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Glycosaminoglycans (GAGs), a group of linear, acidic

polysaccharides composed of repeating disaccharide

units of galactosamine (or glucosamine) and uronic acid

(typically iduronic acid), are found in the extracellular

matrix of intestinal cells [3]. GAGs have numerous bio-

logical functions, including mechanochemical switching

and growth regulation [6, 7, 16]. One GAG, chondroitin

sulfate, is classified into three types based on structure;

chondroitin sulfate A, dermatan sulfate (chondroitin sul-

fate B), and chondroitin sulfate C.

Chondroitinase ABC, which can degrade chondroitin

sulfates A, B, and C, has been purified from the gastro-

intestinal bacterial species such as Proteus vulgaris [12]

and Bacteroides stercoris HJ-15 [1, 5] and soil bacterial

species such as Flavobacterium heparinum [16], and the

genes encoding chondroitinase ABC have been cloned

from P. vulgaris [12], Bacteroides thetaiotaomicron [13],

Flavobacterium heparinum [16], and Yersinia pseudotu-

berculosis [8]. Although the native HJ-15 chondroitinase

ABC has been purified, the gene has not yet been cloned.

Therefore, here, we attempted to clone the chondroiti-

nase ABC gene from HJ-15 to characterize the biochemi-

cal and genetic properties of chondroitinase ABC.

The chondroitinase ABC gene of HJ-15 was cloned

based on two internal amino acid sequences of the puri-

fied enzyme [5]. PCR was performed using primers csl

ABC-1 and csl ABC-2 at an annealing temperature of

52oC for 30 cycles. An approximately 670-bp PCR prod-

uct was amplified, which was labeled with DIG (Roche,

Switzerland) and used as a hybridization probe. To

determine the full-length nucleotide sequence, positive

clones from the genomic DNA library screened twice. In

the first and second screenings, the genomic library was

prepared by digestion with HindIII and KpnI (Takara,

Japan), respectively. A portion of the digested chromo-

somal fragments (2.5−4.5 kbp) was extracted and ligated

into the pKF3 vector (Takara), which was then trans-

formed into E. coli TH2 competent cells (Takara). Posi-

tive clones were screened by Southern blotting and

confirmed by DNA sequencing.

To express the cloned chondroitinase ABC, the full-

length chondroitinase ABC gene from B. stercoris HJ-15

The gene encoding chondroitinase ABC from a genomic library of Bacteroides stercoris HJ-15, which was

isolated from human feces, was cloned. The cloned gene consisted of 3,090 bp and was predicted to encode

a 1,029−amino-acid protein. The B. stercoris chondroitinase ABC gene was not homologous to other chon-

droitinase ABC genes; however, its amino acid sequence showed 71% homology to that of Bacteroides the-

taiotaomicron. The gene was cloned in the pET-26b+ expression vector and expressed under the T7

promoter in Escherichia coli BL21(DE3). The purified recombinant chondroitinase ABC degraded chon-

droitin sulfates A, B, and C.
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Fig. 1. DNA sequence alignment of the chondroitinase from B. sterocoris HJ-15 with that from B. thetaiotaomicron (using
MAFFT of EBI). The asterisks below the aligned sequence indicate the same DNA sequence between two sequences.
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was amplified using PCR primers containing either a

BamHI site or an XhoI site at the 5’ ends for cloning. The

PCR product was ligated into the pGEMTM-T easy vector

and transformed into E. coli JM109 high efficiency com-

petent cells. Positive colonies were selected, and the

plasmids were purified and sequenced. The positive

clone was digested with two restriction enzymes (BamHI

and XhoI) and ligated to linearized pET26b(+) vector.

The resulting constract, pET26_cslABC, was introduced

into an expression host, E. coli BL21 (DE3).

To purify chondroitinase ABC, E. coli BL21 (DE3) cells

containing pET_cslABC were cultured in 200 ml of LB

broth containing 30 µg/ml of kanamycin to mid-log

phase (OD600 0.6−1.0) and then induced by adding IPTG

(1 mM final concentration) at 25oC overnight. The cul-

tured cells were centrifuged (5,000 × g, 25 min, and 4oC),

resuspended in 7 ml of ice-cold 1 × binding buffer [20

mM sodium phosphate buffer containing 20 mM imidaz-

ole and 500 mM NaCl (pH 7.4)], sonicated, and then cen-

trifuged (10,000 × g, 30 min, and 4oC). The resulting

supernatant was filtered through a 0.45-µm membrane

to prevent resin clogging and then applied to a HiTrapTM

IMAC HP column, charged with 4 column volumes of

1 × charge buffer (0.1 M NiSO4) and washed with 5 col-

umn volumes of 1 × elution buffer [20 mM sodium phos-

phate buffer containing 0.5 M imidazole and 0.5 M NaCl

(pH 7.4)] and 10 column volumes of 1 × binding buffer.

The homogeneity of the purified chondroitinase ABC

was evaluated by sodium dodecyl sulfate-gel electropho-

resis.

