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Construct a pyc promoter library and modify
Corynebacterium glutamicum to produce f-alanine
efficiently

SONG Yagqi, XU Jianzhong, ZHANG Weiguo
(Bioengineering School , Jiangnan University, WuXi 214122)

Abstract: B-Alanine is the only naturally occurring -type amino acid, with various applications in
the pharmaceutical, food, and chemical industries. Given the growing market demand, the study of
B-alanine production is important. In this study, the modified lysine-producing strain XQ-5.5 was used
as the starting strain to further promote the synthesis of f-alanine through the construction of chassis
cells and pyc promoter mutation library. To increase the intracellular supply of oxaloacetate and ensure
its conversion to aspartate (a direct precursor of B-alanine), the phosphoenolpyruvate carboxylase
coding gene pck was deleted. In order to ensure sufficient pyruvate to maintain tricarboxylic acid cycle
and oxalacetate synthesis, the pyruvate oxidase coding gene poxB was also deleted. Next, an attempt
was made to fine-regulate the gene pyc to further ensure sufficient oxalacetate content for f-alanine
synthesis. The carbon flux from pyruvate to oxalacetate was increased through the construction and
screening of pyc promoter random mutation library. Finally, the strain XQ-5.7 was cultured in a 5L
fermenter with batch feeding, and the yield of B-alanine was 62.8 g-L-1.

Key words: Corynebacterium glutamicum; B-alanine; Metabolic engineering; Biological control
elements.
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Fig.1 Synthesis of B-alanine metabolic pathway by microbial fermentation
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1 #REF&

1.1 el

L1l BEPRARRL

BREEF B XQ-5.5 fE N K BEIE, ASLie = . FHRMAT IR IM109 g kL. 7E
AHFFCH, FERGE I R pEC-XK99E FFi KL pTRCmob 74+ Z R A B Hhid ik . FE A
fr R 5 B 4ol FORE pK18mobsacB AT 84 . L E Rk SR LE 1.

1 WS R

Tab. 1 Plasmids and strains used in this study

e RHAIE IR

(k73

E. coli jm109 the cloning host ATCC

Wild type C. glutamicum ATCC13032 ATCC

XQ-5.5 XQ-5AAKxq-5::AK13032ACgpanD::Pgo-ThirRBS-BspanDE M .aspB Aldh Aavtd  [13]
weaken alaT

XQ-5.6 XQ-5.5 derivative, Apck, ApoxB ENTIS

XQ-5.7 XQ-5.6 derivative, P-15-pyc KIFFL

it A

pEC-XK99E Kan', E. coli-C. glutamicum shuttle vector for inducible gene expression BNCC

pTRCmob Kan', C. glutamicum vector for constitutive gene expression NTCC

pK18mobsacB Kan', intergration vector; oriVg. oriT sacB, allows for selection of double crossover ATCC
C. glutamicum

pTRC-pyc Kan', pTRC-mob containing gene pyc KR

pEC-pyc Kan', pEC-XK99E containing gene pyc KR

pK18-ApoxB Kan', pK18mobsacB containing for in-frame deletion of gene pocB AR

pK18-Apck Kan', pK18mobsacB containing for in-frame deletion of gene pck KR

112 HEFRE

LBG £773L (g/L) : W& 5.0, EAM 10.0, R 5.0, NaCl10.0, pH7.0, 7£
121 °C"F K& 20 min.

REFEEFREE (g/L) « HEHE 100.0. FSEHEE 30.0. #HSEHH 3.0x102, FKHKTH 20.0.
AEMIER 6.0x10%, FRlliEZ 3.0x10* . (NHs):S0440.0. KH>SO042.0. MgSO4-7H>0 1.5, FeSOs
3.0x102, MnS042.0x102 g, pH 7.0, 115°CK# 20 min.

1.1.3  EEMR 5N

2, 4-TRHEEK, T, (BIEZD ; OfE (GG o LR ML (SBA-40E,
WARBRHEBE YD) » ZHER SSRGS LORERE: SIMa R SIF: %It
IBEMRBAA IR AR, A5 K 2.

