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Recent advances in bioproduction of chitooligosaccharides
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Abstract: chitooligosaccharide (COS) are degradation products of chitin or chitosan,
demonstrating good biocompatibility, degradability, non-toxicity, and multiple bioactivities. COS
have been widely used in food, cosmetics, composite materials, wastewater treatment, and
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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).
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SHE BN B LT B AR AL AL Y CT R
Yy 5 T BA ‘(**fm“FHWEO Le S50\ £R MR AE
ooy B 1S B — BR BB U8 KRR CT M I
(Salinivibrio sp.) BAO-1801, Ff M 14355 4lifk i
JUT il BAO-1801, i FHIZEEXT C1 #H1T7K it
$ 32 T (GleNAc),, fE N 8 h J5, F=%F N
T1.5%. WEAN, 224k H B ih 2 H (Aspergillus
niveus)REFE | FHEESEVE MR, =4 Ms T H
JUT ol of o e e et 0 DA -4 v 43 2 1 1
il S i A B SR GleNAc RE ), 2
791N GleNAc (2 80%) 1701 14 (GIeNAc), (2
20%), HEfe s R g R M 1T & CFR2 Al
M’@%@ CFR8 AL M4 10 mg/mL K
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i, DABAARILT Joa Ry 2 507 A6 1) NAc-COS i
BN 2.53 g/L Fi1 2.06 g/L, %R (0.89 g/L)
Iy PRSI T 2.84 f5 A0 2.31 4%, [RInE, EPIHAL
R4y H 84.3% FI 68.7%, BN IE(29.7%) 43 ]
PR T 54.6% F139.0%. Gao ZEM I I (A AERE 4]
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MR BUTYERE T CDA, #am T HAE b 4 )8 i
RFEER, X CL P SR A &
—PEEBREES . B RIS RN], ZLER2IEk
(Rhodococcus erythropolis). 242 {0, il & (4spergillus
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Chitinase characteristics have been isolated and identified

Sources of enzymes Carbon  Matrix Product Productivity References
source

Salinivibrio sp. BAO-1801 - Colloidal (GleNAc),  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 GlcNAc 95.6, 96.6, and [42]

CFR10, Fusarium oxysporum CFR8 bran chitin 96.1 mmol/L

Streptomyces albolongus ATCC27414 - Colloidal GlcNAc 0.87 mg/mL and  [44]
chitin (GleNAc),  2.17 mg/mL

Trichoderma harzianum - Colloidal COoS - [49]
chitin

Rhizopus oryzae Oat flour Colloidal - - [50]
chitin

—Fn oI AR G HE ; Carbon source R BREE T LA IR IE o

— indicates that there is no clear data. Carbon source indicates the carbon source other than the matrix.
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2 I RIFECDARIHERIBLIEFR

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?t, 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 Zn* Ca*" [57]
space
Mucor rouxii Periplasmic  0.434 pymol/ 50 4.5 High concentrations of - [59]
space (mL-10 min) Ca®", Mg*", Mn*",
Zn**, Co*', Fe*', Cu®”
EDTA, EGTA
Colletotrichum  Extracellular 2.4 pmol/ 50 8.5 Zn**, Mn*", Cu** Co** [60]
lindemuthianum (mL-24 h)
Absidia Periplasmic  2.048 ymol/ 37 5.5 Fe** - [61]
coerulea space (mL-100 min)
—ZRRTCWI AR DR

- indicates that no specific data is available.

PSR B E A RE RS A AN N A 1Y
CDA WIHEALAE T, SZPL CI I CS %4k, M
T L 4 A LR 22 AR b S U B €S, o I S
FEBEE T RS AYFERAC) B NI I (5 FY
SR RE R TR ECT €S, HIRAR CS
B 22 TER 11.72%, 205 2 WA G
CS Wr=mit— LR T B LT EL 2.58%.
e S OVR 2 AR EA T A WA R CS, DA
BFERN EOR K AR W, AL EL T 9.72% 1Y
CS B3R, /R T Mg> ) B il 5 B AT A= KA
WAER . SR, CS AR = U AT T I 2 7 I A%
PRI AEPR AR . ZRTEHE AR R IMAAE | kA
— Bk & 77 CDA 1 2 AR H W Penicilium

®3 LT RHIEERE
Table 3  Chitosan produced by chitin

janthinellum WERE, FFAEALT B 5505, XA
PR 0 O 0 R T, MY R 3k 52%;  Zhang
ST SRR IR AP T, AR
AL TE PR #) 613.25 U/mL, il % i 2 1k
JERKT 90% 1) CS, LI T CS MLl 4.
BT A REAR R B SAS, T LA o B 4 A
1 & BERR TR SE B . Yang 2517 1t 1l SR 1
2 7 % TOUAL 3L 1) TR RS FFAE e, R IR
M % (Rhizopus oryzae) AS3.819 VEAT & A4 7=,
CS P74 A ik 90 gkg, A CS A7y Tl ik
NHTFRE T B AR . CAMGER S LT A
PRI IR R AR W2 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]

