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Escherichia coli harboring pAC-LYCO4 and pDdxs was used for lycopene production. Three wild type strains of E. coli OWA1,
MG1655, and W3110 were compared with DH5a used before for Iycopene production. Lycopene productivity of E. coli
MG1655 was similar to DH5a and the highest among those wild type strain. Therefore, MG1655 strain was used for random
transposon and NTG mutagenesis to increase lycopene productivity. Through transposon mutation, five transposon mutants
with increased lycopene productivity were obtained. It was found that genes knocked out by transposon insertion were treB
in Tn1 mutant, B2436 in Tn2 mutant, and rfaH in Tn3, 4, and 5 mutanis. Lycopene productivity was the highest in Tn4
mutant among the Tn mutants, which was 6-fold and 8-fold higher in lycopene concentration and content, respectively, in
comparison with those obtained with wild type strain. NTG4 mutant was acquired with NTG mutation. The highest lycopene
productivity of 6 mg/L and 4 mg/g DCW was obtained from the NTG4 mutant when arabinose of 0.013 mM was added for
induction of dxs, rate-limiting gene of MEP pathway. The lycopene productivity of NTG4 mutant was increased 18-fold and
12-fold in lycopene concentration and content, respectively when comparing with the wild type strain.
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Table 1. Strains and plasmids

Strains Relevant feature Source or Reference

£ coli DH5a F (I)SOd_lacZﬂ Mi15 T 1 (lacZYA-argF)U169 deoR recAl endAl hsdR17(tx, mg') phoA
supE44” thi-1 gyrA96 relAl

E. coli OW1 Wild type
E. coli MG1655 Wild type
E. coli W3110 Wild type

Plasmids
pDdxs pBAD24 derivative; Ppap, E. coli dxs gene (11, 12)
pAC-LYC PACYC184 derivative; Puc, Erwinia herbicolor crtE, B, I genes (12)
pAC-LYCO4 pACYC184 derivative; Puc, Erwinia herbicolor crtE, B, I, ipiHP1 genes (12)

1-deoxy-D-xylulose-5-phosphate (DXP)
l ispC
2C-methyl-D-erythritol-4-phosphate (MEF)
l ispD
4-diphospho-2 C-methyl-D-erythritol (CDP-ME)
l ispE
4-diphosphocytidyl-2C-methyl-D-erythritol-2-phosphate{(CDP-MEP)
l ispF

: / 2C-methyl-D-erythritol-2,4-cyclodiphosphate (MECPP)
v .
Pyruvate l ipG

\ / (E)-4-hy droxyl-3-methyl-2-butenyl diphosphate (HMBPE) ispld
i
i - }

IPP(isopentenyl diphosphate) #—s TPP(isopentenyl diphosphate)

/— Glycolysis —w

Glucose

Glyceraldehyde-3-phosphate 1

ispA

Geranyl diphosphate (GPF)
ispA
Farnesyl diphosphate (FPP)
etk

Geranylgeranyl diphosphate (GGPP)
l crtB
Phytoene
ertf

Figure 1. Biosynthesis of lycopene in E. coli. Lycopene is synthesized via the glycolysis pathway for glyceraldehyde-3-phosphate and pyruvate,
the MEP pathway for IPP and DMAPP, the isoprenyl diphosphate pathway for FPP, and also via the foreign lycopene synthesis pathway
composed of crtE, crtB, and crtl genes.

(geranylgeranly pyrophosphate) @ phytoene-S HA THEo]%l (crthe) A 7}A €AA7F 2234 HohFig ). B =&

7). PPE duiF oz P Fo|E MEP (methyl dre golad A} FAX7E =HE AxFE fFdE
erythritol phosphate) 72 &, Z3] &)= mevalonate 7% glojzE IS &HAF17] 98] transposon ¥ NTG
2E B3 TEAAY, dAALASZ A 3h= ubiquinone (nitrosoguanidine) EdWo] WS o] &3P, o]H FF
o)1} menaquinone, M E® FA L3 dolichol A 3 4ol Wy o] AFE s o83 FFEAFE W
BFAR AFEHo] HTKES, 9). ] 2tar & MEP Wi gEo g&30R golzd 1AMY dFE N
Z 2o M = glyceraldehyde-3-phosphate §+ %-2}9} pyruvate ed A48 4 dSS AAsta Atk

