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WE: [ HAY ] #8588 HIE E (Pseudoalteromonas sp. DL-6)IKIR JL T i fiff (chitinase A, chiA;
chitinase C, chiC)(FE 1 FLIR v G AE e BL R A . 2l AL 28R o LA Tl A e R A, AR L T il
WRAE oA P LT SER B e Bt . [ 77k ] N DA SR FIL LT LN, # 4 LR
T e RE R IR ORI (pPKLAC 1 -chiA . pKLAC1-chiC)F i H ik i i L B LR vo - ke b, SEEUIRIR L
TRE AT R R . AR R AENT A 2 S A B EAUL TR (455 ] s d = IRiR LT i
it i) S 2H LR v e AR R I Al b AR Al FE A F AL L T i . 48 SDS-PAGE 447 7E 110 kDa 5 90 kDa Fffi/x
HIAFA TN I/ N R IS4 . BREEAEIFS ChiA F1 ChiC BYBEE 4331k 51.45 U/mg 5 108.56 U/mg.
tpeid S 430 2R 20 °C 130 °C, fidi pH 439020 8.0 F11 9.0 7EAIK T 40 °C, pH 8.0-12.0 i, ChiA Fl
ChiC FE I FF R E - ChiA Fl ChiC XL T BT LA SBrRIEY) o-JL T 55 B-JLT o HA BH 2 B R A 16 12
HEA—EWFFEERE T [ 458 ] B R SEUESS R SR AR IR A AR LT 5Tl 7 LR v 6 4 19 Bk 1
EARE . gtk BB SRR o, R LT SRR A S PR A S

KR MGRJLT REE, FLRRCE4EEERE, aifl, Bt

JLT Ji(chitin) XAR SR, SR P iR % WGBS L e — skt R, FRRUEAE N
FRZEEYIT, W N-CBEERE A A E L S S AR S R A R LT
B-(1 >4V B HE T B 25 F [ 2N R . R A LT SR B L T b B (e A 45
BNy, FNAETEmAMEE, RASMY  SEwAR . B EYNToRTE . REhim &
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HEEG KA W B RSV E AT iz O AR
T AT BBIE . AR BEZGEEaURE,

JLT Fififi(chitinase, EC 3.2.1.14)J& % —[¥f#
JUT AR L T SE0E S ) — SR SR T AR
I HOK A A AN W] 43 S AL T g AN bl LT
B, WYIJLT Bl KL T B s LT 5
B SMIDLT Bl —Re Loy LT A B-N-
LRl . JLT B KR LT B R —
s N-Z BSR4 2RI, B-N-Z B
T DU AT 7K i LT R e Y — i 8 N- £ T 2
e — BRI B N- Z R4 S A A LT B
TETAFED AR, Wgnws . B, . B
B MY S L RN S TEVERCAE ) A B
Tk 8 P T R AR Y i AR 5 A A L PP R L iR
ity AT LA 2l EAT AR IR T S ) K AL
B GER R RER : FACANFROE P (R R TR N Y
FRALFR, FEANFE A 7 i BT AT 0 T BRI e AP Uk
il 1) 35 0 e %) S A 2 AR O AR A o 4 B
Moritella marina JLT JFfiE(MmChi60) b 7425 44 ()
HaE" " AGIRIL T R S R 2 HUL T R
A 1 ANSILT RS4RI, #as 2
MILT g Gaith g, HEA fRERE 4555
FERRAIS5H . MmChi60 JLUT Bi4s & i fbiny
AR T BRI RICY LT B 8 s A
4G AEJLT g A MR AR T 1 Se e BR B 1
25 Ry 3l 2z B] Y R3S XA T i SO A 2 A 4
G, RIBFFBOR . BIR AR G55 RE RIS A
Dy FE RS RO A S S BR AR 1 45 F 35
PRUEIZ G5 JL T 5 i BE R HE fi S oRG B 3 L0 Ky
SE 0 A T A AEARIR A T A5 6 RN KR
Y, PEIERERIKAR, REIRYREALRCR .

