA FE
1 g< vgo® AZHE primerE 7FA T multiplex PCR
2 FYPstozH FAddta e FAAe @i vXe 43S DNA chipg o835t

6. Tn5& ©| 83 random targeting® & FAA A AL dlFd genome library7 =
BHeg fHas Bot Aoz g Aztd diEE AAS A FEo= o
A FRAAR loxP siteE: FAYZ oJg)Fulo] YYZ targetingdte] AT genome
library S %38}l targeting®d £ xS &AAH(1Y 8). Transposase’} <123}
transposon insertion sequences®] Alolol selection markere} 7| loxP siteE cloningd}
Atk Cloning® DNA ©#H-& in vitro’dol| A transposase$} HE-3-3}il Mg2+7} E A=
A AT YE electro-transformationste] F7A Aol ool Ao ArdstAh
Tn5¢] &) loxP7} 4] ¥ mutant $WE& AME3la DNA sequencing® 2 AH¢ ¢ x|}
loxP2] wW}gEg &9lsle] 50041%9] E. coli genome libraryE 7+53FFATH2E 9, 10).
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18 5. Cre/loxP and Flp/FRT recombination
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Homologous targeting

dummmm -

Targe;;‘;e\l/ec'ror HScel &
_ I-Scel ,
! t
i Recomblination
3 SEH RAH

Homologous recombination0fl 2| &
FEH R HOE Nt 4T

19 6. I-Scel & ©]-8-3F Double strand breakage

™5 cmt b P

n m

<= saCB toiR =3 ot K® Ko
\\éyﬂs YW med

M 24 FOAA 22

1% 7. bidirectional deletiong %3+ S-AA A A
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- R R
Genome loxP Cm'/Km"-
(FRT)

i Transposase

AN &
> <=
v <
/) &\ ﬂ ﬂ ‘{\ : =>: JoxP2}
Cm®/Km®
E. coliLibrary 1 E. coliLibrary 2 e
(loxP+Cm") . (loxP+Km")

¢y 8. Transposong ©| &3} loxP2} Cm®/Km"7} 2292 E. coli genomedl] 449
library +%
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E. coli genome library 1 (loxP+Cm")

library €]

¥ 9. gZATF {FAA loxPE X FsE Tns57F AYE
(TnKGloxP: Tn59] Km", GFP, loxP ¥ 3
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Lt
’lbjj- A, ; “\)1«.1
hix 3 0N
z02
3 ,
s RCOAS 2918
LSRN
REZFRANFRE - ;)l.’, O3B
ba
JREY bG48 w1029
b E It MG16S55::
b33s1 . COLL . bLrTe T oY
3152 &

> BL217 45
gt ToCloxP
_ - 4§ P i et et

o

E. coli genome library 2 (loxP+Km")

¥ 10, AT FAA Y loxPE X FstE Tns57F AFYE libraryd] 4 HAE 2
(TnCloxP:Tn5¢] Cm", loxP ¥3H. T ZF9] Tn5(TnKGloxP: Tn5¢] Km", GFP, loxP ¥
3} TnCloxP: Tn5¢] Cm~, loxP ¥ E. coli genomeol] A Y9 X|(blattner #)9} vk
(»:doxP AW, «loxP e g #elsle] zb E. coli genome library3d 2507) ©]/49]
mutant ] Z&.
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A 3 A YlFd genome libraryE o] 83 A3 Al A

LAA ddos RFE 4AAF AA B F

WA §BA 71584 41U DNA Chipg o83 SAzAs A el 443
F8&Edel Ak BHesiga  HA¥eE fFHA F& 0 P10 transduction,
Cre/loxP(Flp/FRT) recombination, I-Scel-mediated double strand breakage(DSB) system,
markerless deletiong o] 83} A ASHUT Transposons o] &8 A ZXH E. coli
genome library25-E Pl transductiong ©]83te 18 117 Zo] combinatorial
deletiong 33t B2 Q3 FAA7 A AE E. coli genome deletion libraryE THE
th AAE S-S zte WATL Fo]A selection markero] o]&] MElEojx]3 o]
@ Aee) os) BRE dAwe AAE A4 ol golE 44T & de BF2 7

Fatatt. AesE FARTFY AlAHARE 3<¢1e PCRY} Southern hybridizationg ©]-8-3}

2 $8aF FARE AUn A AFF FIAS A ¥ AA

s & Cre/loxP recombination system$ ©]43le] Bda% FHAXE AYi A
= AT AN A BES AAsSIHT oF 100kb =719, §3A argFollA hemB
Abolo] HES A ASIHTE targeting 3liAl 3l ¥-E9 DNAE PCRE F 33t gene
targeting vectorZ | %34t} homologous recombinationg o] &3] thAw /A ol
targeting vectorS HZEAZATHIE 12). P1 transductiong %38} ztzte] targeting®
gene U] loxP siteS 3l}e] §A4 W2 LAY 13). F22E EFAFA(CT)S
o] 838ty Cre 9l A-e W sle] hAA §AA Y A BEE AASFATHIE 14).

