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Metabolic engineering of Sphingomonas paucimobilis for the
production of gellan gum

SUN Peng', XUE Zhenglian', GAO Cong?, LIU Jia’, WU Jing?, LI Xiaomin®", LIU Liming*"

1 Anhui Engineering Laboratory for Industrial Microbiology Molecular Breeding, School of Biology and Food
Engineering, Anhui Polytechnic University, Wuhu, Anhui, China
2 Key Laboratory of Industrial Biotechnology of Ministry of Education, School of Biotechnology, Jiangnan University,

Wauxi, Jiangsu, China

Abstract: [Objective] Using Sphingomonas paucimobilis as the starting strain, a high-yield
gellan gum-producing engineered strain was constructed through metabolic engineering, and
fermentation process optimization was performed, providing both theoretical support and
technical foundations for the efficient biosynthesis of gellan gum with this bacterium.
[Methods] A CRISPR-Cas9-based gene editing system was developed for S. paucimobilis, and
subsequently employed to genomically integrate two key gellan gum biosynthesis genes: the
regulatory protein gene (geld) and the B-1,4-glucuronosyltransferase gene (ge/K), both under the
control of constitutive promoters. Building upon this foundation, fermentation parameters
including carbon source, nitrogen source, pH, and dissolved oxygen were systematically
optimized through single-factor experiments. [Results] The engineered strain FMME-GGOS
achieved a gellan gum yield of 10.8 g/L in shake-flask cultivation, representing a 130.2%
enhancement over the parental strain. Following fermentation process optimization, the
production level reached 20.1 g/L in 15 L scale bioreactors, with a sucrose conversion
efficiency of 0.50 g/g. [Conclusion] This study not only successfully constructed a high-yield
gellan gum-producing strain and established an efficient fermentation process, providing a
reliable technical solution for industrial production, but also developed a genetic editing strategy
that serves as an important reference for metabolic engineering of non-model microorganisms to
produce other high-value exopolysaccharides.

Keywords: gellan gum; Sphingomonas paucimobilis; metabolic engineering; CRISPR-Cas9
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Table 1  Strains and plasmids used in this study

Names Relevant characteristics Sources

Strains
E. coli IM109 E. coli IM109 wild-type strain Lab stock
E. coli S17-1 E. coli S17-1 carrying pLO3 Lab stock
E. coli HB101 E. coli HB101 carrying pRK2013 Lab stock
FMME-GGO1 Wild-type Sphingomonas paucimobilis Lab stock
FMME-GGO02 FMME-GGO1 carrying pBBR1-pgm This study
FMME-GGO03 FMME-GGO1 carrying pBBR1-vgh This study
FMME-GG04 FMME-GGO1 carrying pBBR1-gel4 This study
FMME-GGO05 FMME-GGO1 carrying pBBR1-ge/K This study
FMME-GG06 FMME-GGO1 carrying pBBR1-ge/D This study
FMME-GGO07 FMME-GGO01 AldhA::P,,.~gelA This study
FMME-GG08 FMME-GGO07 ApoxB::P,,.-gelK This study