TR HT I B A B B T (Pseudoalteromonas
sp. DL-6)-FFilE T chid Y5 chiC, FFTERIHF B

Fakditk, R HIREM Y BRI R RIS KRR
IR H BRI R IR, A ) E AR e
PN L S S 43 el b PRI X S [ 17 A Sl
AR LT PR FLNR oo & e R RE FOR T IR, X HR
BRI . A RKEEENEF (2546 °C).
AN BER XS AN Z 4 HIZRIBIR R 52
HOMAbRE, BASIEARIIM . A5 0W
M AR D 5 TR s A S s

AR SRR FE T 2 TR R R B AR LT B
TEFLER o B YT A1 KGR, a4y B alifl
A AL LG, IR0 AP 3 i H R o
BT FLER v Yl Tk R G A R LT R G 2
Tl AR AE = IUT S0 B9 it

1 AR 7

1.1 #8

111 BEdk. BORESIY: RIBFFEIM109, FL
MR ve & Y % B (Kluyveromyces lactis GG799, K.
lactis GGT9FIK. lactis GGT99/pKLAC2 (%5 #)H
SEH % R AF ; pMD19-T Simple Vectorl) [ TaKaRa
AH] s pKLAC2M H New England Biolabs/A ] . A%
W5 R Ir RS 1 R P 5 LR 1,

1.1.2 #EFRdk. RIGHFR A K T37 °CCHILBE; I7 Ak
(RE AR 1%, FAiN1%, BEEE0.5%), pH
7.2-74, LERIMALI00 pg/mLIYE R EHR. 3
R v 6 I 175 K T30 °CHYYPDRS 37 S (I 25 1
WR2%, WERHSEHU1%, Hi%m2%), RELE
A5 mmol/L LT i)Y CBRE F7 B i 120
1.1.3 T HEEMEZLEMAEN . REEN U
Xho 1. EcoR 1 T4 DNA%ER, M EHEX
W H A TAY TR B A RA R ; TaKaRa
LA Taq™ DNA Polymerase . PCRy=#) 4lifk 7] & |
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*1. 519
Table 1. Primers used in this study

Primers Sequences (5'—3")

opt-chiA-F CCGCTCGAGAAAAGAATGTCCTCCAGAAAGATC
opt-chiA-R CCCGAATTCTTACAAGGTCCAGTCTGCTGTAACT
opt-chiC-F CCGCTCGAGAAAAGAATGTCCTCCAGAAAGATC
opt-chiC-R CCCGAATTCTTACAAGGTCCAGTCTGCTGTAACT
Primer 1 ACACACGTAAACGCGCTCGGT

Primer 2 ATCATCCTTGTCAGCGAAAGC

The underlined are restriction enzyme cutting sites.

Jo R i BT ) 3 0 e 1m0 iR 65 55 1 H TaKaRa
3]s Sac 11 FLIR 7o & 4 & AR HUR A £ . YPGal
Re I3k 5 WL Rk IR (Y CB) %5 H New England
Biolabs/A vl 5 M4 22 SCHk 7 ik il 45 AR L T o
(colloidal chitin)FIBEIJL T FRAAKAIZY; WeEFRE
YA 1 4 B Oxoid2s 7l 5 HoAth & MR 71444
i 532 Bl = A

1.2 JUT EEEEEFEF I & a8

M P8 AK 9 JL T J3T [ chid (GenBank No.
KF234015) }2chiC (GenBank No. KF234017)3E A
FE 9N UL S LI v 2 o B 0 - w1k , RBRAR
SRS, # FH GeneOptimizer K 44 X H [F il #H ik
AR Y A T B Ak, 15208 i B T 9]
chiA (GenBank No. MK635352)}.chiC (GenBank
No. MK635353) . B LAk i 10 3L PR 3 371 326 7 M A 1
A= PR AR A BR 2 ]

DL F Ak JG opt-chid 5 opt-chiCHY FE R ¥
HJgksii, FFHPrimer 5.0%f4, iALPCRE |2
B, W INXro 1 FEcoR 1 FRAIMEREIA L A
PRI 5P (W321), il TaKaRa LA Taq™
DNA PolymeraseiF1 TPCRY AN & 45 15 5 BK A4 AL
BHM R B, fECHTS] A T 6xHis 3 FMalifbinss
PCRIZJ Z54 4 - 98 °C 1 min, 17MEFR; 98 °C 10's,
55°C 15 s, 72 °C 3 min, 30ME¥F; 72 °C 10 min,
IMEHR o R PCR 24k [nI %4 2 pMD19-T#
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1K JE AL R A T IM1 098 Z A5 40, e Fh &
Pt LB 35 JE v i 16 BH M 4% 4k 7, SR BUTR
Xho 1 HIEcoR 1 BRI W 56 ik 1E 4 14 BH A v
Rk B AR T AR TR (i) e A BRZS W1 o
1.3 E4JFB pKLAC2-chid X% pKLAC2-chiCHJ
iof=:s

