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APPENDIX 1

Restriction map of M13mp18
Cla 1/BspD | 6881
Pspl406 16772 . | 6508
Dsa | 6616 s
Beu38 1 6507\.
BWIGQS&G}_ " Msl16996
Polylinker 16425 . X | 357
cloning sites PouX 6405 - -
Earl 6390
6229.6287 ot _
Ehe1/Nar[{Kas I ol BerGI 1020
Bsm8 1 5970 BsaB i 1148
Ava L2305 SnaB I 1267
BsoB wdm[ 8824
15758 BspH I 1208
Dra I 5715
Ban i1 5642
Nae 1/NgoM 1 5612
18612 Bam1 1745
' Bsmf | 5089
Mee 15079 AN 12186
Pspl406 1 4633 Cla| /BspD 12526
. Xmn 12645
‘ Dsal 2762
BsaB | 973  Tood7 IO 3038
Ear | 4073
brrbr
’n"_'m_ - THACCIREARCAAAL TG z:.::_
my1OpUCTd ABCOOATAMCALTTTEACACACSS . | \ el .';ll_ el gt men CABCACIBACCTITTG

o1t
Tt’.ITlNYlﬁ'lﬁl'u-lﬂlﬂﬂocﬂs\ﬂ#nu'llEMACMIEMTATHCCMMTIM:IM\'IC“fﬂl?ﬂ“m'I'Cﬂﬂhlﬂiwttm‘lm"lﬁaﬂlltﬂCGTIITMMCG'IC“MC THIRAAAACCCTRACS
meLThriet |TaThrASnSerSerieryel Prodl yAupl rolouluber ThriysArgi i sAl a30rLovhl sLoukla¥al Vol i euGinArgArgAtn T rpliuasnProGly sl



APPENDIX 2

Restriction map of pNC3 (Wu et al., 1991)

pNC3 = Eoo RI
5354 bps

Saul

DESCRIPTION

slze: 5354 bp

construction: Wu, Z. R,, et &l, 1891. Gene 108:103-107
replication:  rolling circle (pUB-iike)

copy number; high

FEATURES
neo kanamycin/neomycin resistance
nprE neutral protease structural gene
SP signal peptide portion of nprE.
PRO pro-peptide portion of nprE

orf pUB110 positive origin of replication
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APPENDIX 3 -
BLAST result of 5’ sequence of pCSBC14

Query= (600 lettérs)

Score E
Sequences producing significant alignments: {bits) Value
gb|APOOTH65 [AF007865 Bacillus licheniformis bacitracin syntheta... 52 le-04
emb | 299113 [BSUB001D BRacillus subtilis complete genome (mection ... 48 0.002
emb{ 234083 {BSFEPSYN B.subtilis genes for peptide synthetase and... 48 0.002
gblL14596|S8YCTRPB -Synechocystis sp. tryptopban synthase bata su... 40 0.38
dbj |D6400€{ SYCSLLLH Synechocyatia sp. PCC6803 complete genoms, ... 40 0,38
gbjU60581{HSD60561 Human ¢-jun gene, pramoter region with tlank... 3 1.5
gb}AFO23464 | AP023464 Bacillus subtilis fengycin aynthetase Feni... g 1.5
emb |X59744 |HACJUNU H.sapisne c-jun upstream region g 1.5

gb|AF007865|AF007865 Bacillus licheniformis bacitracin synthetase
operon including bacitracin synthetase 1 (bachA), 2 {bacB}
and 3 (bacC}genes, complete cds
Length = 43297

Score = 52.0 bits {26), Expect = le-04
Identities = 29/30 (96%), Positives = 29/30 (96%)

Query: 216 taatgaatacggaccgacagaaaacagcegt 245

PEELEEre e e el fEErerer b
Sbjct: 33964 taatgaatacggaccqacggaaaacagcgt 33993

emb| 299113 (BSUB0010 Bacillus subtilis complete gencme {section 10 of
21): from 1781201 to 2014580
Length = 233780

Score = 48.1 bits (24), Expect = 0.002
Identities = 27/28 (96%), Positives = 27/28 (96%)

Query: 220 gaatacggaccgacagaaaacagcgtgg 247

OOttt e et rrets
Sbjct: 184454 gaatatggaccgacagaaaacagcgtgg 184427

emb|234883|BSPEPSYN B.subtilis genes for peptide synthetase and
penicillin binding protein
Length = 39822

Score = 48.1 bits (24), Expect =-0.002 o
Identitigs = 27/29 (96%), Positives = 27/28 (96%)

Query: 220 gaatacggaccgacagaaaacagcgtgg 247

CEVEE T ey eyl
Sbjct: 33579 gaatatggaccgacagaaaacagcgtgg 33606

Score = 38.2 bits (19), Expect = 1.5
Identities = 28/31 (90%), Positives = 28/31 (90%)
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BLAST result of 5' sequence of pCSBC14 (continued) ;

Query: 217 aatgaatacggaccgacagaaaacagcegtgg 247 .
PRLEERETeet b e il
Sbjct: 11987 aatgaatacgggcccacagaaaacagtgtgg 12017

gb|L14596| SYCTREB Synechocystis sp. tryptophan synthase beta subunit
(trpB) gene, complete cds.
Length = 3231

Score = 40,1 bits {20), Expect = 0,38
Identities = 20/20 (100%), Positives = 20/20 (100%)

Query: 331 agagtaattattctttttcc 350

: IRESR RN RN RN
Sbjct: 1833 agagtaattattecttitttce 1814

dbj|D64006|SYCSLLLH Synechocystis sp. PCC6803 complete genome,
25/27, 3138604-3270709
Length = 132106

Score = 40.1 bits {(20), Expect = 0.38
Identities = 20/20 (100%), Positives = 20/20 (100%)

Query: 331 agagtaattattctttttcec 350

‘ CEES ey el
Sbjct: 75984 agagtaattattctttttcc 75965

gb1U60581]HSU60581 Human c-jun gene, promoter region with flanking
evolutionary conserved sequences
Length = 3198

Score = 38.2 bits (19), Expect = 1.5
Identities = 19/19 (100%), Positives = 19/19 (100%)

Query: 64 ggacctgcagcagtttaag 82
IRRREN AR NR R RN S
Sbjct: 1618 ggacctgcagcagtttaag 1600

gb|AF023464 |AF023464 Bacillus subtilis fengycin synthetase FenA
: {fenhA) gene, complete cds
Length = 10513 d

Score = 38.2 bits (19), Expect = 1.5
Identities = 28/31 (90%), Positives = 28/31 (90%)

Query: 217 aatgaatacggaccgacagaaaacagegtgg 247
Preerrer pr drvnrensnnsiny
Sbjct: 8171 aatgaatatgggccgacagaaaacagtgtgg 8201



BLAST result of 5’ sequence of pCSBC14 (continued)

emb | X59744 |HSCJUNU H.sapiens c-jun upstream region
Length = 1498

Score = 38,2 bits (19), Expect = 1.5
Identities = 19/19 {(100%), Positives = 19/19 (100%)

Query: 64 ggacctgcagcagtttaag 82
: RERRRERRNRRERRRRRY
Sbjct: 64 ggacctgcagcagtttaag 46

CPU time: 20.88 user secs. 0.81 sys. secs
total secs.

- Database: Non-redundant GenBank+EMBL+DDBJ+PDB sequences
Posted date: Sep 2, 1998 10:09 AM

Number of letters in database: 807,979,516

Number of sequences in database: 363,368

Lambda K H

1.37 0.711 1,31
Gapped
Lambda K H

1.37 0.711 1.31

Matrix: blastn matrix:1 -3

Gap Penalties: Existence: 5, Extension: 2
Number of Hits to DB: 265157

Number of Sequences: 363368

Number of extensions: 265157

Number of successful extensions; 21128
Number of sequences better than 10.0: 9
length of query: 600

length of database: 807979516

effective HSP length: 20

effective length of query: 580

effective length of database: 800712156
effective search space: 464413050480
effective search space used: 464413050480
T: 0

A: 0

X1l: 6-{11.9 bits)

X2: 25 (49.6 bits)

S1: 0 ( 0.5 bits}

S2: 18 (36,2 bits)

21.69
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APPENDIX 4
BLAST result of B. subtilis TISTR2S gca4 gene

Query= (1803 letters)
Score E

Sequences producing significant alignments: {bits} -Value

eamb (299105 |BSUB0002 Bacillus subtilis complete genome (aection ... 1043 0.0
amb{ 299104 {BSCBO001L Bacillus subtilis complete genome (section ... 1043 0.0
gblU21932{B8021932 Bacillus sabtilis L-glutamine-D-fruotose-6-p... 1043 0.0
dbj |D21199|RACGCSNDSS Bacillus subtilis gene for glucosamine syn... 331 2e-88
amb |X01631|ECUNC E. coli origin of replication oriC and genes g... 40 1.1

gb|AEQ00450 | ECAEOQ0450 Escherichia coli K-12 MG1633 section 340.,, 40 .
dbj {D13558 |EPCJ482 Hepatitis C virus genome, complete sequence 40 1.
db3 |DOOS26 |HPCHSSJ4  Hepatitis C virus gene for NS5 protein, par... 40 .
gb|L10328|ECOUMB2 E. coli; the region from 81.5 to 84.5 minutes 40

emb|Y11776 ([RPNTH R.prowazekii nth, grlA, glyh, lipA, tlyC, tleb.., g
gbM74895 | SNFPOLORF. Simian foamy virus type 3, gag polyprotein ... 38
emb{268336{CEF22P3 Caenorhabditis elegans cosmid F22B3, complet... 38
emb | 282547 |RPZB2547 R.prowazakii genomic DNA fragmant (clone Al... ag

