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APPENDIX A
Restriction map of pUC18

Eco0109 | 2674
Aat 1l 2617

Esp3 151
Ssp | 2501 Nde 1 183

Narl 235

Hind 11l 399 multiple
cloning
EcoR 1450~ site

Xmn | 2294

Beg 1 2215
Sca | 2177

2000

806 < AN
BspLU11 |
Gsu | 1784
C1r0 11779
Bsa | 1766
Eam1105 11694 1000
The sequence has not been the known sequence of

fragments used to const

pUC18 multiple cloning site and prime

M13/pUC Forward 23-Base

5-CCCAGTC ACGACGTTGT

§'-CCCAGTC ACGACGTTGT A G GCA cr ATTCGTAAT GAT TGTTTCCT GTGTGAAATT GTTATCCGCT-3'
) g ey ,(,,,, o 3-GGA CACACTTTAA CAATAGGCGA'S'

Hmalll Splll Psll S.vll Xbal MH!
Hinc “ a-peptide start ~ M13/pUC Reverse 23-Base Sequencing Primer

QW']Mﬂ‘iﬂJNW]’JﬂEﬂMJ
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to the sample and mixed. / ' ‘
5. / -;y ’ 1l colle 1

10.

1l
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APPENDIX B
QIAquick gel extraction kit protocol

. The DNA fragment from the agarose gel was excised with a clean and sharp scalpel.

The gel slice was weighed in a colorless tube. Then, 3 volumes of buffer QG was
added to 1 volume of gel (100 mg ~ 100 pl).
The tube was incubated at 50 °C and mixe 7 vortexing the tube every 2-3 minutes

After the gel slice had dissolyed ee mplete @me of isopropanol was added

The flow-through was | m"} ick column was placed back in the same
collection tube. : e
Then, 0.5 ml of buffer 16 -'IAq'c column and centrifuged at
10,000 rpm forl minute. ' /)
Buffer PE 0.75 ml was added t

10,000 rpm for 1 minute, _
The flow-through

10,000 rpm for an additimal 1 minute. ;
et LT TSR =™
RIANTUNRIINYINY
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APPENDIX C

Preparation of E. coli competent cells for electroporation (Dower, 1988)

. A fresh overnight culture of E. coli JM 109 was inoculated into 1 liter of LB broth

with 1 volume of overnight culture to 100 volume of LB broth.

. Cells were grown to log phase at 37 °C with vigorous shaking. The ODggo was about
0.5t00.8.

. To harvest, the culture was chi : 30 minutes, and then centrifuged at

8,000 x g for 15 minutes at_

. The cells were washed w1 €L 1d wate: ;pun down and washed again
with 0.5 liter of cold water. ' |
~ oximately 20 ml of 10%

minutes at 4 °C.

. After the centrifugation,
glycerol in distilled wa

. The cell pellets were resusp. 0 3 ml in 10 % glycerol.

This suspension was stored at

ﬂ‘lJEJ’JVlEWIﬁWH']ﬂ‘i
QW’]ﬁﬂﬂ‘iﬂJ UNIINAY
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APPENDIX D

Bradford Solution
1. Bradford Stock Solution
100 ml of 95 % ethanol
200 ml of 85 % phosphoric acid

350 mg Serva Blue G

2. Bradford Working Buffer

- r
-
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APPENDIX E

Standard curve for protein determination by Bradford’s method
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APPENDIX F

Polyacrylamide gel electrophoresis solution

Discontinuous Nondenaturing Gel Electrophoresis
1) Solution A (Acrylamide Stock Solotion), 100 ml
30 % Acrylamide, 0.8 % Bis-acrylamide

Distilled water was added to an Er r flask contained 30 g acrylamide and 0.8 g

bis-acrylamide powder to make 100 ml letely dissolved.

2) Solution B (4 x Separati

1.5 M Tris-HCI (pH 8. 87 |
18.2 g of Tris was added v

and make 100 ml with H,O.

o0 adjusted solution to pH 8.8

3) Solution C (4 x Sta
0.5 M Tris (pH 6.8)

6.0 g of Tris-HCl was
6.8 and make 100 ml with H,O.

5) Electrophoresis Bu@, 1 liter

3.0g and 14.4 i of Trig"(25smM) and glycine.(192 mM) were dissolved in 1 liter H,O

oA BT NEANS
SRR MRy

7) Protem staining solution

- Coomassie Gel Stain, 1 liter, contained 1.0 g Coomassie Blue R-250, 450 ml methanol,
450 ml H,O and 100 ml glacial acetic acid

- Coomassie Gel Destain, 1 liter, contained 100 ml methanol, 100 ml glacial acetic acid
and 800 ml H,O
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8) Enzyme activity staining solution contained 4.25 mM Tris-HCl, pH 8.5, 40 uyM
L-phenylalanine, 50 pM NAD*, 250 pg phenazine methosulfate and 2.5 mg nitroblue tetrazolium
in 10 ml distilled water

AULINENINYINT
IR TN TN
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APPENDIX G

Description of Brevibacillus brevis (Buchanan, 1974 and Shida, 1996).

Brevi.ba.cil’'lus. L.adj. brevis, short; L. dim. N. bacillus, small rod; M. L. masc. N. Brevibacillus,
short, small rod.

The recognition of this species depends largely on: (1) the elliptical spore which distends the
sporangium into a spindle-shaped or clavate body; when liberated, its surface shows considerable
stainability; (2) acid formation from glucose may be positive, weak or absent; it is not detectable in glucose

peptone water.

Minimal nutritional requirement of ixture of amino acids without vitamins.