>4 actamicro@im.ac.cn, 7 010-64807516
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K —1E, X C1 A2 2 08 LT Jo K fif 1
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DDA) M, Csn FUFERHE MW, #Foe
] DNS V55 72 A 1838 J 7 ) A 68 S
MR E Csn AY RGP, Bbah, Csn F7K it

x4 TRIRIFENZREREHEF MR

PERAZ 2] pH E AR, 8 5 2 5] 48
BRSO | IR SEARIFRISE I . 240 Csn
4 F N 20-75 kDa, HZ MRVERE, HioS
pH AXET 7.0, X FEIEH K CS AUFEMYES
F TR AR i, BERERMI, 76 CS Tolkii HH,
A o P R R M PR 1T A A4 = Csn AL
IKAERCR EAR R RS, XU R IE T
M, HEHCNERARN, HEEERE R
Fil3d % 7E 30-60 °CZ [, pbah, Csn HIfEfL
T PRI 2% 32 B AN [R) 42 i P 7 10 25 5 o)
U Fe* Fl M2 B IESEXT ZF Csn HA BOIGVERT,
117 Cu* il Ba2* I &k 25 30 | L WGTE 2, AN [R] SR R
() 5C SR S L= o L3R 4.

ISR S v (1) 22 8807 i oA R O fR 5 - I RN
ity e [ R 9 ) B AR R PR AR, X IS TR B 1Y il
7 AR S AR e . Uk, A
o B T S RS, AT LA AR T COoS 11
. 1997 4E, Samain ZEPO9E 2 L W R0 28
WA KA EAEAR, HRERT

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 40 370 U/mL NiZ*, Co*", Fe*", Li*, K, [85]
sp. SY39 Zn*', Cu*', AP Mg*
Fungus  Aspergillus cervinus- 5.9 30 8.26 U/mL - - [86]
ZJOUACI1
Penicillium 42 5.5 60 60.45U/mg  Ca’’, Mn®", - [87]
oxalicum M2 nonionic surfactants
Aspergillus sp. QD-2 5.6 55 85.816 UmL - - [88]
Plant Ficus awkeotsang 21 4.5 50 - - - [89]
~FR T A O E R

- indicates that no specific data is available.
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5-N- OBk 5L ¢ 1T o e Ho & WAk AT A= 9
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PRI ) T B2 U o S K CS B Ak AR Y, 7E
CS S5¥%A INFHFTWEHEH 12 h J5, iR
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Hh Csn HYBEARZE1F, Tl COS 17 vk B
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J& 78 Csn (CHI-1), & Ak & ZF 4T 16 (Bacillus
subtilis) #1176 J& (Acetobacter sp.)# M 7] K 1%
KR, @7 7 LR IR 72 COS 177
ik, aBF%ELM%,Lﬁﬁﬁ%Tﬁﬁ
AT R RCE 5 ORI 7= (Al A 7

6 B E AN

COS FEAE Mz A0, Y MIIAER it
NEEH, %= el B ZoRAR . CS B nT
BEIARFE TR COSIRAEY .. AR —FMNR
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&%%E%,LﬁﬁﬁwiiﬁﬂmE%%%
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SORHEEA S BEAWENT 2. Hil, COS

®5 FEENSBAAL

()53 B alAb Ty AL AE B oy g v L RIS OB £ 3
% . CM-SephadexC-25 B F ety . [k
BB AT

bR 1 Fam Rz ih, ARG ERN
SEWE R T B S B R AT R TR, AR PRy
MRS o an, KBS T — Rk
IVEE At RT3 B AR 15 1) ) 46 05 P e SR Y 7 12
ST KA BN AN AR, AR I T

PEFE TR R R, AR RAE N 3-6 15T
SR EIAT] T 80% LU o mmn i &R B

M BERE P6. P6 Fine M IEURL, X Bt £ WEFE B
95% By CS #AT T Bl 8, L4 0.1 mol/L
NHHCO; 7E R e B 50, 5 1 M U7 3 152 o
0.4 mL/min, il XMkl & = a5
WERYSERE M T 95%, T 25 J5 Tl H faf 119
KH,EW@&AM WAR, MEZ T, &R
% 1] CM-SephadexC-25 B 138 #AE 43 55 M
IR 5% 2 B B 2 1 BE R 82% 1Y a-CS, H
50 mmol/L fY NaCl-NaAc 2% & (pH 4.8) F1 A [
W (1) NaCl (0-2 mol/L)-HAc Z& ik A 3 mL/min
(R BERIOEE , FHAR G-I RIS TE 490 nm AbR
RN 7, BeZR18 T 3 A w2l 7e = b
5¢ T AN e 7S M A H 4l BE 3 51 R 95.7%
85.6% #1 89.5%. M4k, Le Dévédec ZM iV 41
3k~ 2R (imino diacetic acid, IDA)#E A 2 B b
B b, IR SWEG, A TR S R
(COS)[EEAH, [ HFR S RE ) K er, £
KM BE VR F , RISl KT 90% LA [ 115%
T ZE UK, COS MBS alifb ik IR 5 A 2,

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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chitooligosaccharides includes

separation and purification by membrane
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Data analysis

Withdrazy (HPLC, IR, etc.)

Isolation and purification methods of chitooligosaccharides. The separation and purification process of

separation, gel filtration

chromatography, CM-SephadexC-25 ion exchange column, and immobilized metal affinity chromatography, and

then thin-layer chromatography analysis and extraction, and finally high performance liquid chromatography and

infrared absorption spectrum data analysis.
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