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R -10 RARF 55 “TANNNT” ¥ 356453 1-4 Maidk, L+ #3) 4 MERAREKRE
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Construction and application of a synthetic promoter library
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Abstract: Promoter is an important genetic tool for fine-tuning of gene expression and has been widely
used for metabolic engineering. Corynebacterium glutamicum is an important chassis for industrial
biotechnology. However, promoter libraries that are applicable to C. glutamicum have been rarely
reported, except for a few developed based on synthetic sequences containing random mutations. In this
study, we constructed a promoter library based on the native promoter of odhA4 gene by mutating the —10
region and the bystanders. Using a red fluorescent protein (RFP) as the reporter, 57 promoter mutants
were screened by fluorescence imaging technology in a high-throughput manner. These mutants spanned
a strength range between 2.4-fold and 19.6-fold improvements of the wild-type promoter. The strongest
mutant exhibited a 2.3-fold higher strength than the widely used strong inducible promoter P,..
Sequencing of all 57 mutants revealed that 55 mutants share a 1-4 bases shift (4 bases shift for 68%
mutants) of the conserved —10 motif “TANNNT” to the 3’ end of the promoter, compared to the
wild-type promoter. Conserved T or G bases at different positions were observed for strong, moderate,
and weak promoter mutants. Finally, five promoter mutants with different strength were employed to
fine-tune the expression of y-glutamyl kinase (ProB) for L-proline biosynthesis. Increased promoter
strength led to enhanced L-proline production and the highest L-proline titer of 6.4 g/ was obtained
when a promoter mutant with a 9.8-fold higher strength compared to the wild-type promoter was used
for ProB expression. The use of stronger promoter variants did not further improve L-proline production.
In conclusion, a promoter library was constructed based on a native C. glutamicum promoter P,4,4. The
new promoter library should be useful for systems metabolic engineering of C. glutamicum. The strategy
of mutating native promoter may also guide the construction of promoter libraries for other

microorganisms.

Keywords: Corynebacterium glutamicum; synthetic promoter library; P,z.4 promoter; L-proline

HHEBRVEFFTR (Corynebacterium glutamicum)
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a4l KR 7 5 e

Ja S TR N R R EE O, T
SERIEE STl BUREAERAS X, S RNA AR
SEPETRI NSS4 10 DNA F B B A0 TR
G AN R, B3 TR
K2R AL B bR 0 A= 06 BGE AR 10 G
AU Hrp 3545 R i e 72 BBk
P RS 8 F A T 5 0 TT LUK B 0 Rk
SR, AY 2 B AR T T T R 2 ki S A B0
T IPTG 5530 P 1 Py S sh T (A
SRS A ;7 AR R AR AR M A 22 55 )
R, AN A 1) ) P 5 2 TR Bl el s 4
SRR FF R A P S R S5 = P AR
BEFF TR KRR IR UE 3 F Pops Pooa 1 Pegps
FO & TR A B O R,
M AR . LAEEAR . L-Fe AR LIl
B S5 7= i = U BRI, A BRAG JCSR SR ALK
U Sf 10 AT SRS A R s 7 oK o

N LA B8 8 F X% (synthetic promoter
library) i 7 % 25217 56 4 1Y — R 9 808 JE 1Y
Ja T, AR TREES B bR G SRk SRt AR
BT BT A 8h T SO ) Jk R 3 8 R 4 R s
B4 )12 0 T 4w 10 TR s
Yim &5 IRTER A BREFF A i 2 T AN T4 K
RS0, X 70 bp (985 37 KT 52
RN, DIsE5OEE A (GFP) Ak
R4, HET w40 ks R (FACS) &
S O 3 2% P A R S B T RN SR s
F Puse T ARNE YT A 7=
Wei %538 1 %149 %35 X“NNGNCN”, -10 X
“NNTANANT”, RBS X“AAAGGA”FIFHHLZAE
XL 80 bp FFFIMEEE 13U, 454 FACS 5
W E, IR TAFREN R T, FEh
AT LR A s R 4l Rytter 252
1 Zhang! %! 38 o 47 F1 10 X A1-35 X 34