Aerobic. The inclusion of strains having ; owth ranges suggests that the species

is heterogeneous in spite of the pheneti 0genous.

\ \Q -47.0(T,).

Has been isolated chiefly
The G+C content of the DD

The characteristics of Breviba

Characteristic / ‘ " Brevibacillus brevis

Spore
- Shape
- Distends sporangium distinctly

- Dominant position

Product of action on glucose z
- Acid T -
- Gas

- Acetoin = .

Easily stainable body attached to one side of spore
po

Motility

- Minimum

LI __qaJ ’
Temperature for growth, C/° ' ‘ |
o UBINBNING Va
- Maximum
qll -3
Catalase activity =™ +

Hydrolysis of st 4
ydroly QW jll!! _Ifl_‘

E'E
D

L

Production of q

- Alkaline reaction in V-P broth *
- Indole =
N03- to N02- d
Decomposition of

- Casein it
- Tyrosine +

Deamination of phenylalanine =

The symbols used are: E, elliptical or cylindrical; CT, central to terminal, variation within or between strains.
+ = positive for 90-100 % of strains; - = negative for 90-100 % of strains; d = reactions differ, positive for 11-89 % of strains.
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APPENDIX H

The DNA sequencing profile of the 16S rRNA gene fragment from thermotolerant

bacterial strain BC1.

(a) =The DNA sequencing profile of the 16S rRNA gene fragment from
thermotolerant bacterial strain BC1 using the sense primer A.

(b) =The DNA sequencing profile of the 16S rRNA gene fragment from

(d) =The DNA sequencingd

thermotolerant bacterial s
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Blast result of 16S rRNA gene sequence from thermotolerant bacterial strain BC1

Distribution of 593 Blast Hits on the Query Sequence

Color Key for fllignment Scores
401=51} it o

e L B

— LS

B il il

e —

- - T W W

T N WL W

— W e

Sequences producing algnificant aligmments: (bits)

gi|456616|emb({X77790.1}

BB16SRR B.badi (ATCC 145#%) 16S rR... @942

91139349 | enbl TEAFED 7T} L A0 1555 BIadE
gi|20069538 | oMb | A} FARATE LY. ﬂmw&lq Y8 74
gi515076637gdbqaw06634€.1| 066346 Bacillus sp. TH64 gene ...
gi|15076628|db] |AB066337.1|AB066337 Bacillus sp. TP81 gene ... 692
gi|15076627|dbij |AB066336.1|AB066336 Bacillus sp. TP50 gene ... 692

gi{16517855{gbiAF423263.1[{AF423263 Uncultured soil bacteriu... élé
gi|14326032|gb|AF326373.1] Bacillus sp. SG-1 16S ribosomal ... 654
gil4220578|embjAJ011423.1|UBA011423 unidentified bacterium ... 654
gi|16517891igb|AF423299.1|AF423299 Uncultured soil bacteriu... 650
gi|14326029|gb]AF326370.1] Bacillus sp. PL-30 16S ribosomal... 648

gij14326031jgbJAF326372.1} Bacillus sp. SD-18 165 ribosomal... 646
gi{15215555|gb|AY043084.1] Bacillus circulans 16S ribosomal... 646
gi|457645|dbjiD16268.1|BAC16SRR03 Bacillus firmus 16S rBNA ... 646
gi114326020|gb|AF326361.1] Bacillus sp. MB-12 16S ribosomal... 640
gi}14326027|gb|AF326368.1] Bacillus sp. PL-21 163 riboscmal... 636

gi[1220197|{gb|U49078.1|BSU49078 Bacillus sporothermodurans ... 636

5



gi}15215556]gbjAY043085.1] Bacillus benzoevorans 165 riboso...
gil11907564|gbjAF114719.1]AF114719 Bacillus sp. m38b 165 ¥ins
gi}14326023)gb]AF326364.1] Bacillus sp. MB-7 165 ribosomal ...
gi}14326018igbiAF326359.1] Bacillus sp. MB-1 165 ribosomal ...
gi19368344|emb{AJ276808.1{BSP276808 Virgibacillus picturae ...
gi}19548708|gblAF483625.1]1 Bacillus aquaemaris strain TF-12...
gil14326021|gbjAF326362.1]. Bacillus sp. MB-3 165 ribosomal ...
gif16973333|emb|AJ315060.1|VSP315060 Virgibacillus picturae...
gi}7209541idbj|AB021194.1|AB021194 Bacillus niacini gene fo...
gi]7209529)dbj |AB021182..1}AB021182 Bacillus carboniphilus g...
gi|15789010|gbjAY037578.1] Uncultured soil bacterium clone ...
gi]19069925|emb|{AJ316297.1|VPI316297 Virgibacillus picturae...
gi}12830434jemb|AJ309562.1}BNI309562 Bacillus nitritophilus...
gi}6318160iemb|AJ229238.1|BSA229238 Bacillus from anoxic bu...
gi{2326376jemb]Y07605.1{BS16SRM09 Unchl ¢y bacterium DAOL...
gi|12830432|emb]AJ309559.1BLI309558 % .1 itoralis par...
gi[3925805]db3 | AB020192. 1| AB0201 92 \\\1! ,#,ﬂ' for 165...
gil|19568797|gb|AF479371.1] Glacg “mg\: i 100-8-1-...

