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Abstract

Microbial flocculants have garnered widespread attention in various wastewater treatment applica-
tions due to their exceptional biocompatibility, biodegradability, and broad applicability. Although
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bacteria serve as a crucial source of these bioflocculants, a systematic elaboration of their synthetic
pathways remains lacking. This review systematically categorizes the major groups of flocculant-
producing bacteria and details the structural components and flocculation characteristics of their
respective strains. Furthermore, we elucidate the biosynthetic pathways and key regulatory genes
of core bioflocculant components—including extracellular polysaccharides, y-polyglutamic acid, gly-
coproteins, and lipopeptides—and summarize current regulatory strategies employed to enhance
their yield and activity. By analyzing existing bottlenecks such as limited environmental adaptabil-
ity and prohibitive production costs, we propose targeted prospective solutions. These include uti-
lizing microfluidics, genetic engineering, and synthetic biology to develop high-yield strains; ex-
ploiting low-cost industrial or agricultural waste to reduce production expenses; and integrating
artificial intelligence to decode gene functions and optimize production processes. Ultimately, this
review provides a solid theoretical foundation for the efficient development and industrial-scale
application of microbial flocculants.
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1. &l

LB S K AL B PR K A I A v TR ik R ORL . IR S WL SR AR DR i o s o, Ham i
P A RS UKL [A) R 32 « 478 36541 S AL ) S AR 28 P [T 3 85 o A S8 650 2 200 N TE ML 2R (e 5

EVHIE BLZ BRI (AN R AR IENZ) [1] (2] ToHLR B AT BAMC . ROR GRS s 2 N A, H 5 5k B
SIBET, ATREIR kIG5 [3]. AHLEE BB S, (HPARWIGEI G A 8o, KA
PR SR AMERR G T AR KA B A SN [4]. ARV 28R R BRI R R 2L R, 2 e
VIR . LR R AR ANV EMREY), FEMS NERE. B, ZREHEEY, Ko
TE—MKAE 10° Da B E[5] [6]. SfEGMELEGIMLLL, AWEEFAFL T RERY. —REVHE
Piy, TR, WABRAESRG ©A; R YRR, AR R, BT AR 77
SREMVEHET, SR pH SRR FEREE, nTACERE A B K[ 7] (8]

HATAEM R EF R S i BuE K. T RK RHKEA &5 e K S 2 A8k, 7E TGS
IRACER R, A2 O] A A2 B B A (TSS) R 5 7 A LTS e P(COD) . 1E TV R Kb B A1,
EEXT 7 AR BB . b N K IR g, AR 20500 e I L R A 3%, ) P 2 R B8 = 2 1 2k
FIMCFLEN YK, ZMRALIS, 7E DB-14 JURK )y 68.78 ppm. ¥R 1 g HEHE HAEFTRINE N 2.5%01)
MR, ZEK 72 /R RAEVI R AR R ATIE 92.76% [9]. TERH KR, AV A R g An Eh
TR AR, B hn, EEEFRITIE] 72 /NN ZUEERIFEINE 3.2 g/L pH 5.0 I, K&t =08 g sl
(¥ 2B R ERIE 91.09%,  HLYE pH (4.0~9.0) 78 Bl N 2R 2478 85% [10],

P HAR T A B 2 TERRE IR A 2 —, WY ZREGI E IR B TR
AP A B e AT B 1] JERER T AP B TR A T 155 W12, FEMB IS Bacillus
Klebsiella- Enterococcus Proteus~Serratia . Corynebacterium 55 . %11, 135891 7025 ¥) Bacillus licheniformis
CGMCC 2876 FT 7 WA 25 & 89% /KL &5 11%E A, Bk &b vebE . SUEE0E . B

ik
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FiE bt 7.9:4:1, Hem ZEEETERTIL 700 U/mL, HYE 80°C N AL 30 438 RELREE 90% LA Lyg i, e E
S A1) IR M TR (Pseudomonas sp.)HR 43 25 (1) 23358571 D) R 38 3 WA A A R4 PR AR A okt 2
[12][13]. Klebsiella pneumoniae 123565 F= 1) LA Z MR E (A b 96.8%), EAFHE FHArtE, TLHEHIMNE
hn Ca?'. Mg B S 234, XTBERTK B3R L BRRIA 79.4% [14]. WIETETG VR 73 B5 1 Serratia ficaria
BRI EYEIR 95.4%, WA ALFER K(COD 2R3 87.1%) MUHE K /K. KIS TR /K% 2 Fhscbr ik
7K, ANBRACHE PR KIS B L TR 99.9%. COD £FRFR 72.1%, EIRKBM TR FLREF[15].

Hul, SHZREGERBE TAEMEERIRRIR. 225, /ERNLH LM A2] [16]-[18], {H43% M ET
FPERE S N, G A B R A A BOR 2 AT 7 BB = KRG . ARk B AR AIL
SR AW BB SO AR S R, GBI BT A B P AR B A R R . SRR SRR S
1505 3, BRI SRE R 7= LT B R IR 1R, PR AR = A 1 5 2 A B N T2 fie AR L I Ak P B2 FH i 55t
NEVIL B =TT RSP B e 555
2. EMEBRTNMENERFEE

HEWN B I AP e N AR O 308 2 P2 DR BT B 22 N IR, L AR AL I 7 vk A R e HE S Z A0,
KRR FERE
2.1. FEERNSHFESEE

A& 58 1375 26 22 M0 0 B2 35 5 5L JEE A PR R 2 e 0+ B R B % . AR, RE TR )
HU L RE R AR S il AL IR R AR 45 A, KIREE T T MR RS REA (N3G TS5 V8 « TR IREDTRRA)
o B W PR AR RR . FEHRRE T, 16S rRNA JE R Fp 45 & 4 2L R 240 5 (WGS) B B9 ff 2
H O FE AL AN T2 IR VB AE £ Rl R 7% ) B T B
2.2. BEGEYM SHROFRELITN

B AT 535 30 PN AR 2R 2 I 5 re U B R U B R o SR, S BR PR K PR i 4332 b i R A%
R, BN Zeta LA 34T (I 58 26 T H A P AR ) o OGRL AR (Bh 7 W I SR A4k A% 20 A1 5 AR K3 ) BA
Je YR HIE(EEM,  PPAS VA R A WL L BRCR),  BERE T 4T Hb 38 7= 235655 0 S s B 78 77
2.3. Y SHFEEMBTEAR

