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We have reported that the chitinolytic system of
Alteromonas sp. strain O-7 consists of chitinases (ChiA,
ChiB, and ChiC), a chitinase-like enzyme (ChiD), f-N-
acetylglucosaminidases (GlcNAcasesA, GIcNAcaseB,
and GIcNAcaseC), and a novel transglycosylative en-
zyme (Hex99). The gene encoding a f-hexosaminidase
with an unusual substrate specificity (2ex86), located
upstream of the sex99 gene, was cloned and sequenced.
The gene encoded a protein of 761 amino acids with a
calculated molecular mass of 86,758 Da. The deduced
amino acid sequence of Hex86 showed sequence
similarity with f-hexosaminidases belonging to family
20. The hex86 gene was expressed in Escherichia
coli, and the recombinant enzyme was purified to homo-
geneity. The enzyme rapidly cleaved p-nitrophenyl-
f-N-acetyl-p-glucosaminide and slowly cleaved p-nitro-
phenyl-f-N-acetyl-pD-galactosaminide. = Unexpectedly,
the enzyme did not hydrolyzed chitin oligosaccharides
under the assay conditions for synthetic glycosides.
However, after prolonged incubation with excessive
quantities of the enzyme, Hex86 hydrolyzed chitin
oligosaccharides. These results indicate that Hex86 is a
novel enzyme that prefers p-nitrophenyl-f-/N-acetyl-D-
glucosaminide to chitin oligosaccharides as a sub-
strate.

Key words: [-N-acetylhexosaminidase; chitin
oligosaccharide; Alteromonas sp.

Chitin is an insoluble polysaccharide consisting of
f-(1,4)-linked N-acetylglucosamine (GIcNAc) units
and is the second most abundant polymer after cellu-
lose. Chitin is a major component of crustacean and
insect exoskeletons and fungal cell walls. This poly-
saccharide is a particularly important nutrient source
to maintain the ecosystem in the marine environ-
ment.” Chitinolytic marine bacteria play an im-
portant role in this chitin recycling process. To
degrade chitin, chitinolytic microorganisms produce
two classes of enzymes: chitinase (EC 3.2.1.14) and
f-N-acetylglucosaminidase (EC 3.2.1.30). Chitinases

cleave the insoluble chitin to give -chitobiose
[(GIcNACc),] as a major degradation end product. The
resulting (GlcNAc), is hydrolyzed by p-N-acetyl-
glucosaminidases at the non-reducing end.

Alteromonas sp. strain O-7 is a Gram-negative,
flagellated, motile, and aerobic rod-shaped bacteri-
um of marine origin.? We have been studying the chi-
tin degradation system of the strain as a model for
defining the various components involved in chitin
use. Chitinolytic enzymes of the strain consists of
three chitinases (ChiA, ChiB, and ChiC) and
three [-N-acetylglucosaminidases (GlcNAcaseA,
GlcNAcaseB, and GlcNAcaseC).*” We have clarified
that these enzymes and the corresponding genes are
essential for the chitinolytic system of the strain. In
addition, we have recently cloned and characterized a
novel chitinase-like enzyme (ChiD) with high activity
only towards chitooligosaccharides from trimer to
hexamer (unpublished data). In chitinase-producing
microorganisms, chitin is a common inducer of
chitinase production. However, since chitin is insolu-
ble and impermeable to microorganisms, a soluble
degradation product (s) such as GlcNAc, (GIcNAc),,
or higher oligomers is considered to act as a direct
inducer of chitinase. In Altermonas sp. strain O-7, -
(1-6)-(GlcNACc); is one of the smallest molecules to
induce chitinase production.® We have analyzed the
gene encoding the enzyme (Hex99) which synthesizes
B-(1-6)-(GIcNAc), from B-(1-4)-(GlcNAc),.Y Re-
cently, we found that a gene (hex86), located up-
stream of the #ex99 gene, encoded a hexosaminidase
with an unusual substrate specificity. In this study,
we describe the cloning, expression, and the charac-
terization of the recombinant enzyme.