. 010-64807509

A, RASK O s X H A5, 4
BT RAMRBHEMAN TSRS 7%, H
T A A R AT 8 2 S B A
TP AR, P45 A i 38t 0 7 vk i)
(1o BRI RIRIGET Poa Tl Py 1E
—10 XFI-35 XPFAT)FFIRAE, W n] IGRIGHRIK
S8R T R ) B Bl AR R (HR SRR TR P
RN Li 36T RNA-Seq 24 194347,
PHET 90 MATREE Y A 8 F-5-UTR (PUTR) 1Y
FEA, 345 17 A5 SR PodUTR AH L EE SR
(1) PUTRPY, &R AT B SE I A 4R 4R E
ZEHUAS D i AR AL R DR Ak R A Y
Tk, MRTFEM BN T A R 8h 730 .

FF RIRA B FRH ARt — R R
N LA BUR B SCRER 0 7 1 o ABFSERT 47
RIRVEFF B KRG T Poans BI-10 [X B BT 7
G HEA T BEALZE AR A8 IR B SCHR , DAL 6O aE
1 (RFP) Mfiiktric, 5B 6nis RGPk
T E D o B R 1 AR, T 1 A
Jet 205 B BB R L 7 56 1R X A ) T R )
TS . RN E A s 7 -l
ARG BURTE R HENE v-4 A B (ProB) 1Y
KanFg sy, K LR R S s
oo P A SR R RS R, IR B BIE S N TR
AHFFEARAR B I 30 SCEE ] T A L R Y
FIRPRE, W] 2 S 3UA 3 SO R e
R B RN BE T IR S5

1 #RE57%

1.1 ##
1.1.1  BE#RFARRL
B FT R RS Bobs WL3R 1,
1.1.2 SI¥&iIt REK
AW A 24T HN LR 2, 514
157 FR M 4 MR N A A
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1 AW ET A E BRI R
Table 1  Strains and plasmids used in this study

Strains or plasmids Descriptions Sources
Escherichia coli
Trans1-T1 General cloning host TransGen biotech
Corynebacterium glutamicum
ATCC 13032 Wild-type strain Lab stock
SLCgP1 ATCC 13032 derivative with ProB%'#% Lab stock
Plasmids
pEC-XK99E Expression vector of C. glutamicum, IPTG-inducible promoter P,., Km® [25]
pEC-XKO99E-rfp pEC-XK99E derivative, expressing rfp under the control of P,,. [26]
pEC-XK99E-P . 4-1fp pEC-XK99E derivative, expressing rfp under the control of P, 4 This study
PEC-P 44 pEC-XK99E derivative, expressing ProB®'**® under the control of wild type This study
promoter of odhA
pEC-P1 pEC-XK99E derivative, expressing ProB®'*’* under the control of P1 This study
pEC-P19 pEC-XK99E derivative, expressing ProB®'** under the control of P19 This study
pEC-P50 pEC-XK99E derivative, expressing ProB®'** under the control of P50 This study
pEC-P53 pEC-XK99E derivative, expressing ProB®'*** under the control of P53 This study
pEC-P57 pEC-XK99E derivative, expressing ProB®'*** under the control of P57 This study

*x2 AMRFAAY
Table 2 Primers used in this study

Primer names

Primer sequences (5'—3")

pEC-F
pEC-R
odhA-F
odhA-R
odhA-W1
odhA-W3
odhA-W2
odhA-W4
odhA4-WT-1
odhA4-1-1
odhA-19-1
odhA-50-1
odhA-53-1
odhA-57-1
odhA-2
odhA-3
odhA-4
ProB-F
ProB-R
pEC-1
pEC-2

ATGGCTTCCTCCGAAGACGTTATCAAAG

GGAGAAAATACCGCATCAGGC
TGCGGTATTTTCTCCCACGTTATTTTTAGGAGAACTGTC
TTCGGAGGAAGCCATGGCAGGTACTCGCCTCTTTT
ATAATCAGCCAACGACCAACNNNNNNNNNNATAAAACAAAGCTCAATAAACCCTC
AACCTTCCATACGAACTTTGAAACG

