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ABSTRACT

Chitinolytic enzymes such as f-N-acetylglucosaminidase are major hydrolases involved in insect
molting. We have isolated, sequenced a ¢cDNA encoding B-N-acetylglucosaminidase from the silk-
worm, Bombyx mandarina, and compared its sequence with genes encoding chitinolytic enzymes from
other sources. The insert DNA in the clone is 3,284 nucleotides long with an open reading frame of
1,788 nucleotides that encodes a protein of 596 amino acids with a molecular weight of 68.2 kDa.
There is a 3’-untranslated region composed with 1,479 nucleotides and are several potential poly-
adenylation signals. The predicted amino acid sequence apparently contains a leader peptide of 23
amino acids. A search of the amino acids sequence databases for sequences similarities to other B-V-
acetylglucosaminidases or [(-N-acetylhexosaminidases. The highest similarity matched with the
enzyme from B. mori, which has a sequence identity of 95%. On the other hand, the identity between
the B. mandarina enzyme and those from M. sexta and human are 70% and 24 %, respectively.
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1985; Kramer & Koga, 1986). 12]3 o] upx]2}t A
A& 2-acetamido-2-deoxyglucopyranosides= B-N-
acetylglucosaminidaseol] 213l M XL} S5 (midgut)
Z2o]| F<4=5]o] chitin synthetaseo] 2]3F §HAl7AZ 2
A7 2 AHE-EA "thFukamizo & Kramer, 1987;
Koga et al, 1989). ©]€ chitinolytic EAE F30]
o] AlzEz 229 B3] ¥ aspig Fae o+
t}. 2222 o]E chitinolytic A4E HYA T30
u iEe) 280 Fas AEr @ 4 Jrh(Kramer
et al, 1988; Cohen, 1993). &1& chitinase HY
ol gk vo] e At Bol =Hol glem,
bean chitinases As FAASE v E
Canola 2= &30l Rhizoctonia solanill 3}
S WYtk dk(Broglie er al, 1991). 3H3, 2
Z( 5l chitinaseE B3 2 3HGoo er al,
1999), =& (#oll) chitinase= 21212l chitinase
(Metraux et al., 19899} B|4E F29 chitinase
(Watanabe ef al, 1992)9b= 38| @& F5idS
73 o}, HliEoe] A-$-o% chitinase 4
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1. Total RNA 3! messenger RNA 22|

B Aol AR FAIEEE sEed &
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mandarinays N8k ARS-siaTh g BlrellE
g 5-ated Bt AshAg Ao} o]EHE RNA
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gents Total RNA TIsolation System(Promega Co.)S
o]&3t] Poly(A)* RNA 2] ¥ RT-PCRe] o]&3
total RNAS #3239t} Poly(A)” RNAS| AA=
Poly(A) Quik mRNA Purification Kit (Stratagene
Co)E ol&3ated HAlstArt 28z o] FA g
Poly(A)* RNAE cDNA 221238 A2 sl
A3,