BF R A 0 2 5751 P R 2% 2R TS T s YA ) 45 R AT o 38 5 SR P BRI V5 38 (3 (GPC) I i He e 70 T &
Je A s F R B AR R 2T AR (FTIR) U3 S8 B B 21 (41-OH -COOH. -NH,); il i A% i L R(NMR,
A3 THL3C J T YERE) AT 2208 AR A 7Y 55 AT A T AR v RORORE £ 3 (HPLC) B3R BB (LC-MS)
I3 HT B R B LR R )
2.4. XEBET EHASHKEKREE

AW BB P R 5 S IR L] pHL IR PESEREM o 3 R L D] 3R SR 45 5 WA L THTVE(RSM)
BB SR AT i it AR . TR R BB TSOR AR P N, i T @2 TR SR RO AR R 2 S BUR RS
1, PRI XA S (DO) fe i i AR AN R BT U] ) AL AA ) 22 il e s AL B I 0 5

3. AEKRIENEMZEENMEMEBRIZRR
3.1. FEEEERR Y
Harc 2 K F=A W) 205 0 AN SRIET 12, WTAGEMES TR . R TE . FREIGTE /K. . V5K
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JTHEK FHEEERERAR19] [20]. MU B RTROBEAC. W A 530 AR SRR AR B 7E 40 /KCP b R B4 3
FOAFRIA . - TRHN. o TG R %S

3.1.1. FRTEHN

I 2F A B A0 e 2R B0 PR o 8 05 28 A B (Bacillus) S8 5 UM 18 (Paenibacillus) V& £ %71
W B (Halobacillus) B 2F HOF & )& (Virgibacillus) F1 K P 2 B (Oceanobacillus) 50 & « V5N EH WA A
FNAG B, 2R AU T R A 2 ERBH R B T T T RIR AN I AR SR R P A v, L P A ) 2R B
B> FENZHE . - REEFR(-PGA) BEEEMAGIRE . B 1 WA R AL, EF R —
YeREH AN, 0 Bacillus mojavensis~ Bacillus safensis F1 Bacillus aryabhattai S5 2.2 7= BRI RE /T,
PEYICAZ BB BB A BN N, IR AN 20 B HAR I, X B A R A& N BE JI[21]-[24] . B
Wi, Bacillus aryabhattai strain PSK1 Fi=REHAREEH, G5 76.67%ME . 23.24% W28, 18
3L A HURRES, 24 h PEEIS 6 g/L, 18 h N ZEREIEA RGN 91.5% [23]. ZFNEAHEE R -5 25 H
B2 e Ay O T X 2 RO BR VO R S F) AUBR A BRI R AR A b, BB 2 80 WU B2 (15°C~45°C) F1 pH
(5.0~9.0)70 [H] 55 7~ HH B 5 FR) I8 38 97 14 [ 221 [ 23] LB A, @ik X6 B8 A FF BIFE R 4 9341 5 R IR B. aryabhattai
S GERIREL S B S B, TR RR #h — M L T3 22 IREA M v

REIEHUM B (Paenibacillus) & 73 —Flei W F= 26w, AR B 2 0 2R 2F HUM % (Paenibacillus
polymyxa), K ZRE R4, Hil 1 DZHE LR ERE R EE = k0 10 MEEERA 1 4 N-
RS AV R i J0T AL Fl o 2 AT 1 [ T LA~ 2 WE 2R AR 20T, — Lo A A e R S T I . 491
U, Paenibacillus elgii B69 (AR EG I 2 0E . 2 MR . H S FEAURNE AL, To 8 B AR IR 44
i, R (R 87%) BHE T Yk H 5 65%- FHES 141 X-GRL 72%) ¢ SEBR K K (COD 68%. ik
£ 83%. {0 F 88%) IR I H R 2 bR e 11[25]. Paenibacillus sp. M21629 7= 35655 1 g 71 22 4 1 20 o
WERE, N “CLERERR (floccuronic acid)” , HArFERIA 2.38 x 10 Da. B EHE—MANPEEE R
45K, AE 0.5~1 ppm YR NS g B RER K A e et L A A R L 25 B 0% 23 3 T 99.8%
98.8%F1 89.2% [26]. /LB L HUFF B TE /3 Wb 2 BRI p-PGA J7 THI E L BRI /7, AT AR B MR (R B UR % 10 56
AEAT 52 IRT B oA R0 0T (B A T A ) B AL S LT, AR R P 38 A B S S PR 6 o IR BN IRATT, Rk
G 28 RAEAR I R BEAE T A AR 2 T B 28 R JE AR N 45 (2 1)

Table 1. Types and characteristics of bacterial bio-flocculators

T 1. WEF R R AT

EA S SFE GEMJH R B At MR SE
7-PGA == 2+ 2+ 2+475
Bacillus subtilis IFO3336 1.0 x 10’ Da  (D-A &M 50%~80%. ™ Mg N é{% %Mn % [27]
L-A 5 20%~50%) SIS
Bacillus salmalaya 513 x 10° Da 79.08%Bx KA AW 35.5°CHF% 72 hs J%7/K BOD (1]
139S1-7(QZ-7) : 15.4%%% 1 i pH7+£02. HFE 5% XHREK 92.4%
ZhE “ KR g+ 99.8%.
ibaci . . 8 o RERE. 28°C. . 2
Paenibacillus sp. M21629 2.38 x 10° Da (B o) TERE. 28 pH 7.0 B BEK 98.8% [26]
ML P2 7K
AN, AL, COD 99.7%
. _ ) Dpz ~ . S 2
Halobacillus Mvuyo FEER A P pH, % Ca2* 2]k K [28]
COD 99.9%
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B3k
) MBF-21 (& #:3. WG pH 7. WEIHE
- \ . . AR > 909 29
Enterococcus faecalis B2 L) N ZURR > 90% [29]
Staphylococcus cohnii i i 40°CHiFE 2 K, Ca¥  1.2mg/L+AP* [30]
SSp- A AP BE 2k 5T 88.9%
Pseudomonas veronii " ZFE(77.14%)- gy B OK B
1918 2.477 x 10* Da 11 (4.84%) TEAE KRR M 92.51% [31]
KB 78.90% (H &8 5 S
Pseudomonas sp. i 2 WEE. RE,

- pH 7.0, 30C. ZUEER 92.5% [32]