GTTGGTCGTTGGCTGATTATGC

CAAAGTTCGTATGGAAGGTTCCG
ATAATCAGCCAACGACCAACGTTACAGTGGATAAAACAAAGCTCAATAAACCCTC
ATAATCAGCCAACGACCAACGGTGTGTAGGATAAAACAAAGCTCAATAAACCCTC
ATAATCAGCCAACGACCAACTTGCTAGTATATAAAACAAAGCTCAATAAACCCTC
ATAATCAGCCAACGACCAACGTCTGTTATGATAAAACAAAGCTCAATAAACCCTC
ATAATCAGCCAACGACCAACACGTGTTATGATAAAACAAAGCTCAATAAACCCTC
ATAATCAGCCAACGACCAACTTAGTGTATGATAAAACAAAGCTCAATAAACCCTC
GATGCGCTCACGCATGGCAGGTACTCGCCTCTTT
TGCGGTATTTTCTCCCACGTTATTTTTAGGAGAACTGTC
GTTGGTCGTTGGCTGATTATGC

ATGCGTGAGCGCATCTCCAA

TTACGCGCGGCTGGCGTA

GCCAGCCGCGCGTAACTGCAGGCATGCAAGCTTG
GGAGAAAATACCGCATCAGGC

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

BRI BOAR & . PCR =¥ alifbif & .
JBE ISR &5 29 F b st TIANGEN A5 —
i H iR & (ClonExpress® CE 1) 1y
HEE Rt MERE S Fl s Bk AR PRI B ]
Oxoid 22 7); HAx A A 1R 2 [ 7 dr
PCR 1%, Applied Biosystems A ] ; 43 GG T,
H A H# N F] 3 Nanodrop 8 o ie 42 B8 &5 11 I 7
Y, Thermo Scietific /A 7] ; B ili#4{L, Mettler
Toledo Al 5 ZINREMALAA AL, Molecular
Devices Al AEWEIES T SBA-40D, 11174
BR2EBE s Tanon 5200 Multi 4 H sk &G/
HEMG T RS, EigREERHEARA A,
1.14 EFE

LB i35 45: 10 g/L NaCl, 10 g/L &5,
5 g/L BERER, MRIETT LN 25 pg/mL RAFE
%=, T KW (Escherichia coli) 1i3%.

TSB 5383k . 5 o/L &b, 5 o/L WLk,
9 g/L KEHEHAM, 1 gL K,HPO,3H,0, 3 g/L
JRZ, 05 ¢/L T, 0.1 g/L MgSO.+7H,0,
20 g/L 3-(N-NHER) SRR (3-morpholinopropane-
1-sulfonic acid, MOPS), 10 pg/L *E#J %, 0.1 mg/L
4e4:3R By (VBy), pH WZE 72, HETHZEEM
25 ng/mL RABE R, T C. glutamicum W55

L-MHZA MR AT IR 5L 1 /L BERERY, 1g/L
KEGHEAM, 1 g/LKHPO,3H,0, 1g/L NaCl,
1 g/L (NH4),S0,, 40 g/L MOPS, 0.4 mg/L 44
%, 0.1 mg/L VB, 10 g/L JRZE, 80 g/L #j%jk,
0.45 g/L MgSO47H,0, 0.05 g/L FeSO,7H,0, %]
fi pH 7.2, MRAETZUSN 25 pg/mL R R .
1.2 FHiE
1.2.1 AEBRENE Pu. BahFRERIER
I B 3

PL pEC-XK99E-rfp AHEAR Y, P pEC-F I
pEC-R N51¥), ¥ 8 BRGSO E M

. 010-64807509

N DNA R B, UL C glutamicum ATCC
13032 JEH YA, LA odhA-F Fl odhA-R H}5]
Yy, P18 P Jash T DNA FE. LA E 24K
B3 1 R i MERE A F ) — B E A e RN
e, IR1G pEC-XK99IE-Pups-rfp RALEIA
122 BAEBRETE Py B FXEMNHE
TN I

PL pEC-XK99E-Pgps-rfp WAL, P55 AR
BRELR odhA-W1 FI odhA-W3 51 ¥4 1 55 3
T HEBL, Lh odhd-W2 Fl odhA-W4 N5 |18
RS, DL RIS Bl s MR — P
H TR Ak i 25 4, B4 20 ul, 2 B
WKWK (Escherichia coli) Trans1-T1 &%
DU, A WRAAT 135 25 pg/mL RIRERM
LB [EfAFA b, KBRS - b e sl
PEWUTRL , BRAT Poana S BN SCPE TR