N N el

[N R NT R o o ol

emb|Z99105|BSUB0002 Bacillus subtilis complete genome {section 2 of 21): from 194651
to 415810
Length = 221160

Score = 1043 bits (526), Expect = 0.0
Identities = 1033/1202 (85%%), Positives = 1033/1202 (B5%)

Query: 1 atgtgtggsattgtaggttacatcggtcagcttgatgcgaaagagattttgttaaaagga 60
PESRSDENDED LOEA0 00 S0 0 b il A bkl ekl
Bbjct: 5613 atgtgtggaatcgtaggttatatcggtcagcttgatgcgaaggasattttattaaaaggg 5672

Query: 61 ttagagaagcttgagtaccgcggttatgactctgccggtategotgtggogaatgageag 120
ERECEIESTIRES L TR e e ke e e 1l
SEbjct: 5673 ttagagaagcttgagtatcgeggttatgactctgetggtattgctgttgecaacqgaacag 5732

Que;y:’lzl ggcgtgcatgtgtacaaagaasaaggecgoatcgecgaccttegtgaagtggtggatcac 180
) : AR RN T R R RN RN R N S S A R R N RN R O AN A N
Shjct: 5733 ggaatccatgtgttcaaagazaasaggacgcattgcagatcttegtgaagttgtggatgee 5792

oﬁary: 18; acggttgaatctcaagcgggaatcggecatacacgectgggegactcacggtgaaccaage 240

N N O R R RN RN R RN A AR RN RR RN A RY
sSbjct: 5793 aatgtagaagcgaaagccggaattgggecatactegotgggcgacacacggcgaaccaage 5852

Query: 241 ttcctgaacgctcacccgcatcaaagegoactoggocgetttacacttgttcacaatggt 300

o ptrnrerrs e eers et et e ey e ey e rreree 1
sbjct: 5853 tatctgaacgctcacccgcatcaaagogecactgggecgetttacacttgttcacaacgge 5912

Query: 301 gtgatcgagaactatgttcagctgaagcgecgaatatcttgasaacgttgaactgaaaage 360
AR RN AN RN A A e E e A A e A A R e E AR A D AR R
Bbjct: 5913 gtgatcgagaactatgttcagctgaagcaagagtatttgcaagatgtagagcetcaaaagt 5972

Qﬁe:y: 361 gacacggacactgaagtagtegttcaaatgatcgageaatttgtggegggaggactcage 420
PROJE RY LD TR LY PRy el o iy el (NN EER
Bbjct: %973 gacaccgatacagaagtagtcgttcaagtaatcgagcaattcgtcaatggaggacttgag 6032

Query: 421 acagaagaagcgttccgcaaaacactgactctgttaaaaggctcttacgeaattgeatta 480

PERCLETRR RN e et 1 bere b b e engnee vl
Shict: 6033 acagaagaagcgttccgcasaacacttacactgttaaaaggetcttatgcaattgettta 6052

Query: 481 tttgacggtgaaaacacagacaccatttacgttgcaaaasacaaaagccctetgttaate 540

It H AN A S N O A A R AR RN R A RN RN N AN N
© Sbjct: 6093 ttcgataacgacaacagagaaacgatttttgtagcgaaaascaaaagccctctattagta 6152

Query: 541 ggecttggagatacgtttaacgtcegtggecatctgacgegatggctatgettcaagtaacg 600
AN AR R R R AR R A R AR AR O A A R A RN RN RN A RN NN
Sbjct: 6153 gytcttggagatacattcaacgtcgtageatctgatgogatggegatgettcaagtaace 6212

Query: 601 aatgsatacgttgagcttttggacasagasatggtgatcgtgacaaaagatgaageccgtg 660
(I O T I T T I R Y O
Sbjct: 6213 aacgaatacgtagagctgatggataaagasatggttatcgtcactgatgaccaagttgte 6272

Query: 661 attaaasaccttgacggtgaagtcatgacacgtgcgtcttatategetgagetigacgee 120
GV LREREnErnl Cetne ne ot gepresrneeregritie roepaneinre i
sbjct: 6273 atcasaaaccttgatggtgacgtgattacacgtgcgtcetiatattgectgagetigatgee 6332



BLAST result of B. subfilis TISTR2S gcad gene (continucd)

Query:
Sbﬂct:
Query:
Sbjct:
Query:
sbict:
Query:
Sbict:
. Query:
‘Sbiet:
Query:
Bbjct:
Quexy:
Shjct:
Query:
shjct:
Query:
Sbjct:

Score =

721
6333
781
6393
841
6453
901
€513
961-
6573
1021
6633
1081
6693
1141
§753
1201
6613

agtgatatcgaaaaaggcacataccctcactacatgttaaaagaaacggatgagcagecg

PERVREIRELRLI NI SR ikl nY i pinnn i
agtgatatcgaaaaaggcacgtaccctcactacatgttgaaagasacggatgagcagect

cttgttatgcgcasaatcatccaaacgtatcaggacgaaaacggcagactggcegtggec

N ERR RN RN RN RN NN N N R RN R R A N BN R
gttgttatgcgcaasaatcatccaaacgtatcaagatgaasaacggcaagetgtctgtgeck

ggcgatgtegetgacgocgtggcggaageggaccgcatttatatcgtggctigeggaacy
PR BEERTE S0 e e e e e i v ren e
ggcgatatcgetgcegetgtageggaageggaccgoatctatateattggctgeggaaca

agctaccacgccggtottgtegggaaacaatatattgaaatgtgggcaaacgtaccggtt

SEOLLENE R 08 et st e e b e bed 1H kN
agctaccatgcaggacttgteggtaaacaatatattgaaatgtgggcaaacgtgecggtt

gaagtgcatgtagcgagtgaattctcttacaacatgeecgettctgtctaagaagecgete
TP EER R st e bt vErr bbbt i n e eer it
gaagtgcatgtagcgagtgaattctcctacaacatgecgecttctgtctaagaaaccgete

tttatcttcctttctcaaageggagaaacageggacagecgegeegtgettgttcaagte
CCTE ARt b e e e e e et CORERRr et g0 e e
ttcat;ttcctttctcaaachgagaaacagcagncaqccchcqqtacthttcaaqtc

aaachctggqtcncaangeqctqacqﬁttacaaacqttccqqgntcancgctttcccgt
PRVRLERY YV 0 R Lbel GLRL) 0 RERR iy 0y S0 ety o1
aaagcgeteggacacaaagecctgacaatcacaaacgtacctggatcaacgetttectegt

gaagcggattacacattgettctgcacgecaggecctgagatcgecgiggcatcaacaaaa

EOLEE T T PLRPTUr &0 bF b ee e e o e g 1l
gaagctgactatacattgectgcttcatgcaggeectgagatcgeotgttgcgtcaacgasa

ge 1202
i
gc 6814

460 bits (232), Expect = e-127

Identities = 457/532 (85%), Positives = 457/532 (85%)

Query:
sbjct:
Query:
shict:
Query:
Bbjct:
Query:
Sbict:
Query:
8bict:
. Query:
Shjct:
Query:
Shjct:
Query:
Shjct:
Query:
- 8bjct:

1268
6800
1328
6940
1380
7000
1448
7060
1508
7120
1568

7180

leze
7240
1688
7300
1749
7360

atatcggttttgatttagtcaaagaattaggtatecgeggcaaacgecatggaageoctet

PCETLED P b e et 4 S eent et pesreet 1
atatcggatttgacctegtcaaagaactcggtatogetgcaaacgecaatggaagetctat

gcgaccagaaggacgaaatggaaatgatcgecacgtgagtacctgactgtttcaagaaacyg
PERERRTRE BN v e r e el bednr POy enni g by vt
gogaccagaaagacgaaatggaaatgatcgetcgtgaatacctgactgtatccagaaatg

ctttcttcatcggecgeggecttgactacttocgtgtgtgtcgaaggegoocctgaagetga
FEPECRTER TR FTTORR R e el berre e et anrentenn
ctttettcatcggacgeggecttgactacttegtatgtgtegaagycgecactgaagetga

aagagatttcttacatccaggcoggaaggettogecggeggegagetgaageatggaacaa
PARCERTRR TN e bl b e PRhne e e v et i
aagagatttcttacatccaggcagaaggttttgecggeggtgagetanagcacyggaacga

tegetetgattgaagaaggaacaccggtetttgegettgegacacaagaacacgtcaace

O N R RN R R R A e e N A P R R R AR SR RN AR AR RN
ttgeccttgatcgaacaaggaacaccagtattegcactggcaactcaagagecatgtaaace

tgagcatccgeggtaatgtgaaggaagtcgcageccgeggegecas tacttgecatcatet
O TR O A A O A BN R R T R R R F RN AR
taagcatccgeggaaacgtcaaagaagttgetgetegeggagcaaacacatgcateatet

cgctgaaaggcttagaagacgcagacqgacagattcatcctgecggaagtcaaccetgege
Corryerenre reer g0 b rE ceererer e 8 orrerrened e et red
cactgaaaggcctagacqgatgeggatgacagattegtattgecggaagtaaacccagege

ttegtecgetggtttetgttgtgecattgeagetgategettactacgetgcactgeace
(A NN R R AR N AR O N R R A R NN R RN R RA NN RN RN RN RRRR AN
ttgctoccgttggtatctgttgttccattgecagetgatcgettactatgetgcactgeate

goggetgtgacgttgataaaccgegecaaccttgegaagagtgttacggtgga 1799
PEEEERLEe v ereerrel tr et ren e e ei ey ten
goggetgtgatgtggatasacctegtaaccttgegaagagtgttactgtgga 7411