2.RT-PCR % M 22

25 F& - AAT oal RNAS poly(A)
RNAZ $3 02 3l Access RT-PCR Kit(Pharm-acia
Co)E ©|&3kq first-strand cDNAE /g5l Tt B-
N-acetylglucosaminidaseS 39 31= F-22ke] B3 #)|
2+g 9%t primeri= 7]E] R 2% B-N-acety-
lglucosaminidase -F+2242] 71X E FollA FFH7]
MEE #xdle] A &Fsloth(Nagamatsu et al, 1995;
Zen et al., 1996). =, sense primer2% 5-GCCGAA
GAGCACTCATTGTG-3'(20 mer)®} anti-sense primer
2T 5-CGGATATAAGGATTTTCATT-3'(20 menS
zrzk A &Ek et B-N-acetylglucos-aminidase 72 A}
A 5E317) 938l Ist-strand cDNA 100 ng}
A 2}st primer, Tag DNA polymerase (Bioneer Co.)&
o]-g-stod 94°CollA 287+ MAGAT] T, 94°C 30%,
55°C 13, 68°C 2302 40 cycle $AIZ &, 68T
M 727 FESIUTh SEE PCR A= ok s
Aol A71¥F3le FEE o] 27| E RIS 5,
pGEM-T ¥ E{(Promega Co.)oll FZd3lo] B-N-
acetylglucosaminidase f-32}2] &0 2 A3}
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ol 7o &) total RNAOA &=5E2]¥ poly(A)
RNAZHRE2] DNA F3223)9] A 22 Stratagene
AKCA. US.A)2] ZAP-cDNA Synthesis KitS ©]-&
slod AZSITE Z, poly(A) RNAZRE Xho 1
linker primer®} GHALEAE o] &35l ¢DNA 4
< HEdrho = ThEITE 28]W EcoR 1 adapters:
BAAZI ) ATEAS] Xho 1982 AWSlDL size
fractionationS A * ASE Z7]9] ThHTRS #3514
t}. o]2{gt ¢DNAE Uni ZAP XR #Efol] AT AIA
AgE = ¢3S bacteriophage “JE1 7} =5 coat
protein® 2 H71H-& 5 cDNA Fd=x} 23& A
&3 715 E(XL1-Blue MRF' strainy ol 2FgA]
1 & DNA $EE ARSI ol& APt v

SEoted Alfdel ARGk
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PCRE ZZ A7l B-N-acetylglucosaminidase -F-H A}
AL Prime-It II Random Primer Labelling Kit
(Stratagene Co.)& ©]&3t] [a-"P] JATPE HAT
T cDNA f3xpbes @2e] giog ARSI
cDNA f-xp&8)2] B2 Sambook 5(1989)2]
ol we} 33fel] AA gttt Ae wlopR=
glolA =2 jn vivo excision A7]3L Xho 13+
EcoR 198 Hesh & A7)t Ad%¥ DNAS]
A71E Flskich

4.DNA g7 |MYd 2

DNA 971M¥9e 2FeA714E #4973 (Applied
Biosystems Inc., US.AYS o]t A|&3|Ate]
Holl we} efsidnt. zF 719l FA= Dye Deoxy
Cycle Sequencing Kit(Applied Biosystems Inc,,
US.AE o|gsle uhgols A5l PCRS 43
g &, WAREE AAske] 4.5% ot ool =
o skt ol detuto|=Ale] ofHlEd e 308
EZ 30~ 17 Eslon, AEFYe 47 PCR
AHE-o) formamide 5 W 50 mM EDTA | wWE
wol 100°C 27 APska S - 7 wellol
6 w FYskdom, €714 EL2 DNA Sequencing
Analysis Software(Perkin Elmer Co.)oll 2J3lix] 4
skt

dn % 0

L. RT-PCRO|| 2|8+ REX} CHH B2Y

H)X=of2] B-N-acetylglucosaminidase 317k B3
& AEebr] st miwelle] At RN E 35
QA3 total RNASH poly(A)” RNAE FPo =z 3}
&) Acess RT-PCR Kit(Pharmacia Co.)2 ©]-&3d}od
first-strand cDNAE $4438M200). 18]32 primers 71
ol BEl &% B-N-acetylglucosaminidase 312}
o] A7IME FolM FTBH7IMES FEEHA, sense
primer(5'-GCCGAAGAGCACTCATTGTG-3")%} anti-
sense primer(5-CGGATATAAGGATTTTCATT-3)&
A Zrsted, PCRE Falsted oF 700 bpol 538 &
g 2013t & pGEM-T #E(Promega Co.l &
2y3sidchd . 2y 97IMEE w48k
NCBI blast programe &3] 4548 g1t A,
M. sexta (Nagamatsu et al, 1995)2} B. mori(Zen
et al, 1996)2] B-N-acetylglucosaminidase %1212}
90% ©)’de] a0 FRlHe] o]F ¥(probe)