Plasmids
pBBR1 MCS2 pBBRI1 oriV, Kan', P77, lacZa Purchased from Addgene
pLO3 RP4 oriT, ColEl ori, Tc", SacB Lab stock
pRK2013 RP4 oriT, Kan', oriT, trfA Lab stock
pJYS pSC101 ori, Fncpfl, P30 Purchased from Addgene
pSPIN pBBRI oriV, Com®, P 3100 Purchased from Addgene
pET28a-eGFP pET28a ori,Kan', P, Lab stock
pBBR1-101ori pSC101 ori, Kan', Py, lacZa This study
pBBR1-pK18ori pK18 ori, Kan', Py, lacZa This study
pBBR1-RK2ori RK2 ori, Kan', Py, lacZa This study
pBBR1-ColElori ColEl ori, Kan', Py, lacZa This study
pBBR1-pET28aori pET28a ori, Kan', Py, lacZa This study
pBBR1-pVSlori pVSI ori, Kan', Py, lacZa This study
pCas9 pSC101 ori, Amp" Purchased from Addgene
pSGN20 pET28a ori, Kan', SacB Purchased from Addgene
pCas pSC101 ori, Cm" This study
pN20 pBBRI1 oriV, Kan', SacB This study
pN20-1dhA pBBR1 oriV, Kan', SacB, N20 This study
pRecET-Cre/loxP pBBRI1 carrying lox-Cm®-lox, Cre This study
pBBR1 MCS2-P,,-eGFP pBBRI carrying P, promoter This study
pBBR1 MCS2-P,,.-eGFP pBBR1 carrying P, promotor This study
pBBR1 MCS2-P,,3;,0-eGFP pBBRI1 carrying P »3;;9 promotor This study
pBBR1 MCS2-P,,,,3-¢eGFP pBBR1 carrying P,z promotor This study
pBBR1 MCS2-P;-eGFP pBBR1 carrying P; promotor This study
pBBR1 MCS2-P;5;-eGFP pBBR1 carrying Ps5; promotor This study
pLO3-eGFP pLO3, P»3;79, eGFP This study
pCpfl-eGFP pCpfl, Pr3/19, eGFP This study
pSPIN-eGFP PSPIN, P»3;9, eGFP This study
pBBR1 MCS2-P,,.-pgm pBBRI1 carrying P,,.-pgm cassette This study
pBBR1 MCS2-P,,.-vgb pBBR1 carrying P,,.-vgb cassette This study
pBBR1 MCS2-P,,-gelA pBBRI1 carrying P,,.~gelA cassette This study
pBBR1 MCS2-P,,~gelK pBBR1 carrying P,,.~gelK cassette This study
pBBR1 MCS2-P,,.-gelD pBBRI1 carrying P,,.-gelD cassette This study
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Table 2  Primers used in this study

Primers name

Primers sequence (5'—3")

pBBRI-F CTCAAATGCCTGAGGCCAGTTTG

pBBRI-R AAGCACACGGTCACACTGCTTCC

tac-eGFP-F CTGGCCTCAGGCATTTGAGTTGACAATTAATCATCGGCTCG
tac-eGFP-R GCAGTGTGACCGTGTGCTTTTACTTGTACAGCTCGTCCATGCC
trc-eGFP-F CTGGCCTCAGGCATTTGAGTTGACAATTAATCATCCGGCTCGTA
trc-eGFP-R GCAGTGTGACCGTGTGCTTTTACTTGTACAGCTCGTCCATGCC

J23119-eGFP-F
J23119-eGFP-R

ACTGGCCTCAGGCATTTGAGTTGACAGCTAGCTCAGTCCTAGG
AGCAGTGTGACCGTGTGCTTTTACTTGTACAGCTCGTCCATGCC

araB-eGFP-F ACTGGCCTCAGGCATTTGAGAAGAAACCAATTGTCCATATTGCATC
araB-eGFP-R GCAGTGTGACCGTGTGCTTTTACTTGTACAGCTCGTCCATGCC
P1-eGFP-F CTGGCCTCAGGCATTTGAGTGGCGTGCAAATATCTCTAACGAAC
P1-eGFP-R GCAGTGTGACCGTGTGCTTTTACTTGTACAGCTCGTCCATGCC
P51-eGFP-F CTGGCCTCAGGCATTTGAGCCGGTAGCAAATGGGGGCCGCTTTGTAG
P51-eGFP-R GCAGTGTGACCGTGTGCTTTTACTTGTACAGCTCGTCCATGCC

pBBRI1-RecET-F
pBBR1-RecET-R
SacB-RecET-F
SacB-RecET-R

GCCTGGGGTGCCTAATGAGTGA

GATATCGAATTCCTGCAGCCC
GGCTGCAGGAATTCGATATCCACATATACCTGCCGTTCACT
AGCCGATGATTAATTGTCAATTATTTGTTAACTGTTAATTGTCCTTG

RecET-F TTGACAATTAATCATCGGCTCG

RecET-R TCACTGGCCAATCTCCCGGC

arac-F GCCGGGAGATTGGCCAGTGATTATGACAACTTGACGGCTAC
arac-R ACGGTCAGTAAATTGGACATATGGAGAAACAGTAGAGAGTTGC
Cre-RecET-F GCCGGGAGATTGGCCAGTGATTATGACAACTTGACGGCTAC
Cre-RecET-R ATCGCCATCTTCCAGCAGGCGCAC