2 ARSI 51

Tab. 2 Primers used in this study

G2 31
pek-L-F ACGCGTCGACACAGTGATGACAACAATGAGATGC
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pck-L-R AGCGTGAACTTACTTCTCCAGATTTTGTGTCATTCGA
pck-R-F CTGGAGAAGTAAGTTCACGCTTAAGAACTGCT
pck-R-R CCCAAGCTTCTCCATCGACGATGCCAT
poxB-L-F GGAATTCGTAACTGTAACGAATGGTCG
poxB-L-R CCACGATCGGATTAAGGC
PpoxB-R-F GCCTTAATCCGATCGTGGTGCAATGTGTGGCATGC
poxB-R-R CCCAAGCTTCCTTATGTTCGAACGGGC
pyc-F CCCTCGAGCGAGGTCATAAAGTGGCGC
pyc-R GCTCTAGAGCACCGTCAACAGCATCT

1.2 i

121 ¥EFHE

PR B 7% K VKA CRAT 10 H I BRI, 380 = X R 2Ryt S A Ak AT TG A .
PRPATIEUE V5 2 10 mL LBG itk %38, 30°C i piks .

PR BERE IR H I 10% M &80 S mL APl 2 50 mL RIFE:FREE T, BT 500
mL br#ERR . 30°C, #£3# 100 r/min, K#RFFE 72 he

SLORFERERE R (REFRFI2 L) « TEVKAS P ORAF 1 H o B VR Ak o s B2 F A B )
TR BE 1 T _F, BT 30°C fHIRIGFRAE T, BRI ALK B3R T 10 mL LBG
WAAEE IR EE R, 30°CHEFR 12 he H5Fh I 10% M Fh B4 A0 B 5 L REESE, RN AN
72 h, REEEFEFEF 4 h BUREIE ODgoos - PA 2R B 1] 26 W R W VA S

1.2.2 EHBEKRKHE

DA Pk XQ-5.5 SN NN, J@Id PCR 4738 3 X pek (1 B FiiF A BL. Sk
pK18mobSacB i i W) sl 4 TR WY HEAT Ltk Ak o 38 3o Wi IG5 ) Y8 25 2L 1) U7 = AT kL
pK18mobsacB-Apck (4% . FIAH R 1) 777503 i ki pK18mobsacB-ApoxB HEATH & .

DA VR XQ-5.5 HZE N 4L AR, 3L PCR 3 pye MIBEANRIXHE . K 8k
pEC-XK99E (/i i pTRCmob BEAT&NEAL 5, KI5 pye SRIKFHEHEAT 7] 5 2 20 HEAT 221 TR

(PR 7
1.2.3 BRI 2

RERE it BVBORRE 25 15 )5, FISRAN 0 66 BETHIIE 600 nm  (ODeoo) WG, C3%IFR

SR M A KAB L
1.2.4  BRFERNE

KH SBA-40E B4 A= W% B (Hh ] Ll A Rk 22 5 )il s A Pl 0 2 AR R 5 o

125 S5

15 RO A € V8RN 5 R PR h B-TN & BRI . €834 v C18 #(250 mm x 4.6 mm, 5
um, Waters, Milford, MA, USA), iy KA 360 nm, s N K A (00.02 mol-L! pH
6.2 I ZBRANZZ M) A1 B (26D « £ 25 min PP HIERFREL (A:B) H 95:5 3403 60:40,
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Vel A i# 4 1.0 mL-min'.
1.2.6 AR LR BERAE

NV R XQ-5.7 18 5 L K RENIB- A IR A BEVERE, R ARSI AT (1A BL -t A 1 T
SXFRIPR 5.7 AT KWK, RERE 4 h BURRIDE M AR . BV E K- R

