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Abstract: Agar is one of the important components in the cell wall of red algae. The
biodegradation of agar affects marine ecological processes, such as nutrient recycling,
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succession of large seaweed communities, heavy metal pollution, and carbon sequestration. In
addition, the degradation products of agar demonstrate great application potential in
Therefore, the
biodegradation of agar and its ecological and application values have become research hotspots

aquaculture, agriculture, medicine, health products, bioenergy, etc.

in recent years. This article reviews the research progress in the significance of agar
degradation, microbial agarases, and agar metabolic pathways, providing theoretical support for
the research on the ecological effects and comprehensive utilization of the agar from red algae.
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polysaccharide from Rhodophyta. DP: Degree of polymerization.

http://journals.im.ac.cn/actamicrocn



3144

QU Wau et al. | Acta Microbiologica Snica, 2024, 64(9)

14 HFREBREFRBERIBHMARENX

AHG F1 NAOS ] LA il /]~ B 5 £ 2988 24 i
H R R Y T A i
A w2 mFs™, AR EERED, M
M= A 6 VRORIBAE T . B IER], AHG HI
NAOS 13 FUIE M F 5 Ah—Fh i T ) Bz Jik 52
7 BSR4 Ak, Chen Z5P7HIE A B 25
i 3 T R A B el RS R R, 7E
TR ANEFEBRIFAE . Jin 2505 % BB LA
B D8/ J5 IR 5 i M RE , T DAYE Sy — R T
fia . AOS IRBLIEFH REMSHE DU R M &
ST R 2P, R AOS FEMEM &R I
I8 % B SR RN R YT H A Y E RN RV T (B 1)
1.5 HRMBEMERISIHMHRENX

WFoE 2RI, B EE M B T R S 5 R
A, HrEAEviE T, SRR
FEF B0 SEE T %) - T AR R b P R e T
14.74%, WFEEE . RS, B AR . %
MRR4EAER C ENESRYR & B LA
HEIMCO AN, BRI R BB S IR
NE AL R KRG B SR Z AR B A T, O
B 13.2%; [RIET, 3Gt i K ROk b U
B R R T B A ARSI R e I S e
HH T It B s SR A RE NS A R A B FR AR DL, e ik
MR AR, REFRE A A E, JRYE
10.6%. HURFERHA A R REERE, fE
) dp K S AR A i e B R, B o
BT 1 v i sl A 7= v, IR A A
P AT R A B (B 1)
1.6 IREXPEMRERIFEIIEMNARENX

T RE R, ATE MR, 4R
& H A P RE IR 1 BUAEUR BENC A o SR, RERAH
WIEFYER Loy 4% KRR, BHAG T 47 4 K
() = SR A, TR T R S SR A P A LA L S oK
VPR B R AL R T2 Nt — 24 R T 4R 4 R 1 %

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

il AP KARBIE T E 4 PR 250, K%
PERLE, b, Rk &Y aeli
SR AR AR . BT, TR
fiE A% 20 i n] K B R A T & R B e
A, HAH O T2 B3R A5 i g s = s )y s 22k
—4Em (B 1),

2 FWEREMAT A

2.1 B REREE

MR K i AL S B Ak 2= B A =X i vk
WM, AR . R . APETRSE, 1E
FE SR T WU TR AHG FREEFT GAL
FRILZ A a-1,3 BETFFEEE, JFseAal AOSPT,
b2 i AT LIS T o8 R R 19 e 2R 3 A 7 A
7, MR AR R R AR A0S, 4k
MBI A 1 A T S e R e R B AR 5 s, B s
e A5 OTR] Y 3 S T S AR i o AR R 0 B8 2% 1 35
JE TSy , 300 3 4 ol R A s 7 B ) A5 8 R TR 3R A5
) AOS. BtAh, Yun SFUURI G . K
b FREE T 1 SR AR, 2 TR
IKARALE . BEARTEWE ™ 0 ] 25 A
2.2 fHEYERRRE

AR AP AR LR BB IS 5 IS B B I A 0, %
it AT ARG , DR MO T 3 6 i A W B I o e
Wt GBS A A SRR, S Gk
S B AR A 0, IR X SRR it T
TR Rt o ANAE DRI TR v o B 45 31— Mo Y
T JE % ifk AT PR RSP 1 K £ FF 1A (Flammeovirga
pacifica) WPAGA 1™, it J M2 45 3% 14 Bk 1) 5% [
PG RS E RN, i A REE, 7E CON R
5:1, $hF 20 /L, %R0 3%, KBEIRE 37 °C.,
B 150 r/min FEE L 0.375 vwwm 5044 T,
PRI AR I it 7 St 5 B e KfEL, DA TTTAE S8 7= 0 1)
FEEIRRE R 1.69 g/L, X HRAL R T 45.7%°),
BT BB, B E I R T — R



Mk 45 | Y24, 2024, 64(9)

e igp 5 SRR )™ T2 AROR R JEE Ml A T B o
fige ) ol A 7 AR
23 WERESHEYEERRALR

IR AL AL AT LA S0 At S BT
Wy, AR AR TR (1) %75
VLR AR ME S A UR A TR, JE Il PR 450
DRI SH T A 5 BT TR e P A 2 A SR B iy, 384
INAEF A 5 (2) B By b S A R sl R AL
L AR A 7 AL PR AR JE 5 AR
s (3) ESRIZTT % T L il R 2 AR ARAT AN R
RE LR =Yy, B IR0 7= ) o3 S 2% ELAE L
RiARAT HAR =1 .

SAITEMLE, B A FRR,
TESERE A Tl Az 77 2o 7 v A P e e 12 T A3 g
AR SRR P A L B T A [T
ARSI ORI, WAL AE —LE R, fdE
PR AR IT AL | BB IS PR R IR . PR
SRR MEAE L ORAT A A 5 MR A 7 4 2R
RV R A (D, S S 2 BRI 1 A 1
TERABEA = FE R BN o TR, $8 7R TR PR3
FE S A IR A | i e AT B D P PR | 055
B 5 AR I RS E R 22 R AL SR ) 3R
3 JEESF 7 THMYT 58 X5 (ol A 0 T A 125 ) Tl A 1 ]
HATHE S 3

3 BB AR L. B
FRAME BERRE

3.1 IEERMEMENFHERNS S

bt a7y NIUE i~ s RPN S & ) W)+
(Mibrio)* | ZE41AF 1% J& (Bacillus)P™® | 136l @
(Microbulbifer)®" & 415 & (Flammeovirga) ™
fi5% PR ifs 7 J&@ (Pseudomonas)™! Fl £ B ¢ T )8
(Agarivorans)* % 78 Py (1 Z Fh i ) o 14 & BLH.

