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JUT JE R N-ZPk-B-D 4 A B (GleNAc)
BRI B-1,4 BEITSER ARG, JeHisk
AR T ARBET 4R R 1955 RS P A 2T,
TEMF , BEAE oA BUR LR R iR
U AR AR LT R T 8 T (2
2 L B (GIeN) A1 2 It 2 6 7 %6 B (GIeN A c) 2
FEECE MM B SRR, SRR RE R
PSRN i A ST NN [N A R D AN T
RATH AR | BRSO, IF BB R
MR AL, I B2 T a7 KAk oY
R BRI A BERGSEE s Bk HA e
PEVUAE R TES L BERIME T, R OEWE R 115 57
#hIHF 5 GleNAc RERAUR BRI 7 I 42, X8
R R ERSEA —E R R AT LN
T R S B E AT R A R
IKARILT Bk 5 L BEE FE A A PR, X AR T
IR R, X B RSl B, R
Z, PR, HEOKHEGR R, BREETSG™
F, UL, AT R A
FIIRSE A UF L AL DI EE AL T2 MRK IR ILT i
il GleNAc T2 N YIJL T i (endochitinases,
C 3.2.1.14) fl N- 2 ¥ -B-D- & Jk 4 4 b8 11 i
(N-acetyl-B-D-glucosaminidase, C 3.2.1.30)"f
[l

W) JLT J5 i BE ML K A JL T Tt N 0 A B
S, PPAEJUT SRR, N-ZTk-B-D-2 5L 4 b 11 il
(NAGase) REMAEIL It sm K i JL T 56 0% . JLT 0k
P RE IR SE SR O-BIFF 8, 72 N-L I 5L
EIHEEIR(GIeNAC) SR, [, X PR £
LIFAT GleNAc fREEA ™ RO LT Bafiad ]
VIR T Ry Y ERGSETT i, HNIJLT B
ity B PRl S R R ARG L T BRI R AR 2 . &
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NAGase HAFFY 32 B4 th 7 HO M N A= B BRI 5T
L PRONRIE FIRAL A B T AL B 32 B O T

NAGases | IZAEAE T S Y)FIGRAEY) R4
b RH B R R A BRI RE , 402 A BE A AU
HUL | Bl 70 AR B 2 R TR U Y
NAGases NagZ B UK#E ALK, MASTR
HEYIRINYS R BE T NAGases, — R FANE (U E.
coli. Enterobacter sp.. Pseudomonas fluorescens .
Streptomyces thermoviolaceus <5 ) Fl H P& ( U0
Rhizomucor miehei . Talaromyces emersonii %5 )X
1Y) NAGases Rl 293 25 4lifl, X% AN [m] >
NAGases HIBZIERT . YIRS PR L ALTIAT
PEAT TRIESE, AL S A i [5] o  ve B2 - 004 7 S
WEFIRTO LR TIRZ NAGases 13 A
JRFPAIME R, IS A 8 RS BT T RAE
IR PSRRI LB A s, HATE A 8L
NAGases 735! J& T KM GH 3. 20, 73 A
84 X 4 MFE i (http://www.cazy.org/), H:H, GH 3
ZIGH) NAGases il e 2. BEDIAH I P Ay 12 fd
AR T KEH K NAGases J:H/E H, XLt
NAGases 735 FHIAE A 51 5 oE— 20 1 i 52 5
AT o

ASTRGIZH WA 2 KT 1T KRS - s vh gy
A B AT — R 9B B B SR 2F AT IR Bacillus
pseudofirmus 703", ‘&5 Bacillus pseudofirmus
OF4 [ 16S rDNA JFFIFHLIES 100%; T B.
pseudofirmus OF4 TR PRI 4 FE R 7 2 58 h,
FEIZH I P E A ) B A% % NCBI [ 35 8 40 25080 e
SR ve - YPSEAEN iR GiSpri L AR e s AN e S
A —~ GH3 [ NAGase, HHI KT B. pseudofirmus
KU NAGase bR L&, Htk, 465510
B. pseudofirmus 703 Jt&iky, 5% NagZ703 FE[AH,
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SEEL T NagZ703 76 KT TR 20 Bt D9 ) m] i 1k
ik, FEXTAlifb ) I 4 NagZ703 FE472E4b 04 .

