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Abstract: Based on comparison and analysis of primary and three-dimensional (3-D) structures of
glycoside hydrolase family 5 (GHF5) P-mannanases,an amino acid at the key site of
Aspergillususamii GHF5 B-mannanase (AuManS5A) was subjected to site-directed mutagenesis to
obtain a mutant enzyme AuMan5A®*® with superior enzymatic properties. Using the megaprimer
PCR method,the AuMan5A“*-encoding gene,Auman5A “*°,was constructed by mutating the
Gly™-encoding codon GGT of Auman5A into Asp™-encoding GAC. Then,two genes,Auman5A and
Auman5A“*® were extracellularly expressed in Pichia pastoris GS115 and the enzymatic properties

of expressed products were analyzed. Results indicated that the optimal temperature of
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AuMan5A%*® was 70 ‘C and and its half-life at 70 “C (z,,°) was 25 min. The specific activity of
AuMan5A%*® was increased from 351.2 U/mg to 1 729.1 U/mg and its catalytic efficiency (k./K.)
was 9.3 times higher than that of AuMna35A. Through mutating Gly*® into Asp*®, this work not only

improved the temperature characteristics of AuManSA ,but also significantly enhanced its specific

activity and catalytic efficiency.

Keywords: [-mannanase,site-directed mutagenesis,temperature characteristics, specific activity,

catalytic efficiency
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KIBFT B (Escherichia coli) JM109 Fl DHSo &
B, He IR BE (Pichia pastoris ) GS115 B bk FI 3 35
K pPICZaA , 1 AF 5 T 76 S5 00 2 PR L, 3 JTh
pUCm-T, 14 [ ¥ Sangon 23 Al ; 8 41 ik pUCm-
T-Auman5A , A% 5 4 % A4 & 1 £ 58 ; LB, LLB,
YPD,YPDS —Zeocin, BMGY il BMMY %7 ## 4k iy i
i ,Z: M EasySelect™ Pichia Expression Kit (Invitrogen
A BT
12 FERFA

£ i B P N DTS, rTag DNA 2R 45, T, DNA
2,250 bpDNA Ladder Marker FIEAH X 73 ¥ it
i 8 F i Marker, #716 B K% TaKaRa 2~ 7l ;Zeocin
1 EZ-10 £ 20 DNA ol A &, WA Lk
Sangon 2~ Al 3 f R A AR o H #5 B, A Sigma A A
77 it ; DEAE Sepharose Fast Flow #ll Sephadex G-75,
¥°5 Amersham Pharmacia Biotech 28 &l 7= ff ; HE
TR X Sy [l 7 B 1 A
1.3 B-HEREHB R . ZHEEHHNIH

VI GHF5 AuMan5A — %% %5 #J (GenBank:
ADZ99027) A #iH , iz F BLAST JIt 55 #% 7& GenBank
B 5 #E (http ://www.ncbi.nlm.nih.gov/genbank/) 1 %
TFLZAR HBFEDR AT 70905 AuManSA ¥ 571 [7] 95 74>
60% 1 # + GHF5 B - H # R4 ¥ 51, iz A
ClustalW2 & J¥ (http://www.ebi.ac.uk/Tools/msa/
clustalw2/) #1 DNAMAN 6.0 #& 4 %} ix 86 fiff 3/F 17 £
J7 9 [R PP L X, B e 3 A 3X Ul C R i — 2R A5 1
(0 32 B8 2% S | LA o 00 9878 9 67 i S 7E FE I iy
7838298

TE PDB %44 % (http ; //www.resb.org/) -48—F
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F Asp®, M Auman5A ¥ A7 12 )5 51 (GenBank :
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TC—3", FRIZER 5K EcoR 1 BFYINL A 5
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GS115, EAREAEZ: B K w4 (Bio—Rad 23 A ) 1
WA, EEAER AR R S e 28 DL S Ak
ik %5 2 [ EasySelect™ Pichia Expression Kit #4EF
W, 7553258 LI WU 80% 1 AN EE 1) (NH,).S0, £
M, B O W DLTE , ¥ T 18 20 mmol/L NaH,PO,—
Na,HPO, ZZ i (pH 7.0) ; #H il ¥ £38 AT 8 U8 Wk 4
(B B AR 43 B 54 10 000, Millipore A ] ), I
F DEAE Sepharose Fast Flow [ & + 3¢ # 2 #7 #
(2.0 emx20 em), FE 0.1~1.0 mol/LL NaCl ) | A i

