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hexose and uronic acid units linked by B-1,3-glycosidic bond. GAGs mainly distribute in extracellular matrix and on cell
surfaces. They guide many biological processes, such as proliferation of cells, transmission of signals and mediation of
inflammation. Because of their large molecular weights, GAGs have limited biological functions in vitro. However, the
appearance of chondroitinase ABC (ChSase ABC), which can lyse polysaccharides, solves the difficulties. Based on our
work, we summarized the classification and the crystal structure of ChSase ABC, as well as other recent research progress
on ChSase ABCs. The separation and purification methods of ChSase ABC and construction of engineering bacteria are

illustrated. The stability and immobilization are also analyzed by taking account of the characterization of ChSase ABC.

Finally, problems and future prospect of the ChSase ABC study are summarized.

Keywords: ChSase ABC, characterization, production, application
[11]
ChSase ABC Sigma
[1-3] (Chondroitin sulfate CS) 414.18 /U 400 /U
D- 2- CS ChSase
-2- -D- B-1,3 ChSase ABC ChSase ABC
ChSase ABC
50-70 ChSase ABC
5-50 kDa ( 1) CS
O N ChSase ABC
[4] CS
S 5] 1 CHSase ‘l&ﬁ&ﬁ%
CS ChSase
CS A B C D EFH K L (121 ChSase
[6]
M CSA B C CSA ChSase ABC ChSase AC ChSase B
4- 4 C  ChSaseC 1 ChSase
( 1) CSB CS A
CScC 6- COOH
6 c U Cs N
o
OH f
CS
[9-10] " o
CS Bl MEBERERERET
(Chondroitinase ChSase) CS Fig. 1 The basic unit of CS.
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F 1 ChSase AL RIEAKY

Table 1 The classification and substrate of ChSase
Substrate EC

CS A, CS C, Hyaluronic [EC 4.2.2.5]

acid (HA)

ChSase B CS B, HA -

ChSase C CS C, HA -

ChSase ABC CS A, CS B, CS C, HA [EC 4.2.2.4]

Enzyme
ChSase AC

2014

Makris ! ChSase ABC TGF-pl

ChSase ABC 730%
745% Chen U4 ChSase ABC
Siebert [ ChSase ABC
Pedobacter heparinus
ChSase AC ChSase B
(16171 ChSase B
ChSase B
618191 chSase AC

[17]

ChSase C ChSase C

2 ChSase ABC a4~

ABC (Chondrotinase

ABC ChSase ABC)

[20] Proteus vulgaris
ChSase ABC

ChSase ABCII (EC 4.2.2.4)

ChSase ABC
ChSase ABC |

[11,21-23]

Prabhakar 122!

ChSase ABCI ChSase ABCII

P. vulgaris (KCTC 2579)
ChSase ABC | Escherichia coli

ChSase ABC |

[24]

2.1 ChSase ABC I #n 1l B9 E AR
ChSase ABC | ChSase ABCII

100 kDa 105 kDa”!!  ChSase ABC I
ChSase ABCII Asn GIn Leu
N Ala  Leu
DNA ChSase ABC I
3063 bp 72 bp
24
(251 ChSase ABCII 2 973 bp
CSC ChSase
ABC | 37 C 40 mmol/L
Tris-HC1 (pH 8.0) ChSase ABC I
40 C ChSase ABC I ChSase
ABC I ChSase ABCII ChSase
ABCI K, ChSase ABCII Vmax  ChSase
ABCIl P 2
37°C 40 mmol/L Tris-HCI (pH 8.0)
CSA ChSase ABC | 400 U/mg
ChSase ABCII 25 U/mg CS B
ChSase ABC I 180 U/mg

ChSase ABCII 23 U/mg
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# 2 ChSase ABC I #0 Il B9 E KB MR
Table 2 The basic enzymatic properties of ChSase
ABC Il and 1II

ChSase  ChSase

ABC | ABCII
Optimum temperature (C) 37 40
Optimum pH 8.0 8.0
Ky (wmol/L) 66 80
Vinax (mmol/(L-min-mg protein)) 310 34

ChSase ABC I 3 U/mg

ChSase ABCII 5 U/mg
ChSase ABC1  ChSase ABCII
ChSase ABCII

ChSase ABC T [V

P. vulgaris  ChSase ABC I
ChSase ABCII
ChSase ABC | 3 180 U/L
2 000 U/L
(26] 1180 U/L
76 U/mg 90%
ChSase ABCII
ChSase ABCII  P.vulgaris

ChSase ABC | (4]

2.2 ChSase ABC | #0 1l B9 @ik ZE44
ChSase ABC | 997

ChSase ABCII 990 (21]

(Multiple isomorphous replacement

MIR) (Multi-wavelength
anomalous diffration MAD) ChSase
ABCI 1.9A R R
0.157 0.214
2A 7 ChSaseABCI N
1-210 B o
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Fig. 2 The crystal structure of ChSase ABC 1!,

211-593 15 «
C 594-997
4 p
AC C 21%
Streptococcus pneumoniae
17 %19 % ChSase ABCI C
CSA CSC
ChSase ABC |
a 495-530
ChSase AC
His501 Tyr508

ChSase

[27-28]

Arg560
[22,29]

His501 Tyr508  Arg560

Tyr508 CS A

CcS C [27,29-30]