Wy 25 5 OE 8 1 kL pMDI19-T-chid 5
pMDI19-T-chiC, 4Rl VIl Xho 1 F1 EcoR 1
XD 5 5 AR TR U5 20 pKLAC2 A%, %%
A E. coli IM109, TRATE NI, PRtk T,
RBUTRL, 4 Xho 1/EcoR 1 WEFVIFUE, 153
Fa B D 1Y 41 K 3K AL pKLAC2-chid 5
pKLAC2-chiC.
1.4 FALFRITRIE S RIE

il 1 Sac 11 g 1) 7 20 R pKLAC2-chid 5
pKLAC2-chiC, 153321 LDNAJS LK. lactis
GG799, WATYCB-H, T30 CHIRIEFHFEREF
4 dJF 1R 3 RIEVE , PRI AL FTEYPD V- Falifl,
30 °CHEFR2 d.

PRI TRV, BEA3 mL YPDRAR; FR Ik,
30 °C. 200 r/mink5FEid %, i T 3000xg 0>
5 min{CHE AR, FRIBOE R4 1E R PCRIV AAAR ,
A% E G Y Primer 1/Primer 20E1 JPCRY 1S, i
e R AE IR S A Ak . PCRY I 251128 -
94 °C 5 min; 94°C 30s, 50°C30s, 72 °C 2 min,



FRarThas | kw24, 2020, 60(1)

175

30MfE#; 72 °C 10 min,
1.5 BEAEANRE 54

B SR EHRK. lactis GG799/pKLAC2-
chid . K. lactis GGT99/pKLAC2-chiCHIK. lactis
GG799/pKLAC2H A F50 mLIE A YPDE; 323 H
30 °C. 200 r/mink5375 d, KA BER T 10000xgE
030 min, WA B3, FIHIN-NTARSEMAifl &
1. I SDS-PAGEA: I 4l 1k 2 11 1) 4l B & 43 F
it i HEBC AR [k B D 170 4 G = Rl 22 2
15T 4
1.6 FEHEHWEENE

fit#0.1 mL50.9 mL 1%KL T FRIRA,
30 °C FRI30 minf& , SV IR Gk K ¥ 110 min
ZE SN, 10000xg 035 min, B F3#0.5 mL, il
A1 mL Schalesi{#, #7K¥#10 min, % ODys,
WAEL, BOFHE, RIEN-Z W -D- 2 %4
WP HERM AT ARG ). WIS A AE X (U): 76 b
AT, 1 minflEfL” 4402 F1 pmoL N-ZJi-
D~ 52 B4 A W 1) 0 S0 P 5 11 g 2
1.7 BRI E
171 BEREMREREN.: b THHREEX
fIRIRJL T SR B ChiA 5 ChiCHIFE M, 7£50 mmol/L
Tris-HCI (pH 8.0)Z2 M1, 4-70 °Cifh B T e HL
TEPE. DABBHE S KN 100%, MRS EGAE AN [ R
T RYARXT T LA B2, B B ol SV TR
[F] B, Kf ChiA 5 ChiC B ¥ 43 9 & T A [A) I 2
(4-70 °C) FORILL h, SRS TE i S pHA RIS S
07 I BE R AN B ARG 5 R 28 A B A
Iries, THEARRTEE
1.7.2  Ei@EpHMpHREM:: 7EHRISIRE T, pH
{8 M 3.0-12.0 9 50 mmol/L 2% v} #& (pH 3.0-5.0

phosphate-citrate, pH 6.0-10.0 Tris-HCI, pH 11.0-12.0
Na,HPO,-NaOH)H il & 4fi {k £ F1 ChiA -5 ChiC1 i
6, DABEG e KA 100%, ARYEEELE ARl pHIE
(IR XTGP 22 i £, B T %) F5d S pHAHL
[FlE, H4$ChiA 5 ChiCHERE 537 & T°50 mmol/LA ]
pHAY 2% " (pH 3.0-5.0 phosphate- citrate, pH
6.0-10.0 Tris—HCI, pH 11.0-12.0 Na,HPO,-NaOH)
Hr, 20 °CNACE 1 h, SR 5 T8 i S0 pHAFH i [
o7 I BE N AN B AR WG, 5 R 2 aed A B ) R
TS, TS
1.8  ChiA 5 ChiCHp[F] R4 SRR 874 7Bt
) Ve SO AH (2,33 (HPLC )R L T Jo il 2
[l B g LT A seR 2, 1 mL WA &R : 1 pmol/L
ChiAB{ChiC. #%1 pmol/L (ChiA+ChiC), 1 mg/mL
WAL T BT; 5 mL WA : 5 pmol/L ChiAEL,
ChiC. 25 pmol/L (ChiA+ChiC), 2 mg/mL¥}IRa
BULTRSREJLT R, 30 °CFilRFE, AR A
(0. 2, 4, 6,8, 10, 24 hIMAZKFRT0% 2
YL RN, RV FEHI24:0.22 umE ki & )5 HPLC
S3HTR

