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Introduction
Recently, new advances in molecular biology and secretory expression of proteins made it possible to express foreign proteins at the outer surface of microorganisms by the technology called cell surface display.  

Since the first development of surface-expression system by George P. Smith in the mid 1980 by expressing peptides or small proteins fused with pIII of the filamentous phage, various mechanisms of protein secretion in microorganisms have been extensively studied to develop new and better cell surface display systems by which proteins of interest can be expressed on the surface of the microorganisms. Cell surface display is a relatively new technology expressing proteins or peptides on the surface of the cell in a stable manner using the surface protein of bacteria, yeast, or even mammalian cells as a surface anchoring motif. 

Successful candidates for surface anchoring motif should have the following characteristics: The surface protein to be used as an anchoring motif should have efficient secretion signal sequences for facilitating the penetration of the foreign protein through the inner membrane of the cell, targeting signal for anchoring foreign protein to the surface of the cell in a stable manner, and capacity to accommodate foreign proteins or peptides of various sizes.  Furthermore, it would be beneficial if the fusion protein can be expressed in large amounts

Its possible applications include: (i) live vaccine development (ii) antibody production (iii) peptide libraries screening (iv) environmental bioadsorbents development (v) whole cell catalysts construction and (vi) biosensor development to anchor enzymes, receptors, or other signal-sensitive components on cell surface to develop novel biosensors for diagnostic, industrial or environmental purpose
Lipases (triacylglycerol ester hydrolases, EC 3. 1. 1. 3) are ubiquitous enzymes found in the various living organisms due to their natural role as catalysts for the hydrolysis of water-insoluble ester and triglycerides (fats and oils).  For the regio- and/or enantioselectivity, lipases have been used as catalysts for the preparation of various enanitopure compounds. Due to the simplicity and effectiveness, crude lipases have most often been employed for the synthesis of optically active compounds. It is known that the most of commercial enzymes such as Candida rugosa lipase and Pseudomonas cepacia lipase contain less than 25% of protein and 6% of the lipase. These inexpensive crude enzymes extracts show sufficient activity and selectivity for the preparation of optically active compounds. However, the impurities present in crude extracts, usually, other hydrolases with opposing selectivity can cause low enantioselectivity and product yield. Although highly purified enzyme can be employed for the better selectivity, expensive price, instability, and low catalytic activity remain to be solved.

In this study, we report the development of C-terminal deletion fusion display system, and displays of enzyme (lipase) is described in detail. We also report for the first time the use of cell surface displayed lipase for chiral resolution. 

Materials and methods

Bacterial strains and growth conditions. 
E. coli K-12 strain XL1-Blue and MC4100 were used as host strains for the chiral resolution described in this study. All recombinant strains were cultivated in LB medium supplemented with 30 (g/ml of kanamycin in a shaking incubator at 37(C and 250 rpm. Recombinant cells were induced at the OD600 of 0.6 by adding isopropyl-(-D-1-thiogalactopyranoside (IPTG) to the final concentration of 100 (M. All strains harboring placKSC-lip or pT7KSC-H(n) were cultivated at 30(C, and were grown for 5 more hours after induction.
Plasmids and DNA manipulation. 
The S. typhimurium ompC gene was cloned from S. typhimurium(KCTC 2053) by PCR using the following primers: 5'‑CTgCgCCTggTCTCACATgAAAgTTAAAgTACTg‑3', and 5'‑CCgggATCCTTATTAGAACTggTAAACCAg‑3'. The bacterial lipase was cloned from Pseudomonas fluorescens by overlapping PCR using the following primer pairs: 5'‑gATAg
ATATCCTgCAggTCgACCCAAgCggACATCACCATCATCACCAT‑3' and 5'‑CCAACT
gCAggATATCCTCgAgACCAgAATggTgATgATggTgATg‑3'. This bacterial lipase was designed such that it contains PstI sites at the 5'‑end and BamHI sites at the 3'‑end. PCR was performed with a PCR Thermal Cycler MP TP3000 (Takara Shuzo Co., Japan) using High Fidelity PCR System (Boeheinger Mannheim, Mannheim, Germany). All DNA manipulations were carried out according to the procedures described by Sambrook et al. Restriction enzymes and modifying enzymes were purchased from New England Biolabs (Beverly, MA) and were used as recommended by the manufacturer.
pH titration(pH-stat) method. 

Recombinant cells harboring placKSC-lip from 100 ml were washed twice with 0.85% (w/v) NaCl and were resuspended in 3 ml of 0.85% NaCl. The lipase activity was estimated by pH-stat method by titrating free fatty acids released by hydrolysis of olive oil with 10mM NaOH using Fisher titration set (pH metertitrate and burette/dispenser, Pittsburgh, PA, USA). Olive oil emulsion was prepared by emulsifying 10ml of live oil in 290 ml mixture solution of 90ml of a 10%(w/v) gum Arabic and 200 ml salt solution containing 20 mM CaCl2 and 0.85% (w/v) NaCl for 10 min after the pH of 40 ml substrate solution emulsion was adjusted to 8.0 by addition of 0.1 N NaOH, 400 (l of harvested cells was added. The reaction was performed at 20(C and 10mM NaOH was added automatically to sustain pH 8.0. One unit of enzyme activity was defined as the amount of enzyme necessary to release 1 (mol of fatty acids produced per min under the experimental condition. 