911396502 |emb|X62178. 1| BANCIMEWBsamiiovorans NosMBs®92 (T) ...
91119568773 |gb|AF479347.1] CISETEI™%e bicterTHMGIO0SNS 16...
gi| 7415828 |dbj |AB034720.1|AR : }comp acte. ..
gil10444086|gb§AF281158.lEAFQS Adu*’;'v'; . ka \\brlbc...

gil1711250]db]|D88778.1]DEg 68, ri. ..
91116973337 |emb|AJ315064.1| Bl il 19496 16S...
gi|2326384 |emb|Y07578.1|BSg Agﬂ? ~ » “terium DALLS. ..
gil15789023|gb|AY037591. 11" Ug iT B

giI2664287%emb!Y15712.1iMEY“ M 4. a3
gil2664288(emb|Y15713.1 | McGill> 78 pos = L
gi}3892880|emb]¥15714. 1IMBY1 i Borococcils bovic TRav s

gi]7209536]dbj|AB021189.1 | AN 18 it ene\ for...
gi|457649]dbjiD16272.1|BAC .Sﬂ*jT 2

gil39476]lemb|X60616.1|BFI16S JB. @rius = rik 2l RNA
gi]3411027]1gb|AF018046.1]AF0#804 : ‘d fbacterium I-11...
gil4220577|emb|AJ011422.1|UBAQLEE terivm ...
gi|1088408|dbj|D78315.1|BAC16SHRG strain JC...
gil2706435]lemb]AJ222833.1|BAJS33 "16S rRNA gen...
gi{16517841|gb|AF423249.1|AF423 pacteriu. ..
gi|165177971gb|AF423204
gi|9864168|gb|AF286486.YLF256486 Bacillus SH.—VANIS LG . . .
gi}4585728|emb}AJ237708 ' i '
gi|74158271dbj|AB034719. 2
gi}72095371dbj|AB021190.1 |l 15 ge ﬁ £0...
gi}8572542)gb]AF227844.2]A “'°7844 Bacillus sp. 76992 168 ri...
gi}14326028|gb|AF326369.11 B

--c111us sp. PL-2 163 r1bosoma1..‘
gi{14326026{gb{AF3263 . ﬁ E% %i 1..3.

gil3328011|gb|AF07 »
gi112275965|gb|AF27b 70 abBi

g11120563351embgAJi§1584 1|UBA295684 Bacterlum IrT—RSZ part.._
gil2293104|emb|AJ000983.1]UB16SDA34 U‘Eultured bqgiprlum DA.

115834511} N 23, ¥R
i17415820] I [ IH% %Zﬂ r}a
gil11414967|dhs [ABD4 T1] 3 4 cTl e"fo. ..

gi]19568777|gbYAF479351.1} Glacial ice bacterlum G200-T19 1...
gi}14326030jgb]AF326371.1] Bacillus sp. PL-7 165 ribosomal ...
gi[7415825|dbj|AB034717.11AB034717 Uncultured compost bacte...
gi}10242129)gb}AF252320.1}AF252320 Uncultured bacterium pPD...
gi}15076632|dbj|AB066341.1|AB066341 Bacillus sp. TAT112 gen...
gi}19908353|{gb{AY082367.1] Uncultured Bacillus sp. clone DG...
gil19879238igbjAY028328.1] Bacillus sp. ES20 16S ribosomal ...
gi}19879237|gb}AY028327.1] Bacillus sp. amh-4467 16S riboso...
gi}19568798|gb|AF479372.1] 6Glacial ice bacterium SB100-9-5-...
gil19568762igbjAF479336.1] Glacial ice bacterium G500K-16 1...
gi|15183058]|gb}AY039415.1] Soil bacterium S76M1 165 ribosom...
gil15183018igbjAY039400.1] Earthworm burrcw bacterium B&D1 ...
gi|8925909|gb|AF221062.1|AF221062 Bacillus sp. YKJ-11 16S r...
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gi|14009321|gb]AY030327.1] Bacillus pumilus strain KL-052 1... 486
gi]12698847|gb|AF329473.1|AF329473 Bacillus sp. IMG 19636 1... 486
gi]96523931gb}AF288735.1|AF288735 Bacillus pumilus 165 ribo... 486
gi|8778111{gb|AF270793.1|AF270793 Bacillus subtilis N5 165 ... 486
gil16973340(emb[AJ315067.11BSP315067 Bacillus sp. 19499 16S... 486
gi|78621891gblAF260751.1|AF260751 Bacillus pumilus strain F... 486
gi|7862181|gb|AF260745.1|AF260745 Bacillus pumilus strain I... 486
gi|7862180igb|AF260744.1|AF260744 Bacillus pumilus strain I... 486
gil4761973|gb|AF128759.1|AF128759 Soil bacterium isll 16S r... 486
gi}12830433|emb|AJ309561.1|BLI309561 Bacillus litoralis par... 486
gi}2293105jemb|AJ000981.1|UB16SDA36 Uncultured bacterium DA... 486
gi|407872|emb|{226892.1|SC16SRRNF S.caseolyticus gene for 16... 486
gil2664286]emb|¥15711.1|MCY15711 Macrococcus caseolyticus 1... 486
gi{10129890|dbj {AB048252.1[AB048252 Bacillus pumilus gene f... 486
gi{1199941{dbj|D83359.1|STAL16SRRO7 3 us caseoclyti... 486
gi|3970889|dbj|AB020208.1]AB020208 ilus DNA for... 486
gi|9864166|gb|AF286484.1|AF286484 168 ri... 484
gil3328013|gb|AF071858.1|AF071858 B 16S r... 484
Reference:

Altschul, Stephen F., Schlffer,

Jinghui Zhang, Zheng Zhag 2 5
“Gapped BLAST and PSI-BLASS - ;E!z
search programs”, Nuc 55338

e-134
e-134
e-134
e-134
e-134
e-134
e-134
e-134
e-134
e-134
e-134
e-134
e-1324
e-134
e-134
e-134
e-134
e-134
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Alignment of 16S rRNA gene sequence from thermotolerant bacterial strain

BC1 and related organisms.