lacI-RecET-F CCGGAAGCATAAAGTGTAAATCACTGCCCGCTTTCCAGTC
lacI-RecET-R ACTCATTAGGCACCCCAGGCGACACCATCGAATGGCGCAAAACCT
pBBR1-ori-F AAGGCCGCGTTGCTGGCGTTCTACCGGCGCGGCAGCGTGA
pBBR1-ori-R GAAAAGATCAAAGGATCTTCGCGGCCACCGGCTGGCTCGCTTC
pCas9-F ACTACTTTAGTCAGTTCCGCAGTA

pCas9-R GGTTCTTATGGCTCTTGTATCTATC

pSC101-ori-F GATACAAGAGCCATAAGAACCTCAGATCCTTCCGTATTTAGCCAG
pSC101-ori-R GCGGAACTGACTAAAGTAGTGAGTTATACACAGGGCTGGGATC
pSGN20-F GAAGATCCTTTGATCTTTTCTACGG

pSGN20-R AACGCCAGCAACGCGGCCTTTTTAC

pJYS-F GGCCCGGTGAACAGTTGTTCTAC

pJYS-R CTAGATTGACAGCTAGCTCAGTCC

UP-RecET-F GCATCGTCTCGCAGACCTCGAGGCTG

UP-RecET -R ACATCCAAGCCCCTCCCCTTCAGGC

Down-RecET-F
Down-RecET-R
eGFP-RecET-F

eGFP-RecET-R

CAGCGGCTCCAGATCGCGGAAAGGG
CGGATCGAAGCCTATGCCGATGCCG
GAAGGGGAGGGGCTTGGATGTCATATCGTCAATTATTACCTCCACG
CGGTTGGGAATGTAATTCAGCTTTACTTGTACAGCTCGTCCATGCC

CmR-RecET-F AGCTGAATTACATTCCCAACCGCG

CmR-RecET-R CTTTCCGCGATCTGGAGCCGCTGCAACTTAAATGTGAAAGTGGGTC
pSPIN-IdhA-F CGAGGTCATTTCCGGGGATCCCATATCGTCAATTATTACCTCCACG
pSPIN-IdhA-F CACCAATAACTGCCTTAAAAAAATTACTTGTACAGCTCGTCCATGCC
pSPIN-F GGCAGTTATTGGTGCCCTTCTAGA

(55%)
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Z23% 2)
Primers name Primers sequence (5'—3")
pSPIN-R GGATCCCCGGAAATGACCTCGAGG

eGFP-pSPIN-F
eGFP-pSPIN-R
UP-cas-F
UP-cas-R
Down-cas-F
Down-cas-R
eGFP-cas-F
eGFP-cas-R
pN20-1dhA-F
pN20-1dhA-R
pJYS101-1dhA-F
pJYS101-1dhA-R
UP-1dhA-500-F
UP-1dhA-500-R
Down-1dhA-500-F
Down-1dhA-500-R
eGFP-pJYS-F
eGFP-pJYS-R
pLO3-F
pLO3-R
UP-pLO3-F
UP-pLO3-R
Down-pLO3-F
Down-pLO3-R
eGFP-pLO3-F
eGFP-pLO3-R
pBBRI1-pgm-F
pBBRI-pgm-R
pBBR1-vgb-F
pBBR1-vgb-R
pBBR1-gelA-F
pBBR1-gelA-R
pBBR1-gelK-F
pBBR1-gelK-R
pBBR1-gelD-F
pBBR1-gelD-R
pN20-poxB-F
pN20-poxB-R
UP-poxB-F
UP-poxB-R
Down-poxB-F
Down-poxB-R

