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Progress in Research of Sphingomonas "

HU Jie,HE Xiaohong,LI Daping” * & LIU Qiang
( Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract The genus Sphingomonas was established by Yabuuchi et al. in 1990, and since then it has been the focus of mi-
crobiology researchers because of its special ecological distribution and metabolism. This paper provides a review on the cytoar-
chitecture, relational functions, ecological distribution and metabolism of Sphingomona. The genus is characterized by an outer
membrane that contains glycosphingolipids instead of lipopolysaccharide, which makes it different from the traditional Gram-
negative aerobic bacteria. The distribution of Sphingomonas has not been systematically studied, but it is known that it widely
occurs because of its metabolic mechanism able to endure poor nutrients. Some of its species have a macromolecule transport/
depolymerization system and degradative plasmids, which enable them to degrade refractory compounds, particularly polycyclic
aromatic hydrocarbons (PAHs). Sphingomona has been extensively applied for disposition of environmental pollution and in the
field of biotechnology. Fig2, Tab 1, Ref 65
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1 SR T ZE AL
WHAEEHRRNET o BRATHE N, AR A E
AERHIERL. R SHXHEREREHAA RN 1, B H&
RAFERHRALELTRRAWE 2. BTRF FEMNEZKHA
B, {H A0 BB A AR R T — B ) 2 22 ER A e S e (0
AR ) A R 0, TR BRI 3R BT A Y AR R
WA EA B BAHE. BB FhRA . 18 ~21 IRE AR —
SMAR A S AR ST AR AR ER
WA, R QL0 HPA 10 NRSF IR — M BT L SR KR ERAR 4 I
MR AL Y R 7 . 0 P AR A T 2 o B e R R Y 3-
BAIENR. FEMEEHES, Ko =HEaR(KHE b
ER) . FBRBERF Y S ERREAE (S, paucimobilis) .

2 AR R AN AT S T RE
2.1 HAERERAOBHAEHES T AARIR A

2 R EABE WIS R —FAENER, 27
WOHLIR S . BEREBRE I S 0 R 23 R
B, T EL SRR 1 €L T BRI AP 28 T AH R 2 0
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B FEEESEEMAK MEC (EZRHLFHAMREK) 1
HIrF——CD1d #EHF BN LA RHFENE 2L PTR (B -2 FUREBE
FEEHERE) W A RS, N TIBT IS S B OB 7. (A
MREREA IR AR, T 40 M3 B8 i A b R B A5

—FEIEFAE R, B R 1 —EAE F4REBTH CD1d 5 &4 IE %k
R T IS RAETIIER I, 2 RAAZEH T 4 HIAESIR
SIS A R R E B IENE , 5IR B RO, X A A TR E
WA T QUMD RE , T 7 BE 0 2 B B BOIRRIIE T T i

0.05
Agrobacterium tumefaciens
Viastovacter denitrificans

03 100 —Bradyrhizobinm japonicum

| 100 Alcaligenes faecalis
Nitrosomonas europaea
Psendomonas aernginosa

9 _| Flavobacterium aquatile

Rhodococcus rhodochrous
100 |: Erythrobacter tongus

Porphyrobacter neustonensis
100

Sphingomouas pancimobilis
Rhodospirillum salexigens

B ISR E SACEB I TRA LR TN
Fig.1 Unrooted phylogenetic tree of Sphingomonas and related genera
TP IRER Ay 168 tRNA J¥F 2047, 38 3 DNAMAN Pk HE5 DNA 30, IF R B4, IR R R E . W B iR
bootstrap {H , LBk 5 < HEALBERS. F [,
FE RS 00 B R M B R, US7337; LT B R, M11223 7 Je, M22508; ZL R 8 , X70295; R A J B JE , D11236; 3T e )s,
AM230485 ; 18 ARIE R, S46916 ;44T H 8B, X66025; WML A S, AJ245759 £1IBH 8, M59070 64T 8, 101785 /T H /8, M59062
The phylogenetic tree is constructed based on selected type species 16S rDNA sequence analysis and DNA sequencing by using DNAMAN programs. Genetic

distances were calculated using method of Maximum Likelihood. Bootstrap values are shown at nodes. The scale bar indicates substitutions per site. The same
below.