3 27 Adete ££9AE 28 A dis (deoxyxylulose

phosphate synthase) 542} % ispC, D, E, F, G & ispHE

AA PPE TETHS, 10). AT o|FA TS IPP ’ M= A LY
g AA4eA 2 AEY FAS I8 FPPrA 2R

b, dholzsEl AEAd Q3% FPP o] AZE 72ty YA EgtAanie Y HH%RH
o2, golzadl AFALE YAlME GGPP synthase W Zglau=E Table 16] UrE}LHO*E}» mE EH 1
(crtE), phytoene synthase (crzB), phytoene dehydrogenase 7 FF¢ Hjeke LB (Luna Bertanii) B}, =+ L
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A A AN FPEAt. HE FAYAZ A ampicillin,
kanamycin 2 chloramphenicol S Z}z} 100, 25 2 50 pg/ml
o FEE PR orm, pBAD24(11) Fehawl =] Uigh
F=E29Q arabinose= B9 &33P0 Fo 7143 &

of we}h FoEgnh

Transposon S0

TAE 535 600nmo) A 10744 g3 o 1 mld
3 FAE Qo] 10 mM MgSO, 400 mlo) #ehst & o]
F 50 e whgol AME-E Y A Fg A v
o}A] A:TnphoA’-4(13)E 10 plE Wi 37CoA 30837 v
¥ A7l & 10 mM MgSO.7} -2 LB #j =] 300 pg 3
7¥ta oAl 37ColA 241 AT WS & LB
WA 2 23 A3 I kanamycino] 25 pg/mle FEFE F
e LB & nAwiAY] Z=wstyen, FEUst ye
Sl LB WA 2 d= - 3t wolx] glolreE gt
g0 70T Bty A3

Inverse PCR ¥ Y7|Mg 24

Transposon o]z #lo]B @)z A A glolmH ko)
F7H #E vk & FAE do] tansposon (Tmyo] 44
o] = A DNAE FE3}Q3, o& Tagl AFEAL
2 738ty ## X DNAE PCR purification kit (£HE
(&), WDE ol 83k] AANATG FAT DNAE 343
o] ligation ¥H-3-& F88l7, o5 FH oz 31 TNPO ¢}
TNPI(14)Z primerE 3}4] inverse PCR-E +3)3l%t} PCR
AEL FAF T TNPOZ primerE sequencing ¥H$-& 4230
}3L ABI 3100 genetic analyzer (ABI, US)Z o] &3l 7]
AEe AAIPYen, NCBI database (http://www.ncbi.
nlm.nih.gov)9] o7 MG1655¢] G A F7IXd3} v}
o Tno $1XE Fstgdch E444 DNAS &, AFaL
2] =& Sambrook J. E(15)0] HAH v wla} Z=a)st
gom, vy DNA9 AA|, ligation ¥ PCRES LAE)
o AFE A&t FYsA

NTG S¢t0|

NTG (Aldrich, USA)= 100 mg/ml= acetoneo| £3fA7]
Z1& sodium citrate buffer (pH 5.5)2 F A sl ALt
THAE FF= 600 nmo| X 1.070x] wjkd Fo 3 m&
o AAE d& T citrate buffer2 23] A A3t THA
1 mig] citrate buffers] Heslgct. 74 @=Ao 1 mgml
2 3 4g NIG §94¢ 50ml Y1 & 41& Fd 37T
A 2087 W F O ESoAM YZAHY FRE Wzhd
S-S AHEYsI] FAE ¥9en, 0.1IM potassium
phosphate buffer (pH 7.0)2 23] A3, AE 1 mlY =
Q bufferz AUENAT. NIGE Az A Ao
Y buffer2 3X3te LB 3H wAujA o] ©23 £ 3
TCAAN W3 el

P1 Tjojx| HA=Q
ot F2E FFY Pl sopx] §7EAL W57
98] ztzte] FFE 10 mM MgSO:9 5 mM CaCl7} 34
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LB % 3 mloj wjggk F, 60 ule] PL stopA & A7t
st @A77 808 WA oF A A W &
A7t $4AS] £TFHAL W, chloroform 50 wlS AH7}sld
A R T YARE d9 1 AE2AL 4T B#AdH
AHgstgth $8 AXE F3E 600 nmol A L074A] Hi %
3 & de FAE 400 o) 10 mM MgSOs, 5 mM CaCl

_T;‘_
=5
F de
o] 34

z

F8 fdo dgsy, o] F 100 pE FHpoq &
A Z6)3 7 g5 Pl $7F4E 10 ul FrEsiA 30T
A 3087 v A A v 700 ple] LB Wi E A7}
3ol Al 30CAA 1087 LXF F 50 mM sodium
citrate buffer (pH 7.0)2 23] A& 3] LB &3 1A uj) =]l
=43 5 37T A w gt

