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Appendix 1: Preparation for polyacrylamide gel electrophoresis
1. Stock reagents

136

30% Acrylamide, 0.8% bis-acrylamide, 100 ml
acrylamide 29.2 g
N,N’ -methylene-bis-acrylameid 0.8 g
Adjusted volume to 100 ml with distilled water

1.5 M tris-HCI pH 8.8
Tris (hydroxymethyl)-aminomethane 18.17 g
A d ju ste d  pH to 8 .8  with 1 M HCI a n d  a d ju s te d  vo lum e to  100 ml with d is tilled  w a te r

2.0 M Tris-HCI pH 8.8
Tris (hydroxymethyl)-aminomethane 24.2 g

A d ju ste d  pH to 8 .8  with 1 M HCI a n d  a d ju s te d  v o lu m e to  100 ml with distilled w a te r

0.5 M Tris-HCI pH 6.8
Tris (hydroxymethyl)-aminomethane 6.06 g
A d ju ste d  pH to 6 .8  with 1 M HCI a n d  a d ju s te d  vo lum e to  100 ml with d is tilled  w a te r

1.0 M Tris-HCI pH 6.8
Tris (hydroxymethyl)-aminomethane 12.1 g
A d ju ste d  pH to 6 .8  with 1 M HCI a n d  a d ju s te d  vo lum e to 100 ml with d is tilled  w a te r

2. Stock reagents for SDS-PAGE 
Solution B

2.0 M Tris-HCI pH 8.8 75 ml
10 % SDS 4 ml
distilled water 21 ml
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Solution c
1.0 M Tris-HCl pH 6.8 50 ml
10 % SDS 4 ml
distilled water 46 ml

3. Non-denaturing PAGE
7.5% Separating gel

30% acrylamide solution 2.5 ml
1.5 M Tris-HCl pH 8.8 2.5 ml
distilled water 5.0 ml
10% (NH4)2S208 50 pi
TEMED 10 pi

5.0% stacking gel
30% acrylamide solution 0.67 ml
0.5 M Tris-HCl pH 6.8 1.0 ml
distilled water 2.3 ml
10% (NH4)2S208 30 pi
TEMED 5 pi

5x Sample buffer
1.0 M Tris-HCl pH 6.8 3.1 ml
Glycerol 5.0 ml
1% Bromophenol blue 0.5 ml
Distilled water 1.4 ml
One part of sample buffer was added to four parts of sample 

Electrophoresis buffer, 1 litre
(25 mM Tris, 192 mM glycine)
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Tris (hydroxymethyl)-aminomethane 3.03 g
Glycine 14.40 g
Dissolve in distilled water to 1 litre. Do not adjust pH with acid or base (final 
pH should be 8.3)

4. SDS-PAGE
7.5% Separating gel

30% acrylamide solution 2.5 ml
Solution B 2.5 ml
distilled water 5.0 ml
10% (NH4)2S208 50 pi
TEMED

5.0% stacking gel
10 pi

30% acrylamide solution 0.67 ml
Solution c 1.0 ml
distilled water 2.3 ml
10% (n h 4)2S208 30 pi
TEMED

5x Sample buffer
5 pi

1.0 M Tris-HCl pH 6.8 3.1 ml
Glycerol 5.0 ml
10% SDS 2.0 ml
2-Mercaptoethanol 0.5 ml
1% Bromophenol blue 0.5 ml
Distilled water 0.9 ml
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One part of sample buffer was added to four parts of sample. The mixture was 
heated 5 min. in boiling water before loading to the gel.

Electrophoresis buffer, 1 litre
(25 mM Tris, 192 mM glycine)
Tris (hydroxymethyl)-aminomethane 3.03 g
Glycine 14.40 g
SDS 1.0 g
Dissolve in distilled water to 1 litre. Do not adjust pH with acid or base (final 
pH should be 8.3).

Appendix 2: Preparation for isoelectric focusing gel electrophoresis 
Monomer-ampholyte solution

30% acrylamide solution 0.9 ml
1% Bis-acrylamide solution 1.25 ml
Ampholyte pH 3-10 0.243 ml
distilled water 1.39 ml
50% Sucrose 1.186 ml
TEMED 2 pi
0.02 M (NH4)2S20g 

Fixative solution, 100 ml
39 pi

Sulfosalicylic acid 4 ml
Trichloroacetic acid 12.5 ml
Methanol 30 ml
Immerse gels in this solution for 30 minutes.



Staining solution, 100 ml
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Ethanol 27 ml
Acetic acid 10 ml
Coomassie brilliant blue R-250 0.04 ml
CuS04 0.5 ml
Distilled water 63 ml
Dissolve the CuSÛ4 in water before adding the alcohol. Either dissolve the dye in 

alcohol or add it to the solution at the end. Immerse the gel in stain for approximately 1-2
hours.
Destaining solution

First destaining solution
Ethanol 12 ml
Acetic acid 7 ml
CuS04 0.5 ml
distilled water 81 ml
Dissolved the cupric sulfate in water before adding the alcohol. Immerse the gel 

in two of three changes of this solution until the background is nearly clear. 
Second destaining solution

Ethanol 12 ml
Acetic acid 7 ml
Distilled water 81 ml
Immerse the gel in this solution to remove the last traces of stain and CuS(>4
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Appendix 3: Preparation for buffer solution

0.2 M Potassium Acetate pH 3.0, 4.0 and 5.0
CHsCOOK 1.96 g
Adjusted to pH 3, 4 or 5 by 0.2 M acetic acid and adjusted volume to 100 ml 

with distilled water.

