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Cloning, expression and activity identification of chitin deacetylase gene from Saccharomyces cerevisiae
HU Shigi
(Zhejiang Marine Development Research Institute, Zhoushan 316021, China)

Abstract; To construct a non-methanol induced expression vector and engineering strain for chitin deacetylase in Pichia pastoris, two chitin deacety-
lase genes ScCDAI and ScCDA2 were amplified and cloned from Saccharomyces cerevisiae and subjected to bioinformatics analysis. By homolo-
gous recombination technology, ScCDAI and ScCDA2 genes were respectively cloned into the vector pPGAPK containing a constitutive strong pro-
moter pGAP and expressed in P. pastoris GS115, and their deacetylase activity was investigated. The degree of deacetylation was determined by alka-
limetry, and the deacetylation ability of recombinant strains to substrate chitin was studied. The results showed that the full length of ScCDAI and
ScCDAZ2 genes were 906 bp and 939 bp, respectively, without introns, and the molecular mass of their encoded proteins were 34.64 kDa and 35.69 kDa.
Both proteins did not contain transmembrane regions and signal peptides, and the homology was 51%. The high-copy recombinant strains pGAPK-
ScCDA1/GS115 and pGAPK-ScCDA2/GS115 were successfully constructed. After 72 h of shake-flask fermentation, the deacetylase activity reached
the highest level, which were 18.69 U/ml and 18.14 U/ml, respectively, with corresponding chitin deacetylation degrees reaching 59.20% and 53.55%,
which was significantly higher than 3.58% of the control group (P<<0.01).
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YR B A 58 AR % F) (Pichia pastoris)GS115 . b 5T
T S PR AT BR 23 7] 5 R I8 A pCAMBIA1301 . b 5 42 K
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Table 1 Primers used in this study

EIEE J#31(5'—3")
ScCDAI-F1 ATGAAAATTTTCAATACAATAC
ScCDAI1-R1 CTAGTCGTAGCGTTCGA
ScCDA2-F1 ATGAGAATACAACTAAATACAATTG
ScCDA2-R1 TTAGGACAAGAATTCTTTTATG
Zeo-F CACGTCCGACGGCGGCCCAC
Zeo-R GGTTTAGTTCCTCACCTTGTCGT
Kan-CE-F1 ACAAGGTGAGGAACTAAACCATGGCT-
AAAATGAGAATATCACCGG
Kan-CE-R1 GTGGGCCGCCGTCGGACGTGCTAAAA-
CAATTCATCCAGTAAAATATAATATTT
pGAP-F GTCCCTATTTCAATCAATTGAA
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B FRAa . R 0 A g A BR 2 ) s HH-4 X5 5l A8 il K i
By - H M AR A i A R W) 5 Synergy HIZ DI RE BRI .
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//services.healthtech.dtu.dk/services/DeepTMHMM-1.0/) FI
SignalP 6.0(https://serviceshealthtech.dtu.dk/services/Signal P-
6.0/)TELR T 23 516 2 11 BT A 7 125 NS 95 ) Tt A 45 5 ik
Mr . LAk, | HIPRIPRED Workbench (http ://bioinf.cs.ucl.ac.
uk/psipred/) Xt 2 [ 1 2 45+ 47 T, 75 A FH SWISS-
MODEL (https ://swissmodel.expasy.org/interactive ) H* %) [i]
PSR oy A AR Y = R A
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1AL & Zeocindit 14 3 A 19 pGAPH H2 K 7 Bt (Zeo-F/
Zeo-R) fil Kan $it 1 3£ K (Kan-CE-F1/Kan-CE-R1) , #]
FastPure Gel DNA Extraction Miniial 71 & I i [m] i £ 14 1k
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YIr=9y (7562 WAL - b “PCRS IV 3 91U 7 467, F1
[] 5 # £ ClonExpress 11 One Step Cloningi®t 7 £ 43 5l ¥t 17
ScCDA 1 .ScCDA2KE R FlpGAPK ) i 4% | % %€ 15 %1 BH M &
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133 EFBEN S EHAEGRA

