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A variety of bacteria have now been proven to have the ability to produce cellulose, in which
bacterial cellulose synthase plays a crucial role. Therefore, understanding the catalysis
mechanism of bacterial cellulose synthase is a key to the mass production and broad utilization
of bacterial cellulose. This paper reviews the basic properties of bacterial cellulose synthase,
including the screening of strains, the enhancement of yield, and the cellular localization of the
synthase, aiming to promote the research on the catalysis mechanism of cellulose synthase.
Further, based on the mechanism of cellulose synthase, this paper detail the influencing factors
of in vitro synthesis and review the research progress in the roles of each subunit of this
synthesis method. We explore the catalysis mechanism of bacterial cellulose synthase, point out
the problems in the current research, and envision the future research directions in this field,
with a view to providing a theoretical basis for the large-scale application of bacterial cellulose

by deciphering the synthesis mechanism.

Keywords: bacterial cellulose; cellulose synthase; synthesis mechanism; subunit structure
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Figure 1 ~Schematic diagram of the transmembrane structure of major Bes subunits'*’**). BesA (PDB: 4HG6)
is synthase subunit A; BesB (PDB: 7LBY, 4HGO) is synthase subunit B; BesC (PDB: 6TZK) is synthase subunit

C; BesD (PDB: 3A8E) is synthase subunit D. BesA, BesB, BesC, and BesD are the main components of CSC
which are linearly arranged to form TCs.
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L. NILEIZE BesA il BesB X 2 OG5V 3L
MR FT iR e,

BAWIFINA, BesA AT LLJEAE G b5 21 4

RO FHEMRA B, IETEAN T AR s B 1L
BB — A~ O 3 5 BesB & —Fh K FIBRAME T,
ML C o™ AR B ) SR I T R e T B L
BesB MURES SEF4E R Bl MBS L5, i0HE
WL Y A R TS M, B P 2T 4k R 45
B 453 (cellulose-binding domain, CBD)#E T 5 |
FE ML o T EERL SR geAh, FER
SERFIR AT E R G A, BesA Fl BesB i fiE
FlA Bl — 4 B — i Z IKEET)

#£ Omadjela 252 AFSE i, BF5E & 6 F A
HERZL AN HHEHUY) BesA Hil BesB &%), 7E
AN T ARG R IERBERG; RIAA
2 ASEEA T [R]— 2R L EsF, Brah gt o i
MR R A BEOR B L1 e 22 5 WIS, B 6 U eF 4
RINIIRE; Sy AMEZIE o, AR E B T BesB
B N g, JRRFILARZE S BesA G AR AR
(inverted membrane vesicles, IMV)H p[FZIK,
SR EYRTEME, KRB0 #K A BesB
REARZL 5 BesA PhRIMEIL G AT 4EZR . BAR BesA
TS BesB #EA71E L, (H R BesB Y25 RAZ i
XTFHAG R AL T R 2R, AU N
Ui 52 5 AR BesA AR T AT REJEFSE | BesB U5
DS, ARAEAFYER AR TR IE PR, X0
WFIERR TG BB T BesA 1 BesB B & 7E G AL
AR AT EEVER LS, AT BesA
55 BesB X 2 AL 1 B RI/E

Ryt —f# B BesA L BesB X 2 N G Bk
MIFET, Sajadi U5 HINKE ACHE 30 % FC A B 11
BesA | BesB Fil BesAB 3% 3 Fl R 473 s 2 K
R AT T R R S KA A 2
MRS B £F 4E 2R 2 225 W), i T LR
S ARSNGB ) 5 B A BRI AT 3 E B G
FfrRZmmEST, WIS HEL BesA 1 BesB 74
5 KGR 6T B 1S 21 4 25 5 KRB ], A2
A T BesA-B 7 AR LR 4E R 1 i 5 B A UM LAY
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I ¥E N, 3X W 2 AL W] B AL TR A RE
BNE R PRtk &4, Jf H BesA F1 BesB H]
REIEHE R[] — 2k K7 BesA | BesB (1Y
AR 5 Y AR B R W AT TR £F 4 R A T4 4b
HIGEE RN ot , G5R R, HEAERIMLL,
M AR S R SR A K, X UE
RSN BT AE R 45 FEH BesA il BesB
AT AR A AEAE-