CATATCGTCAATTATTACCTCCACG
TTACTTGTACAGCTCGTCCATGCC
GCATCGTCTCGCAGACCTCGAGGCTG
ACATCCAAGCCCCTCCCCTTCAGGC
CAGCGGCTCCAGATCGCGGAAAGGG
CGGATCGAAGCCTATGCCGATGCCG
GAAGGGGAGGGGCTTGGATGTCATATCGTCAATTATTACCTCCACG
CTTTCCGCGATCTGGAGCCGCTGTTACTTGTACAGCTCGTCCATGCC
GGAAAACTGTTCCGCGCCTTGTTTTAGAGCTAGAAATAGCAAG
AAGGCGCGGAACAGTTTTCCACTAGTATTATACCTAGGACTGAG
AAGGCGCGGAACAGTTTTCCCCGGATCTACAACAGTAGAAATTCGGATCCAT
CCGGGGAAAACTGTTCCGCGCCTTATTTAAATAAAACGAAAGGCTCAGTCG
CACCACCGAGTTGATTTCCTGGATGC
CGTGAGCCTTCCTTTCGTTGCCGCG
TCAGCCCGGCCGCTTCTCGAACGTC
GTTCGAGGAGTTCCTCCACGAAGC
GAAGGGGAGGGGCTTGGATGTCATATCGTCAATTATTACCTCCACG
CTTTCCGCGATCTGGAGCCGCTGTTACTTGTACAGCTCGTCCATGCC
TCTAGAGTCGACTGTTTAAACCTGCAG
GAGCTCGAATTAAAGGATCTAGGTGAAG
CACCTAGATCCTTTAATTCGAGCTCAATAGCCGGCGATGTTGAGCAGCCC
ACATCCAAGCCCCTCCCCTTCAGG
TCAGCGGCTCCAGATCGCGGAAA
TTTAAACAGTCGACTCTAGAACACCTATTACAGCGACACGC
GAAGGGGAGGGGCTTGGATGTCATATCGTCAATTATTACCTCCACG
CTTTCCGCGATCTGGAGCCGCTGTTACTTGTACAGCTCGTCCATGCC
CTGCAGGAATTCGATATCAAGTTGACAATTAATCATCGGCTCG
AGGTCGACGGTATCGATAAGGCTTTCGTCGGGATGACAGAAGTAGG
CTGCAGGAATTCGATATCAAGTTGACAATTAATCATCGGCTCG
GAGGTCGACGGTATCGATAAGCTCGAGTTACTCGACGGCCTG
CTGCAGGAATTCGATATCAAGTTGACAATTAATCATCGGCTCG
GAGGTCGACGGTATCGATAAGCGCCCAGCGACAAGCATGGTTAAC
CTGCAGGAATTCGATATCAAGTTGACAATTAATCATCGGCTCG
CTCGAGGTCGACGGTATCGATAAGTTGTAGTGCGGGATGACGACGCTG
CTGCAGGAATTCGATATCAAGTTGACAATTAATCATCGGCTCG
GAGGTCGACGGTATCGATAAGGTGTGCCTCGTCCGCTGCCATCATTG
CATGCACGCGATCCGCGTCGGTTTTAGAGCTAGAAATAGCAAG
CGACGCGGATCGCGTGCATGACTAGTATTATACCTAGGACTGAG
GACCGTAGCAGCGTTGATGACCGAC
GAGCCGATGATTAATTGTCAAGCTCAGCCGCTCGGCGAGCTGCTG
GTCGTCATCCCGCACTACAATCAGCCGGTGCGGCCTTGCGCCTCTTC
GAGCGACGAGCCCTTCCTGCTG

1.2.2 E#HlFimik

F M < AR W R BRA WS e TS

AN I 3 U6 % 7 pSC101ori, pKi18 4 pBBRI-F/R LIFUK: pBBR1 MCS2 i fz
ori, RK2ori, ColElori, pET28aori I pVSlori PCR FAFLNMEAL TR A B, PCR SUWAKZ (50 uL):
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2xPhanta Flash Master Mix (Dye Plus) (p520)
25 uL, bF. FUH#514(10 pmol/L)4% 4 L, DNA
Kt 2 uL, ddH,O 15 uL. PCR W &544: 98 °C
WAEVE 1 min; 98 °C 28 10s, 55°CiEk 155,
72 °C ZEffi 1 min, 32 MEHR; 72 °C ZAEH 5 min,
¥z R B S AR B F I E A & s
%Ak E. coli IM109, 3k 3 ¥ 4 Jii ki pBBRI-
101ori, pBBR1-pK18ori, pBBR1-RK2ori, pBBR1-
ColElori, pBBRI1-pET28aori #l pBBR1-pVSlori,
4 20 Bk 43 W55 Ak FMME-GGO1 &322, %
MAES A 50 mg/L RAFEER M YM [& 445 57 5
I, MRIEEAL TG, B R EE .
123 BehFisik

