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Abstract: The cell membrane of Sphingomonas contains glycosphingolipids, which is more
hydrophobic than lipopolysaccharide. In addition, since Sphingomonas has efficient metabolic
regulation mechanism and gene regulation ability, it has significant application potential in
welan gum synthesis, environmental remediation, and promotion of plant growth. However,
research on genomics in China has not been paid enough attention, resulting in no breakthrough
in the research on the metabolic mechanism of Sphingomonas. Therefore, this paper reviewed
the systematic classification, genomics, metabolic regulation mechanism, and application of
Sphingomonas and analyzed the metabolic mechanism of welan gum produced by Sphingomonas
from the genetic level, providing a theoretical basis for the subsequent studies on high-density
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fermentation and industrial production of Sphingomonas, and thereby further developing its

potential application in biotechnology.

Keywords: Sphingomonas; welan gum; metabolic pathway of Sphingomonas; biodegradation;

assisted phytoremediation

i 24 I PR T (Sphingomonas) & T 78 T 41l
P a4 WK, SRR, G e A 2L BT
ANTA , B FH 2 Bk U ) A I AR 7 — ol 7Y
WA 220 = B o gk = B R A R B G
Bk, BHRIE R R . FLAKR RIS B9 0] 45 4k
Tz N T8 AR B 2l R0 A v R S S
WAL, B A T P TR AR PR R B S R ARl K e Uy
TR E AW = R AN E: (1) TEREBE )T
W, EXHEEREGY . E&REE o E4EL
GNSERI A A YRR fRRE T (2) TER
b & FRE T3 T, S P B R LA R AR )
AR FPEE B TERER, R TR RAE
PrE R AR R, FERRARALIE TR . A2 i 4
FAS B A X 3% IR ] S s X %) Rl s 07 55
T AR R BN 1. R, S 2B R e
BN AR EE AR Z —.

1 HABEERENERSERK
ARER

FE R GE o, Yabuuchi 451454 16S
rRNA BE PR 3870 A% T IR Y 51) 200 B J it e )
HE R IR AR 22 55 M 4 R, 3R Pseudomonas
paucimobilis J&=—FET FTEFT, AR IH AR 5
# J& (Pseudomonas)H, KR H T —2SH A0 40
R —— 4 2 P I TR S (Sphingomonas), F4%
Pseudomonas paucimobilis ¥ 4N Sphingomonas
paucimobilis, I, %8 BB E BT IEFH
WHEA P REE, BUE, %%, R
JCIADLEE, BB IE RN, P il
BB — ORI, e T, B AR

PEMEE 5 0 0 S5 o A A ) 3 S I T S i
Q10; 20 i A7 A 1) e — B AR S A M AR s IRy
MR EA 2- AR R Mk = 3- B ILNR N
M FEN GC &R 61.7%67.2%.
PR RR A D REERTT T 4 B
BIABEH RS, 5 1 BB, W TREFHE
AR T AN RE 70 28 % HAA A RE S 2RIk 15
FERHIE . A RIEE R, REOXE D
HLETE AR A MBS R (Pseudomonas) . 1
W AT B J8 (Alcaligenes) 1 FE I Ak 72 K B )&
(Beijerinckia) ', 55 2 BYBL, 7ERBUARAER)
Sefih b A5G T BE iR 41 RN 2 e s kA T 4
KUTE, BIRGER AR R E S AL o8
EHEX DI, e AR, BRI AR
G I B ARG i o T 82 e, HLBE A R B
Z BT R B ok, I O AGE T
Iy Mg 45 3 B, Takeuchi %1%
BT 2 B BB IE A5G R e PR L Y 4]
B4R, DNA-DNA Z 32 LSR5, 2R
I FIRNKS ARG TSR A 002, B R
N 4 A&, Bl Sphingomonas (Sensu stricto) .
Sphingobium . Novosphingobium F Sphingopyxis .
WA 2K 532 8z A, {H Yabuuchi
OB\ N Sphingobium . Novosphingobium Fll
Sphingopyxis FJ& Sphingomonas WH] 2% % W
5%, POZRFFA TR HE 2017 4R, A
H Sphingomonas (Sensu stricto)f 108 Fi,
Sphingobium 47 42 ', Novosphingobium 4 41 Fi,
Sphingopyxis 45 24 FH0 SR, FR TR Bk AR
BT R, UKRTEARE, ARG
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Ry Z R R Z AR 0 S BOE DL
A7 B — N 8 WP R SRR, B LB U] 55 2
S B R RE SR D o I I FE SR 4 BB,
H:F 16S-23S rRNA : K 4 i [X (£ 4.5 kb)Y
AR R B IA R S — s B A R
YE vk, I T s YRR SRR,
RE % B DLl | B vRE G ) R B B R kAT 40
Fedp e, B A A B A R 44
BB L 1,

