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Abstract:  Promoter, an essential regulatory element, is widely used for metabolic engineering of industrial strains.
Corynebacterium glutamicum is an important industrial workhorse to produce various amino acids. However, strong constitutive
promoters that are applicable to C. glutamicum are rarely reported. In this study, we first performed a time-series transcriptome
analysis of a glutamate hyper-producing strain C. glutamicum SL4 by using RNA-Seq. Overall, we picked 10 samples at different
time during the fermentation process. By analyzing the time-series transcriptome data, we selected 10 candidate genes with the
highest transcriptional level. These genes were all transcribed stably during the fermentation process. We subsequently cloned
the promoter sequences and evaluated the promoters’ strength in strain SL4 using a red fluorescent protein reporter system. To
evaluate the universality of the promoters in different C. glutamicum strains, we further tested the performance of some
promoters in wild type C. glutamicum strains, including ATCC 13869 and ATCC 13032. The strongest promoter was further
characterized using LacZ as a reporter in all the three C. glutamicum strains. Finally, we successfully obtained three constitutive
promoters with universality, Pk, Pgapa @nd Prymc. Peysk is the most efficient promoter among the three C. glutamicum strains. In
strains SL4 and ATCC 13869, the strength of P, is 2-fold of the strong inducible promoter Py using the red fluorescent protein as
a reporter and 4-fold of Py, using LacZ as a reporter. Moreover, the strength of P reaches 30%—40% of Py in strain ATCC
13032. The promoter P is identified as a strong promoter for the first time, which can be used as an efficient biobrick for
metabolic engineering of synthesis pathways in C. glutamicum.

Keywords: Corynebacterium glutamicum, time-series transcriptome, promoter, red fluorescent protein reporter system

K RAMPEFFE Corynebacterium glutamicum J&
NIRRTl AR Wbk, FEMTA™ LA
M. LA L-osm s e imt . Samk
FFBE AT DATE I 13 B SURL RN 2430358, T 32 i VR P ik
PP IR B3 E FDA AE % 4> (Generally
recognized as safe, GRAS) MU EME!, Ir4Esk X
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BEFARRAFLRR S A MLIR . USRI T RRNE S
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e BEAT B A 21 =10 XS 78 ALK A B 3h
=35 XA P HI B IF ik 7 AN LE 8.

H A 2 RAE A B S 11 R IE R R
ZIRFRE2HEFN Puc A 3IF. Ravasi —fp[z“]ﬁﬁ
GFP 1E R RAEMHATHIL, G5REIR Posps
Psoq Jii Bl HIFRIB TR E 535 249 K Peac 119 0.5 F11 0.1 4%
Shang 251 Lacz 1 g 41 15 2 48 A543 P U
BN SR BIR Prus Fl Pgog JE 3l B9 3K 58 2 43 5]
24 Prac 19 0.7 {581 0.3 £, HAT PpgJii Bl T3
KR PE I Prac 151, 29K Prac B9 1.35 fi%. [RILAKSR
T BLAE A B 2 i ek R B P ALY R B T

i ST L AR 11 R 4 2 ] LA 2R 5 R AE R TR )
Tk K, AR B 29 T %k sh T ook .
Zhao V0 I\ 25 G W MR AT B 2R 11 A B TR SR
HRIRN 12 A JE A v i 2 31 5 2H U8 5 3l
Pogko 2 [ ZH 004l B ) 422 S5z e B R A 7 S oKk F-
LA IS W DR Bt S AT P A S AL B AR T O
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Table 1 Strains and plasmids used in this study

P R I S X T B P i
ARRPEFF IR R . . AR AR T 05 A 58
AR ST S5 e s ) 6 A ek B[R] o i 1 )
HMALRIR BT Pugo ABFFEIET A EIR =7 16
C. glutamicum SL4 Eﬁ%n‘iﬁzﬂ’ﬂﬁﬂ‘l‘ﬂf”ﬂ%%éﬂﬁ
i, O 0 R Aok AR P4 RS B s HL G sioK Y- B
10A%ﬁ~ﬁﬂﬁ@%%%5(mm%ﬁ%%d
TE SLA W PR h RAF X SRR B 5 B Fom s, IR
FRF AU RR AN LacZ 2 i — L 10 UEHR 4 5 3h
T A . AR T 3 A4 iE AL ) 3
T, Hrp Poyex B IRBEHGE S 5iG 3hF, iX LSS 3
T T A E R AR A T n AR AR G

1 MRE7E

1.1 ##
1.1.1 Btk 5SEH

AT B B R S B0k L3R 1.