His501 Tyr508
2006

Arg560
Prabhakar "
ChSase ABC |
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Asp444 Tyr392
ChSase ABC
( 2B) ChSase ABC I
His501 Tyr508  Arg560 ChSase ABC
§ B-1,3 ChSase
(32] ABC
ChSase ABCII ChSase ABC ChSase ABC
I 3 N [20,26]
14-170 B
Ca* 2 3B
171-593 (a/0)s
ChSase AC ChSase
I ABC
C 594-1014 4
B (27.33] ChSase AC pH
His454 Tyrd461 Arg514  Glu628
[33-34]
3 ChSase ABC # X B 4 /= 4 &% ChSase ABC
ChSase ABC ChSase
ChSase ABC ChSase AC ChSase B G361
3 ChSase Flavobacterium heparinum ChSase AC
ABC ChSase AC cslA
ChSase ABC (Maltose-binding protein
ChSase MBP)
ABC (22:27:29.31] 94.1 U/mg ChSase
£33 WEMKIE ChSaseABC BIEA 1R
Table 3 The basic characterization of the ChSaseABC from microorganism
. MW Optimum .
Strains (kDa) temperature (C) Optimum pH Results References
P. vulgaris 6010 - - - The specific activity was improved by 91 times [20]
Sphingomonas 82.3 40 6.5 The enzyme activity of exoenzyme was 2 U/mL [26]
paucimobilis
Proteus penneri = 30 7.5 The enzyme activity was 0.3 U/mL [12]
Aeromonas sobria 80 37 7.0 The enzyme activity was 0.9 U/mL [35]
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AC 95%  Pojasek"" ChSase
ChSase B ABC
ChSase ABC
Flavobacterium heparinum  ChSase 2012  Mahdieh !
,  ChSase AC CSA ChSase ABC |
CS B Ko 0.8 pmol/L 3
0.6 pmol/L Ky 234 s 480 s ChSase ABC |
ChSaseB CSB Kn  Keat 3 ChSase ABC [
4.6 umol/L 190 s' Tkalec [
ChSase AC  ChSase B ChSase ABC I
CSA
ChSase AC CS A 2013 Mahdieh %
79.5 mU/(mL-Aggo unit) ChSase B CSB GInl40 ¢ vy
29.4 mU/(mL-Aggp unit) GIn140
ChSase ABC Ala Gly Asn
Prabhakar =% csI ABC pET-28a 4°C 25°C 40°C GInl40 Ala
Gly
4] ChSase ABC Asn
I
ChSase ABC [ 4 C 3
1994 Nobuyuki 7 ChSase ABC 80% 25°C 2
40 C 25 min GIn140
P. vulgaris Ala 4°C 3
ChSase ABC | MBP 25 C 3 50 % 40 °C
Km  Kea (73.124.1) pmol/L 150 min [431
(586.7+10.8) s~ Hamai Y ChSase ABC ChSase
P. vulgaris ChSase ABC I ABC- -
( ChSase
His-tag) ABC
3
e ChSase ABC 50 C
5 ChSase ABC & € AT & ChSase ABC
ChSase ABC ChSase ABC
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6 ChSase ABC W& EL# %

ChSase ABC T e —
His SH3 ChABC FLAG
v \
(a) (b) (c)
Purification Detection Release
- gh

Flow ¥¥¥

ChSase ABC
ChSase ABC Y
PP E
ChSase ABC MENi-NTA = Polymer !:}Detection signal
I Anti-FLAG  [I§ SH3 peptide
IgG
Bl 3 Z{HEH ChSase ABC HiE EE EM
Fig. 3 Schematic diagram of the recombinant protein
ChSase ABC*7,
ChSase ABC
2004 FLAG SH3
[44] YH311 ChSase ChSase ABC SH3
ABC ChSase ABC
ChSase ABC ChSase ABC
18.56%
18.86% 2010 [43]
D380 ChSase ABC 7 ChSase ABC %E\z};ﬂ
79.1%
Kn  0.146 g/L ChSase ABC
2011  Huang L]
[48]
ChSase ABC
[49]
100-160 pm Cs Cs
20—40 pm
[14-15]
0.07U/mg 48 h 48%
7d 0.0162 U/mL 7.1 PERECS
2013  Pakulska 7 CS
C FLAG N His  SH3
ChSase ABC ( 3) His
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0.86%-1.96% 53]
CS
Ultimate XB-NH2
232 nm (pH 5.6)-
CS (950 50) 1.0 mL/min
Cs Cs CSA B C 361
« ” 4.0 ng/mL 11.9 pg/mL.
[32] )
7.3 EHGUEAINL A
CS (CSPGs)
[50]
CS CS (CNS)
CSPGs
CS Ccsls1-52]
7.2 ¥ CS ChSase
3 CSPGs 7]
ChSase ABC CS ChSase
B4 ChSase ABC -
ZORBAX
226 nm 4
% 4 ChSaseABC [ 477 HE K
Table 4 The application of the ChSaseABC in medical field
Authors Functions References
Huang YM, et al Degradation abnormal deposition CSPGs of rat’s retina, inhibition  [58]
apoptosis of photoreceptor and promotion restoration of retina
Sun YX, et al Improving movement ability of rat’s limb [59]
Tester NJ, et al Repairation spinal injury and improving movement ability of cat [60]
Jiang FL, et al Promotion growth of axons and shortening dominated time of target organs  [61]
Bhaskar KR, et al Degradation mucus substance of diseased cells and improving function  [62]
blocked organs
Brown MD, et al; Henderson Degradation glycosaminoglycans, reduction pressure of spinal canal [63—65]
N, et al; Kato F, et al
Denholm EM, et al Inhibition formation of melanoma and proliferation of tumor cells [66]
Lee MC, et al Promotion adhesion ability of chondrocytes and cartilage wound [67]
Yao J Preparation biodegradable scaffolds which can release ChSaseABC  [68]

effectively and promotion repairation of rat’s spinal cord
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P. vulgaris (KCTC 2579)
ChSase ABC |

[24]

ChSase ABC

ChSase ABC

ChSase ABC

ChSase ABC [

ChSase ABC
ChSase ABC |

ChSase ABC [
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