0.2 M Phosphate pH 6.0
KH2P0 4 2.27 g
K2HP0 4 0.58 g
Distilled water 100 ml

0.2 M Phosphate pH 7.0
KH2PO4 0.91 g
k2h po4 2.32 g
Distilled water 100 ml

0.2 M Tris-HCl pH 8.0 and 9.0
Tris (hydorxymethyl)-aminomethane 24.2 g
A d ju ste d  pH  to 8 .0  o r 9.0 by  1 M HCI a n d  a d ju s te d  vo lu m e to  100 ml with d istilled  w a te r

0.2 M Tris-GIycine NaOH pH 10.0 and 11.0
Glycine 1.5 g
Adjusted pH to 10.0 or 11.0 by 1 M NaOH and adjusted volume to 1000 ml with 

distilled water
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Universal pH buffer
Citric acid 6.008 g
KH2P04 3.893 g
H3B03 1.769 g
Diethylbarbituric acid 5.266 g
Dissolve these mixtures to 100 ml with distilled water, then titrated with 0.2 M 
NaOH to give the appropriated pH (4.0-10.0).
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Appendix 4: Standard curve for protein determination by Bradford’s 
method

0 5 10 15 20

protein (|4g)
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Appendix 5: Standard curve o f (3-cyclodextrin by phenolpthalein method

0 0.5 1 1.5 2 2.5

P-CD (mM)
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Appendix 6 ะ Standard curve o f  glucose by dinitrosalicylic acid method

0 1 2 3 4 5 6
[Glucose](mM)
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Appendix 7 ะ Nucleotide sequence of P a en ib a c illu s  sp. Al 1 and annealing site of 
primer A, primer B and sequencing primers 1-5.
GGATAACGGGCATTGAATTGGCGGATAAAATCTTTAACATTCATGGCGTCGATCCCCCTATAAGGTAGTCTTCCTGATCCGTCTCGACT

CCTTAATCCCACTCCCTCGATCATACTATATATCTGAGAATATTGTTATATATTGACATTTGAATTCGCTTTCATATAAAATGAACAAG
P r i m e r  A

AACACATCACTATACTTACATACAAGCTAAGGGCTATGCATTCCTTACCTTACCCCGGTATGGAACAACCCCGGTATCTCTATTAGAGA
P r i m e r  1

CGCCGGGGTTTTTTATGTAGCCGAGATGAAGGAGGTGATCCCCAAAGCGACGGACAGGCCTGTTATCCCCAAGCATTGTATACGATGAG

g a g g t a t a g t ^ E a a a a g a t t t a t g a a a c t a a c a g c c g t a t g g a c a c t c t g g t t a t c c c t c a c g c t g g g c c t c t t g a g c c c g g t c c a c g

