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B E k. BRET, X T7::crtl-LeGGPS2- LePSY] =3 B 3 Rk nt A ge o mEan sk, HAEH T
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Abstract:  Studies on lycopene synthesis in Escherichia coli were not only able to gain the strains with high yield and less
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by-products, but also able to test functions of genes or gene clusters. In this article, the cDNA sequences of tomato
LeGGPS2 and LePSY1 as well as the coding sequence of crtl from Erwinia uredovora, each of which was added a ribosome
biding site, were controlled by T7 promoter and terminator alone or combined, and expressed in E. coli BL21 (DE3) to
induce lycopene synthesis. The results show that only 77::crtl-LeGGPS2-LePSY1 expressed tri-cistronically could produce
lycopene, and 2.124 mg/g dry cell weight of lycopene was obtained when fermented for 5 h at 30 ‘C after mixing 80 pmol/L
IPTG at the later logarithmic phase while the seed broth of 1:50 (¥/V) was inoculated into LB medium (pH 6.8) containing
3% sucrose and cultured for 8 h at 37 ‘C. The results confirmed the function of the prokaryonized LeGGPS2 and LePSYI
and their synergy with crt/, and also laid a foundation to establish an independent lycopene synthetic pathway in the tomato

plastid.

Keywords: Escherichia coli, tri-cistronic expression of crtI-LeGGPS2-LePSY1, TT/TTRNAP expression system, lycopene
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crtE ., crtB il ertd JEH AN, I Lac FUBEERH T
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TEFRMLAZEA M. BT EZLR T7/TIRNAP
F G002 H AT i LA K R T 0 S5 A 3 TR v A
Tk RGN, Hk, ASCHI T7/TTRNAP
IR 2GR R GEA T 1 # i LePSYI Fl LeGGPS2
FE D K BRSC IR B crtl FE R B T7::crtl-
LeGGPS2-LePSY1::Ter 2 T2 ThAE , 45
RIR NI AR ZS B 008 (tbs) 1 LePSYI
1l LeGGPS2 1] cDNA J¥31 ¢ crtl B4t X 751,
AR ZET T7 Ba T, 75y
A TTRNAP J& [ 1 K+ 14 # # BL21 (DE3)
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LePSY1 Fl LeGGPS2 #& [ n] P[] crtl B 1k & i
ML ER . ZWSRUESE TR R R LePSYT Fil
LeGGPS2 FEIN W IIRE, k48 T MM T7::cril-
LeGGPS2-LePSY1:: Ter 3N A M B LI R AKX
WAFF B B AR , A Ja 2 35k R e A e (kv p
ST FALLR B R BE T AL

1 #HEFE
1.1 #7#

&t Solanum lycopersicon L. cv Ailsa Craig
FIEA cred B pMD-crtl 244 i 8 PR E
VA ENS . RIGF R XL1-Blue #1 BL21
(DE3) Il At dh F AU H ARG RTHAE A H . 28
& pET32a (+) 4 Novagen /A #], SanPrep FEz{
DNA Ji [t & . a2k Mt iR &
A BA TAY TERARAR, IFEERARS
BGG | R s , T H I A S (RiE) TRA
Ao IPTG (51N 2&-B-D-GRfCnb g 2L ) M
Sigma 2377 il o HA AR 4 R [ 4 Hr .

1.2 LeGGPS2. LePSYI #0 crtl EERTEER
HRIEH KRG E

Hi Plant RNAzol i (5 EAYHARA R TE
AT INFEAMABR L P IRES RNA, &
M-MLV %54 5B Fl Oligo (dT21)5 914 i cDNA
W4k, S MBS Moneymaker AY4EA JL3E
e JLEEBERR & BB 3L N LeGGPS2 (GenBank
Accession No. DQ267903) J¥41#4it PCR 514 1
514 2, H PrimStar HS DNA B4 H M cDNA
iy 1 109 bp K/ Bt PCR WS- H
95 CZA&E 2 min, 1 PMEH; 95 ‘CAEM: 10,50 C
Bk 20s, 72 CHEMH 1 min 20 s, 3 MEFR; 95 C
Pk 10s, 57 CiEBk 20s, 72 CHEAH 1 min 20 s,