A B BTG PR A TR o F T 2L B m ) A A AR
TEFREE b, DRI 206 R 22 B0 e e At v 4193 15
Pi NI 3E T ;2L 7/ N oo S 1T | EE R A 1 i
K B4 A TV AR SRR AR

(RS E R A, AR MOk 8 22 HAA B
i P AR R A ) TR AR AR R R 5 B A5 3]
@ A 9K B (V. natriegens) WPAGA4M! |
Microbulbifer sp. JAMB-A7% | Flammeovirga sp.
OCAPEE | 33 BRI B AR HH A B I LA VA8 1
PE, REAS 1 F3 A TR AR FE DRV IR P05 P B . A
FHBIE 2240 , Ay Tk I TR T TG AN 5 78 TR PR
BEE YRS  ARIM, 20 P BB
1) TRV iy A\ i A28 B LA TR Vg P 58 v 1) % o v R
AT PR I RT3 S TR AR B e 25 i e ) FE DR v AR
BELHNAATFREA
3.2 IEBRERS LK FNINEE

BiE Tt , B RE A5 A BURE 43+ /K i — 25 2R
PR, R Tl A 0 v S B e o8 fie 11 0 240 o O
fith o BT T WK bt , AR 2 LR 7 51 A
IvE, RA CAZy %udi 2 (http://www.cazy.org/)
XPWEH K SR A T 5y 25 . iR CAZy Bds e
e, B-BRCEEk H GH16. GH86. GHS0
M GHI118 %, a-BREEAK B T GHI6 ZK ik
SR, P BRI X TR, S IR A
Wr 78, W AE — Bk R WA RE 5 40 B |
(Gayadomonas joobiniege) G7 #4335 — &)@
F GH39VF1 GHA2 Gy B-Ti e 5L 14, I
BUE TR A BB R MR TS, §7R T B-BiE
it 11 2R R TR o AR s B W A AL 5 5 T AN
A, "N oA B-IR AR,
o, o-BIEERE A D HI B A R Y o-1,3 BETT
5, AR, AHG iR i) AOS; B-BR il ]
PIVER T2 oy B-1,4 HEred, B Bils bk s
HERLLL GAL i J5U g NAOS®! (1 2).

http://journals.im.ac.cn/actamicrocn



3146

QU Wau et al. | Acta Microbiologica Snica, 2024, 64(9)

@ 3,6-anhydro-L-galactose

D D-galactose

¥ Cleavage site [ Reducing end

[-agarases

|E v[5-1,4-s‘gly<$)siclic bond*

' n
@@; Neoagarobiose
@@‘@@ ,Neoagarot,etraose

OO OO0

Neoagarohexaose

(-agarases n
a-1,3-glycosidic bond
\J \4 \/

‘ n

D—@’ Agarobiose
OO0

garotetraose

Agarohexaose

2 o-ZRARERFN B-IRRRBBAE AL = 5 LB

Figure 2 The comparisons of catalytic sites and products of a- and B-agarases.

3.3 IERXSFHIhERERE

FHLE T , Bk IS 17 ) SR 5 B i i e
K, RN BTSSR TC I F X 40 2 >12 kT
PR, DRI, 5B X Se S T — A5 B il R
A6 AIRIET OO, DT o OO R fh ik
AT A A T TR R . - FLWE T I
AN B-Brt R TR BT B — K R R 2
TR P R AR R T 21O X T B e e A e
R NAOS, #MIIAY B-B e BRs AR 2R G B i
NAOS #F— B sy (B RGE 2 1
NAOS), B J& 85 7K ik B U150 5 B — W o+
] (R BEERAEE, DT AR BB AHG F GAL'Y, Xif
T a-BREEK AR TIR A AOS, HARR 5 5 4h
VIR B-B e VE R, R A OB B g —
0N B = i B2 LB IR A 2 L
FIBTER MY, A AR Bt BRI B K
fift T 3 g A B 348 2 b Bl
34 WMEMPEEREER=IKH
®E

T IR 4y T 1A KRBT 0 3 A4
AR e, BRI RS MR R A B
iz 2 2 A el A M 5T, 8 K 2R AR R
{65 240 B o ) SE W BB N5 B, SRR

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

BARE/INGY TR s AR A PN, SRR I B A
IR - JI2 T I B A K fi7p T A i A Bl
PEFNENE; B0, BOBE o Fla) R IER — R IR
BRI KA CO,, R B RE (B 3)

SR, B TSI A BB B AN S | (o2 P A
Y, WA AR R A2 R,
Saccharophagus degradans 2-40 75 2 Jifd 41 12 4b
VIHY BT by B e s A 26 OB B ol 7L
N G I JS 25208 L PN P B AR K S T o A
B, Bl HEARE R RR RN . R
S ICBYER, &3 Bbk DR K TH (Zobellia
gal actanivorans) i) & i i #2471 L Ah 58 1, i
TE IS P UI AL B-Bh e A B FE A At hy i Bt
WS BOSBE, R HBEE MR -3 il
W5 L — A R A N T B M, R A B R
IK B AR A BB, B S sk AN o8
ARE A

P T 1] T R A7 A — o B i) 2 88 )
245, B Z 4 FHBEE R (polysaccharide utilization
loci, PUL)®), 1% 2 48 JC MG K fp ot A, i
SR A CE P 200 45 G e g m , Jf
4 L 5 58 B B AR 2D B A, RS B A
Wy Wk Az 1% 2 A0 M T 5 6 IR S 1 A A AR O



Mk 45 | Y24, 2024, 64(9)

3147

VN LN S N

e =

1 I é’ Cell membrane

= Exo- =
Y B-agarases ‘ NABH ‘ ‘_l Insid
DO —= OO il

3 WEYIERRMERERER

7 N

Figure 3 An overview on the degradation pathways of agar in microorganisms.

DCFPe F AL A X, BEREAT B 1k R A
(R SEMED B SRBE b, DT S8 0 B Ak ke 22 11 1)
FARCR . Z ARG PIE I FE SRR St
AR R WH O A I AR v R AR
B2 A BRI 2 WA o A A R A R

Zend PRl AR AR , SRS R A AR, 2
B, Bl AHG #l GAL. Hrr, iy Leloir fAH
42 (Leloir pathway)BEWS & [ GAL, H-iEA =38
BRI AT RE RIS, SR, AHG M5 F45
PR AR, ARG R I R8s . piE
HFIERITRA , Lee ZEVHRIE T AHG ISR,
Hh i 6 MEHE N, Bl AHG—3,6- N fik-L-
7L R TR —2- 1 -3- [ 4 -L-F LR R —2,5-
TR - 3- 3 AL 2 LB PR R —2- TR - 3- i 4L -D-
TR £ — 2- i -3- 5 43 6- i R -D- 1 A B R £h — TN
A i b +D-H -3 - A
3.5 ERZHERBEK

— LB A ) ELAT [ ) R A 52 2% 2 W (complex
polysaccharide)fJAE 17, # Microbulbifer sp. YPW17

7 1t 25 (Aspergillus aculeatus) BCC1997%, M.
mangrovi DD-137*1 M. celer KCTC12973", Kk
SEVE KK TR (F. pacifica) WPAGA 1145 T bk 7]
AP AT AR . PG . Wl . e . R
WE RN 27 4 25 55 2 0 . 4G 1 & (Microbul bifer)
Y 22 TR PR AR B B B K Ak 2 0 Y I
BE 71, 3K B B MR A VR IR R AT DA A TR AE
P Z A G, TR ARG | Re AR AL
AW EAESE A FER AL . BLAh, b
Wa5 ffe 8 ) o4 TR PR 2 TV B 6% ] ) o) 25 22 P 2
BEP= i, BEAR T A B BOAS RN T 20 2%k

4 TR KRR R

BA W T LGB IR PR B AR,
CAX K HAT —EMENE . pH RUENESIS
N R B M EA T vE R R TR, R B Kk e 5 5
] 2 A E T R EARSR, BEE T A
5 ol RN A EOR R DLRT TSRS
AR RO 8 0 Bt B X BB R T . 22 8

http://journals.im.ac.cn/actamicrocn



3148

QU Wau et al. | Acta Microbiologica Snica, 2024, 64(9)

A N E | FORE 5 FRIE AL R AR | A OE R
Feik i LR AL 5 Ty 1) R R, RS R i — A
A6 T BT, R AKX S T X B e il AR 25 A 5
MV AN BT 2 AH S I FE o A DA T 2 2
G5 .

