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VARIATION OF UREASE GENES (ureC) FROM Streptococcus salivarius

Hye-Jin Chol. Jin-Yong Lee, Ho-Young Chot
Department of Conservative Dentistry, College of Dentistry, Kyung Hee University

Urease of Streprococeus salivarius s believed to play a critical role i bacterial ecology and pH homeost.asis
in the mouth, and consequently affect the pathogenesis of dental cailes and periodontal disecses
Expression of the urease gene is greatly echanced by low p [, excess of catbohydrate, and faster growth. It
was observed that urease activity of the stramns of S. sa/rwrus that exhibited no o1 low urease activity vwas
not increased even in low pH conditions. In this study. it was hypothesized that the urcase genc of the
strains is absent, defected. or greatly changed by genetic ~ccombinatior. In order to prove this hypothesis,
chromosomes were obtained from 28 8. sa/rearins straing which had been isolated from noimal teeth and
carious lesions, subjected to polymerase chain reaction(IPCR) using primers encoding highly conserved
sequence from «reC’, and then the obtained I’CR products were compared

The results were as follows:

L. After PCR. the strains genereated eithet one of 0.54- and | 3-kbp PCR products, or none.
2. All 16 strains having a higher urease activity O50#mol/mn mg) produced 0 54-kbp PCR products ‘
3. Twelve strains without urease activity and with a lower atease activity({50pmol/min/mg) vield either |
! one of 0.54 and 1.3-kbp PCR products, or none

4. The DNA sequence of the 0.54-kbp PCR product{pCAP -0.54) exhibited 95% identity to the e of 8.

sativars 5710 30bp were found to be different. which led to difference of only 2 amino acids in the sequence
. The DNA sequence of the 1.3-kbp PCR product(pCAF 1 3) was found to be highly homologous te the

(a1

aminopeptidase C gene of Srreprococcus thermophilus.
Overall 1esults indicate that theie are considetanle vanations of the urease genes from 8. salicarins
strains and the variations may affect the weolytic aclivity o the bacteria directly or indirectly
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Streptococcus sa/zvarzus(S sa/ivm‘ius){i A IS
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g "3"‘3# AA R G AlTte] fada gt vt
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o O EE] YE Al AY S, salivariuse] AFE
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o] 8AREL FAAE FA%A foe A9E ?:4:917]
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BHI iz 2lel] $714 052 vl Fat & wjoke 318 5-3%

LA (Ultrospec 2000: Phalmaua Biotech., U.3.A
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A 19zt @714 o wjokstal FAlE A
A7bel A 28 BHI Al 1
A A2 g7 (540nmeld 3= 1.0)744] g% ez
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HAE FA & dFSFFE 33 AFHE 3 20045 4
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o FHIE 15m9] 40% 84, 17349 Saelgh 93z
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W 2gak 3 37°C0A 3057 viekslict, ol 7lel 5004
2] 2A12kQ1 phenol-nitroprusside®} 5004 akaline
hypochlorite 4 7}8F ¥ vortex mixer2 &§tsle] A&
o] 3087t HEEAIZ F ERALAE 01 &3to] 8635nm
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25 Polymerase chain 1eaction(PCR) A&
(1) Chromosome?] #-2|
S A8 E 4L eAAte Bl Al chlomowme% =
2lst71 9lshe] Au%ubel-‘:‘ o] AR&gh W& o] &8}t
8. salrears 1752 10m1e] BHI 9 2 u) ] o] 0'}'31"% ?} Hj
o

dok vhE- FAE #EE 50ml YAEE S FH §4
= 7.000xgodl A 1082 gaEgste st 3
g ol 44mie] TE $38 1mM Tns(p 150, 1
m\l EDTAIE #7isted AR-FAIZL o 4804 10%

SIpRELE 6/494 proteinase K(20mg/mi)& if:] 7}. &3kt

Table 1. Ureolvtic activity of S salivarius strains used in
the present study

Ureolytic activity(¢mol/min/

S 3{N
Subjects{No.) me) of subjects

Non carious lesion

N1 \D
N2 \D
N3 008
N4 003
No 0.36
N6 253
N7 29 79
N8 3790
N9 70 05
N10 93 26
N11 100 52
N12 10573
N13 123 83
N14 135 50
N15 141 02
N16 198 55
N17 245 25
N18 261 99
N19 303 56
C'avirus lesion
Cl \D
C2 008
C3 156
C4 1209
Ch 83.72
C6 83 74
o 157 10
C8 177 65
C9 331 61