Strains or plasmids Description Reference or source
Escherichia coli
DH5a General cloning host TaKaRa
Corynebacterium
glutamicum
ATCC 13869 Wild-type strain Lab stock
ATCC 13032 Wild-type strain Lab stock
SL4 A mutant of ATCC 13869, hyper-producing glutamate, temperature-sensitive ~ Lab stock
Plasmids
pEC-XK99E Expression vector of C. glutamicum, IPTG-inducible promoter Py, Km® [28]
pSB4K5-rfp A vector containing rfp gene Lab stock
pZSP1 A vector containing lacZ gene Lab stock
pXMJ19 Shuttle vector of C. glutamicum/E. coli, IPTG-inducible promoter P, Cm® [29]
PEC-XK99E-rfp pEC-XK99E derivative, expressing RFP under the control of Py This study
pWYC-1 pEC-XK99E-rfp derivative, Py was replaced with Py This study
pwWYC-2 pEC-XK99E-rfp derivative, Py, Was replaced with Pgapa This study
pWYC-3 pEC-XK99E-rfp derivative, Py was replaced with Prya This study
pwYC-4 pEC-XK99E-rfp derivative, Py, was replaced with Pga This study
pWYC-5 pEC-XK99E-rfp derivative, Py, was replaced with Pgye This study
pWYC-6 PEC-XK99E-rfp derivative, Py, was replaced with Pygna This study
pwWYC-7 pEC-XK99E-rfp derivative, Py was replaced with Pg.p This study
pwWYC-8 pEC-XK99E-rfp derivative, Py was replaced with Pryop This study
pwWYC-9 pEC-XK99E-rfp derivative, Py was replaced with Pjn This study
pWYC-10 pEC-XK99E-rfp derivative, Py was replaced with Pgymc This study
pwYC-11 pEC-XK99E-rfp derivative, Py was replaced with Py, This study
pEC-XK99E-lacZ pEC-XK99E-rfp derivative, rfp was replaced with lacZ This study
pWYC-12 pWYC-11 derivative, rfp was replaced with lacZ This study
pWYC-13 pWY C-5 derivative, rfp was replaced with lacZ This study
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112 519t 568

AHFFE BT 51 9018 Vector 343831, 514
ZRRIJTHNNER 2 Fiow, 5193 RN G MER A
CikEgis
1.1.3 FERAFH5UEH

BRG] & . PCR =W ai ik & . e
[N ) A2 A AT TIANGEN A+ LR 4H

PEHUR £ F 3£ [F Biomiga 23 H] ; RNA $REGR
F& (RNeasy Mini Kit) 9 H QIAGEN Arl; &
H kXK & (ClonExpress® CE 1) I 4 Fg 5t
Vazyme 23wl 5 BEERRY FILEE 1R H 52 [ Oxoid 22
Al RIREGRSEHA R AJLA Solarbio 24+ ;