CLUSTAL X (1.64b) multiple sequence alignment

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BB

o

(continued)

———————————————————————— AGAGGCTGGCGGCGTGCCTAATACATGCAAGTCGAG
ACGCTGGCGGCGTGCCTAATACATGCAAGTCGAG

22

GAGAGTTTGATCC

CGGACTTGA
CGGACTTGAC
CGGACTTT
CGGACTTTAA-

GTAACCTGCCTGT

GTAACCTGCCTGT
GCAACCTGCCTGCAAGACC
GCAACCTGCCTGTAAGAC

GCAACCT! CTATAAGACTGGG'ATAAC
GCAACC

A ATTCA G\
ACCCTAGCE

CTGTAGATTGGGATAAC

GCGTGCCTNATACATGCAAGTCGAG
GCGTGCCTAATACATGCAAGTCGAG
ATGCCTAATACATGCAAGTCGAG
GCCTNANACNTNCNAGTCGAG
GTGCCTAATACATGCAAGTCGAG

kkk *k kk Kk Kk Kkkkkkk

CGGACGGGTGAGTAACACGTGG
ACGGGTGAGTAACACGTGG
CGGGTGAGTAACACGTGG
GsbquCGGGTGAGTAACACGTGG
ACGGGTGAGTAACACGTGG
CGGGTGAGTAACACGTGG
GACGGGTNAGTNANNCGTGG
"GCACGGGTGAGTAACACGTAG

*khkkkkhkkhkkkkkx *hkx X *kk Kk

CCGGGGCTAATACCGGATATTCTT
AAACCGGGGCTAATACCGGATATTCTT
AAACCGGGGCTAATACCGGATAATATC
AACCGGAGCTNATACCGGATNATCCT
GAGCTAATACCGGATACGTTC

NC ATACCGAATAATCCA

GCAACCTCCETETARGACTCCCATA
GCAACCTGGETCTCAGACCGGGA!

* kkkkkkk

GAGCTNATACCGGATAACTCT
GECTAATACCGGATAGGTTT

Tk kk kkkkkk Kk

i

TTTCTTCGCATGAAGAAGACTGGAAACGCGGCTTTTAACTGTCGCTTACGGATGGACCCG

TTTCTTCGCAT

GAATGGAAAGGQGGCTTTTAACTGTCACTTACAGATGGACCCG

TT GCAGATGGGCCCG
NT = GC 'ACAGATGGGCCCG
TNT CATGAGAGAAG TGG GG AATAGATNGGCCNN

TCTCATGGGGAAATGT‘T‘QKAAAGACGGTTTE GGCTNTCACTN?ATNGGCCCG

q AT

GGGCCCG
GGCCTG

* k%

BC1 = Thermotolerant bacterial strain BC1, BBA = Bacillus badius, BSM = Bacillus smithii,
BCI = Bacillus circulans, BSI = Bacillus simplex, BIN = Bacillus insolitus, BAZ = Bacillus

azotoformans and BBR = Brevibacillus brevis
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Alignment of 16S rRNA gene sequence from thermotolerant bacterial strain

BC1 and related organisms.

(continued)

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

(continued)

CGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCT
CGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCT
CGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCT
CGGCGCATTAGCTAGTTGGTGAGGT? .
NGGCGCATTAGCTAGTTNGTGAGGTA C
CGGCGCNTTAGCTNGTTGETGACCTAACEGE T AAGGCGACGATGCGTAGCCGACCT
CGGCGCNTTAGCT. GAC @CReRECAAGGCGACGATGCGTAGCCGACCT
CGGCGCATTAGC
* %k k k% ***W- ‘ w* *hkhkhkhkhkhkkkkkkkhkhkhhk
SEAGRCTGGE ) m“‘hhabiqgﬁgicTCCTACGGGAGGCAGCA
2 GAQ CACGGEC CTCCTACGGGAGGCAGCA

AGACTCCTACGGGAGGCAGCA
CTCCTACGGGAGGCAGCA

GACTCCTACGGGAGGCAGCA
& CTCCTACGGGAGGCAGCA

GAGAGGGTGAC

*hkkkhkkkhkkx k

ARTGGA CGGAGCNACGCCGCGTGAGTGATGAAG
GTAGGGAATCTTCCGCAATCGACCNAAGE GGAGCAACGCCGCGTGAACGAAGAAG
GTAGGGAATCTTCCACAATGE GG
GTAGGGAAEETTCCGCAATGGACGAAAGTCW4

*k Kkkk

GTTTTCGGA* TAAAGCT ; E CGGAAGTAACTGT-CCGT
GTTTTCGGATCGTAAAGCTNTGTTGTCAGGGAAGAACAAGTACGGAAGTAACTNT -CNGT
GTCTTCGGATCQﬂaeﬁGCTNTNTTGTCAQEQAAGAACAAGTACCGTTCGAACAGGGCGGT

CRS" GTNACTNC-TGGT
GTAACTGCNNNGT
CTC lGle AA T GTNACTNC-TNGT

GGGTCGTNAAGCTNTGETGTTNGGGAAGAACAAGTACCAGT -TNACTGC-TNGT

AP
AJ

AT AT

BC1 = Thermotolerant bacterial strain BC1, BBA = Bacillus badius, BSM = Bacillus smithii,
BCI = Bacillus circulans, BSI = Bacillus simplex, BIN = Bacillus insolitus, BAZ = Bacillus

azotoformans and BBR = Brevibacillus brevis
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APPENDIX J (continued)

Alignment of 16S rRNA gene sequence from thermotolerant bacterial strain

BC1 and related organisms.