Plasmid pTG3 contains a 4.8-kb PstI-EcoRI frag-
ment of the Alteromonas sp. strain O-7 chromosome
carrying the hex99 gene encoding a transglycosylat-
ing enzyme.? Sequencing analysis of the 0.35-kb
region immediately upstream of Zex99 revealed a
partial open reading frame (ORF) encoding a protein
similar to the C-terminal part of hexosaminidases

* To whom correspondence should be addressed. TEL&FAX: + 81-726-90-1057; E-mail: tsujibo@gly.oups.ac.jp



Downloaded by [Uniwersytet Warszawski] at 02:59 09 December 2014

472 H. TsuliBo et al.

pTG3 F

pTG3.1 | I
& 4
¢ & o + e@‘& o & ef
pTG3.2
hex86 hex99
1 kb
—

Fig. 1. Restriction Map of pTG3.2.

The hybridization probe is represented by the box. The arrows indicate ORFs and directions of transcription.

belonging to family 20 of glycosyl hydrolases.’!V

Therefore, cloning of the 5’ upstream region of the
gene, termed hex86, was done by colony hybridiza-
tion using the 1.2-kb PstI-EcoRI fragment as a probe
(Fig. 1). Southern hybridization against total DNA
digested with various restriction enzymes showed
that the probe strongly hybridized with a 3.6-kb Sacl-
EcoRI fragment (data not shown). Colony hybridiza-
tion and Southern hybridization were done as in the
previous paper.¥ Chromosomal DNA of the strain
was digested with Sacl and EcoRI and elec-
trophoresed on a 0.6% agarose gel. The fragments
corresponding to the size of 3.6 kb were excised from
the gel and purified with a Sephaglas BandPrep kit
(Amersham Pharmacia Biotech). These were ligated
into the corresponding sites of pUC19 and the recom-
binant plasmids were introduced into E. coli JM109.
The library was screened by colony hybridization
with the labelled probe. Among about 850 transfor-
mants, only one clone (pTG3.1) was isolated (Fig. 1).
Analyses by restriction enzyme digestion and se-
quencing of the fragment showed that the insert of
pTG3 and that of pTG3.1 shared a 1.2-kb PstI-
EcoRI region. The 2.4-kb Sacl-PstI fragment of
pTG3.1 and 4.8-kb PstI-EcoRI fragment of pTG3
were ligated together. The resulting 7.2-kb fragment
was inserted into the corresponding sites of pUC19.
The plasmid was named pTG3.2.

The entire nucleotide sequence of pTG3.2 indicat-
ed that hex86 was transcribed from the same strand
as hex99 and the two genes were separated by 142
nucleotides (Fig. 2). The ORF has an ATG start
codon which is preceded by a plausible ribosome-
binding site (AGGAAG) at a distance of seven
nucleotides. The hex86 gene consists of 2,286 nucleo-
tides encoding a protein of 761 amino acids with a
calculated molecular mass of 86,758 Da. There is no
apparent N-terminal secretory signal sequence, which
is composed of a positively charged amino terminus
followed by a hydrophobic core and a string of polar
residues, downstream from the start site, suggesting
that Hex86 is an intracellular enzyme.

Comparison of the deduced amino acid sequence

of Hex86 with the BLAST database showed that the
gene encoded a protein homologous to the several f-
hexosaminidases belonging to family 20. Hex86
showed similarity with [-N-acetylglucosaminidase
(52% identity) from Pseudoalteromonas sp. S9,'? B-
N-acetylhexosaminidase (40% identity) from Por-
phyromonas gingivalis,'® putative sugar hydrolase
(40% identity) from Streptomyes coelicolor (Gen-
Bank accession no. CAB72189), [-hexosaminidase
(37% identity) from Xylella fastidiosa (GenBank ac-
cession no. B82755), and f-N-acetylglucosaminidase
(35% identity) from Caulobacter crescentus (Gen-
Bank accession no. AAK22434). Tews et al. reported
that an N-acetylglucosaminidase from Serratia mar-
cescens uses an acid-base reaction mechanism with
glutamic acid 540 as the catalytic amino acid, which
is well conserved in all members of family 20 glycosyl
hydrolases.'” Hex86 also contains the glutamic acid
residue (Glu 339) proposed to be the proton donor
essential for catalytic activity (Fig. 3). These results
indicate that Hex86 is a member of family 20 of the
glycosyl hydrolases.