A A 38 R 77 o Al PCR G IMY,

Applied Biosystems 24 F] ; 4366 EETT, Shimadzu

x2 KHRATASY

Table 2 Primers used in this study

Primer name Primer sequence (5'-3")
rfp-F GGATAACAATTTCACACAGGAAAGGAGTTGAGAATGGCTTCCTCCGAAGACGTTATC
rfp-R CCAAGCTTGCATGCCTGCAGTTAAGCACCGGTGGAGTGACGAC
pEC-XK99E-F CTGCAGGCATGCAAGCTTGGC
pEC-XK99E-R CCTGTGTGAAATTGTTATCCGCTC
Arfp-F CTGTTTTGGCGGATGAGAGAAG
Arfp-R TCTCAACTCCTTTGGCCTGTGTGA
lacZ-F ACAGGCCAAAGGAGTTGAGAATGATTACGGATTCACTGGCC
lacZ-R TCTCTCATCCGCCAAAACAGTTACGCGAAATACGGGCAGA
Ptac-F CCTGATGCGGTATTTTCTCCGCCAGGGTGGTTTTTCTTTTC
Piac-R ATAGCTGTTTCCTGTGTGGGGTGTGAAATTGTTATCCGCTC
Atre-F GAGCGGATAACAATTTCACACAGG
Atrc-R GGAGAAAATACCGCATCAGGC
Pt -F CCTGATGCGGTATTTTCTCCCATCGGTGACGTGAACTCC
Puwt -R TGTGAAATTGTTATCCGCTCTGTATGTCCTCCTGGACTTCG
Pgapa -F CCTGATGCGGTATTTTCTCCCGCGCCGAAGATCTGAAGAT
Pgapa -R TGTGAAATTGTTATCCGCTCCACGCACCAAACCTACTCAC
Prpsa-F CCTGATGCGGTATTTTCTCCATTGGTGGCTTGAGGTTTTC
Prpsa-R TGTGAAATTGTTATCCGCTCATTGCTCCGAAATGGATAGG
Pgita -F CCTGATGCGGTATTTTCTCCGGAAGTCGGTCATGTCTTCG
Pgita-R TGTGAAATTGTTATCCGCTCTTCCGGATTACGGAAGTAGTC
Peysk -F CCTGATGCGGTATTTTCTCCTGAACATAGTCGAGGCGGATC
Peysk -R TGTGAAATTGTTATCCGCTCATTGCCCATGTCGGGTGGT
Pgana -F CCTGATGCGGTATTTTCTCCGGTCAAATTTCTCCGATGTAGCG
Pgana -R TGTGAAATTGTTATCCGCTCGTTCCCATCTCGGCTGCATG
Petap -F CCTGATGCGGTATTTTCTCCGCAGACCGGACTTTTGAATTTGG
Peap -R TGTGAAATTGTTATCCGCTCAGGTTCCTCCTGACTACGGGA
Prpos -F CCTGATGCGGTATTTTCTCCCCTGCTGTTCAAATAGATTTTCCC
Prpos -R TGTGAAATTGTTATCCGCTCCTCACGCGGGTAATTGCAC
Pints -F CCTGATGCGGTATTTTCTCCAGTCGCTTGAACCGGCATGAA
Pints -R TGTGAAATTGTTATCCGCTCAGTTTTTGCCAGAGGTTCGAAGG
Pfumc -F CCTGATGCGGTATTTTCTCCTGCACCTAGTAGACCATTCAGT
Pfumc -R TGTGAAATTGTTATCCGCTCGAGAATTAAATACGGCTGTCAC

&: 010-64807509 B<: cjb@im.ac.cn
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/v )3 Nanodro Hifufi #% FR & F1l 2 X, Thermo
Scietific 23 w]; HL i #44k{%, Mettler Toledo 23 ;
DM5000B 7 )% 2 1 5% , Leica 23 #] ; SpectraMaxM5
£ I REE SL bR, Molecular Devices 722l ;
[llumina MiSeq ‘F- 5,
1.1.4 BEFHE

LB #5735 :10 g/L NaCl, 10 g/L & [1)i%, 5 g/L
FERENY , AR T S0 50 pg/mL RARE R, AT
E. coli #55%. LBG ¥55%4E: 10 g/L NaCl, 10 g/L
EANE, 5 o/L BN, 5 o/l A, RIS
i 25 pg/mL KARE X, FF C. glutamicum
ATCC 13869 Fll ATCC 13032 1557, SGY Ksgidk.
59/L %M, 10 g/L BERERY, 18 g/L R FHE A,
1 g/L K,HPO4-3H,0, 10 g/L JRZ, 059/l T —
W2, 10 pg/L AR, pHIAZE 7.1, AREFZEEHm
25 ng/mL KAREZE , H T C. glutamicum SL4 5 5%,
1.2 F%
1.2.1 WMERETF RFP MBI FRERSA

