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B OE: (] REBIABLRATHNIUT Be, EEBARNILTRAKZHMREETR. L
B, WRFFTEALEEZES. [B 6] Lk 2B A EIH (Pseudoalteromonas piscicida) C923
H—ANUTREEAR, FRNLERMAFE TR RER, 3t TUIUT B B3 R BATAHR .
[ AE AR C923 M A ey KR ZHE| —ANIUT R B Rk ILE PpchiC, &it3l4h &z ik
B G #ATE M &F oA, MEBRKRATHFREAZXIFANRE. B85 5F 57 RE AT EEMAL;
AR EORATRIEBES pH FEF WAL, RN LR T TAH 4G EF 5 B b6 i
Faxt LT Rearemairn., (4% RB PpchiC ¥ 1 350 bp, %A% 450 N RHBR, PpchiC & & 32
W FTEH 48.76 kDa, FW.EH 478, RIEE ZHH 29.08, MBS AN ZEEGLH Nk
RMJUT R 4 43 An — A48 3 KRB 18 K% (glycosyl hydrolase 18, GH18)#94#4t3%; PpchiC &
B4 A GHI8 K& JUT Ji Bty 4R ¢ HEAL 3F DxxDxDXE. YxR #=[E/D]xx[V/I]. 16 ‘C. 0.25 mmol/L
IPTG. # % 12 h A HE&ZMmAKIA LA, PpchiC /£ 50 ‘C. pH 8.0 B &Ik KBEE M, VAR
TR A JEMES, PpchiC &) K {84 2.58 mg/mL. Vi 484 5.04 mg/(mL-min). F&f#4 R &, AR
B EEFE B EF P B R A A AT LT Rk . (4481 FaBIBERE
C923 3 F PpchiC % GHI18 Kkt LT R B, R KMHATE SRR BEMILT REEL R,
i A PpchiC A H #k C923 9 i I 4245 T A# R4,

KEIE: FEBRXABLRE; UT R, B¥HR

FENIH . B 5K B RRHEEE G (32072995); T AR K S QT R AL % BT 6 00 H (230419095);  FRTLTH FR N 4R 1A BR 2
" Z LI H (008)

This work was supported by the National Natural Science Foundation of China (32072995), the Special Fund for Innovation
and Strengthening of Guangdong Ocean University (230419095), and the Project Entrusted by Lianjiang Shrimp Breeding
Group Limited Company (008).

*Corresponding author. E-mail: xuemtc@163.com

Received: 2022-04-29; Accepted: 2022-09-12; Published online: 2022-10-12



92 (YIS Gk Microbiol. China

Cloning expression and enzymatic properties of chitinase gene
PpchiC from Pseudoalteromonas piscicida C923

XUE Jiawei, WEN Chongqing, WANG Ling, NING Weimin, DAI Siting, XUE Ming*

College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, Guangdong, China

Abstract: [Background] Some members of the genus Pseudoalteromonas can secrete a variety
of chitinases, which play important roles in degrading chitin to provide nutrition, immunity, and
disease prevention for aquatic animals. [Objective] To clone a chitinase gene of
Pseudoalteromonas piscicida C923 and realize its heterologous expression in Escherichia coli,
thereby exploring the enzymatic properties of the recombinant chitinase. [Methods] A potential
gene PpchiC, identified and annotated as chitinase based on the analysis of the genome sequence
of strain C923, was cloned by designing primers and subsequently subjected to bioinformatic
analysis. Then an expression vector was constructed to conduct heterologous expression, and
the expression was optimized from the temperature, time, and concentration of the inducer. The
optimum temperature, pH of the expressed protein, and other enzymatic properties were studied.
Finally, the degradation of chitin by the supernatant and precipitation of recombinant E. coli
cells and the purified enzyme protein were compared. [Results] PpchiC was 1 350 bp in length
and encoded 450 amino acids. The theoretical molecular mass of protein PpchiC was 48.76 kDa,
and its isoelectric point and instability coefficient were 4.78 and 29.08, respectively. Structural
analysis revealed that PpchiC contained a type III chitin-binding domain, a catalytic domain of
glycosyl hydrolase 18 (GH18), and conserved motifs DxxDxDxE, YxR, and [E/D]xx[V/I]. The
optimized expression conditions were 16 ‘C of temperature, induction time of 12 h, and IPTG
concentration of 0.25 mmol/L. PpchiC showed maximum enzymatic activity at 50 C and pH
8.0. When colloidal chitin was used as the substrate, the kinetic parameters K, and Vi.x were
2.58 mg/mL and 5.04 mg/(mL-min), respectively. The results of degradation showed that the
supernatant and precipitation of recombinant E. coli cells and the purified enzyme protein from
the supernatant all exhibited excellent chitin degradation effects. [Conclusion] The gene
PpchiC from P. piscicida C923 encodes a GH18 family chitinase, which can be highly
expressed in E. coli with obvious chitin degradation effects. This study provides references for
the application of Ppchic and C923 strain.

Keywords: Pseudoalteromonas piscicida; chitinase; enzymatic properties

JUT B, XFHs5ER . e2h, Z2HN-&
Mt - %) 72 Bl e (N--acetylglucosamine, GleNAc)ifi i3
B-1,4- M 115 % B2 1 AR 1) 2 RAK[(GleNAc)n], 7
H AR AR S UK TR 4 2 058 — K] A4
PR LT RE N EEERER, Mg Lk
Xof WF A A 3 I 0k A2 JHOA B3t 7 17 sl ox F 5e o

R A T2 SR, & T LT BX %R 2
ARG RAFTE R R A3, X ] g 5 0TI B
BBALM LT AR A L0, Wi, 25
X MR JLT J5 B9 9 A I AT ok 75 figp A ) [ R
JUT i (EC3.2.1.14) 2L T 1ML T i e &
A wnEE R, AR TR g U A
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t, AR LT K AR TE A [RE 28 10 £ Tt 22
AR Y s AR o T A R T A AR ST
PE L TR AR TR LT 52 il 2 2 U S AR T 7K A i
(glycosyl hydrolase, GH)%5 18, 19, 23 #1148 4%
FET, 2w M LT R B B A A
RIZEM AL, ifES k. DhRefEfbEE . JLT g
HFHAE, I A B NP 225 A
BIG, MR LT Bl 5% w] LA R R
AR R AR LT

