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Improvement of Thermolysin by Amino Acid Replacement

Satoshi HANZAWA

Improvement of protein function by the site directed mutagenesis was studied using thermolysin as a

target protein. Thermolysin is a microbial metalloprotease used as the catalyst for the coupling of

Z-Asp and PheOMe in the production of Z-aspartame (Z-APM). Based on several strategies, such as

influencing electrostatic field around an active site or increasing molecular flexibility, about 100

mutants were constructed to enhance the catalytic activity for the above coupling reaction. Three

mutants, whose amino acids were replaced by serine at 144th leucine (L.144S), by tryptophan at 150th

aspartic acid (D150W), or by histidine at 227th asparagine (N227H), respectively, were found out to

exhibit 1.5, 4 and 1.5 times higher activity than the wild type thermolysin, respectively, and by

combining these three types of mutants the activity was further enhanced up to 10 times as high as the

wild type enzyme. An outline of the construction of a highly active mutant, named TZ-5, is also

described.
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The three dimensional structure of thermolysin and the remarked sites for the activity

Backbones of thermolysin is expressed by the strand model from in front of the active site
(A) and the side view (B). The target amino acid residues are expressed by ball and bar model
on the strand. The residues drawn in red are the residues required to express thermolysin

activity.
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Table 1 Thermolysin mutants constructed for the activity improvement

Activity
Strategy Site Amino acids
for ZAPM for Casein
Effect for the Y76 H,K,R no effect no effect
electrostatic field Q119 18 no effect decreased
D150 19 increased no effect
L175 H,K,R decreased no effect
E187 @ no effect no effect
D213 N,H,K,R decreased increased
D226 A,E,N decreased decreased
N227 10 H;increased Hino effect
others;decreased  others;decreased
Subsites L1202 A,V,Q no effect no effect
F114 ALK no effect no effect
W11 K,E decreased decreased
F130 A,I,W,E,N,H decreased decreased
L133 A decreased decreased
1188 Q decreased decreased
v1i92 G,A,L,ILF,E,K decreased no effect
Anion binding S282 D no effect no effect
V303 E no effect no effect
Molecular L1144 11 increased decreased
flexibility S103 G,A no effect decreased
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Fig. 2 Structures of wild type (A) and triple mutant (B) thermolysin around their active
sites.

The residues drawn in yellow are remarkable residues for the activity enhancement and
drawn in pink are the residues required to express activity. Other residues are not drawn. The
red large ball is a zinc ion which is prerequisite to the enzyme activity.

(9)
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Table 2 Activity of the thermolysin mutants

Z-APM Casein
Hydrolysis Synthesis hydrolysis
kcat Km kcat/Km kcat Km kcat/Km
[sec?] [mM] [sec'*mM?] [sec?] [mM] [seclemM™] %
Wild Type 5.7 0.68 8 0.43 12.7 0.03 100
11448 6.5 0.20 33 0.40 9.0 0.04 50
DI150W 15.0 0.68 22 1.45 11.9 0.12 80
N227H 11.3 0.67 17 0.60 13.0 0.05 100
1.144S-D150W 17.0 0.16 106 1.33 10.5 0.13 40
D150W-N227H 28.6 0.68 42 2.18 13.0 0.17 90
1144 S-D150W-N227H 40.4 0.10 400 3.00 9.0 0.33 20
bg *L’C %Kmflﬁ%ﬂi?é‘ﬁ‘éﬂﬁﬁﬂbii) ko) T\:o 7:5:3"5\
6. ¥ & &

KmfHi31.144SO B %4 L » D150W N227H &
LZEDENLHEOFTHMEWERXRTEANED bh
T2o Fo, keatfHZBHEOALEOBLEDHBI L D
FENIEIN Lizo ARIEMEIS T 587 A — 2 -1k,
SRRV R B T R R TR N E o T b D
O, AR ERPED bl

B, L144S ik h €1 v S # 8T &85 55,
LTREBLEHLEDL LWL LD DIEA VREES &
DIETF L, 2T &R VA, QLIITOLRK
bEGF T F FOMKG AT 2KmEX KT &
BB LR, HEA VHHEREIET &85, h¥
A VS IREORT LKL T = 7" F K Ko st
FTEKMEOE T IIF HrDOEER B L00 S L
e T DEA VIRHT AEELES T T F NiC
X3 A IEH B RS b i b o o L e B3,
L144TOERMAE L QUIOTOERMIT, WTEMEDBIR
BT A DOFERLY LiehEFBELZTVD,
ZEEREY —T 51 v ViR, BROMBHRELEK
Fkeat/ Km{ETE, N5 & Z-APM®D & 1 5t Tk B
EMEER OO E LR Ly 5 RIE TR
501 b DE WK EZ R Lz, B4 R A=ZHEL R
Y54V VETZ-5 a4 L, 16L OREHE % F
AL THEROMMELAT - oo COBERBESE MW TR
BEERO T 7w 2HBRICE W TAPMELE~DH
D FHE S hico Z DFHEIC L D AEREEHT
NTHERE S HIR T ¥ 2 itud, fEROTBEERE FIH
LicBE e ABCAPMARICHEATE 2 2 &0
mE R,

(10)