Ph pEC-XKO9E Bk Atk , LA pEC-XK99E-F
M pEC-XK99E-R Ky 5| ¥ S I 47 1415 3 LAtk Ak 2%
& pEC-XK99E., L) pSB4KS5-rfp JFki Mkt , LI
rfp-F #1 rfp-R R 51 ¥4 1415 2474 RBS /¥4 1) rfp
A Bt 519 rip-F F rfp-R #5407 F T R4 va s
TR, A SO RN &, YA E Y
rip B SR EIR pEC-XKI9E #EATH 4 %
P, RIS EAH TR pEC-XK9E-rfp, K 100 1%
B FES OO T BB
1.2.2 C. glutamicum SL4 H#RHIETE]FEF15 F
ZH I P B2 H b R 0

SEHSEATIAYE 5 L R FERE R AR T (VA
HEFE IR, BRI . REEA PR K pH
AR, AW R R L) A Bk
C. glutamicum SL4 B #RA = AR, W13k IR
JE4 33 °C, 8hJFiRTHEZR 36.5 C, HG&EHiTH
M 39.5 C, LMW 28 ho ARBF7E EH MK BE

Humina A &) o
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WP IBORE , BURERFIR] 30 10 3. 5.5, 8. 9.5,
115, 13,5, 15.5, 185, 23.5h, B{k 4 CE.LHR
WA, WARGBI R T-80 C. AR
R AR, KA QIAGEN RNeasy Mini Kit
A& T RNA B3I 4k . RNA Bk
Pl k2 Bt K Tl AR ) AR B 5 i R S vp
L, 7E lumina MiSeq - & _F #4782 W 150
bp WP, FEAFESIRIFZ 1.5 G R EHE . WP
Bm& s ig s, A Samtools #I HTSeq
B EEANFEAREANILER count H (FA
LD HE X 1Y reads %0) , i 33 Python A 1 FPKM
(Fragments Per Kilobase Million) Az HE 44 ¢
AR EAFEEE) FPKM i, SR EE 10 4
B AL FPKM SPXME, AR (A ) s
FPKM {H—F- 318 P B IHRRA S k sh, i
1E 8 A LA LB A& R I S AR F 3 50%
AYEER (F T 10 A5 B S R M ik 50% 2 2Bk
i SRk YL ), BRIE SR FPKM - Y {E &
1 10 AR
1.23 B3 FRTLRERI RFP & B f )
tuf, gapA. gltA. gdhA LIRS 357 41 i
2y 58 SCHR A B FE X B Rk C. glutamicum SL4 ) 5 [
13515, rpsA, cysK, ctaD, rpoB, infB, fumC
PEFEATR B AR gt X AR H S sh 74, i f
J 8 FRAENHE AR A 4 5'-UTR 1 SD 741 (F
%I£k): 5-GAGCGGATAACAATTTCACACAGGC
CAAAGGAGTTGAGAATG-3', ATG(ITHL) Nt
. DL SLA BRRA SR A AR, SR ATAH
51 (3% 2) 9715 10 N5 31 B DL pXMI19
JORE AR, R Pac-F #l Pac-R G119 1S Prac
BT B, DL pEC-XKO9E-rfp ki JEdz, LI
Atre-F FIAtre-R S~y 5|9 B w4738 22 Br Bk H Y
Pirc, SRAF LA ER A Fr B o i 1 3 20 v b 0] 4
WA sh 7+ Be 54tk Ab gk A i Bo g3 il R4 7 8 41 i
B, RSO AR ST 10 A Bk, iy
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45 R 4> il &% fk C. glutamicum SL4 |
C. glutamicum ATCC 13869 #1 C. glutamicum
ATCC 13032 [#itk, #hf3aRik2OGHE AR AR .
1.2.4  ODeoo FIHE G T 5E

PRIBOT-HTE fb 14 B o B B2 A f5 20 mL SGY 5k
LBG k5= 3L A 100 mL =i, 30 °C . 220 r/min
MRS, BUE RS 30 mL
SGY & LBG ;3£ KAy 250 mL =i, 154)
Iifi ODgoo 4 0.5, FEIRIFEMY 54 T HESR, il 2-4 h
HUFER I ODgoo FNZEIEHRE o FEANFEMS 3 A FAT
T Puc 1 Prac Jit 8118 X BE PR AR A 422 R ) 45 o
0.5 mmol/L IPTG. ODeggo i ¢ 2215 1 Vi< & 7 il b
A EMAE . DGR EENE , S5 PBS 22 il vk
WIR 2 K, HMBEGERE, fFEZIReESHR
A E535IM5E ODgoo FZEIAE, WA AL 560 nm,
KT R 607 nm, R B O E /Y 9Ot
{H/ODgoo-
1.25 LacZ RAFURFERMER B-FLILbF
H EETE P AW 2

