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Functional and pathogenic analysis of carbohydrate-active enzymes from Clostridium
perfirngens
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Clostridium perfringens is notable for their genomic content of numerous
open-reading frames that encode carbohydrate-active enzymes. Among them, hyaluronidase is thought to
function as virulence factors. This enzyme is believed to spread the organism in infected tissues or
potentiate other toxins through facilitation of their diffusion via the degradation of hyaluronan, NagH
has been partially purified as hyaluronidase from the organism (Canard, et al., 1994).

In this study, we successfully purified NagH and the products of nagH paralogs, Nagl, NagJ, NagK and NagL
with high quality from recombinant C. perfringens cultures. These recombinant enzymes exhibit
exo-N-acetyl-3 -glucosaminidase activity but not hyaluronan degrading activity. These results led us
question whether C. perfringens Nag(s) could genuinely hydrolyze hyaluronan. Thus, we searched and found
a genuine gene of hyaluronidase in the organism, and indicated that the product exhibits hyaluronan
degrading activity.

Clostridium perfringens hyaluronidase
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CBM32, =L T C-EKuifHik D LPxTG-cell
wall anchor motif 7°572% 143 kDa Ef & CTH
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nagl&{x+45 (3.9 kb)Z PCR THIIEL .
pCE11 ® EcoRV-Xhol ¥ RZ#fi AL, Nagl
BT TAIN pEIl OEHEEIT-7=, pEIL 1T
nagl @5 1% 7 =L RV - ae—4— T
WZHE AL, C- Rz (His)6-tag AT ANU 7= #a
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1. C. perfringens clp-/pEIl1 & C.
perfringens clp-/pEI2 @ rNagl %& 3l & D b

20 pg/ml Em K& 10 pg/ml Cm %5 ie
GAM £iHht (lane 1, 3) £721% 1/2TY2GP (labe
2, 4)1Z C. perfringens clp-/pEI1 & C.
perfringens clp-/pEI2 ZHE G Li&kEEE = LT,
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L. SDS PAGE Tfi##r L7z, lane M,
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perfringens clp-/pEIl; lanes 3 and 4, C.
perfringens clp-/pEI2,
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Ni-IMACI\ZLDT 7 4=T 4/~ /77 4—TC
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FRICHE AL, C-RKiiz(His)e-tag MHAIL7ZHE
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perfringens clp-/pEK2 % 1/2TY2GP 51T
BB UT-RG2. BIED DR, FIREZRIRD R D
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Nand) CALERL 7= fetuin ZFEE L=
Nagd Tix #h==L< GlcNAc %@Eﬁbtﬁ>
NagH CiZ GleNAc OFEEIIFR O LI eh-oTe,
HT-29 etz B L L2 A, Wil
Lt O-GleNAc 1b& >/ "7E )5 GleNAc % i
Bst7-, —7 . NagH, Nagd 612, L-Asn |2
GlcNAc 23#E S L7 N-Asn X° endo-H ZLEL
72 RNaseB 7°5 N5 &% GleNAc OilE#fE L2
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[ A
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REFEBL N
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Rond, Flar7 2o 7E LR EN LR
DHEUNTBITHFES L TR, EIRNTIL,
B, AH T, KR, 7 & IR <Mifa o<t

WZRBNS,

ZoeT Vv Wi I SRR OV L — 71
b7 v ik 4y fiE % 3 (Hyaluronidase) & FE LT
DM AERABBIEIZEE DN TRy fREEEE &Y
7 —X (BiE#ER) D 2 SO7N—TIT5T5
D, MRS iREE#RIE, 1) ﬁ%t%m%& —
YOXoReT va ik 4-70 5 Ko iR 5
(hyaluronoglucosaminidase), 2) /LDt 7T
na=X—opIiervarmg 3-7 08
7k 4y fRB% % (hyaluronoglucuronidase) 7% &
5, U7 —Vizerrarmig) 7y —ELRiEn T
BY, EITBEY B ROBEHET L u=K —
BThb, Clostridium J&=° Streptococcus J&
D L7 T IR IR R AT D728
i eTurgEE LI Vh RS RT HEE
ZHILTND,