BB

L1 BERANRG

1.1.1 B#: Escherichia coli XL10-Gold T [ F £
1 BL21(DE3)Z ik i #k) H Transgene 23 A,
B. pseudofirmus 703 FH A S8 2 0 1 AR A

1.1.2 Jieki. pET28a iy H Stratagene /A ).

1.1.3  F55eEE: LB AR TR AL : 0.5% e BH 4R YY)
1%E R, 0.5% NaCl; LB [E{ARFRIEZ7E LB
WG TR LAY FASIN 1.5%3508 . Horikoshi-I
WARKEFRIL : 1% E A, 0.5%MERFHEEY), 0.5%
FEE, 0.1% K,HPO,, 0.02% Mg,S047H,0, 1%
Na,CO3,

1.1.4 [ : BamH 1, Sal 1 BRI VI | Solution
I. Ex Taq Y0 H TaKaRa 23] ;

115 AL PTG, XTHSHEE)-B- 2 M2 5L
%W (PNP-B-GleNAc)l H Sigma 23 F , His Bind
Kits g H Novagen A H], RAFEEZ . Jiiki DNA
FFRN & . DNA BEIE MG & . Quick Start
Bradford, AR ILIE FIE T . SDS-PAGE £l
{8 v | B A E v S S A ES s o
4l i

1.2 5|9

K98 B. pseudofirmus OF4 1) B-N-Z [k 4 b i
W i Y BE PR 91 (GenBank I35 ADC51622.1)
B G B — X1 Nagz703 B951H1(E 1),

1.3 oo

I ClustalX #fF, $BOAS BT 2 P51 L
ST, o tras S Espript U, SignalP
4.1Server(http://www.cbs.dtu.dk/services/SignalP) 43
Hr Nagz703 47 el 5 K51l .

1.4  NagZ703 2:H ARG

¥ B. pseudofirmus 703 43 A Horikoshi-I Jii {4
e, 37 °C ¥R, RIGUEERIA, M
gL DNA; DISEH Y DNA WA
NagZ703 F/R 5 ¥i#k4T PCR 4 HG (S 554424 -
94 °C 5 min; 94°C30s, 50°C30s, 72 °C 2 min
10's, fEFR 35 ¥K; 72 °C 10 min), f53]—1%) 2 kb
[ NagZ703 JE[H Bt ; A igise s i ks,
DNA i DR I oz R R B
1.5 EHREREME

By IS 2N Nagz703 R B3I BamH 1
M Sal 1 HEATREYIG , 543X PARR G A0 10 SR 25
i pET28a i##%; #HEIRA WML E coli XL
10-Gold J&, WA Tl T RALE 2 (L
50 ug/mL)f) LB AR I, 37 °C K55 12-16 h; #k
BUEAL M R TETS T 3 mL N T RIRE X
(ZHJE 50 pg/mL)fY LB AEE -3+, 37 °C K597
W, SRIEWCERTEA, iR sk, 2 BiiE ke
JRe L Pk i 6 HH L pET28a AR, P BamH 1
A Sal 1XFFURLHATRED], SOIRHHEEI DR AI
FEAE T KNG HIA 2 kb 1 5.4 kb B~ DNA H B
ORI AL E A E A FURL pET28a-NagZ703, Ri%
JRRL% 2528 w43 H

R1. ¥ Nagz703 B354 575

Table 1.

Primer sequence used to amplify NagZ703

Primer name Primer sequence (5'—3") Size/bp
NagZ703 F CGCGGATCCGATAACTCGCTTAAAGATCTTGTC (BamH I was underlined) 33
NagZ703 R ACGCGTCGACTTAATAGTTCAAATAGTGGCCAA (Sal I was underlined) 33

http://journals.im.ac.cn/actamicrocn
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1.6 NagZ703 7E KRG B RE ML
4 pET28a-NagZ703 5% A E. coli BL21 (DE3),
A5 T #i5 NAGase W E. coli THREH ; K%
AT RARER W LB AR ek, 37 °C,
200 r/min FEEEFRE E ODgoo 4 0.6 BF, A IPTG
(AHFE 0.5 mmol/L), 18 °C A 12 h, B0
W&, F PBS buffer 2 41if/m, A B0k
PR, SRS B0 WA 40 M 35 ; ] His
Bind Kits 4fifbf5 5|4 His %50 Nagz703,
Amicon Ultracentricon #JEWR4E, B f5 X% ik
FrIER AL PR, LRk A2t %I%Bf 4°C
HEAT . LAAR I 1 2R L (BSAYE AR iE i
Bradford £ 4l fk st %IEPt*/FEFHﬁE’J{ZU“

1.7 Bt i

NAGase IS 7 DLz K i x) fig J W -B- £
1k 2, 5 4 25 BE TF (pNP-B-GIcNAcC) IS W1 5 B ik 1
4-fE B (NP LT WS i e i B
10 pL BE , A 90 pL 0.5 mol/L ) pNP-B-GlcNAc
Y, AEATE B AME T RO 10 min, ZRISIA 200 uL
0.2 mol/L Na,CO; £ [1J i, 7E 405 nm A6 S i
YR WOGRE . BETE A1) E ol s TR AR
T, B BKERIEY = E 1 umol [ pNP BT 75 ()
55

o 12 Y B ARG E PRI E < 7E 35-85 °C 1Y
JEEEJLE N . pH 6.0 (50 mmol/L ) Na,HPO,-
NaH,PO, Z2 R 45T, M 7€ NagZ703 F IS /7,
el Y il OV IR ;% NagZ703 3B 7E 45,
50, 55. 60°C 4b¥ 10, 20, 30, 40 min, SRJG7E
I A5 I E BB AR TS, RALFE NagZ703
g% 1 E  100%.