(continued)
BC1 ACCTTGACGGTACCTGACCAGAAAGCCACGGCTAACTACGGG-—~—========-=====
BBA NCCTNGACGGTACCTNACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATA
BSM NCCTNNACGGTACCTNACCA! > GGCTNACTACGTGCCAGCAGCCGCGGTNATA
BCI GCCTNGACGGTACCTNACCAGAAAG AACTACGTGCCAGCAGCCGCGGTAATA
BSI NCCTNGACGGTACCTAACCAGAA CTACGTGCCAGCAGCCGCGGTNATA
BIN ACCTTGACGGTACCT: i ACGTGCCAGCAGCCGCGGTNATA
BAZ NCCTTGACGGTAC CGTGCCAGCAGCCGCGGTNATA
BBR AcCTTGACGGTAWAAAQCACGMGTGCCAGCAGCCGCGGTAATA
* % % * % %k % %k kok ok %k %k k % ***W *
e
BC1l e AT s GCGCGCAGGCGGCTTCTTA
BBA CGTAGGTGG (
BSM e v :
BCI CGTAGGTG , LG T GTNAAGCECGCGCAGGCGGTCCTNNN
BSI CGTAGGTGGCNA TG TTGGGCETNAAGCGCGCGCAGGTGGTTCCTNN
BIN “GORAT ( ‘G@gCGCGCAGGCGGTCCTTTA
BAZ TGTC Ta : A CGCGCNGGCGGTTCTTTA
BBR
BC1
BBA ‘ CGEETC GG
BSM AGTCTNATGTGAAA cd;@é@'?c : GAGGGTCATTGGAAACTGGGAGACTNGA
BCI AGTCTNATGTGAAAGCCCACEECTNAR 'CGAGGGTCATTGGAAACTGGGGNACTNGA
BSI AGTCTNATGTGAAAGCCEACGECTNAACCE! GGTCATTGGAAACTGGGGNACTTGA
BIN AGTCTNATGTGAAATCCCACGECTCAACCGTGCAAGGTCATEGGAAACTGGGGGACTTGA
BAZ 1e :;g AAACTGGGGNACTTGA
BBR TTAA: = ATCGGAAACTGTGTAGCTTGA
5 *khkkkkk k * %k k*k
- —

BC1 GTGCAGAAGQ;AGAGCGGAATTCCECGTGTAGCGGTGAMTGCGTACAGATGTGGAGGA
BBA GTGCAGAAGAGGAGAGCGGAATTCCACGTGTAGCGGTNAAATGCGTAGAGATGTGGAGGA
BSM GTGCAGAAGAGGAGAGCGGAATTCCACGTGTAGCGGTNAAATGCGTAGAGATGTGGAGGA
BCI GTECA GAGATGTGGAGGA
BSI GTGCAG T TTCCAAGFGT GTFAGAGATTTGGAGGA
BIN GTACAGAAGAGGAAAGTGGAATTCCAAGTGTAGCGGTNAAATGCGTAGAGATTTGGAGGA
BAZ GTGCNGAAGAGAAGAGCGGAATICCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGA
BBR ; GAGG Al TGGAGGA

QTR SO TR T R T
(continued) q
BC1 = Thermotolerant bacterial strain BC1, BBA = Bacillus badius, BSM = Bacillus smithii,

BCI = Bacillus circulans, BSI = Bacillus simplex, BIN = Bacillus insolitus, BAZ = Bacillus

azotoformans and BBR = Brevibacillus brevis
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Alignment of 16S rRNA gene sequence from thermotolerant bacterial strain

BC1 and related organisms.

(continued)

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

BC1
BBA
BSM
BCI
BSIT
BIN
BAZ
BBR

(continued)

ACACCAGTGGCGAAGGCGGGTCTCTGTT -~ — =~ = ===============——— ===
ACACCAGTGGCGAAGGCGGCTCTCTNGTCTGTAACTGACGCTGAGGCGCGARAGCGTGGG
T CTGTAACTGACGCTGAGGCGCGNAAGCGTGGG

ACACCAGTGGCGAAGGCGACTN? iy

ACACCAGTGGCGAA! NTCTNGECTGEAR CFCACGCTGAGGCGCGNAAGCGTGGG

ACACCAGTGGCGAZ ; AR CTGACGCTGAGGCGCGAAAGCGTGGG
TTTCTECTCTGIAACTGACGCTGAGGCGCGAAAGCGTGGG

4
**********w * k| *

GATGAGTGCTAAGTGTTN
CGATGAGTGCTAAGTGTTA

GATGAGTGCTNAGTGTTA

CGATGAGTGCTAAGTGTTA

AGCCTNGT . ( ACGATGAGTGCTNAGTGTTA

GAGCAAACAGGA' TACC TAG GATGAGTGCTAAGTGTTG

GAGCAAACAGG ATA( y AG ! CGATGAGTNCTAGGTGTTG .