- «— pGEM-T

<— INSERT

Fig. 1. Agarose gel electrophoresis of PCR product-
N-acetyiglucosaminidase cDNA] insert in the recom-
binant plasmid(pGEM-T Vector). M : Lambda DNA/
Hind Il and PCR markers. Lane 1 ; pGEM-T Vector,
Lane 2 , Uncuffed recombinant plasmid Lane 3 ;
Recombinant pGEM-T plasmid digested with Aoh I/
Sac .
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ulFolle] total RNASIM o=22]¥ Poly(A)* RNA
2HES] cDNA 2223 9] AZHe StratageneAl
(CA. US.A)2} ZAP-cDNA Synthesis KitZ ©}-83
A2l cDNA F8AR2e)2 1.2X10° pfupre:
# A1819) o.M, Abacteriophage®] X-galst IPTG2
blue/white 784, 90% ©1%d°] insert DNAZ 2=
bacteriophage -2 BRI date= A|ABHA] &),

23 pGEM-T Zetiv|=E ATEA Apa 1
 Sac 1982 H|g & Fe¥ B-N-acetylglucos-
aminidase @S [0-"P] dATPE #EA|5tA o]& &
A (probe)2 & AMEEITE cDNA F3xleajo =z
Bl oF 50970¢] plaqueS screeningdt A3, 4712
positive bacteriophage plaque® A& 4 UM 9|
positive plaqueZ ExAssisySOLR systeme ©]&-%h
in vivo excisions Ed Zhv|= Aeje] FEo8
29892, ampicillin(50 wg/miye -3k AH
LBulA[A] 12A17F F1F ZIulekst 5, ol& wi
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Fig. 2. Agarose gel electrophoresis of B-N-acetyigiu-
cosaminidase cDNA insert in the recombinant plas-
midfpBluscript SK- vector). M . Lambda DNA/HInAll.
Lane 1 : Recombinant pBluscript SK{-) plasmid digested
with Aph I/Sac 1.

ARE ZEanEnhe afneaginh Agas
A EcoR B} Xho 192 AT & 1.0% opfzs
A ZellAl insert DNAE &91gh Az 18] 2004
B wkel o] oF 2,700 bpet 500 bp =719 A
4¥ cDNAZ Folslid).

3. B-N-acetylglucosaminidase® 3E 3= ¢cDNA
H7IMd 24

37+ screening® A A% positive plaque2] oA
£ pBluescript SK(-) ZTk2v|= WEE FHz} 28
g S F7IME S AR AR 3,284 bpol 27 E
7RI QR om, AdE cDNAE 17THA] F7100A
MAElo} 1,80584 H7] Hx]AA FHE= open
reading frame& 7FX3L SISl 12]3 3 E5F-E-9]
H7IMEN= poly A F715-918 EFsle], AT-rich
Selek ool AL FAANS CAATAAATE &
ANgHE R 7 AT 3).

o] ¢DNA2| open reading frame® Z%E 596712
ofuizahs AHEIH e, FHE e e A
2 682 kDaol3lt}, T3, ded olv|=4ke hydro-
pathy A2 b(data= AABEA] ), N-&dke] oF
2379l opu|=AteZ A% signal peptide”t 7351HA|
2588 VeSS o Ak 283 2498 RE

-G - el - AR

367 712]2] EEHSLWRWTCENN/}F 984 B 3= B,
mori(Nagamatsue ef al, 19952} L34 2™, von
Heijne(1984)0] R.318F B-N-acetylglucosaminidase 9]
‘J<(mature) TR Q] N-Zwhe] ofme by} FU 3}
B2 2393 249 olv|iit Abolol A signal

18.0 =g} :‘[: ol

peptide cleavage site?} o5 FHEY UL

o] vhilAel= 17§9] 2 N-glycosylation 27}
337-339(NPT)HARS] olm|iesl 2)x)o] ERislEE M.
sexta®] P-N-acetylglucosaminidaseol|A] H.2¥ ®}e}
Zol(Zen et al, 1996) ol B-N-acetylglucosam-
nidase™= FEHE (glycoprotein) S FAHE = AU
W, 2% B-N-acetylglucosaminidase®| 41 N-gly-cosy-
lationS ©h#HE EH(secretion)el] L7Echy B g
1} )th(Gopalakrishnan et al, 1995).