GXUN74702 SRR EIHE D) S
HE IR 6.78% 180 rpm §iz% 36 h
Alteromonas sp. CGMCC 3 o 1051y gk %f%i '?9 610 30 g/L HEHE NI S 4T.(98.5%) [33]
. X a /) (=] . 0~
10612 N o
B FUR 21.56%) 1.5 g/L /NZ2Hp BEH(97.9%)
Citrobacter youngae KF SLIEMERE, &-OH. L& pH (2~8). e [34]
GTC 01314 1.66 x 105 Da -CONH-. -NH> 10°C~95°C LB >95%
Agrobacterium sp. 2.1 x 10 Da HERE . BETERR TERE(= R 149 g/L, i 351
M-503 ‘ HAANE. EAMR AL 74.5%)
Achromobacter xylosoxi- ) 75% S BERERY . B AR Fr=i [ oA P [36]
dans TERI L1 11.5%& A i FEFE. NH4CI 87.65%
HPE(86.9%) AL BRI
4 -
Streptomyces sp. 5.5 x10%*Da E1(12.8%) S 99.18% [37]
ZHE(91.2%)- N
Rhodococcus o B R 7 58 -
. - B A(7.6%)- s BUEER > 98% [38]
th )i Y P
erythropolis DNA (1.2%) (5B F LK)
Ji(32.4%)+ o . -
Chryseobacterium i Egi;(lg 1% )“ ) o 1.2 mg/L. st 2 [39]
d w6 AL 1 70) 6. 15° 90
aeguense Bil(6.8%) pH5.6. 15C 96.9%
Cl"“”f; ‘;Cnf;’;;m nor= - LB RE AR BTSRRI 953%+05%  [40]

3.1.2. - EHER

HATTE p- BTN I P2 A LB W EFE: R B (Pseudomonas)~ 5 8 11 B (Klebsiella)
A T B (Alteromonas) ¥ AT B JE (Citrobacter) 1 T 1 J& (Enterobacter)Z:, H.ULZMEFIFER A
MRZOIEEA Sy . Hoh, IR R p-RTE AR WAE < —, W2 H ETRIE &2 17 AR 2R BT
IR Z — . Pseudomonas aeruginosa ATCC-10145 Fir= L5 FE A E ATAY, EERE 27%,
WKW EDNE 89%, WK EY) EEAFF PN PEERR M ZFENE, Ca®'. K\ Na'. Zn*. Mg* M Cu®*
AR SRR, T Fed R AR 24 ZUE M, FEAIRAN 1% SR AR L) B AT A 0 1 By i g 22
HERIL 80.50% . BLAN, ZAEMIREG BA Fa e, 78 100°C Nk 60 20 5, Hym A E 22 60.16% [41],
H Al 7E 58 511 B (Klebsiella) R 1 22 Mok Bl oy B0 20E5) o 00, 5 85 A 1 i 7= B B AR ) 2057 M-C11
H1 91. 2% . 4.6% 10 B AT 3.9% IRZIR AL, SR I 2 IV DA A5 2 B B BRI A 1R I SR 11k T
ik 92.37%, FIETG IR HLFH(SRF)M 11.6 x 10" m/kg £ 4.7 x 10" m/kg [42]. MR ZE B R REF S
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(Alteromonas sp. CGMCC 10612)JJ /=4 ¥ 235877 9 2 1 (B KA &4 69.61%. BRI 21.56%), fE2 L
REERET, SRR ARy )k 2575.4 U/mL A1 11.18 /L, XFRISRLL. B3 AT 3L W 1 = R
N 98.5% 97.9%A1 72.3% [33].

HARERIZ, MR B E(Citrobacter) M AT B J& (Enterobacter) ) 7 BIRE W R SRR P2 A LT
Ji/ 5 SRR R B AR D R B 36 BRFT AR BRAT B B I L TR RIS B EENE, ORI 21 AR
PREA SIS YE, X 2 BERE T AUTE B R DL SRR IR AE KB A B 45 [43] . B IRHT I TR AT B (Citrobacter
youngae) GTC 01314 Ffrp=—Ffugr B4 n] i PR 52 SRPERE A0 205855 BFO1314, (F{ERFIEPEREE . B AI
R, SRR, g RIRR I RS 95%, HAEEIE LB ANE IS e A
ERILIR X i el R IS A MR ZE M F 2 2 [34]

3.1.3. - B ELH

BT a- I B A0 R B 72 2R 07 Fh 8 L 38 R AT 18 )& (Agrobacterium) V8 IR TGt 1 (Ochrobactium
ciceri)~ HRJ% & (Rhizobium)=5 . Agrobacterium M-503 Fir= 23567 P AL FE R PERE . BEREIR . Z2EHEFI & A
Jfi, FiE LN 85.0:9.9:2.1:3.0, 4 FREN 8.1 x 10* Dao VARERE A BRIFT 1) 4 b 37 1 A2 v i 2t 7 7=
EAIL 14.9 g/, HEAB BIFAEEMmrEfR et [35]. P IR AT B (Ochrobactium ciceri W2)R] FH &
KFERF K MR A A 57, sy 32 B 2 B AR (A 2, 76 30°C W pH (1.0~10.0)7E X} 0.5% (w/w)
fRr U B VR AT BE AR B 2LV PE[44] . U TE AR I B8 (Rhizobium radiobacter) F2 5ERIE 2F AT B8 (Bacillus
sphaeicus) F6 IR AR F2r=E M E A LW ZE] CBF-F26 N2 FERAEW LR, MR, . 5
BERD - FUBE L A%, FLBEREE N 1.3:2.1:10.0:1.0. 7F pH 8.0+ WK EE N 8~24 mg/L HITEIE N, BEHFTETTIA 90%
Pl L. Ca*. Zn?'. Fe*'. AP"HI Fe> 5[0 & 1 nl {g ik 2 25 457