118 32 2 50 it 1 & (Pseudoalteromonas) 1E 43
K ERETEILET y-2 I HE N5 S H
R MR R, e — 28 T B I B AR
TR R AR . %R A LR RE 8 I PTAE
2. MM VE Ry AN LT B e A A A
PN, Paulsen ST LA N4 0T, &
IR 7 40 2R A R A2 2 BRI R A R LA B s 1 )L
T RREAR I RE, REAE LSS LT B S iR
W 3 7 A B R IR AR e, HER TR |
O3 AT A PRSF I LT Jo Rk ik PR S GH19 KR
JUT RN . Yu S0P T8 4 i 48 58 85 o
I (Pseudoalteromonas flavipulchra) JG1 ¥k &
RI2H 28 & B K LT b g v ae, A B T34
SR HAT TS PRI AR A 3E L%, Makhdoumi
S5 V4 S DA 2 2 8 1) — AR A1 S R PR T
DC14 A RJLT A & 2 WRE S pH i
ZH:, WHAE 40 CH pH 9.0 Bk KMH.
Wang %5 {7 18 MBS Br BB TR DL-6 SefE ) JL
TRl E T 2R, a5 pEULT
. S PR H LAY R R AR, i L
XA IR 5 1 $h A BTN 32 1% . Garcia-Fraga
SV K WA I (Escherichia coli) WK AR A B
P B (Pseudoalteromonas  tunicata) JL ] Jt if
PtChil9p HEATSHIRFRE, AMEHFHELZ . &
TRV . 75 B ] RS TR R SR R A RE
M E A LT RIS . R, SRR S

BRI LT B B TE S PERRE . IR S
IOV BE S5 7 AN A )

i 1 S 0 W B S TH AL B, LT
TEfE FAERKKEE B IR RO Sy 5T Jr T
RHEFE KRR, Tzue ZFWREEN, 28
H FLYNEEXT R (Litopenaeus vannamei) i
SR MR AR HA R LT B, JR R A
[T 5 T B SR TR, A W AT AL Tl T
SR AN XTI A T A3 DA AN R R R IR R Ak
. Gao SFUSHE LA T R, TE
1-2 J 08 FLaA ot W gy 18 o R 1 BT g (Vibrio)
H5BREEREEBT IR S ESENILT
Jo Il Ak A 5 HCRR 7 A A5 B, R B R
EREBEPESE FEMILT REMERE. A
SCXF R B R ER g B R A R SR B TR
(Pseudoalteromonas piscicida)E & C923 H& K 2H
Hral BEHA LT AR S RE R BE TR PpehiC #E4T
TR A TS, IR T R IA
FIR)HEL 6V R 2 s A il R T X LB ) Ak
B, DUBPATE R €923 KLU T B fgE X IR 58
ST ) N SR ISR

AR

1.1 ##
1.1.1 EHkFERE

AR BT €923 AL % M
LR XoF B g 38 3 25 DR A7 I 2R AT 1 25 DR 21
JFr i — kxR a5 R U KB FF R DHSa Al
BL21 NSE =R AR MR, 2216E Higid. LB
W FR I LA RiRES 7 Rk
il
1.1.2 FERFFNLE

ik, Bl AR A RA A ; R
WIEAZ IR N VI . T4 EHM, REEAEYT
BARRAR; FoRfEBolR &, a4t
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W ARAGBRA AL BRI RIAGRR &, FRERG
IRBHZ (P ENARA A 2 RIUR(Ampt) . 5+
N AEBAC-B-D-2FFLBETF (IPTG), A A9 T4
()R A RS 7] 5 2 L DK e a7 &
HERR R A RHECABR A E]; His REBHL. 11
E4i/M B IgG . His-tag Purification Resin .
BCA W& AWk B R &, HilEE = KA
ARA R

B MAG M 2GR SRR AR A
H); EAHEIKIL, Bio-Rad 2AHl; 4 Ak
RICEG RS, FigERERHY A, —1k
B R Nl R ae, FEE R RBHE (TP )
AW,
1.2 A&
1.2.1 PpchiC E[F R LRy 18

PRI C923 AR IE AT 22168 WAAKE IR
e, 30 °C . 160 r/min 1535 Z X505 H(ODgoo
{5254 0.6), 10 000 r/min &5.[> 10 min, YA
)5 4% DNA 48 BUAG & #E UL T2 DNA
FRPE I R A PR BL T L N e 40, &3t
51¥) PpchiC-F (5'-AGGCCATGGCTGATATCGGA
TCCGCGGTTGACTGTAGCAAC-3")Hl PpchiC-R

(5'-GTGCTCGAGTGCGGCCGCAAGCTTCTGA
CATTGATAGCTTGG-3"), Lk €923 FE[KZH DNA

AR, A R ECEE Y4 H A9 R BE. PCR Y
{AZ (50 uL): 2xPCR Buffer for KOD FX Neo (7
2.5 mmol/L MgCl,) 25 pL, dNTPs (2 mmol/L)
10 pL, 1E. JIa514)(10 pmol/L)#% 2 pL, #Al
DNA (100 ng/pL) 1 pL, KOD FX Neo 2 uL,
ddH,O 8 pL. PCR W 2&fF: 98 ‘C 5 min;
98 ‘C 10's, 55 °C 30s, 68 C 90s, 1t 35F
;5 68 C 5 min, PCR =41 1.8%I 5 Mk
LYk, TEEAMT TR IR YT H 4
o FHEE R MR S Fe 45 A B0 1l B 9
B, BB e A w0

122 PpchiC EEREREZEANEMEEZE
S

i#H 1L ORF Finder (http://www.ncbi.nlm.nih.
gov/gorf/gorf.html)Fl EXPASy Proteomics Server
(http://ca.expasy.org) T PpchiC & [ i) & LR 7
B ArHTr TR EEHE (open reading frame, ORF),
THER 43 F i (B (M) FH TN 3838 56 8 5 (pD) ;. A
H SWISS-MODEL (http://www.swissmodel.expasy.
org/)Xf PpchiC JE R AT — 45 10 f2 — 45
F) A% ; K FH ESPript 3.0 (https://espript.ibep.fr/
ESPript/cgi-bin/ESPript.cgi) 1T 2 FE MR A I HL X &%
EE G RE s PR S5 R8s
J% (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.
cgi) il Tbtools X 14 (https:/github.com/CJ-Chen/
TBtools/releases) Wl (R~ Z5FIIR; T Clustal 2.0
K MEGA 11.0 ¥4, VIS (neighbor-joining
method)f4 & PpchiC 24 3R ¥ 41 R G5 EAL#
1.2.3 FERFEHEEE

Py B 5 5 #dAk pET-32a i
FrRSNRIRE A, RIAMBOEEL R E. coli
DH50 &2 AN, % BH 1 v R 35 A7 0 e - X
JORL AT BT IE o DI A Y e B T R
WskL, 37 ‘CA4F N BamH IRl Hind DLV
30 min, [BDSIFAEALEEY) ™Y H T4 ERBRR
CEVuat7/RSE -2 TR b iof= yaRi)iig k- e
KIGHH BL21 SRz 540
124 EFHEAWFSRERFHMRKL