fcidi pH Ml pH A€ PERYINE « 7E pH 4.0-9.0
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(50 mmol/L HAc-NaAc Z&& ik, pH 4.0-5.5;
50 mmol/L Na,HPO,-NaH,PO, ZZ 1"#X, pH 5.0-8.0;
100 mmol/L 14 Tris-HCI, pH 8.0-9.5)35 FEl A . 60 °C
RBHRET , IE Nagz703 HIEEHE 11, &3 HE
0 pHo ¥ Nagz703 HIRFF) pH 28 Mk (pH
4.0-5.5, 50 mmol/L HAc-NaAc 2% M ; pH 5.0-8.0,
50 mmol/L Na,HPO4-NaH,PO, 2% " ; pH 8.0-9.0,
100 mmol/L 9 Tris-HCl; pH 9.5-10.5, 50 mmol/L
Glysine-NaOH)#i B J5 7£ 4 °C JilLE 16 h, SR 1E
T S NN E R SR ARTE R, RALFE NagZ703 fif

5 JIBE R 100%.
1.8 &REEFIEREHEMZ N

TR SV AA R H 23 AL SN 5 mmol/L
AN TR B 453 T B TV M, A SR SN R AT K i
pNP-B-GlcNAc iK¥), #RJ51 NagZ703 By /1,
DAAS 4 Jees 85 IS 1 S 18 100%5% HE
1.9 3 1S ENE

DIMREE R 1.2.3,4.5.6., 7. 8 mmol/L
() pNP-B-GIcNA WY, B E N 0.36 mg/mL,
£ 60 °C. pH 6.5 Z514F NI hii, FIBEHRLEERR 15
HEEETE ODajos LML S HIROAE ; THE A IR
JEE T Tl S NI, SRS FTRUBI B ]
110 JEARJLT SR AR B = s U

JEEAAR LT R Bl 45 742 M8 Hsu 25 000 i kA T
DA LT A A A /K i 555, 250 uL 3%
AL T B oim A 150 uL NagZ703 il
(7U/mL), 7€ pH 6.5, R 50 °C Z54 T /Kf# 2 he

NagZ703 Bc& LT Bl /K i AL T i
1 mL 2% AL T B f, A 20 L JUT i
fif;, 7& pH 6.0, JEF 37 °C &M F/KM% 1 h )5, F



LI | EDH, 2020, 60(1)

73

JIA 100 uL NagZ703 (3 U/mL), 50 °C 544 F
AREEIKfFE 1 he

W Wl A 3 U B RE R R L, B I R T
HPLC(ZHE 8 i S30BORH GGt R, i i o
20 uL, WEIHN 70% 205 (20 = k=70 : 30,
VIVy, K A 0.5 mL/min, &I03EE A 30 °C,
R IE K Ry 190 nm,

2 R

2.1 NagZ703 {R-FEEM IS 00 2t

FES 53T 7R NagZ703 & TRETF Kl 3 &
TR A, N S 29 MR IERRALRTE 51K ;
ST TR LR A 5 R SR AR T A P
NagZ703 55—  R/N BRI H B &5 5
T HARE TR 4 4~ NAGase CRIET B. subtilis 168
Cellulomonas fimi. Streptomyces thermoviolaceus .
Alteromonas sp. strain O-7, GenBank {55435 K
CAB11942.1, AF478460.1, AB00877.1,D17399.1,
—E M 51M 36.97% . 20.64% . 28.45% . 25.46%)
AT 22 e 5 S SRR R R Lt (B 1) IELUS#A T =
H:45MIH B. subtilis NagZ (BsNagZ) Wit , Z3Hr
X 4 DMARFESEIR NAGase [IZ5H4E, 258 %
B4 AT o BRAERN B I e N EAR N
HL, XFRY Nagz703 S KRB 3 Kkt
AV I Z5 AL, A 2 Il S
P s, N it (/o) 8 B UAIR AL 25 A0 0, C i
PSR R aBa JE A —HIIEE5H s N s A &
55719 KH(F/I)PG(H/L)GX(4)D(S/T)H HJF41 , iR
SRPI) LR SESER, Wi 232 (A RA
AR (D)FISE 234 13 i 2H 2 W2 (H) Ry B Ak — 35014
X 2 AL RURT 318 07 KA AR (D) R4 U ) A A