SRk pEC-XK99E-rfp .pWYC-11 Fl pWYC-5
ok R, LAArfp-F FArfp-R N5IHI I -
BEARAT A5 BoRE B rfp (9 JBORL B2 5 LUBURL pZSP1
R, LA lacZ-F il lacZ-R 5|14 1545 5] lacZ
R B, RA—S2EA A&, B R
lacZ B¢ 5xF 0 Bk A 48 i AT Al i 42, 43 Ak
4 pEC-XK99E-lacZ .pWYC-12 Fll pWYC-13 E 4
Jk . A BORAE AR ) 5-UTR 1 SD J3 41l
(FRIZR): 5'-GAGCGGATAACAATTTCACACAG
GCCCACACAGGAAACAGCTATG-3', ATG(JIHL)
FEIHES T Bra mATORLA B LR 3 Ak
B AREFTE D

KW B~ ZLBE T I IS . R B R SO0
EARF, BAFEREE 3 AFT. BUE T
PR VK 5 20 min, FEHC 0.5 mL BT 4 °C.
6 000 r/min &5.0> 10 min, F§ 0.5 mL i3/ Z 2% v

&: 010-64807509

W (0.06 mol/L Na,HPO4-7H,O . 0.04 mol/L
NaH,PO,-H,O . 0.01 mol/L KCI. 0.001 mol/L
MgSO,. 0.05 mol/L B-#iJk Z M, pH 7.0) H A
Jig, % ODggoo HX 0.1 mL FIRFEM A 100 uL
P51 50 pL 0.1% SDS, JR¥FHIRAI, 30 CHH
1 ho A 0.2 mL 30 CHIIMKINJEY) ONPG
(4 mg/mL), VEAI AR TS, 30 CHE T — & B[]
MR FE A N F A, A 0.5 mL 1 mol/L
Na,COs i, HRFHIRS), [RINFiC st | . FERE
FRACHIRE ODyggo F1 ODsso FUEMHE, i1t L T AT
S35 . Miller  Units=1000x(OD4z0—1.75%ODss0)/
(ODgoox I AR R (mL)x Sz v B} [B] (min)) o

2 HER5AW

21 HEET RFPHEBHFIREERSR

PLorfp SR BRI, MRS 1.2.1 PrdtiR ey
e, FERIHFFH DH5a HH4E pEC-XKI9E-rfp Ji
ki (1), ¥ALFEVE PCR 56 UE A SR e 1
W, RUEHFORA AN . % pEC-XK99E-rfp
5k HL ¥ fk & C. glutamicum SL4 w1, #15
C. glutamicum SL4 (pEC-XK99E-rfp) Htk, %)%
B s Bon e LRk aasobEn (E
2), FW] RFP IREG RGN

Ptre

pEC-XK99E-RFP

1 pEC-XKO99E-rfp [R¥i[El i
Fig. 1 Plasmid map of pEC-XK99E-rfp.
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0 pm 10

E 2 C.glutamicum SL4 (pEC-XK99E-rfp) HEHkAI T BIEME
Fig. 2 Fluorescence microscope observation of C. glutamicum SL4 (pEC-XK99E-rfp). (A) Visible light. (B)
Fluorescence.