2lo| Mo £& I B4
AE WFY 50 mlE 10,000 rpmol A 387 AAEHT
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AFA AZgol V53 Ul DHSaeh ghojzmsl At
A AZE LB & 2AA oA Z2Y Ao
vlastgeh o)A Fa2He] MAEAR o)A A
Aol HlE A F2UY M He S gHA "ot 1
A3, w3110z OW1 #5-9 #o]=3 442 DH5a9)
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AF7E &l Wk ol golzA AYAEE ¢
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AT SFaFE AAsA

O

X rer

Transposon SXHO|E &8 20|2 @ MM B

&7 MG1655 T3¢ 4414 DNA o &EAsle &5
A FAAY J5o] AAHRE W FojmA Ao F
71EE "WHolAE Awdlr] 98iA] transposon EHWo|E
4815t 9ct -4 transposon (Tn)Ql TnphoA-4°7} &5 HF
o] 47 DNA vol 2A9I2 498 oF 25000 A9}
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ojA] etolE e eE AZ3IGATE o] ol o]z
A FHZ 4 pAC-LYCO4 Zetan|=8 w9591
3 uAuR e F2Y M2 vuidoTR ofld
@5 F2EY 4250 o 1 F& 4L gs 299
ojA 14 FFE 12 Ay

Table 2. Comparison of lycopene production between different strains
of E. coli

Plasmids DHS5a oW1 MG1655 W3110
pAC-LYC ++ ++ ++ +
pAC-LYCO4 +++ ++ ++ -
pDdxs/pAC-LYC +Ht - 4+ +
pDdxs/pAC-LYCO4  +++++ ++ +4+++ +

* The "+" signs represent red color intensity of colony and the ”-”
signs indicate no color.

Lycopene concentration (mg/L)
Lycopene content (mg/g DCW)
[3°
T

Wild Tnl Tn2 Tn3 Tn4 TnS

Figure 2. Comparison of lycopene production between Tn mutants
and wild type strain of E. coli MGI1655 harboring pDdxs and
pAC-LYCO4. Lycopene concentration and content were indicated with
white bar and black bar, repectively. Culture were carried out for 24
hours at 37C in LB medium containing antibiotics (100 Ug
ampicillin, 50 Ug chloramphenicol, and 25 |ig kanamycin per ml) and
inducer (arabinose, 0.2% (w/v)).

12 AdkE EdwolA o Tn ¥95 FASY ol
98] pAC-LYCO4E 343t= 2T MGI655 b4 s 7
Foll §AA golzuA MY S/ 2UER FAHEA
BIFo TN HEROZ 52 Tn SoMo|AS Aut
&4t} (data not shown here). ©]& Tn SHMo]H | MEP
AR &&UA FAR dsE Ze pDdxs ZEATIEE
F7hE =Yeta o d MGI655 AjE2F FF9ke gelx
A AL s ATHFg 2). golzd AT #H
W B Wold EE Tn EdWolA|7} opd
Hla|A 28 o) =T, E3 Tnd WHolx9) Aoe 2
olzZ# AL ovl, #A Ul FFE TR Y =R
go|ZH 2 wA Yol FH=H= %Z‘:}i AE FA ol A 9]

J 9S 18T o] =2 FA W FFL
aFNFY Fa3 719 st %EP Tn Aol 23
g FAAE setaty] st Tn W Ao @A
DNAE E3 Zo| Sau3Al ¥+ Tagl AF 5402 Ad

mlru

0

S selfligationd| A4 A& WAL FHoz aha
4989tk 1 Fol PCR AEe] A7IM
S 7ZAA3l3 NCBI database Ate] thadd MG1655 H59]
4 ﬂ @71 ge Blawste]l Tnol A€ FHAe] A
2 34t 2 Z3, Tn3, Tnd, TnSe rfaH F3A}
(transcription ~ antiterminator for polysaccharide associated
operons) 9]x] o], Tnl2 treB +Z A} (PTS system enzyme II,
specific), Tn2& B2436 f% 4?(]— (putative
multimodular enzyme) X AYEH o] ASS A3HT
o5 faAe A5 ) EA BA 2ol A
Z30) Qe HAEAE A7) 47 ggon), ®
Z+9] transposon &AW )& %Z‘fﬂ A 710 Bavh HA &
o golzal 493 pAE AT 444 ViE wEAA
=

inverse PCR&

trehalose

Yk oled A% aH Qo solmA YUTF
= 480 9 ALY A9 IE FAl Aes
GEgezH MHoz delml AU4T THND 4
e Aoz e