W mH KA EER T LA WA 37
e, 37 °C. 160 r/min }55% 2-4 h ZIHE ODeno
EEF 05, — AR bS5 4 ALk
1.0 mmol/L {4 IPTG; 53— A xf BEZH AN
TR, 20 CHRZERESR 8 ho BREEW)E, WK
WP 4 °C . 8000 r/min #.0> 10 min IEEH
R, WEERZE IR (PBS)EEVE 1A, A 100 pL
PBS ZZ /P FIl 20 pL 6x2E 1AL S rhR IR AT,
BhKTRAL L 10 min, MUFEIEST SDS-PAGE #6:lll .
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R — A RS § Rk SRR 4]
Fe 48 PpehiC 41 45 M 76 A [l (37 . 28,
16 C). ANEFESFHIE©O, 2. 4. 6. 8. 10,
12 h) & AR IPTG ¥ (0.00, 0.25, 0.50, 0.75,
1.00, 1.25 mmol/L)5& /4 F Ay RIXEL, HER
A E ARk &
1.2.5 FHERABAMESH

B PRSI EA R I 10 mL,
4 'C., 6 000 r/min &.0> 5 min, 3 FiEW, H
PBS VR A S T A B, PN T B A T
M MR E GRS TAE 5s, 15 8s, ThEN
50%, MEEE 30 min)EEE. BEEER T 4 C.
8 000 r/min B.0> 20 min, B 100 pL FIEW A
20 puL 6xFE FIEFE G iR AT VE R G AE A,
HoAx BIEWA TR s UUTE ] 8 mol/L JRZE b #
8hJ5 4 °C. 8000 r/min &.[> 20 min, HH FIHFHK
17 SDS-PAGE fiilll, $AREE %44
12.6 EHEAAUREARENTEE

¥ 1.2.5 RANTRRERE FIEWC S B 1 aifb Rt
FeorEE fa . BRI I % (flow-through,
FT). KBRZ48EM: BUMA 1 mL 20 mmol/L
DRI, WCEEUEI, Uk 5 IR(W1-WS5), Ve
HBEM: SINMA 1 mL 250 mmol/L BEMEZ
W, WEUEWE, L8 (E1-ER). AR 2t
17 SDS-PAGE Hilll o #E MR FH > T B 21 2R
i — 9 £ )% (polyvinylidene fluoride, PVDF)J&
b, 4 CHEPBGS%BIET K, 95% TBST)
] 15 min, TBST Z&PRiEsE. —PUi Rl
(His AP ZEEIFE 2 h, —HIMBEWROLEH
M IgG)ZERME 1 h, HECL BERIFET 4
B3k = R EGR R R
127 WLEMESERKRE R LT REGE RN E

W28 BRI (A& RIRBE) . BAWR
(7 R IR B 7 1) 28 0 75 D e e I 250 GRRL P J
B AER 1.2.5), H R IEWRAE N b IE R R

XTULTE AT LRI R Ve S RS2 v
WUE LA i, AR YRS R AL 12 h JE AR
bW HBENTL, R MG vh TR RS
Sk, BHTIHEIY 12 h, SCERIFE 4 CikfT,
RGN R R DTTE M B . A B
it} 4 His-tag JZHTAE4E{L)S , 1ER PpchiC 4
KB

K F 7] 7R (bicinchonininc acid, BCA)
I B Y B IR EE, TC] 0-0.5 mg/mL 2f
I35 & AR E b R 2 AR e e, MR R fr
FEARTE 562 nm Ak R SGAE 5 bRl £ a3y
T, RO I M A R B R BE . LT
BTG P 0 2 vk S I R A PO s e
B 100w R Ml 9 /220 Tt i (OGP 20 T R 7K T
15 min Ki5)5 900 pL BIAEJLT FRA, 50 C
WE 1 h JGiA 500 uL 3,5- 7l K # R
(3,5-dinitrosalicylic acid, DNS), /K 10 min
W, BHJE 6000 r/min &.0 5 min, B TR
F ODsso MEWIEAE . L 0-1.0 mg/mL f) N-Z, it
R ERERIEE FORR e 2, B ek
fERCARILT =4 1 umol N-Z0 4 3 4 25 b
JIr T B O 1 ANEEG SR, AR RO
(B b vhE b 2 01U 7 R T Ll o
1.2.8 EEEBEREMBRLT RN

WEREILT RGT A . 28 300400 ik
WA A DLTE S 3 O B AL) . 3% 3K T8 o A il
WIRMTIRES FiE A, U Rk4ditbn
PpchiC & (b FRA )L 6 24H . R BCA 1L
BU SRR, PS4k Y 110 pg/mL
JFEL 0.5 mL 5 2 mL 1.25%RIEJLT RiRG, B
FILT RARTIEZE LA 2 mL 1.25%f 4L T i 5
0.5 mL PBS & MR A - 20 'C. 150 t/min &
96 h, ISR AL T R R AR
1.2.9 EHEBHBFERHAR

GBI R AR e 2% 1.2.7 ik,
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A3 AR R IR (4. 10, 20, 25, 30,
35, 40, 45, 50, 55. 65, 75 ‘C)H} PpchiC Ay
JU T T3 il 3 1, O 00 A5 9 I o TS E LA
100% 31 53 AH XS W TG 77, B 5 d5c ol B b T
I DAAH X 5 S GAAR AR TR EE R A AR A 1A
20 W 7E A R IR (20 . 25, 30, 35, 40,
45, 50, 55, 60, 65, 75 TP 2 h, IAALL
PR RENG TR 100% 354 [F] IR BE R LT o g
W% AR S A o L, A3 r RO 1

fidi pH & pH fEM:: &% 1.2.7 ik,
£ pH 3.5-10.0 YA [FZE Mk R M E PpchiC
JUT o Bl 3% M, R A5 0 B TS O R
100% T3 AH X Bl iG 77, W8 fdil e i pH, I
DAAHXS BiEE A AR AR | pH RS ARARAE & . E4
fiti 53 5 'E F AR pH MZ i, 35 CHRE
2h, DAIRACPEAEGE J1 R 100%1 5 AR pH R
JUT BB sRARBS A 43t , 2 HTEERY pH 2
FEME

fiti 311 )15 Z 8000 2 - 7 fedd SO0 I BE
pH 1T, PpchiC 43l 5 ARFMEEO. 2.
4, 6., 8. 10, 12, 14, 16, 18, 20 mg/mL)}K
ILT MR 1 h, W0 L S 1) b R
FIHIK R BARL LG EOK IRE 2L K 1H
T 5 KN AV (B

2 HZRE5OM

2.1 PpchiCERRHEREZEANENER
FRER

MR A AR E BRMEE C923 AL 2 541
A5 — 5K 1 680 bp 1 PpchiC 3L 1 Bk
Bk PpchiC I AE T kP41, B3t 519
FEFI ) ORF XK FEEH 1 350 bp, it 450 4~
KPR . A ExPASy M ubixt PpchiC & i
o, B HIETFEECh 6 716, 57k
Ca150H3275N 5300652811, 73 F 54 48.76 kDa, i