Score = €60.0 bits (30), Expect = le-06
Identitias = 66/78 (84%), Positives = 66/78 {(B4%)

780
6392
840

6452
900

6512
960

6572
1020
6632
1060
6652
1140
6752
1200
6812

1327
6339
1387
€999
1447
7059
1507
7118
1567
7179
1627

T723%

1687
729%
1747
7358
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BLAST result of B. subtilis TISTR2S gca4 gene (continued)

Query: 1612 asacacttgcatcatctegetgaaaggcttagaagacgcagacgacagattcatectgeog 1671
RN R RN R R R R A NN R N e I s e PO PR A NN A DR RN R RN
sbjct: 18623 aacacttgcatcatctcgctgaaaggcctagacaatgeggatgacagattcgtattgecg 18682

Query: 1672 gaagtcaaccctgegett 1689
THOEL BEE 1 BRI
Sbjct: 18683 gaagtaaacacagegett 18700

Score = 52.0 bits (26), Expect = 3a-04
Identities = 35/36 (92%}, Positives = 35/38 (92%)

Query: 1423 tgtgtcgasggcgcectgaagectgasasgagatttctta 1460
PEAEETEERE P At eeregnentyd
Sbjct: 10466 tgtgrtcgaaggtgcactgaagetgaatgagatttotta 16503

amb|Z99104 | BSYBC001 bBacillua subtilis complete gencme (section 1 of 21): from 1 to
213080
Length = 213080

Score = 1043 bits (526), Expect = 0.0
Identities = 1033/1202 (&5%), Positives = 1033/12G2 (85V)

Query: 1 atgtgtggaattgtaggttacatcggtcagettgatgegaaagagattttgttaaaagga 60
PECTRRRRRLD BRRTUSR Tl St n s snee e ek rrnedntd
Sbjct: 200263 atgtgtggaatcgtaggttatatcggtcagettgatgogaaggaaattttattaaaaggg 200322

Query: 61 ttagagaagcttgagtaccgeggttatgactctgocggtatcgetgtggegaatgagecag 120
TERTRA LR RS PPCET I ey vl brnel a1 41 1y bl
Sbjct: 200323 ttagagaagcttgagtatcgeggttatgactcetgotggtattgetgttgeccaacgaacag 200382

Query: 121 ggcgtgcatgtgtacasagaaaaaggecgecatcgecgaccttogtgaagtggtggatcac 180
Py b TRREEND PR Ern e et ety teereinreyt vhrete
. Sbjct: 200383 ggaatccatgtgttcaaagasasaggacgcattgeagatcttegtgaagttgtggatgee 200442

Query: 181 acggttgaatctcaagcgggaatcggecatacacgetgggcgactcacggtgaaccaage 240
. (I I I I N R N AN e e R A AR AN AR AR N R RN
Sbjct: ‘200443 aatgtagaagcgaasgccggaattgggcatactegetgggegacacacggegaaccaage 200502

Query: 241 ttcctgaacgctcacccgecatcaaagegeactecggecgetttacacttgttcacaatggt 300

R R RN R N R R R e N N N R NN RN RN R A
. 8bjct: 200503 tatctgaacgctcacccgcatcaasgegeactgggecgetttacacttgttcacaacgge 200562

Query: 301 gtgatcgagaactatgttcagetgaagcgegaatatcttgaaaacgttgaactgaaaage 360
[ O R e I Y O B O B
._Sbjct: 200563 gtgatcgagaactatgttcagectgaagcaagagtatttgcaagatgtagagectcaaaagt 200622

Query: 361 gacacggacactgaagtagtcgttcaaatgatcgageaatttgtggegggaggactcage 420

RN R e A RN AN N R R AR AN R AR IRSRARN
Sbjct: 200623 gacaccgatacagaagtagtcgttcaagtaatcgagcaattcgtcaatggaggacttgag 200682

- Query: 421 acagaaqnachttccgcaaaacactqactctqttaaaaggctcttacqcaattgéatta'480

CLOSTORIVRTERSL LN ey g0 seenrprenserrenre teerehnt g
Sbjct: 200683 acagaagaagcgttccgcaaaacacttacactgttaaaaggctcttatgcaattgettta 200742

Quaiy: 481 tttgacggtgaaasacacagacaccatttacgttgcaaaaascaaaagecctctgttaate 540

il T R N I N N e N S AR RN AR RRE A RE AN B
Sbict: 200743 ttcgataacgacaacagagaaacgatttttgtagegaaaaacaaaageoctetattagta 200802

Query: 541 gqccttqqaqatacqtttaacqthtqqcatctqacgcqatgqcéatqcttcaaqtaacq 600
VD PLORERT TR 8 Ty e Lgrerir tenes ey et
sbjct: 200003 ggtcttggagatacattcaacgtcgtageatcrgargegatggcgatgettcaagtaace 200062

Query: 601 aatqaatacgttqaqcttttqqacaaaqaaatqqtqatcgtqaciaaaqatqaagcegtg 660
N R N R R R AN O AR A N N N A N N N A A N N
Sbjct: 200063 aacgaatacgtagagctgatggatasagaaatggrtatcgtcactgatgaccaagttgte 200822

Query: 661 attaaasaccttgacggtgaagtcatgacacgtgegtcttatatcgotgagettgacgee 720

(AN RN R R R R R N A R R A R RN R AN N RN AN RN RN R N BN
Sbict: 200923 atcaasaaccttgatggtgacgtgattacacgtgegtcttatattgetgagettgatgee 200982

Query: 721 agtgatatcgaaaaaggcacataccctcactacatgttaaaagaaacggatgagcagecg 780

R RN RN NN NN AR RN N N R RN RN RN R AR RN R NN RANRRN B
8bjct: 2005813 agtgatatcgaaaaaggcacgtaccctcactacatgttgasagaaacggatgageagect 201042

Query: 701 cttgttatgecgcaaaatcatccaaacgtatcaggacgaaaacggcagactggeegtggec B840
CETERET T e eenr et ey ine o erernereed e vt
Sbjct: 201043 gttgttatgcgcasaatcatccaaacgtatcaagatgaaaacggcaagetgtctgtgeet 201102



BLAST result of B. subtilis TISTR2S gcaA gene (continued)

Quary:
Shjct:
Query:
Bbjct:
Query:
shjct:
Query:
8bjct:
Query:
Shjct:
Query:
Skjct:
Query:
Sbjet:

841
201103
901
201163
961
201223
1021
201283
lo8l
201343
1141
201403
i201
2014€3

Score = 460
" Identities =

Query:
8bict:
Query .,
Sbict:
Query:
sbjct:
Query:
Sbjct:
Query:
Sbjc§:
Query:
Sbjct:
Query:
Sbict:
Query:
Sbjct:
Query:
sbjct:

gh|T21932 | BEU21932 Bacillus aubtilis L-glutanine~D=fructosa-&-phoaphate

Query:

1260
201530
1328
201590
1368
201650
1448
201710
1508
201770
1568
201830
1628
201890
1688
201950
1748