NTG E0iti0o|E S8 2jo|ZH MY 4
golzd ¥4 +AAE FHF MGI6SS AXF FFo

@ EAwoldel NIGE Aakel F49 2ol
e glolmu Aol E71E Ed¥olHE AE
. 73713 transposon S Mol Wol7} Yot #A
} 2 A YE

B
T

o

O-E

%= 7} HWo]e transposon Aol
2 AgdE w3l ok Tei NIG B
A A4 Z7l% BAR 54 FAA A
del ol% ke mE A% 23 5o 4w
Poelth. 3% NTG E2volE transposon
Gol wolsk Yok HEA KAE A5
& o) stk

gholzal Aol FrtE =AROAE AEey] 93
A g w59 NIGE A, & A9 LB 33 A
wiz)e] oF 500 ~ 800719 FEUZE AF F U=F FHH
s} waapch 1 Fol oF 250004 o)4te] T2ue) A
7Z+g vl #AFsta] MGL655 o E AT wF9 F2Y
AZEG o A F242% Yehde 209 Ed¥oAE
12 Atk w3 AT MG1655 444 DNAC] w9
7t doluA] @31 pAC-LYCO4 Fehiw| 2o Wolrt dojut
A ol Aol FHE F e TS WAl
sle] 12 AEE BEdWo] FFEHE pACLYCO4 E&)
2u =8 AAZ Fd #Ho|7t gl pACLYCO4 Fejivm=
g Eddle] w50 Axdste dola AYEE X*ak@}
Ak o] FAE FhA HFTHE /Y Wl #F
X188} 5 tHdata not shown here).
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arabinose®] H7}#o] 133 mMY w7} 19 dlolzwl A
e JEIANE 7129 A7AFSE gy v e
FE 0013 mM] arabinoseol ] @}olzH Aol Hrj
7t Hch 9E pBAD24 o] =1H Y Ao Wy
FEEZAZA AMEHE arabinose= 7}Zo] WA golz
o o A TR AL olEe Edo] Ytk o
2L} NTG4 Ed o] #FE 0] 83174 ©H arabinoseS A
F A7btdE Hug YIS 9 4 Jernz golx
H FAge] s Ao Jhen

K

o

W
T

Lycopene concentration (mg/L)
Lycopene content (mg/g DCW)
[ [ )

Wild NTG1 NTG2 NTG3 NTG4

Figure 3. Comparison of lycopene production between NTG mutants
and wild type strain of E. coli MGI655 harboring pDdxs and
pAC-LYCO4. Lycopene concentration and content were indicated with
white bar and black bar, repectively. Culture were carried out for 24
hours at 37C in LB medium containing antibiotics (100 g
ampicillin, and 50 g chloramphenicol per ml) and inducer
(arabinose, 0.2% (w/v)).

Lycopene concentration (mg/L)
Lycopene content (mg/g DCW)
[ -
T

0 0.013 0.13 1.30 13.30
Arabinose (mM)
Figure 4. Effect of arabinose concentration on lycopene production

from NTG4 mutant. Culture condition was the same as described in
Figure 3, except variation of arabinose concentration.

Arabinose 0.013 mMo] H7}E LB HiA|ojA] NTG4 =
HolFE 6 mg/Le} 4 mgig DCWO] Zo|zs A2k S
A, O|AE MGI655 oblE AZY FZo) HaA =
= 184, A W FFHAME 124) o) gojzH A
dol Fud Aol

Moo
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2 g7e AR 71EE ol&A geolad e
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Aol FXHE AL A uv} Qlvh webA 2ol
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&3 NTG Az o8] Foj ¢F Edwo] #F
NTG4e &t o)zl Aide] HE F7td A2
HolFE de AR /M Aotk
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< 3 Ax MG1655 F37}F 713 94
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A4d AR rfaH, treB, B24360.E FHHYLE =EH 23
T2 7159 FART ofug 7159 3 wg o 9
ghol g iAol F7HE wolAE Adsly] 98] NTG 299
olZ Ao, 4719 $43 NIG HolAE Aok o5
Zo] NTG4 WolA7t A Eo golzsl ANFL BYth &
3], NTG4 oAl 28F5E29) arabinosed] A (0.013mM)
71 AN golad ¥E, 6 mgLd TH o TF 4 myg
DCW=Z Hdig] zlo|zsl AMAAHS RBYT, ojAL op4F
MG16559] vla| A Z2} 1849} 128) =& Ak olo)

A

o] =& 2003d% 8t E AT (KRF-2003-002-F00059)
9 #]glo fste] ATHILH, old FAE=EHYTH
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