GAGGGTTTCCGCCCT TECTECA

GAGGGCTTCCACCCITTAGTGETGCAGCTAZ ;
GAGGGTTTCCGCCCNNTAGEEETCCAC CATTAAGCACTCCGCCTGGGGAGTACG
GAGGGTNTCNGCCCTNTAGTGETNCA - C1 JATTAAGCACTCCGCCTNGGGAGTACG
GGGGGTTTCCGCCECTTAGTGCTGCA-NTAACGCATTAAGCACTCCGCCTNGGGAGTACG
GAGGGTTIC@EeCCCTTCAGTECTCCA= ACTCCGCCTGGGGAGTACG
GGGGTTT(A? o= C GEACTCCNCCTGGGGAGTACG

_________ T — el

GCCGCAAGGCTNAAACTCNAAGGAATTNACGGGGNCC-GCACAAGCGGTGGAGCATGTNG
GCCGCAAGGCT! TCAAAGGAATTGACEGGGGCC-GCACAAGCGGTGGAGCATGTGG

GC GTGGAGCATGTGG
GC T GACG -G GEGGTGGAGCATGTNG
GTC GACTNAAACTCAAAGGAATTGACG GCC-GCA! GCGGTNGAGCATGTNG

GTCGCAAGACTNAAACTCAAAGGAATTGACGGGGGCC-GCACAAGCGGTGGAGCATGTGG
» G T G ATGTGG
0 3t \
9

BC1 = Thermotolerant bacterial strain BC1, BBA = Bacillus badius, BSM = Bacillus smithii,

BCI = Bacillus circulans, BSI = Bacillus simplex, BIN = Bacillus insolitus, BAZ = Bacillus

azotoformans and BBR = Brevibacillus brevis
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APPENDIX J (continued)

Alignment of 16S rRNA gene sequence from thermotolerant bacterial strain

BC1 and related organisms.

(continued)
e R E RS SRS R S b S
BBA TTTAATTCGAAGNAACGCGAAGAACCTNACCAGGTCTTGACATCCC-GCTNACCNGTCTG
BSM ACCAGGTCTTGACATCCT-TCGCTACCTCTAG
BCI A T2
BSI *‘ﬁu", A @CACGTCTTGACATCCT-CTGACAACCCTAG
BIN TTTAATTCGAAGNAACGCGA O CTNACCACGTE TGACATCCCACTGACCGGTCTAG
BAZ TTTAATNCGAAGCA 2 T1]
BBR
BCL 0 mmmeeee : R -
BBA ACAC - ATNGTNGTCGTCAGCTCGT
BSM : ACAGG" ATGGTTGTCGTCAGCTCGT
BCI , 7 TGACA 3 TGGTNGTCGTCAGCTNGT
BSI AGACTGACAGGET GﬁquTNGTNGTCGTCAGCTCGT
BIN : r CAGGTG NEGQTGGTTGTCGTCAGCTNGT
BAZ GAR - SGNGCATNGTTGTCGTCAGCTCGT
BBR .Fb y AGGTGGTGCATGGTTGTCGTCAGCTCGT
BC1 GTCGTGAGATGTIGG CCGCARE ACCCTTGATCTTAGTTGCCAGCA
BBA GTCGTGAGATGTTG 2 LG G2 ACCCTNNATCTTAGTTGCCAGCA
BSM : ACCCTNGACNTNAGTTGCCAGCA
BCI CGCAACCCTNGATCTTAGTTGCCAGCA
BSI GTCGTGAGATGTTGGGEEAAGECCCQ' GCAACCCTNGATCTTAGTTGCCAGCA
BIN GTCGTGAGA GTTGGGTTAAGTEccéc GAGC
BAZ AGAT 3CC > TCCTTAGTTGCCAGCA
BBR ATGTTGCCTTAAGTCCCGCAACGAGCGCAACC TTATCTTTAGTTGNCAGCA
4 * *hkkkk *kkkk
BC1 TTCAGTTGGQJLCTcTAAGGTGACTGCCGGTGACAAACc&HhGGAAGGTGGGGATGACGT
BBA TTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGT
BSM TTCAGTTGGGC TEEAAGGTNACTGCCGEEGACAAACCGGAGGAAGGTGGGGATGACGT
BCI TT Gede y: GTGGGGATGACGT
BSI TTCAGT T (CTGCCEET cc GTGGGGATGACGT
BIN TTPCAGTTGGGCACTCTAAGGTGACTGCCGGTGATAAACCGGAGGAAGGTGGGGATGACGT
BAZ TTCAGTTGGGCACTCTAAGGAGACTGCCGGTGA CCGGAGGAA GATGACGT
BBR T TGACGT
* % % % * & %%k % % -4 * % %k % * %k k ok ok kk
AR TR T e T %?w
(continued) q

BC1 = Thermotolerant bacterial strain BC1, BBA = Bacillus badius, BSM = Bacillus smithii,
BCI = Bacillus circulans, BSI = Bacillus simplex, BIN = Bacillus insolitus, BAZ = Bacillus

azotoformans and BBR = Brevibacillus brevis
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Alignment of 16S rRNA gene sequence from thermotolerant bacterial strain

BC1 and related organisms.

(continued)

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

BC1
BBA
BSM
BCI
BSI
BIN
BAZ
BBR

QRTRRTTS C ST

CAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAAAGG
CAAATCATCATGCCCCTTATGACCTNGGCTACACACGTGCTACAATGGATGGTACAAAGG
CAAATCATCATGCCCNNNATGACCTNGECTACACACGTGCTACAATGGATGGTACAAAGG

CAAATCATCATGCCCC
NAAATCATCATGCCC
CNAATCATCATGC

e CTCAGTTCGGATTGCAGGC
AACCATTCTCAGTTCGGATTGTAGGC
AGCCATNCTCAGTTCGGATTGTAGGC

CTCAGTTCGGATTGTAGGC

Tk kkkkkkkkkAAAK kkkk

GGATCCATGATGCTCCCGCC
TAATCGCGGATC-AGCATGCCGCGGTN
§TAATCGCGGATC-AGCATGCCGCGGTN
TAATCGCGGATC-AGCATGCCGCGGTG
TGCAACTCGCCTNCATGAAGCCGGAATS ATCGCGGATC-AGCATGCCGCGGTN
TGCAACTCECCTNCATGAAGCCGEAATCG ATCGTGGATC-AGCATGCCACGGTG
TGCAACTCEECTACATGAA AATCGCTAGTAATCCEGEATC - AGCATGCCGCGGTG

TGCAACTCCECTACATCAACTE! ATCGCGEATC-AGCATGCCGCGGTG

* Kk kk kK * kkkkkkk ** X * %k k% * *

CGCAACTCGCCTECATEAAGCEEEAATE!
TGCAACTCGCCTNCATGAA SGAZ
,.
TGCAACTCGCCTGCATGAAGCEE!
TGCAACTCGCCTACATGAAGCTCGAAT!