202010

ggcgatgtcogetgacgecgtggeggaageggaccgecatttatategtggettgcggaacy
TESLED CTeste 1 re ertnererpaveraner v 1y terretl
ggcgatatcgetgocgetgtageggaageggaccgeatctatatcattggctgeggaaca

agctaccacgccggtcttgtcgggaaacaatatatigaaatgtgggcaaacgtaccgget -
CErornen e f0 tontinir toeeteraorerninnierii et tied
agctaccatgcaggacttgtcggtaaacaatatattgaaatgtgggcaaacgtgceggtet

gaagtgcatgtagcgagtgaattctettacaacatgecgettctgtctaagaageecgete
FOLRLENTET i et e ey o e e ey ey
gaagtgcatgtagcecgagtgaattctoctacaacatgecgettctgtctaagaaaccgete

tttatcettectttetcasagoggagaaacageggacagecgegeegtgettgttcaagte

A AR R N AR RN R AN T NN RN R AR AR N AR RN N
ttcattttoctttctcaaageggagaaacagcagacagecgegeggtactegttcaagte

anachctqqgtcacnaaﬁcgctqaegattacaaacqttccqqqatcaacqctttcccqt
RN N R R A e N A A B RN R AR RN AR O]
aaagcgctcggacacaaageccctgacaatcacaaacgtacctggatcaacgetttctegt
gaagcggattacacattgettetgecacgecaggeectgagatcgecgtggcatcaacaaaa
N N R A e e A NN AN A A N O AR R N
gaagctgactatacattgectgcttcatgcaggecctgagatcgetgttgegtcaacgaaa
ge 1202

tl
ge 201464

'bita (232), Expect = e~127

4577532 (658}, Positives = 457/532 (85%)

atateggttttgatttagtcaaagaattaggtatcgeggcaasacgecatggaagecctet

PERREIE e et vt coveneed erenrser o
atatcggatttgacctegtcaaagaacteggtatcgetgcaaacgcaatggaagetctat

gegaccagaaggacgaaatggaaatgatcgcacgtgagtacctgactgtttcaagaaacyg

THRRULEETE COV T et b e e e eyt Leereireed e neeen
gegaccagaaagacgaaatggaaatgatcgetegtgaatacctgactgtatccagaaatyg

ctttetteateggecgeggecttgactacttegtgtgtgtegaaggcgecctgaagetga

PORREIREres e tet b et et e e er e e ettt gt
ctttcttcatceggacgeggecttgactacttegtatgtgtegaaggegeactgaagetga

aagagatttcttacatecaggcggaaggcttegecggeggcgagetgaagecatggaacaa
(ERR RSN R R R R N e e AR R R R R R R A AR RN
aagagatttcttacatccaggcagaaggttttgecggeggtgagetaaagcacggaacga

tcgetectgattgaagaaggaacaccggtetttgegettgegacacaagaacacgtcaace

N A N e N N S NN YR N R AN
ttgcocttgatcgaacaaggaacaccagtattcgecactggcaactcaagagcatgtaaace

tgagcatcogoggtaatgtgaaggaagtegcageccgeggcgecaacacttgeateatet
oL e i 60 0 g B b Ay LR Ly
taagcatcegeggaaacgtcasagaagttgetgctegeggagcaaacacatgeatcatcet

cqctqaaaqqcttagaaqacqcngacqaéaiattcatcctqccqgnaqtcaaccctgcqc
Ererrinrre redbr ey rererererrer et el S
cactgaaaggcctagacgatgeggatgacagattcgtattgecggaagtasacccagege

. ttecgtecgetggtttetgttgtgocattgeagetgategettactacgetgecactgeace

LEbrer vt ey veprsevrrenrere ey ey rereeregnen o
ttgotecgttggtatetgttgttccattgecagetgategettactatgetgeactgeate

gceggctgtgacgttgataaaccgogcaaccttgegaagagtgttacggtgga 1799
PEEREReere e cenntere v vinrrie e neineny sin
gcggetgtgatgtggataaacctogtaaccttgegaagagtgttactgtgga 202061

amidotransferase (goak) gens, cooplete cds.
Length = 2581

Score = 1043 bits (526}, Expect = 0.0

Identities = 1033/1202 (85%), Fositives = 1033/1202 {B5W)

1 atgtgtggaattgtaggttacatcggtcagettgatgegaaagagattttgttaaangga 60

CEARUERTRED SRR ey bbbt e e rerenreet o a0t e
Sbict: 312 atgtgtggaatcgtaggttatatcggtcagcttgatgegaaggaaattttattaaaaggg 371

900
201162
960
201222
1020
201282
1080
201342
1140
201402
1200
201462

1327
201589
1387
201649
1447
201709
1507
201769
1567
201829
1627
2018489
1687
201949
1747

202009



BLAST result of B. subtilis TISTR25 gcad gene (continued)

Querxy:
shict:
Query:
Sbijct:
Query:
Sbijct:
Query:
8bict:
Queary:
Bbijct:
Query:
Sbict:
Query:
Sbjct:
Query:
sbjct:
Query:
. 8bjct:
Querxy:
Sbict:
Query:
Sbjct:
Cuery:
Sbjct:
Query:
Shjct:
‘Quafy:
Sbict:

Query:

Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
sbjct:
Query:
8bjct:

61
312
121
432
181
492
241
552
301
612
361
672
a1
732
481
192
541
852
,601
912
661
972
721
1032
781
1092
841
1152
901
1212
961
1272
1021
1332
1081
1392
1141
1452
1201
1512

ttagagaagcttgagtacegeggttatgactctgcoggtategetgtgycgaatgagcag
SRR E R RN A R R R RN R A R A RN N N N I T
ttagagaagcttgagtategeggttatgactectgetggtattgetgtigccaacgaacag

ggcgtgcatgtgtacaaagaaaaaggccgeategeegaccttegtgaagtggtggatcac
B0 LSO CRYRRRRLSRTE b e Trenettd 1l
ggastccatgtgttcasagaasaaggacgcattgcagatcttogtgaagttgtygatgee

acggttgaatctcaagegggaatcggccatacacgctgggegactcacggtgaaccaage
(R R N A R N A A N R RN RN NN RN NS AR ARARI NN
aatgtagaagcgaaagccggaattgggcatactcgectgggcgacacacggcgaaccaage

ttcctgaacgctcacccgcatcaaagegeactcggecgetttacactigttcacaatggt

CO TR EEREY R b teresneinrenrenn e iy 1t
tatctgaacgctcaccegcatcaaagegeactgggeegetttacacttgttcacaacgge

gtgatcgagaactatgttcagctgaagecgcgaatatcttgaaaacgttgaactgaaaage
RN R AR NN NN A N e A e I A AN S B PN AR
gtgatcgagaactatgttcagetgaagcaagagtatttgcaagatgtagagctcanaagt

qacacqqacictqaagtaqthttcnnatgatcqagcaatttqtqchqqagqactcaqc
POV 10 10 PO EEE ety gt il NRRRREY
gacaccgatacagaagtagtcgttcaagtaatcgagcaattcgtcaatggaggacttgag

acagaagaagegttccgcaaaacactgactctgttaaaaggctcttacgeaatigeatta

RN R RN e R N R RN NN RN R DR R Y
acagaagaagcgttccgcaaaacacttacactgttaaaaggctettatgoaatigettta

tttgacggtgaaaacacagacaccatttacgttgcaaaaaacasaagccctetgttaate

b [ N e A e e R R AR AR RN NN AR
ttcgataacgacaacagagaaacgatttttgtagcgasaaacaaaagccctctattagta

gqccttgqagatacqtttaaéqtcgtqqc;tctqacchntgqctntgcttcaagtaacq
AR R R N N R R AN N E R RN AS AR ANA NN
ggtcttggagatacattcaacgtegtagecatctgatgegatggegatgettcaagtaace

aatgaatacgttgagettttggacaaagaaatggtgatcgtgacaaaagatgaagecgty
I R N T R e R R N e e A R R
nacgaatacgtagagetgatggataaagaaatggttatcgtcactgatgaccaagttgte

attaaaanccttgacqqtqaaqtcatqacacqtchtcttntatcgétqngcttqacgcc

P TRETeeres e rete 10 be pensree s b eaet tegviesneey 1l
atcaaasaaccttgatggtgacgtgattacacgtgcgecttatattgetgagettgatgee

agtgatnthlanaaqqcacataccctcactncatqttaaangaaacqgatgaﬁcagccg

(RN AR AR RN R R R R R AR R R ERRARE RN RRRRAN]!
agtgatatcgaaaaaggcacgtaccctcactacatgttgaaagaaacggatgageageet

cttgttatgecgcaaaatcatccaaacgtatcaggacgaaaacggcagactggcecgtggec
R R R R R RN RN N R N R R RO R N N NN R N R N N
gttgttatgogecaaaatcatccaaacgtatcaagatgaaaacggcaagctgtctgtgeet

ggcgatgtegetgacgocgtggeggangeggaccgcatttatategtggettgeggaacy
PPLEEE R B PR R R P L] e LT L]
ggcgatatcgctgeogectgtagoggaageggaccgcatctatatcattggectgeggaaca

agctaccacgecggtcttgtcgggaaacaatatattgaaatgtgggcaaacgtaccggtt

PORTLELE 10 10 CEErn s Dby b e b e e b s e ey 1yl
agctaccatgcaggacttgteggtaaacaatatattgaaatgtgggeaaacgtgeceggtt

gaagtgcatgtagegagtgaattctcttacaacatgccgettctgtctaagaagecgete

COLTLRTER R T e P v e e e e e e el
gaagtgcatgtagegagtgaattctcoctacaacatgecgetictgtectaagaaacegete

L]
tttatcttcctttctcaaageggagasacageggacagecgegecgtgettgttcaagte

EE LD TRt e e e e ettt o e i
ttcattttcctttetcaaageggagaaacagcagacagecgegeggtactegtteaagte.

aaagcgctgggtcacaaagcgctgacgattacanacgttecogggatcaacgetttecegt
RN R R R A RN O e A R RN RO R AR RN R AR RN PN
aaagcgctcggacacaaagcectgacaatcacaaacgtacctggatcaacgctttetegt
gaagcggattacacattgocttctgecacgecaggccctgagatcgecgtggocatcaacaaaa
R R N N N N A R R RN R AR NN RO A O N R R RN R R B
gaagctgactatacattgetgettcatgcaggccctgagatcgetgttgcgtcaacgaaa
gc 1202