Accession numbers of GenBank : Sphingomonas paucimobilis strain ATCC 29837, U37337 ; Agrobacterium tumefaciens DSM 30105, M11223 ; Alcaligenes fae-
calis, M22508 ; Rhodococcus rhodochrous, X70295; Pseudomonas aeruginos, D11236; Flavobacterium aquaiile, AM230485; Bradyrhizobium japonicum,
$46916 ; Blastobacter deniirificans strain LMG 8443, X66025 ; Nitrosomonas europaca, AJ245759; Rhodospirillum salexigens DSM 2132, M59070; Porphy-
robacter neustonensis ACM 2844 | 101785 ; Erythrobacter longus ATCC 33941, M59062

2.2 HHEEEHMESFEE

WO AR MR E B R T, B A PR
R BERRER OB R AR T AL, B PR E T —
Ap R E BRI STR PR ER Eh O ke B A K B ATP S5
SXERER—% 5 WL, b 411 P R R R
7> o I P BERER R LN A BRIRAL A , 40 M0 3 0 0 R4
M ERAETT 3 12 R7E AL, H A B 3 P R 4 R T W B TR
BITERL . K AL 57 B S A R A TR, 4 M 3 TR
SLEEE SN SME R ik, 20/ 7 MR, 20512 : pl
~pA SNBEFIZE R pS, p6, MEBED; pT MEED. SHAM
WHIBE AR RIEE AR, Al HEEBHED (S, po) KIIIHE
RAEHWRREL M Z A AR E SR ATTEAR.
2.3 KERBS5ES FHRE
2.3.1 FEULEYW HEARRNREERTELSWRESN
SHERFORA 3K, BORL b 777 B BAE 40 5 K B iz i A A 05
AW (ME KR PR AR TR 84%) K
R G BRI, 5 MR AR S B B R UL T AR T OB
R T ARG R b, O (] 3 2 i 0 2 e B B L e A
FEASYRRERAC T ARNHTT , WREHREREML TRE
b T T B RAE TR

1N T T AR P B R P R SR 0 R
NERTFERMATIAEY). K KRRR—FEEYEF
ERETTENESYNIREE Y, H R HBRBR G TR X S e —

#*.

PR PR X T A AL W R R AL R R AR IR TE TS 35 b
PR, T A B | W B B 2K b R AR, TS T 6 4 2, AN Sphin-
gomonas sp. RW1 [FEAREZS ( —HRILEY)) , B SERIT4PIT B
Ser BARLBEAT INE, B B A B (R Fa 2 19 2 45 B v (1]
W) SRR 2,27, 3-SR HER, W IR L 2% , FRAE UK R (2
FALEY) , LB B A5 3R 12 B JH R Hh i ARt — AP
7 B — LR L e AR T, S A
F3F%f# , 40 Sphingomonas sp. LB126 X}3E5 % AL, 2
FIARERIERRER A, IR A v /E A THE, iz —&
B SR A YRR — R R AT BRI AT,
AT AR A FE GRS (TR ER R BRER B SRR F) T, XX 36
e REEAL 7 EOR B B o R o T} R
2.3.2 RZKE  ROBE(PVA) B—RKBEERNER
AW, ZIEBTHE N AR RN TV . [HR IR
ER TR K FERTS R Z —  FERIR D HAE DR
JUF B REA F 3R AR A9 40 el R A RE B0k LUSR Z AR B B
URAIREIR A , T2 38 A P BT A LA b B At 4T o3 R GIAE
A PIRRBER 58— PR (RPN L L) BRI R AR5
PVAMY 53— LR A ARIAF PVA, T 53 — Fh A SR Bt K
F, 4R % i B R ( Pyrroloquinoline quinone, PQQ) 1. b 2% [F
FALLGRSr B — 2 PVA FEMRH, BRI T — 8
B M BT RE A A0 5 — R T R QA PYVA, HAG AR K
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NES BRI AR PVA, 75 —BRT™ A PQQ B PQQ 26ftl  (OPH) Ml A M A £ T4 M A B b Kbk g e T2 8 m
Yy, R BB IR R 30 ~35 C,ikiE pH 2 8.0, AR - AKRERRIR , KA A AL PVA T p- i EREERREL (B A K AR

BIRIRE NH, PO BARRA —HCT .
T3 — 5 SCERHRGE , 3 B SRR v R IR A B W K R

1 0.05 |

93 |: Sphingomonas abaci
—| Sphingomonas metonis

Sphingomonas apuatitis
Sphingomonas pancimobitis
Sphingomonas parapaucimobitis
96 Sphingomonas roseiflava

Sphingomonas yabuuchiae
Sphingomonas sangniuis
Sphingomonas pituitiosa
—10()[[ Sphingomonas trueperi
93 '—Sphingomonas azotifigens

