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We have seen increasing use of the term ‘“White biotechnology’’. White biotechnology involves the use of microbial
cells and enzymes in the production of bulk and fine chemicals such as amino acids and polymers. This generally results
in cleaner processes with minimum waste generation and energy use. Most of the organic syntheses using enzymes are
carried out in nearly anhydrous organic solvents or solvent-free media. Ionic liquids have more recently emerged as
another nonaqueous media, which, in view of their low vapor pressure, are viewed as ‘‘green solvents’’. Organic solvents
may alter the structure and activity of enzymes that usually function in an aqueous environment. One alternative is to
immobilize the enzymes on solid supports to increase their function and stability in response to organic solvents or in-
creased temperatures. Enzymes may be stabilized by chemical and physical processes. With chemical methods, enzymes
are immobilized by strong covalent bonding, but changes in protein structure often result. In physical stabilization
processes, the interactions between enzymes and solids usually are weaker, resulting in fewer changes in the enzyme’s
structure. Yeast cell surface engineering is an alternative approach that immobilizes enzymes on the yeast cell surface.
Proteins are immobilized by using an outer shell cell-wall protein, the C-terminal half of alpha-agglutinin. Display of en-
zymes on the yeast cell surface has at least two advantages relative to other physical immobilization methods. First, the
displayed enzymes can be readily produced in a standard fermentation. No further work is required to either purify or
immobilize the enzymes. Second, enzyme displayed on the yeast cell surface can be modified directly by conventional
genetic engineering, which enables error-prone PCR, DNA shuffling, and combinatorial mutagenesis to be used quickly
and efficiently to create strains (whole-cell biocatalysts) with enhanced enzyme activity.

Key words——molecular display; cell surface engineering; white biotechnology; whole-cell biocatalysts; genetic im-
mobilization; organic solvent
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Mechanism of Cell Surface Engineering (Molecular Display)
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Lyophilization

Fig. 2. Preparation of Whole-cell Biocatalysts with Displayed Enzymes
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Fig. 3.

Effect of Organic Solvents on Displayed Carnosinase as the Whole-cell Biocatalyst



1484

Vol. 130 (2010)

NVOERADMRINZ. 25 DBRETFHOFIZIX

ABC F I > AR—F—IhEHilAELREY >N\ &%
I—RIDH2HDONEFENTWE, IHIZ, TN
5 DOEMLTOFRBGIHEEZFND &, HELTY
O%&—4 —{#EiH 12 PDRE (Pleiotropic Drug Re-
sponse Element) N{FE{EL TW/=Z &/n5, PDRE
EROBRTORBEHEZITS> TWSEKERT
Pdrip IZ#H L7z, £ 2T, KK-211 KkDE 5T
BEI7OT7yAINEMILEZEZA, EBRENZ LI
pdrl ZREOBLE TG T 07 7 A )V & & WHER
PHERLUE. LS T, GHEEmtz 67259
FRK & LT PDRI BRTONMENE A SN/,

KK-211 #® PDR1 B FEAZHFHNTHD &, ¥
BRREWNRT A HFTOTY I ) BEROEEEFEAL
/z.

TR, BAEIBEMIEDS Z OZRITRRT 20 2%
WND 270, BEMKST / LA O PDRI EETIC
R A i As. KK-211 D pdrl @ 4 4 7D
BROOE, I BHOT I JENTIVFZ NS
th”%ﬁLTméWE(R&B)”%ELK.

D% (PDRI-R821S) ZM[FIfHIR A 1Tk > THE
%i%MWJ@ﬁ/ADNAL%KL,ﬁ%%ﬁ
DO HEAF /=& 25, PDRI-R82IS £ H %
BALEMTS-1 ERKTIEIA VA IZI D) F >

Substrate

[ —

(@)
@]
L\; Yeast
O

Butyl 3-oxobutanoate

BREDHEIAKMERABEMIIBONTHRIFRETZR
bt.:@#%@% KK-211 £k DA B i i 14 43
PDRI-R82IS A RITERE L T3 Z EANH SN
30, :@Eﬂ%ﬁ/bﬂlﬂ ICHEATHIEITED
T, BEKROGWIAKEMMIE(LEZHEEHTLIEDTE
7=. X512, PDRI-R82IS ZHEDE AT XD A
RIEMHE(E U7z MTS8-1 #k2 I WT, K/ G RN
MRIZT3-AFYVTY BT FIVOEITKIEZR
HJ=& Z %, PDRI-R82IS ZH % A L = #kiZ K
JNBRGA 30 FERIRRICIFIT IR TOREZETL TH
0, BRI 2RO 720 The < RO Yy 48 i
G ERMIBETEEDRFFL TWA T ENIHS M E
2o 7 (Fig. 4).

5. SBROERE

AT, B TFTAAXAT LA ATALICEK
D, ZTNETITHEWVH L WHEHFH 7 Whole-cell
biocatalyst ZA8I#I L, X DIRBENDERNDIRNVK
INROEEDORBBEICOWTHEN L. /-, BHIE
TR OMITICE D, MMEE b5 TR
EITHEEDIT, BWERT PDRlI 2%ETAHZ &
kiof,$$ﬁ%mﬁmﬁ%ht@m%§@5®
BEREMAEY O ERMIEADIRHEBICEL T, &5
A BRI D 1 523, BRI, WEET
BB EEESMTU . BHEELTHE & WD G

Product
OH

el

Butyl 3-hydroxybutanoate

100

80

60 |

40 |

Residual ratio (%)

20 |

\%‘@“ﬁ\ﬁ

0 10 20
Reaction time (h)

o WT
-e- PDR1-R821S

—Reaction condition—
Medium: 50 ml
Isooctane: 50 mi
Substrate: 20 mM
Initial ODggq: 4.0
Temperature: 30 °C
Shaking: 235 rpm
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