27 MG 72 CHEMH 10 min, PCR ;=4 B ik o3
Bgifb)s, A Nde 1 f§¥) 20 h, P4 85 Tk
WAEYE 5 min J5 57 BIVKYS 2 min, U1 9 bp
Fr BBk T 1099 bp B F BAR R SRS H ;
WAL PR, B8 B Sk G FEL K Z1fk ok DNA #6
% KZEEII PR S pET32a(+) AL Hind 11
BT RN, T2 Nde T B 5 HL K23 B Falifl
[ 5384 bp FrBed 3 0 1 W HLBIIIR &, F T4 DNA
HEREEET 16 C#ERE 16 h, ALK HE
XL1-Blue B2 25400, H15149 2 Fs|¥) 3 (G T
#AK T7 )3 3h 719 B M Amp FirEF-Hir b
P& PCR =#1N 1 202 bp K/ FH M 58 B
pT7-LeGGPS2 (6 483 bp), FH-A VI A FF L4 E .
HEIY 4 f151% 5 H pMD-crtl H§ 14
1498 bp R/MY/NAFELL R MW EBEIEA el
PCR W 5644 95 CZAEVE 2 min, 1 MG
95 CAEME 10s, 50 ‘CiB2k 20s, 72 ‘CHEfH 1 min
30s, 3 MEH; 95 CAEME 10s, 61 CiBK 305,
72 CHEM§ 1 min 40 s, 27 MEH; 72 CHEfH
10 min, PCR *#zlifb)5, H Nde 1 B§bI, M4
PR 9 bp /N BRI LK 1489 bp 19 Bt
5 B3R pET32a (HEURMEFII R R BoZ#E:, fib R
kTR XL1-Blue /&2 840068, 514 5 #5149 3
fifie PCR P=H1°0 1 592 bp K/INK) Amp it FH:
TElE pT7-crtl (6 873 bp), FRAEFHII AT % 5E
ZIE Ailsa Craig FI\NAFMLLE AW
Fif 3L K LePSYI (GenBank Accession No. Y00521 .
X60441 F1 M84744) J¥¥lixit5|¥ 6 Fis|4 7,
H Fik cDNA 3 4 1 248 bp K/ ; PCR [
AR 95 CARME 2 min, 1 MEFR; 95 ‘CARE
10s, 52 CiBk 20s, 72 C%#EfH 1 min 30 s, 3
MEFR; 95 CAEME 10s, 57 ‘CiBk 30s, 72 C
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FEfH 1 min 20 s, 27 MEFR; 72 ‘CLEMH 10 min,
PCR P=#4lifb ) , JH Nhe 1 BV, T8 1S 8 bp
IR BCEELE , B 1 240 bp B9 B pT7-crtl
AR Nde 1 BEVIGAMNE . PR Nhe 1EEYIIS (Y
5394 bp FrBiMiERE, FALKWAITE XL1-Blue
JRAZASN, F5 19 7 fi5 14 3 itk PCR 7=91k
1 352 bp K/INEY Amp itk B 5Ef% pT7-LePSY1
(6 634 bp), FLEBEFIFNN T % 5E

pT7-crtl ZAKRZ: Nhe I il Xho | WiVl )5, [H
W 6 850 bp KB, 5 pT7-LeGGPS2 1Y Xba |
Fl Xho 1 F§Y] 1 154 bp /N Befi%:, 155 H2H 2%
& pT7-crtl-LeGGPS2, AL Nhe | Fl Xho |
fgvljs, [ 7 984 bp KB, 5 pT7-LePSYI
) Xba 1 1 Xho 1 Y] 1 305 bp /N BeAiE, 5
FI|F AR pT7-crtl-LeGGPS2-LePSY 1, %k {4k
2 Hind TEGY], MU 8 563 bp KA Bt, HIFME
JEAR B EA AR pT7-crtl-LePSY1, Hdr, — 4
TR = A B DR e 3 A (] G R PR ek AR — A
it T7 Bsh 780 T7 KIEF (Ter) #5#l, HAAD
SR Sy AR R AR ZS B0 5 (8] 2A),
FIFA B A 253 PCR 3 B BT Y58