PR, X B-N- Tt A M O 1 ML AR AE
2.2 NagZ703 F: R )50 i Fn e 4 Bokr M g
Wit PCR, M B. pseudofirmus 703 KK 40
PIGR R LB TR S MF4] . K 2013 bp 4 B-N-
LA T B SE N NagZ 703, KiiZ LN e e
FIRAAR pET28a 1) BamH 1 Fl Sal 14 52 [6], 15
FI| H 2 ki pET28a-NagZ703 ; M F4E 22 W] NagZ
FERRIFR IR EA I N By HIS FRas IEMfRLS
2.3 NagZ703 TR i+ B2k R 4ifl

¥ pET28a-NagZ703 Jikifz4k E. coli BL21
(DE3), 313 7 HHAKIAR K E. coli BL21(DE3)/
pET28a-NagZ703, H 0.5 mmol/L i) IPTG /5%,
SEPE T NagZ703 7K B 4 M PN AT i3 395
P RN, AR 2 NI AEalifh, 15
FN 211 Nagz703, SR J5 Xl Al i R4 T Eh b 2
SDS-PAGE 437 il s i Ak 1) 35 111 B2 K2 73 kDa
By T(E 2), SE ST R R/ Xl
i R A — A5 2 A Nagz703 HIEFIE kit T
ST, SR ERWIEGE b B R ERE M GR 2).
2.4 NagZ703 B2 R BIBFSE
2.4.1 REXT Nagz703 3SR E M. £
30-85 °C WYIREEIEEIN, ME NagZ703 XKy
pNP-B-GlcNAc G, 45H N, B HOE
RS2 60 °C (8] 3-A), 7E 50-65 °C RETLHEIN,
NagZ703 REFRILH 80%LA L ByAHX G, 245 hy
TR T 70 °C WG PERGE R, NagZ703 1Y
PEFE AR R, #£ 50 °C T AL 30 min
J&, NagZ703 R EA THAE 80%MI5RARMHE J7,
M7 55 °C 4P 30 min J&, FRAXEHE JIFFEZE 40%
LR (Il 3-B)s
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3BMX 1 10 20
3BMX « v cvvenenn MRPVEP|LILSAVLFLSCFFGAR QOTE
Nagz703 - . DNSLKDLVIYQNV[PQADTDYLGVIFQLNALNVYKDGKFLLVTEGLEWKSSNKNVAEVDONGNIQLSGONGKTFISVTNGEYTDRIAFSVKPEPNKGKGKPASKVEIE
NagA MSREQQOREGTGRPGQP|P HPAADVPATGAARP TRRTVLAATACLITAALAVOGT G . ottt ve v s et et e e e e e e e et e et e et aae e eaaeeneeasns TAQ
7 T
Nag3 « - «ccn- MIDLTAAR]. ¢ ¢ v ottt et ettt e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e F

B2 133 a3
3BMX 99489900000090 =TT
60
3BMX ASASKRAlDNQI NR E LMPDFRNWQKEGESSP . . QALI(W]\D&AS
NﬂgZ703 KESGNRYNL D HA IS Of IPDFRTYNGAN . . .. v v v v v VEEMLPE EQ
NasA AASRHWDRS R AL I|SR] MRVYGHSATDPDQADIDANLEEIGVRTA L —‘K
Cht60 - MSFITSAH TARAQVP MLDFRYYCGE SK(PSGDCRAAVTTLPDE SE SR
Nﬂb3 SLDDDG.{AWRLILAL & DE KLLI:L TYTSDPE .t ot oo s nensennens CY R G

(16 p6 n2
3BMX = TT 200
i60 * 170 180 190 200
3BMX GEG. .[ENFPGNYA R...IN IIKLSA Iy oFsPvVETI NP ERVIGVESHS sNrRE
Nagz703 0SG. .pDMPGNI LGTRSP.‘.E.L GR IfelsiaAnE SIL{e TIIM N|F|(A ) VMBIV N(NJJIP DLV I|CVIdSIC ED P K
NagA Gxe . AgLrPcaAMATGRGC]S|T . . . aD GRISALRA [EviI0 D|Y|S oAV N[VRIP ANV I|GV)ISIEG AD P D
Cht60 NREQASF,GNSIGTYPKQGJIY AS T{Ex TN S[LiE T By NiF|A R T VIV N S NP NIREV IINVEIS QIS EN P T
Nag3 OEA. . WHVIGSNIMALANTG[S|T. . . DH AI I{eRIJAR AlL{E T NIw AF|TIFVVINI D|LNFRIPLT TIN[TIATIG AD A A

3BMX [38 ull (112
2 240 Q 33()
3BMX VRJSElY[c L P|LMsE|c o A IDEXG| . Al MVIIT ARV O F A ADH 0 EER]V
Nagz703 BsElL(GLPE VP HD aMDING|. IDA T alvTF Auu P VD[alA|
NagA IsEIT|G 7 PV|T|T[H|T R &E\G|. [Z[p s|TT Al O F A R TK[Y G|D D R[V|P|
Cht60 NsBIT|c LP|R[V[DHD R| KSPPGM MEFNHESRY P SDF PVD T
Nﬂg3 5 RISJONET.(L A SIVIN|TMS V ARNG|. VX TVILV CRT M TIZAlY(SIR|. . ALRP G VI\DRD [GVVI\ ELLND I\SV R S QA

