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Amino acid No.2 H,0, stability?

Clone —
79 81 83 0.1mM 0.5mM 1.0 mM
wild type A N I 1.0 1.0 1.0
clone 1 E S L 9.0 6.6 39 -
clone 4 S L L 7.2 6.5 4.4
clone 6 S S L 53 4.6 32
clone 8 E L L 7.0 35 1.8

a: The amino acid substitutions in each clone are shown. b:
Clone/wild type ratio of the half life of % remaining
activity after treatment at 30 C in the presence of various

concentrations of H,0,.
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FORERERELTOWAI DDl — 5, R
REEFE 0T FEENLLADDOTRIOEUTOL
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gV, fEoTC, B7 v MR T I JBE
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SEBEETI O LIS B L ER HLb,
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I 52 8T, SNSRI~ U v
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72 KB 0 S 137 T R i CEMTER A T
L2 LT, LIEHEOBROFE LTI LW
¥HZELRLT R LZERMIBRTOAY ) —-=
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ELITREE 22 ), ZhE A VEILEANEELT S
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26 ¥t 71 (26)
L. REERORIEDEE S N5, 8) T. Sasak?, T. Kajin(?, B. L1 H.. Sugiyama, and H.
Takahashi, Appl. Environ. Microbiol., 67, 2208 (2001).
) 9) H. Takahashi, B. Li, T. Sasaki, C. Miyazaki, T. Kajino,
# ¥ and S. Inagaki, Chem. Mater., 12, 3301 (2000).
AFFEO—MIIEIE (EMEB, REEFT 10) H. Takahashi, B. Li, T. Sasaki, C. Miyazaki, T. Kajino,
16360418) (2L W iThh7:bDTHb, T-Kax and S. Inagaki, Microporous Mesoporous Mater., 44-
FEOBIIHY, () BEPIREFERTOEILE 45. 755 (200D).
WL, A EHS Cofiten Ty, 1D T S R e T S, ¥ Yokosa, oom,
. . akahashi, Biochem. Biosci. Biotechnol., 67, .
SHWAEIRNTEY, ZOBEBED LT#< B 12) B. Li and H. Takahashi, Biotechnol. Letr., 22, 1953
HLETFE, (2000).
13) S. Rungpragayphan, Y. Kawarazaki, T. Imaeda, K.
Z #k Kohda, H. Nakano, and T. Yamane, J. Mol. Biol., 318,
1) S. Inagaki, Y. Fukushima, and K. Kuroda, J. Chen. 395 (2002).
Soc.. Chem. Commn., 36, 680 (1993). 14) C. Miyazaki-Imamura, K. Oohira, R. Kitagawa, H.
2) S. Inagaki. A. Koiwai, N. Suzuki, Y. Fukushima, Nakano, T. Yamane, and H. Takahashi, Protein
and K. Kuroda. Bull. Chem. Soc. Jpn., 69, 1449 (1996). Eng., 16, 423 (2003).
3) D.-Y. Zhao. J.-T. Feng, Q-S. Huo, N. Melosh, and I5) T. Kajino, C. Miyazaki, O. Asami, M. Hirai, Y. Yamada,
G. D. Stucy, J. Am. Chem. Soc., 120, 6024 (1998). and S. Udaka, Methods Enzymol, 290, 50 (1998).
4) J. M. Tomas, Narure, 368, 289 (1994). 16) H. Wariishi and M. H. Gold, J. Biol. Chem., 265, 2070
5) K. P. Scott, Science, 221, 259 (1993). (1990).
6) S. Inagaki, S. Guan, Y. Fukushima, T. Ohsuna, and 17) C. Miyazaki and H. Takahashi, FEBS Letters, 530,
O. Terasaki, J. Am. Chem. Soc., 121, 9611 (1999). 249 (2001).
7) S. Inagaki. S. Guan, Y. Fukushima, T. Ohsuna, and 18) T. Itoh and Y. Fukushima, J. Am. Chem. Soc., 124,
O. Terasaki, Nature, 416, 304 (2002). 13437 (2002).

Synergistic Effect for Enzyme Stabilization Involving Molecular Evolution and
Immobilization in Mesoporous Materials

Haruo Takahashi and Chie Miyazaki-Imamura
Biotechnology Lab., Toyota Central R&D Labs. Inc.,

Enzymes (proteins) were successfully stabilized in mesoporous materials. When the
pore diameter of mesoporousmaterials were controlled to nearly the same as the diameter of
the enzyme, the immobilized enzyme has high stability. Because the surface amino acid
residues would form hydrogen bond with silanol residues of mesoporous materials. We
found that enzymes would be successfully immobilized and stabilized at the low pH region
below pl of the enzyme.

A mutant MnP library containing three randomized amino acid residues located in the
entry site of H,0O,-binding pocket of MnP was evolved on a multi-well plate using
SIMPLEX (single-molecule PCR-linked in vitro expression). The screening of more than 104
samples independently expressed for improved H,O, stability led to four positive mutants,
the H,O, stability of which was nine times higher than that of the wild-type. Immobilized
MnP mutant in mesoporous material showed the high H,O, stability, more than 50 folds
than wild type MnP. But the stability of immobilized wild type MnP was not improved so
much as that for immobilized mutant MnP.

Keywords: mesoporous materials, molecular evolution, enzyme stabilization, synergistic effect