CAGCCCCGGATACCTCGGTATCCAACAAGCAGAATTTCAGCACGGATGTCATATATCAGATCTTCACCGACCGGTTCTCGGACGGCAAT

CCGGCCAACAATCCGACCGGCGCGGCATTTGACGGATCATGTACGAATCTTCGCTTATACTGCGGCGGCGACTGGCAAGGCATCATCAA

CAAAATCAACGACGGTTATTTGACCGGCATGGGCATTACGGCCATCTGGATTTCACAGCCTGTCGAGAATATCTACAGCGTGATCAACT

P r i m e r  2
ACTCCGGCGTCCATAATACGGCTTATCACGGCTACTGGGCGCGGGACTTCAAGAAGACCAATCCGGCCTACGGAACGATGCAGGACTTC

AAAAACCTGATCGACACCGCGCATGCGCATAACATAAAAGTCACATCGACTTTGCACCGAACCATACATCTCCGGCTTCTTCGGATGAT

CCTTCCTTTGCAGAGAACGGCCGCTTGTACGATAACGGCAACCTGCTCGGCGGATACACCAACGATACCCAAAATCTGTTCCACCATTA

TGGCGGCACGGATTTCTCCACCATTGAGAACGGCATTTATAAAAACCTGTACGATCTGGCTGACCTGAATCATAACAACAGCAGCGTCG

ATGTGTATCTGAAGGATGCCATCAAAATGTGGCTCGACCTCGGGGTTGACGGCATTCGCCTGGACGCGGTCAAGCATATGCCATTCGGC

P r i m e r  3
TGGCAGAAGAGCTTTATGTCCACCATTAACAACTACAAGCCGGTCTTCACCTTCGGCGAATGGTTCCTTGGCGTCAATGAGATTAGTCC 

GGAATACCATCAATTCGCTAACGAGTCCGGGATGAGCCTGCTCGATTTCCGCTTTGCCCAGAAGGCCCGGCAAGTGTTCAGGGACAACA 

CCGACAATATGTACGGCCTGAAAGCGATGCTGGAGGGCTCTGAAGTAGACTATGCCCAGGTGAATGACCAGGTGACCTTCATCGACAAT 

CATGACATGGAGCGTTTCCACACCAGCAATGGCGACAGACGGAAGCTGGAGCAGGCGCTGGCCTTTACCCTGACTTCACGCGGTGTGCC 

TGCCATCTATTACGGCAGCGAGCAGTATATGTCTGGCGGGAATGATCCGGACAACCGTGCTCGGATTCCTTCCTTCTCCACGACGACGA 

P r i m e r  4
CCGCATATCAAGTCATCCAAAAGCTCGCTCCGCTCCGCAAATCCAACCCGGCCATCGCTTACGGTTCCACACAGGAGCGCTGGATCAAC

AACGATGTGATCATCTATGAACGCAAATTCGGCAATAACGTGGCCGTTGTTGCCATTAACCGCAATATGAACACACCGGCTTCGATTAC

CGGCCTTGTCACTTCCCTCCCGCAGGGCAGCTATAACGATGTGCTCGGCGGAATTCTGAACGGCAATACGCTAACCGTGGGTGCTGGCG

GTGCAGCTTCCAACTTTACTTTGGCTCCTGGCGGCACTGCTGTATGGCAGTACACAACCGATGCCACAGCTCCGATCATCGGCAATGTC

GGCCCGATGATGGCCAAGCCAGGGGTCACGATTACGATTGACGGCCGCGGCTTCGGCTCCGGCAAGGGAACGGTTTACTTCGGTACAAC

GGCAGTCACTGGCGCGGACATCGTAGCTTGGGAAGATACACAAATCCAGGTGAAAATCCCTGCGGTCCCTGGCGGCATCTATGATATCA

GAGTTGCCAACGCAGCCGGAGCAGCCAGCAACATCTACGACAATTTCGAGGTGCTGACCGGAGACCAGGTCACCGTTCGGTTCGTAATC

AACAATGCCACAACGGCGCTGGGACAGAATGTGTTCCTCACGGGCAATGTCAGCGAGCTGGGCAACTGGGATCCGAACAACGCGATCGG

CCCGATGTATAATCAGGTCGTCTACCAATACCCGACTTGGTATTATGATGTCAGCGTTCCGGCAGGCCAAACGATTGAATTTAAATTCC

TGAAAAAGCAAGGCTCCACCGTCACATGGGAAGGCGGCGCGAATCGCACCTTCACCACCCCAACCAGCGGCACGGCAACGATGAATGTG

P r i m e r  5 P r i m e r  B
AACTGGCAGCCTQ^TAGGCACTTGCAAGGTAAGCAAGCGGCTCCGGGT^GAGGCTCGGGGCCGCTTGTTACGTTATGTGGGGGAAAGG

TGCTATAGGGTCTTGCCTCCACACGCACGATTCTTAAGGTGTATTCACTGACCATAAAAGTACCCCAAGGATTTATCGATAAAACAAAT

GGAAACTCCTGCATTTCATCCCTTATAATTGATTAGAAAGGCCCGTTTTTAAGTGTGTATATATTTTATCGTGACGGCAATGGTTCTTT

AGATGACTACACATTAGACATCAATGAAGAAGGAGAACTT
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Appendix 8

CLUSTAL พ ( 1 .

pRB
A l l
pT
pRB
A l l
pT
pRB
A l l
pT
pRB
A l l
pT
pRB
A l l
pT
pRB
A l l
pT
pRB
A l l
pT
pRB
A l l
pT
pRB
A l l
pT
pRB
A l l
pT
pRB
A l l
pT
pRB
A l lpT
pRB
A l l
pT
pRB
A l l
pT
pRB
A l lpT
pRB
A l lpT
pRB
A l l
pT
pRB
A l lpT
pRB
A l lpT
pRBA l l
pT

DNA alignment of CGTase from P a en ib a c illu s  sp RJB01, T16 and Al 1
S e q A N am e L e n ( n t ) S eq B Nam e L e n ( n t ) S c o r e

1 pRB 2 4 0 3 2 pT 2 3 8 0 98
1 pRB 2 4 0 3 3 A l l 2 1 5 7 99
2 pT 2 3 8 0 3 A l l 2 1 5 7 99