4 (113 (114 (115 (116 B13 1S
3BMX 23382 20000888 00000 LEL5
350 360 370 38() 390 400 410 430 440
3BMX M PASV|TSLKEEQKF ARVIQ LKER (\IGD E 0 O[TIN NS VI=EAT|SPEJI KRGMY P ARNSDS TKE K TRIKAKK T GSKQL(AEKK AlE X AVEJVL KNE|Q H[T|L
Nagz703 R PVGL/SEVRN. . .. ..... LEAV|ZAG| VER[IEESVELSILAMSLKRGVIILEETPLSVEEK IV|ERAZQVVGSKERIKE VEKERS[EK S[TRL I KNE|D V[LP
NagA Lp PPS[LDVAFH. . ... ... v;m\ assg EARLDES I[LES{LRIBS LGLFDDDYI Rowun. DVITRTVGTE ARIL R TAD ALAIE R T|TR{L L VN X|C N|L[L
Cht60 E PTA[IRNRADIKRF EQYD’AQLADAL“”N( OF QLS S|SMALSAKIBTKILPOSSAS . . . . ... IANSTLGN]P SEIRR LEAE|[LA|L AA[TRE VKND|G VL[P
Nag3 R KNLIDEDFG. . ....... YMRAG IR D|GV|II TP ERLD E[A RIELK LGLHRCT\ILPAQG . .[l.AAGVLADP DEISATARENVA[A S SIILVKEEP GVIL
B14 al7 B15 paglls o _Bl6 B17 PBI8 al9
3BMX TT =  000...0000000000000 — TT =>TT=> 0000000000
450 460 470 * 48() 490 5 10 520 530 540

3BMX PFK.PKKGSRILIVAPYEEQ...TASIEQ lHJLK RK|...KIKPVSLSKMNFASQVEKTE ULKQ xLuv uc YVVKNDPVVNDGVIDDTISDSSKWAT v“JRA
Nagz703 LSP.EASDSLVVVGRSYIKE...LGAAIKTYHDQRAEV[I...EVS......... ADF)| lP\QLLKIKSSS IVGITIVG. .o s v VNDRLPNSPQ..... MQLV[E
NagA PLSRRSHQRIIL VGADPDSP...SGTTGP TL,VLAALN LGFTATALPTGTAPSARAVITDQAVAA RDDA VVAT[YNVTAG . oo v e it e ee e eenn s SAQQTLV
Clu60 LRDNAQVVHLIMPDRQKCFA...LEQALQ YSKN LTL|...SCTSLQAYDPD IAHDAIKQADMT IAAHAS 2 Q::A EIGG....MDDVKKLREHGVARNVQPAALKALL
Nag3 PITRERYPRVL YDLONGGSPIGOGARAGRVEQFMDALVEACEDVTRFEP GGGWEGMAAP TTDV I[2RADILY YLA LSTRSN............ QTVVRIEWAEPMGRAN

00000 ﬂ' TT|12>2 ,QM%?Q(_)Q_QM B-2>3 TT Bz_4> TT TTT
3BMX 555 560 590 600 620 % 630 640 *

3BMX XARLQHENKPFMLM 2 . FlEmx@ . .NGRYTLQPNTPRIcMvRA PSVTKPGNTLYPLGYGLNTKTGRPT
Nagz703 vamrm\pv Al .PEVPAYLTOMGER . . ... ..... I\I\STQATAI\TIFF P..DDENGVLYNFGHYLNY......
NagA ER[LAATGRPVIIAV PAAITAVLAAMSWHT . . ... ... .. DVEVRAARRV VAR QRADDPEQTLYPIGYGLSYRRI .
Cht60 QY|G|QQQGKKIQILIF|T| DKKVAGPAYTALAKVI|L{ET L
Nag3 VPRY VS VE[TVFY S pvVLE[TLLARALOMEKAP F AlgS SIRMDAIF CGOWDTHL . . .o v v e e e

1. NagZ703 5 GH3 Zji&H) B-N-Z Bt BB tE H B89 RUEBR 751 EL 3 43 47
Figure 1. Multiple sequences alignments of NagZ703 with GH3 GlcNAcases. Secondary structure elements are
presented on top: a helices with squiggles, p strands with arrows, n strands with random coil. Strictly conserved
residues are indicated in white letters on a black background. The conserved regions are shown in black boxes. The
residues equivalent to the putative catalytic dyad are indicated by a solid triangle, which constitute the catalytic
active site with the third residue marked by a hollow triangle. These residues are believed to play a vitally important
role in the reaction of NagZ703 with its substrates.