To investigate the enzymatic properties of Hex86,
the hex86 gene was overexpressed by using a plasmid,
pET-20b(+) (Novagen). Primers for amplification of
the gene, (5'-GTTCACACCACTTTGTACAAAG-
CTTCAG-3’, 5-GTATTAGGGCTCGAGTGATT-
GATATACC-3’) were designed to facilitate cloning
in frame into pET-20b(+ ). The hex86 gene was am-
plified by the polymerase chain reaction (PCR) with
these primers with pTG3.2 as the template. PCR am-
plification was done out for 30 cycles (30 s at 94°C,
30 s at 59°C, 2.5 min at 68°C) with KOD-Plus DNA
polymerase (Toyobo, Osaka, Japan). The amplified
DNA was digested by Hindlll and Xhol, and the
resulting fragment was inserted into the correspond-
ing sites of pET-20b(+ ). This plasmid was designat-
ed pET-HEX86.

E. coli BL21 (DE3) cells carrying pET-HEX86
were induced with 1 mm isopropyl-S-D-thiogalac-
topyranoside (IPTG) at the mid-exponential phase
and further incubated for 2 h at 37°C. Cells were har-
vested by centrifugation and resuspended in phos-
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GAGCTCCCTGCC TACACCACAATC GACATGGGTGTG AATTATCGCTTT ACCGACGCGGTT GCACTGCACGTG AAAGCGACAAAT ATCAGTGATGAA CTTGGATTAACC GAAGAAATCCGC 120
GTGCCATCAACG ATGTTCAAGCCG GATACGACTATT ACTATGCTCOGC CGATCTTAGGAC GCACCATCAGCG CCTCACTGACGC TGAATTITIAGG ACCIAATGITCT TTCAAGITIGTT 240
TTTGCAGCAGTT TGATTGGTATTT ATACAAGGCAGA GCCGGCGTAGCA TAGTTATTCTAT GTGAGTCTGGCG ACAACATAGTAG AAATGCCAATCA AGCGCTGCCCTT CGGGTTCACCTG 360
AGTGCGCTTAGT TCATTGTTGCTT TTTGCTCAGTCC ACTATGTAGCAA GTCGAGCGTCGT GACTAAAAC TCA CTC A ARAATTARATAG CAAAGGTCATTA GGCCCTGTATTT 480
CCCTTGCTAATT TGCACACTGCCC AGTGCTCATTAG, TTCACNICAAGC CGCTATAAGCGG GCTTTTCYCAGG AAGTTATTTATG AACCAGAGIGIC TTTTATACATTT T T 600
_HExssgu N Q 8 L Q S 8 13
TTATTGCTGTTT TCTTTGTTGTTC ACACCACTTTGT ACAGCGCTACAG ATCACCCCAAAA CCACTGAGTGCT AGTTTTGGTAAC GGTCACTTTAAC c-mwcccum AGTAANATIACC 720
L L L F S L L F P L C T AL Q T P K P L 8 A S F N ¢ F K I T 53
TTTAACCAGCAT CAAGCTCAAAGC GTTGCGCAGCAA TTAGCGACCTTT TTGCGCTCGCCG A CAG TTACC T CAGGC  ACARCTARARAT AGTATTSCCITT 840
F N Q H Q A Q 8 V A Q Q A T F L R 8 P T Yy Q L P V 8 Q A D S TTIERKN 8 I A F 93
