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biomedical industries. Currently, researchers mainly use physical, chemical, and biological enzyme
methods to prepare COS. Physical and chemical methods have large limitations, and it is difficult
to synthesize the target products with specific requirements in an efficient and green way. Bio-
enzymatic preparation of COS shows a mild, controllable, and environmental friendly reaction
process, overcoming the drawbacks of physical and chemical methods. The purity of COS can be
improved by separation and purification techniques such as membrane separation, gel filtration
chromatography, CM-SephadexC-25 ion-exchange column chromatography, and immobilized
metal affinity chromatography. This review summarized the research progress in COS preparation
using bio-enzymatic technology, aiming to lay theoretical foundation for high-quality industrial
COS preparation. It also gave an overview of the structure, properties, and application of COS,

contributing for the research on COS preparation and isolation.

Keywords: chitin; chitosan;
purification; application
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Figure 1

Pathway of chitooligosaccharide biosynthesis from chitin. There are two routes to prepare

chitooligosaccharides: (1) Chitin was degraded chitin oligosaccharide catalyzed by chitinase, then chitin
oligosaccharide deacetylated to chitooligosaccharide catalyzed chitin deacetylase (the upper route); (2) Chitin
deacetylated to produce chitosan catalyzed by deacetylase, then chitooligosaccharide was degraded to chitosanase

catalyzed by chitosanase (the lower route).

IR AN LT RS ME i 3,5- A AL
7K1 (3,5-dinitrosalicylicacid, DNS)‘]%‘Lﬁ?JﬂIJ:ﬁO
JUT TREEAZ 5 MR CI /Y43t 71‘%'3
LA 40 Hf BE Y R R FUE S L Rk # . Horp,
1 SR TR 224 K Fﬂﬁﬁ/ﬁi%ﬂ%@?%kﬁi
S FE 0 B LT A AR AL E Y Y CI R
%ﬁﬁﬁﬁf‘*fﬁ FAE . Le SO A ERARFE 5
oS B — bR RE B RE A CL R I
(Salinivibrio sp.) BAO-1801, Jf M 43 4lifb i
JUT il BAO-1801, i lizExs Cl 477K i
73 3] T (GleNAc),, TEJ I 8 h J5, &N
715%. WLk, 224k B h B B (Aspergillus
niveus) BEUEFI FHEE FEAE ORI, F=/ /Mt A
JUT o i ok [ A 521 DA -1 v 43 B 4 1
i 45 h & 2 = Uk ™ GIeNAe Re )], %
F=Hh GIeNAC (24 80%) A1/ & 1Y (GIcNAC), (24
20%), HMERE S IR B IR IR B A 55 B CFR2 AN
HRAUGRIETE CFR8 AL 4l ] 10 mg/mL AYJKE

< actamicro@im.ac.cn, 7 010-64807516

ILT B i o JUT BAERIRY), Zat 48 h
RN JE, 33X 2 i TR A v 4 A LT i 43 i)
P T %9 90 mmol/lL Al 10 mmol/L #Y
GleNACH, A PN T i — 4 LT i
fit} Chisb MyfEALIGTE, R T 2852 PCR Jrik,
FHESL T —AJLT il Chisb f BT AR A 2E

BT LT Wil Chisb i mittk, K171 2 Afﬁ
PR — P I 988 1A C43D Fi E336R, H
PEACRCREAR BT X0 B3 4 v 1 1.35 £l 1.57
£, DABAARILT Jt k50 A4 (1) NAC-COS 1Y%
Bk 2.53 g/L i1 2.06 g/L, %% IR (0.89 g/L)
Oy AN T 2.84 45N 2.31 4%, [FINF, JEPIHAL
FAr 50 84.3% H1 68.7%, X} HE (29.7%) 43 ]
$27 T 54.6% #139.0%., Gao 2RI 11 (o bk 25 4
(Streptomyces albolongus) ATCC 27414 1 5 [ %]
— AL T RN, IR KA BL21
SELT kRS, LT S SaChiA4, BT
PLAKS#IAR I 72 2 7 GIcNAC FII(GICNAC),, 7=



BEMELT 45 | BB, 2025, 65(2)