WS 478, AEERECH 29.08. FERE
BEFIR WA B b 2R3k 192 3 B3 43 51 K F 20 h Al
10 h, 7EMTFLBIY) MR LT 20 i A A 8 57 3k
B3N 4.4 ho PpchiC FEP ¥ 5 B 32
NCBI GenBank, k155 5%5 5 OM994958.
RE KRB ERM, PpchiC (UQJ88294) 51k
TRRHMIE OF7H-1 LT JREF(WP_239360592)
BR—37, MEIE99.10%, R, @it
PRST S5 R R A PE U, PpchiC 7E 2 3 ik ik
%951 i —DEEBNUL T B4 4 (chitin
binding domain III, ChtBD3), 7E%4 KR 5% JL 45
165435 fi & —4> GHI8 FG kg,
X 2 PUIRESRAE Z IKEERI LR . RN H AR RS
B JLT B EAHLI(E 1) ¥ PpchiC &
LR P 4 2 2¢ & SWISS-MODEL #2£ )%, DU
GMQE ¥4t =5 W A 4t IR (Vibrio harveyi)
JUT il A (arr. 1. AWE RN RIJEE P8R, K15
“REH(E 2); PpchiC 5 [a)— 7 K RAS
BA TR LT B 2 R S AN A T e, A
M 97.62%; T REEF M b o- 1R TiE
(o-helix) i 28.00%, JGHLIE: i (random coil)
47.33%, HEfHi%E(extended strand)fdi 19.11%, B
P77 (B-sheet) 5 5.56%. PpchiC &4 GHI18 FKjik
JUT il o PR 7 1L 3677 DxxDxDxE, YxR Al
[E/DIxx[V/I], & {f UE B A fb 5 P 00 31 22 2 fig
SERIER(A 2)
22 FEHEAWMIFSRIERZHMILE
X A 0 BA PR R S S i R, AR A
B 61T SDS-PAGE i, 25 anf& 3A fr
N HAIEA PpehiC LN B HERTE 68 kDa [y
B BLACHT, VF X B AL 25 2R I Tk 4%
o His ARZ&mAE AN KR/INA 18.79 kDa, 1
PpchiC il Y & 43 F &~ 48.76 kDa.
I, REE AP K/NN 67.55 kDa, SEE4E
REWM 5, RHUFEHEARD R,
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i: @ Pseudoalteromonas sp. C0348 (WP_130163273)
@ P maricaloris LMG 19692 (WP_193522488)

@ P piscicida 0-7 (BAA24795)

@ P piscicida JICM20779 (ATD08498)
—— @ P, galatheae S4498 (WP _138523695)
ﬁ: @ Pscudoalteromonas sp. OFTH-1 (WP_239360592)
100 @ PpchiC (UQJ88294)
P. flavipulchra JGI (WP_010604303)
P, piscicida DEI-A (WP_119230611)
P. peptidolytica NBRC 101021 (GEK09313)
P, rubra DSM 6842 (KAF7785657)
P. luteoviolacea 2tal6 (ESP91312)
100 —— Ewingella americana P198 (Q5934 1)
L E coli STEC EH250 (EGW99371)
ﬂl: Klebsiella pneumoniae MGH 78578 (3QOK)