x1 319F7
Table 1 Primer sequences
Primer Segranees (53 Restriction
name enzyme
1 cgggatccatatgagatctatgaaccttgt Nde 1
2 gcetagcettaattttgacgattagcaatg Nhe 1
3 aagcttcccgegaaattaatacgac -
4 gctcgageatatgaatagaactacagtaattgg Nde 1
5 catgctagctcaagccagatcctcecag Nhe 1
6 tgtctgttgecttgttatgggttg =
7 tgggctagctttatctttgaagagaggea Nhe 1

The underlined sequences indicate restriction enzyme site.
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1.3 BWMERBEZIRIES T
¥ M B pT7-LeGGPS2 . pT7-crtl |

pT7-LePSY1 . pT7-crtl-LePSY1 |
LeGGPS2-LePSY1 FIX HEZH{A& pET32a (+) 434l
¥4k BL21 (DE3) J&, £ LB %% 100 mg/L Amp
BRI, VRN ERIIRRIA %
T BRI LA 1 2 50 4280 T 20 mL & Amp
100 mg/L 1 LB }i7Rdkrh, 37 CHEM 8h J5, M
IPTG % 20 umol/L,30 ‘C#jik 6 h B0 IERF A,
MEER LA, ST ERBIKT s XEE™ 4
T AL TR AT R R B 451

1.4 FEMLERRBENERZ
141 P& HE

Y E bR GB/T14215-93 Jrik, LUt 1T #4%
ORI AL R R EbRMEI 2. ARl 1 5
E il £k G [ 5 5 FE R . 4=0.2340C+0.0014 ,
R’=0.9999; M 4 Jy 485 nm ZLHIMECREEME, C
R T ILL R
142 WRTENNE

B 1 mL 2O ARE 62 0.0001 g) 11
1.5 mL 8045, 13 000 r/min 2.0 3 min YidE
R, FE W, APKREZKEE 13k, 105 C T4

pT7-crtl-
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Fig. 1 Standard curve between lycopene concentration
and absorbance at 485 nm.
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ZFlEE, TE 3 W, FFIEZN | mL HIKH
THE,
143 FHMARWRRENE

W 2 mL BRI BEAR, HPKEKYE 1R,
fin 400 L NFER, MHEEH 50 CREE 15 min,
13 000 r/min 0> 10 min Y6 i, EEIRIE
1Ko A HEIBORFE S LU G B, I 7E 7% 485 nm
PR A WM B . 4% AR A RO e
Fitl %5, L mg/g DCW (Dry cell weight) HLf7
FR,
1.5 BEFFHERK

B5 mL A FHEKE 50 mL &
100 mg/L Amp [ LB #5373 p {15 3% 2 8 h,
PLARAS 8 500D T . A R Fh 5 1 2 W
WHRBAM (W 1.3) FTERREFAMG, W&
23,
1.5.1  BcfHEis T i S AR A I TR] ) 7 6

R T 400 pL 2 A% 20 mL B 3%
FEAMEFT 100 mg/L Amp Y LB B 35509 =R
(100 mL) "1, JI7EFER 6 h, 8 h, 10h, 12h
I IPTG & 20 umol/L, F-F- 30 CiES 5h, B
PRI ANLLR , W S