457

R34 0.87 mg/mL il 2.17 mg/mL., LIS
LB, LT Bl r A I T CI Y e S5 R i
A7 F B

Cl AL AT3E o JLT g AL T BTl £ 1k i Ko
fit 4= %, COS, Krolicka Z5E8137 38 T Mg 24 7%
PR UL T B A R AR X B SR
Cl EY WAkl COS, MifiT& X FILT i
fig 7 40 (>140 h 90% i 14). 50 (>168 h 90% i
PE)FI 55 °C (CEEE1] 48 h) Y 45 R E H i vk
EVE; [RINHZ R (GICNAC)3_g FR [ fift 80K 45 51
4 0.02, 0.20, 0.17 F1 0.18 mmol/L min, fi#
o A K SRR 2 G AR HE 1 LT o ikt W 43¢ )
TRRIEER, XEERFREAG AR CI KI5
42y CoSH HAY, D& E%EH
A JLT BB R ARAE W3R 1.

4 LT BB T B ALt & 5 RAE

JUT 5 it Z Tk i (chitin deacetylase, CDA)fE
g {4k CI Hf N- 2 I JHe 5L 7K i £ i CS. - Arraki
SBIT 1974 4F 1 N &[G B %7 (Mucor rouxii)

*1 BESBELTEIR/LT REBRVFFE

WINRBOF%EE T CDA, /xR T HAE 4R
(REPERA, ZREXT CI WPl 2 B S B
—PEEBREET) . FHISIZ IR, ZLERarsk
(Rhodococcus erythropolis) . 2% {4, [if] 25 (Aspergillus
versicolor) Fl i {45 3 5% (Absidia coerulea) 5547 &
AERS 7= CDA MY BB, k17, T CDA
FENL O R S B R gL, X BRI T AR
Tl Al A 7 H g R 20 CDA B335 o S
3 2o HH TG 0 B X i R 2 T R e (T ) 1 A IS
Yy, JFoR B0 X A SR I AT L ik D e
KPR AP H R, W5 BN AR
Yy S sE 32 Fh CDA, HAFIEILE 2,

H < 1 36 [ 56 5 T 4 0 U ) & e kA
CS #ATHE5E, 90 4FACH) IR E o k4T T AH G HF
5%, HMER, AP EEE CS AH L, M T4
foBErp R CS A2 B & L. i, X
BB L TR AT 38 2ok A R R S R AR A A, X
—f AT BRG], Hr B T2
B, AR R R B R AT AL B ARk
F|FH B Fh & B A= 72 CS I FSY H 45 52 31 e 1,
WM EAM RSB . AL RS IR

Table 1 Chitinase characteristics have been isolated and identified

Sources of enzymes Carbon  Matrix Product Productivity References
source

Salinivibrio sp. BAO-1801 - Colloidal (GIcNAc), 71.5% [41]
chitin

Penicillium monoverticillium CFR2, Aspergillus flavus ~ Wheat Crystalline  GIcNAc 10.11,6.85,and  [42]

CFR10, Fusarium oxysporum CFR8 bran a-chitin 10.70 mmol/L

Penicillium monoverticillium CFR2, Aspergillus flavus ~ Wheat Colloidal GIcNAc 95.6, 96.6, and [42]

CFR10, Fusarium oxysporum CFR8 bran chitin 96.1 mmol/L

Streptomyces albolongus ATCC27414 - Colloidal GIcNACc 0.87 mg/mLand  [44]
chitin (GIcNAc), 2.17 mg/mL

Trichoderma harzianum - Colloidal COs - [49]
chitin

Rhizopus oryzae Oat flour Colloidal - - [50]
chitin

2~ ToBH AR CE I s Carbon source R/ BREE T LA RIS o

— indicates that there is no clear data. Carbon source indicates the carbon source other than the matrix.
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Table 2 Part of the source of CDA related physicochemical properties