63

100

100

100

99 Serratia proteamaculans 568 (4LGX)
i’: Serratia marcescens JPP1 (IHOG)

V. harveyi Lmg7890 (3BS8S)

— ChtBD3

— TV W — Low complexity
Glyco_18
Pfam:Glyco_hydro_18
PKD

5' L 1 1 ' | 1 1 3 A
0 100 200 300 400 500

1 FEBXETHMEE CI23EEH PpchiC SEEBRFIIMNALLEA)REWIHEMB)SH Bootstrap
AN 10005 155 FrR NPU7E NCBI B 355 £L @R @R IR 197 5185 F T 2 1 41 Lt
Figure 1 Phylogenetic (A) and structural domain (B) analysis of amino acid sequence for the PpchiC of
Pseudoalteromonas piscicida C923. Bootstrap analysis was performed with 1 000 replicates; the sequences
accession number in NCBI were shown in parentheses; the sequences marked with red and black cicles will
be used for multiple sequence alignment.
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PpchiC
PpchiC (UQJ88294) 1 AVD[CSN LTQQSQQVYTGGDAVTYQSAKYTAK TQNQNP}\QNSNTYDVQZ\NGS PVIPLPQV
Pseudoalteromonas sp. CO348 (WP_130163273) 1 AVD[CSN .I..TQQSQQV!TGGDAVT!QSAK!TAK TQNQNPAQNSNT!DVQANGS PVTPVPLV
P. maricaloris LMG 19692 (WP_193522488) 1 AVDC|SN L'.I.'QQSQQV!TGGDAVTYQSAK!TAK TOQNQNPAQNSNTYDVWEANGS PVTPVPLV
P, piscicida JCM 20779 (ATD08498) 1 AVDLSNLTQQSQQV!TGGDAVT!QSAK!TAR TQNQNPAQNSNTYDVQANGS PVTPLPQV
Pseudoalteromonas sp. OFTH-1 (WP_239360592) 1 AVDLSNLTQQSQQVYTGGDAVTYQSAK!TAK TOQNOQNPAQNSNTYDVWEANGS PVTPLPQV
P. galatheae S4498 (WP_138523695) 1 AVDCSN LTQQSLQV!TGGDAVTYQSTR!TAK TQNQNPAQNSNTYDVQADGS PVTPLPQV
P, piscicida O-7 (BAA24795) I AVDCSNLTQWQSQQVYTGGDAVTYQSAKYTAK TOQNQNPAQNSNTYDVWQANGS PATPLPLV
Consensus>50 AVDCSNLTQWQSqQQVYTGGDAVTYQSaKYTAKWWTQNQNPAQNSNTYDVW#A#GSCDPVTP1P .V
acc
pA BB pC BD
PpehiC . LT T - .
PpchiC (UQJ88294) 66 SVTSPSSNARVLVGSSVSLAAAVSHPQNTAIDSVEFYLDGTLVASDNSAPYEVM| QAQGLGNRAL
Pseudoalteromonas sp. CO348 (WP_130163273) 66 SVTSPSSNARVLVGSSVSLAAAVSHPONTAIDSVEFYLDGTLVASDNSAPYEVMWQAQGLGNRAL
P. maricaloris LMG 19692 (WP_193522488) 66 SVTSPSSNARVLVGSSVSLAAAVSHPQONTAIDSVEFYLDGTLVASDNSAPYEVMWQAQGLGNRAL
P, piscicida JCM 20779 (ATD08498) 66 SVTSPSSNARVLVGSSVSLAAVVSHPQNTAIDSVEFYLDGTLVASDNSAPYEVMWQAQGLGNRAL
Pseudoalteromonas sp. OFTH-1 (\VP 239360592) 66 SVTSPSSNARVLVGSSVSLAAAVSHPONTAIDSVEFYLDGTLVASDNSAPYEVMWQAQGLGNRTL
P, galatheae S4498 (WP_138523695) SVTSPSSNARVLVGSSVSLAAAVSHPQNTAIDSVEFYLDGTLVASDNSAPYEVMWQAQGLGNRAL
P. piscicida O-7 (BAA24795) 66 SVTSPSSNARVLVGSSVSLAAAVSHPQNTAIDSVEFYLDGTLVASDNSAPYEVMWQAQGLGNRAL
Consensus>50 SVTSPSSNARVLVGSSVSLAAaVSHPQNTAIDSVEFYLDGTLVASDNSAPYEVMWQAQGLGNRaL
acc NN W W NN BN W I e e W W
BE i BG BH nl 02 BI
PpchiC —p | T — 200 000 _>
PpchiC (UQJ88294) 131 TVFATDVSGARGESSAVNFSVVSDEVPPGDPNFKIVGYFPS GAVNDIQFDKLTEINYSFILPN
Pseudoalteromonas sp. CO348 (WP_130163273) 131 TVYATDVSGARGASSAVNFSVVSDEVPPGDPNFRKIVGYFPSWQGAVSDIQFDKLTHINYSFLLPN
P. maricaloris LMG 19692 (WP_193522488) 131 TVYATDVSGARGESSAVNFSVVSDEVPPGDPNFKIVGYFPSWQGAVSDIQFDKLTHINYSFLLPS
P, piscicida JCM 20779 (ATD08498) 131 TVYATDVSGARGESSAVNFSVVSDEVPPGDPNFKIVGYFPS GAVSDIQFDKLTHINYSFLLPN
Pseudoalteromonas sp. OFTH-1 (WP_239360592) 131 TVFATDVSGARGESSAVNFSVVSDEVPPGDPNFKIVGYFPS GAVNDIQFDRKLTHINYSFILPN
P. galatheae S4498 (WP _138523695) 3] TVYATDVSGARGESSAVNFSIVSDEVPPRDPNFRKIVGYFPSWQGAVTDIQFDKLTHINYSFLLPN
P, piscicida O-7 (BAA24795) l3l TVYATDVSGARGESSAVNFSVVSDEVPPGDPNFKIVGYFPS GAVSDIQFDKLTHINYSFLLPH
Consensus>50 TV$ATDVSGARGeSSAVNFS!VSDEVPPgDPNFKIVGYFPSWQGAV.DIQFDKLTHINYSF1LPn
ace T e —
pJ al BK n3
PpchiC T = 20000 TT TT =———— 000 ,QJULQ,Q MM,QMMWQ
PpchiC (UQJ88294) 196 ADGTLRPLENLSKMTALVNSAEIANNV!WGIAIGG GGDDSAFETFAS SQQGRARFVQEVIAEVE
Pseudoalteromonas sp. CO348 (WP_130163273) 196 ADGTLRPLENLSKMTALVNSAHANNVRKVGIAIGGWNGGDDSAFETFASSQQGRARFVQEVISFVE
P. maricaloris LMG 19692 (WP_193522488) 196 ADGTLRPLENLSKMTALVNSAHANNVKVGIAIGG GGDDSAFETFASSQQGRARFVQEVIAFVE
P, piscicida JCM 20779 (ATD08498) 196 ADGTLRPLENLSKMTALVNSAHANNVKVGIAIGG GGDDSAFETFASSQQGRARFVQEVIAFVE
Pseudoalteromonas sp. OFTH-1 (WP_239360592) 196 ADGTLRPLENLSKMTALVNSAHANNVKVGIAIGGWNGGDDSAFETFASSQQGRARFVQEVIAFVE
P. galatheae $4498 (WP_138523695) ADGTLRPLENLSKMTALVNSAHANNVKVGIAIGGWNGGDDSAFETFASSQQGRARFVQEVIAFVE
P. piscicida O-7 (BAA24795) 196 ADGTLRPLENLSKMTALVNSAHANNVEKVGIAIGG] GGDDSAFETFASSQQGRARFVQEVIAFVE
Consensus>50 ADGTLRPLENLSKMTALVNSAHANNVKVGIAIGGWNGGDDSAFETFASSQQGRARFVQEVIaFVE
ace T T T S | S L ——
M n4 as
PpchiC 00000000000000000000 == 00000 00000 -
PpchiC (UQJ88294) 261 ELRARGKFLTAAVVALGYTGGGVLESVFQDIDF
Pseudoalteromonas sp. CO348 (WP_130163273) 261 ELRARGKFLTAAVVALGYTGGGVLESVFQDIDF
P. maricaloris LMG 19692 (WP_193522488) 261 ELRARGKFLTAAVVALGYTGGGVLESVFQDIDF
P, piscicida JCM 20779 (ATD08498) 261 ELRARGKFLTAAVVALGYTGGGVLESVFQDIDF
Pseudoalteromonas sp. OFTH-1 (WP_239360592) 26‘ ELRARGKFLTAAVVALGYTGGGVLESVFQDIDF
P. galatheae $4498 (WP_138523695) ELRARGKFLTAAVVALGYTGGGVLESVFQDIDF
P, piscicida O-7 (BAA24795) 261 ELRARGKFLTAAVVALGYTGGGVLESVFQDIDF
Consensus>50 DGVDMDWEY ELRARGKFLTAAVVALGYTGGGVLESVFQDIDF
ace
BN a6 BQ o7
PpchiC — i M Q_Q_Q_Q_Q_QJLQQM -VJZ,QQ_Q_S_?_Q_Q .
PpchiC (UQI88294) 326 LNLMAYDANNADE‘ASMQYAKDSIAY QGRGLS PTWKAYRTLLQENPANA D
Pseudoalteromonas sp. CO348 (WP_130163273) 326 LNLMAYDANNTDHASMQYAKDSIAYWQGRGLS PTWKAYRTLLQENPANACRD
P. maricaloris LMG 19692 (WP_193522488) 326 LNLMAYDANNTDHASMQYAKDSIAYWQGRGLS PTWKAYRTLLQENPANACRD
P. piscicida JCM 20779 (ATD08498) 326 LNLMAYDANNTDHASMQYAKDSIAYWQGRGLS PTWKAYRTLLOQENPANACRD
Pseudoalteromonas sp. OFTH-1 (WP_239360592) 326 LNLMAYDANNTDHASMQYAKDSIAYWQGRGLS PTWKAYRTLLQENPANACRD
P. galatheae S4498 (WP _138523695) LNLMAYDANNTDH SMQYAKDSIAYQGRGLS K PTWKAYRTLLQENPANACRD
P, piscicida O-7 (BAA24795) 326 LNLMAYDANNTDHASMQYARDSIAYWQGRGLSEK PTWKAYRTLLQENPANSCRD
Consensus>50 LNLMAYDANNtDHASMQYAKDSIAYWQGRGLSK PTWKAYRTLLQENPANaCRD
ace
ol PR n6 a9
PpchiC ,(_ULQ_Q_!ULQM{Z _P‘ 200 _JULQ_SUULQ_Q .
PpchiC (UQJ88294) 391 SDGSSYYNGIPTIRAKTQYARLNAGGIMNWELSHDSNGPASLLTAKWEVANGVTP
Pseudoalteromonas sp. CO348 (WP_130163273) 391 SDGSSYYNGIPTIRAKTQYAKLNAGGIMNWELSHDSNGPASLLTAKWEVANGVTP
P. maricaloris LMG 19692 (WP_193522488) 391 SDGSSYYNGIPTIRAKTQYAKLNAGGIMNWELSHDSNGPASLLTAKWEVANGVTP
P, piscicida JCM 20779 (ATD08498) 391 SDGSSYYNGIPTIRAKTQYAKLNAGGIMNWELSHDSNGPASLLTAKWEVANGVTP
Pseudoalteromonas sp. OFTH-1 (WP_239360592) 391 SDGSSYYNGIPTIRAKTQYAKLNAGGIMNWELSHDSNGPASLLTAKWEVANGVTP
P. galatheae S4498 (WP 138523695) 39] SDGSSYYNGILTIRAKTQYAKLNAGGIMNWELSHDSNGPASLLTAKWEVANGVTP
P, piscicida O-7 (BAA24795) 391 SDGSSYYNGIPDDPRENAVR. .. .. .. ..ttt tttttittee et
Consensus>50 SDGSSYYNGIptiraKtgyaklnaggimnwelshdsngpaslltakwevangvtp
acc EEETY D W S B e e D W e .
3 —_ 3
2 FRERBRIXBFLME C23 /LT KBS PpchiC ZRLEMRESEMEBREHRME GHI8 HKIK/LT &
:IBE. )
B FSIEEXS  100%ERIH: I FR L LUK BT = RoR, -5 )T DxxDxDxE, YxR FI[E/D]xx[V/T]LAZL
— =
N}

