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FRHEF I B AT SR, WA - KR AT SRR R P [E R R R AR
TR OE AR R MU pBY/DBI04, pBM/DIBI0O4, pBH/DBLO4 | pBT/DB104 #1 pBF/
DB104 43 ) % {7 BF F8 3 E A B (M222A) L (M222A, NLIBS) . (M222A, N1I8S,

QIO3R) fi(M222A, N118S, QLO3R, D6ON)ZE K 8 F EE R Bt 5 pBE-2 A HN -

B TR DBI04 Fe i@ b, ERES BRIV E a8,
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TAvIE 95 36, 1 F ST 2 b & K Y 60g, S HER 40g, Ko;HPO, - 3HO0 4g, KHPO, 0.3g,
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HEAs 3 e E R B2 % (4], BB 40T (pHI L B KB4 e
BXE ARSI L -8 JTRICa) L B TR RIS #0075 T, R 1009 BB TE 100mmol/ L. Fris-
HCL pHB. 0, Smmol/L CaCl, & #E IR % 0. 1mmol/ L. ¥ 1.5ml KWIHEHWIE 37C K
SN -5 WEEHE (30~ S0, R ST, TE S 6 It LR AN TR] B 1A) R A A X R AR
B (4 10nm @ OD (), LAR R W e B 1) B S . B LIS ER i M i e A I
e 1o = 8. 6, B 280nm 4h 1) OD {H{ 137
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S ] A O BEOYEEEE A 100, PFSY BB R e T
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1.7 BEAY SDS Fo3F e R R bk

AR HE LKE21E7 2R Gk DGR T % 0 bk, P pH A 3.5 - 10,
PN AR A E A S L SRS A 1 3%, LTRGBS A ST BRI A 0.5 - 2mg/ il 1 HE
We S~ 300 SDS - 3 Py B S DR IR T A 15 %
1.8 BHETMSEMRNE

PERHE B O 100mmol/ L Tris-HCL pHE 0, Smmiol/ E CaCl s, B0 A HLO, 1 ]
HE AP Imol/ L, (12 370 i B I RT U - L R NS 1Sl 0. Tnvol/ L PYIK
KEH N-Suc- AAPE-pNA, S0mmol/ L Tris- HOL pHE. 0, Smmol/1 CaCly {8 it 4r, (£ 3770 3
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QIO3R, D6ON) B F £ MW, P —HERBENBEAY. 5 -FIRHE~D(EIR |
~A,B), BN T RN 24.5kDa, B MM 27 T EHEBBE,
2.1.1 SdAOER - CFIR, RIEREEOOEE G, AT LY (M224) R4
ARHEECRMNE S8 00 8.92, TH(M222A, N118S) AR b 8.88, BRI T 28,
FHOURE NS NREIEMNNSHESENEESL SRS PRHEEAFAYHEE, =
RAWE(M222A, N118S, QLO3R)H pl {EH9.10, E % 103 (L EEM B AW H M Gln 37
HHREAE A, FIULTRSE AR TREAR, VY2838 (M222A, N118S, Q103R,
DONYEZERES KPR EMFERT, SR AMEA T INMWH # PMSF 8 SDS~ PAGE
RN, KPP — R pIl B9.17, HLERTHARS &, M5 — &M pl 5 9.03,
RERAHENE . SEREAMEL, 8T RN RAEE - MRERER Asp AR P
FER R Asn, P LIVY SEAEFRRY pI ENV L =HOS B &, B pl X 9.17 B9 R K RO NE
WMl B 9.03 B HBERmYW, RS H S SDS-PAGE B RESH HIX R, VisH
FoOREERRRE-USKBEREU, SIEHAE B R 27 MEEMRE B REN
Y ERERN. XM ENTEEL BRSO EERTI MRS FEWHRH -8
EEL,
2.2 BREMiEMER
2.2.1 ERNSIAEERC-FERASHREERHREEOEN3IFERNRE 1 IR,

1 B4UHETHEEHEYEONE XAROREBDNRERY S EH
Table 1 Kinetic consiants for hydrolysis of N-Suc- AAPF-pNA by wild type and Variant sabtilisin B

Enzyme Km/ramol-L. ™! Keat/s ™! Keat/Km  /mmol-{L-s) 7!
Wild type 0.43 20.6 68.8
MA22A 4.56 4.8 26.4
M222A, N118S 0.91 3tz 34.3
M222A, N118S, QI03R 0.29 20.7 71.4
142224, N118S, Q103R, DSON 0.56 64.6 115.4

. A3 1 AT, M222A SEAE(ERE) Keat 5 TR 1 ¥, Keat/Km TR 1.5 5, Bril 222
URTHEMALE TR IFL, 118 fIRTFEET 222 UREMPEKDY Keat fl Keat/
Km EHHAS, I 1R ERER{OEMRET, THRETEHRSFHS2ER.
ZRABHY Keat/Km SRR, METBFHGEE -/, X8R5 URELENH
—3(*), 8 QL03R F11 DEON €25 K5 BE 18 hiRE A4 L 154k
2.2.2 BifE pH: AR pH #9 S0mmol/L MM (pH6~8 R B MR E W, pHB L LAY
HEABMENH)L.Sml 5 754 2mmol/L # N-Suc-AAPF-pNA B &, T 37CH 8 2min /7,
MAE B, ZEA BT E# 410nm W REE, HERMEIER, REHEUE
¥ E MEMIERMYRIE pH BITE 7.5~9.5 Z 18, i RIEE SR, OF pHT M
25%BEEEIMLL 14 MEBEL Y A pH N ENRRS, EOCREBE, A —F
BHEH), BE pHE 10~ 12 28(E 1),
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Fig.1 The optimum pH of subtilisin E

and its mutants

A Substrate: N-Suc- AAPF-pNA A Substrate: casein

HLEBAEECOMOELRENMER
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Fig.2 hermostability of subtilisin E
and its mutants