2y 1 ng CEFRIHAL C. glutamicum ATCC
13032 B2 AN, U A T29 30 P 25 pg/mL
RHBEEZE M TSB A FHR, FHOFRA &
300-500 N TEfE, K Tanon 5200 Multi 4> H 3
22 R/ PSC G BT R TOOEII R, W)
o 5 9 5 1 5 Y v B
123 BAEEBENE Pus B TFXERRE
RAE

W PR A 7 3 R AT Y 0 iR 1 5 ) B AR
HIEH pEC-XK99E 75 Jiokr i FE bk LA K &
pEC-XK99E-rfp FURLAYNT FEEARRTE S 25 pg/mL
RHE R P TSB [ BiGf, #Fh =
96 LR, FFLHK 800 pL 7 25 ug/mL RIRE
W TSB AIE IR 5, & pEC-XK99E-rfp Jii
L BETRARTE RS FR 25 TP U 1 mmol/L IPTG,
HAM AR AT BN IPTG, &R 3 AN
7, 30 C. 800 r/min }53% 24 h J5IE ODgoo
MV, WAWR N 560 nm, KHFHEK A
607 nm, ¢GRI R RE 19 HGAE/ODegoo ,  EP

Bd: cjb@im.ac.cn
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RFU/ODsooo 43 5141k 25 BORL X BB A A IS 21
SREE, TS RKIRE s TR AR G 19 b5
AT A, RIS E S F B AHXT R B (relative
intensity, RI).
1.2.4 PodhAﬁiﬂ¥¥g1¢FﬁFﬁq:L-ﬂﬁ%E§fEF
k7 :pkiafz

DL SLCgP1 T # iYJE R 41 A, 4351 LA
odhA-WT-1 1 0dhA-2. odhA-19-1 Fl odhA-2 .
0dhA-50-1 F1 odhA-2. odhA-53-1 Fl odhA-2 .
odhA-57-1 Fl odhA-2 J51¥), ¥ ¥4 8+ R B
—; DL SLCgP1 kB HE A AR , LA odhA-3
M odhd-4 h5l¥, VB TFRBEZ; L
SLCgP1 PAMKRMFEH A itk , L ProB-F Fl
ProB-R K 51#¥, ¥ 1 ProBY'"" K B ; L
pEC-XK99E Jitki it , LA pEC-1 Fl pEC-2
WSEILZEim: At A g S oY =B e Ay = s i
YRR B, ProBY'* R BURI TR B 48 i
A EMERE I — B E AN S e b, Bk
% pEC-P,uyi. pEC-P1. pEC-P19. pEC-P50.
pEC-P53 ., pEC-P57 Jiki, 4 DL L Bk At B o
K3 n%E AL SLCgP1 Bbk, FRASXTRETE AR AN
FIBH M.
1.2.5 L-FESERAYNE

3% (W1V) Bl HEIK A RR AR FEAE bl 3138 >
WRE, W1 mL AR, A 1 mL BR& el —
(125 g B =M% F 30 mL VKESER Al 20 mL
6 mol/L H;PO, H', 70 CHIFZf#) A1 1 mL ¥K
BEER, 100 CHk/KIRI N 45 min; RHG, #
B, WL 200 pL 7F 520 nm FAE OD . *
FAYE R 0, 5. 10, 20, 25, 50, 100 mg/L #Y
L-T PR 4 il An e th e, A4k b of i R 015301
DU it IR
1.2.6 Py BENFREMKBE R L-FRER
& FERE IR

TE TSB [ biE 4k 1.2.4 g g iy xt
PRBA R A R bk, HeRh 2 24 fLikh, AL

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

Jy 800 uL 7 25 pg/mL RKAREE K ) TSB WAL
FeH, 30 'C. 800 r/min ¥55% 8 h, LUAH[AfIH])
Uf ODgoo 5542 24 fLAP, HALR 800 uL
25 pg/mL RABEE 2R MY LIl 208 A I3 77 4k
AHIRR 3 4 F4T, 30 'C. 800 r/min K537 18 h
JE K ODeoo LM 2 2 7™ Fi 1A 26 M 15 i