K R TTIEIER, 37 CHEIA 8 h B IPTG
% 20 umol/L, T30 Ci%ES 3h, 5h. 7h. 9h
PR IGE ANLL 2, 0 SRRk ]
1.5.2  SEERRIR KR B 09 0

7 LB 5 rf 3 IR I 30 o/L A0 . 1
Wi ZZPHE, TS ERIE, 5 1% . 3%,
5% . T%iE ERIRN LB b, ik Hod B T AR
W

1.5.3 EEIEFFIREMTE

FEW 8 h 5 IPTG £ 20 umol/L, 4 #I7E
25°C.30°C.37 Ci5'T 5 h, BHURFHEIRFIHLLE,
B RE T B R SRR
1.54 IEFEEH pH ERNTE

W 39 FEERE ) LB 1537 FE 04 pH {8 37 2
6.4, 6.6, 6.8, 7.0, 7.2, &K 8 h 5/l IPTG &
20 pmol/L, WHSHiFE 5 h JFIRIGE ML %, #iE
16 ) pH 1E .
1.5.5 PTG & Bk Btk

FER 8 h J5 43 BIE M IPTG £ 0, 20, 40,
60, 80. 100 umol/L, #'F 5 h /5, WUREFEHE
LR, ki IPTG SR
1.6 SDS-PAGE HiJk

W30 pET32a (+) SHgE 5 AR
FRE, H 1.3 kT 50 mL #5373 37 C
B3 8 hJE, &M 500 uL & 1.5 mL KF B0
HERAEE ST IR, ERREW I IPTG &
0.5 mmol/L, P& RIS T 30 ‘CiEF 10 ho #i5
FE BT 8 000 r/min 5.0 10 min WA FA,
B mL PBS B 1 Ik, FELFE BT,
Js mL PBS ZZipiE R, DAUIRA 15%HF 3 s
K4 s Ir AT UK E R A P 25 min, PR
JEHIE T 8 000 r/min B0 10 min, HBCH Fi
1 mL & 1.5 mL #0482 16 000 r/min 2.0
20 min, HX 10 pL AER BIHWAEAS; [A]IBOHT
VE B R T, 10 pL Rk, fEHN
MR R A 750, HAEE SR IRELOE, )
MDEPUEITCEAK, ERRFBSEA, =N
RS W 10 min, #F4T SDS-PAGE Hi
Uk, &% Dl ORI,
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2 EREAN AFTF Y00521 Fil X60441 {751, HH pT7-crtl
21 BESKS EHEE AT BRI Nde T BEOIFNT-31-5 519 6 19 S SmAHZE S

MFLE R el JEPH R0 52 4 6] i YK Nde 1 {35 Bz F A R R IR % 151 ATG
LeGGPS2 5 ik Moneymaker 1 LeGGPS2 ~ (F4UM). pT7-crtl-LePSY1, pT7-crtl-LeGGPS2
A 72, TSR SRS Z A I pT7-crtl-LeGGPS2-LePSY1 #fk (& 24) £
2 ANFRIEW AR 1T LePSYI 524 (W] M84744, {H PCR " W4 FIRGE IR , P42 A BHE (45 R0%) .

A pT7-LeGGPS2{T7)O[LeGGPS2-Terl-
pT7-LePSY1{T7)O[LePSY 1>

pT7-crtl{T7y0[_Cril_ yffer}
pT7-crtl-LeGGPS2{T7 »OCHT ) OLeGGPS MTer}
pT7-crtl-LePSY 1{T7»0[CrT yO[LePSY pfTer}
pT7-crtl-LeGGPS2-LePSY 1T ICTHOLeGGPSPO[LePSY NTer-