M4 A S AT S 4200, R H 6 4 )E
BT Pucs Poes Prsitoy Puass P A1 Psy, HHIBRI:
RS IRAET S, RN S MER YRR
BN w G e 43 M 8 FH 51 ) % tac-eGFP-F/R .
trc-eGFP-F/R. J23119-eGFP-F/R. araB-eGFP-F/
R. P1-eGFP-F/R. P51-eGFP-F/R, LA [H )3 3)
5L 1 eGFP A AR 47 fill & PCR. PCR X
JWAAK %2 (50 uL): 2xPhanta Flash Master Mix (Dye
Plus) (p520) 25 uL, L. FUHES147(10 pmol/L)4%
2 ul, BB TR 4 uL, eGFP Bi# 2 uL,
ddH,O 15 uL, PCR I 554 : 98 °C i A8 Pk
1 min; 98 °C 48t 10s, 55°CiBk 15s, 72°C
S 1 min, 32 MEH; 72 °C ZHEff 5 min, 1)
WA ) TSN eGEP FAHE . 15 M%)
pBBRI1-F/R L) Jfiki pBBR1 MCS2 Ak, PCR
RAFH AT eGFP R IAAE [A] Y5 R 10 4 M AL Bk A
B, BHZ Bt 54 eGFP ik HE 28 [R] Y6 8 4 i 1%
Ja ¥4 & E. coli IM109, %15 ¥ 41 i ki pBBR1
MCS2-P,,-eGFP,  pBBRI  MCS2-P,.-eGFP,
pBBR1 MCS2-P,..5-cGFP. pBBR1 MCS2-P53//0-
eGFP. pBBRI MCS2-P;-eGFP, pBBR1 MCS2-
Ps;-eGFP, F14r5l%% 1k 2 FMME-GGO1 /&2 3,
WRATES A 50 mg/L RAPEE R YM AR 57
5, PRBURREVE A R YPG AR FREL, AR
I G BE/ODeoo HAEIE 3 ) T 51 E o

124 ERERERZHWESITH

43 548 FH pSC101 F1 pBBR1 MCS2 [ ki &£
#F-, ¥ INTEGRATE, CRISPR-Cpfl. RecET-
Cre/loxP, CRISPR-Cas9 iX 4 FiJL K 4i%E R4 i
B EA e, R ] DL /D Bl
PN B Rl L R g R G, i ldhA SEIA
YER AL, R P A B FEK B Y eGFP %
TERE IR AHE, P4 gniE R ARBERCE
1.3 EHEEIWE
1.3.1 XEEEATHIE

RAESCRITIITE, 85 N2 5580 RE W
MYEEDA,  DAZD Bl 2 e P M 7 235 0% I R R 2 R
MR, 430 R R 5 % 3, 2[Rl E
ZH il % pBBR1 MCS2 JFiki, #4584 ik
#. pBBR1 MCS2-P,.pgm., pBBR1 MCS2-P,,-
vgb. pBBR1 MCS2-P,.-gelA. pBBR1 MCS2-
Pe-gelK Fl pBBR1 MCS2-P,-gelD, I 43 9l 4%
ft & FMME-GGO1 J&& 5z &, 4 & 5 41 & £
FMME-GG02-FMME-GG06.,
1.3.2 HERHB4mEE

I FH B 1Y CRISPR-Cas9 % 4t pEA T 5L [ 41
Uil , e ldhA F poxB AR HPENL L, B
geld 1 gelK 5 4 2 FMME-GGO1 % [ 21
Hro LI geld JER ], #5511 % UP-1dhA-
500-F/R 1 Down-1dhA-500-F/R 4351314 IdhA &
R4 500 bp FRA ;5 Af G146 UP-1dhA-
500-F/Down-1dhA-500-R #F 77 fill & PCR #4 #
geld BEAHE . WA A HE B Br 5 IOk pN20-1dhA
¥ 3:1 LR G, ¥AbZ= & pCas i ki iY
FMME-GGO1 /&2, M T &4 33 mg/L A%
FE M 50 mg/L RIAPEE 2R B9 YM [ 44 55 5% 5,
30 °CH5 5% 48 h, PRE TR V& HEAT R ¥ PCR I
UE . B EIE 6 1 55 AL 7 o — 253l e B g 3 vp
TSI 15% B 2<BR pN20-1dhA JFikr, 42 °CH:
7% 24 h 2Pk pCas ik, FR15 54 18 ¥k FMME-
GGO7. FIH R i J5 v 44 4 o 21 T bk FMME-
GGO8.,