2 HRMAH

2.1 HMEEHER

TERFERR P HNAE AT T, MRAEFL IR e &
Y BT S T O Ak, G T chid FlchiCHE Ry
GIEIT90FI1630M7 i, Wit T 413159 bpiichid
RCAEE A8, ig1053 4240, FRigH
T M 113.54 kDa, Wit 74142628 bpfchiC
AE D751, migs76 AR, FiEHF
Jiii4192.66 kDa, E:[R i BOHLIK S5 R AN LR ,
SRR/
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2.2 FEH B pKLAC2-chid K pKLAC2-chiCHy
e

PEHR R KL, ZXho 1 FEcoR 1 ML
YIBAE, W2 R, pKLAC2HK/NR9107 bp,
H B3 R B R/ 513159 bp 2628 bp, 5Tl
Fr Be R /INAHTR] o K 56 TE 1 A A9 BE 7 o s 310 A T
A TR () e A B2 /I

bp M 1 2

10000
6000

E1. chid. chiCE R B kE

Figure 1. chid and chiC gene electrophoresis results.
M: 10000 bp DNA marker; lane 1: chid gene; lane 2:
chiC gene.

A 1 M1 bp B 2 M

10000
3000

1000

500

El2. ZFHFRIERMNpKLAC2-chid % pKLAC2-chiCH]
BT EE

Figure 2. The enzymatic digestion of pKLAC2-chiAd
and pKLAC2-chiC. Lane M1: 10 kb DNA marker; lane
1: Plasmid pKLAC2-chiA digested by Xho I and EcoR
I; lane 2: Plasmid pKLAC2-chiC digested by Xho I and
EcoR 1; lane M2: 10 kb DNA marker.

actamicro@im.ac.cn

2.3 K. lactis GGT99¥AL T By 7 v 5 30iE

PREGEAL T, DILIER AV AR (E3), i
U SE 5| W Primer 1/Primer 2iF1TPCREE , Pkt Y
FTEYIREY 1 202.4 Kb 457t , 45 RUNE 4w,
i e ) AR W) IR A AL T, BB H R 2
Y BRI 2
2.4 FEHABAMRIXAML SEERN

WK lactis GGT99/pKLAC2HIE L E KK, lactis
GG799/pKLAC2-chid . K. lactis GG799/pKLAC2-
chiCIEYPD; 353, 30 °C., 200 r/mink%5748 h
JE B OB EIE R ZANI-NTARE 4L, Qi sS Kefir
Ne AWM ERK FIESEHEWK lactis/
pKLAC2H L, B WK, lactis GG799/pKLAC2-
chid . K. lactis GG799/pKLAC2-chiC% 4tk )5 1E
110 kDa#190 kDalff i o] WL B —2E 1 254, BWI7E
ChiAFIChiCTEK. lactis GGT799H 45 %A R4 (1) 53
Fik . #ifbE P ChiA 5 ChiC Y 8 FHk E 43 1 hy
1.26 mg/mL*51.48 mg/mL, H§F 71435451.45 U/mg
+5108.56 U/mg.,

bp

53, EEELTREAIEEHEDNA
Figure 3. Genomic DNA extracted from yeast
transformants. M: D2000 DNA marker; lane 1-2:
Genomic DNA of yeast transformant.
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E4. EEEELTPCRERE

Figure 4. PCR identification of yeast transformants.
M: D2000 DNA marker; lane 1-6: PCR products of
yeast transformants.