BkDaM123456789‘ C
116.0
66.2
45.0
35.0
25.0
18.4
14.4
M 10

kDa 11 12 13 14 15 16 17 18

116.0
66.2
45.0
35.0
25.0
18.4
14.4

B2 HAEEHS5BEHERNRIE

Fig. 2 Physical maps of vectors and the expression of the target genes. (A) Physical maps of the vectors. (B) Protein
profiles of the gene expression from the five constructed vectors and pET32a(+) as a control. (C) IPTG induced
lycopene synthesis. T7: T7 promoter; LeGGPS2: tomato geranylgeranyl pyrophosphate synthase gene 2; crtl:
phytoene dehydrogenase gene of Erwinia herbicola; LePSY1: tomato phytoene synthesase gene 1; o (before the genes
in the map): ribosome binding site; Ter: T7 terminator; M: protein molecular weight marker; 1-3: pET32a(+); 4-6:
pT7-LeGGPS2; 7-11: pT7-LePSY1; 10—12: pT7-crtl; 13—15: pT7-crtl-LePSY1; 16—18: pT7-crtl-LeGGPS2-LePSY;
1,4,7,10,13,16: whole cell lysates without IPTG induction; 2,5,8,11,14,17: soluble supernatants with IPTG induction;
3,6,9,12,15,18: insoluble cell debris with IPTG induction; a: pET32a(+); b: pT7-crtl-LeGGPS2-LePSY1.

—
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2 IPTG B RiBfG, XTI pET32a(+) JoH
FIZH, MBI pT7-LeGGPS2, pT7-crtl,
pT7-LePSY1 pT7-crtl-LePSY1 pT7-crtl-
LeGGPS2-LePSY1 # AR T H WA 58 HAE )
HAE M (FkArds), Uil B E AR5 %R
ik; Hith, LeGGPS2. LePSYI Fl crtl FihM)%E
43514 39.019 kDa ,46.745 kDa £l 54.839 kDa,
B 5 HUIAR/ERT o RPEH 517555 1Y 14 [
FEAARR ) FRIBE A, HETE W S 255
KWEAETE, 3 BNERIIRWEAETE
Forfe g a2, U R Z 0 B R A
e T ik (& 2B),

KBS R B, UF pT7-crtl-LeGGPS2-
LePSY1 MRS 2GR EIR L6, 1
B FOA AR Y R AR T 8 R R O AR A
(E 2C), FMEA pT7-crtl-LeGGPS2-LePSY 1
TR ERBE & LR LI R
22 FESNAMKENEMNEMLRZIEN
AL

F2AL, RigE 6 hint, BIE TRERALTXF
BOER PRI AT, FATLLER & A R Ul
fik; ¥ig% 8 hiifER:, sl R S, Unt
ODgoo AT 3.00 247, HEARA KA T XA K
Jall; B53% 10 h A1 12 h B}, K ODgyo (EIH2
i 5.00, BPAHPEAERALTARUE, AT
AL ER & & B TR R BRI 5 5 1 B Al £
RomZ, HUE A5 KOG 05 a0 &
b, NI, &F pT7-crtl-LeGGPS2-LePSY1 )
TR RIAFEALLR A IPTG 53 1) e
TR S

W 3 fin, #EE 8 h B HN IPTG %5

[ 0~5 h PN, FEANLLER & i BET E] 4 T
HF 5 hihh8 s, (AR R s, X6
TR S hEmiks, REYEmn, pH
HERAS 520 T T ANLL R A RS E . I, IPTG
P S h 2 i AE SRR,

x2 FOMAMEMIZSENTN
Table 2
lycopene content of the bacteria

Effects of the inducing phases on the

Culture time

I e
6 2.012 (0.350+0.026) d
8 2.937 (1.036+0.007) a
10 4.898 (0.661£0.018) b
12 4923 (0.447+0.012) ¢

Different letters in the third column indicate difference of
significant levels.

x3 FEMNEMNEBEMLIZSENFN
Table 3
lycopene content of the bacteria

Effects of the inducing time on the

Inducing time (h) Lycopene content (mg/g DCW)

0 (0.443+0.004) d
3 (0.5370.007) ¢
5 (1.036+0.007) a
7 (0.609+0.013) b
9 (0.404+0.010) e

Different letters in the second column indicate difference
of significant levels.

2.3 RBERHEREXNEMLZZERNTME
IR 4 R L, TR TR A A5 O ] 2 W A 22 20
AR BRI R A AR UAE TR I PP A8 PR, (EL R
TP 5 35 A0 TR AR 1) 7 A £ R 5 R IR T LA
BRI R R Y AL R 5 1, SO PR
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SR TR TR R 1 B TR

REME RN 19%3] 5%, STIERTEE
BEZIGK, FYRERE & R3] 7% 0T, Wk TER
M, MAFEMLR TR 3% BRI A &
(#5).