2 EREAF 5 HEFRENH

FI I E A 1R 2 PR 2 BB i f i e, H
ISTF YR 40 #R S contigs 741, T4 56 R 40 )7
SUARXT ALV, LA NCBI E 2 f], HATC #7
TP S SRR BRT A 705 Bk, A 62 MR 4
SRS, HAR 2 IS 479 Bk contigs 7
41, 162 Fk scaffolds JF 4 Fl 4 #R YL iy 51, SR
M, BE 8 G a2 0 110 i 2 e 5 R A AT
contigs J#41) ., 41, Sphingomonas sp. ATCC 31555
(NCBI assembly accession No.: GCA 000282895.1):
HFg) e E 2 4046 117 ML K, SF
GC 51 65.86%, A& Y EOiAFIBRL; L
7 3 768 4itid ¥ 41 (coding sequences, CDSs)
(55 1~ CDSs 5 UHA 5¢) | 3 771 D EH it
FER | 34> rRNAs 1 47 4~ tRNAs 2501251 R i
ST 2% A B 3 R A RN st A £ B b A

x1 HIBEREERMSXETE

FRLF AR ME N, LA, 5 HAN " A2
BB MRA AL, bR ATCC 31555 &5k
A% BR AT LE W 1) 55 DR A 2 4 1T R IR 21
Ry, 25 A gk 2 e VOB A BT A
AR (welB . welK Fl wel L)y F[d)—M
M, PR B XSS BV 515 Sphingomonas
elodea ATCC 31461 ] gel #% . Sphingomonas sp.
ATCC 31554 [t sps 7% F Sphingomonas sp. ATCC
53159 14 dps FRAEFARMIN (EARCTERE, X
3 FhREN R C A POENTIR G A L . S-88 Al
diutan Jif 26 (5L 1

AL AL e RE A% %5 ) TR T R A S
PRI SE R, o AT DAk 0L At v 76 VR FH 0 AH
IR (R 2). A BEDZH I -t mT DAAE A 8 2 e
P TR B AR R H A EL A A [ A S R B A W
BESE R AL oA 1 At

BRI T 1Y A DR A o B Rl LA R AR
Wast A Rk A AL A Ny AL S 5 R
HEE SRS, A R TR ER A R D i R B
ARER . B, AT m RSN
Sphingomonas sp. Cra20, N T XHid B #2571
BRI o 2 AR BRI SR R, H
SR 2P B R E T (1) iRk
AR 1A 3 R v TR R T )Y ek T 3
(2) I IR g 5 DAL 4 B 1) 22 b4 AL g mT LA R
RGP SE X AR 15% s (3) DNA B A

Table 1 Classification and identification of Sphingomonas

Stage Classification and identification method Classification and identification of strains

Stage I*®!  Phenotypic characteristics Pseudomonas, Alcaligenes and Beijerinckia

Stage I""  Fatty acid composition and polyamine pattern Compare sphingomonas with others a-proteus can be
distinguished and divided into two genera: symmetrical high
spermidine or spermidine as the main polyamine

Stage I Specific base sequence, gene fingerprint, Divided into four genera: Sphingomonas (Sensu stricto),

DNA-DNA hybridization test
Stage IV!'"! Second-generation sequencing based on
16S-23S rRNA coding region (about 4.5 kb)

Sphingobium, Novosphingobium and Sphingopyxis
More quickly and accurately classify a large number of new

strains
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Table 2 Characteristic genes and species specific phenotypes of sphingomonas

Strain Characteristic gene

Strain specific phenotype

Sphingomonas paucimobilis AIMST
gol14]

Sphingomonas sp. NIC
Sphingomonas sp. ATCC 55669!'¢!

Sphingomonas ursincola A11"

103 vppB and vppD

idi, crtE and crtZ

Sphingobium sp. PAMC 28499!'%]

Glutathione S-transferase (gs?)