A reaction mixture (650 µl) containing 1 mg of sub-

strate (chondroitin sulfate A, B, or C) dissolved in

50 mM phosphate buffer (pH 7.0) was thermally equili-

brated for 5 min at 37oC, and then 50 µl of enzyme solu-

tion was added, and the reaction was incubated. A

absorbance at 232 nm was measured over-time. Enzyme

activity was calculated according to the method of Shim

and Kim [14]. Protein concentration was measured by

the Bradford assay [2].

An approximately 670-bp PCR product was amplified

using the two primers synthesized from the internal

amino acid sequences of purified native chondroitinase

ABC from B. stercoris HJ-15. Genomic DNA libraries

digested with HindIII were screened, and an approxi-

mately 2.3-Kbp positive fragment was identified. We

also screened for full-length chondroitinase ABC gene

using a genomic DNA library digested with KpnI and

identified a 2.3-kbp fragment. 

The cloned chondroitinase ABC consisted of a 3,090-bp

sequence encoding a 1,029 amino acid protein. The

cloned chondroitinase ABC gene and the encoded amino

acid sequence share very weak homology with the corre-

sponding genes from B. thetaiotaomicron (GenBank

accession number: AE015928) (Fig. 1) and Y. pseudotu-

berculosis (GenBank gene accession number: CAH22311).

When analyzed by Megablast (highly similar sequence),

the gene of chondroitinase ABC has no significant simi-

larity. However, when analyzed by Blastn (somewhat

similar sequence), approximately 71% homology was

found only between chondroitiase ABCs of HJ-15 and B.

thetaiotaomicron. The amino acid sequence of the cloned

chondroitinase ABC shares 71% and 25% sequence iden-

tity with those of B. thetaiotaomicron [13] and Y. pseudo-

tuberculosis [8], respectively. Moreover, the homology

(amino acid) of the cloned HJ-15 chondroitinase ABC

gene to that of B. thetaiotaomicron was higher than that

of the HJ-15 chondroitinase AC gene to the correspond-

ing gene in B. thetaiotaomicron [13, 14]. This result sug-

gests that the chondroitinase ABC genes of Bacteroides

sp. are more highly conserved than the chondroitinase

AC genes.

The cloned chondroitinase ABC gene was inserted into

the pET-26b(+) vector so that it would be expressed with

a 6 His-tag, and the his-tagged protein was expressed in

E. coli BL21(DE3) cells. Cells expressing recombinant

chondroitinase ABC was purified by His Bind chroma-

tography. SDS-PAGE showed that recombinant chon-

droitinase ABC was clearly purified by this single step

purification (Fig. 2A). The molecular weight of the puri-

fied recombinant chondroitinase ABC was approxi-

mately 110 kDa, and the specific activity of the purified

recombinant enzyme was 0.058 µmol/min/mg  (Table 1).

The best substrate for the the purified recombinant

enzyme was chondroitin A, followed by chondroitin C

and chondroitin B, which was similar to that of the

native enzyme [5] (Table 2). 

The recombinant chondroitinase ABC degraded chon-

droitin sulfates A, B, and C with substrate specificity

similar to that of the native enzyme purified from B.

stercoris HJ-15; however, the specific activities were

much lower. Despite our attempts to optimize the incu-

bation temperature, inducer concentration, growth



Chondroitinase ABC Cloning and Expression  143 

June 2016 | Vol. 44 | No. 2

medium, and expression host, the specific activity could

not be improved (data not shown). 

The optimal pH for chondroitinase ABC activity was

7.0. The enzymatic activity was stable between pH 6.7

and pH 7.7; however, activity decreased rapidly at pH

values below 6.5 (Fig. 2B). The optimal temperature for

chondroitinase ABC activity was approximately 45oC,

and activity decreased at temeratures above 50oC (Fig.

2C). The activity of chondroitinase ABC was affected by

some metal cations; Mg2+ and Ni2+ (0.1 mM) inhibited

enzyme activity by 40% and 41%, respectively, whereas

cations, such as Cu2+, Zn2+, Ca2+, Co2+, and Mn2+

(0.1 mM), and EDTA did not influence activity (data not

shown).

Chondroitin sulfate, an extracellular matrix compo-

nent, is related to diverse biological processes such as

the regeneration of damaged axons [4, 15] and osteoar-

thritis [9−11]. In the intestine, degradation of exogenous

and endogenous GAGs by chondroitinases produced by

the gut microbiota may increase the bioavailability of

GAGs, thus increasing GAG recycling. 
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국문초록

사람 장내세균군집 유래 Bacteorides stericoris HJ-15의 Chondroitinase ABC의 클로닝

방서현, 심주원, 현양진, 김동현*
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사람의 분변으로부터 분리한 Bacteroides stericoris HJ-15로부터 chondroitinase ABC 유전자를 클로닝하였다. 클로닝한

chondroitinase ABC 유전자는 3,090 bp, 1,029 아미노산으로 구성되어 있었다. B. stercoris chondroitinase ABC 유전자는 이미

보고된 chondroitinase ABC 유전자들과 호몰로지가 없었으나, 아미노산서열에서는 82% 호몰로지를 보였다. T7 promoter를 가

진 pET-26b+ expression vector에 클로닝한 chondroitinase ABC 유전자를 Escherichia coli BL21 (DE3)에서 발현하여 정제한

재조합 chondroitinase ABC는 chondroitin sulfate A, B 및 C를 모두 분해하였다.