4.1 RIEM MRS E M IR IERTFIE

Tt FA) A P 24— P9 55 R g 7 > T BT o 1 A=
KA&MHAER T I, 508 F % 545 1 Bt
JIGE 656 it T ARt B JGE Tl D 4% AP X A o A o B 5
W B —E WG N o T, 43 B B R AR R R T 2R
5% 19 B B T % fi# T PR Pseudoalteromonas sp.
NJ-21771 | Shewanella sp. WPAGA 98145 [t Byt 5 il
ATV W, LA, Yo e B R TR A AF T 3
Bio BMTARMRTZ], G Py TE Ak st v PR B v
UK 2 4 S5 A B A X B RG T  E A
(TR L () B2 0 D R A 0 20 5 T AR T s 2 R
NZWERER S WRIEA LR, IR A REAE
ASE",

FH Tl AE 7™ 1 Bt e T 5 8 545 358 v 1) e
AR AR SRR e M, ORI i
02 - s e A I B 249 R 40 °C, TR DL B B il
TEMG IR N R R I A Rk E . B
B, Z+%IM Thalassomonas sp. JAMB-A335%
Alteromonas agarlyticus GI1B®'™ | g By iz B4k
B (Catenovulum agarivorans) STBI13( i
Catenovulum maritimum STB 1445 ¥k 43 55
158 o-TRRE I, (H PR SR X L o By il 7E
40 °CLL ERIREE Pl s, L IR 7RSI
ATV BORAS T B AR 3t B A >,

W B-BU B AT AP MR E I, kR
T BBV WROR A T TG 1 S B R Ak A A R i ) (1]
881 A Saccharophagus degradans 2-40"
BRR IR I Agal6B HA I K A #FR
SETE, ZBETE 60 °CF K IH 474 i i fi A 5K
K AE 50 °CILH 120 min J5 K IH BES 245 25 il

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

1™, Di FUWELT AR R 4] RIS — 4%
B E A, IR AL A F AR RS TIX Y
EHEM rAgaM1, 1% B4 HE A TE 40 °CHEIA 60 h
JER AL 70%BAEXT I, I Hx Y
HEALIREETE R, 76 30-60 °CA&AF T HIRESE M
TR AR 2 IV o B o 5 3 S B 5 it
T Tl A 7 S B I S PR, B T B il
e Tl A= 7= w4 g P

4.2 IHRERS FIUE

AT Tk A 7= s 52, B A B X B B
AT N ook, 39 8 B A 05 1k A S e
P, AT S R M. Su %P2 Vibrio sp.
ZC-1 HFRI I AgaZC-1 1 622 i )R H IR
SEMRAENH AR, $8 TIXEE 41 °CTF vt
B Zhang FEPILFE AL, Wi 2 EL
SR BRI AgWHS0C A #ER e kA 7ok
T, LRI RS T 3 °C, Dong 41
WAL REALEAE , FRAFTUEE AgaST5 1 2 FpoeAs
U 35 SR W 2 T 9 A48 R B i 1) 9 1 43l
PR T 162%H1 192%, JRAMHH 2 Fho AR Rg
JE T PT LRGSR 5 2 227 %,

PR R A FE [ 2R AN 2 R B il
FEfRE N IR R Z —, T TFAEY=F B
Oy T RERS — i FL I M B 1 . Qu &P
It PCR A ACKE B35 Bl o 14358 4 e 4 201 11
B, 25 LRI 5 0 S A B I RE A SRS R &
JEAE 4-12 Z A A9 NAOS, i JF bR B il H BE3K
2 B M GRS DU T BN
i) o Ma ZECMHBR T B 3 X Hp KAk 5
gt & 4% #4 3§ (carbohydrate-binding modules,
CBM), i HHE i — i A 77 B B DU, AT o
MREE R AL R AR
43 ZERVIELXIIREFREEHR

REBIIEEI A Y& —1E, X HAth 2%
FZAL ) ZWECAn-RBLIR) I TR s ok, BFSRE



Mk 45 | Y24, 2024, 64(9)

3149

R PR TR BT REIR ) 2 IR MR DR, A
Li %P7 $UR H kR Bacillus sp. BI-19 Fp & Bl—
TFIRFIR 14 22 M 3R AR it , 28 (] I R AT A D
R . WM KA AFIRE . XA 2 T RE
{32 TR AR TE PR v DL S 22 5% 1y =X R e A [
W PATIRIE A D) RE, HA E B AR RS
e

DR R et R vh s S 2 R ) L RIVE A X
— R VR BG 0T SR ) S 2R A A 7 AR
Alkotaini SFPSMGPYUIAL . SMIIRY B-BRC G 5 BT
R WK R B DR e 0 Rl 2RA T AT LK B
KO3 BEA B 3 W HE T FE A L AHG FI
GAL SRS RNRENG . 1B IC 2 R
WM, AT B AT B R A 7 DI R A, 1924
TR R A . IR 2 D REAE AL B Y
it e 55 WG , BB A% AT KRR TR B T A I3 A 7 J A
SRR 1 A0 2Rk
44 IHREEREIKFEHER

I e W L YRR 6% o o oK P BRI R RS
(horizontal gene transfer, HGT)7E 4l (& 2 [0]4% 3% .
Zhang 5PV BRI 1 B Je 86 £ 40 1 e BT (V.
natriegens) WPAGA4 Jit [ 41 5 — L R B 1
3 SIS HAD B A R AR DG EE A, I HLUEH
T2 3 A B PR 1) At 4 TR KPR A Y
W. WA, REBEEHHY 5 ARG,
1B (I 5 3 N 26 i 18 R 5 1 AT T
(Bacteroides plebeius) A K X 1 F
(Bifidobacterium longum) 44 [F R EL A Bt i e fid
TEPENOON B, R ELGE th FZ X
NG PR BT 5 | 62 0 40 T 40 L =2 [ PR 7K
AL BTN B HGT BT 24
B R R FAS HA R T RE R 40
PR A B R 5 1k, AT K T 3 B T A )
FIFHF R, XoF 58 10 v 58 22 W A B S0 3 i R
B IR R PR B A AR

4.5 IIREE S =L AIxT ERRITIERE 0
I b AR R A AR T, BB A 1) R A
e de Z B, T5 ZATAS R D RE A B
VERA fefS B B 2 B00E ) . W5 3R 1T, AR
T R WG 1, AN TRV 0 A X 27 4 2R 1 R Ak
54 KT R i e S SRR X
THLASSE . Zhang L@ 13 qPCR £ AR X
B (V. natriegens) WPAGA4 th 4 2535 I I TE
ANERPIR T Rk s b i , 45 R
TG B SIS W i, B g AR S A L B 2
1.1:1.4:1.4:1.05 SIKPIHEE R 0.3%—0.9%H T, 3
e A T L2 1.0:1.0:1.4:2.1, Z L HIR
Bl B TF R BB R AR AR, B L
WPAGA4 TR PR R ik e B 1) e Rk 1 L A7)
DRI, 5 I B A S O T 2 v B e e o
ROy —HEIRAR
4.6 TRERBEES7EIRARPERE P BV EN1E R
TEDEAE D R f i AR b | D T2 42 A
REPATH o BRECICHGSN , B i A7 e oA
it , AT AXT SRS ) R S B R BVE . i, R
SRBIUIE o3 A EAE R St 1Rk AT P A8, 3K B 35
P 7= A P A 1) 28 (B HEBHASONE , 75 B il -5 IS 4
S IIEEERCEE TR, BRI TE, TR
Fit 5 3t B2 Tk 1 B P BB S 2 B v DU PR A A R
Hapr-mt", iz e, BN R R A
2 5 MRS T, (RILRRRE D I 4
- H R B 1R B 1 R DR 7 A 1 s TR HEBHEL , AT 2
T BRI . I, TR SR B
Tt - . i P PO D O3 A9, 2 B o4 e 48 R ok
A E LR T 2