% 2. FLH NagZ703 EAALE
Table 2. Purification of recombinant NagZ703

Purification Total protein/mg Total activity/U Specific activity/(U/mg) Purified fold Recovery rate/%
Crude enzyme 36.03 150.56 4.18 1.00 100.00
Ni-column 12.13 121.96 10.05 2.40 81.00

Desalting column 9.51 102.60 10.79 2.58 68.15

actamicro@im.ac.cn
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Figure 2.

RiEF41L B9 NagZ703 B9 SDS-PAGE £ 4
SDS-PAGE analysis of the recombinant
NagZ703 at each purification step. Samples were
resolved on a 12% polyacrylamide gel and then stained
with Coomassie Blue R-250. M: Protein marker; 1:
Lysate supernatant of of induced E. coli BL21(DE3)/
pET28a-NagZ703 cells; 2: Purification of NagZ703 on
Ni—NTA affinity column; 3: Purification of NagZ703
on desalting column.

2.4.2 pH X} NagZ703 {5 RBREMENEH:
6] pH E 925 B0 NagZ703 BITEPEA R R A5
Wi, ol W pH N 6.5, 7E pH 5.5-7.0 JRFLH!
50%0Lh FARXTIE (A 4-A), 4 pH KT 5.5 8 T

(A) 120.
100
80r
60
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Relative activity/%

0 1 1 1 1 1 1
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T/°C

& 3.

Figure 3.

7.5 W, FEE R TRE . pH FRE MR TR
NagZ703 #£ pH 6.0-10.5 NHEBIRER %, 7EIE pH 7
FIN, 4°C A7 120 5, I PAER 80% LA 1Y
BRAYIE 15 24 pH 3 5 DLUR I, %L g KR4
I (&l 4-B).

2.43 LBE TS Nagz703 HEHHFEW: B-N-2
T S M e W Tl 2 F 43 & IS , EDTA. X G
WA A sE I AN 48 B 1 X AL NagZ
W L 3, Bk Mg® A, IREMERE
T ERE PR I, Horh Cu®' Za® R NPTl
B2 T 80%Lh LIS, I He S8 &l T
NagZ703 FIEHE 7 ; WL NagZ703 JL-F-58 4
PR T HE J1(3 3),

2.4.4 NagZ703 iGN F12%: =il pNP-B-GIeNA
SRR/ 1, 203, 4,5, 6, 7. 8 mmol/L,
I AN [R]JRC P W B2 T TS 0, S B, R P ORLEE]
Bk AEE(E 5), FHHEAFE] Ko T Ve FOE 53931
A 0.276 mmol/L 1 0.612 mmol/(mg-min).

B) 120

Relative activity/%

0 1 1 I

010 20 30 40 30 60 70
t/min

[ Rz B3 NagZ703 B & £ F0F2 E 1B 00
Effects of temperature on the activity and stability of NagZ703. A: Effects of temperature on the activity

of NagZ703. To determine the optimal temperature of NagZ703, the reaction was conducted from 30 °C to 85 °C in
50 mmol/L Na,HPO4-NaH,PO, (pH 6.0). B: Effect of temperature on the stability of NagZ703. The thermal stability
of NagZ703 was determined at the indicated temperature in 50 mmol/L. Na,HPO4-NaH,PO, (pH 6.0) for 10, 20, 30
and 40 min. After pre-incubation, the residual activity of NagZ703 was measured at pH 6.0 and 60 °C. Each value
of the assay was the arithmetic mean of triplicate measurements.
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Figure 4. Effects of pH values on the activity and stability of NagZ703. A: Effects of pH on the activity of
NagZ703. The reaction was conducted at 60 °C in different buffers: HAc-NaAc (pH 4.0-5.5), Na,HPO4-NaH,PO,
(pH 5.0-8.0), Tris-HCI (pH 8.0-9.5). B: Effects of pH on the stability of NagZ703. The stability of NagZ703 was
determined at different pH values ranging from 4.0 to 10.5 (pH 4.0-5.5, HAc-NaAc; pH 5.0-8.0, Na,HPO4-
NaH,POy; pH 8.0-9.0, Tris-HCI; pH 9.5-10.5, Glysine-NaOH) at 4 °C for 12 h. After pre-incubation, the residual
activity was measured at pH 6.5 and 60 °C. Each value of the assay was the arithmetic mean of triplicate
measurements.