CLUSTAL W programe B34 Thilld M-S v
o8 A}, 2291 B. mori(Nagamatsue et al., 1995)
2} M. sexta(Zen et al, 1996)9}¢] AEA & 247}t
95%, 70%= *333] =3t ¢ human (Myerowitz
et al., 1985) - murine(Kuranda & Robbins, 1991): &
S(Cannon et al, 1994) - Al#(Soto-Gil & Zyskind,
1989; Somerville & Colwell, 1993)3}2] B-N-acety-
Iglucosaminidase®] “&E4-& 30% ©)stE vi-¢ w22
ARKE 1) T e F& SR E 2 A
of mj§ Fo] #H REH AUt o]AL BN
acetylglucosaminidase family®l] &3l 28 |AA=
B-N-acetylglucosaminidase E/30l #E F 7jjo] £4

7Nl £-2E region I 2 region 12} W 3IATH 2
¥ 4). B. mandarina®] [-N-acetylglucosaminidasel|
] region 19] Y| 205HFE 254 |0l £
360 F-E 376 2] A5
t} region Ie1A1= 17]9] isoleucine, proline, glycine,
lysine, asparagines} 2709| histidine, arginine 3 47}
9] aspartic acid7}, L8] region HoAl&= 171¢]
hisidine, glycine, aspartic acid, glutamic acid 5¢] t}
& opvigt Z71HTE s A BEE ] Tt
(*Z BA). olde] AREAM o] A Y2
B F2lg @ujo] #HE B-N-acetylglucos-aminidase
familyo] &3k M2 F-812 4& & 5 AAH

8}3L, region II&

¥ 2

ol (Bombyx mandaring)@5€ @y]ol] A=
B-N-acetylglucosaminidase & 2&-& 3= cDNA
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1 AAGGCTCCTGTAAAAGATBTGGCTTCAAGCAATTTGTATTTACACOGTCTTCATAATTATAGGATGCGGGATTCCGACGG
81 CAGCCGAAGAGCACT! CATTGTGGAGATGGACGTGCGAAAACAATAGATGCA GAAGA
A EEHS L R T C R T K 1R E N K
161 GAGCCT GTCCT CAGACT! GGAAGCCT GCAAGATGTTCT GTGC(,GATTGTGGTC’I' CCFCTGGCCGAAACCAACGATCGAGAC
E P L RLEACKMFCDTDTCSGL L P KPTTIET
241 AAATCT GGGTAACIT CCTCT! CCAAGATTAATATGAACACCATOGACATTCAGATCACCAAGCAGGGAAAGAGCGAOGACC
L GNFLSKINMNTTIDTIQ T K Q G K D D L
321 TCCT CAAAGCGGCTGOCGACAGGTTTAAGAC AC[‘GGTI'TCCAGTTCCGTGCCI‘AAAGGCIT CT CGGCGAAGGCAGCAGGA
L KA AADRFIKT S 8§ SV G F S K G
401 QAATCAGT C%CAGI T Yl AT'{I'AGTCAATGAAQAT%CT{ AT?TC%GAEAA’}I:TCT CCEI‘ GGDACATGgAT(éAGAGCT AC%AGCT
481 C$ ACAT'ITCATCA%CCT CGAGCGACQAAGTGAAAGCT#CCATA%CT gGAQACg CTTT CTTO(G}GCE:TC(RZ‘GTAACSGTCT GIGE
561 AG%CGCL TCTTT gAGCTA.‘I\TCGTGTAC%ACGAC/I\TAQGGAATAAT(LTF GTTG/I\TTSTC%G'I‘(SAC(\STC%CAATTAAGGACQGG
641 CCTGTCT ATOC’IT ACCGAGGTATTTT GC'I'GGACACCGCGAGGAACIT CTACT CCATAGATTCAATCAAAAGAACT ATAGA
PV YPYRGILTLDT R NFYS 1D I K T 1 D
721 CGCAATGGC(IECAGTGAAATTGAACACATFCEACT GGCACATTACGGACAGCCAG ‘\G’I’I’TCCCG’ITGGTCTI ACAGAAAA
M AAVKLNTTFHW I TDSQSFPLWVLQKS
801 GT(F:’CGQAC}T CAGTAAGCTCGGAGCATACAGT CCCACCAAGGTGTATACAAAGCAAGATA’ITCGT GL\AGTTGTC(éAATAT