3.1.4. HEEH

TRLR T AN Hp ] R R ) A AL RS B 2 B JE (Streptomyces) . BERFT 1 J& (Corynebacterium)~ BRI
(Rhodococcus), sy UL 2 WEEE WEEE A 93 o R 5 LD PR A= P 2R g 7 it i AR O R I 1P 40
ERTE (Rhodococcus erythropolis)F= 1) NOC-1 £ [ B AV R EERI[46]. RIS e & & IR K L il 4 B
MIGFFRIERAE AW EER, A FLBRETE pH (2.0~12.0)5 Bl N 25X M T 98%, KAR LEEHREAT
AT 1.6 g/L BPHAYI LB, 0 B GLRER 73 BARHA R I (28 AT I8 80% [38]. Streptomyces sp. Gansen
I A 2R 1) = AP AL R, P BROKAE N 78% BRI BTN 22%, hVENE. ZEbE S MEIE IR
PR LN 4.6:2.4:30 BAERRIE . BRI FH B 120 A 0 H BT (R BEEVE 89%) MRS (R BHE I 76%) M1
FAMEEMgCL) [37]. Corynebacterium 5&—FH 25 [GRATE . 7 A BGEME R AR H, FAHEIEEZ 28R
(PP B4 . SHAMERA R, Corynebacterium Fity= BT B 235877 b €0 & bl
BRWNR - 5140, TF 7E N 2 L3RRI Corynebacterium glutamicum 4043 2] — FpFT T A W) 2557 REA-
11 DRERURERE IR N A5 ST, S A/ DEEAR, Hir TR0 10° Da, SRS b B i 2L
RIE BT LRES, IERETE 0.5%E 2 IR /K HHSL B 48.9% I €22 [47] [48]. Corynebacterium glutami-
cum Cgl-P30 P2 A RIET B A W 256 7 o 37.50% 1 PERE . 10.03%BEIERR . 6.32% 2 HEHEAN 16.51% 8
i, BREEETEER 91.92%. 1% REFICTE AT pH BRI AT A BRI R E AR IR ML R K, A pH M 3.04 THE
6.86, ZBLEIEIL 96.39%, I EAUZEER Feu Al Zn. Pb Z54J& B F(LBR%EH 70%) [49]. LALLIRE AR
R T AR AR H BRAN SR R %, AFHARMD S 2%, 0 B Al O Ja AN o G fe e ok B R A
MR TUAR AN RSP R, SEBLER — SRR BN e R A 7, e PR ML A A 1) 2 B 2 35

3.1.5. HA A
b7 RN 2 A, BRI B N TC AT B @ (Achromobacter sp.) LA AU B 1/ Chryseobacterium-
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Diaphorobacter W] F= LAWY B, IR R Y HIE VTS e ke i 73 55453 2 Achromobacter
sp. TERI-IASST N F /= 23557t 57% e BE AN 13% & A, I8 s 7735 pH, FEIRIIIRZAEN
RUE, HEBEOEVERTEE 84% (pH Jv 6 INF), T HAZ B BRI FH FRE A N 1) 206005 12 55 51 (90%) - LR, 4
(430 mg/L)FIH(30 mg/L) B A B E W AEVIW IR GE /1, HAWZEGF =8N 10.5 g/L [50]. A43EIEJF T tFf
I (Diaphorobacter nitroreducens) R9 W] 43 WA 5T 2 AN T Ak 3 Wl , () ] 38 5 2 A0 22 R AR 40 i 7 A ) 2R kv
(MBF-9), 4 MBF-9 # & 4 831.57 mg/L B, Xf il 2% PR AK I FE 22 B Fik 96.2% % 75 A #(COD) £
BRARIE 79.5% ARJRER LRI 59.2%. FELBRRIE 63.1% [51]. LAEHE KBB4 3 K 1 (Chryseobacterium
daeguense) W6 JIT = A A B 1 49 205675 MBE-W6 F 2 32 4% E i . 13.1%KZ B 6.8%
MR R, Hodm m R BERAIE 96.9%, i RN Tse H Rk th dm R AEH 51k, HFHE 74 S04
MR /e RAE LSO R R AN R FE R EAE T, 1 vT Rl i B9 R 2B IR PR R 2840 T [39] [52].

3.2. FEIZEEYREFIAVFEX L SRR

LA [ B S RE T BT B RGBT DUR B 2 S MR LRk E 1 LR 2R Bk
5R AR 2). #3055 & (Structure-Activity Relationship) i) — B R B, AEW0 225655 1) 30 = PEAK
BT H T E NS B RERII P FIAE .

Table 2. Comparison of multidimensional properties and structure-activity relationships of representative bioflocculants
2. REMEVERTN SR SHBKR AT

LA LRT REREHRIE R OEWALRSRIE BT 2k B o O BB
J727%, AN

B AL £ 89%, o TR i o T
BEAGAY  WSEREE  EOR 27%, BREIISETE T e, el
S et (100°C/60min Ca?*, Mg?™%) FH 25T 224 Hip 7]
HREE TRFH 60%3 1) r Ve
SRR TRt
o e ! R AR
EERESRE RN 2.35; %1;);;?;, pH (pH 7.0) R H bR E s [ I AR
s e o WETMT s
e oy (RRBUNE  EHAES,
BRI COBORMRE  "omary  mmb
5 (32.4%)- . BAES 5T, :
FEasaen  SUNE 2w, e, ma s RS
e iR (6.8%) PH =0 FSHEH -

— U7, W T ROEHE>10° Da, EoEEWIA 108 D)l T 1m0 3B P e a0 A
AR R, XS MBI M AREE R E 7 MBEERY . 53—, 0 TR AR L E e
(U Fodk . k) thoE T AR R S SRR L . B, = S PERE IR I 22 B AT K Sob Ay, JE
HHRESMIN A B 7 (0 Ca?ts MOfEN “HFEE” . DLIE RIS s O L R A RBORE 8] PR L HE o5 T AT
2k B e i 1) 2 ) (0 52 SRR 7 ) WU SR UL Y R 42, JE R AN AN I <z i 0 1 RV RT LR
FL LA B BRI SR AR T Bt

4. BLEPRBERNEMSRBES 5 FRE
JUEARIFAIE S A BB RS % 5 (E LGOI PR (A A 20 . R &) 1 2

DOI: 10.12677/aep.2026.164056 574 N RI R Y


https://doi.org/10.12677/aep.2026.164056

()R

B LRI R R ST (1 5 R % (operon) R AR % o IR AENTIXEE G i AR, A A TAEREAT bk o
IR

4.1. PRSP S BE(EPS) BERBREL KD & FATLEI

Y i B A 220 ) B G B R SR TR A R ISR S AN R & = AN B BUE LK Wzx/Wzy H 7
AR, 2B R R T S AR AR A AR R A M 1 A R I8 T R A (W2 B TR s
], f e IR A e (Wzy) AR im0 T 20 . R4 =2 PR 7 ({1 24P B R0 70 ] 2 ) R IR
p-D-H B WERETR K FL 72 18] SR oLy V5 W I TR AL Y e 1 25 ) 5 1l b vt BE DR ST I alg S PRI 32
HFFZ GG 5(UmMEE L. mE)BGE, EEMZOIHERT AlgU (—FE A o BT RSB E
GBI o