5 fRERE

K B 2L EE A B 2o W I i o A S i R A T
Ak PR HR HA BB X, A IS E S RE A
W ve . Bl EER IR . AL ek RN A A A

http://journals.im.ac.cn/actamicrocn



3150

QU Wau et al. | Acta Microbiologica Snica, 2024, 64(9)

A ZATT A TIRSE , B A W b e A= A
A FEHE R I & A E T RN MR (R E hEE
ISR =l % R R e & S ki o ) U0, B
(IR AEE= 8 Taal - et |51 =0 N (£ W 4 R
B AEA L o BEAE, KT By i A= 2400 5 20
B R R T A o5 AR X S . PRIk nT L, B
BRI AN & DA S HRE B SN I ol A= 77 Fn A=
SMEUst. BAAM EERBA 4 )7

(1) BUA MR TimsE . R AR SR AR
FBORAG T4 T3 H S A0S R s e i
TR, AR08 E By I I -5 I A AR TR (2
40 °C) N KB I 4ERp R b b, X I SR Y T
ReAE AL TR R AE DR fR T HL . R, HAET
AAT BB B AE 7 IR T e A, BD 2R
TATERAT , X4 T Tl A r=pliAs . Ik, &
RAIFFE AT 25 TR O | A RS 70 TR T e
FOBUBE I, BT & M RO ARATE A, R RE A8 e
T R AR E AR, B AP I I 1) 71
FE, NI HE— 25 0D B e SR AR 7 A

(2) A AR F B8 2 Fr i A P B
2 AT I AT 9T o 3K SERIF Y 4 A o SE R TR
A AR PR RR B L T 0 3 A A
P4 A5 R A A 455 T Bt G 4 6 TR R v 1 A G
Ty, AR R EEE R R ERR IR
it R, ARAAHFFE N 78 50 R B B A& R
G, EA BRI R . AR AR A T SR A
AR AR BTN R A B A S B A ok
A LA AR BRR IR T, 7850 I ke Bt B LR
it DA R AR A 0 i R AR A 107 P T

(3) HHl, BBEEMERIE RAEYEEC S S
TEA  H 2 A g 6 2 S A3 ) 7= i 4 8 ) B SR 8T
2, R i A A AR 24 i 2k sCBR il T NAOS
Fl AOS FEAH U A FH o 38 20 44 P B il e
Fl R B S = ) P AR R 2, LT R A
. BRAY . ARELLE) NAOS Fl AOS 4ifbifi e,

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

o L 52 A% Y 25 TR A A R P B o 2 B ) S
e, RERE FE 0 T A BB SR ) Lo PR 0, I ik
— PR B NE

(4) 2L BRI 22 Wl 9 ik A 25 A T AE 1 9 b
WFFE b i s, Bz LR R S ) | R
TEVE S50 . IRBT RS LI IR S USRI
S, MEORLLBE AR M BE A T SRy, BRI R 5 |
PR £1 358 200 i P SRR 5 T A A R R O R TR
TRV O | MPRORIL | Yl R AR AR S
TR WA S T AR T AR , 2% SR SR ST 25 20
FIRD FERT FRATT AT R G 1A L I R AL
B D RE B8 E Bt

3 T AL TR AT R JHE 3 B JE 25 Wil e fie
TEHEFE P I AR S @, RN B T3 It A
A 1= 25 AR I 45 F 224 b A e {ELAR R A
(L, DRIHORE A R AR 2 4 K 50 B 52 2 M e A )

A5 RV AR o
SEE

[1] SAMALENS F, THOMAS M, CLAVERIE M,
CASTEJON N, ZHANG Y, PIGOT T, BLANC S,
FERNANDES SCM. Progresses and future prospects
in biodegradation of marine biopolymers and emerging
biopolymer-based materials for sustainable marine
ecosystems[J]. Green Chemistry, 2022, 24(5): 1762-1779.

[2] LI J, HE ZX, LIANG YM, PENG T, HU Z. Insights
into algal polysaccharides: a review of their structure,
depolymerases, and metabolic pathways[J]. Journal of
Agricultural and Food Chemistry, 2022, 70(6):
1749-1765.

[3] T 220, BUK.L, WHHESE. R R EE BT S PR

Fe FoAFAE 0 0] B (D). AR 90 2 FE 1, 2011, 19(6):
798-804.
DING LP, HUANG BX, XIE YQ. Advances and
problems with the study of marine macroalgae of
China Seas[J]. Biodiversity Science, 2011, 19(6):
798-804 (in Chinese).

(4] RIAW, BRI, XVEE)I, MRS, T3 38 SEHE AY A= PR
PE 5 W R A B D], B 5 A R R I
41(8): 22-34.

ZHU YM, CHEN P, LIU DC, SUN YX. Progress on



C A | AR, 2024, 64(9)

3151

[10]

(1]

[12]

[13]

[14]

physiological activities and enzymatic conversion of
algal oligosaccharides[J]. Journal of Food Science and
Biotechnology, 41(8): 22-34 (in Chinese).

McHENRY J, RASSWEILER A, HERNAN G, DUBEL
AK, CURTIN C, BARZAK J, VARIAS N, LESTER
SE. Geographic variation in organic carbon storage by
seagrass beds[J]. Limnology and Oceanography, 2023,
68(6): 1256-1268.

LEE WK, LIM YY, LEOW ATC, NAMASIVAYAM P,
ONG ABDULLAH J, HO CL. Biosynthesis of agar in
red seaweeds: a review[J]. Carbohydrate Polymers,
2017, 164: 23-30.

Food and Agriculture Organization of the United
Nations. The state of world fisheries and aquaculture
2022[M]. Rome: Towards Blue Transformation, 2022:
1-216.

CHI WJ, CHANG YK, HONG SK. Agar degradation
by microorganisms and agar-degrading enzymes[J].
Applied Microbiology and Biotechnology, 2012, 94(4):
917-930.

LUO HT, YANG YF, XIE SG. The ecological effect of
large-scale coastal natural and cultivated seaweed litter
decay processes: an overview and perspective[J].
Journal of Environmental Management, 2023, 341:
118091.

MABEAU S, KLOAREG B. Isolation and analysis of
the cell walls of brown algae: Fucus spiralis, F.
ceranoides, F. vesiculosus, F. serratus, Bifurcaria
bifurcata and Laminaria digitata[J]. Journal of
Experimental Botany, 1987, 38(9): 1573-1580.

GENG YQ, WANG M, LI HL, ZHANG L, XU KX,
ZHANG HX, TENG L, YU Z, CHEN LH, XING RL.
Contribution of the decomposition of a macroalgal
bloom to methane production in sea cucumber
culture[J]. Aquaculture Reports, 2023, 30: 101558.
LUO HT, XIE SG, DAI XJ, WANG Q, YANG YF.
Biomass decomposition and heavy metal release from
litter, Gracilaria lemaneiformis,
secondary  pollution evaluation[J]. Journal of
Environmental Management, 2022, 310: 114729.