AAGATTGTCGAT GCACCGCTATCT CAAGAGGGATAT GCGCTGAGCGTG T s-r-rGAAA-mm GCTAATACTGCG ACCGGATTATTT TGGGGGATGCAG TCGCTGCGACAA 960
K I V O E G Y L 8V T TE Q ¢ L F W GMOQ 8 L R Q 133
TTACTCCCTGCT GAGATAGAGTCG CGTATGCCCATC AATCAGGCGAGT TGGGCNATATMI scsc-mmmm AAAGATCAGECC AGATTTTCTTAC CGTGGCATGCAT TTAGATGTGAGT 1080
L L P M P I N Q A 8 W X I X K D F S ¥ R G M H L D V 8 173
CGGCACTTTTTC GATGTGGCTTTT GTGMGCGTTAT ATCGACTGECTC GCGATCCATAAA TTCAATGTCTTC c CACCTA ACC AA GGCTGGCGAATT GCCATTGATGCG 1200
R H F F K R Y I D WUIL A MH Q L D DQ GG WR I A I D A 213
TACCCTAAACTA ACCUAGATTGOG GCARCCCGGECT CATACTGTGOIT GGCCATACCTAT GATTATQ\ACCA -m-smmcmmm ARARCGETGRCG GOCTTTTATACC AAGGCGOAARTT 1320
K L TR I 6 A TR P H TV V G H T Q K T V 8 K A Q I 253
GCAG GCGCGACATATT GRAGTGATCCCT GAAATCGATATT cccsscamsc mm;cemmcm GCCGCATATCCC GAGTTATCTIGC CACCAGCGTGCG 1440
K E V I E Y A A R HI E V I P E I DI G H 8 8 H Q R 293
GTAAAGGTGCAG CCGCAGTTTGGG ATTT AGAT GTGT CC CGTGAAGACGTG TTTGCGTTTCTT GGTGTTGTATAC AAAGAGGTTGCT GAGCTATTTCCG AGCCAATATATC 1560
VKVQ P QF I ED VLCP REDVY FAFTL 6V V ¥ L F s 9 ¥ I 333
L ¢ TGG C cce ARAAG T CAACAG CATCAGTTARCC ACAGCTOAGCAG GTGCAAAGCTAT TTTATTAAACGG 1830
HI GG E VI KK QW LEGSGP EVKZEK L Q H LT T P E VogsSY F IKR 373
TC OTCCARNATOTT GCCAAARCGOTG ATTGOTIGGGAT GAAATATTAGAA GGAGGGUTAGCS GATGACGCCGTG ATCATGICTIGG CGGGGCAC GGAGGCATTCAA 1800
VA K I Q NL G KTV I G WD I LE GGV A M S W € TE GG I Q 413
GCTGCAAAAATG GGTCATCAGGTG ATCATGAGTCCT TATCAATATATT TATTTTGATGCC TATmTCGCGC AATCTTGATGAG CCTAAAGCTATC CACGGGCTTTCA AGCCTAAAAAAC 1920
A A K M Q v I M S P Y Q Y I Y F D A Qo 8 P R A I HGLS 8 L KN 453
GTTTATCAATAT GAGCCGCAGCCC AGCCACTTAACC GCTGAGCAGCAA GCCTTTATTCTT cc-rccscmse-r scacm-rssacw GAATATATAAAR ACACCICGTCAT GCTGAGTATATG 2040
vV ¥ Q Y P Q P 8 H L T Q A F I V Q ¥ I K A E Y M 493
CTGTTTCCGCGC TTGAGTGCGCTG GCCGARACATTG TGGTCGGATAAA ACACAAAAGTCG Tscmcmum: Asccantarcer TTACCCOCGCTT -r-mmccc'mc CAGAAGATGCAC 2160
L F PR L S A L A ET L W S DK T Q K 8 Q P A L Q 533
CTGARTACCGCT TATAGTAGCCAT AGCCTATTATI TCAAGTGAGATT AATGGGCAGC c-mucscmcc ATTACCTCIGAA ATTGCCGACACG s-r-mwmc-rm ACCTTAGACGGC 2280