EBELIAPMARBETHAV—ET51 vV EE
MELT, BEEETH¥NWFEC L 5BFEEROBR %
Bt LT &, ZOMICE S K OBEREHVFR S h,
ZOHFh HZ-APMEBIEEY M L X &5 3@ D
1 PRI, BREREROIEN LA OKEIZL
FTLAYGOS TR OB T -lehl, Th
il L CHAREABOEE 2 HE T 580 2 h=
AbLTWb PR, SEEZY—ET 4 vV OIE
MAm S5 DI L 100 OE Rk &
BALER, CALOMIEY —FT 4 vV ORTEMS
eIy, RERREARESRLDTHI LR
ARCEET - FRLS NI RABDFIET 5. b
DTy JOBERDNERN Licv, 4EELR
iR R A BAERTTONE, FERMIC I BEREN
fr K OREAEFAES BRICHEETT 5 C L MATRRICL D
EHIRBELTRERIE 2T 5HRLERTE S
rTowekrobbFELTNE, Lk z, BRTlEER
ERTEBRPLETH ., At hEZEAERZE
CAFLIWEWD BRO LD IIE, ERkr6fTbh
TELTVALARERPEATZ kL, SO T
T XA TEOELLRBERRVCAHINT 5 2 &
I8 LV BB 2 A B85 O BINOB A,
R REEY A Z s G 5 & L BFRER O T,
Y RARBROFPYRIR V1D L, L
Ladih, AEM R B BROSET, BHRLER
LCHHIE L2\ & A AT A BEROBENE X
oD, B REESFOEEN LR Lo hflre
i\, TV X ALBLREEREER —D>—>HEY
CAEES TR L, FHE L T\ < FIREs N




Ry —HRsE

F414 (1997)

11

DERENDLZETH D, fE->THEDRETH, 4
ED & 5o FRHREC L - TEMEZK VAL HEDS
DHEIRCTHA D, LTz, EFEEEVTH

FVRELBERICIDHERLALTED, Thickvik
o ER LBEREN—ORMIFIATV 29, L5
BE DEREIFFEHITPHLB/BLR T L1448
) VICERIWICERE (L144S) Thoteo &
LSb I VELERTHEONLERERSTHRITE N
T D—2LE U TH - LEIZERE,

S5, WA EOMERIET T A I ANDLLT 7
AV s ARV VT CEANB TV &, BER -
HAEFOKEHRAELZFIAT L LoEEMIIE T
FIHAL WL EFEIND, SBEIBEROIGAD
RO KA RSN S, BREERMO A Hh =X 4
OBRZED T E b,

#

KHROBRTH DBIERLREY —ET 1 vV
TZ-5 ZFEFCEL OWRAEOB N L > TEH S
oo EBHERZORROPEYEL LTARBEPRAEI LT
Wi e, BREOFGHCHE D b h IR R b
DI OB — 1T, UFOHLETH - L REH
E XA AR ORIHTEE O =R 5B P B 1c i34
BoOR#AYHR L EFEd, $io. BEREEETOBE
LRI HE b - L FILER, KLER, k& %, |
FRAAIEA. R OB R R O & 5
T ZAE—EF GREMEX) WPt R#s s L
EFET, Fh. ARTER RS S, TZ-50
FFEELRGT L PEME—, RENF, HEH—
FHERCEHRNBE LT, £/, AMELZBETE-
foy HESRALF TR O BB R LE LIRS,
DSM#t, HSCH:, KROMitic s\ CAPMEXiIcED
Nt OF 2 BB L9,

8. ZEXM

7.

1) SERER M, BT 40, 346-353, (1962)
2) B.W.Matthews, Acc.Chem.Res, 22, 333-340
(1988)

(11)

3) W.L.Mock and M.Aksamawati, Biochem.].,
302, 57-68 (1994)

4 ) R.Marquardt, R.Hilgenfeld and R.Keller,
EP PAT 0418625A1, (06.Sep.1991)

5) AR &, MR, HY--Pr5EEHE, 33, 101-112
(1988)

6) Y.Miki, J.Ferment. Bioeng., 77, 457-458
(1995)

7) K.Oyama, K.Kihara & Nonaka, J.C.S.
Perkinll, 356-360 (1981)

8) H.M.Holden, D.E.Tronrud, A.F.Monzingo,

L.H.Weaver and B.W .Matthesws, Biochemistry,

26, 8542-8553 (1987)

S.Kidokoro, Y.Miki, E.Endo, A.Wada, H.

Nagao, T.Miyake, A.Aoyama, T.Yoneya,

K.Kai and S.Qoce, FEBS Lett., 367, 73-76

(1995)

H.Nagao, T.Yoneya, T.Miyake, A.Aoyama,

K.Kai, S.Kidokoro, Y.Miki, K.Endo and

A.Wada, EP PAT 0616033A1, (17, May,

1993)

Y.Tanaka, T.Miyake, S.Hanzawa, S.Ohe,

S.Kidokoro, Y.Miki, E.Endo and A.Wada,

WO PAT 9516029 (15, June, 1995)

K.Inoeye, J.Biochem., 112, 335-340 (1992)

KE B, BIEX, =FE®RE, RREES, B

B—, =REFE—BE, EEEEATF, MR, R

S 05-199873

Y.Miki, S.Kidokoro, K.Endo, A.Wada, T.

Yoneya, A.Aoyama, K.Kai, T.Miyake and

H.Nagao, J.Mol.Catalysis B:Enzymatic, 1,

191-199 (1996)

B, KILIER, ==FR%, WMATR—, EEk

E LS, ZARHE—RS, FHEEMD, B (FERHE

D, 162 (1996)

K.Titani, M.A.Hermodson, L.H.Ericsson,

K.A.Walsh and H.Neurath, Nature New

Biology 238, 35-37 (1972)

9)

10)

11)

12)
13)

14)

15)

16)




12

ERE S ¢
Satoshi HANZAWA
At IRFI60F4 A1 H
=3 St K,
SA X B
EEWIFEA

Journal of TOSOH Research Vol.41(1997)

(12)