2 X554

2.1 AFFp-AERRERAMAAE

B QR N R A AR BRI, & B A N 5 i B- N B 1 & . N T ORAEE
A 7R ELT SRR R A28, FRATX Bk XQ-5.5 AT 1l . ERZRBEHE T, B
TR 445 % A T 5% #22  I (Phosphoenololpyruvate carboxykinase, H pck Zmfid) e B 742 55 — AN e
AR R RBERE, E MR IR A N BERR G SRR A COLL' e Jy 1 ez B LR VA
¥6, REEA pek FEAT R, RN Y ORI IR G BN TS R P EE IR, P B R SR i 1
153K poxB A MIBR, MR XQ-5.6. A T Rl Pk XQ-5.6 HIB-TN & BR A= fE 11,
PABE K XQ-5.5 Jyxf MEREAT R A B 45 Rt sSRIe 46 A&l 2 o, widk XQ-5.6 [11p-
R 311 gL', 5HR MK XQ-5.5 (28.6 L) MLIEE T 10.1%. ARKH, #
T A e =X, AT AT R - A A R - B T 2 PR 5 BB B R BB O A R T B- N R & 1, P Re R
B — O .

A= NQ55 = XQS4

P-HEEE (gL
WEW (gL

XQ-55 XQ-5.6
i) Ch)

Kl 2 Bikk XQ-5.5 1 XQ-5.6 #2 i K 4t
Fig. 2 Shake flask fermentation results of recombination strains XQ-5.5 and XQ-5.6

2.2 B pyc BT ICEIE T

FEACH TR AR, JEPR R % o RO 3 A A T B REBEe sEal, MRz
VI EE R AR SR TT R8T SO R R B e H AR 7 B AT ORI ST, AR JR
PEAT I A, B SR B T BRI B N IR R AL EE (H ppe b5 AAEHIRRLEE (1 pye
Gwh) 5 g3 A R I T e AT R R A AT %o B 5 L R AT [l b0 i SOk, R
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ppe FEARSN EIRAG H5 T m B, (B2 Py i S it i SE B R0, PRI IR FERS pye R BT
o g AL 5% A8 ST ARG 5 Rk IR IR A% . 1 S, LURAR pye JB 3§ R, 1EHX-10 ~ -35
DXAR ST FP A A E 15 bp BEATBENLR AR SO IR . H TR R g X 5" 5m 0 R R Rk A B 2
M, K pye B2 YAS X AT 250 bp H 405G H I (Green fluorescent protein, GFP) HAT
R AR TE RS, WK 3 Fis.

—- pyc250bp —  GFP

3 pyc JashF L ET &5

Fig. 3 Library screen system of pyc promoter

23 pyc BIIFIXERBEBAANIEE

B4, H pEC-XK99E ik TR & pyc J3 Bl SCEEBEAT TRIE T, A 3L K & 1) ST R i e
TCVE 78 B B B VRS IS 5700 (R0 R AR TR, 5 3300 0 8 5 O I S T A 2 R i e 24 9 i
FERIMSE o« DR B K B2 A R 32 TA B R pTRCmob SKRANEE pyc JE 37 CE ik R 48, o4l
B ZETE FORLHERR 1 SR B RE A R R . M BoRian il 4 s, B ERARGRE TR RS
Gt (GFP) Abey, FEEEF| R pTRCmob AR Tk . K-35 F1-10 2 [7]
15 bp 1787 3 51 45 DAASEARSURL A A AR ) 3 S KL S

| CGATGTTTGATTGGGGGAATCGGGGGTTACGATACTAGG

Pwt
%/ 250 bp of pyc

\

K pTRCmob g
/

E

4 BRERRTORL R

Fig. 4 Construction of template plasmid

2.4  pyc BINFICERIVITH

R RE S L S TR R XQ-5.6 1, BRI IV, 15 77 T 96 FLAR R o SR A 9O e A (LS55,
150 PerkinElmer, uk, A& =479 nm, AR F= 520 nm)dll i€ GFP %658 Al ODgooo FeH
J B 5 FH AR R 5% G 3R FE (R OG5 B /ODsoo) % s o LABFAERYH Bl 1 I BB B AR R, &
R0 PO HRC AL TREAT 2RI . HERR BTG I8 AR L N MIEAAAZ I AL T
RERE SO T2 AL T, K POt s B a T M 7 A R — 2k . &0
W T 19 FRET A, OGN 5 fs. RIEFOLIRE Box (B35, SEAME
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Fig. 5 Relative fluorescence intensity of promoter P1-19