I
gc 1513

120
431
180
451
240
851
300
611
360
671
420
731
460
791
540
851
600
911
660
971
720
1031
780
1051
840
1151
900
1211
960
1271
1020.
1331
1080
1351
1140
1451
1200
1511



BLAST result of B. subtilis TISTR2S gcaA gene (continued)

= 460 bits (232), Expect = e-127
Identities = 457/532 (854), Poai;ives w 457/532 (05%)

Score

Query:
gbijct:
Query:
Sbict:
Query:
Sbijct:
Query:
Sbjct:
Query:
sbjct:
Quexy:
8bjct:
Query:
sbjct:
’Quefy:
Sbjct:
QuGrYf
sbjct:

dbj |D21199]

Score =

1268
1579
1328
1639
1388
1699
1448
1759
1508
1819
1568
1879
1628
1939
1688
1999

1748

2059

atatcgqttttgatttagtcaaaqaattaggtathcgqcaaacgccatqgaagccctct

PERIREL HIepr e CLLERTTE DEITERR BETEYTEY I
ntathqatttqacctcgtcaaagaactcgqtatcgctgcaaacgcnatggaagctctat

gcgaccagaaggacgaaatgqaaatqatcgcacgtgagtacctgactqtttcaagaaaéa
VLOETURT S VTR e i e i TR
gcqaccagnaagacgaaatqgalatgatcgcthtqaatacctgactgtatccagaaatg

ctttcttcatcgqccchgccttqactactthtgtgtgthaaggcgccctgaagctga

PEITETEETEET CRT Rt raned PEELEtrEs eyt
ctttcttcathqacchgccttgactacttcgtatgtqtcgaugchcactgangctga

aaqagatttcttacatccaqchgaaqqctthccggcqgcqaqctqaaqcatgqaacaa
CPRETEEVERT T et Be b0 il IR AR
aaqaqatttcttacatccaqqcngaaqqttttgccggcgqtgagctaaagcacqgancga

thctctqattqahgnaqqancaccqqtctttchcttchacacnaqaacncgtcaacc

10r SEEE U e v il b L e i il
ttqccttgathaacnaqqnncnccagtatthcactgqcnactcnaqaqcatqtaaacc

tgeqéntccchgtaatqtqaaqqaagthcaqcccqcqchccnacncttqcatcatct
MU R L et
taagcntccgcqgaancqtcannqanqttgctqctcgcqqagcnancacatgcatcatct

cgctqnaaqqcttaganqncgcagacqncagattcatcctqccqqnaqtcaaccctchc

PRLUR D e 10 e b renvkee o SILLLETTEE e vl
cactqnaaqgcctagacqntgcgqatqacaqatthtattqccqqnaqtaaacccachc

tthtccqctqqtttctqttqtgccattgcaqctgathcttactacgctqcactgeacc
IE et b renrreed A R A A,
ttgctccqttqqtatctqttqttccattqcaqctqathcttactatqctgcactgcatc

chqctgtqacqttqataaaccchcaaccttchaaqnqtgttacqqtgga 1799
CEETEELErD §0 breneesr CETer e rerre ey et
chqctqtgatgtqqataaacctcqtaaccttchaaqaqtgttactqtgqa 2110

81

13277
1638
1387
1698
1447
1758
1507
1818
1567
1878
1627
1938
1687
1998
1747
2058

BACGSNDSS Bacillus subtilis gene for glucosamine synthetase and NADH

dehydrogenase subunit 5, partial sequence
Length = 1444

331 bits (167), Expect = 2e-88

Tdentities = 335/391 (85%), Positives = 335/391 (85%)

Query:
Sbjct:
Query:
fSbjct:
Query:
fSbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:

Sbict:

1409
1
1469
61
1529
121
1589
181
1649
241
1709
a0l
1769
a6l

ttgnctactthtqtqtgtcqaaqgcqccctgnaqctqnauqnqatttcttacntccngq
CULETTRETE T eyl PEEREATRInERRerrea e
ttqactactttqtntqtqtcqnaqchcactqaaqctqaaaqnqatttcttacattcaqq

quanqqctthccqchchaqctqanqcatqqancaathctctqnttganqaaqqna
T I R R A AR Y IR A AN i
caqnquctttqccqgcqqagaactqaaqcncqqcaccattqcettqathaacanqgta

caccqqtctttgcqcttchncacanqancncqtcaacctgaqcatccchqtaatqtga

CETE e T T e e e it ENRERANAST RN
caccaqtntttqcactgqcnncacanguqcncqtaaacctaagcatccchgaancqtta

agqaaqthcaqcccchchccaacacttqcatcatctcgctqnanqqcttaganqacq
CLEE L e CHELETITLE SR et e 1l

aaqaaqttqccqctcchgaqcaaacacatgcntcatctcactgaaaqgcptaqacqatq

cnqacqacaqattcntcctgccgqaaqtcnaccctchctthtccqctqqtttctqttq

1Y BYPELLEET L nenrant vitty vt PRI Lene it
cqqatqacaqatthtactaccqgnaqtanacccachcttqctccqttqqtatctqttq

tqccntthchtqatcgcttactacgctgcactqcaccchqctqtgacqttgataaac

CTEESTEr T e eevnbenitty CECRTLEErE Syt
ttcclttgcnqctgathcttnctatqctgcactqcathcqqctqtqatqttqataaac

cchéaaccttchaagnqtdttncgqtgga 1799
Eer revneserndrnrrenee tend
cgcgtaaccttgcgaagagtgttactgtgga 351

emb | X01631|ECUNC E. coli origin of replication oriC and genes gid, unc,
1mS

9
Length = 14526

Score = 40.1 bits (20}, Expect = 1.1
Identities = 23/24 (95%4), Positives = 23/24 (95%)

1468
60
1528
120
1588
180
1648
240
1708
300
1768
360

EcoURF-1 and



82

BLAST result of B. subtilis TISTR25 gcaA gene (continued)

Query: 76 taccgeggttatgactctgeoggt 99
LHURRLEr b
Sbjct: 12444 taccgcggatatgactctgecggt 12467

Score = 38.2 bits (19), Expect = 4.5
Identities = 22/23 (95%), Positives = 22/23 (95%)

Query: 214 cgetgggegactcacggtgaace 236
CEERLELEER reesnietietdl
sbjct: 1258B cgctgggcgacccacggtgaace 12610

gb| AE000450| ECAE000450 Escherichia coli K-12 MG1655 section 340 of 400 of the
complate genome
Length = 11414

Score = 40.1 bits {20), Expect = 1.1
Identities = 23/24 (95%), Positives = 23/24 (95%)

Query: 76 taccgoggttatgactctgeeggt 99
(RERRER RN ERR RN ERE!
sbjct: 2046 taccgcggatatgactctygccggt 2023

Score = 38.2 bits. (19), Expect = 4.5
Identities = 22/23 (95V), Positives = 22/23 (95%)

Query: 214 cgctgggcgactcacggtgaace 236

TERLENTRTEY LRETR Lrnie
Sbjct: 1902 cgctgggcyacecacggtgaacc 1880

dby (D13558{HPCI483 Hepatitis C virus genome, completa sequence
Length = 9448

Score = 40.1 bits (20), Expect = 1.1
Identities = 20/20 (1008), Positives = 20/20 {100%)

Query: 1693 cecgetggtttetgttgtgee 1712

R AR AR AR RERNRNY
Sbjct: 9305 ccgctggtttctgttgtgec 9324

dbj | DO0826(HPCNSS5J4 Hepatitis C virus gene for NS5 protein, partial cds, isolate:HC-
Jé
Length = 1173

Score = 40.1 bita (20}, Expect = 1.1
Identities = 20/20 (100%), Positives = 20/20 (100%)

Query: 1693 ccgctggtttetgttgtgee 1712
(RNARAERASRRNNRARNNY
Sbjct: 1030 ccgctggtttctgttgtgec 1049

gb|L1032E|ECOUWBZ E. coli; the region from Bl.5 to 84 5 minutes
Length = 136254

Score = 40.1 bits (20), Expect = 1.1
Identities = 23/24 (95%), Poajitives = 23/24 (954)

Query: 76 taccgcggttatgactetgecggt 99

FrOirgbn virneerireebint ~
Sbjct: 102984 taccgcggatatgactctgecggt 102961 ) .