4.2. p-BRARTR(-PCGANIRA S RIEMLE

P-PGA J2& ZF AT 15 &8 7 il (¥ B B3R (1 BRI AT R o F A BN T A2 W 0, 17 FH B 45 2 11 p-PGA
AR AR TE . 1ZE A B cap 5K pgs AT (S B C. A, E WML ER) G, H
W, CapB Fll CapC MILMEILIZ Ly, 157 L-BL D-4 2B K1) ATP MK 46 A5 CapA Fl CapE NS 5%
B (e A 5 R Dok o Z IR 52 UL A5 5 AR S R GE(IN DegS/DegU) ™% Wi 1%, Kk E ) DegU~P
Al B cap BT IEEFKSE,  AITTI A 58 7% BRI 7

4.3. BERARERERESYNEM

IR IR A A 0 2 Bl ) (B A T 3 1 3R0) 2 2 1 AR AR A4 IR 15 B (NRPS) i 42 5 Ji - NRPS & — PN E %
RS, BEMRBASTRA . HIFB AR E R RR R AE,  fen i BIE AR (TE) 25 F s AL 2R
BRI . 0 THE SR R BREET,  HS AN S IRBE A M AR 8, IR 75 B E AR 2 5 % B AE Y 5T
0 B e R LA RIR S A Hh EAT O-JE B N-ERE AL B, T 7 R MM R 5 E 5 AR .

5. REERE

AR E MR BGIEEORIR, JF H 5ESREGMEL, BA BB B S BRI
s AT BROKAREE . ORISR F R R bR, A AR N G /1. B ATZE RGBT 7T
ORI B AR Pk BEDLALBE N 2T WL AT (DB B, (B TS IRA7AE 2 2 A BEROMAL L A7 A v 55
— RN, BRA TN DI, R BRI U AT T 1) e A ST
PRI RS AT o™ A2 0 2R 50 O TR A A2 HHE Bl HL A S8 3 ) b B B L AT B, AR A% G2 T iR (UG 77 2k
GRTE AN AL B AR ROSEA b, — 5 AT DR A i 5 S A 1 R . B R dLaE . S b 2 AR HT oA OR
A E A AR S TS TR A A EOR, R v R R BOd RIA S A S £ A
FREI GBI TH - Rl g, s @ & A A Boa A Wik, R8N B I E
AR S, RO CSERIL” R AR, SRR REGIIT R, 2) R R EGRIK L  RA . TR
SR PRV M AR AR A AR FE VB TR R4, TER A PUALER B R ARt S . Bl n A R R AT
KA MR R K S Wl ] i PR K S AR SR S A v PR T W REWE AN R SR U SE M o [RII
BT B2 B A R PR KE DUR X S R (AR A, AT DL I 3 PR TR B ACRE 7T M AR S SR B R 3 N H A
PR, R R ERIIIRE ). seht, fEA P IR h e A R B T, SR AR 3 A I
LRSSy i — IR A ER AR R A . 3) B ANLTERERARRER . M AL B Hr B 2
BT BRI 2 R 2 B AR it , IR0 15 3R 7)o I ELE AT SR I JE AT o 03 AL K (A

DOI: 10.12677/aep.2026.164056 575 N RI R Y


https://doi.org/10.12677/aep.2026.164056

()R

X

4

(3]

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

PPAEREAY, PR PR e s AU B B, B PR AT ORI . 72 R BR e i i b, SRR
AE ML N | B3 ) 55 N T BB 2R 7 RS, PR AT 4 i AL AL » 52 v B BE AL B AR AR A AR

Abu Tawila, Z.M., Ismail, S., Dadrasnia, A. and Usman, M.M. (2018) Production and Characterization of a Bioflocculant
Produced by Bacillus Salmalaya 139SI-7 and Its Applications in Wastewater Treatment. Molecules, 23, Article 689.
https://doi.org/10.3390/molecules23102689

Abu Bakar, S.N.H., Abu Hasan, H., Abdullah, S.R.S., Kasan, N.A., Muhamad, M.H. and Kurniawan, S.B. (2021) A
Review of the Production Process of Bacteria-Based Polymeric Flocculants. Journal of Water Process Engineering, 40,
Article 101915. https://doi.org/10.1016/j.jwpe.2021.101915

Elrasoul, E.A. and Yong, E.L. (2025) A Systematic Review on the Application of Bacteria-Based Bioflocculants in
Wastewater Treatment: Trends and Future Advances. Water, Air, & Soil Pollution, 236, Article No. 276.
https://doi.org/10.1007/s11270-025-07902-6

Agunbiade, M.O., Pohl, C., Heerden, E.V., Oyekola, O. and Ashafa, A. (2019) Evaluation of Fresh Water Actinomycete
Bioflocculant and Its Biotechnological Applications in Wastewaters Treatment and Removal of Heavy Metals. Interna-
tional Journal of Environmental Research and Public Health, 16, Article 3337. https://doi.org/10.3390/ijerph16183337

Salehizadeh, H. and Yan, N. (2014) Recent Advances in Extracellular Biopolymer Flocculants. Biotechnology Advances,
32, 1506-1522. https://doi.org/10.1016/j.biotechadv.2014.10.004

Mnif, W. and Ben Rebah, F. (2023) Bioflocculants as Alternative to Synthetic Polymers to Enhance Wastewater Sludge
Dewaterability: A Review. Energies, 16, Article 3392. https://doi.org/10.3390/en16083392

Yang, Y., Guo, W., Ngo, H.H., Zhang, X., Liang, S., Deng, L., ef al. (2024) Bioflocculants in Anaerobic Membrane
Bioreactors: A Review on Membrane Fouling Mitigation Strategies. Chemical Engineering Journal, 486, Article 150260.
https://doi.org/10.1016/j.cej.2024.150260

BRGNS A 7 8 e KRB RERI BT TT[D]: [ 22 AR S0, BT TP IRIOR A, 2024,
Neetha, J., Sandesh, K., Girish Kumar, K., ef al. (2019) Optimization of Direct Blue-14 Dye Degradation by Bacillus

fermus (Kx898362) an Alkaliphilic Plant Endophyte and Assessment of Degraded Metabolite Toxicity. Journal of Haz-
ardous Materials, 364, 742-751.