Bl 5. ZLHE K lactisspKLAC2-chiA RiEF=H8Y
SDS-PAGE 4t

Figure 5. The SDS-PAGE analysis of expression
product of ChiA in recombinant strain. M: Standard
protein marker; lane 1: fermentation supernatant of

recombinant strain; lane 2: purification of ChiA; lane 3:

K. lactis/pKLAC2.

2.5 EAMREILT SRR R

2.5.1 ChiA BT (1) feid SO i Bl
. M 7-A W1, ChiA 7E 10—40 °C ¥R NA %
TG, IRF 80%LA b, ol S VTRIE R 20 °C,

£ 4 °C BTG AE 60% LA ;5 #E 40-70 °C JREENY,
W7 1 Y T e B R, HLAE 50 °C IS )
WRRE, Ry R T G Y 50% A5 4 -

Bl 6. FELHE K lactisspKLAC2-chiC FiX =4 1)
SDS-PAGE 4 #ft

Figure 6. The SDS-PAGE analysis of expression
product of ChiC in recombinant strain. M: Standard

protein marker; lane 1: fermentation supernatant of

recombinant strain; lane 2: purification of chiC; lane 3:
K. lactis/pKLAC2.

(2) #FoEMES . HIE7-BAIA, ChiAZEfK
T30 CCHYMEE T A BAF M EE, &iRE
1 Wb, BESAE R 80% LA [, H7E20 °CHIER

EVERAS; 4 T40 CCIRBAFLE, WG TR,
AR 45 50% A I, U BH ChiATg 3847 i AR e ok o

(3) fiEpHME . i E7-CAI %1, ChiAfEpH
8.0-9.03 55 TG VAR &y, B F95%L) b, [
HIIEpHNS8.0; HpH/NT8.08 K T-9.00F, i
SURI T RE, pHoAT.06F, B FREZE60%, 7EpHN
3.0-6.00} i E Sk F40%; pH R 10.08F, BEEE T3
M 270%/ 47, pH 12,08, BEEAE T°40%, ChiA
BRI P pH PRl PN 1

(4) pHERE . HEI7-DAJ AT, ChiAfEpH
8.0—12.0A1 R AR BEHE T17ET0% LA FENFaE , YMpH
h7.08F, FXEEE 18 4260%, pHALF6.06F, A
XiF BTG IRIAAS L 40% . T LA ChiATE A PR A7- 15 I
R BT
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Figure 7.
enzyme (D) on ChiA enzymes activity.

2.5.2  ChiCEgAMERAHT: (1) dweidi 5oy il B
FE . HEIS-ATAI, ChiClid b E N30 °C,
1E4-30 °CIRPEN , A B2 0 TH i s 42
HATE4 °CHY B H2180%; 1E30-70 °CIR LN, Fifi
B R T S BRI, HLAESO CH S 1 4R
K, 70 °CHYBEE FAR, hdmcid T FG 1 60%
KA s

(2) HAEMES . HIEI8-BAIAI, ChiCHEfK
F50 CCHEE T HABIFEENE, £ E 1 h
PR, BTG 70%LL F, HAE10 °CHIFSE
PEIRAF; 4270 °CORR)E , FIRBHEG /D, (AR
F150%LA b, 156HH ChiCA TR I i Huta e 1

(3) fidpHME . HE8-Crl K1, ChiCFEpH
8.0-9.07 5% TG MEAR &y, A FI80%LA b, [
) F 35 pH oM 9.0 5 7E pH A 3.0-6.0 B il 1% g ] 4%
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30%; FEpH A 10.08F, BEIEIAF]70%LL [, pHK
F10.08F, FEIE 1 2R R, BRIE IR AR
40% , 1% T 2H il A A 3 3 A v PR R O P p H FET
WA

(4) pHER EME M. HHIEIS-DAI %1, ChiCYEpH
8.0—12.0[H] I A BEHE S17ET0% LA FECATEE, YMpH
7. 08}, A IS 1 F A 50%, pHAKF6.00F,
HRXT S TR AAS FE20% FIFLAChiCil A - A7 1E
TrBs P RS
2.6  ChiA5 ChiCH}E] A8 S A Y i 7= 4 53

) v BORE €6 3% (HPLC) 20 M ChiA 5 ChiC
PRIREAR Y o-JLT BT, B-JLT BT . e ILT o,
ZERNE 9 FiR o

H1 &l 9-A A %1, ChiA Fl1 ChiC &R ] b A
AR JLT B, H ChiC FEf#RE ))& T ChiA; 24 h
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B AL T R A LY (GIeNAc), (8 & ChiC iy
ChiA ¥ 1.3 f%; ChiA F1 ChiC P [FIREMRAILT
JEFSCR B 2 R F ChiA B¢ ChiC PAh[%f#, 24 h
FAR A JBL(GleNAc), 1Y 75 54351 ChiA il ChiC 7=
Y 3.0 £ 2.3 £5,