8 3 )  m u l t i p l e  s e q u e n c e  a l i g n m e n t

GGCTATGCTTTCCTTACCTTACCCCGGTATGGAACAACCCCGGTATCTCTATTAGAGACG 60
GGCTATGCTTTCCTTACCTTACCCCGGTATGGAACAACCCCGGTATCTCTATTAGAGACG 60 
CCGGGGTTTTTTATGTAGCCGAGATGAAGGAGGTGATCCCCAAAGCGACGGACAGGCCTG 12 0
CCGGGGTTTTTTATGTAGCCGAGATGAAGGAGGTGATCCCCAAAGCGACGGACAGGCCTG 12 0
TTATCCCCAAGCATTGTATACGATGAGGAGGTATA-GTATGAAAAGATTTATGAAACTAA 17 9------------------------------------------ -ATGAGGAGGTATA-GTATGAAAAGATTTATGAAACTAA 3 7
TTATCCCCAAGCATTGTATACGATGAGGAGGTATATGTATGAAAAGATTTATGAAACTAA 18 0
CAGCCGTATGGACACTCTGGTTATCCCTCACGCTGGGCCTCTTGAGCCCGGTCCACGCAG 2 3 9  CAGCCGTATGGACACTCTGGTTATCCCTCACGCTGGGCCTCTTGAGCCCGGTCCACGCAG 97 CAGCCGTATGGACACTCTGGTTATCCCTCACGCTGGGCCTCTTGAGCCCGGTCCACGCAG 2 4 0
CCCCGGATACCTCGGTATCCAACAAGCAGAATTTCAGCACGGATGTCATATATCAGATCT 2 9 9  CCCCGGATACCTCGGTATCCAACAAGCAGAATTTCAGCACGGATGTCATATATCAGATCT 157 
CCCCGGATACCTCGGTATCCAACAAGCAGAATTTCAGCACGGATGTCATATATCAGATCT 30 0
TCACCGACCGGTTCTCGGACGGCAATCCGGCCAACAATCCGACCGGCGCGGCATTTGACG 3 5 9  
TCACCGACCGGTTCTCGGACGGCAATCCGGCCAACAATCCGACCGGCGCGGCATTTGACG 21 7  
TCACCGACCGGTTCTCGGACGGCAATCCGGCCAACAATCCGACCGGCGCGGCATTTGACG 3 60
GATCATGTACGAATCTTCGCTTATACTGCGGCGGCGACTGGCAAGGCATCATCAACAAAA 4 1 9  
GATCATGTACGAATCTTCGCTTATACTGCGGCGGCGACTGGCAAGGCATCATCAACAAAA 27 7  GATCATGTACGAATCTTCGCTTATACTGCGGCGGCGACTGGCAAGGCATCATCAACAAAA 42 0
TCAACGACGGTTATTTGACCGACATGGGCATTACGÇÇÇATCTGÇATTTCACAGCCTGTCÇ 4 7 9 TCAACGACGGTTATTTGACCGGCATGGGCATTACGGCCATCTGGATTTCACAGCCTGTCG 337 
TCAACGACGGTTATTTGACCGGCATGGGCATTACGGCCATCTGGATTTCACAGCCTGTCG 4 8 0
AGAATATCTACAGCGTGATCAACTACTCCGGCGTCCATAA'TACGGCl'l'ATCACGGCTACT 53 9 
AGAATATCTACAGCGTGATCAACTACTCCGGCGTCCATAATACGGCTTATCACGGCTACT 39 7  
AGAATATCTACAGCGTGATCAACTACTCCGGCGTCCATAATACGGCTTATCACGGCTACT 5 4 0
GGGCGCGGGACTTCAAGAAGACCAATCCGGCCTACGGAACGATGCAGGACTTCAAAAACC 59 9  
GGGCGCGGGACTTCAAGAAGACCAATCCGGCCTACGGAACGATGCAGGACTTCAAAAACC 4 57 GGGCGCGGGACTTCAAGAAGACCAATCCGGCCTACGGAACGATGCAGGACTTCAAAAACC 600
TGATCGACACCGCGCATGCGCATAACATAAAAGTCATCATCGACTTTGCACCGAACCATA 659 
TGATCGACACCGCGCATGCGCATAACATAAAAGTCATCATCGACTTTGCACCGAACCATA 517  
TGATCGACACCGCGCATGCGCATAACATAAAAGTCATCATCGACTTTGCACCGAACCATA 66 0
CATCTCCGGCTTCTTCGGATGATCCTTCCTTTgCAGAGAACGgÇCGCTTGTACÇATAACG 7 1 9  
CATCTCCGGCTTCTTCGGATGATCCTTCCTTTGCAGAGAACGGCCGCTTGTACGATAACG 577 CATCTCCGGCTTCTTCGGATGATCCTTCCTTTGCAGAGAACGGTCGCTTGTACGATAACG 7 2 0
GCAACCTGCTCGGCGGATACACCAACGATACCCAAAATCTGTTCCACCATTATGGCÇGCA 7 7 9 
GCAACCTGCTCGGCGGATACACCAACGATACCCAAAATCTGTTCCACCATTATGGCGGCA 637 GCAACCTGCTCGGCGGATACACCAACGATACCCAAAATCTGTTCCACCATTATGGCGGCA 7 80
ÇÇÇATTTÇTÇÇACCATTGAÇAACGGCATTTATAAAAACCTGTACGATCTGGCTGACCTGA 8 39 
CGGATTTCTCCACCATTGAGAACGGCATTTATAAAAACCTGTACGATCTGGCTGACCTGA 697 
CGGATTTCTCCACCATTGAGAACGGCATTTATAAAAACCTGTACGATCTGGCTGACCTGA 84 0