Sphingomonas phyllosphaerae
100 Sphingomonas yunnanensis

Sphingomonas adhaesiva
Sphingomonas terrae

Sphingomonas macrogoltabidus
Sphingomonas alaskensis
99 Sphingomonas taejonensis

Sphingomonas capsulata
E Sphingomonas subterranea
Sphingomonas stygia

Sphingomonas subarctica
Sphingomonas rosa

B 50 Sphingomonas chlorophenolica
Sphingomonas chungbukensis
Sphingomonas herbicidovorans

Sphingomonas cloacae

— Sphingomonas yanoikuyae

— ————————— Sphingomonas xenophaga

Sphingomonas suberifaciens

Sphingomonas natatoria
Sphingomonas ursincota
Sphingomonas aromaticivorans

Sphingomonas wittichii

Sphingomonas aerotata
495|_Ephingomonasfaenia
Sphingomonas aurantiaca
93 l_f Sphingomonas echinoides
Sphingomonas oligophenolica
Sphingomonas soti

Sphingomonas koreensis
Sphingomonas asaccharolytica
92 I:S'phingomonas mali
92 Sphingomonas pruni
Sphingomonas panni

2 BIERMEE 45 HERERN IR RS TR
Fig.2 Unrooted phylogenetic tree of type strains of 45 Sphingomonas species

FE R PR B8 [ 5 ( Accession numbers of GenBank ) ; S. abaci strain C42, AJ575817; S. adhaesiva NBRC 15099, D13722; S. aerolata strain NW12,
AJA29240; S. alaskensis strain RB2256, AF378795; S. aquatilis strain JSS7, AF131295; S. aromaticivorans SMCC F199, U20756; S. asaccharolytica
NBRC 15499, Y09639; S. auraniiaca strain MA101, AJ429236; S. azotifigens sirain NBRC 15497, AB217471; S. capsulata NBRC 12533, D16147; S.
chlorophenolica strain ATCC 33790, X87161; S. chungbukensis strain DJ77, AF159257; S. cloacae strain S-3, AB040739; S. echinoides strain ATCC
14820, AB021370; S. faenia strain MA-olki, AJ429239; S. herbicidovorans DSM 11019, AB022428; S. koreensis strain JSS26, AF131296; S. macrogolia-
bidus NBRC 15033, D13723; S. mali NBRC 15500, Y09638; S. melonis, AB201254; S. natatoria ATCC 35951, X73043; S. oligophenolica ,AB018439;
S. panni strain C52, AJ575818; S. parapaucimobilis NBRC 15100, D13724; S. paucimobilis strain ATCC 29837, U37337; S. phyllosphaerae strain FA2
AYA453855; S. pituitosa strain EDIV, AJ243751; S. prumi NBRC 15498, Y09637; S. rosa strain ATCC 51837, D13945; S. roseiflava strain MK341,
D84520; S. sanguinis NBRC 13937, D13726; S. soli strain T5-04, AB166883; S. stygia strain B0712, AB025013; S. subarctica HAMBI 2110, X94102;
S. suberifaciens NBRC 15211, D13737; S. subterranea strain B0478 , AB025014; S. taejonensis strain JSS54, AF131297; S. terrae NBRC 15098, D13727;
S. trueperi LMG 2142, X97776; S. ursincola strain KR-99, Y10677; S. wiitichii strain DSM 6014, AB021492; S. xenophaga strain BN6, X94098; S.
yabuuchiae strain A1-18, AB071955; S. yanoikuyae NBRC 15102, D13728; S. yunnanensis strain YIM 003, AY894691
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*1 HEBERREMERRY

Table 1

Refractory compounds degraded by Sphingomonas

2, 4-—FARRECR

HEAE Pentachlorophenol

F&EER|]  Herbicide

FAE(RS)2-[ (4-F-2-PHE) H ] B (mecoprop)
(RS) -2-(4-chloro-2-methylphenoxy) propionic acid)

2 ,4-dichlorophenoxyacetic acid

Sphingomonas sp. (1)