AHL lactonase gene (gsdS)

Carbohydrate active enzyme (CAZymes) gene

Degradation of organic phosphate

Degradation of nicotine
Astaxanthin production

N-acyl homoserine lactone (AHL)
degradation activity

Degraded pectin

BT R ARAE AL S AN BRI SR ) DNA 515 . 1t
B, A TR A A ) R AR 18 A [ i 2 e L T
Z I N A B s, ENTRA A
7] o i S5 DR 2 308 e K~ 25 DR e 7% RIS TR 2 45 3
sk, MK THERT PRSI Z
YOKF-EE N AL FIBE N AL, DU s 20A 8
B 2538 AN [R] 1 A A7 FRBE 2021

3 FERMEREMNTEET N
By 4 B 7 g

S TR TR 1) A R AR S A it
FNEACHI () : A A UA RS 5
N NES PN T2 S L L VRGN i3
FE It 55, AT A 20 i A A A IR oy
AEAE N W
3.1 A

I P BN T P AR (1) BT
B2 B T X A R 74 5 B L G Py 1
ek 3, AR AR ot b A A — i nT B B 4
Yo £5% FIL A1) ] 260 Wl =B (glucose  dehydrogenase,
GDH), i 111 75 #) A A8 O 32 BRI A 25 1F
Jiil o 4B A R 200 B N W RR Ak iR AR [ I A AE A
i 3 3 Bl 3 ok SR A W 2 T
BERRAL N o-Wi IR b s B b R A AL ik A
H) GDH A5 4 1l R = itk s e bl e oS5 26 4
YA A A bR £L , @A P Bh AT EE A 40 i

H1 ATP AR 7 2 Bl i A0 R -l R ) 2 M
mth, ZJFZS 5o, 2) Fomi
P20 A G R B v AR R AR R A
N Ak BT S R AE W) A R ATP FIE I )
(NADPH,) %5 , i 45 % B2 I i i& 42 (pentose
phosphate pathway, PPP) . 2-ili-3-Jlii 4 -6 - 2 1]
%) B 182 24 f# (entner-doudoroff, ED)i& 1% fll =&
FRE I (tricarboxylic acid cycle, TCA)&1% .
Uk, 6-WEMR A A MLt PPP 12 F1 ED i12H;
1y 6-WERR A A IR, Fe e A 3-WE TR H il
B 3-WEIR T 28— RN e AL AR BN R R 5
WA EABRIE IO BTG A 25 TCA, I
ZONHUASRAE R ATP, Hi, PPP 2 1%
A A R R Y NADPH, , 7 2R 1Y
NADPH, if ] DL 28 i F-4% 1 %% (electron  transport
chain, ETC)%&fk=fEZY

gf bArgn, ek e AR AT LLRE AL
{R3RAFHE Z % ATP fl NADPH,: (1) Liu %
TE Sphingomonas sp. HT-1 W33k 175 B B0 I 1M 21
HE A vgb, i TCA, ETC K2R A B
BRSO EO, WG T AR IR 5 e ATP
E L BRI 253 g/L $2E R 34.6 g/L; (2)
PPP I ED S A2 AYRFIEPE G 5300 6-BER
2N S B (glucose-6-phosphate dehydrogenase,
6-PGD) A1 2- il - 3 - JIi % - 6- Wl &2 ] W TR T 24 il
(2-keto-3-deoxy-6-phospho-gluconate aldolase,
KDPGA)**?, Hk, oLl #Em 6-PGD Al
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NAD(P)H. H NADPH BeGDE P?AP 7 L\ +
1P NADP* A 3 ] —>1-DX-5p  FPP
UGDG UMP * PA SADH CrtE
o8 oEm edq ce b Sviatl co, - GGPP
UDP-GleA IDP-Gle dTDP-Rha  GDP-Man MDH ICD ATP lc,-ug
Mal G Crtl
d & Lycopene A Phypoene
NADY, \ :
% >F S CrtY
UCCI
G ADH SLE B-carotene
CrtG
FADH, FAD
ATP Quuemmml R i iz
~
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- -carotene
Zeaxanthin B

A
]
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I

) ro Cyte | l‘CrtG
I

- |
3 0 Chb;  Nostoxanthin

3 Nucleic acid/

Amino acid

1 HRapEsmEmREEE A s B AU C: B IE EE. D: I MRS
2. G-6-P: 6 WEFRHI 4G WY ; F-6-P: JUMi-6-05R ; 6-P-G: 6-BEFR A A HHAR ; M-6-P: T Z&l-6-#%M2 ; KDPG:
21 -3- i A-6-WE PR A A R Eh s M-1-P: T ERBE-1-BEIR ;. GAP: 3-BRBRHIMME: PA: IR ; AcCoA:
Z W4T A; UDP-GleA: JRIF MR #4512 ; IDP-Gle: Wi %AMTF R A 45 M; dTDP-Rha: i
B IR M s GDP-Man: S TR HERHE; 1PP: 5% R AERERR; DMAPP. —HIJLIGN
W 20G: oM GS: N2 i ; GOGAT: 434 IR il