5, BesA il BesB B A /E A = HLEE
BTG . Su SRR ACHE S FCRF B Hh i 40 B
Y R AL BesAB R ik, 4
BUSURE pBesAB, RFIZBURL 5| A B 220K 5 41 1A
AT R IR, RIS 2O A5 5 50 R
¢ 6 2 HiE (fluorescein 5-isothiocyanate, FITC){H
IR, bR S AR AFERINLE o XA ER T TK
il J A KA T R Y i, 45 SRR A
BcsAB A 1) T Ak 7 4 0 ot ) S s 10 R
4, M HGA BRI KRG TS, Uk
BesA \BesB R FELF 4 225 B AR B8 15 7R .

B2, TEMR ARG HE W, BesA
BesB iX 2 N FEE I 4E R A b A AT
BRI SCEEVE T, IF B Z (8] mT DL A P R AR
Mo BesA JHHAF AR FHER G, TP UEs
fLB, 1M BesB 2 544EREEMES TS5, If
VA EREE . RS X 2 MR EES Y
SR, (HENTERINE B R RO
) o X LB URAE T XA B 21 4k R 5 il S AR 2
ARG VR 3%

23 HTEAEFHERESHIEPRIMER

R4 BesA | BesB /R HIAS Al ki, (B HAt
VB R AE T AR TR 21 4E 5 G B R b s 22
PEVEF , I HAS R GRS U5 1 200 77 21 48 255 Tl 2
RIZH DA SRR AN 5 A DA HuE
AR, BRONT IR LA 4 2K DL BesA-D X
4 PR B T 8, UREHABEFFF; LA
BesA—C A EAEA BesD WAL, & WLTF KIFT

<l actamicro@im.ac.cn, & 010-64807516

PSSR FP 5 {5 A BesA . BesB, BesZ [T,
ZATAE T 48 5 AHT 1 J& (Agrobacterium  fabrum)
LHEARN; LA A BesA BIVEL, A5 T3
SR FEWRE LR AL BesA-D #
YRR, BesA RE#E W AR ST,
BesB. BesC, BesD 5470k, #H%E . A5 dhl A
SUTST gt At S P/ AL A O 2 PR 5 2 4R
KIRM LT YR A B T OGRS N2 o
JIRGE BesD WL EUAVE], Sajadi 217
A BT FCAT 58 P %) BesD JE Rl 1547 PCR 374
IEAH AFRIR B, A BT 5 7E R AT B 20
AT RIERR, BRI REIESR 24 h 50 E
CEE, ZERE O NEHR S AN TR ELER, W
T PR YR R KRBT 5 S Szt b
ZH AR RIS A AR PR RO AR E R LT AMEIE DL K X
STERAT T EE R R, EAM YIS e Es T
PFA AR s X R BesD JENMEH 2SS
FAERNEE T, MALZSHAFGRE .
Kondo ZPHF58 T BesD Hil BesAB #%.0E S
PIAHEAER, 45RFW E RN R-E R
8 LR B A P (R 25 Rl o 7™ ) 4 4 3R 114 1)
M EAEH SRR, XA ATT
Jr AT VR A e R4 il A2 . Hu 00
WA T Fr A BesD Y =4 )\ RIRIR T, 1
Acheson 25043 o ¥4 5 L B AL 1 4T 4k KA 45
MEIELEH T R K], BesA 55 BesB X
RIKTTEES 2 4> BesG # DIAHG; BesA Wl
H: C i Pilz 45#948 55 BesE il BesQ-R & & ¥iX
2 PSR EAER, JF B e AT#E AT LARIBAE
AN HEZ A . UEAL, Sun ZEPURFAFLER S
PN [ 35 PRIy o5 2 AR I 5% H S P ik = 64 500
Mr, dEmmAW S AR EhRE, KPR
(cysteine, Cys) 308 J&] BRS04 k82 (Bl A AH
HAER R AR ARG S TR O, i —
AR IR T A AE 2R R 3 A R R S A A AR
o HAMISCET 42 AW SE MR L2 10999,
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Table 1 Bacterial cellulose synthase subunits