*3. EEBTFULFRTN NagZ703 iFHERIF
Table 3. Effects of metal ions and chemical reagents on the activity of NagZ703

Metal ions or chemical = Concentration/ . .. Metal ions or chemical Concentration/ . ..
Relative activity/% Relative activity/%

reagents (mmol/L) reagents (mmol/L)

No addition 0 100+£2.16 Ni*" (Ni,S04) 5 7.06+0.47

Li" (LiCl) 5 105.13+8.50 Zn*" (ZnCl,) 5 18.4+3.77

Na" (NaCl) 5 101.14+2.00 Fe** (FeCly) 5 61.08+4.86

K" (KCI) 5 100.30+3.19 EDTA 5 102.52+11.17
Mg?* (MgCl,) 5 91.86+0.73 Methanol 5 75.7243.35

Ca*" (CaCl,) 5 54.22+0.35 Alcohol 5 73.81+2.84
Mn?*(Mn,SO,) 5 75.76£3.49 Glycerine 5 66.52+2.50

Cu?" (Cu,S04) 5 9.69+4.72 Formaldehyde 5 4.09+0.22

Co*" (CoCly) 5 56.03+£3.10 DMSO 5 102.94+2.10

Hg?" (HgCl,) 5 0.05+2.2 Acetone 5 82.04+3.64
2.5 NagZ703 /KEBAEILT Bir=4E GleNAc MAER iz R V)T BT, 1 ELISHI TR

etk TS L st HPLC 4hbrlaf =ty JESmmg S0, IR B-N- 2L 1 M e b 6t
(K 6), L N-Z B (GIeNAc) I N-N-z, KL T BRAKIECR I .
Mt 24 35% —HE(GLIeNAC)E AFRE L (B 6-A), &I H TR RK GRS A SR % Rk
R 5 > BEE GIeNAc 74 (I 6-B). sk uim]  JLT B NS ChiA3 AOKMRBUILT B, A5 FF
NagZ703 #is5en] MBI T A S K it Hoi - A NagZ703 4250 . HPLC 73 MK i H)a &
G, AR T B-N-CBES AT AR B, LT RIS AL T K L GleNAc,
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(Kl 6-C), #RIGTE NagZ703 HITEFF, GlcNAc, i%
WK RN GleNAc HUbE, BEE KR Iy,
B PRI, 1 h e, RS KR
HpE(E 6-D-F), XKW NagZ703 BIHHA B-N-
LTS AR RS

6r

(94
T

N

y=451.4x+1.6351
R*=0.992

1/V, /(min-L/pmol)
%) W

—
T
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5. NagZ703 HWIEEsN h £ S

Figure 5. Kinetic parameters of recombinant NagZ703.

5.0 7.5 10.0 12..5 15.0 17.5
t/min

6. NagZ703 BI/KBEF=H 2

Figure 6. Enzymatic production of GIcNAc by
NagZ703. A: Standard of GIcNAc (peak 1) and N,
N'-Diacetylchitobiose (peak 2). B: The hydrolysis
product of colloidal chitin by recombinant NagZ703. C:
The hydrolysis product of colloidal chitin by ChiA3 for
1 h. D-F: The hydrolysis product of colloidal chitin by
ChiA3 for 1 h and then recombinant NagZ703 for 20,
40, 60 min.

3 it
UTSEAE | [A  BEIE W RFIR BRI, TRk B e
ZRT I WORTE o A S E ) B AR B B — R
Ve 2 fAT & B. pseudofirmus 703 H3RAT T —Fh
BRIEFERITE Amy703, IXBE(E pH 9.0 B KB
AR PN A B AR AR S S0 AT RAT
A AT, 2R AT TR R R 40 T RE 7 A= 2 Fh 20k
IR AT, 2 I TR R A 1 22 W K i e B A T
BRPERYRE RTE? FATHT T NCBI JE DN 20 Bodle e
HNAT ) B. pseudofirmus OF4 TE ¥R A9 4 FE R 2 7
5, RI T —AMRER GH3 ZIRHY B-N-Z k2 Sk
AP B ARSI Nagz703, HAmini
NagZ703 S5ALHE ZERIFF R IR Y BsNagZ J¥ 514
WATEH 37%. GH3 FKHRRY B-N- LI S A 17
MgA Pz, —KBuh, HA 18— N
AR, M —2E K, BR T N snZithseish,
A —A C unZb s, XPIEMEN N dimghia s
A RERBEY h B AL AR Pt A
I BLAST #iZ 3R gt i 8 A o 5 2 b i 45
Y B-N- LMt 2 I 4 H il BsNagZ 172 ik
BRFFHI X, HXTEER BN, BAREIERIT I —
FHEAE, 1H NagZ703 55 BsNagZ —Ff, £ 2 45
M, HON SA RS Ltz SEEE A IR )
¥4I KH(F)PG(H)GX(4)D(S)H (& 1), %54 ks
R MR D MAERR H AE4USAEL ik, T 318 47
WA —MEEAR D, X 3 NMEERIEE T —1
ST B-N- £ It %2 5 3 40 B 1 i (19 “D-H-D AL
WL, X NagZ703 #EHIEEN B-N-LBEE
FEAH AT e o A B R AR . R, ASBIF S
V& T B. pseudofirmus 703 JYRIAIX S NagZ703 K
, FFEERIAT A S T Al 261K NagZ703.
T NagZ703 54l 21 R IR BsNagZ
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M —EHMHEATF (37%), T H. B. pseudofirmus 703 &
— ARV B AT R, I RATRGEM R T HA
NagZ703 WIRFFFRE, HERuT,