Figure 1 The metabolic pathway of Sphingomonas. A: Carbon metabolism. B: Nitrogen metabolism. C: The
synthetic pathway of welan gum. D: Carotenoid synthesis pathway. G-6-P: 6-phosphate glucose; F-6-P:
Fructose-6-phosphate; 6-P-G: 6-phosphate gluconic acid; M-6-P: Mannose 6-phosphate; KDPG:
2-keto-3-deoxy-6-phosphate gluconate; M-1-P: Mannose-1-phosphate; GAP: Glyceraldehyde 3-phosphate;
PA: Pyruvic acid; AcCoA: Acetyl coenzyme A; UDP-GlcA: Uridine diphosphate gluconic acid; IDP-Glc:
Deoxythymidine diphosphate glucose; dTDP-Rha: Deoxythromidine diphosphate rhamnose; GDP-Man:

Guanosine diphosphate mannose; IPP: Isoprene pyrophosphate; Dimethylallyl pyrophosphate: DMAPP; 20G:
a-ketoglutaric acid; GS: Glutamine synthetase; GOGAT: Glutamate synthetase.
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GIn) Al a-fill [ — R (20G) S Eh 240 Bl , 14 F& 4
FEOXT IR TR s (2) BRI F2E R
W Ak I/ DR KL 8 25 ¥ (uridyl  convertase/uridine
deminerase, UTase/UR). PII #E[1. 2% MR
(NtrB) I 2 P F28E F (NtrC)iX 4 A (i, H
H, NtrB-NtrC (Nitrogen regulation, ntr)Z(f{ AL
Moy ARG F B S G AR A B B

T T B 2 P P 20 T ) A0 5 3 R A
R T & (SR AN [R] 2605 A v B R 2 Xt
HABAAAERZ ), e D FFH E AL R A
fENTISE . Xu PNl 54T Sphingomonas  sp.
ATCC 31555 TEARFABAFM TS, K
BT NrB Hl NteC J¥41, W]k ATCC 31555
FEARH NtrB-NtrC A ACH A 7 R G471
¥ (HAERE R, NtrB-NtrC ZAR I 4 4 £
Gex A M LA 20 0 A R REEAE AT, T
NtrB 1 NtrC -G BRI 1 52 21 206 A9 vk B2 N
R IR 25 M 4 Y 20G & 5 KT Gln B
P A E S A RIRAS L3S NtrB A £k NtrC
BETR AL T IS, DA 4 ey [ 2006 S5 AH 5C JE R )
ik, [RIIHEOE A AT 5 B ) Ah AL HUR
Py T ARDEAP S A ) IR R, AN [ AUE
M EIERR . O, OIS F 5 r & MR
A ES . ik, X Z A L
FEAT, AT LA Rk R A A I P A S 2 DR Rk
AHOC S PR, T2 & B AR 1Y G B3R
3.3 EZREDSRREHENT

8% % (welangum,  S-130)1 Sy 4 22 5 5L i

T KA R /b 2 M (exopolysaccharides, EPS).
JB 5 R ) DB 2R ¥l D-4 % B (D-glucose,
D-Glc)-D-##] 2 WHE iR (D-glucuronic acid, D-GlcA)-
D- ] %5 B -L- B 25 (L-rhamnose, L-Rha)fY 580
A : [—3]-B-D-Gle-(1—4)-B-D-GlcA-(1—4)-B-
D-Gle-(1—4)-a-L-Rha-(— 1), HA 5% 4% 375 5
L-Rha tH4EHY D-Gle 43F b, —M A L-Rha Y
L-H #& Bl (L-mannose, L-Man), & 4 IHIHER
Sy 2:1 ( 2)PY. SEEA IR ZERIAREL, AR
BEEE 15 2.8%7.5%I1) £ AT 11.6%-14.9%
A H ML s e B A A R 2 R R
M Z R OC R R SRR T R AT
AR, ERERICHAEE . BEMAW 4 4
TR 1)o 38 o X G B I IR | OGSt il A OC S
R B b, SREUACH TR . JE TR 5%
TFBe o A GRS, B IR sl @l = &
BURTE, PR BTG, AR TR R
R
3.3.1 EREERRIAME K