3. obv:et FAZARO AAR FAA o AA

obpliale FASEHE W Uz} 2vlse] F4 dAAR 2 FHow 7%
M, e U Az ddsiol BRAE g45n Yol Ut BF 4L old
o @A ofuledt §4 A2 AAR wEE B ANE dA 584S 7R, aa
A RN QoI BPAS HE 5 QA B

e A O}Uli” S BHE RS
o #¥g FHAAE AAsE BHAAM Lol
vt A AR T AR diabel FE FFe did £40] JhsstAl HA
o, opnleat diabe} WA E e Aele A Sgael AN T ol E wolA HAUTh
FHo g2 2070 ofueat A ARIF BT AAH, B dedtd AERE b
nAES B, BEHQI tAtE Q3 duA] A¥ZE gla, 54 dA B F
4ol 7bestA Atk = dastE dA AR, /8 22 Adkelu diAb 24
A% 54 diA} ARE EUFoEN, A Aatolv Ak A7l loiA backbones A
A 2 Aeolo.

obmliat A
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4. Biofilm A gHAl #AAHE |AA 9 AA

s vAE TR ﬁ—ﬁ‘—ii wo| AL EE WATOERE, olE biofilme] TRE
g gste %é]“c‘«] § #HAste genee g AAFLEZN NMELE ATTFE Ndsin
X} 3}9\9\5} o] T+ biofilm -’] gAgol Ui F 4" oFYdH tE, FAAY inducer

g zloltt ol 434 dAkdAE

Screenmg/q backgrounde FAFE AT8S T Aoy, YA AN A= biofilme] Ao
2 Qs 7A9 9 dE=g g ©l AL %ol inducerZ2% & 9] induction
yield& 4A 3 & AolW, vz Euge AxgEe A AdE 4 F 9 g2 vHE
of iR Zol EAT F JY=EF I = Aolth ol AL A= o AL HEoR O ¥
< AMAES BEARE AS vtsA @ e JioEn

Deletion targete. 2@ AAE FIH csg FAAT, wea FRAAE, fim FHdA o2 Z¢
Zt curli, colanic acid, type 1 pilie] AgAe] #HAH FHAAE|G BT 9 biofilme]
FAgdl oM o5& 7z, curligl type I pilivc EZ XWA RAELY B3I 52
oA g n) B R Hag AoR HiEo] $3l, colanic acide ©o]FA d2E
Atolatelo]l F7HE Wl e ez 4EAd fgnh olE #AAT F 345kbe
markerless deletion systemS o|&3le] AAFHAHT, 1 A} biofilm FAJo] A==
Aol FIHAHTH 16).

—

5. P1 transductiong o] &3 dA Ao 2 $AA 4" dAFA =2 =

A F1AAY AAHAZ Qo]A deletion mutant?] deletion 95 3hue FAAZ
Fo}l E. coli FAAE =4A7)7] 93t Pl transductionS AHESIE T A AHEH FEE7]
glo] Z3L sty Hod A9, 7t A A A deletion mutant?] dFUE recipientZ
A3 © 2 FFE P1 phageZ lysisA|7l & tranductionA]A F 7Y AAR #{ 241} T2
hbel Aol TSl S stk oy WS vhE dAX R AT FAA

£ 22AAHIY 17).
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E. coligenome
library 2

E. coligenome

E. coligenome library 1

E. coligenome

library 1 library 2
Genome .
. P1 tran‘fductiong , Pt tran‘ls:ductlon |
@ Combinatorial deletionQ
| Cre¥® Vcrews

Q Cumulative deletion J

v

}/[}:onPsh‘e SRR BY Og@ﬁ|§¢

1911, E. coli insertion genome libraryE ©|-83F combinatorial deletion
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A) B)
Cm*Km®

y-orf foxP
Chromosome - v
" R argF region hemB region
loxP >

Chromosome Cm™/Km®

18 12. PCR-E ©]&3F homologous recombination®] <1
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A) 4 B) C)

12k 10.8kb
TN
Sphl Sphl EcoR1 EcoRl
| | ! | 12 1 2
MG1655 8rgf hems
. 10,8kb—- 4
Honmologous Recombination 12kb i
P1 Transduction Kb — W 7.3kb—  e==
6.5kb— ol

kb

6kb
——— r’\\
Spbl : Sphi

MGCKah
q foxp Km*

EcoRI EcoR1 EcoRl
7.3kb 6.5kb

19 13. Southern blot analysis& ©]8-3F P1 transduction® F3F loxP site®] Hg &<l
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A)