Figure 2 Secondary structure of chitinase PpchiC of Pseudoalteromonas piscicida C923 and its multiple
sequence alignment to those belonged to the GH18 family chitinases from other Pseudoalteromonas spp..
Residues with 100% identical are shown with a grey background, and the red boxes represent the conserved
DxxDxDxE, YxR and [E/D]xx[V/I] motifs.
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B3 PpchiC BAZAMBERFIERFMHML M. EASFIRME A: PpehiC FHEAMIEZEL
1-2: 28 #AKIE 0T %1555 s 3: PpehiC 535, B: Bafiiff R EIREK. 1: PpchiC KiT; 2-6: IPTG
WeREAY 5 025, 0.5, 0.75, 1.0, 1.25 mmol/L. C: Hifif P ERR. 1-3: FHFHEET 50 16, 28,
37 C.D: HGEHFHMIEE. 1: PpchiC RifT; 2-7: HFEMAHIH 0. 2. 4, 6. 8, 10, 12h
Figure 3 Prokaryotic expression and expression condition optimization of PpchiC. M: Protein molecular
standard. A: Prokaryotic expression of PpchiC. 1-2: Expression of empty vector before and after induction; 3:
Expression of PpchiC after induction. B: Exploration of the optimal induction concentration. 1: Expression results
of PpchiC without induction; 2—6: Expression of PpchiC at IPTG concentrations of 0.25, 0.5, 0.75, 1.0 and
1.25 mmol/L, respectively. C: Exploration of the optimal induction temperature. 1—3: Expression of PpchiC at 16,
28 and 37 ‘C. D: Exploration of the optimal induction time. 1: Expression of PpchiC without induction; 2—7:
Induction time for 0, 2, 4, 6, 8, 10 and 12 h, respectively.

KA — AR B SRS [/ B IPTG 5
FUWEL | R RS E LB, PTG WRIE N

R ESE 16 “CHE A PpchiC T4 1 0 35
SRE . EIEFRE N 16 CH IPTG WIE N

0.25 mmol/L i} H & IR iA m i wm , i H &
IPTG 750 W BE RO, H 8 B R s & o]
BHEEE 3B), HIE 0.25 mmol/L 1F Kt
IPTG 5 ¥ . IREFHFEIR BN, 16, 28 C
FUETEANREIERZMHLWEZES, MW
37 CEHMF N EAERAMFRIATRANEE 30),
DRIVt B A R Al B 11 04 28 B0 45 ) R R 4

0.25 mmol/L 214 F, L 1A blis Fat
) f S TR AR, [ 12 h AR A
BB, HIHE 12 h & s .,
2.3 PpchiC EHERMAAN

AR RS, X pET-32a-PpchiC
HATIE SRR, B AR AN S,
ff Wb 1E FUTIERE ) SDS-PAGE 25 R ow ,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



100

(PEXYE ST

Microbiol. China

DUVERE S 2235 W] B — 2547, I B VAR g

AN 7 B Y 25 5 55 (B 4). X W] PpchiC =

HE N FEDABWIAMNIE A, D A

PR

24 FHERAURERRRINTEESER
Xt 4lifk )5 i) PpehiC 2 [ 384T PAGE 45l

kDa M 1 2
180

130
95

70
55
43

33
25

17
10

& 4 PpchiC ELAELQABMHESH M EH
TR 1: PpehiC R 1315 2: PpchiC R
WITTE

Figure 4 Solubility analysis of PpchiC recombinant

protein. M: Protein molecular standard; 1: PpchiC
lysate supernatant; 2: PpchiC lysate precipitate.

kDa M

FT W1

W5 E1 E2 E3

5 PpchiC E4AEH {1k & Western blotting £ E 45 R

PIZEINIE 5 B, LET SR (FT) S AR B s
B (W1, WSHTCH B A, Ve E1-E6 1Y
2 R AR R AR v HLG 244, E7-ES8 G 4%
o RUHMEARSLEAHNZNHL, &
250 mmol/L WM IRV 5 O AR . X
alifbJ5 B VAT R NI A, AR E R
B H &, 9] PpehiC B 4H % 15 His-Tag
HUE BTSSR 25 A, PpehiC iR 4k s
TR
2.5 MEHEPERLT RYE

TR ARTTIE S BiE . 4lifk i) PpehiC 55
HA B E AR . LT BRI M S L
SELRNE 1 PR, W IERREREARTES -
T M 44k PpehiC il 85 1 2H i LT e il v P 1
B & T R ATTE S Rigdl, JolisRik
WUTEA N R R 2 E 4, HE S o 52
IS AR 3.88 1% 5 4.19 % H LB
W) 2 2 Ak O TR 1 o o AR X BB iR P AR
b5 B4 WA B (A R FR AR AR ., Wl 6 fir
N, SRAEJLT BT B, 23k B R

E4 ES E6 E7 E8 Da M |

180 —
130 —
95—

e

43—

33 — -
25 — 1.

17—
10 —

A: PpchiC T 4ifLE5 R M: EAS

FhaifE; FT: W20 W1 W5: 55 1 RIER 5 IR 20 mmol/L PKMEJEH ; E1-E8: 45 1-8 IR
A 250 mmol/L BKMEYEBLIK. B: PpchiC 40 75 [1 Western blotting #£5 5. 1. PpchiC F 41 & [

Figure 5

Purification and Western blotting identification results of PpchiC recombinant protein. A:

Purification of PpchiC recombinant protein. M: Protein molecular standard; FT: Flow-through solution; W1,
WS5: 20 mmol/L imidazole filtrate collected in the 1st and 5th times; E1-E8: 250 mmol/L imidazole eluate
collected in the 1st to 8th times. B: Western blotting identification results of PpchiC recombinant protein. 1:

PpchiC recombinant protein.
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Table 1 Results of protein concentration and chitinase activity of crude enzyme solution and purified
enzyme solution

4151 SR E T B oS

Group Total protein Chitinase Specific activity

concentration (mg/mL)

activity (U/mL)

(U/mg)

e & JL T B X} BB Colloidal chitin control -

23 AR R UTHE Empty carrier cell sedimentation 4.41 0.17 0.04
2 AR B AR i Empty carrier cell supernatant 1.52 0.15 0.10
22K TH T R UTTE Expressed cell sedimentation 7.74 7.38 0.95
FIRH B |1 Expressed cell supernatant 1.85 1.90 1.03
4lifk %) PpchiC 2K (1 Purified PpchiC protein 0.72 1.76 2.44
- REGH

—: Not detected.

CK 5

EERENE

6 A[EFHEERK PpchiC 2 LEG R AT BRIAILT
[ B B R S N2 K: BAKJLT X iE; 1. =%

IRBEIATUTE; 2. SEARREK R3E; 3. BEWHE
RULHE; 4. FIREEA LF; 5. 4k PpchiC
fiff 25 1

Figure 6 Degradation effects of different crude
enzyme solutions and purified PpchiC to colloidal
chitin. CK: Colloidal chitin control; 1: Empty
carrier cell sediment; 2: Empty carrier cell
supernatant; 3: PpchiC expressed cell sediment; 4:

PpchiC expressed cell supernatant; 5: Purified
PpchiC protein.
?”’QEE’ULT R/, FEMREE R ®

PR AR s AR ARl Bz, HoE Rk alifh iy
@ﬁﬁ FIZH, 3 B AR 3 3k 1) il 2 110 P 3 4
Hpalifb 1) PpchiC B & A EFFE S min 5 L
R BRI R B W TG, X AT RE SR A b
A Ko L PpehiC A HBAFAILT BLFFf#
B

2.6 PpchiC B4R
& 7A 31 PpchiC B A 50 °C,

e 4 CHI 75 CHFAHXT TG 53900 h 37.8%F0
58.0%. MFREMEMR LI, 7£20-45 CIRIE2h
ZEH R 90% LA RS T, T 24 i AT
50 ‘CH, 2 h JEEgTEPE T RER] 50%74 45 (Kl 7B).
[ 7C %M PpchiC FEAE pH {4 8.0 B 3 B
WG F1, 24 pH {EN 3.5 F1 10.0 IS R FE

Z B A 10%F0 31%. IEAk, PpehiC e
pH 4.5-9.0 ZZ i E 2 h ISR 50%L4 EiY
ity 16 71 (1 7D) . 82 0 7 AN [V B e I A J LT ot
W JLT BTmETS , FUFOK RO B AR L0 & 15
FIRL/EN) Vinax (4 5.04 mg/(mL-min). K, 8N
2.58 mg/mL.

3 Wik
3.1 HE#k C923 E[FA PpchiC R ERIBEH
g

A5 B i A 1 R fa AR A R B T €923
FE PpchiC, ZRGKRE AR IHIZHE N ght i 2
I PpchiC 55 6 ¥RIEACE FRMETRA 1 GHI8 ZIL T

R A —32, EARARIE R 97.62%, T H5H
h OF7H-1 BEHRAYJLT BaEH(WP_239360592.1)%
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pH pH

7 REF pH X PpchiC BEE M SR EMMEM A ROREXNEHEER M. B: PpchiC FfY
PAZENE. C: pH XEHEMEAEIN. D: PpchiC FERY pH AREPE. ST FH 28 vhol 43 51 by ik R 6 2% v
(pH 3.5-5.5). FriEmRaN-wEmeh 28 vhik (pH 4.5-7.0). Tris-HCI 2 #hi& (pH 7.0-9.0). H & MRZE bk (pH
8.0—10.0)

Figure 7 Effect of temperature and pH on activity of PpchiC. A: Effect of reaction temperature. B: Thermal
stability of PpchiC enzyme. C: Effect of reaction pH. D: pH stability of PpchiC enzyme. The buffers used

were acetate buffer (pH 3.5-5.5), sodium citrate-phosphate buffer (pH 4.5-7.0), Tris-HCI buffer (pH
7.0-9.0), and glycine buffer (pH 8.0—10.0), respectively.

FERR AN ANE R 99.10%, XFEW PpchiC W] Z5FglR, X5 KZHEWEMN GHIS %ﬁ%}LT
REJE MBS B P vy i = L T R R AR 1 — M98 TR (AR, LT R4S A T gL A A

PRAFIER, HRNESENAE R NAAFEFN A EER WRJLT BT REZ AT R, U1 Watanabe #22 Xﬂ‘
Iz 404, RS AR ) o i — 2R AR ZF AT B (Bacillus - circularis)BF 52 % B,
XF PpchiC B:R 9y i) 2 5L MR P 9\ 30T — 0454 ChtBD3 1EJL T iR JL T ik A% v 41 i A
FIFD =G B, PpehiC FEE IS —1 (LSS & s, ChtBD3 ALY
FRINUL T 455 5(ChtBD3)Fil—/> GH18 fift. O WEJE, RSO, AF TIEY h A%

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BB RS R C923 JUT ML Al PpchiC 1) 7o [ 3k 5 g A P i 103

PR AL AT, RS G 1 LT o g R A
TR SCHEE .