AND net detected
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F 37TAA 1A13F Bet FA Sk}, 4mle] 5M NaClE
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(2) PCR

Va9 §. salivarius TFAA ARNES ARy &
A f55 dlsly] Yste] PCR A& 3819t AL
¥ primers= Chen®} Burne®™ 7t AMES S, salivarius
57181 ureC 742kl TAS I Azt on, A7IME2
forward primerZ 5 -AAAATACACgAggACTgggeT-3
£ reverse primer2+ 5 -TgCggggTTAATggTg
TATTT-3 2 AM&EAT}. S, sadrwarius X F53F chro-
mosomes FHOZ g PCR WH-& $lal Slolr Age
% E59 primer® 247 0.8pmol 4, 200sM dNTP,
0.75U Taq polymerase, PCR 9*%%‘»"4[10[111\1 Tris-
HCI(plT 8.3), 50mM KCl, 15mM MgCl)< #7Feted
%%L% of FeFo] 30u7} HE E3tete] Agslitt &3

Sl 92ColA 183 7H2eE F 94TolA 30%, 42¢C
30 C T2 M 18 30%3F 2% 30cycles T?‘EOP@‘
DNAE 33815, 72ColA 577 whgsto] FEnhgo
48| BUEE 89t

(3) Agarose gel A719%

CRE B3l dojrd &S #ls7] Hsted 30mie
TAE 24N (40mM Tris-acetate(pH 8.0)., 2mM
EDTAJl 0.3g9] agaroseE #7hsted 1% ge < e
& TAE $h8d0] o] Sl gel B30 Y3 DNA A
89 10xloading buffer(40% sucrose, 0.3% bro-
mophenol blue)& 4 : 19 W& 4] wellol As}et
L 10V/emZ A7 eS . d71dse] £
Z geld ethidium bromide(2ug/ml) &4 587 A
Asted UV transilluminator AelA 2435 #2319t}
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3) F7IA<Ee &l H v

(1) DNAS] 3)4=

H719% S 53] 8% DNA bande Gene clean klt
[1(Biol01 Inc., U.S.A)E o|&3td &8s}
UV transilluminator 4ell* &91% DNA band —r% =2
Zehdlol 1.5ml g4 ie]d FHo| ¥ 3Xvolumed
sodium iodine-s H7}et o} 55T A 1087t A3tk
oh. dzlE gdo] 1049 glass milkE B2 4& 5 4
2o 1087 vkSAlA DNAE &3A1700} 7,000 x gol
A 57 AR S oy AEAS Hela kitdllA Al
H AlF A 9004E Y2 DNA-glass milk pellet-& A%
FAIA AT T 7.000xgolA 5x23F YA R 89 o
23] ukESlo] AA st ARy *o%ﬂg Al A3k
oA AxzAIZ ok 2049 SHTE H7bste] DNA
g gallstart.

(2) PCR 429} cloning 2 323

PCRE F38t] E54 9] AV|AEE #4387] ¢st
o] plasmid pCAP" vectorg AR&-3l9itt. +4 cloning®ll
A8 vector DNAE ©d Y413} 8ttt 10nge] pCAP
vector, lunit MIuN1, MIuN1 buffer(20mM Tris-
HCl(pH 8.5), 10mM MgClz, 10mM dithiothreitol) &
Z3sta 37 CdA 587 RhAIZT 349 PCR M3
gAdUAstE pCAP vectorE HEsH7] 9lste] 1ngel ©
A stEl pCAP vector, lunit T4 ligase, 10ng PCR
AME- T4 ligase &84 (50mM Tris-HCI(pH 7.5), 10
mM MgClz, 10mM dithiothreitol, 60¢g/ml BSA)E &
gt F 16TolA 4A17E B2t WHEAFIT