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



3064

SUN Peng et al. | Acta Microbiologica Sinica, 2025, 65(7)

14 EHEEHKRLE

1.4.1 FhFIEFF

M FMME-GGO1 H i1 H £ 58 X 28 F Fb 1}
I, 30 °CHiS% 24 he {EEH] 10 mL JCR/KBEARH T,
Bl mL B4 2R 4557 55, 30 °C. 140 r/min
Ri3% 12-16 ho FRHL | mL B 55 58 258 ) Fh
THFERL, 30°C, 140 r/min }53% 6-8 h.

1.42 1EiRLE

10 mL B H2 23647 90 mL & BEEs
FEHEMY 500 mL PR, 28 °C. 150 r/min
RIS FE 60 ho 75K 18-20 h B4
i 2 mL 500 g/L #ERE
1.43 15 L 84N 4 & B2

15 L RBEEHEVI MR A 9.45 L, ¥ 1.05L
PP 2 R B . R BERIIA SR -
IR BE 28 °C, %% 3# 300 r/min, pH 7.5, S iE
1 vwm, K& B )% Al o R R
(300-1 000 r/min) A SHEFRFTE 30% LA L 7L
18-20 h BF M 10 g/L JEHE . A & It # v
i A ST R A 30% ) NaOH B35 57 5
pH Z4EHF7E 7.0,

1.44 MHEXSENZE

B 10 mL AFAR, HIZESFoKRRE S A%, Bk
¥ 10 min, 23 °C. 8000 r/min &[> 10 min W4E I
o A 3FARFTCK OB, 4 CiHRUiiE, &
O WSCER E FTERMIN 2, WA T TE B T TuAL
TIERG AL, 75 65 CHF Pt T 218
H, RSP,

W 22 R 2598 S 1) & B BRI V% o T 8 AL
T, AR LB T ACK R A R, R
FHR T B R 12 T S B AE )

B35 mL ABECE T 50 mL B.045 0, i
FHZEL BRI 268, ML 5k 4 551 .
25°C. 10 r/min®®,

PINS N grB SRR, RIS E
B PCR G I A Al ik 42 rp G B 3 TR /0 3R 3k
LT,

>4 actamicro@im.ac.cn, 7 010-64807516

2 ERE5997

2.1 LOEEHREERMEEERE S ER
I

FH /0 Bl 8 2 e B TR A R B A5 e A
BEAEWRRm, TEdl Rz A0 R, ff
B TEA S LR AR R 20, B3
SO RS2 AN ML AR . il X — 1]
G, ASHIFSE DT A 8 T R AR TR AR BRI T
K, ARG E T RAR S I WA A5V I 20 .
BEAh,  H o 3 I S O B A R Ak P,
ACHIF S AT RS B e R R AT e, S5 R R
(K 2), M 5o 2 500 Vimm B, #4E T
WK%

HAT, Bk pBBRI MCS2 Jiikish, JGnl
T/ Bl B B T ) R A . AR i R A
T 6 DRI EH -+, Hrp pSClo01
ori, pET28a ori, ColE1 ori fll pK18 ori 4]k K f7
FF TR R0 2% 20 R R R AT T v i B o kL &2 Tl
T332 RK2 ori Hl pVS1 ori AR 2 i 15 o 8
NG A= B SR (7 N I N B s |
% pBBRI1, HRHEALN ¥, bz 3

1400 -

[

1200

—_

j=3

j=3

(=}
T

HH

x®

(=

(=]
—

D

(=3

(=}
—

Hi

Clump count (colonies)