Nie, Y., Wang, Z., Zhang, R., Ma, J., Zhang, H., Li, S., et al. (2021) Aspergillus Oryzae, a Novel Eco-Friendly Fungal
Bioflocculant for Turbid Drinking Water Treatment. Separation and Purification Technology, 279, Article 119669.
https://doi.org/10.1016/j.seppur.2021.119669

Xiong, Y., Wang, Y., Yu, Y., Li, Q., Wang, H., Chen, R., et al. (2010) Production and Characterization of a Novel

Bioflocculant from Bacillus licheniformis. Applied and Environmental Microbiology, 76, 2778-2782.
https://doi.org/10.1128/aem.02558-09

Gupta, A., Kumar, M., Sharma, R., Tripathi, R., Kumar, V. and Thakur, I.S. (2023) Screening and Characterization of
Bioflocculant Isolated from Thermotolerant Bacillus Sp. ISTVK1 and Its Application in Wastewater Treatment. Envi-
ronmental Technology & Innovation, 30, Article 103135. https://doi.org/10.1016/j.eti.2023.103135

Chen, L., Zhao, B., An, Q., Qiu Guo, Z. and Huang, C. (2024) The Characteristics and Flocculation Mechanisms of SMP
and B-EPS from a Bioflocculant-Producing Bacterium Pseudomonas Sp. XD-3 and the Application for Sludge Dewater-
ing. Chemical Engineering Journal, 479, Article 147584. https://doi.org/10.1016/j.cej.2023.147584

Zhao, H., Liu, H. and Zhou, J. (2013) Characterization of a Bioflocculant MBF-5 by Klebsiella Pneumoniae and Its
Application in Acanthamoeba Cysts Removal. Bioresource Technology, 137, 226-232.
https://doi.org/10.1016/j.biortech.2013.03.079

Gong, W., Wang, S., Sun, X., Liu, X., Yue, Q. and Gao, B. (2008) Bioflocculant Production by Culture of Serratia Ficaria
and Its Application in Wastewater Treatment. Bioresource Technology, 99, 4668-4674.
https://doi.org/10.1016/j.biortech.2007.09.077

Salehizadeh, H., Yan, N. and Farnood, R. (2018) Recent Advances in Polysaccharide Bio-Based Flocculants. Biotech-
nology Advances, 36, 92-119. https://doi.org/10.1016/j.biotechadv.2017.10.002

Kurniawan, S., Abdullah, S., Imron, M., Said, N., Ismail, N., Hasan, H., et a/. (2020) Challenges and Opportunities of
Biocoagulant/Bioflocculant Application for Drinking Water and Wastewater Treatment and Its Potential for Sludge Re-
covery. International Journal of Environmental Research and Public Health, 17, Article 9312.
https://doi.org/10.3390/ijerph17249312

Wang, Y., Pushiri, H., Looi, L.J. and Zulkeflee, Z. (2022) Applications of Bioflocculants for Heavy Metals Removal: A
Systematic Review. International Journal of Environmental Research, 16, Article No. 73.

DOI: 10.12677/aep.2026.164056 576 N RI R Y


https://doi.org/10.12677/aep.2026.164056
https://doi.org/10.3390/molecules23102689
https://doi.org/10.1016/j.jwpe.2021.101915
https://doi.org/10.1007/s11270-025-07902-6
https://doi.org/10.3390/ijerph16183337
https://doi.org/10.1016/j.biotechadv.2014.10.004
https://doi.org/10.3390/en16083392
https://doi.org/10.1016/j.cej.2024.150260
https://doi.org/10.1016/j.seppur.2021.119669
https://doi.org/10.1128/aem.02558-09
https://doi.org/10.1016/j.eti.2023.103135
https://doi.org/10.1016/j.cej.2023.147584
https://doi.org/10.1016/j.biortech.2013.03.079
https://doi.org/10.1016/j.biortech.2007.09.077
https://doi.org/10.1016/j.biotechadv.2017.10.002
https://doi.org/10.3390/ijerph17249312

()R

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

https://doi.org/10.1007/s41742-022-00456-z

Al-Khafaji, A.M., Almansoory, A.F. and Alyousif, N.A. (2023) Isolation, Screening and Molecular Identification of
Bioflocculants-Producing Bacteria. Biodiversitas Journal of Biological Diversity, 24, 4410-4417.
https://doi.org/10.13057/biodiv/d240822

Kurniawan, S.B., Abdullah, S.R.S., Othman, A.R., Purwanti, LF., Imron, M.F., et al. (2021) Isolation and Characterisa-
tion of Bioflocculant-Producing Bacteria from Aquaculture Effluent and Its Performance in Treating High Turbid Water.
Journal of Water Process Engineering, 42, Article 102194. https://doi.org/10.1016/].jwpe.2021.102194

Satomi, M., La Duc, M.T. and Venkateswaran, K. (2006) Bacillus Safensis Sp. Nov., Isolated from Spacecraft and As-
sembly-Facility Surfaces. International Journal of Systematic and Evolutionary Microbiology, 56, 1735-1740.
https://doi.org/10.1099/ijs.0.64189-0

Shivaji, S., Chaturvedi, P., Begum, Z., Pindi, P.K., Manorama, R., Padmanaban, D.A., et al. (2009) Janibacter hoylei sp.
Nov., Bacillus isronensis sp. Nov. and Bacillus aryabhattai sp. Nov., Isolated from Cryotubes Used for Collecting Air
from the Upper Atmosphere. International Journal of Systematic and Evolutionary Microbiology, 59, 2977-2986.
https://doi.org/10.1099/ijs.0.002527-0

Abd El-Salam, A.E., Abd-El-Haleem, D., Youssef, A.S., Zaki, S., Abu-Elreesh, G. and El-Assar, S.A. (2017) Isolation,
Characterization, Optimization, Immobilization and Batch Fermentation of Bioflocculant Produced by Bacillus Ary-
abhattai Strain PSK1. Journal of Genetic Engineering and Biotechnology, 15, 335-344.
https://doi.org/10.1016/j.jgeb.2017.07.002

Elkady, M.F., Farag, S., Zaki, S., Abu-Elreesh, G. and Abd-El-Haleem, D. (2011) Bacillus Mojavensis Strain 32A, a
Bioflocculant-Producing Bacterium Isolated from an Egyptian Salt Production Pond. Bioresource Technology, 102,
8143-8151. https://doi.org/10.1016/j.biortech.2011.05.090

Li, O, Ly, C,, Liu, A., Zhu, L., Wang, P., Qian, C., et al. (2013) Optimization and Characterization of Polysaccharide-
Based Bioflocculant Produced by Paenibacillus Elgii B69 and Its Application in Wastewater Treatment. Bioresource
Technology, 134, 87-93. https://doi.org/10.1016/j.biortech.2013.02.013

Chen, S., Cheng, R., Xu, X., Kong, C., Wang, L., Fu, R., et al. (2022) The Structure and Flocculation Characteristics of
a Novel Exopolysaccharide from a Paenibacillus Isolate. Carbohydrate Polymers, 291, Article 119561.
https://doi.org/10.1016/j.carbpol.2022.119561

Ashiuchi, M., Tani, K., Soda, K. and Misono, H. (1998) Properties of Glutamate Racemase from Bacillus Subtilis IFO
3336 Producing Poly-Glutamate. Journal of Biochemistry, 123, 1156-1163.
https://doi.org/10.1093/oxfordjournals.jbchem.a022055

Cosa, S., Mabinya, L.V., Olaniran, A.O. and Okoh, A.I. (2012) Production and Characterization of Bioflocculant Pro-
duced by Halobacillus sp. Mvuyo Isolated from Bottom Sediment of Algoa Bay. Environmental Technology, 33, 967-
973. https://doi.org/10.1080/09593330.2011.603755

Xu, L., Ma, R., Sun, C. and Sun, D. (2018) Enterococcus Faecalis Bioflocculant Enhances Recovery of Graphene Oxide
from Water. Polish Journal of Environmental Studies, 27, 2811-2820. https://doi.org/10.15244/pjoes/81267

Wong, Y.S., Ong, S., Teng, T., Aminah, L.N. and Kumaran, K. (2012) Production of Bioflocculant by Staphylococcus
Cohnii Ssp. from Palm Oil Mill Effluent (POME). Water, Air, & Soil Pollution, 223, 3775-3781.
https://doi.org/10.1007/s11270-012-1147-z

Liu, W., Hao, Y., Jiang, J., Zhu, A., Zhu, J. and Dong, Z. (2016) Production of a Bioflocculant from Pseudomonas
Veronii L918 Using the Hydrolyzate of Peanut Hull and Its Application in the Treatment of Ash-Flushing Wastewater
Generated from Coal Fired Power Plant. Bioresource Technology, 218, 318-325.
https://doi.org/10.1016/j.biortech.2016.06.108

Qin, S., Li, Q., Wu, L., Tian, H., Man, Y. and Liu, G. (2025) A Novel Pseudomonas sp. Strain with High Flocculation
Efficiency for Aquaculture Wastewater Treatment. Scientific Reports, 15, Article No. 23577.
https://doi.org/10.1038/s41598-025-08584-0

Chen, Z., Li, Z., Liu, P., Liu, Y., Wang, Y., Li, Q., et al. (2017) Characterization of a Novel Bioflocculant from a Marine
Bacterium and Its Application in Dye Wastewater Treatment. BMC Biotechnology, 17, Article No. 84.
https://doi.org/10.1186/s12896-017-0404-z

Mohamed Hatta, N.S., Lau, S.W., Takeo, M., Chua, H.B., Baranwal, P., Mubarak, N.M., et al. (2021) Novel Cationic
Chitosan-Like Bioflocculant from Citrobacter Youngae GTC 01314 for the Treatment of Kaolin Suspension and Acti-
vated Sludge. Journal of Environmental Chemical Engineering, 9, Article 105297.
https://doi.org/10.1016/j.jece.2021.105297

Li, Q., Liu, H., Qi, Q., Wang, F. and Zhang, Y. (2010) Isolation and Characterization of Temperature and Alkaline Stable
Bioflocculant from Agrobacterium sp. M-503. New Biotechnology, 27, 789-794.
https://doi.org/10.1016/1.nbt.2010.09.002

DOI: 10.12677/aep.2026.164056 577 N RI R Y


https://doi.org/10.12677/aep.2026.164056
https://doi.org/10.1007/s41742-022-00456-z
https://doi.org/10.13057/biodiv/d240822
https://doi.org/10.1016/j.jwpe.2021.102194
https://doi.org/10.1099/ijs.0.64189-0
https://doi.org/10.1099/ijs.0.002527-0
https://doi.org/10.1016/j.jgeb.2017.07.002
https://doi.org/10.1016/j.biortech.2011.05.090
https://doi.org/10.1016/j.biortech.2013.02.013
https://doi.org/10.1016/j.carbpol.2022.119561
https://doi.org/10.1093/oxfordjournals.jbchem.a022055
https://doi.org/10.1080/09593330.2011.603755
https://doi.org/10.15244/pjoes/81267
https://doi.org/10.1007/s11270-012-1147-z
https://doi.org/10.1016/j.biortech.2016.06.108
https://doi.org/10.1038/s41598-025-08584-0
https://doi.org/10.1186/s12896-017-0404-z
https://doi.org/10.1016/j.jece.2021.105297
https://doi.org/10.1016/j.nbt.2010.09.002

()R

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Subudhi, S., Bisht, V., Batta, N., Pathak, M., Devi, A. and Lal, B. (2016) Purification and Characterization of Exopoly-
saccharide Bioflocculant Produced by Heavy Metal Resistant Achromobacter xylosoxidans. Carbohydrate Polymers,
137, 441-451. https://doi.org/10.1016/j.carbpol.2015.10.066

Nwodo, U.U., Agunbiade, M.O., Green, E., Mabinya, L.V. and Okoh, A.I. (2012) A Freshwater Streptomyces, Isolated
from Tyume River, Produces a Predominantly Extracellular Glycoprotein Bioflocculant. International Journal of Mo-
lecular Sciences, 13, 8679-8695. https://doi.org/10.3390/ijms13078679

Peng, L., Yang, C., Zeng, G., Wang, L., Dai, C., Long, Z., et al. (2014) Characterization and Application of Bioflocculant
Prepared by Rhodococcus Erythropolis Using Sludge and Livestock Wastewater as Cheap Culture Media. Applied Mi-
crobiology and Biotechnology, 98, 6847-6858. https://doi.org/10.1007/s00253-014-5725-4

Liu, W., Wang, K., Li, B., Yuan, H. and Yang, J. (2010) Production and Characterization of an Intracellular Bioflocculant
by Chryseobacterium Daeguense W6 Cultured in Low Nutrition Medium. Bioresource Technology, 101, 1044-1048.
https://doi.org/10.1016/j.biortech.2009.08.108

Nouha, K., Kumar, R.S. and Tyagi, R.D. (2016) Heavy Metals Removal from Wastewater Using Extracellular Polymeric
Substances Produced by Cloacibacterium Normanense in Wastewater Sludge Supplemented with Crude Glycerol and
Study of Extracellular Polymeric Substances Extraction by Different Methods. Bioresource Technology, 212, 120-129.
https://doi.org/10.1016/j.biortech.2016.04.021

Zakaria, G.E. (2012) Production and Characteristics of a Heavy Metals Removing Bioflocculant Produced by Pseudo-
monas Aeruginosa. Polish Journal of Microbiology, 61, 281-289.