e 99ATCATAACAACAGCAGCGTCGATGTGTATCTGAAGGATGCCATCAAAATGTGGCTCGACC 7 57 
ATCATAACAACAGCAGCGTCGATGTGTATCTGAAGGATGCCATCAAAATGTGGCTCGACC 90 0
TCGGGGTTGACGGCATTCGCGTGGACGCGGTCAAGCATATGCCATTCGGCTGGCAGAAGA 9 5 9  TCGGGGTTGACGGCATTCGCGTGGACGCGGTCAAGCATATGCCATTCGGCTGGCAGAAGA 81 7  TCGGGGTTGACGGCATTCGCGTGGACGCGGTCAAGCATATGCCATTCGGCTGGCAGAAGA 96 0
GCTTTATGTCCACC ATT AACAACTACAAGCCGGTCTTCACCTTCGGCGAATGGTTCCTTG 1 0 1 9  GCTTTATGTCCACCATTAACAACTACAAGCCGGTCTTCACCTTCGGCGAATGGTTCCTTG 87 7 
ÇCTTTATGTÇCACCATTAACAACTACAAGCCGGTCTTCACCTTCGGCGAATGGTTCCTTG 1 0 2 0
GCGTCAATGAGATTAGTCCGGAATACCATCAATTCGCTAACGAGTCCGGGATGAGCCTGC 10 7  9 
GCGTCAATGAGATTAGTCCGGAATACCATCAATTCGCTAACGAGTCCGGGATGAGCCTGC 93 7  
GCGTCAATGAGATTAGTCCGGAATACC ATCAATTCGCTAACGAGTCCGGGATGAGCCTGC 1 0 8 0
TCGATTTCCGCTTTGCCCAGAAGGCCCGGCAAGTGTTCAGGGACAAC ACCGACAAT ATGT 1 1 3 9  TCGATTTCCGCTTTGCCCAGAAGGCCCGGCAAGTGTTCAGGGACAACACCGACAATATGT 997 
TCGATTTCCGCTTTGCCC AGAAGGCCCGGCAAGTGTTCAGGGACAACACCGAC AATATGT 114  0
ACGGCCTGAAAGCGATGCTGGAGGGCTCTGAAGTAGACTATGCCCAGGTGAATGACCAGG 1 1 9 9  ACGGCCTGAAAGCGATGCTGGAGGGCTCTGAAGTAGACTATGCCCAGGTGAATGACCAGG 1 0 5 7  
ACGGCCTGAAAGCGATGCTGGAGGGCTCTGAAGTAAACTATGCCCAGGTGAATGACCAGG 1 2 0 0



pRB TGACCTTCATCGACAATCATGACATGGAGCGTTTCCACACCAGCAATGGCGACAGACGGA 
A l l  TGACCTTCATCGACAATCATGACATGGAGCGTTTCCACACCAGCAATGGCGACAGACGGA 
pT  TGACCTTCATCGACAATCATGACATGGAGCGTTTCCACACCAGCAATGGCGACAGACGGA

P RB A i l  pT
pRB
A i l
pT
P RB 
A i l  
pT
P RB 
A i l  
pT
pRBA i l
pT
pRB
A i l
pT
P RB 
A i l  
pT
P RB 
A i l  
pT
pRB
A i l
pT
pRB
A i l
pT
pRB
A i l
pT
pRB
A i lpT
pRB
A i lpT
P RB A i l  
pT