2 HEREMM

21 AEREFNE Pus BN FIXEHKY
B FNiH ik

odhA FEH Gt o- i 5 8 i A i &2 A 14
El WAL, J2 =R (TCA) TEH i e SL
Poana JA BTN odhA SR e 141 bp, JP814K
%4, Pfeifer-Sancar 55 %5 5F T i%J0 8 F e SElt i
f7s5 (TSS). —10 X AUZBEIRLS G475 (RBS)
(B 1A); W FRARBEIFRIE 3 F1-35 X%
SPYERAIR, RIRAS AP MRS 1.2.1 rfliak
Jik, FERIHAF B A A )T 5 B R AE R
pEC-XK99E-P ps-rfp, FURLIN PP LR, FKHIH
ORI . MR 1.2.2 Frfilik i ek, X
—10 X Je B 3L 10 AT RIS AR, A4 3
Poana S ST SCE TR (K] 1B), IWEBEREA N
10° B TE B A BRI, 3R BB b

CACGTTATTTTTAGGAGAACTGTCAACAAATTAATGCTACAACTGGGGCTT

AGGCATAATCAGCCAACGACCAACGTTACAGTGGATAAAACAAAGCTCAA
-10 TSS
TAAACCCTCAAGAAGCAAGGAAAAGAGGCGAGTACCTGCCATG

~

1 cAc .....AaCNNNNNNNNNNATA......oec [

=

1 Pouna B3N F IR T RO IE R B

Figure 1 Design and construction of the P,
promoter library. (A) Sequence of the native P,guy
promoter. (B) Schematic representation of the
designed synthetic promoter library.
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21 ng KJEFRI AL C. glutamicum ATCC
13032 bk, AT AR, L3525 10 000 4>
SERE DGR A RGEA B — YA AT
DICAARE, AT LSS B9 7 B B I 1 5 1) o
(# 2), HR AR5 J3E 7 1B 1w A [ 72 B 1Y) S P

2 P BN FIXERRNE
Figure 2 Fluorescence image of P,;,4 promoter
library.

Weak promoters

Moderate promoters

2.2 P BINFILERIEE RAE

FE IR 1.2.3 Rk 907, X000 AR A5 7Y 5o
REATIREERAE, 1] 96 FLAEESR 24 h 5l
FE ODgoo FNHEGAE, THEDE IR B R XT38 i
MR = AT HER (B 3). SUER 8 TR
XTSRS Poans BFAE MY 2.4-16.7 £, iR
JRET P57 (16.7 1) JERTET RS 81T P Y
23 4%, 14N ESFRRESE T P HRIEH
Yo R R s oo 3 4, LIS )E s
P,. (USH1 1 mmol/L IPTG, FHXTIRES K 7.2 £%)
(AR 3 2 B 5503 87 (weak promoters)
(IAAXT SRR 4 5 LA (& 448, WfsRsh¥
P1-P18; 4558 5 3T (moderate promoters)
AR 58y 4.0-7.2 1, (L& 3l 5~ P19-P43;
5 J3 3 F  (strong promoters) A9 AH X} 5% A
72 f5Lh b, BARE B P44-P5T. I SCEMH
R R B . A sy, al B R A
TR SRR ) R IR T

Strong promoters

14 000 [

12 000 [

10 000 |

8000 -

RFU/OD,,,

6000 -

4000 -

2000+

RO —ANNTFTNO~0ND
[ b e P Sy N |
A A A A A A A A A A

K99E
PW
Pl
P2
P3
P4
Ps
P6
P7
P8

pEC-X

3 Pouna BENFXERRNEE

—ANNTUVOSONOO—ANTVNOT-ORND AN OFT NV —A N NOC-
ANNANAANNNNnnnnnnnnanS ST rTrFnunnnnnnn
A A A A A A A A A A A A A A A A A A A A A A A AL A A A A A A A A A A A A A A

837

Figure 3 Fluorescence intensities of the P,4 promoter library. P,,4 was the wild type promoter. P, was
used as a control promoter. Error bars indicate the standard deviations from 3 independent cultures.
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2.3 Pona BIANFXERIFTISH