L N T A I I S E I N G I
AGCGAGCCAACG CTACAATCGCAG CAATATCAARAG GCGOTAGTGATA ACTGACSARRCC scacmcccccc CGCAGTTATGTA AGCGATTTAGGG cmcmmz;sc GACGCGCGTTTA 2400
S E P T Q Q Q@ ¥ Q K P L V I T D E T -3 Q 613
ACCCTTTCACCT cmwmcecw TA ACGOTTGCCTCG CTAGCTGCCGAR GGCTCTGCGACT AAGCTGCAGGAT ccwcmwwscw mrmwm-r-r-r -mcmccwcm 2520
T L 8§ P G K E I T L A 8 L A G 8 A T K L G Q Q 653
GATTATGCGATT mrmcezm\cc CATOTTCAGSCE GTTATTEACTTA GATECGTCARCG GAAGTGEAGCAG GTTAAGOTGOGC TTTGACAGCEGG CGACATAGACAA c’chnccccct:A 2640
¥ A I F YD D E A VvV I DL D L] vV 0 Q0 VvV K L 6 F D S G R H R 693
ACAC] 'CAA GTGC T(‘A ACAA CAGTGGCAAACG TTAGCTGAGGTT M'I'AATCCGCG'I‘ GGGCCCRTGTCA GTGTTGTCGTTT GCTCCTGTAAGT GTGCGCTTTTTA 2760
T H I Q VLGS SDEKO Q QWQT LAETV NN S VLSF APV S VRFL 733
C ATTA AG CAATCTGACGAT ATTCAAATCCCC ARACTTCCCCTG -mm\mcemm ATAGCGGTATAT TAATCACACCAG CCOTAATACTAA ATACGTAATTAG 2880
KVvVa I NS Q S DD I I P KL P L Y I v 761
GGCATTATTTAT GATTCCATTCCC AACTTCCTCGGC TCAAACGTTTAC ATAGATAGAGTG GCAGCAGTACGC GCTCTATCCGAA mTMCAATAT TTTAGGAEH CCAA CATGTTTGCAAA 3000
M F A K 4
AAAACAGATAAT TACTGCCTCACT GTCAGGCTTAGC CTTGTTGACTGC GAGTCACTACAG CTTCGCACATCC TCATCCAGATAA CTTAGCATTACG CTGGQAGTCG GGATCATGGCAT 3120
K Q I T A 8 L 8 G L A LTASHYS H P H P DN L A LR WOQUV (<] 44
TGGAGAGAATAT CTTTCTTGGCAG TC' TAC TAATA TGAGCCGTTGGE TGAGTCTGGCTG GGCGCTTTATTT TAM.J.L AG GCCGCCTGCMG CGTACTACCAGK 3240
G E N I F L G 8 L M I T E G G W A L Y F 84
CICAGATCCAAR TGGTCAGTATGC GCGCCAGCATAT TOCCQCGCAGAR TGTARGTITAGA ARATGCCATGA CGCAAAAAGTGS mm-mc-rr-rcr ACTTAAGCCCGT AGCGGGTTTTGC 3360
s D Q Q H I A A QN L SLE NATDD 124
CCCCATTCAACC csemm-rcrce TACTATTGAAAT CGTTGCACAGTA TTGGCARATGCT GAARAACGACTC ACCATCGGGTTT 'rcacmmsc'm CAATAATGAASC GECTGAAGCTGT 3480
I Q I E VvV A Q ¥ W Q M L K ND 8 N N Q A Q a 164
GCTGGTGEACGT GATGATGGACCC ARGCGATCCAAA AGCGGTTAACGA TAATATGCCGGT GRAARCGRCCRC CATCCGETTCOC GC GACGCACATGGC 3600
D D P Q Q Q T 8 A I R F A E N S A T HM A 204
ATTGCCGCTGAA m-rcscrrcs-r TCCGCAGCCCCA TTCAGTGGTCAC ACCGAATGATGA ATTC 3659
L L Vv Q P H s v Vv 225