AGCTGGAGCAGGCGCTGGCCTTTACCCTGACTTCACGCGGTGTGCCTGCCATCTATTACG
AGCTGGAGCAGGCGCTGGCCTTTACCCTGACTTCACGCGGTGTGCCTGCCATCTATTACG
AGCTGGAGCAGGCGCTGGCCTTTACCCTGACTTCACGCGGTGTGCCTGCCATCTATTACG* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
GCAGCGAGCAGTATATGTCTGGCGGGAATGATCCGGACAACCGTGCTCGGATTCCTTCCTGCAGCGAGCAGTATATGTCTGGCGGGAATGATCCGGACAACCGTGCTCGGATTCCTTCCT
GCAGCGAGCAGTATATGTCTGGCGGGAATGATCCGGACAACCGTGCTCGGATTCCTTCCT
Î'C'Î'ÇÇAÇGACÇACGACCGCATATCAAGTCATCCAAAAGCTCGCTCCGCTCCGCAAATCCA
TCTCCACGACGACGACCGCATATCAAGTCATCCAAAAGCTCGCTCCGCTCCGCAAATCCA
TCTCCACGACGACGACCGCATATCAAGTCATCCAAAAGCTCGCTCCGCTCCGCAAATCCA
ACCCGGCCATCGCTTACGGTTCCACACAGGAGCGCTGGATCAACAACGATGTGATCATCT
ACCCGGCCATCGCTTACGGTTCCACACAGGAGCGCTGGATCAACAACGATGTGATCATCT
ACCCGGCCATCGCTTACGGTTCCACACAGGAGCGCTGGATCAACAACGATGTGATCATCT* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
a t g a a c g c a a a t t c g g c a a t a a c g t g g c c g t t g t t g c c a t t a a c c g c a a t a t g a a c a c a c
ATGAACGCAAATTCGGCAATAACGTGGCCGTTGTTGCCATTAACCGCAATATGAACACACATGAACGCAAATTCGGCAATAACGTGGCCGTTGTTGCCATTAACCGCAATATGAACACAC
CGGCTTCGATTACCGGCCTTGTCACTTCCCTCCCGCAGGGCAGCTATAACGATGTGCTCG
CGGCTTCGATTACCGGCCTTGTCACTTCCCTCCCGCAGGGCAGCTATAACGATGTGCTCGCGGCTTCGATTACCGGCCTTGTCACTTCCCTCCCGCAGGGCAGCTATAACGATGTGCTCG
GCGGaflTTCTGAACGGCflRTftCGCTAACCGTGGGTGCTGGCGGTGCftGCTTCCAACTTTflGCGGAATTCTGAACGGCAATACGCTAACCGTGGGTGCTGGCGGTGCAGCTTCCAACTTTAGCGGAATTCTGAACGGCAATACGCTAACCGTGGGTGCTGGCGGTGCAGCTTCCAACTTTA
ÇTTTGGC'TCÇTÇÇCGGCACÎ'GCTGTATGGCAGTACACAACCGATGCCACAGCTCCGATCACTTTGGCTCCTGGCGGCACTGCTGTATGGCAGTACACAACCGATGCCACAGCTCCGATCA
CTTTGGCTCCTGGCGGCACTGCTGTATGGCAGTACACAACCGATGCCACAGCTCCGATCA
TCGGCAATGTCGGCCCGATGATGGCCAAGCCAGGGGTCACGATTACGATTGACGGCCGCG
TCGGCAATGTCGGCCCGATGATGGCCAAGCCAGGGGTCACGATTACGATTGACGGCCGCGTCGGCAATGTCGGCCCGATGATGGCCAAGCCAGGGGTCACGATTACGATTGACGGCCGCG* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
GCTTCGGCTCCGGCAAGGGAACGGTTTACTTCGGTACAACGGCAGTCACTGGCGCGGACA
GCTTCGGCTCCGGCAAGGGAACGGTTTACTTCGGTACAACGGCAGTCACTGGCGCGGACA
GCTTr GGCTCCGGCAAGGGAACGGTTTACTTCGGTACAACGGCAGTCACTGGCGCGGACA
t c ç t a ç c t t c ç ^ a ^ Î a c a c a m t c c a g g t g a a a a t c c c t g c g g t c c c t g g c g g c a t c t
TCGTAGCTTGGGAAGATACACAAATCCAGGTGAAAATCCCTGCGGTCCCTGGCGGCATCT
t c g t a g c t t g g g a a g a t a c a c a a a t c c a g g t g a a a a t c c c t g c g g t c c c t g g c g g c a t c t

ATÇATATÇAÇAÇTT'GCCAACGCAGCCGGAGCAGCCAGCAACATCTACGACAATTTCGAGG
a t g a t a t c a g a g t t g c c a a c g c a g c c g g a g c a g c c a g c a a c a t c t a c g a c a a t t t c g a g g
ATGATATCAGAGTTGCCAACGCAGCCGGAGCAGCCAGCAACATCTACGACAATTTCGAGG
TCCTGACCGGAGACCAGGTCACCGTTCGGTTCGTAATCAACAATGCCACAACGGCGCTGGTGCTGACCGGAGACCAGGTCACCGTTCGGTTCGTAATCAACAATGCCACAACGGCGCTGG
TGCTGACCGGAGACCAGGTCACCGTTCGGTTCGTAATCAACAATGCCACAACGGCGCTGG
ÇAÇAÇAATCTÇTTCC'TCACGGGCAATGTCAGCGAGCTGGGCAACTGGGATCCGAACAACG
GACAGAATGTGTTCCTCACGGGCAATGTCAGCGAGCTGGGCAACTGGGATCCGAACAACG
GACAGAATGTGTTCCTCACGGGCAATGTCAGCGAGCTGGGCAACTGGGATCCGAACAACG