T4 ARKBENEMLEZSENZM
Table 4 Effects of different carbon sources on the
lycopene content of the bacteria

Carbon Cell weight Lycopene content
source (g/L) (mg/g DCW)
Sucrose 1.2 (1.059+0.007) a
Glucose 2.4 (0.286+0.007) ¢
Maltose 2.1 (0.348+0.004) b

Different letters in the third column indicate difference of

significant levels.

5 EREREMNBEMLRSENTM
Table 5 Effects of sucrose concentration on the
lycopene content of the bacteria

Sucrose Cell weight  Lycopene content
concentration (%) (g/L) (mg/g DCW)
1 1.2 (0.932+0.011) ¢
3 1.2 (1.087+0.014) a
5 1.5 (0.792+0.006) d
7 0.8 (0.966+0.011) b

Different letters in the third column indicate difference of
significant levels.

24 BEFEBEXNBEMLZZ SN
6w, 30 Ciﬁ?%/«ﬁi?, TRERE A

M ALLR B, 25 CRFMNEARTES
15 30 CHF 25K, (HFE LR 7 & W] 2
fiX; 37 CRFMMEERZ, HEMLRS
R

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

F6 BEREBENEMLER
Table 6
lycopene content of the bacteria

A

Effects of culture temperature on the

Temperature Cell weight  Lycopene content
(<) (g/L) (mg/g DCW)
25 1.1 (0.703+0.031) b
30 1.2 (1.110£0.011) a
37 1.7 (0.491+0.030) ¢

Different letters in the third column indicate difference of
significant levels.

25 1EFE pH MEMLRSENE I

FERTERTIRM 5 A pH ER B TR EEH R
ERAEK, B pH TE 6.6 LI R, AFTHRML
FEAM; pH 6.8 B, FMA K mim; pH (A
fE 7.0 F1 7.2 BYREAT AR (R 7)o

x7 BREpHENEMLZSENZM
Table 7 Effects of pH value of the medium on the
lycopene

Cell weight Lycopene content
pH (g/L) (mg/g DCW)
6.4 1.1 (0.429+0.011) d
6.6 1.2 (0.589+0.022) ¢
6.8 1.2 (1.033+0.018) a
7.0 1.2 (0.918+0.014) b
7.2 1.3 (0.898+0.013) b

Different letters in the third column indicate difference of
significant levels.

2.6 IPTG KENBEMLREENF

8 W[ W, IPTG Kt A7 7 it 2% ;
0~60 umol/L Y5 [N, T i £L 2= & it bl IPTG ki
%%Mﬁ%m,i&anLwﬁﬂ%%,@m
% 100 pmol/L A A% o iX AT HEFI T7 583 80+
Tt ) 358 T R T A
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#8 IPTGREMBEMIEZSHAIEM
Table 8 Effects of IPTG concentration on the
lycopene content of the bacteria

IPTG concentration Lycopene content

(umol/L) (mg/g DCW)
0 (0.468+0.011) f
20 (1.064+0.018) e
40 (1.176+0.018) ¢
60 (1.448+0.007) b
80 (2.124+0.034) a
100 (1.125+0.011) d

Different letters in the second column indicate difference
of significant levels.