R IA B 5 R B 2 (8] AR S, X
JE A R 3 AR AT, ARG R AR
10 X KB P50 ( 4). 38— R Fl WebLogo
W 3wk (http://weblogo.threeplusone.com/create.cgi)
XTI A 58 AR A 58 A8 X T ST 3 B, it -
AR DX K o e R ST (] SA) AR BOR,
HSE AR T P 10 X LR 5F )7 51
“TANNNT”FINL B A, 96% R AR (55/57) RY
—10 X 5 BUREAS R BE P i) 3" A% 21 1-4 1B
(L EIRFIE, 68%MIZALIR (39/57) #23h 4 1V
B, RYF I FRER RS-0 XIATFIH
LB YIH K,

R i — 2R SY 5 A X AL B RRAE AR
JERIER, i T8k shF (K 5B). 1
SRR B (181 5C) FIERJE 3 (&1 5D) A%

Weak promoters
Sequences RI

Moderate promoters
Sequences

AR R R SFPE L BR T 10 X R SFF A
“TANNNT ) 3 DORSFRREE, &4
BB oAt B A B B RS BEE SR BT
SR AR, R 4307 B IR I O A B
559 )0 s F R AR KANFESS 3 07 B T B4R 40 5
H50%; hEERE S S FRAERIES 2. 3.5,
9. 10 AL T, G, T. T. T MISRRK R,
BITE 50% /447 s sl FoRABIXES 2. 4, 5,
9O sl T, T. G. T WEREK R, 35
T 50%. VU ESEREW], [l FomEk SR
X HABA B A T 8¢ G B FEA C
24 P BN FREEAT L-HREBRES
V- AL ProB J2& L-IZR A R
KHENE, 23 LIRS, BRI
PSS Ll R 7= BT b Y, ProBY' N J&
I T 0 S5 A A 3R S A ) 28 A8 14200,

Strong promoters
RI Sequences RI

P, GTTACAGTGGATAA — P19 TTGCTAGTATATAA 4.3 P44 GTGGTAAGTTATAA 8.0
P1  GGTGTGTAGGATAA 2.4 P20 AGTGTACTGTATAA 4.3 P45 AAGTGATAGGATAA 8.4
P2 CGCTACACTTATAA 2.4 P21 GTAGTAATATATAA 4.4 P46 GGTGTAGTATATAA 8.6

P3  TATATTATTAATAA 2.5 P22 CCGAGTTA

ATAA 4.5 P47 GTCGTATATAATAA 8.7

P4 ATATATTAAGATAA 2.5 P23 GGATGTTATTATAA 4.6 P48 CTATAGTAGAATAA 8.9
P5 GTGAGTTAAAATAA 2.7 P24 TGGTATGGTGATAA 4.6 P49 GGGTGGTAGAATAA 9.3
P6 CCGTATAATTATAA 2.9 P25 CGGTGATACTATAA 4.9 P50 GTCTGTTATGATAA 9.8
P7  GGTATTATAAATAA 3.1 P26 GTCGGGTATGATAA 5.0 P51 TTTTGCTAAAATAA 10.1
P8 AGTATAGTGTATAA 3.1 P27 TAGTAGTATTATAA 5.0 P52 GTCTGATATCATAA 10.6
P9 ATAAAGTAAGATAA 34 P28 AAGTTATAATATAA 5.0 P53 ACGTGTTATGATAA 12.0
P10 AATGTCTATAATAA 3.5 P29 TTGGTCTACAATAA 5.1 P54 TTTTGGTATGATAA 12.7
P11 TATTGTTATGATAA 3.5 P30 TTCGTATATGATAA 5.3 P55 GGGTGGIATAATAA 14.0
P12 TGTGGATATAATAA 3.7 P31 ATGGGCTAAAATAA 5.3 P56 TTCTGATAGGATAA 14.1
P13 CCCACGTATAATAA 3.8 P32 AACATGTAAGATAA 5.3 P57 TTAGTGIATGATAA 16.7
P14 GTTGTATGCTATAA 3.8 P33 GTACGGTAGTATAA 5.4
P15 GGTATAATTTATAA 3.8 P34 TTAGGATATGATAA 5.5
P16 CGAGTATACTATAA 3.9 P35 AGGGTGTAGTATAA 5.6
P17 GCCTGATAGGATAA 4.0 P36 TTGTATACTTATAA 5.8
P18 CTGAGGTAACATAA 4.0 P37 TGTATACTTTATAA 5.9