Score = 38.2 bits (19), Expect = 4.5
Identities = 22/23 (95%), Positives = 22/23 (95%)

Query: 214 cgctgggegactcacggtgaacc 236
TR ternreestnt
Sbjct: 102840 cgctgggcgacccacggtgaacc 102818

emb|Y11776 |RPNTH R.prowazekii nth, grlA, glyA, lipA, tlyC, tlcD genes
Length = 7653

Score = 38.2 bita (19), Expect = 4.5
Identities = 19/19 (100%), Positives =~ 19/15 (100%)

Query: 1512 tctgattgaagaaggaaca 1530
REERARRRARSRRRRRE]E]
Sbjct: 580 tctgattgaagaaggaaca 598
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BLAST result of B. subtilis TISTR25 gcaA gene (continued)

gb|M74895|SHFPOLORF BSimian foamy virus type 3, gag polyprotein 3' end, pol
polyprotein 3° end, env protein 3' end, orfl 3' end, orf2 partial cds,
and orf3 3' end. ‘
Length = 13111

Score = 1308.2 bits (19), Expect = 4.5
Identitiea = 22/23 (954}, Poaitives = 22/23 (55V)

Query: 1260 cggcgttgatatcggttttgatt 1282

FEERECRERD b Enbinety
sbjct: 3623 cggegttgatttoggttttgatt 3601

amb [ 268336 | CEF22B3 Caenorhabditis elegans cosmid F22B3, complete sequence
[Casnorhabditis elegans]
Langth = 30480

Score = 38.2 bits {19), Expect = 4.5
Identities = 22/23 (95%), Positives = 22/23 {(895%)

CQuery: 82 ggttatgactctgccggtatcge 104
. (AR RRRRR AN ARRRRRR N
Sbjct: %228 ggttacgactctgccggtatcge 5250

emb| 282547 |RPZ62547 R.prowazekil genomic DNA fragment (clone A195F)
Length = 466

Score = 38.2 bits (19), Expect = 4.5
Identities = 19/19 (100%), Positives = 19/19 (100%)

" Query: 1512 tctgattgasagaaggaaca 1530

(ARARARRRRRRARNERNY
Sbjct: 277 tctgattgaagaaggaaca 295

CPU time: 10.55 usex secs. 0.66 sys. secs 11.21 total secs.

Database: Hon-redundant GenBank+EMBL+DDBJ+PDB scuences
Posted date: Aug 9, 1998 7:11 AM

Number of letters in database: 788,862,056

Number of sequences in databape: 358,864

Lambda K H

1.37 0.711 1,31
Gapped
Lambda K H

1.37 0.711 1.31

Matrix: blastn matrix:1 -3

Gap Penalties: Existence: 5, Extenaion: 2
Wumber of Hits to DB: 597843

Number of Sequences: 358864

Number of extensions: 597843

Number of successful extensions: 41074
Number of saquences better than 10: 16&
length of query: 1803

length of database: 788662056

effective HSP length: 21

effective length of quexry: 1782 ‘
effective length of databrse: 791325512
effective search space: 1792322775184
T: 0

A: O

¥X1l: 6 (11.9 bita)

X2: 25 (49.6 bita)

81: 0 ( 0.5 bits)

82: 19 (38.2 bits)



APPENDIX 5

Position of restriction endonucleases sites of B. subtilis TISTR2S gcaA gene

Mnl I
Nla III
Mbo II Nap7524 1
Sau3h I Afl III Mbo II EcoN I

11 11 | | I
GATCTTCCARRAARACATGTGGGAGGGGACGATTGARAGTCCCCTTGTARTTTGACTTTCTTCGTCTCCTTTTGCACCTT 80

CTAGRAGGTTTTTTTGTAC&CCCTCCCCTGCTAACTTTCAGGGGRACATTAAACTGARAGAAGCAGAGGAAAACGTGGAA

| 1 W i1 v | ¥ W k' ) 1 ¥
1 15 59 77

3 15

16
23
8faN I
Mbo II Cvi JI
Nnl I Mae III Alu I Mse I

1| - ‘ l | | !
TAGGAGGARGAAAATATGTGTGGARTTGTAGGTTACATCGGTCAGCTTGATGCGARMAGAGATTTTGTTARARGGATTAGR 160
RTCCTCCTTCTTTTRTACACACCTTARCATCCRATGTAGCCAGTCGAACTRCGCTTTCTCTAAAACAATTTTCCTAATCT

[ S ¥ ¥ | ¥ ] | ¥ v | ¥ ¥
84 112 124 147
87 124
129
BstU I
Sec I
Cvi JI Sac II C£rl0 I Rea I
AluI Resal Ple I Hpa II Nla III Hae
III

HinD III NspB II Hinf I Nap7524 1 Cvi JI

I 111 | il Il | |
GAAGCTTGAGTACCGCGETTATGAC TCTGCCGGTATCGCT ~TGGCGARTGAGCAGGGCGTGCATGTGTACARAGARAARG 240
CTTCGRACTCATGGCGCCAATACTGAGACGGCCATAGCGACRCCGCTTACTCGTCCCGCACGTACACATGTTTCTTTTTC

11 [ ¥ | (i} ¥ ¥ ¥ | ¥ ]
162 173 183 221 240
163 170 163 190 222 240
163 173 189 227
173
174
Hae III
Cvi JI
Gdi II
5faN 1 Sauldh I Eae I Ple I
FniudH I Alw I Hinf I Hinf I Hinf I

i " | | I |
GCCGCATCGCCGACCTTCGTGARGTGGTGGATCACACGGT TGAATC TCARGCGGGAATCGGCCATACRCGCTGGGCGACT 320
CGGCETAGCGGCTCGAAGCACT TCACCACCTAGTGTGCCARCTTAGAGTTCGCCCTTAGCCGGTATGTGCGACCCGCTGA

[ L) ¥ Lt v | L) | il ¥ [ |
241 269 282 295 317
244 270 299 317
299
300
300
Fnu4l 1
Hae III
Cvi JI
Cvi JI Gdi II
Alu I - SfaN I Eag I Taq I
Hph I  HinD III Hph I Hha I Eae I Saudh I

] L J | ! 1l ¢
CACGGTGARCCRAGCTTCCTGRACGCTCACCCGCATCAARGCGCACTCGGCCGCTTThCACTTGTTCACAhTGGTGTGAT 400
GTGCCACTTCETTCGARGGACT TGCGAGTGGGCGTAGT TTCGCGTGAGCCGGCGARATGTGRACARGTGTTACCACACTA

| Vil ¥ L ¥| il ¥ ¥ [
324 332 u7 361 3esg 398
kK] 353 368 400
333 368
369
369

370
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Position of restriction endonucleases sites of B. subdlis TISTR2S gcaA gene

(continued)

Cvi JI

Alu I

Pvu II Hha I

NapB II BstU I Mae II

i i l
CGAGAACTATGTTCAGCTGARGCGCGAATATCTTGAARACGTTGARC TGARAAGCGACACGGACACTGARGTAGTCGTTC 480
GCTCTTGATACAAGTCGACTTCGCGCTTATAGAACT T TTGCARCTTGACTTTTCGCTGTGCC TG TGACTTCATCAGCAAG

¥ 7] ¥ il 1) ¥ ¥ ¥ ¥ ¥
414 423 439
414 422
415
415
Dde I
Ple I
Taq I Rinf I Ple I Mse I
Saudh I Mni I Mbo II Hinf I cvi JI

il I 11 ! I } |
ARATGATCGAGCART TTGTGGCGGGAGGACTCAGCACAGRAGAAGCGT TCCGCARARCACTGACTCTGTTAARAGGCTCT 360
TTTACTAGCTCGTTANACACCGCCCTCCTGAGTCGTGTCTTCTTCGCAAGGCGTTTTGTG&CTGAGACAATTTTCCGAGA

[ . ) L) I LA ¥ ¥ v | v | L)
485 505 518 542 555
487 508 542 549
508
510

Sty I
: Haa IT]

Mnl I Cvli J1
Hph L Mae II . Cvl JI  Mae I Sec I

| | 1 ! |1
TACGCARTTGCATTATTTGACGGTGARAACACAGACACCAT TTACGT TGCAARARRCARAAGCCCTCTGTTAATCGGCCT 640
ArsccrrnnccrnnrnnncchcacTTTTGTGrcrcrccrnaawccancswrrrTrGTrTTcGGGAGAanTTAGCCGGn

v ¥ ¥ l L) vi 1 | I 1 ¥
. 582 604 621 630 638
' ’ 624 636
636
) : " 638
Mae II Cvl JI
. Mase I Hga I Cvi JI Alu I
Mae II SfaN I BstU I Mas III Mae II

| I | 11 I | | I
TGGAGATACGT TTAACGTCGTGGCATCTGACGCGATGGCTATGCT TCAAGTAACGRATGAARTACGTTGRGCTTTTGGACA - 720
ACCTCTATGCARATTGCAGCACCGTAGACTGCGCTACCGATACGARGTTCATTGCTTACT TATGCAACTCGARRACCTGT

[ B ¥ o 1¥) | ¥ | ¥ \v ¥
648 663 671 680 703
652 669 677 708
655 7058
Mse II
Pml I
Afl III
Bau3dh I Nla III
Hph I Mae III Cvi JI Mse I Hph I 'BspH I Hga I

o | ! | Pl
ARGAAATGGTGATCGTGACAARAGATGAAGCCGTGAT TARARACCT TGRACGGTGARGTCRTGACACGTGCGTCTTATATC 800
TICTTTACCACTAGCACTGTTTTCTACTTCGGCACTAATT TT TGGAACTGCCACT TCAGTACTGTGCACGCAGRATATAG

¥ J ¥ ¥ 1 ¥ Y| (AR Sy L} v
728 73% 749 787 771 778 788
731 779
783
784
785
Cvi JI Mse I FnudH I
Alu I Nlia IIT Fnu4H I
Dde I Hga I Taq I Nap7524 I Bbv I
Esp I "Rha I EcoR V Mnl I Afl III . Fok I Cvi JI