AATACGTTCCCGGGCCTNGTACACACCGNNCGTCACACCACGAGAGTTTGCAACACCC
AATACGTTCCCGGEEETNGTACNCACNGENEGTCACACCACGAGAGTTTGCAACACCC
AA TTGTAACACCC
AATACG G@NT CACCGENC C AGTTNGTAACACCC
AATAEGTTCc"C"GGGcCTNGTAEACACCGCNCGTCA"C’ACCACGAGAGTTTGTAACACNC
AATACGTTCCCGGGCCTTGTAGACACCGCNCGTCNCACCACGAGAGTTEGTAACACCC
T
% ﬁ)‘

e

BC1 = Thermotolerant bacterial strain BC1, BBA = Bacillus badius, BSM = Bacillus smithii,

BCI = Bacillus circulans, BSI = Bacillus simplex, BIN = Bacillus insolitus, BAZ = Bacillus

azotoformans and BBR = Brevibacillus brevis
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APPENDIX K

Evolutionary distance values of 16S rRNA gene sequence from thermotolerant
bacterial strain BC1 and related organisms.
46 Populations

Neighbor-Joining/UPGMA method version 3.572¢

UPGMA method
Negative branch lengths allowed

+17 + 0.1142 =
b

+21 + 01154
AUFININTNYINS
PRIRN T UM INYAE

+BSM
! +--1

+-26 +-7 + 0.1021

rroo

'Y +--9 + 0.1227

rron

11 +19 + 0.1224
+27 111



+-43 + 0.0837

!

!

+-42

|
|
!
|
|

!
|
|
!
!

!

Pl +-24 + 0.1198
1ot
+29 !+ 0.1290
1t
!'1+ 0.0910
+31 !
11+ 0.0652
+-32 !
11+ 0.0557
+-33 !
11+ 0.0953
+-35 !
11+ 0.0419
+-37 !
!l +- 0.1065
+41 !
!'1 4+ 0.0382
11

! +- 0.0000

1+ 0.0566
! +-16
11+ 0.1267
+-39
! + 0.0624
+-18

 AUHININTNYINS
SRENANTUNNING A Y

N

+-34 + 0.0533

+-44 11!
! +-38 +- 0.0633

.

!

!
|
|

!
!+ 0.0622
+22

+ 0.1667
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!

|
!

!
! +BCl1
+-3

+ 0.039

45

!

+40 ! +-14 + 0.0968

1

+ 0.1079

+-10

! + 0.0845

!
+36 +
Pl +-4

111+ 0.0583

ha
! +-30

Pl 4+

0.1205

+BFU
11

' +23 + 0.0755

Lo

|+ 00977

1

! + 0.0961

+--8

+ 0.0852

Between  And Length
------- S ea v
> » EugAnensnens
44 43 0.00612 ¢ . y
43 42 . ' -
e o AWIANNIUARIINYIAEY
41 37 9 0.00471
37 35 0.00177
35 33 0.00263
33 32 0.00495
32 31 0.00215
31 29 0.00215
29 27 0.00410
27 26 0.00627
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25
21
20
17
15
12

0.0580
0.1187
0.1116
0.1235
0.1026
0.1142
0.1249
0.1154
0.1117
0.0509
24
19

1
SM
0.1021
0.1227
0.1224
0.1198

| m\m‘im UNIAINAY

0.0652
0.0557
0.0953
0.0419
0.1065
0.0382
0.0000
39

0.00232
0.00432
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00432
0.00664
0.00000
0.00000
0.00000,
0.00000 | =
0.00000
0.00000

ﬁ&ﬂawﬂwsWHWﬂﬁ

0.01701
0.01917
0.02132
0.02627
0.02890
0.03067
0.03538
0.00277
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45
40
36
10
10
36
30

30
23
14
11
11
14
23
40

16
0.0566
0.1267

18
0.0624
0.0837

38

34

28

13
0.1695
0.1553
0.0533
0.0633

22
0.0622
0.1667

BC1
0.0391

36
10
0.1079
0.0845
30
4
0.1205
0.0583

2 LININTINNIINGAE

BFU
0.0968
0.0755
0.0977

8
0.0961
0.0852

0.03467
0.00000
0.00000
003467
0.00000
0.00000
0.00815
0.00586
001363
0.01425
0.00000
0.00000
001425
002788
003374
0.00000
0.00000
0.04801
0.00000
0.00000
001556
0.00461
0.03024
0.00000 | 7

0.00000 -rI

0.01226 =

UH INENTNYINT

0.00000
0.00000
0.00000
0.00000
0.03485
0.00000
0.00000
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APPENDIX L

Description of Bacillus badius (Buchanan, 1974).

ba.di’us. L. adj. badius chestnut brown.

Distinguished from Brevibacillus brevis by growth in 5 % NaCl broth; rods are greater in diameter
(0.8-1.2 um) and are not distended by the spore; free spores show little surface stainability.