Fig. 2. Nucleotide Sequence of hex86.
The deduced amino acid sequence of Hex86 is shown below the nucleotide sequence. The putative ribosome-binding site is underlined.

The stop codon is indicated by an asterisk. The nucleotide sequence data will appear in the DDBJ, EMBL, and GenBank nucleotide se-
quence databases with the accession number AB067646.

*
SCHQRAVKVQPQFGIFEDVLCPR-EDVFAFLGVVYKEVAELFPSQYIHIGGDEVIKKQWLE

Hex86 288 347

ChiQ 309 GCKNQTLAVEGNFGIFEPVLCPT-EQTFAFLKNVYSEVAALFPSQYIHIGGDEVIKIQWLE 368

NahA 283 RCFPREFKPRIIWGVEQDVYCAGKDSVFRFISDVIDEVAPLFPGTYFHIGGDECPKDRWKA 343

Pshy 268 VIDTTALSVWDTWGVSPNVLAPT-ENTLREFYEGVFEEVLELFPSEFVHIGGDECPKDQWRA 327

Hex 341 GVTGTTPPVSVDWGVNPYLFDTA-TPSLDFIGNVLDEVLTLFPSPYIHIGGDEAVKDQWEA 400

Nah 274 GTAPPDASKMGDWGIFPWLYNTD-DATFAFLDDVLNEVMDIFPSTFIHVGGDEAIKDQWKA 333
Fig. 3. Alignment of the Active Site of Hex86 and Other f-Hexosaminidases.

Numbers on the left are the residue numbers of the first amino acid in each line. Residues that are identical are indicated by bold let-
ters. The putative active-site glutamic acid rsidues are marked by an asterisk. Hex86, f-hexosaminidase from Alteromonas sp. strain
0-7; ChiQ, B-N-acetylglucosaminidase from Pseudoalteromonas sp. S9; NahA, B-N-acetylglucosaminidase from Porphyromonas gin-
givalis; Pshy, putative sugar hydrolase from Streptomyces coelicolor; Hex, f-hexosaminidase from Xylella fastidiosa; Nah, f-N-acetyl-
glucosaminidase from Caulobacter crescentus.

phate-buffered saline (PBS). The cells were disrupted
by sonication, and the lysate was centrifuged at
10,000 X g for 20 min. The pellet containing insoluble
Hex86 was solubilized with PBS containing 8 M urea.
The solution was centrifuged , and dialyzed against a
series of 50 mm Tris-HCI buffers (pH 7.0) with
stepwise decreases in the urea concentration from 6
to 0 M. The soluble protein was put on a chelating
Sepharose HP column (Amersham Pharmacia
Biotech) according to the manufacturer’s instruc-
tions. The active fraction was further purified by
Mono Q column chromatography (Amersham Phar-
macia Biotech). The molecular mass of the recom-

binant Hex86 calculated from the deduced amino
acid sequence was in reasonable agreement with the
86 kDa estimated by SDS-PAGE (Fig. 4).

Enzyme activity was measured using p-
nitrophenyl-S-N-acetyl-D-glucosaminide (PNP-4-
GIcNAc) in 50 mMm acetate buffer, pH 5.5. The reac-
tion mixture, composed of 2.5 mM PNP-4-GIcNAc,
50 mM acetate buffer (pH 5.5), and enzyme solution
in 0.15 ml of reaction volume, was incubated at 37°C
for 10 min. The reaction was stopped by adding
0.5 ml of 0.2 M Na,CO; and the p-nitrophenol liber-
ated was measured at 420 nm. One unit of f-N-
acetylhexosaminidase was defined as the amount of
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Fig. 4. SDS-PAGE of Hex86.
Lanes: 1, marker proteins; 2, Hex86.

