Table of Contents

ADSTFACE (CRINESE) ... e I
ADBStract (ENGHSN) ...ccoeiieice i
ACKNOWIBAGEMENT ...ttt anee s \
KBYWOITS. ...ttt et e e e nae e nreesreeanes VI
ADDIEVIALIONS ... e VII
Table OF CONTENTS........coiiiii e X
LIST OF FIQUIES .. X1l
LISt OFf TaBIES ... XV
Chapter 1 INtrodUCTION .......cc.oiiies e ee e 1
1.0 VDO SPBCIES ...ttt ek ket t etttk e ettt b bbbt e e n e 1
1.2 VIDrio @lQINOIYLICUS. ....c.ueiie ettt it cae sttt ettt ba e e sreeste e e e sneesaeaneenneas 3
L3 BIOTIIM L e ettt bbbttt 5
1.4 Prote0lytiC ENZYIMES .....ooiiiiei ittt re e sneers 8
I \V/ =1 7 U] o] o 1< o) 1 o F= TSP SSURS 10
1.4.2 Peptidase family M20..........ccooiiiiiiieiicc e 11
1.4.3 Aminoacylhistidine dipeptidase..........cccovveveriieiieresie e 12
144 PEPLIAASE V ...ttt te ettt sre e teena e neeaeenaenne s 13
1.4.5 CAINOSINASE .....cvivenieiistie etttk r et b et b st b e ar e r e nnas 15
1.4.6 Other Carnosine-Hydrolyzing ENZYMES.......c.cccovviieie i 17

1.5 RESEAICN GOal ... 18
Chapter 2 Materials and Methods...........cccoviiiiiiicn e 19
2.1 Bacterial strains, plasmids, animal, and cell.............cccccooriii i, 19
2.2 Chemicals and REAGENTS .......cc.coiiiiceceece e 19
2 BN | SRR 21
2.4 EQUIPIMIENTS ..ottt ettt et te et e e e e ba et e s naesteeaeesaenbaesaeeneestaenneaneenneens 22



2.0 SOIUTIONS ..ottt ettt e et et et eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneeeeeennnees 23

2.6 ldentification of V. alginolyticus pepD Gene SEeqUENCE..........cccecvereerieiierieeriesieennean, 27
2.6.1 Primer design for V. alginolyticus pepD identification ...........cccccocvevvvinivenenne. 27
2.6.2 Extraction of V. alginolyticus genomic DNA ........cccoeiiiieiieic e 27
2.6.3 PCR amplification of pepD from V. alginolytiCus............ccccoevvvieiieinsin e 27
2.6.4 DNA sequencing of V. alginolyticus pepD........ccccoviiieiiiie s 28
2.6.5 Sequence analysis of V. alginolyticus PepD ........ccccvviveviiieiieie e 29

2.7 Cloning and Expression of V. alginolyticus pepD.........c.coceeieieienineniseceeeees 30
2.7.1 Construction of E. coli expression vector containing pepD gene.............cce...... 30
2.7.2 Expression of V. alginolyticus pepD gene in E. COli ....covviiiiiiiiiiiiie e 31

2.8 Purification of Expressed V. alginolyticus PepD .........ccccccceiveveiiieiicie e, 32
2.8.1 Purification of PepD by affinity chromatography..........cccocvvviiiiieiicin e 32
2.8.2 Protein concentration determination...........ccociveiininieienene e, 33
2.8.3 SDS-PAGE and Native-PAGE analysis .........cccccevieiieieiie i 33

2.9 Characterization of Expressed V. alginolyticus PepD ..........cccccoiininiiniinieniieicnnennn 35
2.9.1 Enzymatic Activity Assay Of PEPD ..o 35
2.9.2 PH OPTIMUIM .o sttt ettt nbesae e see e nnes 35
2.9.3 Temperature optimum and thermostability.............cccccooiiiiiiniii 36
2.9.4 SUDSErate SPECITICITY ... uiieeii i i st 36
2.9.5 INNIDITOr Profile ... e 36
2.9.6 ENZYME KINETICS ....eouviiiieiiieiece ettt 37

2.10 Mutagenesis Analysis of V. alginolyticus pepD ..........cccoveiveveiiicie e, 37
2.10.1 Site-directed mutagenesis on V. alginolyticus pepD ..........cccocvvveviverveieieennenn 37
2.10.2 Circular dichroism (CD) SPECIIOSCOPY ...cvververrrreieiriesieesieeiesieesseseesseesseessesseees 38