Y ) | I | H | 1 L1l
GCTGAGCTTGACGCCAGTGATATCGAAAAAGGCACATACCCTCACTACRTGTTAAAAGAAACGGATGAGCAGCCGCTTGT e8a¢
CGACTCGAARCTGCGGTCACTATAGC TTT TTCCGTGTATGEGAGTGATGTACART TTTCTTTGCCTACTCGTCGGCGAACA

[ T LR L] | I v | v o ¥l ¥
a01 8lo 81y 840 847 863 871
802 810 823 847 869

80% 848 269

805 852 872
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Position of restriction endonucleases sites of B. subtilis TISTR25 gcad gene
(continued) . )

Nae I
Hae IXI
Gdi II
Eae I
Sec I
Hae III
Cvi JI Hpa II Sec I
Kha I Gdi II Cfrl0 X Hga X
Fap I Fok I Mae II Eee I Cvi JI Aha II

I ! ! [4 1 1Ll | |
TATGCGCRAAATCATCCARACGTATC&GGACGAAAACGGCAGACTGGCCGTGGCCGGCGATGTCGCTGACGCCGTGGCGG 960
ATACGCGTTTTAGTAGGTTTGCRTAGTCCTGCTTTTGCCGTCTG&CCGGCACCGGCCGCTACAGCGACTGCGGCACCGCC

Il ¥ | | ¥ ¥ (SR RN L) | ¥ 1 L
8683 893 $00 925 $32 948
884 925 933 948
926 934 952
926
928
931
931
932
§33
Sau%6 I
Ava II Cvi JI Hpa 1II
Rex II Cvi JI Alu I Cfrlo I

I | | 1l
AnGCGGACCGCATTTATRTCGTGGCTTGCGGAACGAGCTRCCACGCCGGTCTTGTCGGGRAACAATATRTTGAAATGTGG 1040

TTCGCCTGGCGTAAAThEAGCRCCGAACGCCTTGCTCGRTGGTGCGGCCAGRACRGCCCTTTGTTRTATAACTTTACRCC

I ¥ ¥ | ¥ | ¥ 1 ¥ ¥ ¥ ¥
964 963 996 1005
965 996 1006
965
. Hpa II i
T oCfrl0 I FnudH I
Rsa I Nla III Nla III Cvi JI
Mae II Nap7524 I EcoR I Nap7524 1 Dde I FnudK I Mbo II

Sl H | I | I [
GCARACGThCCGGTTGAAGTGCATGTRGCGAGTGAATTCTCTTRCAACATGCCGCTTCTGTCTARGARGCCGCTCTTTAT 1120
CGTTTGC&TGGCChACTTCACGTACATCGCTCACTTAAGAGAATGTTGTACGGCGRAGACAGRTTCTTCGGCGRGAAATA

It ¥il ¥ | ¥ Pl ¥l ¥ ¥ |
1045, 1061 1074 1087 1102 1109 1120
1047 1062 1088 1108
1049 1091
1050
Hha I Hha I
BstU I Hha I Hae II
Cvi JI Hae II Mae III
NspB II FrnudH I Tthlll II Eco47 III Ecod7 III

| i1 | I | Il
CTTCCTTTCTCAARGCGGAGAARCAGCGGACAGCCGCGCCGTGCT TGTTCAAGTCARAGCGCTGGGTCACARRGCGCTGA 1200
GAAGGAAAGAGTTTCGCCTCT TTGTCGOCTETCGGCGCGGCACGARCAAGT TCAGTT TCGCGACCCAGTGTTTCGCGACT
: ¥

¥ | ¥ [l v | L | 1¥ | LI L)
1144 1153 1162 1178 . 1193
1152 1178 . 1186
1155 1179 1183
: 1156 1194
Saudh I . Dde I
ScrF I Sausé I
Nci I Hae III1
Hpa II Cvi JI
Ben 1 Eco0l109 I Sec I
Mae II Alw I AlwN I Sauldh I

| |1l e | |
CGATTACAAACGTTCCGGGATCARCGCTTTCCCGTGRRAGCGGAT TACACATTGC TTCTGCACGCAGGCCCTGAGATCGCC 1280
GCTRATGTTTGCRAGGCCCTAGTTGCGARRGGGCACT TCGCCTARTGTGTARCGRAGACGTGCGTCCGGGACTCTAGLSG

| [ ¥ ¥ ¥ ¥ ol | | v
1210 1218 1264 1274
1215 1265 1279
1215% 1266
1215 1266
1215 1266
1219 1270
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Position of restriction endonucleases sites of B. subrilis TISTR25 gcad gene
(continued) .

Sau3n 1
Alw I
Cvi JI BatU I
Xca I ‘Nra I Fnu4H I
SfaN I Acc I Dde I Mnl 1 Hga I Bby I

-l ! P YL I |
GTGGCA CAACAAAAGCGTAThCGGCTChGATTGCCGTCCTCGCGRTCCTTGCGTCCGTTGCAGC&GAACGCARCGGCGT 1360
CICCGTAG?TGTTTTCGCATATGCCGRGTCTAASGGCAGGAGCGCTAGGhACGCAGGCAACGTCGTCTTGCGTTGCCGC&

| L) I ¥ (| L) vl ¥ LE| L) ¥
1284 1298 1306 1319 1332 1341
1298 1321 : 1341
1304 1322
1325
1325
Nla III
Sty 1
Fnud4H I Sec I Mnl I
EcoR V BstU I Nco I Cwi JI

. ‘ i iy Il

TGATATCGGTTTTGATTTAGTCAARG&ATTAGGTATCGCGGCAAACGCCRTGGAAGCCCTCTGCGACCRG&AGGACGAAA 1440

ACTAThGCCAAlACTAAATCEGTTTCTTAAECCATAGCGCCGTTTGCGGTACCTTCGGGRGACGCTGGTCTTCCTGCTTT
) ¥

| ) ¥ L) I v IV | ¥ v
1362 1397 1408 1415
1398 1408 1418
1408
1409
FriudH I
BetU 1
Sec I
Sac I \
RapB II
Fnudk I ~
Hae IXI
Gdi I
Mae II Eag I Hae III
Pml I . Eae I Cvi JI
Sauldh I Rea I Mbo II Cvi JI

} I 1 | et
TGGRAATGATCGCACGTGAGTACCTGACTGTT TCAAGARRCGCTTTC TTCATCGGCCGCGECCTTRACTACTTCGTGTGT 1520
ACCTTTACTAGCCTGCACTCATGGAC TGACARAGTTCTTTGCGAAAGRAGTAGCCGGCGCCGGARCTGATGARGCACACK

¥ 1l | ¥ L] ! LA DARR RN ¥ v
1448 1460 148%§ 1494
1453 1493 1500
1454 : 1493 1500
1493
1494
14985
1496
1496
1496
1497
1498
Hha I
Wla IV
Nar I
Hae II Hpa II :
Ban I i ScrF 1 Nae I Cvi JI
Aha II Cvi JI BatN I CfrllG I Alu I
Tag I Au I Fok I Cvi JI FnudH I Nla III

! I | I ! i | ) '
GTCGAAGGCGCCCTG&AGCTGAAAGRG&TTTCTTACATCCAGGCGGAAGGCTTCGCCGGCGGCGRGCTthGCATGGAAC 1600 .
CAGCTTCCECEGGACTTCGACTTITCTCTAAAGAATGTAGGTCCGCCTTCCGARGCGECCEUCGCTCGRCTTCGTACCTTG

{ (. [ ¥ [ ¥ iy t ¥ i ¥
1522 1537 155¢ 1569 1578 1593
1527 1537 1558 1575 1585
1527 1559 1575 1585
1527 1576
1527
1527

1528
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Position of restriction endonucleases sites of B. subtilis TISTR2S gcad gene
(continued) :

Batl I
Sec I
Sac II
HinC II Fok I
Hpa II Mae II SfaN I
¥bo II Cfri0 I Bhal Afl II? Dde I  RapB II

{ 1l } 1 it
ARTCGOTCTGATTGAAGARGGAACACCGGTCTTIGCGCTTGCGRCACARGARCACGTCARCCTGAGLATCCGCGGTARTG 1680
TTAGCGAGACTAACTTCTTCC T TG TGGCCAGRAACGCGAACGC TGTCTTC TTGTGCAGT TGGACTCGTAGGCGCCATTAC

v | ¥ H v | L) Vil Vi (R ¥
1614 1625 1635 16%2 1662 1670
1626 1654 1666
1656 1667
1670
1670
Hla IV 1671
Nar I
Hae II
Ban I
BstU I
Sec I
Sac II
NapB 1I Hbo II
Cvi JI Hha I Bbv II
FrnudH I Aha II Dde I Fok I
Bbv I ¥nudH I SfaN I Cvi JI Hga X Hinf I

Lokl | AN RN P
TGARGGAAGTCGCAGCCCGCGGCECCARCACTTGCATCATCTCGCTGRRAGGCTTAGRRAGACGCAGACGACAGATTCATC 1760
ACTTCCTTCAGCGTCGGGCGCCGCGETTGTGAACGTAGTAGAGCGACTTTCCGRATCTICTGCGTCTGCTGTCTARGTAG