W% T R AT 1A 32 S FH T 20 28 ol =5 e 1y il i
MEERIT, 2R A A R IR
HA AT EEAFECY (1) 6-B R A 4
TR 4 A A 725 15 i PGMG (pgmG St )AL A %
KEE YR -1-0ER, fTA it 2 SR BK,
— 2%t UDP-4ii &5 ¥ FE W W2 {L i UGPG (ugpG %t
). UDP-#Z il A UGDG (ugdG 2t )fi
fb& 1 UDP-Gle Fl UDP-GleA; %—41Jer
dTDP-# % W LB IR AL TGP (rmld i )H4
- 1-WERR ¥4k dTDP-Glc, %4 dTDP-#j%j
Wi-4,6-WiKEF(rmIB i) 4kl dTPD-4-
il -6- i 4 -D- Wi AW, A5 HH dTDP-4-JIi & 2=
Wi-3,5-2Z [0 SR BEGrmIC Jifid) itk A Al 5 v 55
b4 dTDP-4-fill-L-F4=H%, Pt dTDP-6-Mi
IK-L- BRAHHA S B (rmID 9ifi%)ik J5i>h dTDP-Rha.,
(2) GDP-Man 4 505 UDP-Gle Al 6-f%
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Welan gum producing strains
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Figure 2 Main applications of Sphingomonas.
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Table 3 Degradation substrate of Sphingomonas
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AR EME LR R VR R, R, AERR A 2525
THEYEE | BTSRRI Y IR GG T A
oG 7 T HAT B B AR 3 (GR 3). Y A B
B T 7 AL B W R ) R S AL g 5 100001,
(1) VMK F i iV e — IR B, o] LE
WAL IR AR L, I B ek A PO BE AR IR
e, WG5S N CO M H0; (2) MRAIK
W) 1) o i ] DAGE 2ok AL, R AR A T
JEYINE Ry A SRR o A i 8 43 = IS 1Y
O35 (3) AR S AR A AL 2 A 2 P B 1 1Y)
PRHMLE, DITRECREGE, R Z 445800
S BN SRR DGR R T (4) 5
S, 24 PR 2 R P B0 5 A ot T A 95 A 2 ke
e AV B I L B e sy )

Strain Degradation substrate

Degrading enzyme/gene

Sphingomonas wittichii RW1P¥ Dioxin, dibenzofuran

Sphingomonas wittichii
DC-61 (CH)
Sphingomonas sp. NP5 Bisphenolic compounds:

bisphenol F, bisphenol S,

4,4'-dihydroxybenzophenone,
4,4'-dihydroxydiphenylether,

and 4,4'-thiodiphenol
Sphingomonas paucimobilis
20006FAL”!

Sphingomonas trueperi CW3P%  Allethrin
Sphingomonas sp. LH128,
EPA505, BHC-A, MM-1[2"] dioxins, anthracene,
phenanthrene and chrysene

Sphingomonas sp. CDS-10% Carbofuran

Chloroacetanilide herbicides

Anthracene, dibenzothiophene,

fluoranthene and phenanthrene

2,2'3-trihydroxybiphenyl dioxygenase (dbfB); dioxin
dioxygenase: alpha subunita (dxnA41), beta subunita
(dxnA2)

Degradation genes responsible for the upstream and
downstream pathway: cndA, cmeH, meaXY and meaAB

Nonylphenol monooxygenase (nmoA)

2,3-dihydroxybiphenyl 1,2-dioxygenase; biphenyl
2,3-dioxygenase; benzoate 1,2-dioxygenase; catechol
dioxygenase; homogentisate 1,2-dioxygenase

Cyclolytic enzyme

Biphenyl, naphthalene, carbazole, Catechol dioxygenase

Carbofuran catabolism related genes (cehd, cfdC)
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Table 4 Mechanism of Sphingomonas promoting plant growth

Strain Plant growth promotion mechanism

Sphingomonas sp. a. Phytohormone: gibberellins
LK11!)

c. Phosphorus dissolving capacity

b. Stress protectant: trehalose, Na'/H" antiporter, glycine betaine, cold shock protein, heat shock protein

d. Reduce oxygen damage: catalase, superoxide dismutase and reduced glutathione

Sphingomonas
paucimobilis ZJSH1'®! b. Nitrogen fixation
Sphingomonas sp.

CL01™ b. Phosphorus dissolving capacity
Sphingomonas sp. a. Volatile organic compound
Cra20!" b. Nitrogen fixation

c. Siderophore

a. Phytohormone: indole-3-acetic acid

a. Phytohormone: salicylic acid, indole-3-acetic acid, zeatin, abscisic acid

d. Stress protectant: spermidine, trehalose, cold shock protein
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