Enantioselective hydrolysis of cis-3-acetoxy-4-phenylazetidin-2-one (3) using genetically immobilized lipase on E. coli MC4100. 

Recombinant cells haboring placKSC-lip from 100 mL culture broth were harvested by centrifugation (6,000 rpm, 7 min) at 4(C. To 100 mg of (()-cis-3-acetoxy-4-phenylazetidin-

2-one (3) was added the harvested cells resuspended in 5 mL of 0.1 M sodium phosphate buffer (pH 6.8).  The mixture was stirred with a magnetic stirrer at 25(C until approximately 50% of the substrate was transformed into product. The progress of the reaction was monitored by TLC using the solvent system hexane/ethyl acetate/ethanol (10/10/2).  The Rf value of (-)-cis-3-hydroxy-4-phenylazetidin-2-one (4) was 0.54 and the Rf value of (-)-cis-3-acetoxy-4-phenylazetidin-2-one ((-)-3) was 0.71. The reaction was terminated by centrifugation (6000 rpm, 7 min) and the supernatant was extracted with ethyl acetate three times (3 ( 30 mL). Optical rotation of the remaining substrate (-)-cis-3-acetoxy-4-phenylazetidin-2-one ((-)-3) and the product (-)-cis-3-hydroxy-4-

phenylazetidin-2-one (4) was measured in methanol. The enantiomeric excess (ee) of the remaining ester (-)-cis-3-acetoxy-4-phenylazetidin-2-one ((-)-3) was determined by 1H NMR (CDCl3, 500 mHz) analysis of the acetoxy group in the presence of the chiral shift reagent Eu(hfc)3.  The product (-)-cis-3-hydroxy-4-phenylazetidin-2-one (4) in the presence of a catalytic quantity of DMAP to convert it into the ester (-)-cis-3-acetoxy-4-phenylazetidin-

2-one, and the ee was measured by the same method. The mixture was separated by silica gel flash chromatography using hexane and ethyl acetate as the mobile phase to give (-)-3-hydroxy-4-phenylazetidin-2-one (4, yield 40%) and (-)-3-acetoxy-4-phenylazetidin-2-

one ((-)-3, yield 30% )

The reaction mixture contained 100 mg of (()-ethyl-3-hydroxybutyric acid ((()-1) and the harvest cells.  The mixture was stirred for 12h. The cells was removed by centrifugation, resuspended, and reused. And the process was repeated (total of 3 cycles)
Results and discussion
Surface Display of bacterial lipase on the Escherichia coli by OmpC C-terminal deletion-fusion method

To investigate the possibility of novel whole cell catalysts of cell surface displayed lipase, lipase gene was inserted to plac7KSC recombinant plasmid to construct placKSC-lip. We have assayed the activity of lipase on cell surface in different IPTG concentrations. Recombinant cells harboring placKSC-lip from 100 ml were washed twice with 0.85% (w/v) NaCl and were resuspended in 3 ml of 0.85% NaCl. The lipase activity was estimated by pH-stat method by titrating free fatty acids released by hydrolysis of olive oil with 10mM NaOH using Fisher titration set (pH metertitrate and burette/dispenser, Pittsburgh, PA, USA). The maximum unit of lipase on E. coli BL21(DE3) cell surface harboring placKSC-lip (unit per g-dry cell weight) was 1136 when induction concentration of IPTG was 100 (mol. In this condition, we could estimate that over 2.78 X 102 of lipase molecules are exposed on each E. coli cell from specific activity of the pure lipase was 12,918 unit/mg protein. This result demonstrates that E coli cells harboring placKSC-lip coding for the OmpC-lipase fusion protein could be efficiently exposed on E. coli cell surface. In this condition, culture supernatants prepared by centrifugation culture solution had no lipase activity. It suggested that induced cells had not been lysed during cultivation and cells that exposed lipase on surface were stable.

Chiral resolution by bacterial lipase on the Escherichia coli cell surface
We have employed kinetic resolution of racemic esters as a reference test of catalytic activity. In this experiment, (±)-cis-(-lactam 3 were used for substrate of resolution, which contain stereogenic center at carbon-3 and carbon-3 & carbon-4, respectively (Figure 2).

After 12 h reaction, the yield and the enantiomeric excess (ee) of each product were summarized in table 3. High ee of (R)-(-)-3-hydroxybutyric acid (2) and (-)-cis-(-lactam 4 means that cell surface displayed lipase catalyzes the hydrolysis of the (R)-enantiomer of 1 and (3S, 4R)-enantiomer of 3 more efficiently than the (S)-enantiomer of 1 and (3R, 4S)-enantiomer of 3 and has enantioselectivity in aqueous media after displayed. Especially, the ee of 99% shows that cell surface displayed lipase have an excellent stereoselectivity for the (3S, 4R)-enantiomer of 3. 

The stability of genetically immobilized lipase was investigated by the 3 repeated reactions with same catalysts. we obtained ee and yield as same as at first cycle and the same ee and 66% of yield at third after each successive 12 h reaction with lipase on the E. coli cell without cell lysis.

In summary, taken into account of these results, the active enzyme on the cell surface can be used as a “new biocatalyst” having advantages of both immobilized and purified enzyme.  Moreover, the production cost is cheaper than immobilized or purified enzyme.  In these reasons, it can be applicable to many fields such as organic synthesis and food industry as well as biochemical, pharmaceutical, and biomedical process.
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