2.2 C. glutamicum SL4 B & ESIZH4EF # 3 i, Sk tuf il gapA SN R R R AKF

AN R B AR R [ A 0 W, Hofh 8 MR FOKF 2257 BN
R4 1.2.2 iR ik, #47 C. glutamicum . . tf

SLA FHR A WERL T 10 /] 5 R h 5% 340 :;‘Z ZEZZ'\\ éﬁ

PP, I it 42 KO A3 b 0 e e P IR ool ) o

UGB KA IR A, TR S e T -

SYHT R R R R AR RO . R £ et k.\_\ e

BETMEAT I RNA IR b R b 38 2o 20000 L N e,

T Al L L5 19 RNA K, RBF5 WA 20000 | :

RS VR IR 10 /MKESL 9 RNA, JIFA BE A Y oL RS e/
8 10 12 14 16 18 20 22 24

RNA ¥ JB F1 58 BP0 n] LUK B0y 205K . RAs 5%
SRR, ORTUE e I A R R AR e S HL 3 104 B R R AR R R BT

=2 . L1 | I + pUK = v 3 7K 2
Fesr A iR iy 10 A JE O TR 99 oK Fig. 3 The transcriptional expression levels of 10 selected
SENE 3 s, FPKM SEX(E & SR h e % n genes in fermentation process.

¢ (h)

#3 10/ BREREIGE. FPKM EHEMBEHFKE
Table 3 Functions, FPKM averages and promoter lengths of 10 selected genes

Gene Function FPKM average Promoter Length
tuf Elongation factor Tu 77 355 Pt 590
gapA Glyceraldehyde-3-phosphate dehydrogenase 61 702 Pgapa 421
rpsA 30S ribosomal protein S1 29 382 Prosa 246
gltA Citrate synthase 1 28 012 Pgita 718
cysK O-acetylserine sulfhydrylase 24 792 Peysk 610
gdhA NADP-specific glutamate dehydrogenase 24 372 Pydha 527
ctaD Cytochrome c oxidase subunit 1 23 469 PetaD 521
rpoB DNA-directed RNA polymerase subunit beta 20 301 Prpos 402
infB Translation initiation factor IF-2 19 880 Pinia 543
fumC Fumarate hydratase class Il 16 284 Ptumc 299

http://journals.im.ac.cn/cjbcn
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2.3 C. glutamicum SL4 E#kHF RIEBFHTFHY
SRFE

FelEOT Y 1.2.3 Ik S AN s 2hF R
JL A4 B A AN G 2 73R8 RFP 1 C. glutamicum
SL4 HLH W H AR SRk rh, $2 8 1.2.4 Ry vkt
Fr355%, I Z D REREAR {53 31K ODggo il
PEIERRIE , LIRAE W] 35 h (A eI R ALE 3T
SRIE . EARMMERGRWE 4A T 4C PR, 5
ZS KL . Pyre Fl Peac XTHRAH LG, BT B 19 26 K TE B
25, FRAE 12 h BP ] 35 21522 1 , ODeoo 29K 6,
Wi X 28 3 F ik RFP RSE M B AR K . 28

Ol)()(il)

s
A P JumC

lac

fre
=- Empty vector

8 12 16 20 24 28 32 36

1 {h)
C
7 -
6
S5k
s4t

8 L
3 | . rpsA O Poan
2 A P;I,‘A e rpol3

¥ Linm <= Py

. r -+ P, = Empty vector
0 1 1

16 20 24 28 32 36
t(h)

12

RFU/OD,,

RFU/ODy,

SRR SE AN 4B FN 4D FoR, BT 12 h i
e ST IR B EAR, FE 12-23 h R 9t
S AT R, RS R 23 h I REA AR A, T
Ja RFFRE . IPTG 755 B BUR )F Pye Al Prac
1458 3 AN Fe iR AR AR A — B0, S T[] SRR
Ph Piac J& B A58 B 4T U4 o Peysk < Pgapa F1 Prume
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Fig. 4 The growth curves and fluorescence intensities of C. glutamicum SL4-based recombinants expressing RFP with
different promoters. The growth curves were shown in A and C, and the fluorescence intensities were shown in B and D.
(A) and (B) PcysKv PgapA and Pfumc; (C) and (D) Ptuf- PrpsAv I:)gl'rA: PgdhA, PctaDr PrpoB and PinfB- Ptrc and Ptac were used as 2
control promoters. Error bars indicate the standard deviations from 3 independent cultures.
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Fig. 5 The fluorescence intensities of C. glutamicum ATCC 13869 and ATCC 13032-based recombinants expressing
RFP with Pyek, Pgapa and Pyymc. (A) ATCC 13869. (B) ATCC 13032. P, and Py, were used as 2 control promoters. Error
bars indicate the standard deviations from 3 independent cultures.
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