S. chlorophenolica RA2 [11]
S. chlorophenolica ATCC 39723 [12]

S. herbicidovorans MH [13)

FILNRZEBREF]  Phenylurea herbicide isoproturon Sphingomona sp. [**]
Yk Dyes BEYE  Azo dyes Sphingomona sp. strain BN6!%!
L% Pesticide NEHARAR) B o -y BRY . paucimobilis strain BYO'!¢
- Hexachlorocyclohexane and a,8-,y-hexachlorocyclohexane S. paucimobilis UT26'7]
FIFFHAE  6,7-dihydro-5H-benzocycloheptene S. yanoikuyae!'®!
JREFATEBR (DhA ) K@ ALy Sphingomonas sp. 19+ %)
Dehydroabietic acid and chlorinated dehydroabietic acids PG p:
F#4Bs Ferulic Acid S. paucimobilis SYK-6 (2]
AKJRZE Lignin S. paucimobilis SYK-6 [22]
BEALEY)  Biphenyl S. paucimobilis SYK-6 [%3!
Z2- R Naphthalene-2-sulfonate S. wenophaga BN6 (2]
I A A (Z%)E(CDD) , %% (DF) S. wistichii RW1 125
L 5]

Other aromatics

SRR, TR
Chlorophenol, nonylphenol

RAHESR

JE  Phenanthrene
ZOREE R, AR, B

Diphenyl ether and its monohalogenated derivatives

g Carbofuran

Dibenzo-p-dioxins, dibenzofuran

Phenoxyalkanoic acid

Sphingomona sp. strain HH19k (%0
Sphingomona sp. strain TTNP3 (7]
S. xenophaga Bayram (%
S. herbicidovorans MH [

Sphingomonas sp. %3]

Sphingomona sp. SS3 [*2)

Sphingomona. sp. strain CF06 [

1,2- %% 1,2-dihydronaphthalene S. yanoikuyae P
KINXBRELEY) Poly-aspartic acid Sphingomonas sp. 1>

ZEYA  Polymer
RGBT

B ZFEWE  Polyvinyl alcohol (PVA)
Polyethylene glycol

Sphingomonas sp. 13 37]

S. terrae 138

2.4 FEFMSEMBARNA

2.4.1 BHENE B-HE NEMBHE MR ZHREEAR
BRAT A NHEAE R A T, BAREMER, TBRKS5E
RALERP =24 1 A R 3w AR R B8 1, iF RE T B s A
WEBIER R R, 255 % PEWRARRFEEE KR BHEK B
BRI  EAE NS E FENETFERFLE=TED
ﬁl/l\[‘u] .

KERr B A PSR SR = AR M B R AR P& L
IR L 2 DR AT, 3B — R A
MM, BRERELT mg 88 % M E/g(HARETE) , P g-
BB MR E29% . BN RERERELFEBE5.7 mg
KT PR/g(HETE), g% PR RKF 89% .
2.4.2 #HAR EHRRELCHWEEELAE(S. paucmo-
bilis) FRAE MRS 2N R FREIFIR, (BEA th KA 2
VEEE AR B A b2 . N5 v8 IR /K WM B B B T IR R
B 5.5 f5; HEAREER STis kL, I (0. 25% R 288k
BFIBEAE 1. 5% WEERGRE) , B E S, IR ety , WZE
B pH B B FIER B 251 , 26040 BLUS I S (AR BE RTS8 0 4 /5 2 A
B ERE .

R RN A R, W B 4 LSt , A B RE T
i, AT BB RN S R RS R R RS B E S
PR IR A A IE HERTAR , X ERT AR R R A AR

3 BHE B AR S S HIE

3.1 7k

3.1.1 BFBMEE CAORIRE, EILRFRRLE R
W RBEREREMN) 29 %, H A, Sphingomonas strain
RB2256 A B RN R ™ BT B %
BB TR LR LAE MR v 2 AR IR IR (B R E R Z
HIFRER) , RES RO IR B B 1A K B FRIITIT 2 A FH
IR, SRR, TR E Y R AR R AR K
BRBARK, TR DA LR, I HNEFRYA B
BRI BRIZUR R, SRR A K 2R BR 8 7 4 i () 2 3%
B, AR AR AR R AR g — B & B, 4
BI7EAE R W B AR E BN ER & 820X 70 4%, £ E
EA R AR R E B Bt B B A R R
AR S ] SEEES ] EELR, BERes R E5EAEHA
RABMEN, RN IR R T8y B R, #—
E e Y e R

3.1.2 ERSWMHMRTF HTR BEEERTRRREIA
KR, SRR FEE R B, KRR A ST Z 2. 3
BRI 2R T MK, B2 5 i
B, T LA THRR B A AR L. SEE0 TR SE , B A A T
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AR R RIS RN R~ RN RER) F
R/ T2 BRI SRR Y | TIT L0 B 43 M8 — b 7 I 4 356 1tk
MFERKEFE.

FEBE VA B2 B W FIRT SR R A R
B —BEYRRTF. AEEHD BRMNAEEE LRI T —F
SR KEB N HMAE Y, &Sl —FEE, X
Frap R R 5 5, A2 YR E T, 845
W — R B A A
3.1.3 BRKZGHNGESEMENR  BHEEEHETN
WERESFRYOKIFE P 2B h ok, - Bk, kKR
Gol > X SR I K R T RS A AR . 3R SR AR AR,
FERXBERHIOKREE B MEYs RN, KPS E
FEiAEY) , o5 R R A B B N 2R S M R R s IR i ER R
TEEAN1 M 4R R R AR B4R, 5| & AR Y JE b i BRI SR
3.2 i
3.2.1 IEFESUERNMESE EEERREHEEELE
FEREYIRE ANBENRFEZ— B THERGEN BT
U ZRERERREAY RN RER , EZEEYWRITEN
T SR B o R B Y 1 S (8] 4 AR T 4. AR R
FELR B LBREN (F M IPU) BB T 18 Frab R A
TARETERZER. FEHEIR Bl A £ IPU
YRR, 2B IPU () A YRR MR R AEE 55 [a] LR AR 4k, 35X
T2 ) AR AL R BRI AE 97 ( Sphingomonas sp. ) Fil 14 pH 3L[F]
YERIM S R0
3.2.2 MHEHHELE HEEREENARERESEER
IS IeRE B e 208 , MR IEYE — B A a4 i
PP XL R R B 1R S Y RS &, WS
THFLAN T 4R IR A E 1R b,

TR 2 SCHRHRIE T M\ 3 A 4 9 AR B 40 B3 1 S 9 g R
B, ETIREY MR RIERE B, 7T UER R RE
FU AR R AT T A AR IR I R i T =
AN (G LARE ) ; & AT Y 33 2 Fh A s
TR, Lt 5| A B2 i BB ( Verticillium, dahlice) 4 5501
AR nERBE R MK FEARFF AR ZE BB T 4 Fhiim
YR ENAE , P EIE S, rueperi, EAT| BRI FUBHPLAE
R, TR R, M T RS, MR ER IR TE
R T AT KB LR
3.2.3 @EHBAT  MINERKKBEEARE S-S
R S. trueperi B FERER , fEBH Z B RK A . &
BEEMEYEREE B a5 RESGHZENEKF
SYESH S, adhaesiva, B A TREALEE ' . BRI
BREHEERBEAMBASE, BB R AP ZHFE
VB ZB AR B RA WA TE R EEEEA.
3.3 28§

AR T B2 [E] SR BRI B 2 SRR A B Ak e
i RVRHE 3L BUHE AT 16S tRNA L 594007, 3648 T
R RN A F A S, yabuuchiae'™ . BB MLB B AR
) 23 AT BB B T 2R B SR ARE 58 W BB FE Y E 18R
FIAZE SR AMTEA B Al 22 ) el 48 1 6.

BEERREES ST (WEERES) B2 &

FUBI Y RGN N R BE e s L, 2D S Y R B A PR
(S. paucimobilis) 21853 G A 1 #E A NARTH 5|2 25 B R AE |

4 ¥

BREARGAZE , (AR RE AR 2. WA
HE R, AR IR S B K A R
FRIBMHE'  HE B AR ERARA. IS5 A
A TS B EME, A E R HEHYIRR  BKER B RER
S MHKRGE A EE CATRATE. SHE B SRR
RIS REE, BRAUT LS — B E R A R AR 2
BEAERTEMES T, CATE BRI R LH L
BN ESEMFE(LERERYBZ WFE) , YR MEE
HEHE KRR S AR E L, W &
B zme aEAENS g R g BA
BRI, 56 CEE, 25 mmol/L i EALE, 20% Z B! 24
LEERESY UERBEREM 1 m EKE T HEkH #L 0
BERER AR AR, W HA K MR- AEE & —FE R
. Bl —IF A T RS S I SR O X T B SR I KA ML R
1, RBEE AR RNA B4 R T R, AT X LR RE 6
HERMY . BRI ARRYTE , NS TSR A Y.
RAESRHR YRR T N, HREF . EE LB EH
MRBER, ERPEETHELYEMAMLREE Y, LT
REHMRE K BE, R TS E RN AR R P4
KFNETE.

BREAWN AR RETTREER T EREYNER,
TE BN T B R B S Y /N R T TR R 28U T
1R BB B ) 2 TP T, L A TR A R iR P S R 3t
A1 SRR RS P EOR E B R AR B E R 3h
Y T 4IRIR A, R Gesh Y5 | & R R,
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