Bacillus subtilis의 포자를 이용한 Tetrameric -galactosidas의 표면 발현
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For the functional bacterial surface display of active enzyme of multimeric form, which is generally impossible due to molecular assembly of the monomer subunit subsequent to the secretion of displayed target protein outside the cell, a new surface display system based on B. subtilis spore was developed. Among 11 spore coat proteins examined, cotE and cotG were selected. Using this motif, -galactosidase, which is active in dimeric or tetrameric form, was functionally displayed on the surface of B. subtilis spore. The surface localization of -galactosidase was verified by PAGE analysis of spore-extracted fraction, enzymatic assay of purified spore, protease accessibility test and FACS analysis of spore expressing -galactosidase. While B. subtilis spore wall integrity, examined by lysozyme and heat treatments, was slightly affected by the incorporation of CotE-LacZ fusion protein, it was not affected by the incorporation of CotG-lacZ fusion.

Introduction

Surface display technology has been acknowledged as a useful tool in various fields of biotechnological application. Phage display and bacterial cell surface display are such well developed technologies to screen biomolecules based upon affinity binding and catalytic activity. Similarly, ribosome display and mRNA display, which can easily increase the number of library pool without using the surface display techniques, were recently developed for screening of peptide ligands and antibody affinity maturation. 

Among them, despite achieving smaller size of libraries compared to the above other technologies, bacterial cell surface display has major advantages of the utilization of catalytic activity for the screening of the target molecules of improved properties such as in vitro evolved enzyme itself, enzymes or proteins involved in whole cell bioconversion [1], bioremediation, whole cell adsorption and live vaccine production.

All the bacterial surface display methods developed till now shared common mechanism of proper export of fusion protein guided by secretion signal across cell wall and membrane. Therefore, proteins which cannot use secretory machinery of host cell, and multimeric-form active proteins have not been successful for the surface display until now.
Here, we report the functional surface display of -galactosidase of E. coli, which is functionally active only in dimeric or tetrameric form [2] using B. subtilis spore coat protein as an anchoring motif on the outer surface of the spore.

Materials and Methods

Bacterial strains, plasmids, and culture conditions. 

Two proteases-deficient strain, i.e. B. subtilis DB104 was used as a host strain for the surface display of the -galactosidase on spore. GYS medium comprising (NH4)2SO4 2g, yeast extract 2g, K2HPO4 3.3g/L, sodium citrate 0.1g and glucose 0.1g/L supplemented with trace elements of MnSO4 H2O 0.1g, CaCl2 0.16g and MgSO4 7H2O 0.82g/L was used for cell culture.

Construction of surface display vector
pDG1728, originally developed for ectopic integration in B. subtilis [3], was used for the expression of Cot anchoring motif-LacZ fusion protein. pDG1728 cut with Bam HI and Sal I was ligated with each PCR product containing its own  promoter and structural gene cut with Bam HI and Sal I. E. coli JM109 and DH5 were used for the plasmid construction. Constructed vectors were named as pSDJH4 (spoIVA-lacZ) to pSDJH14 (cotY-lacZ). Each plasmid expressing coat anchoring motif-LacZ fusion protein was linearized by Sca I, which is unique site in ampr region, and two-step (SP I, SP II) method was used for the transformation of these linearized vectors into B. subtilis DB104.

Spore Purification method

Cells were cultivated for 16-20 h at C with 200rpm. Vegetative cells, sporulating cells and spores were harvested and purified using either lysozyme treatment or renografin (sodium diatrizoate S-4506, Sigma) gradient method [4].

Spore wall integrity test

Cultures of DB104, BJH135 and BJH136 were harvested at 24 h and 48 h, and were directly used without further purification. The harvested samples were incubated at 80oC for 15min for heat resistance test or incubated in 50mM Tris-Cl pH 7.2 containing 50mg/L lysozyme at 37oC for 1 h for lysozyme resistance test. The heat or lysozyme treated samples were serially diluted with sterile deionized distilled water, and were spread on LB agar plate and incubated at 37oC overnight. Viable cell count gives the number of heat resistant spore. 

Result and Discussion

Screening of anchoring motifs
For the functional display of -galactosidase, onto the surface of B. subtilis spore, anchoring motifs were screened. We selected 11 coat proteins considering their expression level and their location in the spore coat. To synchronize spore formation and incorporation of expressed fusion proteins into the spore, original host cot promoters were used.    