3 Wit

ARG T7 JAsh FEHI LeGGPS2.,
LePSYI . crtl. crtl-LePSY1 1 crtI-LeGGPS2-
LePSY1 3 (K1 2A) 7l Akt kT 1A BL21
(DE3) B A% f, ¥IRE Ik I UK/ B W
E 1 (8 2B), AL cril-LeGGPS2-LePSY1 $:3
KN ARES A LR (8] 20), F£HIX 3 MKk
(L 3RA GA HE TE B , T H T3 LeGGPS2
1 LePSY1 FEN S5 MR35 TJ7 X AR 8 T 1E M
MR G, Tk B3R L HLA BUB Y DR
P T DA% 20 R R A A 17 5 R R AL ) AT
FEALPE, Kk, WERA S T7::crtl-LeGGPS2-
LePSYI::Ter JER AFRATA, Jfid it B 5 ik
W BRI Y R GK 5 B AL T LR TTRNAP & —
PEE IR, WIERTER G T A e — AR SE Y
TR A BGEAE, REFEFRMLE NG

AR FI T7::crtl-LeGGPS2-LePSY1:: Ter
JLHFE BL21 (DE3) "R AL AL i K B 25 F T A Bl
TR E MR & i 2.124 mg/g DCW., %K

- B8R Matthews 25 B 3 FI) T B 4=
crtE-crtB-crtl BRFEARAFIY (160+32) pg/g DCW
U, (H HORIE R T7/TTRNAP R 58
K3k crtE-crtB-crtl FHFEIRTHIY 5.8 mg/g DCW
Fe AR, B KT Alper % HY 18 mg/g
DCW! 1 Yuan %511 22 mg/g DCW!', FRHJF
A, BEAIBESZH T T7/TIRNAP RGEIEMdsE,
P #5351 LeGGPS2, LePSY1 Al crtl A £
e Tk (& 2B), AT REE T A
IRIFTARY IR FPP AR5 AU, Hodr, #i
H R R T LA G RE AR PTG fiff VR Bk
F35 8 27 LA B B8 A RBAKOF, sik®
FUbRRE A AT 5 J5 2 0T LAl S A das!™ | idit®)
SEBRLRHG N FPP &, H 4K Vadali 9775,
TE T bk N7 R R R A DA B R & A AE R
F R R 3 A R Al AR A A T b
LeGGPS2 il LePSY 1 7EZ il Ky BiiA e (i 1,
TE R e 3z E SR I U0 Bk B A e 45 5 IR O BE
B EAE 1, (BTEA S RS o T RS
KA GRS 5 KT S 250 2 AW A0 16 K TR R Ak
BB AMLLR BE S IRAR, A THIESS
AWFFEER R, WAL T XA K 5 e
M IPTG #ATHAF ILEGE S (K 2), FTRERZFN
AR A EAL T NG RAERYRTS, AR
K AR A RRE ) LA RS, I
FeictasE , A | bR TR R
B 1o X 5 Ruther SFAF5T £ K B R A% A L 25
FAR—FO, (AR, FEARE PTG ¥
SiE, & T7::crtl-LeGGPS2-LePSY1 F&R ) T 7
WAERIL —E =MW HMER (K 2B), HEEEG M
FMLLER (% 8), £ TT/TTRNAP Kk REAF
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FEHEER 5 X S XEAE IR A T7 )5 31 Rk
CIRH ertE ., crtB, crtl (f) BL21 (DE3) ik
LLRIGOARRL, HeAh, ABFFREIM IPTG HREE
AR (35 8), HF 0.08 mmol/L RIW], ifij &k i
1 IPTG R IMAF TG MABE ML R . Kim 55 & 9
RIS PTG BYAJEE 7235 BIVAT 36 LA LB A 41 %
FREEE I, M IPTG J& R mifiig % i £ 7
#HAME® ) Yoon %Lk Bl IPTG % %
crtE-crtB-crtl 3R ik A M T A4 R & H
0.1 mmol/L #J IPTG S A W& 2 5P, ixn]
RS2 H1 T H 8 1 R A i s s 25 5 T8 B
AR (F 2B) B,
AT TR VA LE LLRERE R B IR, Fhiar
%ﬁ%?% (F& 4), AFURERE IR 3 i e e e

(& 5), XATRERPN AR, RS
WS — W, A s A D

H, ﬁﬁﬁﬁ%ﬂ’ﬂ%ﬂf%ﬁ T 10 ) R A
BUY IR M RIKCT A, S RS
WY 15 AR e v 9B B T, R A 240 B A A
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