W2 % R RCHEAT B BE BRI, 0 AP AR VR ; 5 0T B
A B—H 5% TRWE IS M Y D, BB VR 4R & 1 mL,
¥ Sephadex G-75 #E i )2 A (1.6 cmx80 cm)
HEfT 4L,
1.6 B-HERBHEEMEANSN

B—H # B WH M 5 M I E 2 0 SCik(13], IF s AR
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0.1 mL i 45 B B B, 65 CHERG KL 10 min, fil
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ODsy fH o 7€ BRI 55T, B 480745 1 wmol ik
JEBE (LLH 88T ) Frils i e o 14 B-H %
RBEEG G (U) . SR SDS-PAGE 2 Hrf 41 #%
IR F=W) s Bradford 5 52 2 H & &
1.7 pH FREX B-H BEREEREEN M

FAATE] pH {f (pH 2.5~7.0) H9#7 B2 -Na,HPO,
S PR IC ) AR SRSV R, F 1.6 5 kT R BTG L
5 pH 22 SO BTG E (DA B T 100%3T)
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2.1 AuManSA XESEBISNHE

# AuManSA J¥ %1 (ADZ99027) 43 4l 5 H &
GHFS B—H 8 F W il )y 51 147 [R) U5 0 e X, & 81
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AsMan5A ,ABC59553) . i 7 i % (A.aculeatus ,
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AnMan5A ,AGG69666) F1 W ¥A 7 % (Penicillium -
pinophilum ,PpMan5A ,AEV41143) B—H &% B 1)
IR S, 5 3N 94% 74% 67%F1 63% ., 152 H
Clustal W2 & )7 XFiX 5 Bl G172 77 51 [ P51 LX)
Horpr € ARG 45 R 1 s, mE 1 AL,
AuMan5A 320 {3 &4 H Gly (G), M HE 4 Fh g-H
% TEMER 5 2 XL Asp(D, FHEIAER /R ) .

AuManSA L DD KSP GTSDY! [VARIDSA. 345
AsManSA L DD ESP GTSDY! V. DSA. 407
AaManS5A L IT QSE NTSDF [VAAINAQS 376
AnManSA L DT. QTH GSDEY' ERIAER. 441
PpManSA M DT. QSE GTIDTF' IANS.... 406

E1 5S#AEREN GHFS B-HEREBHB C RENESF
%1 [5] 75 4% Bb 33
Fig. 1 Multiple sequence alignment of C—termini among

five GHF5 [ -mannanases from different

organisms

o 7E PDB £0d b 48 -, % 5 AuManSA
VR f o O SR B B (A niger) B—TH 25 BB & K
4589 (PDB:3WH9) MR , X AuMan5A #17 = 4k
SER R R AR ARE BT = LRSS R G HL X AN A AT, A R
AuMan5A 320 1% A5 A4E A9 Gly 137 T Hi— 4 loop 45 14
("W ~G¥) N, % loop & K W o ¥ A
("SPDGGN*2) 7 =4E45H 2 5L T IR M 456
[T e 0 B (5] 2) , Dilokpimol M43 47N Ry i 15
HEMR (EE N Asp) Z 5T IRY 45 & 7 8
(subsite)—=2, [AIHF 2 A &5 4R T 76 GHFS B—1H &
SR Bl i 24 X AR SF 4 Trp 6745 (A1 AuMan5A 306 fir
R Trp), RS A 8502 subsite—1 b &5 5 26
g K P 519, Huang 28144 2 7 AnMan5A (94>
RAFR W306G Al W306Y, ‘AT BG40 511N
BF A BUBEY 6% M1 1%, LiRXF GHFS B—H #5 R b
fifi—2% . —HES5A 0 BT 45 3 3, AuMan5A 320
A7 A5 A 1 520 B T ke Rk T v L Rl 2 M A AR K
M ot 1 B s 58K Gly™ R H TS Z
XF R Asp™,
22 BEARERMAHE

¥ AuMan5A — 458 h Ji % Gly™ 1) % 5+
GGT % 725 % 1% Asp™ 9 GAC, LA pUCm-T-
AumanSA M G320D-F Hl Man5A-R A 514,
2255 %6 PCR 9734 KR8 K B2 100 bp (3L A
B GM (B 3 3K3E 1) 5 58] H 8] — A h \Man5A-F F1
GM J51%), 45 — 4 PCR ¥ #43R15K B 290 1050

bp (458 A5 i HE K Auman5A ™ (& 3 kil 2), )T
g5 R 5 W — 2, o K B L ) Auman5A
Auman5A ™ TEE R pPICZaA , FA5 T 20 33K Ok
pPICZaA-Auman5A 1 pPICZaA-Auman5A ",