Sources of Enzyme site  Enzyme Optimum Optimum  Inhibitor Activator References
enzymes activity temperature  pH
O
Rhodococcus  Intracellular  254.43 U/mL 50 7.0 Mg®*, Zn?*, Fe*", Co**  Low- [54]
and high concentrations concentrations of
of Ca*", Mn*" K* ca®*, Mn?*, K"
Bacillus subtilis Periplasmic  0.212 U/mL 50 5.0 zZn** ca? [57]
space
Mucor rouxii Periplasmic  0.434 umol/ 50 45 High concentrations of - [59]
space (mL-10 min) ca®, Mg?*, Mn?",
Zn**, Co?*, Fe?*, Cu®,
EDTA, EGTA
Colletotrichum  Extracellular 2.4 pmol/ 50 85 Zn*, Mn?*, cu?* Co? [60]
lindemuthianum (mL-24 h)
Absidia Periplasmic  2.048 umol/ 37 5.5 Fe* - [61]
coerulea space (mL-100 min)
—FRR TCWI AR DR

— indicates that no specific data is available.

PR 202 B A RS ) A0 i A AR Y
CDA EAL/E T, S28E CI ) CS AY%51k, M
I 4 LR 22 PR S R B CS, o I 22
FEBEE T IR LR, B AR ) A g (5 Y
SR A RE R DT CS, HIRAR CS
N2 T E M 11.72%, 208 2 3 B
CS Wy =it — 4T+ i 22K T HE 1Y 2.58%.
g S ST ) S R AT K B R P CS, LAE
BT E ORI B AR, AU T 9.72% 1
CS 18R, /R T Mg™ Xf 2 il 3 B AT A4 Kl
WAE . BRIM, CS Az =447y 1 Ife 5 7= Tl 4%
PRSP . ZTEH O AR, RS
— ¥ m 7" CDA B # IR’ Penicilium

x*3 JLT RHIEE R
Table 3  Chitosan produced by chitin

janthinellum ¥k, FFFEDLIL =BS5S, %A
PR TG W S T, BEE R ik 52%;  Zhang
SO o A RIS R T2, (A
AR TS P 35 3 613.25 UimL, i & i 2 Bk
FEK T 90% iy CS, SEHL T CS gk il 4 .
R T D BEAR R BERLAS AT LAGE O 5 A B AN
F K R IR R SE B . Yang 2581 E 7 v b SR FH S
W2 25 3 PO AL B 1) T KA FFAE it , AR
2 %% (Rhizopus oryzae) AS3.819 it 17 & i 4= 7=,
CS =4 ik 90 g/kg, A CS A1y Tl ik
NHTFRE T Bk CAAGER S LT A
7T IRME I R AR WL 3,

Strains Carbon source Productivity References
Absidia coerulea Glucose 11.72% [64]
Aspergillus niger Sucrose, corn syrup 9.72% [65]
Rhizopus oryzae AS3.819 Corn stalk 90 g/kg [68]
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Table 4 Csn from different sources and their enzymatic properties

Source  Strain Molecular Optimum Optimum Enzyme Inhibitor Activator References
weight pH temperature activity
(kDa) (°C)
Bacteria Butyrivibrio sp. 35 8.0 45 146 U/mg - - [71]
MC2013
Staphylococcus 35 7.0 30 - Ba?*, Mg*', Ca**,  zn*, [84]
capitis Ni%* cu®,
Mn2+
Pseudoalteromonas 28 5.9 40 370U/mL  Ni%, Co?", Fe*, Li*, K*,  [85]
sp. SY39 Zn*, cu®, AP Mg
Fungus  Aspergillus cervinus- 59 30 8.26 U/mL - - [86]
ZJOUAC1
Penicillium 42 55 60 60.45U/mg  Ca®*, Mn%, - [87]
oxalicum M2 nonionic surfactants
Aspergillus sp. QD-2 5.6 55 85.816 U/mL - - [88]
Plant Ficus awkeotsang 21 45 50 - - - [89]
—FRR TCW AR DGR

— indicates that no specific data is available.
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Table 5 Isolation and purification of chitosan oligosaccharides
Method Product Purity (%)
Membrane separation COS trimer-hexamer >80
Polyacrylamide Bio Gel P6 and P6 Fine (gel filtration chromatography) COS trimer-heptamer >90

CM-SephadexC-25 ion exchange column
Immobilized metal affinity chromatography

COS trimers, pentamer and hexamers 95.70, 85.65, 89.50
COS dimer-tetramer >90
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