Vo FRPE A R T Kpn 1 SREED] SR AL L 1 A ke
HRBEREGS1 15832 A5 40, U100 WL BOR A T & A A ) i
HHE (0.5 mg/mL 1 mg/mL .2 mg/mL 4 mg/mL)G418/YPD
SR L B A B 4 DL A b T R SE T PCRYGAIE

P BCPH P PR 5T [ | 35 R0 T°5 mL YPDR; 3 3+ 28 °C.,
250 r/mindig % K5 7724 h, $51% 0 2 b B 52 225 mL BMGY
B ge R rp KB 35,28 °C 250 r/mindlk 3% 15 97 2 OD ol =
2~4,4 500 t/min .05 minlUEE AN, IBMGY 5 R L &
2 1 = OD o B =1.0,28 °C 250 r/mindl % 5 75 k4745 &%
15, 4391 F0.24 h .48 h 72 h 196 hHUAf , % i 12 000 r/min
B0 5 min, VS, B R R B

UK #5272 WG i & e L0 WRIE AT T e B TR 4N
(sodium dodecyl sulfate, SDS )-PAGE L 3k ¥  , 2% FH A+
P A P o v 0 ) 5 0 e R T v ) AR Y
SEG 7S AR G A 1S
1.3.4 ® 7% & M 2B 8 B s 0 2

FEAAFRIR0.01 Xt fif§ R B, ik 5 £ JF 7 45 7100 mL
A rh RS HEA TR AR RS 2 T 4 mg/L 8 mg/L
12 mg/L .16 mg/LFI120 mg/L, DL ZE MK /E 2 1 B IR I 2 4%
i A W AE T K 400 nm Ak 1) 2 5 21 (ODoggg L ) o LA il 32
T TR T (x) A AR AR, L OD oo mfEL (y) A A A 5 222 il
PR T4, ARA5 A o it 26 819 75 # y=0.021 9x+0.000 9, #H
XK R FIR*40.999 9,

K FH OO AR s 2 T 2 Bl Sl G, W B AR L I B &
Pk 3 i 75 P . B200 mg/L B X il 3 2, P 2R e %5 1 mL A
0.05 mol/LI# Tris-HCI1ZZ ¥ (pH=8.0)3 mL, 50 “C/K ¥ {4 It
3min)& , A 13.3H M 1 mL, 50 “C/K¥ 52 % 15 min, 3
IKIEL T SN, JIK 2 25 210 mL, 14,3 000 r/min 5 0>
10 min, 52 b 3% ¥ 7 B 400 nmAh A9 56 1B (ODjgonfH)

CDAFif 1 BRI 28 S 7 1R RN 2518 T B/ = A=
1 g N EE R e BT it 2 A il et e SCR 1A ) 5247 (U/mL) o
AT,
5 47 (UL = (AODuofFL) X FlFL T A7

kxT
s AOD g, [ A7 A VR i 5 25 11 A1 7E 3 400 nm % 14
IO B B A 25 S 3 T A R BN 4, kR R v
HEJEEYES

LU 0 2 S A B3R OB 25 F N B T i (mg ) £ 1
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7 it (mg/mL)
1.3.5 B BLE B A =
43 53 il £ 1% £F B pGAPK-ScCDA1/GS115 fil pGAPK-
ScCDA2/GS11SHFP T, # 1% 3R 2 43 AR 22100 mL
BMGYH; #5256 H (B 7R 3 b s n3 gl s %) Bi— ik
FERN Y 15 5 345 A IR, 28 °C 250 r/minki 553 d, & e
J& B A BEWCTES 000 r/min .00 15 min, B 2= W, 1
F B PR EVRSUINE, & H .
SR B 00 2 O 2 Tk B 43 R b R i £ T =
H 28 T IR UTIE02 g, B 250 mLAETE i, A 30 mL
0.1 mol/L i) £k B2 b5 T 22 Vi W, £20~25 CF i+ 2 i
VA, 215 F A8 R W 48 78 W, FHO.1 mol/LINaOH
s VT O YR A, M T TR 0, 5R T (A Dy R (R
155 11T 5 BT FENaOHAR T 2 9 WA FRVBUE , T F 53
SR AR AKX
5.7, i JiE = (&, V5-¢ V) x107%x 16
m,x0.099 4
A s ey R IR o T A VA A VR B mol/L; Vo R i A B R
VRS 28 VS LR AL mL 5 oo AR A B T E T TR
e mol/L; Vi 1% e S0 S Ak B A o Tk 7 V5 T 1) 1R
L, mL; 1624 %5 19 B8 R T4t g/mol s my g ik BE T4, g
0.099 4 Bl i 5 75 55 (16/161)
2 EREHH
21 TEREMCBELARG LES AWIEEF oM
ScCDA 1H1ScCDA2FE PR 4™ g v vk 1] Je o8 P51 1)
A PR 2 T DL IR T

OIS (U/mL) =

x100%

ScCDA2 M

ScCDA1 M

a

1 kbp

b sccDA1 1 [IKEIFNTIQSVLFAAFFLKQENCLASNGS TALMGEVEME- -
sccoaz 1 [RAeRLNTIDLQC I 1ALscLdaFVHAEANREDLKQIBFEFP 40

ScCDA1 38 - - ------ TPFPEWLREEF TIN L REelwWP GEIDP P Y | P L DJ | [N (]
ScCDA2 41 VLERAATKILAHLOWINS ARIGIAK EllZe] | DIARSNIWIFIIDFS 80
ScCDA1 7 EV[JE LDRMY PGQ[eP K | S[HE QelcEaislel Y Nie | D Vv [s)sl¥ T S{ej- (4N 110
sccbA2 81 @ I[@DykEMpaNH[ED s v PHD s SEIENSH HIS T E HEERY v Tids DI 120
ScCDA1 111 APAEAKKRQRTVITNYE 150
sccpA2 121 KleRAIteRas A shu T < Mo Rk 1 v s R NS VN | Mo HEEERC 160
ScCDA1 A ENR NG H L | GH Tws HIigL PERNS NEIF | BAQ | EWS IWAMN ARREN
SccpA2 161 RMQK E [ NSKelS GRRTERS]V VSN VEINIS K | EXeNNSTERRTEYIVY 200
sccoaz 201 RSN TERSWIGERES G IFINVEYNI T RISSXI o A MMV HERAER 240
ScCDA1 231 mKI TDF REMD\NTEKGKRKGARR 270
sccoaz 241 WsL CMEs v 1 RfECENEM N | NIYN K s G TICHMEAES s T E KRRY 280
SccDA1 271 E VENWEGINNIE [RENe s ofel L gY | AE[9 | [e]D TPRERE RY D - 301
SccpA2 281 D L ENICSINN| < [SKe] Ofofe]s v S H{gV[e]G | DREEKEF LS 312
M} Trans DL 2000 DNA Marker
BEl1 ScCDA1#1ScCDA2EE # &k E (a) R EE B 7 518 B iR
S (b)
Fig. 1 Amplification electropherogram of ScCDA1 and ScCDA2 genes
(a) and homology analysis of their protein sequences (b)
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i & 1an] 1, ScCDA1 I ScCDA2 H 1) K& 4 B 1 K JiF
535110906 bp 1939 bp , ¥ 1 kA . — H AW M BE S HIY
FE R K/NAHAT B B b A] AT, B AN 26 A R R51%

— YT G4 A 45 FE K W, ScCDA 1 1 ScCDA245 4 i
MR E AN T, SCCDALMISCCDA2E A Y 3 Ak
JF 43 M 45 SR 2 W1, ScCDAT 5 11 1 301 4™ 4 2 R 41 1, 4
F Wi 34.64 kDa, AR E RN 32.03<40, )8 TRaE
KT ZB(GRAVY) H-0.246<<0, J& T 3£ /K
PEME 1, ScCCDA2E I H 312 & LR 24 1%, 4 T i &
35.69 kDa, A& R H32.74<<40, )8 TR g E A ; KM
W3 ZB(GRAVY) 1-0.365<<0, J& T 3£ KPR 1, &
15 M55 F TN 25 S W, ScCDA 1 FIScCDA2FE A H4 ¥ A 15
JR DX, AN FEAE 5 B T g 55 BR 2 B4l S % B, ScCDA
FIScCDA2 N [ 51 Sec/SPIF 5 KA R AL 43 %1 0710.000 5,
Ut HScCDA1FIScCDA2E 13 )& FAE W 8 1, A FFES
SRRE A

ScCDA 1 MIScCDA2TE 1 A — 9% 45 #4 00 43 A7 &5 1
K12, i E2A] A1, ScCDA T FIScCDA2%E /541 & A ol fig
(Helix) . 8477 (Strand ) Fll K& (1) TE LI A i (Coil)

A 0 2 £

o 50
T MKNENTNESVOERAAEFEKeeNCLASNGSTALMGEVDMQTPFPEWEREF TN
st LTQWPGI DPPYI PHBMI NLTEVPELDRYYPGQCPKI SREQCSFDCYNCI D 10
o MBBVTSEFKLSATFEbpcr ABARNERDERKER QRTTFEEVL 61 NEMNYBBNME
o HIMEERGHLI 6T HT WS HEF B s L s i E E iV e i E WS WA MM R e K HEPKYFR 20
2 peYcAl DNEMEAMMKEFGLTVYLWDOLDT FBWKLI TND D FREEEENUMBMN s
251 MWKGKRKGL I LEHD G A RIREMENMSENKNNEDNGsoaLTHAEENGo T oMIlER Y w0
21 D 301

10 2 EY o 0

B o 2 EY o 0

T MRIQLNFlo Qe NALSc G aFVHAEANREDLKQI DFQFPVLERAATKTP 5
s FrPBWESAFTeLKEWPGLDPPYI PEBE! DEEE PoYKEYDQNHCDSVPRDS 10
101 CSFDCHHCTEHDDVYTSKLSQTFDDGP sASHTEKELBRLKHNSTEENLGV 150
w61 N V@ 1 G IR GIKI E 6 L e s T WS H VY L PNV s 1 200
200 flGNHTPKWFRPPYGGI DNRMRAWNTERIEFrcLaAVLWDHDTFOMEELLND SN 20
251 [ [ 5 ) [ [V W N s 6 TG L L E K D s ) R B e o o e s T S TRIe) a0
0 veel oMUKERL s 312

0 20 £ 0 %0

strand 0 ot coil [oisordersa
[ pisordered, proten binding |1 ] u

Extracellular [ Re-entrant Helix Cytoplasmic Signal Peptide.
1 Metal Binding

El2 ScCDA1(A)#1ScCDA2(B) & B ) Z % £5 ¥ il 43 #7
Fig. 2 Prediction analysis of secondary structure of SCCDA1 (A) and
ScCDA2 (B) proteins

ScCDA1 F1ScCDA2 £ 111 By = 4 45 #4 150 I 43 B 45 R
ILE3,

E3 ScCDA1(A)#1ScCDA2(B)%E B = 4 & T il &5 47
Fig. 3 Prediction analysis of three—dimensional structure of
ScCDA1 (A) and ScCDA2 (B) proteins

i &3 0] %0, B AOATIOFQ65 5 ScCDA LT A1) iy — E

J&Z99% , 4> BR R A AL 5t 2 £ I (global model quality esti-
mation, GMQE ) {H 70.89 ; £ #z AOAGCIDWW9_SACPS 5
ScCDA2JF %1 58 4> — %k , GMQE1H #70.87., H  GMQE1H
AT 1 DU S A O o R | R AR A T
22 FiRER KB ARG ME

BLDI 88 S B P PCRY 3 7 Wy v Uk (&1 UL BT 4. 1 [R14A
FIAL, LA BTR pGAPZB A AR , 5351 W14 3 A4 75 Zeocin
PUPERE A M pGAPEURL B 4K B 159 B 2222 507 bp
HILE AL 2R .t 4B AT %0, DL BRI pCambial301 4 A5 4
P A3 2K 816 bpAyKanBi M FE A, i E4CH] %, i i
[i) V5 5 4 4 Kan i B S5 pGAPER AR I T35 42 , 20 B T PCRYE
JE TN Y J5 A5 B0 bR 10 4 R ABEE R (G418) [ HE AR i
FRHARpGAPK , H EI4D W] AT, pGAPK#k 4 43 401 bp,
EcoR T P VIZRM )5 | vk 25 B 45 & . i R4 W] T, I
IF] 5 7 4133057 & 43 3K ScCDA 1, ScCDA 23 [H FllpGAPK
A%, PRk e Ak 7 UE 1T B VS PCRY 1S | #£952 bp (ScCDAL -
pGAPK) #1985 bp (ScCDA2-pGAPK ) &b #7 BH f 27 |, 32 1
AR B BT

A

PGAPK 4 B M1 B n3 M2 C 12345678 M

2kbp

‘evdnvavans st I
1 kb -
3kbp 750 bp

2kbp.

ScCDA2-pGAPK. ScCDA1-pGAPK
1 2 3 4 5 6 M21 2 3 4 5 6 M

1 kbp
750 bp

AHPGAPK F BEY 384 it vk 18] ; B Kan o itk 25 X 7 189 L 3k (8] ; C M pGAPK
A £ 1) TRV PCRY™ 1 7= v 1k 1] 3 D pGAPK Lt V) v ok 141
E:ScCDA1-pGAPK FIScCDA2-pGAPK Zk 1A 1y 2t (14 14 75 PCR Y 3
7= 4y B9k 181 ;M1 91 kb DNA Ladder ; M2 4 Trans 2k DNA Marker

B4 BEEyERAEERAHBENRMET E~YEIKE
Fig. 4 Electrophoretogram of gene amplification and single colony
polymerase chain reaction amplification products

23 EABFRKGIFiLE KRG AL

5 % 5E T 1 10 T 41 5 R ScCDA 1-pGAPK Fll ScCDA2-
PGAPK 3 I Ze Pk At 5 e Ak 56 AR e B GS 115852 25 200 it , %
WA AT 2 & A R R e G418 YPD - e |, 30 °CHE i
BEFRER AT PRIGE G418 (4 mg/mL) VA 11
U R TR VEPCRY 3, 45 5 ULIELS . th IS AT, 4501 K/
5 R /N—50(952 bp 1985 bp) , fix 4 fifi £ 1% 2 pGAPK-
ScCDA1/GS115 #l pGAPK-ScCDA2/GS115 & #% Il # 41 fH
L A

5 T UL bR A IR 5 1) s W17 SDS-PAGE 4
By, &5 51 0L K6,
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S 405 +89-

1 kbp 1 kbp

M} Trans DL 2000 DNA Marker; 1~4}ScCDA2-pGAPK i £ #4k T;
5~8JScCDA1-pGAPK & 417 1k 1,

E5 SHABRBHNFHREAHEXRKET E~YHEKE
Fig. 5 Electrophoretogram of polymerase chain reaction amplification
products of recombinant yeast transformant

M1 2

My = (AT Y2 (150 T bRt (10~180 kDa) ;
128ScCDALHE [ L35 ;229 ScCDA2E 11 L35 i .

E6 HEZMZBBEATAN T _REMBIN-RREBERER
Fa vk B
Fig. 6 Sodium dodecy! sulfate—polyacrylamide gel electrophoresis of
recombinant chitin deacetylase protein

i FE6nT 1, F 4 F7E <40 kDakb A BH . 45717 , 5 Tl 15
FAFAPRZER B A 57 i —30(36.7kDafl37.7kDa),
F I E L ScCDATFIScCDA 1 [ 78 K Al e bE v i Tl 3k
A IE B 5 R B R IA R G PN L P ) ik T
oYL LT T 2 T i SeCDAL 2K 1 AR S il %
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