LUO HT, DAI XJ, YANG YF, XIE SG. The evaluation
of C, N, P release and contribution to the water
during Gracilaria
decay[J]. Estuarine, Coastal and Shelf Science, 2022,
276: 108052.

HIGASHIMURA Y, NAITO Y, TAKAGI T,
MIZUSHIMA K, HIRAI Y, HARUSATO A, OHNOGI
H, YAMAIJI R, INUI H, NAKANO Y, YOSHIKAWA T.

seaweed and

environment litters  biomass

[15]

[16]

[18]

Oligosaccharides from agar inhibit murine intestinal
the
oxygenase- 1 expression[J]. Journal of
Gastroenterology, 2013, 48(8): 897-909.

ENOKI T, OKUDA S, KUDO Y, TAKASHIMA F,
SAGAWA H, KATO I. Oligosaccharides from agar
inhibit pro-inflammatory mediator release by inducing

inflammation through induction of heme

heme oxygenase 1[J]. Bioscience, Biotechnology, and
Biochemistry, 2010, 74(4): 766-770.

YUN EJ, LEE S, KIM JH, KIM BB, KIM HT, LEE SH,
PELTON JG, KANG NJ, CHOI IG, KIM KH.
Enzymatic production of 3,6-anhydro-L-galactose from
agarose and its purification and in vitro skin whitening

and anti-inflammatory activities[J]. Applied
Microbiology and Biotechnology, 2013, 97(7):
2961-2970.

YUN EJ, LEE AR, KIM JH, CHO KM, KIM KH.
3,6-anhydro-L-galactose, a rare sugar from agar, a new
anticariogenic sugar to replace xylitol[J]. Food
Chemistry, 2017, 221: 976-983.

ZHANG YH, SONG XN, LIN Y, XIAO Q, DU XP,
CHEN YH, XIAO AF. Antioxidant capacity and
effects of  Gracilaria

oligosaccharides prepared by agarase hydrolysis[J].

prebiotic neoagaro
International Journal of Biological Macromolecules,
2019, 137: 177-186.

O’SULLIVAN L, MURPHY B, McLOUGHLIN P,
DUGGAN P, LAWLOR PG, HUGHES H, GARDINER
GE. Prebiotics from marine macroalgae for human and
animal health applications[J]. Marine Drugs, 2010,
8(7): 2038-2064.

XVEE, ZERMS. B B SRR o G 5 39 50 79 £ ) #4
FRAE R A B BRI, 2012, 28(11):
1508-1511, 1522.

LIU CJ, CAI JP. Application of neoagaro-oligosaccharides
as immunostimulants in abalone production[J]. Modern
Food Science and Technology, 2012, 28(11): 1508-1511,
1522 (in Chinese).

FAHRE, BRE, G, SOCBE, TR, PRk 6,
PR AR TSR SR X B A £ R U R R R A IR
Y B R e [T]. s 3R oE A, 2018, 30(2):
770-781.

WANG RP, LU FX, JIN M, DI WJ, HE XF, XU YJ,
CHAN ZH. Effects of Gracilaria lemaneiformis
oligosaccharides on fatty acid and volatile odor
compositions of tilapia (Oreochromis
mossambicus)[J]. Chinese Journal of Animal Nutrition,
2018, 30(2): 770-781 (in Chinese).

substance

http://journals.im.ac.cn/actamicrocn



3152 QU Wau et al. | Acta Microbiologica Snica, 2024, 64(9)
[22] B RUES. e 200 25 22 Al A s s o 0 3 AR BRI 1Y 5 quality of okar (Abelmoschus moschatus)[J]. Journal of
mi[D]. ] H3E Km0 3, 2016. Nuclear Agricultural Sciences, 2019, 33(7): 1465-1471
LU FX. Effects of aparagus oligosaccharides and algae (in Chinese).
residue on the physiological characteristics of [31] BR24WE, X1, P 4%, LEH, BT, Y.
tilapia[D]. Xiamen: Master’s Thesis of Jimei T B SR A W BT K RE PR M SRR R A R [T,
University, 2016 (in Chinese). LR, 2020(9): 19-25.

[23] KOBAYASHI R, TAKISADA M, SUZUKI T, CHEN XL, LIU Y, LUO TY, WANG CY, YANG HN,
KIRIMURA K, USAMI S. Neoagarobiose as a novel ZENG RY. Effect of algal oligosaccharide bio-fertilizer
moisturizer with whitening effect[J]. Bioscience, on rice yield and soil microflora[J]. Fujian Agricultural
Biotechnology, and Biochemistry, 1997, 61(1): Science and Technology, 2020(9): 19-25 (in Chinese).
162-163. [32] WRE, BUHRE. ISR R A IR e 250 R ).

[24] JIANG C, CHENG D, LIU Z, SUN J, MAO X. Erjﬂégl,&’z()lg(?)): 60-62.

Advances in agaro-oligosaccharides preparation and CHEN XL, ZENG RY. Application of algae
bioactivities for revealing the structure-function oligosaccharide bio-fertilizer in tea[J]. Xiamen Science
relationship[J]. Food Research International, 2021, & Technology, 2019(3): 60-62 (in Chinese).

145: 110408. [33] HOU YP, GAO JL, GU L, WANG SF, ZENG RY.

[25] LEE JE, KIM YA, YU S, PABK SY, KIM KH, KANF} Effects of agaro-oligosaccharide treatment on
NJ. 3,6-.anhyd-ur0-L—galactose increases hyalurOfnc a.md postharvest quality of cherry tomatoes during cold
productlon. via the EGFR .and AMPKo signaling storage[J]. Journal of TFood Processing and
pathway 11.1 HaC.aT keratinocytes[J]. Journal of Preservation, 2015, 39(6): 949-955.

g D:mg‘t"loglcal sc‘etéce’ 2019, 96(2): 90-98. NG [34] ACHARYA S, LIYANAGE S, PARAJULI P, RUMI SS,

[26] JANG MK, LEE DG, KIM NY, YU KHf ! N HJ, SHAMSHINA JL, ABIDI N. Utilization of cellulose to
LEE SW, JANG HJ, LEE YJ, LEE SH. Purification and . . . . .

o its full potential: a review on cellulose dissolution,
characterization of neoagarotetraose from hydrolyzed . o
. . . regeneration, and applications[J]. Polymers, 2021,
agar[J]. Journal of Microbiology and Biotechnology,
13(24): 4344.
2009, 19(10): 1197-1200.
. [35] WU YR, ZHANG MM, ZHONG MQ, HU Z.
[27] CHEN HM, YAN XJ, ZHU P, LIN J. Antioxidant o _ ~ X
.. . . Synergistic enzymatic saccharification and
activity ~ and  hepatoprotective ~ potential ~ of . . .
. . . . . . fermentation of agar for biohydrogen production[J].
agaro-oligosaccharides in vitro and in vivo[J]. )
Nutrition Journal. 2006. 5: 31 Bioresource Technology, 2017, 241: 369-373.

[28] JIN M. CHEN YL, HE XF, HOU YP, CHAN ZH, [36] KIM HT LEE S, KIM KH CHOI IG. The comple.te
ZENG RY. Amelioration of androgenetic alopecia by enzy.mat‘lc saccha%rlflcatlon of agarc.)s.e .and its
algal oligosaccharides prepared by deep-sea bacterium apphcatlo'n to  simultaneous saccharlﬁcatlon. and
biodegradation[J]. Frontiers in Microbiology, 2020, 11: fermentation of agarose for ethanol production[J].
567060. Bioresource Technology, 2012, 107: 301-306.

[20] EFW, BRI, M™NE. BREMAS S Ea 7] CHEN XD, FU XT, HUANG LQ, XU JC, GAO X.
HA S 500 B AL BRI HR ], oF [ A W B A 2 4%, 2011, Agar oligosaccharides: a review of preparation,
27(2): 254-259. structures, bioactivities and application[J].
WANG XJ, CHEN HM, YAN XJ. Research on the Carbohydrate Polymers, 2021, 265: 118076.
mechanism of agaro-oligosaccharides induced reactive [38] CHEN HM, ZHENG L, LIN W, YAN XJ. Product
oxygen related defense response against kidney bean monitoring and quantitation of oligosaccharides
(Phaseolus vulgaris L.)[J]. Chinese Journal of composition in agar hydrolysates by precolumn
Biological Control, 2011, 27(2): 254-259 (in Chinese). labeling HPLC[J]. Talanta, 2004, 64(3): 773-777.

[30] 465, BB, MR, ST, SR, FRIBM, % [39] ZHENG LX, LIU Y, TANG S, ZHANG W, CHEONG
HAE . BUR SRS BOE A K S AR [I]. AR KL. Preparation methods, biological activities, and
244, 2019, 33(7): 1465-1471. potential applications of  marine algae
LI Q, YANG R, CHEN HM, WU YP, FAN HJ, CHEN oligosaccharides: a review[J]. Food Science and

JJ, LUO QJ. Effect of oligoagars on the growth and

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

Human Wellness, 2023, 12(2): 359-370.



Mk 45 | Y24, 2024, 64(9)

3153

[40]

[41]

[44]

HER, WE, KR, i, BE, W, R
6 25 MR- S I AR P e A Oy B R BORL R AIF 5 - 3
W 1) W A R FLAR M (0], A4 RHS 3R, 2010, 24(S2):
460-462.

YUAN ZJ, BAO L, ZHANG LM, CHU B, MAO X,
TANG SQ. Modification of
polysaccharide-agarose and its application as skin

macroalgae

dressing: degradation and characteristics of agarose[J].
Materials Reports, 2010, 24(S2): 460-462 (in Chinese).
YUN EJ, KIM HT, CHO KM, YU S, KIM S, CHOI IG,
KIM KH. Pretreatment and saccharification of red
macroalgae to produce fermentable

Bioresource Technology, 2016, 199: 311-318.
XU H, FU YY, YANG N, DING ZX, LAI QL, ZENG
RY. Flammeovirga pacifica sp. nov., isolated from

sugars[J].

Journal of
2012,

deep-sea  sediment[J]. International
Systematic and Evolutionary Microbiology,
62(Pt_4): 937-941.

GAO BL, JIN M, LI L, QU W, ZENG RY. Genome
the
polysaccharide-degrading ability of novel deep-sea
bacterium Flammeovirga pacifica WPAGAI[J].
Frontiers in Microbiology, 2017, 8: 600.

HOU YP, CHEN XL, CHAN ZH, ZENG RY.

Expression and characterization of a thermostable and

sequencing reveals complex

pH-stable B-agarase encoded by a new gene from
Flammeovirga  pacifica  WPAGATL[J].
Biochemistry, 2015, 50(7): 1068-1075.

PR AR DR R KT TR AR 7 R 205 SE M Y o
TR T SRS M AR G B BRI FE (D] SR AR R
2= AL, 2018.

CHAN ZH. The pilot fermentation strategies for
agaro-oligosaccharides production by the deep sea
bacterium Flammeovirga pacifica WPAGA1 and the

Process

characterizations of related enzymes[D]. Quanzhou:
Doctoral Dissertation of Huaqiao University, 2018 (in
Chinese).

REEL, AT, TR, ml. — R e S U TR
T HH 45 5 5 A CN102827899A[P]. 2012-12-19.
ZENG RY, CHAN ZH, WAN W, GAO C. Gracilaria
lemaneiformis agar oligosaccharide and preparation
method and application thereof: CN102827899A[P].
2012-12-19 (in Chinese).

XU XQ, SU BM, XIE JS, LI RK, YANG J, LIN J, YE
XY. Preparation of bioactive neoagaroligosaccharides
through hydrolysis of Gracilaria lemaneiformis agar: a

comparative study[J]. Food Chemistry, 2018, 240:

(48]

[50]

[52]

[53]

[54]

[55]

[56]

[57]

330-337.

MRUDULAKUMARI VASUDEVAN U, LEE OK,
LEE EY. Alginate derived functional oligosaccharides:
recent developments, barriers, and future outlooks[J].
Carbohydrate Polymers, 2021, 267: 118158.

ZHANG MY, WANG JX, ZENG RY, WANG DQ,
WANG WX, TONG XF, QU W. Agarose-degrading
characteristics of a deep-sea bacterium Vibrio
natriegens WPAGA4 and its cold-adapted GHS50
agarase Aga3420[J]. Marine Drugs, 2022, 20(11): 692.
SUZUKI H, SAWAI Y, SUZUKI T, KAWAI K.
Purification and characterization of an extracellular
beta-agarase from Bacillus sp. MKO03[J]. Journal of
Bioscience and Bioengineering, 2003, 95(4): 328-334.
ANGGRAENI SR, ANSORGE-SCHUMACHER MB.
Characterization and modeling of thermostable GH50
agarases from Microbulbifer elongatus PORT2[J].
Marine Biotechnology, 2021, 23(5): 809-820.

CHEN XL, LIN HT, JIN M, ZENG RY, LIN MS.
Characterization of a novel alkaline B-agarase and its
hydrolysates of agar[J]. Food Chemistry, 2019, 295:
311-319.

HSU PH, WEI CH, LU WJ, SHEN F, PAN CL, LIN HT
V. Extracellular production of a novel endo-f-agarase
AgaA from Pseudomonas vesicularis MA103 that
cleaves  agarose into  neoagarotetraose  and
neoagarohexaose[J]. International Journal of Molecular
Sciences, 2015, 16(3): 5590-5603.

XUE LIU, YAN-HONG C, ZE-DONG J, HUI NI,
QING-BIAO LI, YAN-BING ZHU. Characterization of
a neoagarobiose-producing and thermostable -agarase
from Agarivorans sp. AL1 and antioxidant activity of
the enzymatic hydrolysates[J]. Modern Food Science
and Technology, 2021, 37(5): 82-90.

QU W, LIN D, ZHANG ZH, DI WJ, GAO BL, ZENG
RY. Metagenomics investigation of agarlytic genes and
genomes in mangrove sediments in China: a potential
repertory for carbohydrate-active enzymes[J]. Frontiers
in Microbiology, 2018, 9: 1864.

LONG J, YE ZY, LI XF, TIAN YQ, BAI YX, CHEN L,
QIU C, XIE ZJ, JIN ZY, SVENSSON B. Enzymatic
preparation and potential applications of agar
oligosaccharides: a review[J]. Critical Reviews in Food
Science and Nutrition, 2024, 64(17): 5818-5834.
MEINITA MDN, LUYEN HQ, HWANG SY, KANG
JY, JIN DH, HONG YK. Isolation of the agarolytic
bacterium Vibrio cyclotrophicus DAG-130 from

abalone gut[J]. Journal of the Fisheries Science and

http://journals.im.ac.cn/actamicrocn



3154

QU Wau et al. | Acta Microbiologica Snica, 2024, 64(9)

[60]

[61]

[62]

[63]

Technology, 2008, 11(2): 76-81.

OHTA Y, HATADA Y, NOGI Y, MIYAZAKI M, LI Z,
AKITA M, HIDAKA Y, GODA S, ITO S, HORIKOSHI
K. Enzymatic properties and nucleotide and amino acid
sequences of a thermostable B-agarase from a novel
species of deep-sea  Microbulbifer[J].  Applied
Microbiology and Biotechnology, 2004, 64(4): 505-514.
CHEN XL, HOU YP, JIN M, ZENG RY, LIN HT.
Expression and characterization of a novel
thermostable and pH-stable B-agarase from deep-sea
bacterium Flammeovirga sp. OC4[J]. Journal of
Agricultural 2016, 64(38):
7251-7258.

JUNG S, LEE CR, CHI WJ, BAE CH, HONG SK.
Biochemical characterization of a novel cold-adapted
GH39 p-agarase,
marine bacterium Gayadomonas joobiniege G7[J].

2017,

and Food Chemistry,

Agal9, from an agar-degrading

Applied Microbiology and Biotechnology,
101(5): 1965-1974.

CHOI U, JUNG S, HONG SK, LEE CR.
Characterization of a novel neoagarobiose-producing
GH42 B-agarase, Agall0, from Gayadomonas
joobiniege  G7[J]. Applied Biochemistry
Biotechnology, 2019, 189(1): 1-12.

KIM HT, YUN EJ, WANG DM, CHUNG JH, CHOI IG,
KIM KH. High temperature and low acid pretreatment

and

and agarase treatment of agarose for the production of
sugar and ethanol from red seaweed biomass[J].
Bioresource Technology, 2013, 136: 582-587.

LIM HG, LIM JH, JUNG GY. Modular design of
metabolic network for robust production of n-butanol
from galactose-glucose mixtures[J]. Biotechnology for
Biofuels, 2015, 8: 137.

LEE CH, KIM HT, YUN EJ, LEE AR, KIM SR, KIM
JH, CHOI 1G, KIM KH. A novel
B-galactosidase acts

agarolytic
on agarooligosaccharides for
complete hydrolysis of agarose into monomers[J].
Applied and Environmental 2014,
80(19): 5965-5973.

MARTENS EC, CHIANG HC, GORDON JI. Mucosal
glycan foraging enhances fitness and transmission of a

Cell

Microbiology,

saccharolytic human gut bacterial symbiont[J].
Host & Microbe, 2008, 4(5): 447-457.

SONNENBURG ED, ZHENG HJ, JOGLEKAR P,
HIGGINBOTTOM SK, FIRBANK SJ, BOLAM DN,
SONNENBURG JL. Specificity of polysaccharide use
in  intestinal determines

Cell, 2010,

bacteroides  species

diet-induced microbiota alterations[J].

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

[70]

[71]

(73]

[74]

141(7): 1241-1252.

DESPRES J, FORANO E, LEPERCQ P,
COMTET-MARRE S, JUBELIN G, YEOMAN CIJ,
MILLER ME, FIELDS CJ, TERRAPON N, Le
BOURVELLEC C, RENARD CMGC, HENRISSAT B,
WHITE BA, MOSONI P. Unraveling the pectinolytic
function of Bacteroides xylanisolvens using a RNA-seq
approach and mutagenesis[J]. BMC Genomics, 2016,
17: 147.

ROGOWSKI A, BRIGGS JA, MORTIMER JC,
TRYFONA T, TERRAPON N, LOWE EC, BASLE A,
MORLAND C, DAY AM, ZHENG HJ, ROGERS TE,
THOMPSON P, HAWKINS AR, YADAV MP,
HENRISSAT B, MARTENS EC, DUPREE P,
GILBERT HJ, BOLAM DN. Glycan complexity
dictates microbial resource allocation in the large
intestine[J]. Nature Communications, 2015, 6: 7481.
HOLDEN HM, RAYMENT I, THODEN JB. Structure
and function of enzymes of the Leloir pathway for
galactose metabolism[J]. The Journal of Biological
Chemistry, 2003, 278(45): 43885-43888.

LEE SB, CHO SJ, KIM JA, LEE SY, KIM SM, LIM
HS. Metabolic pathway of 3,6-anhydro-L-galactose in
agar-degrading microorganisms[J]. Biotechnology and
Bioprocess Engineering, 2014, 19(5): 866-878.

WANG DQ, WANG JX, SHUI BN, ZHU LQ, WANG
JQ, JIN LX, QU W. Complete genome sequence of
Microbulbifer sp. YPW1 from mangrove sediments in
Yanpu Harbor, China[J].
2021, 203(10): 6143-6151.
SUWANNARANGSEE S, ARNTHONG I,
EURWILAICHITR L, CHAMPREDA V. Production
and characterization of multi-polysaccharide degrading

Archives of Microbiology,

enzymes from Aspergillus aculeatus BCC199 for
saccharification of agricultural residues[J]. Journal of

Microbiology and Biotechnology, 2014, 24(10):
1427-1437.
IMRAN M, PANT P, SHANBHAG YP, SAWANT SV,

GHADI SC. Genome sequence of Microbulbifer
mangrovi DD-13T reveals its versatility to degrade
multiple polysaccharides[J].
2017, 19(1): 116-124.
WANG JQ, JIN LX, WANG JX, CHAN ZH, ZENG RY,
WU J, QU W. The first complete genome sequence of
Microbulbifer celer KCTC12973, a type strain with
multiple polysaccharide degradation genes[J]. Marine
Genomics, 2022, 62: 100931.

Marine Biotechnology,



Mk 45 | Y24, 2024, 64(9)

3155

[75]

[76]

[79]

[80]

[83]

HER, A, TaE EiiE, EEe, X,
AT, i, oA RIE R YPW1 R YPW16 24
e it e R 23 AT (0], AR W ol AR, 2023, 50(9):
3747-3770.

TIAN CM, LONG SQ, WANG JX, WANG JQ, WANG
DQ, ZHOU SK, ZHU SN, QU W. Characterization of
genes involved in polysaccharide degradation by
Microbulbifer sp. YPW1 and YPW16[J]. Microbiology
China, 2023, 50(9): 3747-3770 (in Chinese).

B, XDEHs, R ARG B IE R RS
E R R R TSI vk IR £, 2006, 28(3):
450-455.

LI T, LIU GX, AN LZ. Properties of cold-adapted
microorganism and their application prospects[J].
Journal of Glaciology and Geocryology, 2006, 28(3):
450-455 (in Chinese).
LT J, SHA YI.
characterization of a cold-adapted [-agarase from
Antarctic bacterium Pseudoalteromonas sp. NJ21[J].
Chinese Journal of Oceanology and Limnology, 2015,
33(2): 319-327.

WANG WX, WANG JX, YAN RH, ZENG RY, ZUO
YQ, WANG DQ, QU W
characterization of a novel cold-adapted and stable

Expression and enzymatic

Expression and
[-agarase gene agaWl540 from the deep-sea bacterium
Shewanella sp. WPAGA9[J]. Marine Drugs, 2021,
19(8): 431.

PAE, PR, NP S AR A RS
5 XTI b E B B BE T, 2016, 31(12):
1302-1307.

LI CL, LI FC. Extreme environment and life process in
deep-sea: research status and strategies[J]. Bulletin of
Chinese Academy of Sciences, 2016, 31(12):
1302-1307 (in Chinese).

OHTA Y, HATADA Y, MIYAZAKI M, NOGI Y, ITO S,
HORIKOSHI K. Purification and characterization of a
novel a-agarase from a Thalassomonas sp.[J]. Current
Microbiology, 2005, 50(4): 212-216.

HASSAIRI I, BEN AMAR R, NONUS M, GUPTA BB.
Production and separation of alpha-agarase from
Altermonas agarlyticus strain GJ1B[J]. Bioresource
Technology, 2001, 79(1): 47-51.

POTIN P, RICHARD C, ROCHAS C, KLOAREG B.
Purification and characterization of the alpha-agarase
from Alteromonas agarlyticus (Cataldi) comb. nov.,
strain GJ1B[J]. European Journal of Biochemistry,
1993, 214(2): 599-607.

XIE WY, YOU YX, BAN XF, ZHANG AQ, LI CM,

[85]

[87]

[91]

GU ZB, LI ZF. Structural basis for the cold activation
and adaptation of an a-agarase from marine bacterium
Catenovulum agarivorans STB13[J]. Food Bioscience,
2023, 53: 102630.

YOU YX, XIE WY, LI CM, GU ZB, BAN XF,
ZHANG F, LI ZF. Characterization and efficient
production of an o-agarase from marine bacterium
Catenovulum maritimum STB14[J]. Food
Bioengineering, 2023, 2(1): 3-14.

YUAN DZ, LV H, WANG TT, RAO YL, TANG YB,
CHU YW, WANG XR, LIN JF, GAO P, SONG T.
Biochemical characterization and key catalytic residue
identification of a novel alpha-agarase with CBM2
domain[J]. Food Chemistry: X, 2023, 20: 100915.
ZHANG WB, XU JN, LIU D, LIU H, LU XZ, YU WG.
Characterization of an a-agarase from Thalassomonas
sp. LD5 and its hydrolysate[J]. Applied Microbiology
and Biotechnology, 2018, 102(5): 2203-2212.

LEE CH, LEE CR, HONG SK. Biochemical
cold-adapted
agarotetraose-producing o-agarase, AgaWS5, from
Catenovulum sediminis WS1-A[J]. Applied
2019, 103(20):

characterization of a novel

Microbiology and Biotechnology,
8403-8411.

CUI FY, DONG SJ, SHI XC, ZHAO X, ZHANG XH.
Overexpression and characterization of a novel
B-agarase YMOI1-3,
bacterium Catenovulum agarivorans
Marine Drugs, 2014, 12(5): 2731-2747.
KIM JH, YUN EJ, SEO N, YU S, KIM DH, CHO KM,
AN HJ, KIM JH, CHOI IG, KIM KH. Enzymatic
liquefaction of agarose above the sol-gel transition

from marine
YMO1T[I].

thermostable

temperature using a thermostable endo-type B-agarase,
Agal6B[J]. Applied Microbiology and Biotechnology,
2017, 101(3): 1111-1120.

DI WJ, QU W, ZENG RY. Cloning, expression, and
and pH-stable
agarase from mangrove sediments[J]. Journal of Basic
Microbiology, 2018, 58(4): 302-309.

PARK SH, LEE CR, HONG SK. Implications of agar
and agarase in industrial applications of sustainable

characterization of thermal-stable

marine biomass[J]. Applied Microbiology and
Biotechnology, 2020, 104(7): 2815-2832.

SU BM, XU XQ, YAN RX, XIE Y, LIN J. Mutagenesis
on the surface of a B-agarase from Vibrio sp. ZC-1
increased its thermo-stability[J]. Enzyme and

Microbial Technology, 2019, 127: 22-31.

http://journals.im.ac.cn/actamicrocn



3156

QU Wau et al. | Acta Microbiologica Snica, 2024, 64(9)

[94]

[99]

ZHANG PJ, ZHANG JR, ZHANG LJ, SUN JN, L1,
WU L, ZHOU JH, XUE CH, MAO XZ.
Structure-based design of agarase AgWHS50C from
Agarivorans gilvus  WHO0801 to
thermostability[J]. = Applied  Microbiology
Biotechnology, 2019, 103(3): 1289-1298.

DONG CN, LIN BK, SONG Y, PENG T, ZHONG MQ,
LI J, HU Z. Characterization and activity enhancement

enhance

and

of a novel exo-type agarase Aga575 from Aquimarina
agarilytica ZCI[J]. Applied Microbiology
Biotechnology, 2021, 105(21): 8287-8296.

QU W, WANG DQ, WU J, CHAN ZH, DI WJ, WANG
JX, ZENG RY.
neoagaro-oligosaccharides with various degrees of

and

Production of

polymerization by using a truncated marine agarase[J].
Frontiers in Microbiology, 2020, 11: 574771.

MA JW, YAN QJ, YI P, YANG SQ, LIU HJ, JIANG
ZQ. Biochemical characterization of a truncated
B-agarase from Microbulbifer sp. suitable for efficient
production of neoagarotetraose[J]. Process
Biochemistry, 2019, 87: 119-127.

LI J, GU XQ, PAN AH. Multifunctional o-amylase
Amy19 possesses agarase, carrageenase, and cellulase
activities[J]. International Journal
Macromolecules, 2019, 126: 585-594.
ALKOTAINI B, HAN NS, KIM BS. Fusion of agarase
and

of Biological

neoagarobiose  hydrolase for mono-sugar
production from agar[J]. Applied Microbiology and
Biotechnology, 2017, 101(4): 1573-1580.

ZHANG M, TONG X, WANG W, WANG J, QU W.

Agarose biodegradation by deep-sea bacterium Vibrio

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

[100]

[101]

[102]

[103]

[104]

natriegens WPAGA4 with
horizontal gene transfer[J]. Journal
Microbiology, 2024, 64(4): 2300521.

YUN EJ, YU S, PARK NJ, CHO Y, HAN NR, JIN YS,
KIM KH. Metabolic and enzymatic elucidation of

the agarases through

of Basic

cooperative degradation of red seaweed agarose by two
human gut bacteria[J]. Scientific Reports, 2021, 11:
13955.

HEHEMANN JH, CORREC G, BARBEYRON T,
HELBERT W, CZJZEK M, MICHEL G. Transfer of
carbohydrate-active enzymes from marine bacteria to
Japanese gut 2010, 464:
908-912.

DU J, LIANG JR, GAO XH, LIU GD, QU YB.
Optimization of an artificial cellulase cocktail for
high-solids
materials with different pretreatment methods[J].
Bioresource Technology, 2020, 295: 122272.

GAO BL, LI L, WU H, ZHU D, JIN M, QU W, ZENG
RY. A
agaro-oligosaccharide

microbiota[J]. Nature,

enzymatic hydrolysis of cellulosic

efficient
the

agarose  in

for
based
crude

novel strategy

production on
enzymatic
Flammeovirga pacifica WPAGAI1[J].
Microbiology, 2019, 10: 1231.

B, B, B, FRE DR &
RBUIR b K JRFEEIHTI]. Wl AR, 2018(6):
5-8.

ZHAO RC, ZHAO XQ, MAO KY. Progress in
understanding the biological activities of marine

degradation  of

Frontiers in

oligosaccharides[J]. Biotechnology and Business,

2018(6): 5-8 (in Chinese).