Y i oo ¥ ¥ ¥l o LI [
16%2 1659 1714 1731 1740 1753
1692 1701 1733 1757

1694 1702 1737
1697 1737
1697
1697
1698
17¢1
1701
1701
1701 Sau3h I
Cvi JI
Alu I
Pvu II
NapB II
HinC II . fnudH I FnudH I
Hpa II Hha I Nspb II Bbv I Bbv I

{ ! ! ! [N t
CTGCCGGAAGTCAACCCTGCGCTTCGTCCGCTGGTTTCTGT TGTGCCATTGCAGCTGATCGCTTACTACGCTGCRACTGCA 1840
GACGGCCTTCAGT TGGGACGC GAAGCAGGCGACCRARGACARCACGETARCGTCGACTAGCGAATGATGCGACGTGACGT

| t iy (I | 1 vifl v i v
1764 1779 1788 1811 1830
1770 1811 1830
1812
1812
1813 R
¥ 1913 - s
Cvi JI . 1817
fnugH 1
BatU I
Sec 1
Sac II Mae III Hha I Mae III
NspB II Mae II BatU I Mho II Mse I

il I I ! { !
CCGCGGCTGTGRCGTTGATARACCGCGCARCCTTGCGARGAGTGTTACGGTGGRATAATATATTTAACCCCTTTGGTTAT 1920
GGCGCCGACACTGCAACTATT TGACGCGTTGGARCGCTTCTCACARTGCCACCTTATTATATARATTGGGGAARCCRATA

it ¥ 1 ool ¥ | ¥ v | ¥ v
1841 1852 1864 1877 1504
1841 1849 le6s 1884
1841
1842
1343

1845
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Position of restriction endonucleases sites of B. subtilis TISTR25 gcad gene

(continued) ) ’
Mse 1 BatU I Mse I BstU I
Dra 1 Bru 1 Sfan I bra I Nru I

I ] I 11 11
TAGTGTGAATTTAMAATAANGTCGCGATGTTTATARAARAGATGCGATGTTTAARATRARGTCGCGANGTTTRTAAARRA 2000
ATCACACTTARATTTTATTTCAGCGCTACARRTATT MM TCTACGCTACAARTTTTATT TCAGCGCTNCAMATAT TTTTT

I ¥l ¥ L 11 ¥ It ¥ ¥
1930 1942 1961 1970 1982
1931 1943 1871 1583
Cvi JI
Alu I
HinD III Tag I

K] 1
GTTGCGARGCTTACCCCTTTGGATATGATTATCTAAAGGGG TG TTTTTGTGTCGARAAGARRARGAACATCTARAATTGA 2080
CAACGCTTCGARTGGGGARACCTATACTAATAGAT T TCCCCACARARRCACAGCTTT TCTTT TTCTTGTAGATTTTAACT

¥

¥ ¥ ¥ v | ¥ ¥ ¥
2007 2052
2008
2008
’ Saulda 1
Mnl I Nnl I BatY I
Msa I Taq I Nia III Bgl XTI Mni I HinC II

| | i | I { |
TARGTGGATTARRGAGGCCTCGAGGARCTGGCAGTGGGGCATGATTATCARGATCTTTCCTCATTAGGTCGGTCAACARGA 2160
ATTCACCTARTITCTCCCAGCTCC T TGACCGTCACCCCGTACTARTAGT TCTAGARRGGAGTAATCCAGCCAGTTGTTCT

L} | Iv| ¥ | ¥ Il | ¥ ¥i ¥
2089 2099 2119 2130 2138 2151
2094 2101 2130
2131
Hpa II
Mse I Cfrl0 I HNla III Mse I

| ¥ 1 ]
TTnAlﬂGGTAThhAAACCGGCAGﬁCNACATGAGTTTTTATCGGRTTTGGAACG&AACTACTTTTATTTAACTGAATTTTC 2240
AATTTTCCATATTT I TGGLCGTC TG TTCTACTCARAARTAGCCTARACCTTGCTT TGATGARRATARATTGACT TAARAG
| . . | ¥ v ¥ v | ¥ ¥
2161 2176 2188 : 2227
2177
Mae II
dmn I Mbo II
| i
TGATGTTATTTTAGATATTCGTGARCAATTTCCTTTATTACCACARGARGRGACGTTTGCCATTGCTG 2308
ACTACRATAAAATCTATARGCACTTGT TAARGGARAAT ARTGGTGTTCTTCTCTGCARRCGGTARCGAC
' ¥ ¥ | ¥ ¥ | ¥ | ¥
2263 B 2287
2293
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Three-dimensional structure of E. coli gcaA protein in chain A, B, C and D
(continued)

- Chain A (238 residues) ’

Y NSNS e ) — A\
!a IVAATAQRDVAEI LLEALRRLEYRAYDSAQLAVVDAEQRAMTRLRALIAKVCRLAQAAEE
— B 0B 5 % F @& - % ¥ &

———mp— e g e AL R AP

APLAGATA IARTRWATRAEP SEVNARPRVS ER IVVVANAO [ TENREP LREELKARGYTFVS
&8 ® B 8 # e o w5 o 5 10

=AANA e A e L gty
ETDTEVIAALVNWELKQAOQ TLREAVLRATPQLAAAYATV IMDSRHEFDTLLAARSOSPLYV!
i35 o ifs (o 45 30 iS5 led 18 1o (s 1%

' = ‘ ‘ -' .-. =) . I.‘ f— -

QLAVOENFTASDQLALLPVTRRF I FLEEQDI AE! TRASVN IFDKTOAEVRRQDTESNL
s 9o 198 00 05 20 S 2 a5 o iy

Actasite- W CAT

- Chain B (239 residuss)

Y
-——-M—L—D-E:,——-MF
COTVAQATAQRDVAEI LLEQLRRLEYROYDSAQLAVVDAEORMTRLRRLAKVOMLAQAAEE

3 to 5 -] 5 0 3 40 45 [:) [}] [+

———p— ) —C- NN

HPLHAGTO 1ARTRWATHQEPSEYNAHPHVS ER IVVVANG I IENFEP LREELYARGYTFVS
4 MW T s 8 e 8 too W5 0 s 10

= AANL e ANy
ETDTEVIARLVNWELRQGATLREAVLRATPQLRIAYQTVIMDSRHPDTLLAARSGSPLYI
t2s tio LIS 140 Lds 150 LS5 180 tas 170 s 180

p——mmpigp Ll £

= - ) ] _-

JLOWIENFIASDQLALLPVTARFI FLEEQDIAETI TRRSVN IFDKTUAEVKRGDIESNLQ
1ds 1o Igy 00 208 0 28 W02 F5 " k5
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Three-dimensional structure of E. coli gcad protein in chain A, B, C and D
(continued) '

- Chain C (238 residues) ’

)/ NS\~ — )L ) — NN

CATVOATAQRDVAE T LLEGLRALEYRAYDS AGLAVVDAEGAMTRLRRLOR VML AGAAEE
5 1b 1] F Y » [ & & 5 &

— 5 o)) - AAN,

HPLRGGTA | ARTRWATHOER SEVNARPHVS EH IYVVANG | TENREP LREELKARGYTFVS
& % B & & 0 ¢ W s 1o s o

=AAAAS ALy el

EmavummmooanTunaurot.nano'nr1msnmmt.unsosn.v:
5 o i o s 130 155 1 188 o 1T 6o

- L el - st

OLOMIENFIASDQLALLPVTRRF I FLEEODIAET TRAS VN IFDKTOAEVERQDIESNL
ds o I9s 00 X8 o s Mo s W s

- Chain D (239 residues)

i

. [l g : | - Lt MY
CaTVOAIAQRDVAEI LLEGLRRLEYROYDS AGLAVVDA EGRMTRLRRLARVQULAGAAEE
[] U] 1] n 1] 10 1 & 4% 0 s &

. S e W, W

APLAGATI IAHTRWATHAER SEVNAHPHVSEH IVVVANG ! TENHEP LREELKARGYTFVS
& MW T & 8 9 ¢ o s o 5 10
_:: f B B

B J - & - : 4
ETDTEVIAHLVNWELKQOO TLREAVLRATIPQLRGAYITVIMD SRHPDTLLAARSOSPLYI
[ I . T L I O I - - S R )

' :'“ d ‘ - ‘ = - —_— =
JLOVIENF [ASDQLALLPVTRAF ! FLEEQDIAET TRRS VNI FOKTCAEVRRQDIESNLO
is5 190 T3 200 2108 :lo as 20 s FE

3 - )
o N, e TN A o
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APPENDIX 7

Standard curve for protein determination by Bradford’s method

A595

0 "F' 1 ¥ 1 . . 1 1 L
\Y . 20 40 60 80 100 120 140
BSA (pg/ml)




94

APPENDIX 8

Standard curve for glucosamine determination

0 0.2 0.4 0.6 0.8
Glucosamine hydrochlonde (pmole)



BIOGRAPHY

Miss Jarunee Vanichtanankul was bom on October 16, 1973. She graduated
with the Bachelor degree of Science in Medical Technology from Chulalongkom
University in 1994, She has further study in Master’s degree of Science, department
of Biochemistry, Chulalongkorn University in 1995.




	References�����������������
	Appendix���������������
	Vita�����������

