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Abstract

Due to their unique physical and chemical properties, rheological properties and biological safety,
microbial polysaccharides have been widely used in many fields, such as industrial production
and life. But due to high production costs and less production limit its wide application. The
screening, isolating and culturing of microbial strains of extracellular polysaccharides were in-
troduced in this paper, and the optimization of production of flocculant conditions and the sepa-
ration and purification of extracellular polysaccharides were also discussed. Furthermore, the re-
search status of the microbial exopolysaccharide metabolic pathway was focused. The method of
improving the production of extracellular polysaccharides can be found by the study of metabolic
pathways of microbial exopolysaccharides, which lays the foundation for the industrial applica-
tion of microbial extracellular polysaccharide.
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1. 518

A Z RN R WA AR AR = 2R o AR 0 PR R R I AR R
‘B A58 LA 2 B (Lipopolysaccharides, LPS)[) O HUJi 1B =X B 7E A B i 3R 1T, LA JE I 2 B (Capsular
polysaccharide, CPS) I/ ARG B AE 4 M A BB, B3 DA 41 %2 4 (Exopolysaccharide, EPS) 2 X 45 i 22 &
Wi

MATRBEEE FGR A S 6 T 19 tH42W], (Hi TS E 2 A F BRI, 258 M 5T i i
JE T HEE AR . 1988 4 9 E 4 H K5 ML %K Reymond Dwek T ixFEH 1T “HEAM 2”7
(Glycobiology)iX NS, HEELHEA: T —ASET AT F 8k, 20 el 50 4FAR, Jeanes S5 N B IRIMIEIRTS T
B R (Xanthan gum) )7 AR T8 1964 47, J5 A5 A3 4 5945 31 1 Bk4h Z B8 (Curdlan, XRREEERR)
FEAER, JE R XCRBL T RIRE AT LA AR S AE W) 22 B X 4R FF (Agrobacterium sp.); 1978 4, 5[ A fd > 5h#H
JIE 2% 5. Jf B (Sphingomonas paucimobilis) 2 7= F3k 15 | 4574 kK (Gellan gum); 445, AT SRR AR I
T HEFEEE ZE(Pullulan, XAREE ). 3% B R (Hyaluronic acid). /1M B i 2K B (Scleero glucan)fl15e
S W (Chitasan) 55 2 Fo I TAE V) 2 0

A 2 5 DR B A A A R . SRR A RN AR ) 22 A P S AR 38 T AF Tk AR 7= 5 AR i S 2 AN 40
HEAZRSHME, WfE A RER 'R B2, AR RG] [2] [3]. ik
ek, BEAE AR SRS TE AR Ay BT RS AR P R D IR AN i A BRI iy, BRI 5 IE
BN A BRI T R B T A AR R

2. WEMRasS SRR SR
21 MNBSEEEENTFE. 98

NaAh 2 B AR R ORISR LU AR, IRYE FATIRGE: DAARG . TR B DL EERE RSO E R Ah 2
B R OB Rl ZEA[A1E T PP 0 8 AR LA 2 B R PR WILL13, T AR B BT
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A

PPE B R, FEA G i SR BT DR S TR B AT T AR B R [5]/E 74 B R af v 9 e 7 1 HH =™ g b
ZHEEPS) MBS I FLAT R . o, FUAFE YWI11 [ EPS BB BT B AT IE 1, XIEE[6]4ETS
Jerb oy BRIE ™ SR B B-04, Xt TAVERKRURY) . (. K. COD SEHATIREF MALEEACR,
FERTC T AL T AR B AT RENE . 2P0 [ 7R SR SE 4R [8]E & b i e ik th) 206¢ 1 HO9 Al W03, i
IR LA a1 I 5 He SR A M AN 20, T I T BB E /KR I BB e 4% IR A B 3
S DRI S BB R AL B

2.2. BN RENEET ZHK

TERCEDI A 2 HE G O R, e AR AR S N R A s 2 S G s 1, o, 5T
NAEDE, (RSN R . BRI IR . pH. BRRURRA. THLEE. BRI B B 4t
DA 2t 2 W S AR M b 2 BTG A BRSO PR AR i, TR, AR B 2 A DR o6 T b 2 W I A L
TR HFRIEPRE IR AN 2 G B AR B, BT RSN R AW R A, & A
K (8 72 8 BB R AP AE 2200

TESEHG 5 2 0l R B 35 L BRIk 2 LI & 08 . 222808 TERE. Ve FLRE DA S N .
K912 NAEWI ¢ BB 5 U0 Hh B g £ B Halomonas sp. HO9 & ik 22 B 2, 173 Halomonas sp.
HO9 DA %1 W Bt , ¥ 5 9 60 /L I i oh 22 4l 1 B fie e A9 3.5 g/L, LA(NHL),SO4 AR, M2 15 g/L
W2 A REIA R RmE: 3.7 g/b. RIHL0JEDAG SRR 7= B AW L6 7= A 1R MFX I 43 21 5 0 %
ZF N B 33°C, PEIRESEL 140 r/min, pHE 7.5, FhFCR 7 mL, REEIFIA] 21 he B SOB[10HE R
FEFHUAT R K BE PSB R IEAT AL, 15 B 5 i B AT f0d pH (B2 il 28°C A 8, s fERE IRk Ay R bk
139 g/L. Na,HPO, 3.05 g/L. MgSO, 0.167 g/L K PSB j=# > 3.034 g/L, L& @B THMAE ML,
PSB =& it T 127%. Sanjukta Subudhi 25 A[12]f 46 T ARBEEAL T EATH TERI L1, 531 4L
S Atk BEREKY 5 o/, FR IR 5 g/L, Hi &) 4 10 g/L, K,HPO, 2 g/L, KH,PO, 5 g/L, NH,CI 1 g/L, MgSO,-7H,0
059/L, NaCl2.4g/L, CaCO;2g/L, HfEHN 37°C, REIR¥LHE N 150 rpm, KIEEHSE Y 5d. Jiewei Liu 55
N[L3IX =2t 2 R M-CL1 B R BRI T, SRR A2 #i%iFE 30 g/L, NaNO; 2 g/L,
MgSO,-7H,0 0.5¢/L, /%N 25°C, pH {H 7.0,

FE T AP S DL B R M )RR WRAS IR K AR TR WE) R WE B N R RS
FEHEJFRL, AMUBEPRARA = A, I REfE o — Lo B R A WL RTS8 XA [ 141 7E 28 28 AT 1
A9 = s Z HEIE R AL, DABRRE IR K AR & 55 37 2 R O RRIE RO R, WAL T 8 SR A E Y 2 B e 2
SO, 25 SR i RS I KA R A P R B iR 5 R, 20 & T LLISH) 6.73 g/L.

2.3. NS RERIERE B

JLA 22 Bl A B SR FR B TR A AR, IX e S U E YT A T AR 5 . R AT AT
ALBRR, BRI AR BERAF R RO JLR, T CAEDR B R0 RIS 22 B 1l 0 S B K 7y s 4lidk, DAMET
S HT R [ R AF o FAT 22 B B R oy B i 7 10 2, IR 22 W 1) ELAAR R 1 5 43 AT RD S5 A0 T S
5 fie AR IK B (2 AN 7 5%

WEMZHEIRBUNEARZ M, ARGTHEAKIEE. BRIGE. BIREMBERIGE. k28
P22 BE AT LU ACRIZI, KERIZREI K 1950, W I 22 i DU e 8 Ao P S el 7 T R P 0, R Bk
BRI 5y (8 2 B (0 S5 A0 SAE VEIE BIRIR, 1 b R 21 4 2R o 1k B Il 2 LR &5
J Rl 2 BEREAT SR BOZT IR R . RHEM B2 WS T 5O B . BRIbZ Ak, o Lk
ZIERE G RIS B BEOR A EEOR. SUKMAERGOR & S SRR I i
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PRZERH AR EE[15]

AN 2 R 1) 5y B A AL TR H A AR = M 1 2l db vk — K, BE S NPOBEHT. B, BREEA
s BRI Sevag v —ABSIROCEERRY: . T ERS RIS . LR AN B FAL L LR =5
SR CKEFEE[16]. ARG 2 MR SIS AR T OKBEE R, BT RN TR, B TR B
R« R LI B EAE S5 T AR — 2P 0 4lidl, I Ja S TR AR Bl i, B 2 BRSO I &4,
ZIRERR DUE, KBRAEY, Eifh, SR EERAR[1T].

T T AR P B o 22 B (0 P 2 B R BT (P 2R R s oy 5 AN AR TR, BT AR ) A 22 i 1 93 18 Al A AN R —
NEIM 8, 75 AR AS 5] 00 B A 7 AR TR AN TR P S PR A A A B 41 22 SR BCAS T 1) 4 8 i Ak, 735 [18] [19] [20]

2.4. YIRS RN

B AT RAE P A 2 BER T IR N, RUEYIA Z RS C Ay B i . T, K4, 37
B PR 4745 2 >4 .

TS5 2 T e R R AT R R AR A 2 0, R H AT E B R, 2R, Ak, R T —
P RE B AR AR IRE, R T i RS, B IREF (D7 T A RAFMBCR, BRI 2 T & s 4
o BRIk b, PGB SR BERSEREYI AN 2 MR AT DR A R AR A Tz 1)
N H[21].

RKEZHAWZ RGP BN s, PUBRSEY S Thae, Hmee) 2R H TR
Wil AR = [22)5 NBEFE ORI, DMk A IRE =R I 2 0E A 2 W DUSCH SRR )
ST 2 NE T DL S A0 AR /0N BRUMRE s AR B (23] 5 N HEDI e ot 38 S AL AR () 40 M e S The, Mg LT 2 0%
YCP A] LA B4 s A K AE s Zheng S W [24]%5 AHIF 72 BILAR 8 1) L 4 i RAW264.7 73T 11 %
WA B

WAk, BT Z R AR 24, . 5. A4 s JeiE I SOm A v 20500 S T 1%
IKAEFRAIR A . A 2 B E R E A T R EAUR K . AU KER K. BEFREEK, &
AIEK S IR BB K &) T ARG 5K IS IR DUBR MERE Bk s . R S I AL BT 7R
EIRTRAE ) 22 W L0 A BRI L L8005 I 22 b K IR AR 3, HR, FESERR IR 1520z 1B F [25]
[26] [27] [28].

WA 2R LIS AR, AR A S 4 RH . N TR ©
AT DA 5 R s R0 A R A 7= SRRk o O T S I A P R 2 B R — D AR, AT R LTS TR
e, B T TSP A 2 8= R B I 1 20 25 A2 0 & s T 2 DL AR 4k L 43 5 Al 55 T R TR 41
Xof LA 22 W P BCR 45 35k TR B A& AR (AR T A B T T MR AR VI A 2 B A LB, FERTR sl
Joh 2 f e B

3. WY STENE RERHRIR

AN B A 22 BE K 22 S A0 OB R, FRAS ) A Bpom ol A B SR A ), PR . IR
BRI, SAEYZ AR A RaE s R AR AR B, RIS TR s 2 0 K AE & g
By MRIER . AR AR SE R 502+ 40 R [29] [30] [31] [32].

3.1 WY SRS RIEE

BB B BT TSN 2R S S ER EEXT R, MIEVIRAN 2R I R AR AR R
RS AL 20 G i R ST E R LURCR G5 IR, BORAh 22 Bl A2 1 A2k LU g 4



e 4

ZHEMIER S A, AHJ2 2R RE BOSE EARN — 2.

AR A A S A ], B4 2 0500 6 T DL AR 2R AL R 2 A s B 2 0
M. o, SFEMZHENZETRIES S, RSN E R . TFRRV33]-[37]: Uik
PRI, R AP I R RO E A6 IR S, R 2 MO R R iR A =4,
H— K IRAR N H T HE-6-BERRAE o-BERR WML AL RGN AR A T A N I &8 - 1-B5 R, 756 B UDP-41 %7 4
UDP-Fii FERSFRF1 UDP-2F- 7L FE LA fx DTP-i 44 . dDTP-F =M, X2 EIEANEEE; 5 %igEe
B4 B -6-BER E B IR H BR MR AT R SSmG IE N, ARl H R pE-6-T5 IR . H & ME-1-B51 . GDP-H #&hE.
GDP-2 HEbl ;58 = 2R IR A% 2 1 67 - 6- Tl I 20 Tl I W 26 W S ALY T ) 2 P SR W -6- IR, 78 A ol 1 R e -6-
MR . N-Z BT fL-6-TER . UDP-N- 2. I 1 FLUHE B AN GDP-SLbE . SLbE-6-TE IR I At i ik \ BRI 127
AETTERER, IARRE REUE A A LR, Ul A 2Us M d NATBERIGH =4 ATP FIH B, XL
ATP TENRER, ZHEERERMLRIE. BT R BRI rh iR = AR 1 2 B AL A ], i 6 R
BERE TR, (AR EAFE: MRS, o BERHRL AR . UDP- AT FE AL BRI . UDP-F-FLbE-4-
ZE) B BERR RN ARG X T M 2 RS O R R UL, FO O R R R SR T A B
REX—BR], HikES O-Pilii Wzy-dependent igf2MMl: Gidiltin NG, HAZIFRRIEEL IR
152 v PR W R R B Bl TR — S I R S R 3 BRE-PP-Und |, TERUE B+ — Sk 0% B i R Bt
(RU-PP-Und) . RU-PP-Und [ /5 4 8 %% g (Wzx) % 2 i — . b, O- 0 J5L B K 775 28 (WzzB,
WzzFepE, WzzECA) 1 i A L5 K 73 BN FERAR . I\ SRAR I URAR I MEAS BY, 0BG ML = 4451, R
HA—AILEAT O-PrlEEE K MIHLE], X ASWEREEH SR T Morona B84 . B8\ Wzz gty 5 Wzy
AR R (Waal) LR 5 SRR 2 &4, JRBIETT Wzy Rl Waal (194k 241 &t ity 20k 2
O-HiIA KA 1. BHA SZHEAAFME R, B O-PulF fEEK ] DLl Wzy Il Wzz tie. 1F
BRI ZFENEY RS, ORI T R Wzx, Wzy Fl Wzz [¥))5 .

3.2. WAEYIRES S FEE REVEXER

ZHEE ISR KK ERER K Z B T 2 ME R G . fEERHERE, KREMNZHEEGK
S5 R % 300 3k 5 DR e B ARl R BRI 98 o F 8 2 B O-PLJR . BRI R FLKE EPS FIIENH 2 B (¥ 2L (K ik
[38] [39] [40] [41], {HAEXT THAYIMLAN 2 BE 1A BOS AR I AE G R 7 AR 2D

ZERR[42]%F PaenibacilluselsiiB69 i #h 2 B & pIR AT T HEFL: @I X} PaenibacilluselsiiB69 43
DR 2H 23 B RRE DRI R B sy, 4R 75 UDP-ACHE & i 2 1 i ——UDP-7] 47 Bl W W2 R B (LFR UDP-AK
WA ) R g ik (K] Peuxsl AT Peuxs2, Jfiae 1 A R BT A B B A UDP-CHE AT UDP-4] 2] i 5 2
EaE. MANZRER =&, & O L DU A RS 2 B R I #A e o 8 0T 22 BB AR )G RE R AR
P35 #4533 PaenibacilluselsiiB69 f4h 2 54 Y& itk R % i 20.2kb B P B2, BIdE %L %77 1A — 2
(1) 18 AN TFHk b SeAE, 5 6 M IEMF A ZHE R T F oo 6 MR MFEE B SS R R R . PRz 4b,
ZHHEY A RN A S UDP-E %M. UDP-ACHE. UDP-#% FERE IR A GDP-H 24 4 MY
R BT PR P B B A DG (Y G R B 6 TR 1T 22 W AR 45 P2 R A P AN (036 5 NDP-HE P [ B2 B4 5 A
K, ZIER AT T Yk AN B . HANEE 6 NN S 2R RS H A L. ik 16 MM
K 5 2 BB G R ARG, #HE—AN B TR, 30 AT BE g i 2 15 A A g 1 2 R B 73
Hh—"NEB TR

3.3. MY S RENRM IR
AR TR — Pl R A A AR SC OB . MR, RS IR R T ThRE . AR A A R T

)



S

s

%

BERCEM ARG VE, BORBREEIIBE & H (K790 5 1) DNA SR . R EYah 2 0l & s A T
FEMIBETORT LAGr NP AR T i —FRIR R BRI B, 73— MRS 2 45 .

P M E I AN 2R R, RTRAT IS TR R 5 0T A IR AR BRARA R, Itk
TE SR ) AL AL F P ERE o AR TARESR R A M o 22 Wl 7= B 1R 75V [43] [44] [45] [46] 3 22
AW 1) WL ER & IR AR T B SR BEBE PR S AR A 2 WE R R, XA A T DA R
R AR AR S H TR S8 PR v 12 R (R AR R B TE RER AR i B Ah 2 W 5 2) N 220 5 pl it (R e 2k A
WEM P IRIE, TS s I 22 B A AR ], il A P v P8 DB AR HE AT 2 [R5 DL B 22 5
TRARAT S HE DR N T PRI i 15 R AR AT SR RS 71 LA BIR 2R B H Y. BRIbZ 4h, e mT Lt i
T 717 (NADH/NAD™) 38 55 240 Jf0 45 S8 1A ' P 1) 22k AR ) 4 s T S5 T3 VR St v 2 W i

AU TREE T AR S HEI S5 4, TR 2R, (L2 A EE T, (2 R rEse s
i, (et TN . BET59[47] [48] [49] [50]f e sEEA WA — Rl i A R RS K
RIS IR R IR, ARG TR BRI, RECEZ RNy, W0 TR ZRMRELH
RFE o 55— [ S R AR A S NI D s 0D 22 B BT I (LA 2 DR R AR S A i), DA™ 20T ) 25
BRI, XA T REECR SRR ALY, RIK B R 2 SR F

4. RE

HEWZ s, mYZ R, PV R A B AR, ARRFFRREED,
DRI BAT IR (0 D03, B IRAN 2 HE I S I BE ) iz . BRSSO R BRI TCRIR N, 7F
2R A 2RI AR I, R X TR R Y I TR A B AR SRER I U B, IR T
BB IIRTIE T B L 77 Bkt 2 W T A0 LU I A 2 B (4 B0 28 AL ST T2 X T A M o 22 i
T AR 2 S PR, B A 2 W I e ) RO RS L S TP AR S T B 2, TRk, A i 22
XCEVIILAT 2 BRI & AL ELEAT T 7E,  CR A 2 W I & i@ e LA A 2 I & it B8 B R 22
A AR L (B T A2 B AT R M A 2 MENLERAT AL R ), XX AT TR, $E
MEAN 2 WER 5, X T 2 A RAN 2 E R Tl AN A A R

E&WE

LRGP OATEIE TR R “123 TR T H % Bh(CEPF2014-123-2-13); [H 5 H ARFl #3441
Tii H (51278090) .

BEHk (References)
[1]  XUeh. B W 2 i) 4 A0 S I 92 [D]: [l 24 Ari8 3] KiE: KTk K2, 2010.
[2] #piEsE. —PRGLAEY) ML AN 2 05 A i T 75 S S [D: [ =224 18 5L]. el DU mE K2, 2011,

[3] Karaki, N., Aljawish, A., Humeau, C., et al. (2016) Enzymatic Modification of Polysaccharides: Mechanisms, Proper-
ties, and Potential Applications: A Review. Enzyme and Microbial Technology, 90, 1-18.

[4] ZEM. PN 2R G AR 0TI S Mk 22 B PE S A £ R 20 M [D): [W -2~ 1R 3], Fat: R At TOK 2, 2016.

[6] E#. SNSRI RSB, 7 7RSS BT FL[D]: [ 22 A 3], K& H MR, 2015.
[6] XItE. REMREFIERIGIE, FIRFMASMABD]: (B2, BifE R, 2006.

(7] ZEPHUE. BAM SRR A T R O S S A AR FE[D]: [t 2 g 3] K KIEHE S K2, 2015,

[8] REUH. WAMIZREGR ™ A A RSk BN ROWEFE[D]: [t 2 1830 K KiE#E k2%, 2016.

[0 mi3, EHF, MR, & bR G SRR AN B S R A S SRR R TT[D]. R AN, 2015, 5:
72-78.

[10] RIF. s R R A v AR S O R AR AOARAG[D]: [ 2 iR 3], W /R3S I /R Tk K2, 2012,

)



A

[11]

[12]

[13]

[14]
[15]
[16]
[17]
[18]

[19]

[20]

[21]
[22]
[23]

[24]
[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

PE . BT O B 2T LB R R B . . FRARAS I R LN A [D]: [ Arig ). M
B TR, 2014.

Subudhi, S., Bisht, V., Batta, N., et al. (2016) Purification and Characterization of Exopolysaccharide Bioflocculant
Produced by Heavy Metal Resistant Achromobacter xylosoxidans. Carbohydrate Polymers, 137, 441-451.
https://doi.org/10.1016/j.carbpol.2015.10.066

Liu, J., Ma, J., Liu, Y., et al. (2014) Optimized Production of a Novel Bioflocculant M-C11 by Klebsiella sp. and Its
Application in Sludge Dewatering. Journal of Environmental Sciences, 26, 2076-2083.
https://doi.org/10.1016/j.jes.2014.08.007

KA. RIS R B TR U E BRI & R R [D]: [ 22 A2 3], TERH: ZRAEKS, 2014,

INGEH. ZE SR L B B A 2 W I 2 B Al b S YRR FE[D]: [A0 1240010 50]. Ki%E: K Tk %, 2016.
FREFH. RAFHAN 2 B o B i SR AR 7T [D]: (L2008 3], K& Epfol K%, 2012.

TR 7RG AR BB K B AT [D]: [l 2= A8 3], MR M RIELAVIR 2%, 2009.
Sasmal, D., Singh, R.P. and Tripathy, T. (2015) Synthesis and Flocculation Characteristics of a Novel Biodegradable

Flocculating Agent Amylopectin-g-Poly (Acrylamide-co-N-Methylacrylamide). Colloids and Surfaces A: Physico-
chemical and Engineering Aspects, 482, 575-584. https://doi.org/10.1016/j.colsurfa.2015.07.017

Liu, W., Wang, H., Yu, J.,, et al. (2016) Structure, Chain Conformation, and Immunomodulatory Activity of the Poly-
saccharide Purified from Bacillus Calmette Guerin Formulation. Carbohydrate Polymers, 150, 149-158.
https://doi.org/10.1016/j.carbpol.2016.05.011

Wi, B, 288, & RIEZHEMED RGO 2040 500 [3]. FREET5 4if B R 15 ¥4, 2006, 12 (7):
61-64.

FUNE, EAE, MoK, S RIS SRR N BT T R). EMEORIER, 2014(6): 51-56.

JER =, RRE. B R 20 AU R & e s E AR, SRRk ES 2% 5 1R R, 2004, 5(24): 599-600.

MR, B2k, BHE, 55 R R 2R YCP X/ BUMR K S e B Dh REIFE R[], 52y, 2008, 37(2):
241-245.

Zheng, S., Xing, W., Huo, X, et al. (2016) Composition and Anti-Inflammatory Effect of Polysaccharides from Sar-
gassum horneri in RAW264.7 Macrophages. International Journal of Biological Macromolecules, 88, 403-413.
https://doi.org/10.1016/].ijbiomac.2016.02.025

JEGeEk, BhOE, FMEAE, S B ZEER I N BT RO R A ] kR, 2015, 43(32): 107-108.
A, 17, D MeEYERESIR S-S R R D). SRETRE S, 2012, 37(8): 83-108.

Li, R., Zhang, H.B., Hu, X., et al. (2016) An Efficiently Sustainable Dextran-Based Flocculant: Synthesis, Characteri-
zation and Flocculation. Chemosphere, 159, 342-350. https://doi.org/10.1016/j.chemosphere.2016.06.010

Rong, H., Gao, B., Zhao, Y., et al. (2013) Advanced Lignin-Acrylamide Water Treatment Agent by Pulp and Paper
Industrial Sludge: Synthesis, Properties and Application. Journal of Environmental Sciences, 25, 2367-2377.
https://doi.org/10.1016/S1001-0742(12)60326-X

WAL, B, R, S BAEY BRI D) G AR TR FURERE[I]. BRPGEL T 22 BE AR, 2015, 32(4):
49-58.
MREETE, R4, PUSR, & MEZREIEM S ALHIN]. PR, 2010, 50(12): 1583-1589.

uddin, R., Saeed, K., Khan, W., et al. (2015) Metabolic Pathway Analysis Approach: Identification of Novel Thera-
peutic Target against Methicillin Resistant Staphylococcus aureus. Gene, 556, 213-226.
https://doi.org/10.1016/j.gene.2014.11.056

Dobler, L., Vilela, L.F., Almeida, R.V., et al. (2016) Rhamnolipids in Perspective: Gene Regulatory Pathways, Meta-
bolic Engineering, Production and Technological Forecasting. New Biotechnology, 33, 123-135.
https://doi.org/10.1016/j.nbt.2015.09.005

FIEZR, A, Bk gUE RSN ZHERN DG RS IR ERI0]. AP AR @R, 2010(11): 48-55.

ZeH], SRR, MIRRYE, 55 FURRT AN 2 A BRI RE L2 & OB HOWE T RE[D]. & Tl BHY, 2015, 36(14):
389-399.

FiE. R 2 REARE B ) & GRS SR SRIT FU[D]: [ LA A 3], HFm: iR K, 2014,

Freitas, F., Alves, V.D. and Reis, M.A. (2011) Advances in Bacterial Exopolysaccharides: From Production to Bio-
technological Applications. Trends in Biotechnology, 29, 388-398. https://doi.org/10.1016/j.tibtech.2011.03.008

Nie, S.P., Zhang, H., Li, W.J. and Xie, M.Y. (2013) Current Development of Polysaccharides from Ganoderma: Isola-

O,



https://doi.org/10.1016/j.carbpol.2015.10.066
https://doi.org/10.1016/j.jes.2014.08.007
https://doi.org/10.1016/j.colsurfa.2015.07.017
https://doi.org/10.1016/j.carbpol.2016.05.011
https://doi.org/10.1016/j.ijbiomac.2016.02.025
https://doi.org/10.1016/j.chemosphere.2016.06.010
https://doi.org/10.1016/S1001-0742(12)60326-X
https://doi.org/10.1016/j.gene.2014.11.056
https://doi.org/10.1016/j.nbt.2015.09.005
https://doi.org/10.1016/j.tibtech.2011.03.008

A

tion, Structure and Bioactivities. Bioactive Carbohydrates and Dietary Fibre, 1, 10-20.
https://doi.org/10.1016/j.bcdf.2013.01.001

[38] Plainvert, C., Bidet, P., Peigne, C., et al. (2007) A New O-Antigen Gene Cluster Has a Key Role in the Virulence of
the Escherichia coli Meningitis Clone 045:K1:H7. Journal of Bacteriology, 189, 8528-8536.
https://doi.org/10.1128/JB.01013-07

[39] Iguchi, A., lyoda, S., Kikuchi, T., et al. (2015) A Complete View of the Genetic Diversity of the Escherichia coli
O-Antigen Biosynthesis Gene Cluster. DNA Research, 22, 101-107. https://doi.org/10.1093/dnares/dsu043

[40] Suzuki, C., Kobayashi, M. and Kimoto-Nira, H. (2013) Novel Exopolysaccharides Produced by Lactococcus lactis
subsp and the Diversity of epsE Genes in the Exopolysaccharide Biosynthesis Gene Clusters. Bioscience, Biotechnol-
ogy, and Biochemistry, 77, 2013-2018. https://doi.org/10.1271/bbb.130322

[41] EPRUE. JRJTT 22 fO AT T 0 A0 22 0 R 1 JAH Sk IR e e 0 A [D: [k 22018 3], Jbnt: o AR ML AL B,
2015.

[42] Z=BK. Paenibacillus elsii B69 sk 2 Wl 4544 %5 & K AEW)& T L [D]: [ L2268 5], B Wil K5, 2014.

[43] Welman, A.D., Maddox, I.S. and Archer, R.H. (2006) Metabolism Associated with Raised Metabolic Flux to Sugar
Nucleotide Precursors of Exopolysaccharides in Lactobacillus delbrueckii subsp. Journal of Industrial Microbiology
and Biotechnology, 33, 391-400. https://doi.org/10.1007/s10295-005-0075-y

[44] Woodward, R., Yi, W., Li, L., et al. (2010) In Vitro Bacterial Polysaccharide Biosynthesis: Defining the Functions of
Wzy and Wzz. Nature Chemical Biology, 6, 418-423. https://doi.org/10.1038/nchembio.351

[45] Ruffing, A. and Chen, R.R. (2006) Metabolic Engineering of Microbes for Oligosaccharide and Polysaccharide Syn-
thesis. Microbial Cell Factories, 5, 25-26. https://doi.org/10.1186/1475-2859-5-25

[46] Li, N., Wang, Y.L., Zhu, P., et al. (2015) Improvement of Exopolysaccharide Production in Lactobacillus casei LC2W
by Overexpression of NADH Oxidase Gene. Microbiological Research, 171, 73-77.
https://doi.org/10.1016/j.micres.2014.12.006

[47] Jones, P.R. (2008) Improving Fermentative Biomass-Derived H,-Production by Engineering Microbial Metabolism.
International Journal of Hydrogen Energy, 33, 5122-5130. https://doi.org/10.1016/j.ijhydene.2008.05.004

[48] Krivoruchko, A., Zhang, Y., Siewers, V., et al. (2015) Microbial Acetyl-CoA Metabolism and Metabolic Engineering.
Metabolic Engineering, 28, 28-42. https://doi.org/10.1016/j.ymben.2014.11.009

[49] McDonald, A.G., Tipton, K.F. and Boyce, S. (2009) Tracing Metabolic Pathways from Enzyme Data. Biochimica et
Biophysica Acta (BBA)-Proteins and Proteomics, 1794, 1364-1371. https://doi.org/10.1016/j.bbapap.2009.06.015

[50] PolakBerecka, M., Choma, A., Wako, A., et al. (2015) Physicochemical Characterization of Exopolysaccharides Pro-
duced by Lactobacillus rhamnosus on Various Carbon Sources. Carbohydrate Polymers, 117, 501-509.
https://doi.org/10.1016/j.carbpol.2014.10.006

L !
LY
Hans X
BTIBARE R Z 20T RS

ERATERS (QQ. S, HEAHE)
A VG P 55 A3 F 3 1)

24 /NI DL R A 1 BT A e il

AT RIAE 2 3R i

b 1 [T VR

HIP RS 2R

G 27 26 ) IS T A

NooprwhRE

WehaiE A http://www.hanspub.org/Submission.aspx
HATIMEFE: amb@hanspub.org



https://doi.org/10.1016/j.bcdf.2013.01.001
https://doi.org/10.1128/JB.01013-07
https://doi.org/10.1093/dnares/dsu043
https://doi.org/10.1271/bbb.130322
https://doi.org/10.1007/s10295-005-0075-y
https://doi.org/10.1038/nchembio.351
https://doi.org/10.1186/1475-2859-5-25
https://doi.org/10.1016/j.micres.2014.12.006
https://doi.org/10.1016/j.ijhydene.2008.05.004
https://doi.org/10.1016/j.ymben.2014.11.009
https://doi.org/10.1016/j.bbapap.2009.06.015
https://doi.org/10.1016/j.carbpol.2014.10.006
http://www.hanspub.org/Submission.aspx
mailto:amb@hanspub.org

	Research Status of Microbial Exopolysaccharide and Its Metabolic Pathway
	Abstract
	Keywords
	微生物胞外多糖及其生物合成途径研究现状
	摘  要
	关键词
	1. 引言
	2. 微生物胞外多糖的研究概况
	2.1. 胞外多糖产生菌的筛选、分离
	2.2. 胞外多糖的生产工艺优化
	2.3. 胞外多糖的提取及分离纯化
	2.4. 微生物胞外多糖的应用

	3. 微生物胞外多糖的合成途径研究现状
	3.1. 微生物胞外多糖的生物合成途径
	3.2. 微生物胞外多糖合成的相关基因
	3.3. 微生物胞外多糖的代谢工程

	4. 展望
	基金项目
	参考文献 (References)