S

(=3

(e
—

[\

=

(=]
—

T
i B

0 L 1 L 1 L | L 1 " 1
1 600 1800 2000 2200 2500
Electroporation voltage (V/mm)

E2 AREEZECFREZESIT
Figure 2 Colony count statistics on plates after

transformation with different voltages.
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Figure 3  Validation of plasmid replicators from different sources. A: Colony count statistics of different plasmid

origins of replication on plates; B: Copy number of different plasmids in S. paucimobilis strains.
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Figure 4 Characterization of promoters strength. A: Construction of strongly composed promoter expression

plasmids from different sources; B: Fluorescence/ODyq of strain fermented in flask for 24 h.
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loxp71 loxp66

Es LR aReREaERRERSEMWE. A: —EHES RS MW pLO3-eGFP 5 41 it ki Fliif 3l i ki
pRK2013JFKi[%l; B: INTEGRATEZR S Fikil&l; C: CRISPR-Cpfl R4t FkilKl; D: RecET-Cre/loxPZ4¢ 5t
B AT E 3L R A HE; E: CRISPR-Cas9 22 40 S0k [ Fl H iy SL R 3 A 4E

Figure 5 Construction of Sphingomonas paucimobilis strain gene editing system. A: Figure of the pLO3-eGFP

recombinant plasmid of the triparental conjugation system and the mobilizable plasmid pRK2013; B:
INTEGRATE system plasmid map; C: CRISPR-Cpfl1 system plasmid map; D: RecET-Cre/loxP system plasmid
map and target gene integration frame; E: CRISPR-Cas9 system plasmid map and target gene integration frame.
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Triparental conjugation CRISPR-Cpfl

jaactacaagacacgtgctgaagtcaagtttgagggagacacactcgtcaacagaat

Mutant AACTACAAGACACGTGCTGAAGTCAAGTTTGAGGGAGACAC TCGTCAACAGAAT
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C WwT

5 OOO
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tgcggatcacgeccttcgegetccagecggtcgacccteccgeccagecagggggaggagg

Mutant TGCGGATCACGCCTTCGCECTCCAGCCGGTCGACCCBCECCAGCAGGGGGAGGGGG

WT tcgcccgecttcgtggaggaactcctcgaccgccgeccgeccacgtcgecgataggega

Mutant Tceccc6cTTC6T66AGEAACTCCTCGARLGCCGCCECCACGTCOCEATAGBCGA

Eo6 EERBRZWIE. A: NFEFEHFEESRGIOCRAFH; B: CRISPR-Cas9F-# ¢ £ PCREG 1IE

HLJK B NS AZ BRI P 1A 5 C:

INTEGRATE-H25¢ ' B FR PCREGIE UK R R 2 AR

PR A 5]

Figure 6 Verification of gene editing systems. A: Fluorescent colorimetric plate for different gene integration
systems; B: CRISPR-Cas9 plate fluorescent strain PCR wvalidation electrophoresis map and mutant strain

sequencing map; C: INTEGRATE plate fluorescent strain PCR validation electrophoresis map and mutant strain

sequencing map.
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Figure 7 Shaken bottle verification of recombinant

strains.
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Figure 8 Fermentation indexes of FMME-GGO08 with flasks. A: Comparison of gelA4 transcription level between
the recombinant strain FMME-GGO8 and the wild-type strain FMME-GGO1; B: Comparison of gelK
transcription level between the recombinant strain FMME-GGOS and the wild-type strain FMME-GGO1; C: Cell

dry weight curve during shake flask fermentation; D: Yield of gellan gum during shake flask fermentation.
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Figure 9 Shake flask growth curves of strain FMME-GGOS. A: Growth curves of S. paucimobilis primary seed

culture in shake flask; B: Growth curves of S. paucimobilis secondary shake flask seed culture.
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Figure 10 Fermentation process optimization. A: Bar chart of fermentation using glucose, sucrose, and maltose
syrup as the sole carbon source; B: Bar chart of fermentation with different sugar feeding strategies; C: Bar chart
of fermentation using peptone, soybean meal powder, corn steep liquor, and wheat bran extract as organic
nitrogen sources; D: Bar chart of fermentation with different concentrations of organic nitrogen sources; E: Bar
chart of fermentation with different pH control strategies; F: Bar chart of fermentation with different dissolved
oxygen control strategies; G: Fermentation curves of the strain in a 15 L fermenter under optimal fermentation

conditions.
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