Liu, J., Ma, J,, Liu, Y., Yang, Y., Yue, D. and Wang, H. (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

Kimura, K., Inoue, T., Kato, D., Negoro, S., ke, M. and Takeo, M. (2013) Distribution of Chitin/Chitosan-Like Biofloc-
culant-Producing Potential in the Genus Citrobacter. Applied Microbiology and Biotechnology, 97, 9569-9577.
https://doi.org/10.1007/s00253-012-4668-x

Wang, L., Ma, F., Lee, D., Wang, A. and Ren, N. (2013) Bioflocculants from Hydrolysates of Corn Stover Using Isolated
Strain Ochrobactium Ciceri W2. Bioresource Technology, 145, 259-263. https://doi.org/10.1016/j.biortech.2012.11.020

Wang, L., Ma, F., Qu, Y., Sun, D., Li, A., Guo, J., et al. (2011) Characterization of a Compound Bioflocculant Produced
by Mixed Culture of Rhizobium Radiobacter F2 and Bacillus Sphaeicus F6. World Journal of Microbiology and Bio-
technology, 27, 2559-2565. https://doi.org/10.1007/s11274-011-0726-2

Takeda, M., Kurane, R., Koizumi, J. and Nakamura, I. (1991) A Protein Bioflocculant Produced by Rhodococcus
Erythropolis. Agricultural and Biological Chemistry, 55, 2663-2664. https://doi.org/10.1271/bbb1961.55.2663

He, N. (2004) Production of a Novel Polygalacturonic Acid Bioflocculant REA-11 by Corynebacterium Glutamicum.
Bioresource Technology, 94, 99-105. https://doi.org/10.1016/j.biortech.2003.11.013

Li, Y., He, N., Guan, H., Du, G. and Chen, J. (2003) A Novel Polygalacturonic Acid Bioflocculant REA-11 Produced
by Corynebacterium Glutamicum: A Proposed Biosynthetic Pathway and Experimental Confirmation. Applied Microbi-
ology and Biotechnology, 63, 200-206. https://doi.org/10.1007/s00253-003-1365-9

Liu, Y., Zeng, Y., Yang, J., Chen, P., Sun, Y., Wang, M., et al. (2023) A Bioflocculant from Corynebacterium Glutami-
cum and Its Application in Acid Mine Wastewater Treatment. Frontiers in Bioengineering and Biotechnology, 11, Arti-
cle 1136473. https://doi.org/10.3389/fbioe.2023.1136473

Subudhi, S., Batta, N., Pathak, M., Bisht, V., Devi, A., Lal, B., et al. (2014) Bioflocculant Production and Biosorption
of Zinc and Lead by a Novel Bacterial Species, Achromobacter sp. TERI-IASST N, Isolated from Oil Refinery Waste.
Chemosphere, 113, 116-124. https://doi.org/10.1016/j.chemosphere.2014.04.050

Zhong, C., Sun, S., Zhang, D., Liu, L., Zhou, S. and Zhou, J. (2020) Production of a Bioflocculant from Ramie Bio-
degumming Wastewater Using a Biomass-Degrading Strain and Its Application in the Treatment of Pulping Wastewater.
Chemosphere, 253, Article 126727. https://doi.org/10.1016/j.chemosphere.2020.126727

Liu, W., Cong, L., Yuan, H. and Yang, J. (2015) The Mechanism of Kaolin Clay Flocculation by a Cation-Independent

Bioflocculant Produced by Chryseobacterium daeguense W6. AIMS Environmental Science, 2, 169-179.
https://doi.org/10.3934/environsci.2015.2.169

DOI: 10.12677/aep.2026.164056 578 N RI R Y


https://doi.org/10.12677/aep.2026.164056
https://doi.org/10.1016/j.carbpol.2015.10.066
https://doi.org/10.3390/ijms13078679
https://doi.org/10.1007/s00253-014-5725-4
https://doi.org/10.1016/j.biortech.2009.08.108
https://doi.org/10.1016/j.biortech.2016.04.021
https://doi.org/10.1007/s00253-012-4668-x
https://doi.org/10.1016/j.biortech.2012.11.020
https://doi.org/10.1007/s11274-011-0726-2
https://doi.org/10.1271/bbb1961.55.2663
https://doi.org/10.1016/j.biortech.2003.11.013
https://doi.org/10.1007/s00253-003-1365-9
https://doi.org/10.3389/fbioe.2023.1136473
https://doi.org/10.1016/j.chemosphere.2014.04.050
https://doi.org/10.1016/j.chemosphere.2020.126727
https://doi.org/10.3934/environsci.2015.2.169

	细菌来源生物絮凝剂的研究进展
	摘  要
	关键词
	Research Progress on Bacterial-Derived Bioflocculants
	Abstract
	Keywords
	1. 前言
	2. 生物絮凝剂研究的常用方法学
	2.1. 产生菌的高效筛选与鉴定
	2.2. 絮凝活性与效果的标准化评价
	2.3. 成分与化学结构解析技术
	2.4. 发酵工艺优化与放大策略

	3. 细菌来源的生物絮凝剂种类和合成途径
	3.1. 主要产生菌种类及特性
	3.1.1. 芽孢杆菌纲
	3.1.2. γ-变形菌纲
	3.1.3. α-变形菌纲
	3.1.4. 放线菌纲
	3.1.5. 其他细菌

	3.2. 不同类型生物絮凝剂的特性对比与构效关系

	4. 核心生物絮凝剂的生物合成途径与分子调控
	4.1. 胞外多糖(EPS)及藻酸盐的合成机制
	4.2. γ-聚谷氨酸(γ-PGA)的聚合与调控网络
	4.3. 脂肽类与糖蛋白复合物的合成

	5. 总结与展望
	参考文献