25 pye AENT BRI

[ 5 B 0 1R AR T AR G S R 4R B R 208, T I & A A - T R I e £
JAENTF . LA pye RENF AN, KT B R B i IO R SR ES A Ik,
SR =AM XA o FRATTFEIX = A X ] B4 Ak B = 2% 1 2 7 5 5 pye 88 8 FRAT B 4. &
Wl R 50143 I8 P3. P5. P7. P10, P12, P13. P15, P17. P19. 2 WM A HFk XQ-5.6-3+
XQ-5.6-5+ XQ-5.6-7+ XQ-5.6-10- XQ-5.6-12, XQ-5.6-13 XQ-5.6-15. XQ-5.6-17. XQ-5.6-19,
AT X LE AR BEAT T R R SR IR VP AL, SRIRAE IR B 6 (a) FiR, HFARITAEZ)
T E AR TB-NEIRI G R HA R XQ-5.6-17. XQ-5.6-19 57k XQ-5.6-15 #H
tb, B-NRABRZ EMX T (B 32.8 gL' | 322gL'vs344 gLl . XAJfERHT1EHR
JABFIAEHI T pye MFRIAH S, XIS K SR B- I BRI 7= A 7= A T ST o

JE BT P14 M1 P16 H G50 E BAR S P15 MHZEAK, AHGUIN 8RB 1) AR B VF B RE S 52
i B- PR B IN 7= & o TR 5 3 F P14 R P16 55065 3 il A7 & 4, MIBLR R XQ-5.6-14,
XQ-5.6-16. LA XQ-5.6-15 Jyxf MG Mk, #EATRRMARIESLES . SLgn g R 6 (b) Ps, M
Z)F P15 245 pye T8 T N B- A 2R - B AL R 3 77 81, 5Bk XQ-5.6 (31.1
gL MEIRTF T 10.6%. BiFk XQ-5.6-15 (HI XQ-5.7) fEREMKEE 72 h J57°4E T 344 gL
B-TIE I -
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Fig. 6 Effect of promoter replacement on B-alanine production
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Fig.7 The fermentation curve of XQ-5.5 (a); The fermentation curve of XQ-5.7 (b)

TR B PR XQ-5.7 A7~ B- N &R W R BV RE . 7E 5-L i xCR e E rh EAT AR bR
W B 7 BoR TR XQ-5.5 Al XQ-5.7 #MNEH MR BRI 18] it 2% . W46 H ETHEVHFE S5, Akst
HI 800 g-L-! (A & WEBEAT 73 LA kL, (R B MR L AERFAE 15 g LT LA R . FERI 72h )5, R
EHT XQ-5.5 MIB-N R~ N 56.5 g L, &JRMAMMAERE 3 THE K, B-IHARNF~
B 628 gL, 1-E T 11.1%. ABFFERY], FIH TS o0 S8 g AT S 4H i 2 e

545 AR THB- T = IR IR

3 ##

AT TELAB- N R IR A 7 T Pk XQ-5.5 R b, I8 IR TREdE — P 4R - A R (1
PR IR pek 2L poxB JEDR LA K pye JA 31 SCPE T i Y ¥ 83 R 31 e 81 5 4k 2]
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TRAZORHATA R B RN H 1. £ 5 L REEREH AT AN st B IE, B- ™ Ft
—LIREE T 62.8 g L. FEABIFL P LLE PR XQ-5.5 Jy i A Bk, A8 IR Jo i 58T 70 o i
WEH PR T B-NARNT ', NESENERSUERM T —ENSENE.
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