P38 AAGTGTTAATATAA 6.2

P39 TTATTATATAATAA 6.6

P40 AGGTATAATAATAA 6.6

P41 ATACTGTAGTATAA 6.8

P42 CTGCGTTATAATAA 7.1

P43 TGTGTAAGATATAA 7.2

4 BRI FREMREI-10 XK M 5 F4E 33 52

Figure 4 Extended —10 regions and relative intensity (RI) of promoter mutants. The —10 regions were

underlined.
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Figure 5 Per-base conservation analysis of the extended —10 regions. (A) All promoter mutants. (B) Weak
promoters. (C) Moderate promoters. (D) Strong promoters.

R T INH Poana A 81 FSCERS AN ProB
P RIR AR = LI R - i, TR SO TP kR
5 ANV B (4 )3 3h F A ProBO' YN il Kk
WAE, 0SS s PL. AR E S s
P19, SBISENT P50, P53 1 P57, %M 1.2.4 FF
R B 07 A proBYK 36 38 iR A TE Bk
(& 6)o ) S 110 TR A B F IO P 2 Yo BB . R X i
JER-10 X K B P 91 an R 3 FioR o

PR 1.2.5 Frf iR 9 07 04T 24 FLAR K ¥
M ODgoo L-fli 2R r~ & A 2 A 5, JF
THRBER AR, EREE 7A PR, 5XF
HEPAARAH L, Prfa ik A K G B 2251, =9
XU Bk ProBY'™ ASFm BRI AE
L-ffi &R = il 7B s, XFREERE SLCgP1
(pEC-XK99E) 1 L-fli2 8" a2 2.8 g/L, %
BRI T Poans 1 FIRHEHE I 25%, Pl
By SR AR R FEER, P19 #&5 60%,
P50 #2755 133%, AE|A ™ 6.4 g/L, P53 Fl
P57 [ 5 P50 WA WEZES . MHE
Ll SR AL R a0 8 7C R, Zs bt 5
T —5, WP E R SLCgP1 (pEC-XK99E) Fi B

. 010-64807509

Pl

pEC-P1 —t proB¥K L
EP19

pEC-P 19 prOBGMQK L
EPSO

pEC-P50 proBTE T
P53

pEC-P53 I PproBGIK L
P57

pEC-P57 I proBeIK L

6 proB°"" RiEFRIHWETEE
Figure 6 Construction sketch map of proB%'***
expression plasmids.

MREAL R 2 0.05 g/g, P50 Ml smmiib R (32
160%,0.12 g/g), P53 F1 P57 HIMERR 4k 5 P50
WA REES . DRGSR RY, LlEm ™ =
TR R e AL 2R W 25 I 30— 0 B 1 s AN T 42
FHXT SR N 9.8 frAf ik R, HSCER N
ProBY'* (R IR A E 1R B F o

4. cjb@im.ac.cn




840

ISSN 1000-3061 CN 11-1998/Q ¥ T.#244z Chin J Biotech

x3 BT L-BaEREFHAIBISFHERK

Table 3  Selected synthetic promoters and strains constructed for L-proline production

Strains Promoters Fluorescence intensity Relative intensity ~ Extended —10 region
SLCgP1 (pEC-XK99E) Blank control 205.5+12.0 - -

SLCgP1 (pEC-P,a4) Poana 1 032.5+10.6 1.0 GTTACAGTGGATAA
SLCgP1 (pEC-P1) Pl 2 199.5+73.9 2.4 GGTGTGTAGGATAA
SLCgP1 (pEC-P19) P19 3 759.5+£5.5 43 TTGCTAGTATATAA
SLCgP1 (pEC-P50) P50 8 296.0+334.0 9.8 GTCTGTTATGATAA
SLCgP1 (pEC-P53) P53 1 0180.6+£375.8 12.0 ACGTGTTATGATAA
SLCgP1 (pEC-P57) P57 14 044.1+£99.6 16.7 TTAGTGTATGATAA
The —10 regions were underlined.
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Figure 7 Fermentation analysis of the strains using different synthetic promoters. (A) Cell growth. (B)
L-proline production. (C) L-proline yield from glucose. Error bars indicate the standard deviations from 3

independent cultures.
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