The enzymes were dissolved in the

solution of 0. 1mol/1. Tris-HCL, pHS.0, 0. Smol/L NaCl,
Smmol/L. CaCl, at 65 for cthe titne indicated. the residual

amidase activities were measured on the substrate casein 1%

at 40°C in 25mmol/ L borate buffer, pH11.
* Wild type o M222A O M222A, Ni18S

EEREW

Fig.3 Effects of hydrogen peroxide on the activity

of subtilisin E and its mutants

The enzymes were dissolved in the solution of 0.1 mol/L
TrisHCl, pHS8. 0, Smmol/L. CaCl,, Imol/L H;(b at the
concentration of Img/ml, and incubared at 37C lor the

time indicated. The residual initial activities were measured

over time by mixing not more than 50 pl of the enzyme so-

lutioa into 1. 5ml subsirate solution ar 37C

* wild ype & M22ZA and M222A, NI118S

+

M222A, NI118S, QUO3R (O M222A, NHISS, QI03R,

D6ON
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EEW (M222A)A1(M222A, N118S) RAEFE R FH AL MEEH, 7 37C 5 tmol/L
H,0, BB 6T BEDEE 90% B 1, = 3R (M222A, N118S, Q103R ) £1 1 28 4F F
(M222A, N118S, Q103R, D6ON) {EHEIR B 60 % ~70% . X245 TR 6, M222A S5 {6 B,
YEEE E FEL, 222 £ Mer i SUIL R EE R IEQ B AT, N11SS IR A A B a4t
BH. T QLO3R M DGON RAFBHNELIESH —EREMFME, B0E Y 74844
FHHALRE S . QLO3R 1 DEON P (i i A 45 B4R 48 I 7 6 49 LU 15, (BB BS sEHE ISR
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Protein Engineering on Subtilisin E

Zhu Liugin )i Yongmei
(Departinent of protein engineering, Institute af Biophsics, Academio Sinica, Reijing 100101)

Abstract Protein engineering was carried out by site-directed and random mutagenesis on subtilisin
E gene. Four mutants were obtained. They are M222A; M222A, N1185; M222A, N118S, Q103R
and M222A, N1185, Q103R, D60N. The mutant genes were recombined in pBE-2 and E. coli-B.
subtilis shuttle vector, and transformed into B . subrilis DB104, ant alkline and neutral proteinase de-
ficient strain. The mutant subtilisin E obtained from their gene expression were purified. The proper-
ties of those mutants showed that the M222A mutation led the enzyme become oxidation-resistant,
N118S mutation increased the heat stability, while Q103R and D60N mutations enhanced specific ac-
tivity of the enzyme but decreased the hear stability, especially D60N mutation caused the enzyme
quite unstable. The IEF-PAGE showed that the wild-type and M222A mutant had the same pl of
8.92, while those of double mutant, triple mutant and tetra-mutant were 8.88, 9.10 and 9. 17 re-
spectively. The optimum pH range was 7.5--9. 5 for substrate suc-AAPF-pNA and was 10~ 12 for

substrate casein

Key words Subtilisin E, protein engineering, heat stability
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Zhu Liugin et al. :Protein engineering on subtilisin E Plate T
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The SDS-PAGE of Subtilisin E and its mutamts A, Add PMSF, B. No PMSF
1 M222A,2. M222A, N118S, 3. M222A, NL18S, QLO3R. 4. M222A, N118S, QLG D6UN. 5. Prutein standard, § - Mulecular weighl marker,
. Albumin bovine, b albumin egg, e Glyceral dehyde-3"-p-Dehydrugenase, d. Carbonic anhydrase, bovine. e. Trypsinogen, hovine pancreas [ Trypsin Inhibitor, soybean,
£ a-Lactalbunin, Bovine mijk
C. The !EF-PAGE of Subtilisin E and its mutants
1. Subiilisin E {sigma) 2. Wikl type 4. 5. 7. [ouble mutant{ M2IZA, NITIBS) 3 8. Smgle mutant{ M2222) 9. Termmuan { M222 A4, N118S, QLUI3R, D6UN)
10, Subtilisin carlsherg (27093 21, Triple nunaei{ M222 A, N1 1 8S. QIO3R)

b, proein siandan) I Lentl leetion (acidic hand) d4.15 Bavine varbonic anlydrase 5.83
Trypsinagen 9.30 Myoglobin { basic band) 7.35 Blacoglobulin A 520
Ll Jectin { basic band) H.65 Myoglobin (acidic band) G.85 Sovhean trypsin inhihitar 4.55
Lentil lectin {middle band?  8.45 Human carbonic anhydrase f.55 Amyloglisidise 3.50
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