S KLGAYSPT v T Q b1 REVYV
881 GGCCITGAGAGGGGAGTT CGTGTTTT ACCGGAATITGATGCGCCCGCT CATGT GGGAEAGgGATGGgAGGAC%CCgGAET

G L VL PEF P D
961 CACOGTGTGCI'IT AAGGCGGAGCCGFGGACGAAATTCT GCGTGGAGCCGCCITGT GGTCAACT AAAGAGG
T EPWTKF V EP C G Q L K E
1041 AACAT'I'ACGAC’FACIT GGTAGATATITATGTTGAAATGGCTGAGGCGTTTGAGAGCACCGACATG CCACATGGGAGGA
H Y D L D VEMAEAFESTUDMEFHM
1121 GACGAGGTCAGCGAAOGCT GTFGGAACY CCTCAGAGGAGATCCAAAACTTTATGATTCAGAACCGCT! GGAA'[TTGGACAA
DEVSERTCUWYNSSETETILIQGQGNTFMIQQNTRWN D K
1201 GAGCAGTTTCCT GAAGCI'ITGGAACF ACIT CCAGAAGAACGCT CAAGACAGAGCGTATAAGGCCTTH CI}GTAAACGACT AC
S § F L KL N Q K N Q DR AY K ATFG R L P
1281 CTCT GATTCFATGGACCAGCAGATTGACCGACFACACT CACGTAGAGAAATI‘CIT GGACAAAGACGAATACATCATACAG
L1 L WT R L TDY V E F K D E I 1 Q
1361 GTCTGG \CC %CT GGAGCCgi\CCC \8 \\?TTSA \GGT’ITGET CCCIXGAMSG %TATCGCC’T G ?TMTG'SFC %-’\\Tl" %CBACGC
1441 TC'l' ATACI TTGACT GTGGA'ITCGGGGCATGGGTTGGGTCF GGTAATAATTGG'F GT’I‘CACCGTACATCGGCGGGCAGAAAG
L DCGFG ¥ v S G N N W S PY 1 G G Q KWV
1521 TG'$ ACEGTQACQGTICDCAGCGGTGATGGCGEFCT CCT ACCGAGAASAG%}TC’ITAGGT gGT(EiAASTAgCGEI' GTGGTS'CCEAG
1601 CAGTCGGACCCFGCC%\_CGCTGGAC%GCCGACT GTGGCCCAGAGCGGCT GCCI!_'T CGCCGAGCGCQTGTGGGCCGAA%CIE C