pRB CGATCGGCCCGATGTATAATCAGGTCGTCTACCAATACCCGACTTGGTATTATGATGTCA 
A l l  CGATCGGCCCGATGTATAATCAGGTCGTCTACCAATACCCGACTTGGTATTATGATGTCA 
pT CGATCGGCCCGATGTATAATCAGGTCGTCTACCAATACCCGACTTGGTATTATGATGTCA
pRB GCGTTCCGGCAGGCCAAACGATTGAATTTAAATTCCTGAAAAAGCAAGGCTCCACCGTCA
A l l  GCGTTCCGGCAGGCCAAACGATTGAATTTAAATTCCTGAAAAAGCAAGGCTCCACCGTCApT GCGTTCCGGCAGGCCAAACGATTGAATTTAAATTCCTGAAAAAGCAAGGCTCCACCGTCA
pRB CATGGGAAGGCGGCTGCGAATCGCACCTTTCACCACCCCAACCAGCTGGCTACTGGCTAAA l l  CATGGGAAGGCGGC-GCGAATCGCACCTT-CACCACCCCAACCAGCGG----CACGGCAA
pT CATGGGAAGGCGGC-GCGAATCGCACCTT-CACCACCCCAACCAGCGG---------CACGGCAA
pRB CTGATGAATGTGAACTGGCTAGCCTTAATAGGCACTTGCAAGGTAAGCAAGCGGCTCCGGA l l  C-GATGAATGTGAACTGGC-AGCCTTAA--- — ------------------------------
pT C-TATGAATGTGAACTGGCTAGCCT-AATAGGCACTTGCAAGGTAAGCAAGCGGCTCCGG
pRB GTAGAGGTTTATTATAGGCTATCTTGTCTAAGGTAAGCTATAGCTGTGCTCTTCTGGGTA
pT g t ÂgÂg g c t c g g g g c c g c t t g t t Âc g t t - - Â t g t g g g g g ÂÂÂg - - g t g c t a t - - - - - - - -
pRB GAGG 2 4 0 3
A i l  -------pT  -------  *

1 2 5 9  11 17
12 60

1 3 1 9  1177
1 3 2 0
1 3 7 9  12 37
13 80
14 39  12 97
14 40
1 4 9 9  13 57
15 00
1 5 5 9  14 17
15 60
16 19  1477
1 6 2 0
1 6 7 9  1537
16 80
1 7 3 9  15 97
1 7 40
1 7 9 9  1 6 57
1 8 0 0
1 8 59  1 7 17
1 8 6 0
1 9 19  1777
1 9 20
1 9 7 9  1 8 37
1 9 8 0
2 0 3 9  1897
2 0 4 0
2 0 9 9  1957
2100

2 1 5 9  
2 0 1 7
2 1 6 0
2 2 1 9  2 0 7 72220
2 2 7 9
2 1 3 12 2 7 4
2 3 3 92 1 5 7
2 3 3 2
2 3 9 9
2380

* denote identical base
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Appendix 9: Deduced amino acid alignment of CGTase from P a e n i b a c i l l u s  sp 
RB01, T16 and Al 1

S e q A  N am e L e n ( a a ) S e q B N am e L e n ( a a ) S c o r e

1 pRB 7 3 2 2 p T 7 1 3 9 6
1 pRB 7 3 2 3 A i l 7 1 3 97
2 p T 7 1 3 3 A i l 7 1 3 9 9

CLUSTAL พ ( 1 . 8 3 )  m u l t i p l e  s e q u e n c e  a l i g n m e n t

pT  MKRFMKLTAVWTLWLSLTLGLLSPVHAAPDTSVSNKQNFSTDVIYQIFTDRFSDGNPANN 60  
A l l  MKRFMKLTAVWTLWLSLTLGLLSPVHAAPDTSVSNKQNFSTDVIYQIFTDRFSDGNPANN 60  
pRB M KRFM KLTAVW TLW LSLTLGLLSPVHAAPDTSVSNKÔNFSTpyiYÇIFTDRFSDGNPANb 60
p T  PTGAAFDGSCTNLRLY CG G D W Q G IIN K IN D G Y LTG M G ITA IW ISQ PV ENIY SyiN Y SG yH  1 2 0  
A l l  PTGAAFDGSCTNLRLYCGGDW QGIINKINDGYLTGM GITAIW ISQPVENIYSVINYSGVH 1 2 0  
pRB PTGAAFDGSCTNLRLYCGGDW QGIINKINDGYLTDM GITAIW ISQPVENIYSVINYSGVH 1 2 0

p T  NTAYHGYWARD FKKTN PAYGTMQDFKNLIDTAHAHNIKV11D FA PN H TSPA SSD DPS FAE 1 8 0  
A l l  NTAYHGYWARDFKKTNPAYGTMQDFKNLIDTAHAHNIKVIIDFAPNHTSPASSDDPSFAE 1 8 0  
pRB  NTAYHGYWARDFKKTNPAYGTMQDFKNLIDTAHAHNIKVIIDFAPNHTSPASSDDPSFAE 1 8 0

p T  NGRLYDNGNLLGGYTNDTQNLFHHYGGTDFSTIENGIYKNLYDLADLNHNNSSVDVYLKD 2 4 0  
A l l  NGRLYDNGNLLGGYTNDTQNLFHHYGGTDFSTIENGIYKNLYDLADLNHNNSSVDVYLKD 2 4 0  
pRB  NGRLYDNGNLLGGYTNDTQNLFHHYGGTDFSTIENGIYKNLYDLADLNHNNSSVDVYLKD 2 4 0