The type strain of Bacillus badius grows as chains of rods with blunt or flat ends, and its colony
has a folded hair structure and rhizoid outgrowths. Other strains appear to differ from the type culture only

in the absence of chains and the production of smo

Has been isolated infrequently fro \ rces, foods and antacids.

The G+C content of the DNA in m i e 45.2 and 50.0 (T5,).
__J ‘

4 E—

The characteristics of Bacillus W [ —

Spore

NS
Characteristic | I/ / I ‘ ‘\m us badius

- Shape 1== E

- Distends sporangium distinctly

- Dominant position

Acid from glucose

Anaerobic growth

Growth at 3C

Catalase activity

Hydrolysis of starch

Production of

- Acetylmethylcarbinol
- Lactic acid

NO; to NO,

Decomposition of

= AUHININTNYIAS

Deamination of phenylalaninm

g —— o
s AR SO B IVIEAA
+ = positive for 90 — ]q) % of strains; - = negative for 90 — 100 % of strains; d = reactions differ, positive for 11 — 89 % of strains; v =

variable reaction..
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APPENDIX M

The DNA sequencing profiles of the phenylalanine dehydrogenase gene from
Bacillus badius BC1

(a) = The DNA sequencing profile of the internal gene fragment amplification using

N1xC2 as PCR primers; sense sequencing primer N1.

(b) = The DNA sequencing profile Qf\kl \Wéene fragment amplification using

N1xC2 as PCR primers; antise lencin

- te@ment amplification using
, ig:%*\ent amplification using

(c) = The DNA sequencing
N1xC1 as PCR primers;

(d) = The DNA sequenci
N1xC1 as PCR primers; sénsg

(f) = The DNA sequencing pro le-'(i”-' the mgen" fragment amplification using
N2xC2 as PCR prlmers sense seg}ign_gmg pw

(g) = The DNA sequencll 0 DrOLHE Of the Lirst 5 -i ciiiniial g fragment ampliﬁcation
using chromosomal | :

I ‘
Phe-N1xCassette C1 as 3CR pnmers antisense pnmer Phe-N1.

(h) = The DNA ﬁquﬁk’g 4(1 ‘Q_})Fnh’j %@J "] ﬁlﬁal gene fragment

amplification usilg chromosomal DgA dlgested with Spel as PCR template and

TR T TN T

(i) = The DNA sequencing profile of the first 3’-terminal gene fragment

PCR template and

amplification using chromosomal DNA digested with PstI as PCR template and

Phe-C1xCassette C1 as PCR primers; sense sequencing primer Phe-Cl1.

(G) = The DNA sequencing profile of the second 3’-terminal gene fragment
amplification using chromosomal DNA digested with PstI as PCR template and
Phe-C2xCassette C2 as PCR primers; sense sequencing primer Phe-C2.
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(k) = The DNA sequencing profile of the second 3’-terminal gene fragment
amplification using chromosomal DNA digested with PstI as PCR template and

Phe-C2xCassette C2 as PCR primers; sense sequencing primer Phe-C1.

(1) = The DNA sequencing profile of the first 3’-terminal gene fragment
amplification using chromosomal DNA digested with PstI as PCR template and

Phe-C1xCassette C1 as PCR primers; sense sequencing primer Phe-C3.

[
7R

Cmmm— )

] U
AULINENINYINT
AN TUAMINYAE
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Comparison of phenylalanine dehydrogenase properties from Bacillus badius
(Asano et al., 1987) and Bacillus badius BC1 (Leksakorn, 2001)

Properties Bacillus badius BC1
Native molecular weight 335,000 358,000
Subunit molecular weight 44,500
Structure octamer
Isoelectric point (pI) ND
pH optimum
Oxidative deamination 4 10.7
Reductive amination 3& H 8.3
Inhibitors _4? 1gCl, AgNO;, HgCl,, FeCl,
romere oafs
Substrate specificity Jﬁ}%
(% relative activity) s <
f’f"ﬁi

Oxidative deamination

L-phenylalanine
L-tyrosine
L-tryptophan

L-methionine

—e U
L leucins ’&! W Ay

L-isoleucine
L-norvaline
L-norleucine
L-phenylalaninamide

L-phenylalaninol

INENTN

5
19
9

9.4

¢ |
g -

NI INGNA Y

ND

ND

ND

ND

Remark: ND = Not determined
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Comparison of phenylalanine dehydrogenase properties from Bacillus badius
(Asano et al., 1987) and Bacillus badius BC1 (Leksakorn, 2001)

-keto-y-methylthlobutyra

A TPl

-keto—y-methylp&tanoate

Properties Bacillus badius BC1
L-phenylalanine methyl ester 38 ND
p-fluoro-DL-phenylalanine 11
m-fluoro-DL-phenylalanine 5
o-fluoro-DL-phenylalanine 0
o-amino-B-phenylbutanoate 8
D-amino acids 0
Reductive amination
phenylpyruvate 100
p-hydroxyphenylpyruvate 0
a-ketovalerate 3
a-ketocaproate 12
a-ketoisovalerate 5
a-ketoisocaproate 4
a- ketobutyrate 0
a-ketohexanoate ﬂ u ’J ﬂ HW‘I i w ﬂ‘ ND

0

Remark: ND = Not determined
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Comparison of phenylalanine dehydrogenase properties from Bacillus badius
(Asano et al., 1987) and Bacillus badius BC1 (Leksakorn, 2001)

Properties Bacillus badius BC1

Apparent Km (mM)
L-phenylalanine 0.59
NAD* 0.28
NADH 0.067
phenylpyruvate 0.33
ammonia 200
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