Q L D P A
1681 C%COGCG"EGGCAGGAOGCOGATCACCGGATGCT CCHATS'[TAGAGAACGTI'TGGT AAGAATGGGAATTCAAGCT GAATCGC

Q L R G I Q E S L
1761 T‘-EAG(IECGSAC& GGEGC’{ ATEAGQATSAA%GACLI I C[ GC§AT8(3’I'I’AGAG’I'T CATAGACAACGCGAAGAGGATGTGCT GCC
1841 AGCCTTATGAATAATAAATAACAAAGACAGACAATACY ATCCTAAAACTCATCGCCCATTTTTTCGAATAACCAAAATAA
1921 AGAGGAATTCCTTTGCTTTATTTTGTTATTTGAAAAAATGGTGTTATTTAACAACAAGATTTTTTGGGCGAAAATACAAT
2001 TTGAAATAAAAAGTAAGCACAAACTTTGCCAGCTT AAAAAAATATAAGOGAAATAATAAGGTTAGAAAATGAAAACAAAA
2081 TGTATAATGTTTTAATAGGATTTTTTTTATTCAGTTAACAAATATTATCATAATTTAGTTITATTTTGTGTATTTAATAA
5161 TTAAAAAAAATACCATTTOCCOGAGATGTTCTATTTCCGOCGAGCATTAAAATACACCAGTTACTGOCATTATTTGACTA
5541 ATGGTAAGAGTATTTTGAGATTACATGACATTATAATAATAATTAAGTTTATAAAATATATTTTATTAAAGATTTAAAAT
3321 TCTGTAAATTAATCGTGATCAAAACGTGTATTCGCGITGTATAATTGTGTACTTTATAGCATATATAGTAAAATTTAAGC
9401 CAAGTCTTTTTAAATCTTTCAGTGGACAAGCATTCCTACAGTAAAAAATAAATCATCTACACTGTTGACATATTAATAAG
5481 TCATGTCAGCGGGTATCCGCAAAATTTCAAATTCCTGTCATTGTGGTTAGITATATGACAAAGGGTTTGAGAACCTAGCG
2561 TTTATTTTGTACAATTTAATTACTGTTTATTCTACATTTGAAAACGATGTTGACATTTAAATAAGATGAATACAATTTTG
3641 TTCCATCAATTAATGAAACGAAAATAAAAAATAAAACGAACGAGAGATTAAAACAGTAAAATGTTTTAAGTATAAATGGT
5791 AAAATTTTTCAATAAAAAATACATACGICCAAAACAGAGCTCCGATCGGATTTTTTGTCACAAATTATTTAAGTTGATAA
5801 CAATTCAGTCTCGAGATATTATTCATTTCATAAATTTTACCATGCTCCAGAGTTACCTCTATATTTGTACAAGATCTCGA
5881 CAATGTATATATTTOGACAAAAGTTATTTCGATTCGTGATTGCTTCTTACACTTTATAGTTTTAAACAATTATTGGTAAG
5961 AAACCTGACATAAGCAATAAGTGCGTTTATAAGTGTGGAAACATTTTTGGAATATCTTCACGAGAAGATATAAATAAGAT
3041 TAATACTCATATCAAATATTTTTAAATCGITTTTACTACGTATATATTTTAACGTATTTCTATCGTCACATATTATTACT
3121 AAATTGTAATACTT ATACAGCATTI'AC’TATTTACACATYAAATTAGATATTATTATACTATATAC’IT CATGAGCACGTGT
g%g% ﬂ gl TTTCATGTTCTTGTGACTTATTAATGTACACTTATTGGTATTTTTAATAAAATTCTGCATAATAAAAAAAAAAAAA

Fig. 3. Nucleotide and deduced amino acid sequences of B. mandarina B-N-acetylglucosaminidase cDNA. The
black letters in the shadow box indicate initial codon and termination codon, and the white letfers in the shadow box
indicate three potential glycosylation sites. Putative signal peptides of the deduced amino acid sequence is double-
underlined, and polyadenylation signals are underlined. Arrow indicates the position of NH,-terminus of B-N-acetyl-
glucosaminidase.

g 2ty o grIMge] 28 M3 A3 | 7} open reading frameE st UUTE TP
AN AEYE 17H G719 EAIEAL o] ZHE o] open reading frameQ ZHE| o }EE T
1,805 G719 MAL FARLNTAAYIA] 1,695 671 596719] ofmliate g dEo] lom, 34 Al
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Table 1. Analysis of the similaritities in amino acid sequences
between B. mandarina B-N-acetylglucosaminidase and enzyme
from other species. Sequences were analyzed by CLUSTAL W
program