p T  AIKMWLDLGVDGIRVDAVKHMPFGWQKSFMSTINNYKPVFTFGEWFLGVNEISPEYHQFA 3 0 0  
A l l  AIKMWLDLGVDGIRVDAVKHMPFGWQKSFMSTINNYKPVFTFGEWFLGVNEISPEYHQFA 3 0 0  
pRB AIKMWLDLGVDGIRVDAVKHMPFGWQKSFMSTINNYKPVFTFGEWFLGVNEISPEYHQFA 3 0 0

p T  NESGMSLLDFRFAQKARQVFRDNTDNMYGLKAMLEGSEVNYAQVNDQVTFIDNHDMERFH 3 6 0  
A l l  NESGMSLLDFRFAQKARQVFRDNTDNMYGLKAMLEGSEVDYAQVNDQVTFIDNHDMERFH 3 6 0  
pRB NESGMSLLDFRFAQKARQVFRDNTDNMYGLKAMLEGSEVDYAQVNDQVTFIDNHDMERFH 3 6 0

pT
A l l
pRB

TSNGDRRKLEQALAFTLTSRGVPAIYYGSEQYM SGGNDPDNRARIPSFSTTTTAYQVIQK
TSNGDRRKLEQALAFTLTSRGVPAIYYGSEQYM SGGNDPDNRARIPSFSTTTTAYQVIQK
TSNGDRRKLEQALAFTLTSRGVPAIYYGSEQYM SGGNDPDNRARIPSFSTTTTAYQVIQK
• k - k - k - k - k - k - k - k ' k ' k - k - k - k - k - k - k - k ' k - k ' k - k - k - k - k - k ' k - k - k - k - k - k - k - k - k - k - k - k - k - k - k ' k - k - k ' k - k - k - k - k - k ' k - k - k - k - k - k - k - k - k - k - k

4 2 0
4 2 0
4 2 0

p T  LAPLRKSNPAIAYGSTQERW INNDVIIYERKFGNNVAVVAINRNM NTPASITGLVTSLPQ 4 8 0  
A l l  LAPLRKSNPAIAYGSTQERW INNDVIIYERKFGNNVAVVAINRNM NTPASITGLVTSLPQ 4 8 0  
pRB LAPLRKSNPAIAYGSTQERW INNDVIIYERKFGNNVAVVAINRNM NTPASITGLVTSLPQ 4 8 0

p T  GSYNDVLGGILNGNTLTVGAGGAASNFTLAPGGTAVWQYTTDATAPIIGNVGPMMAKPGV 5 4 0  
A l l  GSYNDVLGGILNGNTLTVGAGGAASNFTLAPGGTAVWQYTTDATAPIIGNVGPMMAKPGV 5 4 0  
pRB GSYNDVLGGILNGNTLTVGAGGAASNFTLAPGGTAVWQYTTDATAPIIGNVGPMMAKPGV 5 4 0

pT
A l l
pRB

TITIDGRGFGSGKGTVYFGTTAVTGADIVAW EDTQIQVKIPAVPGGIYDIRVANAAGAAS 
TITIDGRGFGSGKGTVYFGTTAVTGADIVAW E D TQIQ VK IPA V  P G G IY DIRVANAAGAA s 
TITIDGRGFGSGKGTVYFGTTAVTGADIVAW EDTQIQVKXPAVPGGIYDIRVANAAGAAS
*  ไf c i t ' * - * * * ' * - * * * * * * * * ' ^ - ' * - ' * ' ^ ' ^ ' ^ ' *  ไk - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k - k

6 0 0
6 0 0
6 0 0

PTA l l
pRB

NIYDNFEVLTGDQVTVRFVINNATTALGQNVFLTGNVSELGNWDPNNAIGPMYNQVVYQY 
NIYDNFEVLTGDQVTVRFVINNATTALGQNVFLTGNVSELGNWDPNNAIGPMYNQWYQY 
NIYDNFEVLTGDQVTVRFVINNATTALGQNVFLTGNVSELGNWDPNNAIGPMYNQVVYQY
★ ไk -k -k -k -k -k •k •.k -k -k -k -k -k +โ ' ! * โ★★ไ* r - k - k ' k - k - k - k - k - k - k ' k - k ' k - k - k - k - k - k i c - k - k - k - k - J c - k - k - k  ไเ( • k ’k ’k - k - k - k - k - k - k - k - k - k - k - k

6 6 0
6 6 0
6 6 0

pT  PTW YYDVSVPAGQTIEFKFLKKQGSTVTW EGGANRTFTTPTSG-------------------- TATMNVNW 7 1 1
A l l  PTWYYDVSVPAGQTI E FKFLKKQGSTVTW EGGANRTFTTPTSG-------------------- TATMNVNW 7 1 1
pRB PTWYYDVSVPAGQTIEFKFLKKQGSTVTWEGGCESHLSPPQPAGYWLTDECELASLNRHL 7 2 0

p T  LA-----------------------7 1 3
A l l  Q P-----------------------7 1 3  *
pRB  QGKQAAPGRGLL 7 3 2

* denote identical base
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