AL X : AuManSA G256 RS ;52068 . Gly™ Ji7E loop
ZER 938 43 ¥ 51 CTSPDGGN™)
B 2 AuManSA =4 &£ MK REHE
Fig. 2 Surface conformation of the three —dimensional
structure of AuMan5SA
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Analysis of PCR products by agarose gel
electrophoresis (12 g/L)
23 B-HERMEEHREMAgWL

PRIEFT T 7E YPDS—Zeocin (400 pg/mL) -4z I
KR WR S E %, % B EasySelect™ Pichia
Expression Kit #2/EF M B 1715 T %38, e s 2 4
7= AuMan5A Fl AuMan5A% i P i & (19 7 16 7
GS115/Auman5A F1 GS115/Auman5A%*" | g% M 43
Sk 50.8 Fi1304.2 U/ml, %5 F1%F I GS115/pPICZaA
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I VE W ORI B B—H BR RMERG TG FF 2 DA
TR IR B W 48 (NHL) S0, #h 4T (B8 752
e 2 B F1BE S )2 A1 23 B ik . SDS-PAGE 73 (&
A~ , ik K AuMan5A Al AuManSA®* ¥ 78 2
49.5x10° (RWLAXS 7p 7 i) Ak B — %7
(Bl 4), #% 1.6 J7 60045 26 1k Tl 0 L3 P 23 51 R
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M 3 H B Marker; 1~2: B 41 BF 205 105 W 3~4: 404K
AuMan5A Fl AuMan5A %

B 4 HSFELFRMLANEHN SDS-PAGE 53 #
Fig. 4 Analysis of the expression supernatants and
purified enzymes by SDS-PAGE
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17 J7 3% e B 7 iR X AuManSA Al
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Fig. 5 Temperature characteristics of AuManSA and
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e 1.3 7B T AuManSAS (1) = S5
TEREE H 31 = 4E 454 b FH PyMol #4014 7
AuManSAP® i1 Asp™ 5 Trp™™ Z A EE S 2.9 A
Ab SR AR B RS 2 A T FE AuManSA R Gly™
5 Trp™ BUEREGH T T U R TS R (181 6) o h it
D, Asp™ 55 Trp™ B fE B 2UHE n] i 2 SR P &5
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IS ST R T AR

o A
s

{4 . AuManSA ; # {4 : AnMan5A %2
B 6 AuMan5A #1 AnMan5A®?P FHERLE R Eb 33 F0 43> 47
Fig. 6

Comparison of the local structures between
AuMan5A and AnMan5A%*P
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7B A R AS T 1) L T A Bl A b 2850 R i
/5 o AN Srikrishnan SFUSEE T N 1) RBERG— 2% =4
LEF B EE X A1 AT, E 3R Thermoascusaurantiacus ™
VI RMERG Egl PR 5 2848+ Y95F M fb Rk s B
AT R T 4.4 £% ;Cheng 55 U9 3 1 AR AR 4544 i
By, H 455 55848 (Y61G) , # Thermotogamaritima
P YE R Cel 12A B LLTEYESE & T 70%,

A 5T LA 6 M1 5F AuManSA S X4 HE
TLORE R B GHFS B—H 5 RAH M — 20 = 44514
(o LE XS RT3 AT, 4 AuManSA iS4 45 & TR 0] B

MISZI . FE I BT A b R RS 149 PCR £ AR ¥
Auman5A F 4 Gly™ (555 F GGT 274N Asp™
B GAC, 48 58 AR i 3L P A umanS5A S 43 5%
Auman5A Fl Auman5A ™ F£ 5205 W GS115 ik
T TRE, W 7T HARKIKE ™Y AuMan5A Fl
AuManSA {2 R, S5 R R R Gly™ 27%
h Asp™ ALMSE T AuManSA B9 R T H
EE/ =N AR o o O
AuMan5AS™ BB HBE LR R A EH T B-HEXR
BETE Y Tl A A 7

320 {7 x5 Ak 11 2 PR B R ok L g A 1 TR R
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