C. erfringens NCTC8237 #£, SM101 £k,
13 BEDEEFE FiBERET L a L BN Ao 2 KBS
HIZ R ZBRIT T, S HE RO R ETEZMA T
37C. 24 B S S22 24, NCTC8237 #k
& SM101 BRIZET A a3 iR ULT-73, 13 £k
7200 0% 4y L 72 Dy o 7=, Streptococcus
pnuemoniae X° Streptococcus pyogenes,
Staphylococcus aureus 72& OMME D PEA
T 5He7/vr=4—¥X, hyaluronan lyase T
»HY . CAZy (Carbohydrate-Active enZYmes)

database (http://www.cazy.org/) T %

Polysaccharide Lyase family 8 (PL8)IZJ&L
TWb, — 5., U=y 2k Tl Glycoside
Hydrolase family 84 (GH84)!ZJ&L T\ 5
NagH b7 n=F —FPThHiHEEZLNTE
7oy, BT RLTZE91C NagH R0F D /371
MY ThHD Nagl, Nagd, NagK, NagL (213t
TV RO R RIE VD R N S i o722
9:73 5. C. perfringens ®/ /. DNA 75 PL8

BT 24 N\ EEa— R 5B TEREL
Too TORER, hyl BB FZ2FHTZIZA ML, C.
perfringens NCTC8237 L0472 DNA %5
#LL, PCR 12XV hyl Bz E2REZ2HEL
pCE11l @ EcoRV-Xhol HAhra—=7
L7, HiFEBd A 2 a8 1% . C. perfringens clp-
MO Binia a3, BEEREITSED
otz REREL T, HylIZZ I 5K YT 147
7> 71—V 75 (Gram-positive anchoring
motif)%ﬁb“(b\ét&’) Hyl 75 ek |2 el

BREUMIEEED integrity CFEA 5 2 T
Z)?Z%“C&)é&%i%ﬂﬁo %Z7T LPxTG #4
BRIV 2 Hyl O3B E2R A7z,

3 KIHAEIR AR K LTz hyl 815 7% PCR “C
HEL . [AA6IC pCE1l (oru—=7LT-, 15
BT TAIR pMA2 DO FEECLH % e 72 ?(E\
C. perfringens clp- ik Z T/ E i LT-,

100 ml O¥EHIZ C. perfringens clp-/pMA2
HEFEL . 8 BFEIEE L/ 852%& EiE) S rHyl &
K 8L 72, 80% £ Fn bt 2 18] 4y & 3% AT 7% |
Ni-IMACIZLDT 7 4=T 4/~ /77 4—TC
SELT, BIT%. SDICEAA R~k
T57 44— Tﬁ%bﬁo BA& BIGICAEELT
~AF =L B, Ni-IMAC (250 £<8
PRETHIENTE 2, AEAIITHK) 1.8 mg DiE
M rHyl 75§1“$§zf?{‘710 B EHRIL 16.7%7 -
oo ™ 4 ICHEBYDE L NITERR Y &
SDS-PAGE CEOEHT LT RS R A R LT,

4. C. perfringens clp-/pMA2 553 EifinD
@ rHyl O

C. perfringens clp-/pMA2 DOIIZEEFE IR E 20
pg/ml Em X% O 10 pg/ml Cm % & e
1/2TY2GP 5512 1% 5L . 37°C T 8 W%
TL, 58 RIEZ ML ILE %, rHyl %
Ni-IMAC. Hi-Trap Q THRIL7-, §5& 7%



1% 100 pl %= TCA k&L . SDS-sample buffer
IR LT, & DO RE Rk T OB 431 18 Y
% SDS-sample buffer S A& L7=. M,
Molecular marker; 1, 553 Fid; 2, 80%AaFn
Wi E 452 pg)s 3, Ni-IMAC H5 (2 pg); 4,
Hi-Trap Q E57(2 pg)

Tris-HCI, MES-NaOH. Sodium phoshate
D4 buffer # T, pH 5.5~8.5 f] Ce7 /L
o RIEPEZ 7L 24 pH 6.0~6.5 13
i pH Th-o7-,
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