enzyme that liberated 1umol of p-nitrophenol in
1 min under the conditions described above. The
optimun pH and temperature of Hex86 were 5.5 and
37°C, respectively. We investigated the substrate
specificity of the enzyme by using various substrates.
Among synthetic glycosides, the enzyme was most
active towards PNP-f-GIcNAc. The enzyme also
showed a low activity towards PNP-S-N-acetyl-D-
galactosaminide (7.6% of the reactivity towards
PNP-4-GIcNAc). However, the enzyme did not
hydrolyze PNP-S-D-glucopyranoside or PNP-f-D-
xylopyranoside. To investigate whether Hex86 is in-
volved in the chitin degradation system of Alteromo-
nas sp. strain O-7, chitin oligosaccharides from
dimer to hexamer were used as a substrate. The assay
system for chitin oligosaccharides from dimer to
hexamer consisted of 0.1 ml each of enzyme solution,
50 mmMm acetate buffer (pH 5.5), and 5 mm substrate.
After incubation at 37°C for an appropriate period,
the GlcNAc produced was measured by the method
of Reissig et al.'”® When each of the oligosaccharides
was incubated with 28 mU of Hex86 at 37°C for
10 min, there was no detectable GIcNAc in any of the
reaction mixtures. Under the same assay conditions
as those for oligosaccharides, Hex86 rapidly hydro-
lyzed PNP-f-GIcNAc. These results indicate that
Hex86 prefers PNP-S-GIcNAc to chitin oligosaccha-
rides as a substrate. Recently, Exoll of Vibrio furnis-
sii'® and NagZ of E. coli'” were shown to have an un-
usual substrate specificity. These enzymes showed no
activity against chitin oligosaccharides, but rapidly
cleaved PNP-f-GIcNAc and slowly cleaved PNP-4-
GalNAc. Therefore, Hex86 has a similar substrate
specificity with those of Exoll and NagZ under
the standard assay conditions described above.
However, after prolonged incubation (5h) with
0.5U of Hex86, the enzyme hydrolyzed -chitin
oligosaccharides from dimer to hexamer. Among the
substrates tested, (GlcNAc), was the best substrate,
and the activity showed a tendency to decrease with

Table. Hydrolysis Rate of Chitin Oligosaccharides by the Puri-
fied Hex86

Substrate Relative rate (%)*
Di-N-acetylchitobiose 100.0
Tri-N-acetylchitotriose 74.8
Tetra-N-acetylchitotetraose 46.6
Penta-N-acetylchitopentaose 41.1
Hexa-N-acetylchitohexaose 27.6

2 Rate relative to activity with N-acetylchitobiose as a substrate, which
was taken as 100%.

increases in the degree of polymerization (Table). On
the other hand, Exoll and NagZ had no activity
against chitin oligosaccharides despite prolonged
incubation with excessive quantities of these en-
zymes.'®!” Hex86, belonging to family 20, showed no
sequence similarity with Exoll and NagZ, belonging
to family 3. The difference in amino acid sequences
of these enzymes might reflect the difference of the
reactivity towards chitin oligosaccharides. There are
many reports on hexosaminidases from a wide varie-
ty of organisms, however, there is no report of a
family 20 hexosaminidase with the unusual specificity
of Hex86.

What is the physiological role of Hex86 in Altero-
monas sp. strain O-7 ? Chitlaru and Roseman specu-
lated that Exoll cleaves phenolic f-GIcNAc deriva-
tives from chitin-producing organisms, such as fungi
and invertebrates, and the resulting phenol deriva-
tives may induce V. furnissii to invade its host.!® On
the other hand, NagZ, the predicted amino acid
sequence of which is 57% identical to that of Exoll,
hydrolyzed the f-1,4 glycosidic bond between
GIcNAc and anhydro-N-acetylmuramic acid in cell
wall degradation products, suggesting that the
enzyme might participate in the cell wall recycling of
E. coli.'” In Alteromonas sp. strain O-7, three
chitinases (ChiA, ChiB, and ChiC), a chitinase-like
enzyme (ChiD), and three [-N-acetylglucosamini-
dases (GlcNAcaseA, GlcNAcaseB, and GlcNAcaseC)
are involved in the chitinolytic system. However,
judging from the substrate specificity of
Hex86, unlike GIcNAcaseA,” GlcNAcaseB,® and
GlcNAcaseC,® the enzyme does not appear to take
part in the degradation of chitin oligosaccharides. To
clarify the physiological role of Hex86 in Alteromo-
nas sp. strain O-7, it remains to be investigated
whether the enzyme cleaves phenolic compounds
from chitin-producing organisms or cell wall degra-
dation products such as anhydro-muropeptides.
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