Subunit protein Manipulator type  Function

BcesA I 1L, 100, IV Catalytic subunit A of cellulose synthase

BcesB I, 11, 1T Catalytic subunit B of cellulose synthase (periplasmic space)

BesC I, 11, I Catalytic subunit C of cellulose synthase (spans periplasm and extracellular membrane)
BesD I Catalytic subunit D of cellulose synthase

BcesE I Cytoplasmic subunit E of cellulose synthase (binding to c-di-GMP)

BesF I Subunits anchoring the cell membrane

BesG I Contains four TM fragments and an AlkP domain

BesQ-R I 1I The complex is an NTPase associated with ParA/MinD

BglX Ia Beta-glucosidase, glycosylase, hydrolase family 3, secretory type

BesH Ia Cellulose-supplemented protein A (specific to Bacillus acetobacter)

BesL [Ia For acetyl transfer

BesM [Ia Dependent aminohydrolase, deacylation of glucose residues

BesT I Membrane protein (8§ TM fragments) containing glycosyltransferase structural domains

HoAh B Ay A S0 EARVE VR (BesO . BesP, BesK., BesN., BesS. BesU Fll BesV 25) A TE R 41 HY
Other subunits (BcsO, BesP, BesK, BesN, BesS, BesU, and BesV, ete.) are not listed in this table for which the specific role is

currently unknown.

25 B RTIR , HER] 20 £ 4 R A 2
TS, F 2R & L 45 M o A S
B FR A BARME R . Hor, BesA il BesB iX 2
AN BT AL P FH B e AT =2 18] f) B ) A F AH OG
WIS T 3K | (B G T HAth I B (Y 548
REI A BRR 2 T B 25 40 2T 4 25 A i 45
AN FEVS R L BE S AT 58 00 H o8 35 , MR TER
AN 8] (A BLAE AT DLtk — 25 b
TEAHTR AR N B2 3 A I S I R X B K, DRt
AT H o AL A S DR R AR R SE IR AP B L
(97 2SI B T RE , 1 S8 B AR RS
A B 2T 4 2R SR A 9T 41 4 3K A AL ] ) e ¢
T H Y

3 HASEZE

E 25 IS A0 1 2T 4 2K A LB A S 5T
H, 2% % Bes WAERYSSHY | A E A2 B 245 2
BN, % Bes MAELER AP A VR FIBLE -t g 25
KWL AER] LAY — BB ] Y, 4R 25T Bes

V. 1) I R 28 7T A A 200 T 2T 24 2R 5 L il 7 2
M HT I A 5T 1 32 o HERR LA At TR
) S A8 0 T 2 A AT S A AL 1 2073, 1l
D7 S 0k 24 % e O USR5
) 2F 4 R A Wl G Ve 3R OR IR R BT A A5 SR
(BesA ., BesB WL K c-di-GMP Z5) g fifbr . R
AN, HAT Bes W5 I KBRS iU F i
I ITESE I FARE T RARF R AR LS,
BARRITERG B | S5 ahaiih 22 555, 1X 7 TH 1%
ARAGT B I BT B %0 00 A R S LAk A s
ARG AR ZREETH 7 58 MLAL - Wy it
W AR ST B 7 ) 22— o B AR AL
il A 3 — 2D A AT, — S| S B B X5 iRy
VEFABI A B o FIATASN G ks 224 W B m] Ei A
BV — AT IR AR R TE LR 4E 25 T A BL
FAR AT 7 Th AR 23 BB B8 2 T SRk

S

(1] XRAR, B, #IR, skl AR ama
ARG s b ST R (D). A AR B AR, 2020,
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