1 9-B A1, ChiA 1 ChiC #F nJ Bl (5 fi# o-
JUT BT, ChiC HYREMERE 15 T ChiA, 24 h I ChiC
Bft o- JL T AR A (GIeNAc), 5 & ChiA (14 8.6
f#%; ChiA Fl ChiC HHFEIFEME o-JL T BUAIRLCRI] 2
# T ChiA 8, ChiC ik, 24 h B R A BT
(GIeNAc), [ 7 4351 4 ChiA Fl ChiC F&fif = e i
19.0 f5F1 2.2 £,

118 9-C AJ %01, ChiA F1 ChiC #P Al 5t f A B-
JUT I, H ChiC Xf B-JL T a4 AE 1 BH .=
ChiA; 24 h W}, ChiC /Kf# B-JLT BiA L/
(GlcNAc), # 42 ChiA i 3.0 fi%; ChiA il ChiC
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Figure 8.
enzyme (D) on ChiC enzymes activity.

PhIFEAR B-JL T BRI & T ChiA 8 ChiC
FAIRREAR, 24 h BFREMRA R (GleNAc), ()5 i
43 H12H ChiA Fl ChiC =iy 4.8 f5H1 1.6 %,

I 9-A. 9-B. 9-C XTHLAI I, [RIBEHMRIE Y
ChiA F1 ChiC RILVHEIFEMEICY) o-JLT T, B-JLT
SRR ILT B/ER , X Rl A L T iR
3 R AR oL T BSURSR T B-JL T
i, ChiA, ChiC. ChiA+ChiC XJJAAJL T Ay
FERCE R & T o-JLTHEL B-JLT B, 24 h B,
ChiA [ B-JL T BAERUJL T — 4N 16.0 mg/mL, i
W% o- )L T B J8U(GIeNAc), B~ A 4.3 mg/mL;
ChiC F&fi# B-JL T A UL T —hEHh 48.3 mg/mL,
TR o- L T A B(GIeNAc), Y7~ 54 36.7 mg/mL,
LB ChiA F1 ChiC Xt B-JL T R HUBEFAFRCE R T o
JUT B, HEWX FTRE S B-JL T BEMIZSHA L, 5 o
JUT ARG, B-JLT b AL A X A RO
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Bl 9. ChiA. ChiC 2 ChiA+ChiC S5E{KJLT R(A).
o-JLT B(B). B-/LT R(C)TE 24 h FHE AR AR
(GlcNAc),

Figure 9. Formation of (GlcNAc), in reaction with
ChiA, ChiC or ChiA+ChiC on the substrates of
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Recombinant expression and characterization of cold-adapted
chitinase genes in Kluyveromyces lactis

Ligong Chen'?, Qingfang Zhang'?, Naiyu Chi'?, Xiaohui Wang'*"

" College of Life Sciences and Technology, Dalian University, Dalian 116622, Liaoning Province, China
*Liaoning Marine Microbial Engineering Technology Research Center, Dalian 116622, Liaoning Province, China

Abstract: [Objective] We aimed to construct recombinant Kluyveromyces lactis (K. lactis) strains to produce
cold-adapted chitinases (chitinase A, chid; chitinase C, chiC) of Pseudoalteromonas sp. DL-6. We purified and
characterized the recombinant proteins. [Methods] We synthesized optimized-codons chitinase genes. The
recombinant K. lactis expression plasmids (pKLAC1-chid, pKLAC1-chiC) were constructed successfully and
transformed into K. lactis by electric field pulses to achieve soluble expression of cold-adapted chitinases. The
recombinant proteins were further purified using Ni-NTA chromatography. [Results] The recombinant K. lactis
producing cold-adapted chitinases was successfully constructed and obtained high purity. The purified recombinant
proteins, ChiA and ChiC, appeared as a single band of approximately 110 kDa and 90 kDa by SDS-PAGE,
respectively. The activities of ChiA and ChiC were 51.45 U/mg and 108.56 U/mg measured by Schales’ method.
The optimum temperature was 20 °C and 30 °C, and the optimum pH was 8.0 and 9.0, respectively. ChiA and ChiC
were stable at pH 8.0-12.0 and below 40 °C. ChiA and ChiC have obvious degradation activity to colloidal chitin
and powdered chitin including a-chitin and B-chitin. Besides, they acted synergistically to efficiently degrade chitin
substrates. [Conclusion] The expression, purification, enzymatic properties and degradation products of
cold-adapted chitinases in K. lactis were achieved for the first time. These research results provide reference for the
study of other cold-adapted chitinases.

Keywords: cold-adapted chitinase, Kluyveromyces lactis, purification, enzymological characterization
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