(1) 4lifkhy Nagz703 HAGHMI] B-N-Z Ik 4 3
BT I 5 PE , BE/K A% pNP-B-GleNAc FIIE 14
JUT B, KL T s #1551 GleNAc, HLRE
W IUT B 4G ChiA3 g AL T B 153 1Y
W% GleNAc, /KRS . DL pNP-B-GleNAc M JIE
ik, H K, 0.276 mmol/L, i BsNagZ F) K, {8
4 0.15 mmol/L®, X E W Nagz703 Xt pNP-B-
GlcNAc HISEFIPEAL T BsNagZ, iX )& NagZ703
Y LU G L BsNagZ fIRAY R A 2 —

(2) 5 BsNagZ —#¥f, NagZ703 7£ 60 °C £ H
s AEROVIENE, 55 °C f/i 20 min J5, ixRER T
50%AY3G 11, TRIREZAIE R, BsNagZ iff-E T 80%L4
9T T, Rl NagZ703 B3 e MEA N BsNagZ.

(3) NagZ703 Z— 4] B-N-Z Pz Sk
HIEIBETTEE, HARGE pH M 6.5, W TR A 2R
FFHIAY NagZ (5ol pH 6.0)), it pH £ & PEwk
8RB, NagZ703 7& pH 6.0-10.5 3t FBl P Ho ke 5
1M BsNagZ N2 7E pH 4.0-8.0 Ju N Lt e , 3=
] NagZ703 It BsNagZ i B .

i 3 4 A T W MR A 0 AT, AT
AR B PR ) A A T A 4 R
I NagZ703 5 BsNagZ —Ff, J=—A~ k4 @i
fity , T EDTA X A& EA MHIER , X iE—HAE
ST AR A R AR . JLR R LR AN )R
FHINF Nagz703 i P EdIvE A, Hoh He'
Ni*" Cu* il Zn* B H 320 .S mmol/L Hg™'
fZm 52 47208 TP, 5 mmol/L Zn* i Ay
P T 80%LU I, X5 Hg™ Ml Zn" % BsNagZ
MR RS2 AR LM, Kim ZE7EBFSE. Thermotoga
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A new N-acetylglucosaminidase from facultative alkaliphilic
Bacillus pseudofirmus 703

Shun Jiang, Shaohua Hao, La Xiang, Li Song, Yuling Zhou, Sijing Jiang’,
Guimin Zhang

State Key Laboratory of Biocatalysis and Enzyme Engineering, Hubei Collaborative Innovation Center for Green
Transformation of Bio-Resources, School of Life Sciences, Hubei University, Wuhan 430062, Hubei Province, China

Abstract: pB-N-acetylglucosaminidases (NAGases) participate in the removal of N-acetylglucosamine (GIcNAc)
from the non-reducing end of peptidoglycan or chitin, and are important for many biological functions and
industrial applications. [Objective] A new NAGase encoding gene NagZ703 was cloned from a facultative
alkaliphilic Bacillus pseudofirmus and expressed in Escherichia coli, for the enzymatic production of GIcNAc.
[Methods] The gene NagZ703 was cloned into the expression vector pET28a to get the recombinant plasmid
pET28a-NagZ703. The recombinant NagZ703 was induced for expression in E. coli BL21 (DE3) and purified
through His-Trap column. Then the purified NagZ703 was characterized. [Results] The multiple sequence
alignments showed that NagZ703 belonged to GH 3 NAGase with 2 domains, and the catalytic active sites were
composed of 3 conserved residues (Arg232, His234 and Arg318) at the N-terminal domain. NagZ703 shared only
37% identity with the most studied BsNagZ from B. subtilis. The purified NagZ703 exhibited optimal activity at
60 °C and pH 6.5, the specific activity was 10.79 U/mg, and the K,;, and V., of NagZ703 were 0.276 mmol/L and
0.612 mmol/(mg'min) toward p-nitrophenyl B-N-acetylglucosaminide, respectively. NagZ703 retained more than
80% residual activity after pre-incubation at 50 °C for 30 min, or at pH 6.0-10.5 for 12 h. NagZ703 was a
non-metalloenzyme because EDTA could not affect its activity, whereas Hg®" completely inhibited its activity.
NagZ703 hydrolyzed colloidal chitin to produce GIcNAc in vitro. [Conclusion] A NAGaseNagZ703 from
facultative alkaliphilic Bacillus pseudofirmus was characterized carefully. The ability of NagZ703 to produce
GlcNAc from colloidal chitin provided a promising approach for the production of GIcNAc by enzymatic
hydrolysis.

Keywords: B-N-acetylglucosaminidases, multiple sequence alignment, heterologous expression, enzymatic assay,
GIcNAc
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