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OB FREABEAA ZNITLEAAx, wTHTFx. BolleT o ROEMRAAILT EBAH 6
S AL S, A2FAR T ELBEAKER, KKBRATIUTERBOET, £EXEETHAR T RELT —
NEA RGN FE G T w K B Chisb, AT EBFHRATT S MR, Hit—FRZHF &5 Chisb
B ML E, L R13NprB-C-SP-H % F& A&, KA 5 4 PCR(Error-prone PCR)# K # ALK TR L&, *t
¥ & B Chisb #4TE G it, 2L 96 LM i e M A IG, KRBT HMEALRF R —FTRFHE LK
C43D #= E336R. *F % T AR B 3 M 547 547, C43D #= E336R #) W ALIRE 4 55 C, C43D #&%iE
pH # 5.0, E336R # & i& pH # 9.0; HE /A FE MLt B 455148 5 T 1.354 4= 1.57 4%; ™ E336R #= C43D
AL = IUT A 6942 a5 4 253 g/L A= 2.06 g/L, A8 B8 (0.89 g/L) 4 #l4% & T 2.84 45 4= 2.31 4%; & #
AL E 5 A 84.3%F= 68.7%, ABLATEE (29.7%) 4 #1483 T 54.6%F= 39%. AR &, @il 54 PCR 3|
ANEAREGFERBH IR EG T R L0 Chisb 9tk F, ERXAREAFOBALAERSGHEG R TR
BEBEFWR NS EMBENERILT EEEATEZMTE L m A MNAL.

X@iA: ¥ A& &8 Chisb, LT EAE, Iz E, 54 PCR, Z&itfb
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other crustacean waste into high value-added chitooligosaccharides. However, the low catalytic efficiency of chitinase greatly
limits the production of chitooligosaccharides. In previous study, the we expressed a chitinase Chisb with high catalytic
efficiency and studied its enzymatic properties. In order to further improve the catalytic efficiency of Chisb, with
R13NprB-C-SP-H as the parent, here error-prone PCR was used to construct random mutant library to conduct directed
evolution of chitinase Chisbh. Two mutants C43D and E336R were obtained with 96-well plate primary screening and
shaker-screening, and their enzymatic properties were also studied. The optimum temperature of C43D and E336R was 55 °C,
and the optimum pH of C43D was 5.0, while that of E336R was 9.0. The catalytic efficiency of C43D and E336R was 1.35
times and 1.57 times higher than that of control. The chitooligosaccharide concentration of E336R and C43D was 2.53 g/L and
2.06 g/L, improved by 2.84 times and 2.31 times compared with the control (0.89 g/L), respectively. In addition, the substrate
conversion rate of mutants E336R and C43D was 84.3% and 68.7%, improved by 54.6% and 39% compared with the control
(29.7%), respectively. In summary, the study indicates that random mutation introduced by error-prone PCR can effectively
improve the catalytic efficiency of chitinase Chisb. The positive mutants with higher catalytic efficiency obtained in the above
study and their enzymatic property analysis have important research significance and application value for the biosynthesis of

chitooligosaccharides.

Keywords: chitinase Chish, chitooligosaccharides, catalytic efficiency, error-prone PCR, directed evolution

H5eEHE (EC3.2.1.14) K2, fiE T4
Flv 2 7 . 0T R — 26 5 A i L gV T2 |
H 72 2 il 22 ;T F A W B 1A AR o L R g
SR ILT ST . AR, ORI Z 1 E
WAMIFIE 2 E B TR S R, PR A A
(R RS2 R I TR, AR T
5 RS hRm E R, 33 AL N TR
TR T Boks e R T e ek o Tl A
fem R E N, SO HT

Huang 25U ol 6 K AT i rh s sl 3k 7ok
U5 A ZE AR B Y e R SL L ChiCH Al
ChiCw, FAMH FEEEF ChiCH I ChiCW i@ it
GST Rl& bRt iraiftk, 4ifb)s 08 A H B 4y
Wk 7.48 U/mg F1 3.69 U/mg. B )& X 4iAk i i)
AT T AR ENEE, R
ChiCH Ay #MJ] 1 52 K il , ChiCW Sk P 11 Y 5 K il .
2017 4E, Guo %PV Sk P T 2K 2F AT B R
Paenibacillus pasadenensis CS0611 fi4 B bk o 43 25
aifb, 7 —ApavE ST R, 2k E H RS I8 F
10.28 U/mg, %3k HPLC ¥l HoK i 7=y & B1
T T LIRS A FR 52 2K A Ry HY 72 b . 2018 4F,
Zhang %1 e JL T B4 4 4 Chitinolytichacter
meiyuanensis SYBC-H1 £ 15 T —Fl g Rl 52 K
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fitt CmChil, £%5¢ 8 THEH /KRN 18 0%, it
JRAARH 76 2R N2 M 4lifb 5 FUfRG 551 15.3 U/mg.
CmChil RE/K AR H 76 2 H i 24110 GleNAc,
133845208 100%, 77450 B Jm Al Rk 3] 98%.
WA, A E R R RARERA
FBO W e R 45T 1 198, Madhuprakash
£l SR TS T BEV D 2 TS 1 Serratia proteamaculans
M H FE R D S ToroE, SRR, %
(7] BF EL A 7 e 5 P N RGP, FZ LA b
TR MR 18 Z 1R A, TR A AL A5 I b A7 A
PRAFIX 3 DXDXE 45#), X2 5 L B E5 1Y
11 P 7 2% [R] 5 LA R R 35 1 Fan 2803 1 %ot
KPR T HEF M Lymantria dispar A9 H 52 R EAT
FE AR IFX TGRS T T U AT, 4
TR, A Y (0 I L 5 AR LA R 9 A TR Ak
R, BARGBNL SR A  ZEE  (HIEIER] T D143,
D145 F1 W146 A iZ il (1) 5 B % P A7 o5 o
TATERTIIBE T, W55 BRI . A%H
L5 G0 (RBS) PLALFIE s RS T B, 3Rk 1%
T—MHEARESMEARE TR SR E Chisb, H Lt
ity 1% 15 51| 249.62 U/mg., A5 HLfi2= iR 3, %
) fis pH R 5.0, FIGiREN 60 C, Ky Al
Keat! Km 7354 2.24 mmol/L #1 3.9 mmol/(L-s). il
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i B AR K A R B, AR e R
R, ZE AR 4 FARRE
JUT ZEmE

WETETIR, W Gis i 2R T Box H 7
EMPHAT TOHE . (HiZH 55 PCRa; DNA i
1295 20 Y SE A T 1A TR 1) o 3 )
7 B PCRZFIH Tag DNA Z R AR
A I-SEXT I RR AR FE—E AT (AR
() ANTPs %)% . M@?" ¥k J& Fil MnCl, 77.1E) e T
BRI PIHLRG ABENLRE N —F AR . AR E
FERT AT LA 1, SR A 2 4 PCR B AN BlML
AR5 | ASKIET 2E /AT 78 Bacillus sp. DAU10L )
F ¢ K Chisb, %3 96 FLAR) i FlHE 3 5 07
PRI BCR I — PP B A AR, e A
o A A B LT SR v % 10 FH 24 S

1 MBET %

11 BESERA

KWk # Escherichia coli IM109, A2 25 51
FF Bacillus subtilis WB600 #1 # #1 M bk
R13NprB-C-SP-H" ¥ oy 7 92 36 % i i 5 Ji ke
PP43NMK_R13NprB-chisb-sp-hisl® # 4% 5 1 22 14
@ Jfiki pPABNMK_MR13NprB-chisb-sp-his Jy 74

*1 Z%EPCR3IY
Tablel Theprimersof error-prone PCR

BT Al

12 RFISEFRE

KA. TG PCR K F & (CAT#
160903-100, JbrtREVEILFEEHAARAR); LT
SRS CREE 1-6) WA HIFEEE YR A
B HFeEAR (C7170, SIGMA-ALDRICH);
SRR Bradford 2 MBI i & (R AR
PITAR (i) BB BRZAT]); NUPAGE® Novex®
Bis-Tris il il ¢ & M A fE & (1 Marker (Thermo
Fisher scientific); 2~ &% (CAS 69-52-3) fil
AREFE (CAS 25389-94-0) Wy A= T A T (L
) Wy A BRA w] s HoAthw AR 1 R o Hr i

Wi dk. P55 (Luria-Bertani, LB):
fEEERY 5o/l, HAM 10g/L, NaCl 10g/L., [k
B R FEAIN 2% B IEH

KRWEREFEHE (Terrific-Broth, TB): Bl 24 gl
FEAF 129, Hih4mL/L, K:HPO, 72 mmol/L,
KH-PO,4 17 mmol/L .,

1.3 5%t PCR ¥ 1% chisb ZFE K E&

PUFRE pP43NMK_R13NprB-chisb-sp-his iy
Bk, ¥4 chisb B, FrAlgI#mnE 1 R, 5
8 PCR WK% (30 uL): Tag DNA R4 (5 U/mL)
lulL, 10x5 %% PCRMix 3 puL, 10xdNTPs3 L,

Primer name

Primer sequence (5'-3')

CGCCAGCTTCCTTGTAGCGCTTCACCGTGCTCTCAATATTAAACGTTTCTGCG

CGCCAAGCTTTCATCATTACTTGCAGTCGCCTATTAACTTCCAAACGCCTGACTC

GTTTGGAAGTTAATAGGCGACTGCAAGTAATGATGAAAGCTTGGCGTAATCATGG

chisbl-F1 GGTTATTACCCTTCTTGGGGTGCCTACGGACGGGATTTTCAGGTGTGGG
chisbl-R1

chisb1-F2 GGTTATTACCCTTCTTGGGGTGCCTACGGACGGG

chisb1l-R2 CGCCAGCTTCCTTGTAGCGCTTCACCGT

chisb1-F3 GGTTATTACCCTTCTTGGGGTGCC

chisb1-R3 GCTTCACCGTGCTCTCAATATTAAACG

chisb2-F1 GTTCTATGACCCGAAGGCAAAAGAGGCAGGGGTGCCGAACGC
chisb2-R1

chisb2-F2 GTTCTATGACCCGAAGGCAAAAGAGGCAGGGGTG

chisb2-R2 CGCCAAGCTTTCATCATTACTTGCAGTCGCC

chisb2-F3 GTTCTATGACCCGAAGGCAAAAGAGG

chisb2-R3 CGCCAAGCTTTCATCATTACTTGCA

P43-F

P43-R CACCTGAAAATCCCGT CCG TAGGCACCCCAAGAAGGGTAATAACC

&: 010-64807509
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MnCl, 4 uL, dGTP4uL, 5S4 PCR 5144 1L,
DNA #itix 1 ul, #Eaik 12 pl. FH 1% 55 b
HEERHL UK SEE PCR 4, J-fuf FH e 81 i) & 1ol
e PCR 7= o [ W 5544 : 94 °C 3min; 94 °C 1 min,
45°C 1min, 72 °C 1min, ®& 30 ME¥H; 72 C
5min,

14 REXEREE

fdi 138 1t PA3-F 1 P43-R 5134148 4k
P14 Tk pPA3NMK _R13NprB-chisb-sp-his. ] 1%
(BT BE AR I L VK S PCR 728, I 1 [m]
WO & F PCR 724, [y | B chisbl,
chisb2 Fl# ik pP43NMK R FH— 2 se ik 7l &
(ClonExpress® 11, Vazyme Biotech Co., Ltd) 4%,
Fy 58 28 H 40 Bkl pP4A3NMK_MR13NprB-chisb-
sp-his,
15 FHRNBUETIRESE PCREE

58 ) F L R % AL & E. coli IM109
WA N EERYE T, F 37 Chig 8-12h,
R REVE S, BEMLPR G S VR 2 TR I
7% PCR, B UFFs 1k 11 FHME: 7o PEME R

1.6 96 FLAR ¥ I SHEME I

AR R E B R LB R A 5 5 b
Fe— B, FEHUTORL, #4k 2 B. subtilis WB600
e, TR RARE R P TAR, 37 CHEE 12h, fF
AR REVE G, BB AR AN R 96 fLAR
. A LB I FREATRN TSR, 8 h R R
TB B3 5 A R F% 12 h J5 I E S K/

K45 20 1 1 0 2 AR PR IEA TR MU AE 0, 8%
FEH S0 — B AT B0 IE ) 58 A8 %
TR A R AT BR 2 wl A T , A S AR
17 RTEFFMHSERRENNZE

DA F 52 R AR 00 22 TG R/ 500 pL
AR R AL 66 pl 10%H) A HI 2% . 334 L
BRIR S —AN-Ar R R M (pH 5.0) Analifbiy
RANRM IR AYI7E 60 CHR% 15 min J&,

http://journals.im.ac.cn/cjbcn

100 CHn#4 5 min £ E 5, 14 000 r/min 5.0
5 min'® R 3,5- WK AR (DNS) 3
£ 540 nm AbWIE i d R g R, —A4
B F 58 RS o R AE 60 °C | pH 5.0 4%
PR, BE/NEFRE 1 pmol i OB T B
GlcNAC M E bR AERT LR, NI B AR A0t B
fii /1 Bradford & 1 & &t & iX 77 & (Sangon
Biotech Co., Ltd)!™, LU= ML 192 11 b v o
S A TIE
18 LK EREFEMRMR
1.8.1 RA4ifL

¥R BT 4 °C . 12000 r/min £5.0> 30 min,
WA F3EW . iSRS 0.45 pm JE KRR K24 T,
PL 0.1 mL/min By B EAEZ His GraviTrap
¥ (GE Healthcare, Tokyo). bAEE, FZE ik A
(40 mmol/L Tris-HCI, 150 mmol/L NaCl, pH 7.5)
AT, TSN 0.2 mL/min, SRJE FHZE i B
(40 mmol/L TrissHCI, 150 mmol/L NaCl, 500 mmol/L
Bk, pH 7.5) M 5%—100%E1 746 Ve, Tk
3 0.2 mL/min, f%J5 1 ] HiTrap™ Desalting flii £k
FEATIREL , iU S B IR AETE 4 CLAR T
afi Ak 1) 2 1 - e SR 1R B - SR T A T P o G
HiJk (SDS-PAGE)! S 3Ef 746l
1.8.2 ZRAKEFF R

Ry WU T B X S AR VARG PR B 5 ), AR 1.7
rh G AR RS BN E Jrik, M 25 °C—70 CA& iR
FET, RASRBIEGTE , A T S i

R E pH X 5 AS B IE P A s2 e, AR 1.7
rh S AR Rl IS BN A i, R pH 3.0-12.0 4%
ol % R N 7 2 A AR 11 3 S g pH o i ) 282 e
WATF : BERE —AN-riEREh % il (pH 3.0-6.0),
Wl & A -wE R A i (pH 6.0-9.0),
MR- E AN v (pH 9.0-12.0). fii I A BTy
22 PR FE R 20 mmol/L .

SR A AN [ 4 T g X 98 A A il 0 M 1) R
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Wi, 43514 1. 5 %1 10 mmol/L %) CoCl,. MnCl,.,
MgCl,. FeClz. CuCl,. ZnCl,. CaCl,. KCI. AlCl3,
BaCl,. NiSO,. CoH30.Li %48 & T mEhiE ik
TE AR HE BTS2 25 1 By, DA N 4: & 2+
(9 SN Ry X B B O 4 B R O A R I I 1Y
S

DI ) e B AR T SE 3 I, I 848
K3 124350, i Matlab A i<k, i
FORRHE R (Kn) FERR A (Vima), HETT
HE H R AR 3 2 Koo AR ARG L Kl Kimo

DL EFEA SRS T 3 Wk, FFBCEEE My
ZHATIH
19 SMGRHEEIE (HPLC) S#ikiE=4

W 12 h X BB 5 S AR IR Y R T 13
W, 16 39/l MR ZIREET 435 T 55 'C L 2.
4.6, 8, 10, 12, 20, 24 h, 14 000 r/min &5.(»
10 min 7K fi# J5 SO, B IE WO T HPLC 434
(Agilent 1260 system, USA). fai4:.: Shodex
Asahipak NH2P-50 4E £ (4.6 mmx250 mm), i 3/
tH: M L 7K=70 1 30; JEsE 0.6 mL/min, Fill
AHALIMEIZE (VWD), K 210 nm, #EFEE
10 uL, FEiE 30 C.

2 ER5AM

21 B PCRY LR

i HIZR 1 /95199 34 7 Bt chisbl il chisb2,
chisb LR 4K 1 692 bp, 43 MW BEFTH 4 .
chisbl /i Bt K 767 bp, chisb2 A Btk 925 bp, #”
LR 1R, PG chisbl F B 3 X514
Hi, A chisbl-FURL AEY 3 H A&7, HAx
2 X5y BB R 454 s A5 chisb2-
F2/R2 ¥4 chisb2 F Bt RUR A chisb2-FI/R1
Fl chisb2-F3/R3 5| W1 W RCR 4. Fr LA I 5|
¥ chisbl-FI/R1 §"1 chisbl A Bt, 514 chisb2-
FURL 44 chisb2 5 B, 51 AR A5 .

&: 010-64807509

1 chishl 0 chisb2 A% R EE ik [
Fig. 1 The gel electrophoresis of chisbl and chisb2. M:
marker; 1. chish2-F1/R1; 2: chisb2-F2/R2; 3:
chisb2-F3/R3; 4: chisbl-F1/R1; 5: chisbl-F2/R2; 6:
chisb1-F3/R3.
22 REXFEMERFERETE

514 PA3-F I PA3-R 473415 B AL 1k Ak 5ok
5515 i chisbl il chisb2 J Bk Fl— 45 v B 71
Gt TR, FAE E. coli IM109, I 7EZ AR
FA5F1Z5 1 000 ARG, BEPLYEE 100 > E R
VEIEAT PCR IR, T 1911 Bt g Wl VA FC FEL ik A
AR, BERBIR TR AR . BEHLPk
8 MBI UE R A 2 Fion. Al LA,
chisb A B2 sl A E. coli IM109 H o K5 P-4 I
MR RVR LR T LB ARG R T 1 R, Rn
PEHCE 4 ik, HAL % B. subtilis WB600, 7+
A8 R Al b 2y 700 A~ BHE s b .

2.3 96 FLIR T 5 2 A & i 45 SR
BRIRE T LR A2 700 SPRVE SEREE
FIF& LB ARSI 96 fLARH, 559% 8 hA,
PR S TB REERE R HFE 12 h, 12 000 r/min
B30 10 min J5 B I BGIEA T REE I E L A5 R R
Horb 24 BROSAZ VR BEIE 2 T X0 B ORpaX 24 B

-

je——

& 2 ZEMA chisb BYERRZEKIE
Fig. 2 The gel electrophoresis of chisbh. M: marker;
1-8: chish.
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AR TR AL O S0, R IRIRE 0 5 i A T 8
FERBEE I, Hoh 2 #R AR BTG F1 B & T
HAph A . Zead P8 XS R, 43l e 5 43 1
R A N KA R (C43D) FIE 336 1 4%
BIRIEAL KGR (E336R).
24 REHMLANK

R T RS R AR R B R M T, R R
SRR 2 DR TR AR, g5 R
B 3 2 iR, MIE 3WLIE L, 48k C43D
il E336R £ BAAT4lifb )5 58 29k 10%0 B Wt
Jit, 75 62 kDa b1 3| — 45—y 554l 3R 2 7]
W, b BRAE A0 IS 1 28 A8 PR S5 R R A LG, He
Wil 5 HRAG 2 1R, 5878 1A C43D I E336R 4l
A3 ) Z R 3.05 1% F1 3.69 1%, 15543 5]
“} 80.77%#I1 85.45%.

3 IRT{KHY SDS-PAGE 747

Fig. 3 SDS-PAGE analysis of the mutants. M: marker;
1: the fermentation supernatant of C43D; 2: flow-through
of C43D; 3: effluent of 10% buffer B of C43D; 4. the
fermentation supernatant of E336R; 5: flow-through of
E336R; 6: effluent of 10% buffer B of E336R.

T2 RELEBHAEUER

Table2 Purification results of the mutants

25 RTLFEWEEMRAR

HiEl 4A WJLIE 1, 87481k C43D F1 E336R
W iG R R 65 'C, MR F 55 C, RAR
PRTE P TR R A . 1] 4B SR T R78 1K C43D Y
i& pH M 5.0, pH KT 5.0, 282G PE 48 T [
i E336R Mii& pH o 9.0, 4 pH 7£ 3.0-6.0
[, E336R MyTE % FIHE#, pH T 6.0 1%
PERRE, HAE 9.0 BTGB % FJFF, pH & F 9.0
SR T B

3 A 4 R B ok 58 AR ARG Y sZ e (N
Kl 5 fFR), KB 15 mmol/L 4 Mn® i I bk 58 A8
PRIGTE P A BE IR, vk i B
AR BGPTSR BEVE L . T NI, Mg®tL ca®t
KX 58 A8 (4 C43D & g iR K, HTEIR 2
VR B A AT Mk 1Y Fe™ L Cut I AIPTHRXS C43D
FRASRTEE R A IHIER]; 5 C43D RABMR—HE,
Fe*. Cu®* il APt 2l E336R MyTETE. Brit
ZHN, ERURIE B ZnP A i S

VUBRAR B e RAE MY, XA AR AR 1 3
JI2ESHA AT T IE o BAFRIE I ARl 6 B
N, IPEERANE 3 PR, LB, 55X
Fo, Z878{K C43D Fil E336R ) K fH AR, 15HH
ISR IR0 s L B Kea THST, EAERICE
K ca! K AH EEXT BEOT 042 55 T 1.35 £5F0 1.57 1,

26 IKEEFYIR HPLC 247

SESLUNE 7 B o B & TA AT LAE R (5
G) KRR R e R A A LT S R R
0.89 g/L, JRWEALEN 29.7%, K™YL

Enzyme activity

Protein concentration

Specific activity  Purified  Recovery

Mutants Purification step (U/mL) (mg/mL) (UImg) fold rate (%)

C43D Crude enzyme 58.97 0.68 86.72 1.00 100.00
Ni-chelating affinity 47.63 0.18 264.61 3.05 80.77
chromatography

E336R Crude enzyme 62.33 0.82 76.01 1.00 100.00
Ni-chelating affinity 53.26 0.19 280.32 3.69 85.45
chromatography

http://journals.im.ac.cn/cjbcn
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90

80

70

60

25 30 37 42 50 55 60 65 70
Temperature (°C)

Relative enzyme activity (%)
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)
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2

30t ——C43D
> :

£ o —-[336R
= 23 4 5 6 7 8 910111213

pH

E4 BE (A) #pH (B) MERTLMAEMMEM
Fig. 4 Effects of temperature (A) and pH (B) on
mutants activity.
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E5 €REFIRTHEENZN

Fig. 5 Effects of metal ions on mutants activity. (A)
The mutant of C43D. (B) The mutant of E336R. 0-12: no
metal ions, Ni*, Fe**, Co?*, Cu®, Mn*, AI**, Ba®, Li,
M92+, Ca2+’ K+, Zn2+.

A

[\
D
(=)

Relative enzyme activity (%)

(=]

Relative enzyme activity (%)
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A
1.0
—_ m u " =
= =
08}
E
g 06}
£
0.4 /L
2 4 6 8 10 12
Substrate concentration (mmol/L)
B
0.8 [ T—
=
- 0.6 /
= /
= /
E .”
E 04 A
N /
/
/
llﬁ
0.2

1 2 3 4 5 6 7 8 9 1011
Substrate concentration (mmol/L)

6 3ZeE5{k C43D (A) 1 E336R (B) HIzh hHFEHE
Hhk

Fig. 6 Kinetic fitting curves of mutant C43D (A) and
E336R (B).

*3 REUHHNFESH

Table3 Kinetic parameters of the mutants

Vmax Km Kcai Kcaile
Mutants - mal/(mL-min)) (mmol/L) (s L/(s-mmol)
Control™ 1.42x107° 2.24 877 3.90
C43D 0.97x107° 213 1120 525
E336R 0.79x107° 176 1079 6.13

(GICNAC), R F . AR E336R 7K fff it 4 H 7'c
FERJLT SRS RIS T C43D RAEIK,
HAeEfl 24 h JFILT SR BRI BIRAK, 2508
2.53 g/L #12.06 g/L , %1k 53J1l hy 84.3%F1 68.7%
(B 7B, 7C). #F—orMr kB, A RmfEfLK
fid P~ #8 A GleNAc. (GIcNAC),. (GIcNAc)s Fl
(GIcNAC)s, HIZ [ 8 h ZJ5 , Kl A E] (GleNAC)3
MR, H (GIeNAc), & ifkF, % 24 h
i, C43D F1 E336R 4514 i (GIcNAC), 4%
1l o RSB Y 71.8%F0 57.7%.
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A
=)
= 0.5 mmGlcNAc  —(GleNAo), 1 1.0
£ =1 (GleNAc), e (GleNAc), 08
& 04Fs Total content 1 ' :;
S — 0.6 =
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Fig. 7 Analysis of the hydrolysates of the mutants. (A)
The hydrolysates of origina enzyme. (B) The
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