ARG LI PpchiC W IERR )T 5 b & A
GHI18 FK it SR PR B 7 “DxxDxDXE”,
Horb A& e S A S S =R, ARSI HE i
HIRWEs G, XA E MR AR, X
W5 Wang SFHRE 7R AR 2RSSR UM I i kb 2
A B —8OE R KL fEM R, Vaaje-Kolstad
SRR RS R VDR R (Serratia marcescens)
chiB i % 1Y JL T ot il 2 B R vh A IR <7 L
“DxDxE”, HHHIRL MR 542 KL
ffi. Churklam PRI, PARANMIIG A2
[ (Listeria monocytogenes)HJL T JH #(LmChiA
LmChiB)[a]# B A R 5F (1 “DxDxE” H 7, i o
JE FP5 L “DXxDXE”HE R 51 1 R A& A TR AT
FPRFREL , BUPIRN LT BTl % e A JL T BT 1Y
ST RIE TR B 2 REAR . GHI8 KL T i F Al 4
Fe IS IRHAE Xl 903 AL B, C 3 PR
o AEFKIEILT EEEAE loop 7_FEA (a+p)ffi A
ZERI(CID)Y, 454 PpchiC S5H)I N AEAE A TV
R ARSI YXR S[ED]xx V],
Z5RYE G S, HIL PpchiC FIRERZ A
KGR — 51, Sl RRSEEE T ILT B2 Al ek
TR — i, ARUOK AR A M SoT. AL,
DxDxE. YxR S[E/Dxx[V/I]FERFHRFEILT
[ R REAL LT AR B . ASBIFSE €923
PR IE R PpchiC HAT GHI18 ZER LT Joi iff i 774
PR SF B SEFRAE , AT R 28 2 2B A JL T 5T
IV RE -

3.2 PpchiC EHHEZFIER EEF MR

Garcia-Fraga %5 USRI, 2 0K 1 1R A9 W
JE LR pH R ifs R v B R R LT s
ity S IR KB W BN, T H AR LT B
Fil 5 {0 3 3K I 03X 2 PR R A SEORTE AN R] - A
e, XAV TE IR (A0 LT o et B i A

RRIRES . ARFFR XTI SR E 75 SR &
IPTG WJEHATMA LI, HRIRER 16,
28 CHf, HMEARA G HILHEZS,
I 37 “CH} PpchiC A B AL THI 2 MRE,
HEW X AT GBS TE = s R s
A5 B PR R 30 ) B iR AT B Y i
A, AREA AR E o THR, $E&m
Ve bE R AR RT R P AEY  aRE S R
16 CHY, FRICHERE H (Streptomyces sampsonii)
JUT Tl ChiKJ40 BRI A g a3k
kKo EXTEFRIE], ARFREBO-12h N, K
FiF A LE K, PpchiC FiA & Z W R,
BRI B R TG S LB ], {H 12 h
ORI RETEAEN, 75T 0 K AR
FrEFRIH, FICE 12 h /NS s St
B, DAL seiAEK M, IPTG XS PpchiC il
EHAMKRIXTCHEZ M, £ 025 mmol/L K}
PpchiC B sk & ik, X 5 ki BH 2R 8 AR
WE PTG XL T Rl ChikKJ40 FERAYFRIETC
25 5 B 45 SR AL . X PpehiC = 5T (1) F
FEM, ZMAE 50 CHRIWN &G, 176
20-45 CLRIE 2 h hRE4ERF 90% LA L& M,
PR EMERES . PpehiC MY GE pH(EH A 8.0, 7F
pH 4.5-9.0 Z M & 2 h 545 50% LA B /7,
AERGW pH M. mid RN A&MT,
PpchiC MK RH 2L Ko (R 2.58 mg/mL, Ui
A BRI RS GEe . I, AR
1389 JLT B PpehiC fe fEFR I8 45 14 5 Bl 2 Pk o
A A2 i R ) T e g 2 AR B
3.3 PpchiC BB I8

AW R, FER PpchiC ik B HE 5
PR ARDTIE . 3 K & P 4ifk i PpehiC i
OB ReR P MR LT BT, H = Z
B EER . RINWEIEHAAEREMERE F LT
IE, XAJREEFRIRE PpchiC 2 EHTFIT
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TELEHE T ILT B s B A . & A TEHE 5 min
J5i, FRHEUIEALS I 4 A sk B
KIORLIL T A/, T 4lifk PpehiC i 2 11
Rt AR ST 2, 3K AT e TR T A Y
Ho At LT 5T & A AH S -5 PpehiC B[R] 1R R B e
Hi— PpchiC MYVEFIEEAF . Bi4n, Qin ZPTvikk
7% 1K W8 P T (Caldicellulosiruptor acetigenus)
B JLT R CaChiT 1 CaHex J& HEAT B =9
ST R B, W AERE R AL T B R B P
[l VE . Wang %5 U4l 4f% 38 DA 1B 58 25 20 74
DL-6 v fER K JL T i ChiA 5 ChiC 7 {2 it
ZMIEAILT Bk & Pk fd T 346 2 BB A e
YER, T EREMEE L T FaR#A% 2 5K GleNAc.
Y FIUT DR — A0 I B 2l 5 25
AEAMERSRE, Xtk €923 FEH PpchiC
5 A LT 5 R it ik R A D )4 R LA — 2
W% .

JUT A MRS IR, HAPRE . Bk
TR A =S e pe S sk, SR Clark 2607
8 FLAE XTI 1%—4%JL T B )5 Wi
A 32%-39%, RUIXEFH SXFILT RA
—EF AR, HEMAHEARA RS, A
BB AT R B, FfR C923 FEARM%IR FLYY
EEXTUR, SiE LT BUREHE G5 T AT R
BRE, BEREEMER, (EExirg RN,
ARG —2 BB R C923 HEH PpchiC #ik
PR HL A SR LT S D BE SR ARRAE , 1 HL 3R
IR AlAL Y JU T J5R il R 2R3 A AR 8 AR A A
B LT R 15 L DR I 2 B ok T A2 a0 ok R
WAL T B, RIEILT X —HEE R RAE
Fit e VTR A R 5 gz R R DAL

4 Zik

ARG A RS R C923 HwkE
BF)—A LT JREEE R PpehiC, I TE K g

FE 2235, PpehiC xF JL T J5 14 [ fife = Y B
i, AbRK MR 16 °C . 0.25 mmol/L IPTG
S5 12 h; PpchiC ficid fz b ik BE A1 pH 4351k
50 ‘C#l pH 8.0, 7EitJ¥ 20-45 ‘C. pH 4.5-9.0
TN BA RS R E . AN oEE 1 ik
C923 fE M XF MRS58 L T Joi B ik 25 A6 R 19 15
S, WRE T IUT BgRcRIs, N R T2
A
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