Chapter 3 RESUILS .....c.eoiieicee e 40

3.1 V. alginolyticus pepD GENe SEQUENCE ......cccveveiieeiieeiesieesie e steeste e e sre e e sreeeesneas 40

3.2 Expression and Purification of V. alginolyticus PepD in E. COli .........ccocvvvvieienennn, 42

3.3 Effects of pH and Temperature on Activity of PepD..........ccccoovviviiiiciecicicce e, 44

3.4 Effects of Inhibitors on Activity Of PepD.........cccviiiiiiieeee s 46

3.5 SUbStrate SPECITICITY ....ccviiiiiecc e 49

3.6 ENZYME KINETICS ... 50

XI



3.7 Site-directed Mutagenesis Analysis of V. alginolyticus PepD...........cc.ccocvvviinieinenn. 51

3.8. Structural Features 0f PEPD ........cccv i 56
Chapter 4 Discussion and Conclusion ...........cccccovviiieiieniec e 58
Chapter 5 FULUIE WOKK ......cc.ooiiiie e 64
Chapter 6 REFEIENCE.........ccveiie et 65
APPENAIX L oo ns 75
N o 0 1=] T 1 G USSR 77
N o] 0 1= Lo 1 G SRR TSRS 78
APPENAIX 4 ..t ns 80

4.1 Production of PepD Monoclonal Antibody ...........cccceeveiiiiiiiiiicc e 80

4.1.1 IMMUNIZATION OF MICE.....iiiiiiiie e 80
4.1.2 Preparation of myeloma CellS i.iiiiim i 80
4.1.3 Fusion of myeloma cells with spleen Cells...........cccoiviiiiiiiiiiieee, 81
4.1.4 Screening of hybridoma clone by ELISA method ...........ccccovvvviiiiicic e 82
4.1.5 Limiting dilution of hybridoma Clones .............cccoovevi e 83
4.1.6 AsCites Production INMICE .. it se s e e e e sre et enre e 83
4.1.7 WeStern DIOt @nalySiS. .. .ooieieeieeie it 83
APPENAIX S o e re s 85
APPENAIX B ..ot ettt e e e b e e e e nr e e snreeanree s 86
APPENAIX 7 ettt ettt aenne s 87
APPENAIX 8 ..t e et e e e reeanrae s 92

XII



List of Figures

Fig.

Fig.
Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1. Scanning Electron Microscopy (SEM) of V. alginolyticus intermediary

MOTPROIOGIES. ...ttt bbbttt 1
2. Model of the development of a mature biofilm from planktonic cells. .................... 6
3. An enzymatic reaction catalyzed by aminoacylhistidine dipeptidase. ................... 12

4. (A) Ribbon diagrams of the crystal structure of PepV and (B) Stereo view of

zinc-biNding residues OF PEPV.......cov i 14
5. Common histidine-containing dipeptides present in mammals..............c..cccceene.... 15
6. Flowchart of expression vector pET-28a(+)-pepD construction. ..........c.cccccvereneene 31
7. Formation of a Schiff base by L-histidine and OPA. ............ccccoeii i, 35

8. Nucleotide sequences and predicted amino acid sequences of V. alginolyticus pepD

(o111 [-TNOUINOUPRIRRNE - A = © - | C 1 % W NP 41
9. SDS-PAGE and western blot analysis of purified PepD...........ccccocviviiininicinennn, 43
10. pH optimum Of PEPD. ... oot 44
11. Thermostability Of PEPD.........coiiiiii e 45
12. Temperature optimum Of PePD. ........cccooiiiiiiccce e 45

13. Effects of benzamidine (A), EDTA (B), bestatin (C), and NEM (D) at various
concentrations 0N PePD ACLIVILY. .......cccvciiiiii i 48
14. Substrate specificity of PepD for Xaa-His dipeptides and histidine-containing
L 0 1=T 0 0 [=T USSR 49
15. (A) Michaelis-Menten plot for PepD catalyzed the hydrolysis of L-carnosine in
50 mM Tris-HCI, pH 7.4 at 37 . (B) Lineweaver-Burk plot calculated from the
respective Michaelis-Menten PlOt. ... 50
16. Comparison of the amino acid sequences of V. alginolyticus PepD and L.

AEIDIUECKIT PPV, ...t 52

X1



Fig. 17. SDS-PAGE of purified PepD wild-type and mutant proteins............c.ccocveeveeeneen. 53

Fig. 18. Native PAGE of purified PepD wild-type and mutant proteins. .............c.ccco....... 53
Fig. 19. Enzymatic activities of PepD WT and mutants on L-carnosine. ............cc.cceceeve... 54
Fig. 20. The CD spectra of V. alginolyticus PepD wild-type and mutant proteins............ 55

Fig. 21. Three-dimensional ribbon of the crystal structure of PepV (left) and the
generated PepD model based on PepV (Fight)........cccccoeveiieii i 56

Fig. 22. Stereo view of PepD (light gray) superimposed with the active site of PepV (blue).

XIv



List of Tables

Table 1. Association of Vibrio spp. with different clinical syndromes. .............cccocvevvinenenn. 2
Table 2. Classification Of PEPLITASES. ........coeieriiriiirisieee e 8
Table 3. Reaction conditions and cycling parameters for the PCR reaction..................... 28

Table 4. Reaction conditions of pCR®2.1-TOPO-pepD digestion and pET-28a(+)-pepD
Lo =10 o TR USUTTPSSRS 30
Table 5. Solutions and volumes for preparing SDS-PAGE and Native-PAGE separating

gel and Stacking Gel.........ooviireie e s 34

XV