4 &OF JoxP Cri® argF  lacoperon  hemB /oxP Km" hemB

=

~100kb

Cre Induction
with ¢Tc

AR
= argF  /foxP Km" hemB

~3.9kb

¥ 14 A =1 A A (argF-hemB).
A) Ad +# = lac operon— o] &3+
A FAA A A2 color selection, C) PCRE o] &3 FAx & A|A &
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operon® 12709 ©d HFARZ AA 70kb)
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% 16. Biofim #3d §Ax7F gAY mutantE 2l biofilm AAZ. (10 MGI655 wildtype; 2
curi®d F427F AAE mutant; 3 colanic acid ¥# FAx7F A A E mutant; 4 type I pili

A3 FAA7E AAD mutant; 50 curli, colanic acid, type I pili7t 2% AA ¥ mutant.)
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9 17. P1 transduction®] 93t £ st FAA Y SAH AA
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Al 4 - JQedFdF dAEzE B4 2 AAA

L AAR fAAE 2 dAESe] A2 24 2 A4
BAM o R §AA} 428 BT ALAEE B HauAelN Hasn A4EE
b omE A degow Musgt $4E AFURFFY YABE D flux analysis
DNA chip ¥ A% E4ux 2004 AFhgTe 4% 715 BA5e =4
23 4ol AFHES ALAs 20A AFHT

& THHES Hck

=
=
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Ml 4

A 1A A=

R} Bz CbA
o AL

 —
= o -

ol 3}y
= (S

=oroi[e] 7|0 =

g4 E

folr 1

w%@%mME
(@FAYA G 7
AFEF)

g4u &

=63
=(%)

-DNA chip& o] &3t HHIY &
-Chemotaxis % o]% %Ed FrAA,
Az}, 98 A}, paralogss S
Aol EZagh %@X}i AA7VsE F&

LN
A=
24 A

u] xyg_

100

loxP9} selection markerE A AT F-AA K9
o] Arelstar P1 transduction® 2 F 7] ¢
loxPE 3o fFAAZ &7 FH Cre T Y
ZAA dyo g F JoxP sited] ¥EL A A
3t 7]14(deletion mutant A|Z7]€) A

-DSB(double strand breakage)E o] 8§ A
Qo AuH AANE ML

-Counter-selection markerg ¥ 3$}sl= #HHE
A AYE A =98 AR marker
7 @A A FAAY RES AASsE Ve
7l ¥ (markerless deletion).

- AA WollA jumping transposon® 2 |
£ o AAsL, AETATE AE 5
AAREE Flste 7N
(bidirectional deletion)

100
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Transposons ©] &,
A HAg
23 g4

genome library &) &

-Tng o] &3 loxP sites FAA o 4+ g
library 2 50007 73 (19 8, 9, 10 %)
-E. coli mutant libraryE o|-&3}o] 233

£ A A(combinatorial deletion)E 43}

100

T4 AA FE 2
2 A A Fas

targeting 9 E] A 2

-Cre/loxP, Flp/FRT A]2:d] o]g-of HQ3t
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@ Large deletion regions

60kb

100kb
E. coli genome
4.6 Mb (100min)

@ Additional specific deletions

Anaerobic respiration pathway: 62.2kb
Core region of LPS: 15kb

Biofilm formation: 21.3kb

Flagella and Chemotaxis: 45kb
Amino acid biosynthesis: 70kb

a9 18 tigde Bdad A AA B9 RAEAW A 2 5ol 84
A A)
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Z 7l s g ® 32 7| b @
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1 |A b t ~62.5kb
NAGToBIC respirafion hybGFEDCBA, fdhEDfdolHGfdhD,
nrfABCDEFG, frdDCBA
C I harid
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3 |Flagellar fiYZACDST,fIhACDcheYBRWA, ~45kb
fIEFGHIJKLMNOPQR
. e . leuLABCD, iMHLGMEDA, trpEDCBA,
k) ? ~ k
4 |Amino acid biosynthesis hisABCDEGHI, aspC 70kb
Enterochellin entDFCEBAfepAECGDBfes
Betaine, choline betABIT 237
cyanate catabolism cynRTSX genes
lactose lacAYZI
nitrate reductase na’VWYZU
formate dehydrogenase fdnGHI
multi-antibioticresistance marBAB,emRAB
maltose PTS system malxXy
5 \lron-dicitrate transporter fecEDCBARI ~85kb
D-glucurcnate catabolism uxuABR
aminobutyrate transferase | gabDTP
glycine proline transport proVWX
propionate degradation mhpVRABCDFET
taurin biosynthesis tauABCD
molybdenum catabolism modEABCD
O-antigen biosynthesis rfeglfrfbXCADBgalF
arabinose catabolism, etc. | araCBAD, etc.
6 |Phage derived genes ~45kb {41 genes
7 |Scattered genes ~326kb 304
genes
i 361
8 |[Functional unknown genes ~390kb
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Total A SEH el 22% M7 -1 mp | O
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