Strains, containing each lacZ expression cassette were cultivated and culture broth samples were harvested at 16 h (T12) and 20 h (T16). -galactosidase activity was measured and calculated as described [4]. (Figure 1).
Miller units of BJH135 (cotE-lacZ) and BJH136 (cotG-lacZ) were remarkably high compared to that of other strains. While Miller unit of BJH135 (cotE-lacZ) is quite comparable with that of reported value, Miller unit of BJH136 (cotG-lacZ) is much higher than the values from the previous references. Therefore, it was double-checked, and no mutations in cotG-lacZ during the BJH136 construction were confirmed by sequencing analysis of cotG-lacZ in the chromosome. The large difference can be attributed to the different media and culture condition or, less likely, changes in the -galactosidase activity related to proper protein folding due to the difference in the fusion site with CotG. BJH135 (cotE-lacZ) and BJH136 (cotG-lacZ) were selected for the further characterization in the following experiments. 

Probing the surface localization of -galactosidase 

To investigate whether the intact fusion proteins were properly synthesized, extracted spore coat proteins using renografin gradient method were analyzed by 6% SDS-PAGE. BJH135 (cotE-lacZ) (lane 2) and BJH136 (cotG-lacZ) (lane 3) showed protein bands corresponding to a molecular weight of exact fusion proteins (ca.137 kDa). Wild type -galactosidase (116 kDa) (lane 4) expressed in E. coli was also displayed for the comparison. (Figure 2). 
FACS analysis
The expression of -galactosidase on the external surface of B. subtilis spore was verified by fluorescence-activated cell sorter (FACS). Purified B. subtilis spores expressing CotE-LacZ and CotG-LacZ were fluorescently stained with mouse anti--galactosidase antibody (IgM) and fluorescein isothiocyanate (FITC)-labeled antimouse IgM. 

Spores of BJH135 (cotE-lacZ) showed significantly increased fluorescence intensity, but spore of BJH136 (cotG-lacZ) gave only a slight increase in fluorescence intensity. As the fluorescence intensity is proportional to the degree of exposure of displayed enzyme on the surface, this result suggests that CotG-LacZ fusion would be more deeply embedded into the outer coat layer of the spore, compared to CotE-LacZ. (Figure 3). 
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Spore wall integrity test

Expression of CotG-LacZ and CotE-LacZ on spore surface appeared not to affect the spore development based upon microscopic observation. But, the cells expressing CotE-LacZ fusion (i.e. BJH135) lyzed more rapidly on lysozyme treatment compared to DB104 and BJH136 (data not shown). Similar phenomena are frequently observed in the case of asporogenous mutants of B. subtilis such as spoIIG or spooIIIC [5]. As another means to examine whether the surface expression of CotG-LacZ and CotE-LacZ affect spore wall integrity, heat treatment and lysozyme treatment were executed directly on the culture samples at 24 h and 48 h. While lysozyme treatment did not affect spore wall integrity of BJH135 and BJH136, heat treatment severely decreased viable spore counts of BJH135 compared to those of wild type DB104 or BJH136. Since the spore of cotE deletion mutant is known to be lack of lysozyme resistance, our data agree with the previous result, and the heat instability of the spore of cotE-lacZ mutant seems to have something to do with the structure of spore coat. This result is somewhat surprising, but there are yet no clear reasons why this happens. As wild type cotE and cotG are not knocked out in BJH135 and BJH136, respectively, BJH135 would co-express wild type CotE and recombinant CotE-LacZ fusion. In this case CotE and CotE-LacZ are likely to compete with each other for the incorporation into spore coat, but CotE would be a natural component of spore coat and show better affinity to the spore coat layer compared to CotE-LacZ. In this case only gene dosage (or protein concentration) effect would play a critical role in the structure of the spore coat. (Table 1)  
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Table 1. Spore wall integrity test.  

	
	Survival after treatment (%)*

	Treatment
	Strain
	24 h 
	48 h 

	
	DB104
	61.3
	65.5

	Heat
	BJH135
	19.2
	40

	
	BJH136
	61.4
	65.6

	
	DB104
	70.2
	72.2

	Lysozyme
	BJH135
	58.4
	77.5

	
	BJH136
	79.2
	77.5


Survival rate (%) shows the average value of the
two independent experiments.
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Figure 1. Comparison of expressed LacZ values among various cot-lacZ fusions as anchoring motifs. y-axis is broken to display low-expressing strains in the same graph. For example, Miller unit of CotV-LacZ at 16 h (T12) is 18.5





Figure 2. Expression of CotE-LacZ and CotG-LacZ fusion analyzed by 6% SDS-PAGE. DB104 (control, lane 1), BJH135 (cotE-lacZ, lane 2), BJH136 (cotG-lacZ, lane 3), wild-type -galactosidase (lane 4) and high molecular protein marker (lane 5) are indicated.





Figure 3. FACS histograms of purified spores of DB104 control), BJH135 cotE-lacZ) and BJH136 (cotG-lacZ) to identify surface localization of cotE-LacZ and cotG-LacZ fusion
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