Scientific Name Aligned Score
Bombyx mori 95
Manduca sextu 70
Homo sapiens(t-chain) 24
Homo sapiens( B-chain) 24
Mus musculus 25
Candia albicans 26
Vibrio harveyi 15
Vibrio vulnificus 17

A

° Tfifg

iaia IO S RO

682 kDa°l{th. B3, A= ofu]nAke hydro-
pathy B33}, N-ZTe] oF 237)19) opv]isto g
H9E signal peptide’} Ml AL el S
& ATk o] T = 9] ofdFHelA]= N-
glycosylation ¥-9]7} 337-339(NET)H#| 2] o}r)ieib
A EAEtz AT 22ja A9 olu|Ak s
A viwellA, 2321 B mori®t M. sexta®}2] s
e 74zt 95%, 70%= 333 #EaL, human -
murine - &% - M3 B-N-acetylglucos-aminidase
9] E3E 30% oletE WS- RFUAARE F Y] F
2 BAYRSoME 2 AE/de] g FH HEE
ASAT. olH 3 AFHZRE], o] cDNAE ol =H
B xgoe= X3 B-N-acetylglucos-aminidase
familyoll bz AMES FA29UL & 4 AU

Soure Scientific Name REGION I
Insect Bombyx mandarina (205) IKDRPVYPYRGILLDTARNFYSIDSIKRTIDAMAAVKINTFHWHITDSQS (254)
Bombyx mori (205) IKDRPVYPYRGILLDTARNFYSIDSIKRTIDAMAAVKLNTFHWHITDSQS (254)
Manduca sexta (204) INDKPVYPYRGILLDTARNYYTIDATKKTIDAMASAKINTFHWHITDSQS (253)
Human I(iomo hs:pic)ens (161) IEDFPRFPHRGLLLDTSRHYLPLSSILDTLDVMAYNKLNVFHWHLVDDPS (210)
a-chain
Homo sapiens (194) IIDSPRFSHRGILIDTSRHYLPVKI ILKTLDAMAFNKFNVLHWHIVDDOS (243)
( B-chain)
Mouse Mus musculus (173) IADSPRFPHRGILIDTSRHFLPVKTILKTLDAMAFNKFNVLHWHIVDDQS (222)
Yeast Candia albicans (160) 1SDFPNFKHRGLMIDSGRNFLTVDSLLEQLDIMALSKMNSLHWHLADSQS (209)
Bactreia Vibrio harveyi (326) 1KDAPRFDYRGVMVDVARNFHSKDAILATLDQMAAYKMNKLHLHLTDDEG (375)
Vibrio vulnificus  (309) INDEPRLDYRGMHVDVSRNFHSKELVFRFLDOMAAYKMNKFHFHLADDEG (358)
e 2 L & SR A2 - LI TR T S P SRR S N SIS N
Soure Scientific Name REGIONH
Insect Bombyx mandarina (360) STDMFHMGGDEVSERCW (376)
Bombyx mori (360) STDMFHMGGDEVSERCW (376)
Manduca sexta (359) STDMFHMGGDEVSDACW (375)
Human Homo sapiens (274) PDFYLHLGGDEVDFTCW (290)
( @ -chain)
Homo sapiens (346) PDQFIHLGGDEVEFKCW (360)
( B-chain)
Mouse Mus musculus (327) PDQFTHLGGDEVEFQCW (343)
Yeast Candia albicans (314) IDDVFHVGNDELQEXCY (330)
Bactreia Vibrio harveyi {527) PLTTWHFGGDEAKNIKL (543)
( (525)

Vibrio vulnificus

509) PLTDYHIGADETAGAWG

B RS L a2 32 B +

525

Fig. 4. Comparision of conserved region in amino acid sequence of B-N-acelyliglucosaminidase. Numbers in

parentheses list posifion in the amino acid sequence.

*, position is identical in all sequences, +, position has a positive contribution fo score; -, position has a negative

coniribution ti the score.
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