Cloning¥ 1Hge] HEFE 93] Uk oz gol ALg-
5T E. co/i HB101 & AANER 48 & JEH 831
o AAA T F8E Yl E. co/i HB101S 37°CoA 5
ml LB A2 of] 6] gt 3? N 2-& 20mle] LB 46
Aol 1:509] vlge] HEF Hrkste] 37T FREE
540nmelAl 0.47F 2 w7 Wk ok 5,000 x golA
dareete #4¢ ¥ oA A 10mld
100mM CaCleZ #H7bstol AF-RAZT. dEolA 108
AR g o 5,000 x gellA] Al Fejsted ZEds AlA
gk o2 1ml9] 100mM CaCle, 15% glycerol& 718k
AAES AFFA7) 22 1.5m] DA Ee]-& FE 2004 A
RBasto] Algsidt AAALE FulE 20049 E. coli
HB10191 249 AHEE DNA $4E Hrhek 3 d&o
A 2087 A7) 2 42700 A 9023 G- ¢ o i
oA 1083 Waattt, o719 20042 LB <& u)A]
Z #rlsle] 4loj&E T 37ToNA 4587 v Fslar 50u
g/ml® ampicilline] 71 LB shdufA]el] ol [00udE
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(3) Plasmid DNA9] 8]

Cloning® plasmid DNAE -g]gte] ARg-at7| 9 oko]
Birnboim2} Doly" ¢ W2} Ish-Horowicz Burke' "7}
Abgeh g Bl AE-Stoict 50#g/m 1] ampi—
cilline] #7H LB dAuja]o] dAASAE sh5<) uf
kg thg 7.000 xgel A 53 AalBelste] HAE g
stedct gd wAlol 4mlel solution [ (50mM glu-
cose, 25mM Tris-HCI(pH 8 0), 10mM EDTA)E H7}
ata] A BEFA1Z] o 4mlel solution 11(0.2% NaOH,
1% SDSYE ¥ E¥stel FAE §alMZAT A7l
4mlel solution [ (60ml 5M potassium acetate,
11.5ml glacial acetic acid, 23.5ml 75 & 371t &
T3k d-goA 1087 FAAAIZ T 12,000 x gl A

15{’?71} %ﬂ%fﬂ é—l —g— Alzzol.Q. }\HEO Ey @ %7]51

O o T2
g Fgo] .74l %%%‘&%(O /Xvolume)54 iso-
propanols 7} E3sle] A2l 3083 DNAE A

Azt o 12,000 xgel A 1583t ?lf‘“ﬂo}oﬂ D\u\
& AMATIL 70% ethanol= 18] Al Hste] AHeolA 21
Zatgeh. of7]e 20049 F#F5E Artsle] DNAE 49 H

(4) DNA d7IME 84 2 #719%

229 cloned DNAS A7IMES F43847] §
Sanger$**°] 71E dideoxy chain termination %2
Abgstatt WA annealingWh8-2 A1717] ake] 1~ Jug
o DNAZ 2049 0.2M NaOH, 0.2mM EDTA® ‘-01
& oA 5EZF MAA 7 O 249 2M ammonium
45 Z3A17] 7 2xvolumes
HAAAZ g 12,000% gell A 10
Bt 9l ke 5l Al7131 70% ethanol® A% 8}
T} Akl A 74i6l & 2pmolé] primer7} Boidle
8,504 &5 1,51 10x Klenow reaction €389 =
1 & 37CAA 15837 annealing ¥-&8 Sl
Annealing® Wh&do 14 [e-*P}JATP, 14 Klenow &
A8 Frbsle e ok 42 ddATP, ddCTP, ddTTP.
ddGTP7} 2u4 A 7Fd 4702 %ZTELOH armeahno ke &
grallg 2 8y Bk 37 A 1 BI"/\V”] ut
% % 249 Chase $9% H7istod 3: Coll A 1587t 7t
SA)F) 2 449 formamide dye mixE 3 718kl 95Tl A

==

FLlO ol

acetate-acetic acid(pH
ethanol& ¥ o] DI\ AZ
Z

3EZF s B A Sol| A Yzhale] BheS AR A ATt
weE NaE Be) deld 2N9EE FAe

Gel® 5 &

< AL 5% dlmpthvldlchlolo>ﬂane(chlolo*
form &9) 22 siliconizingdt The =

T gel¥te] 3o

spacers 7]%-1 FYo 2 naie}h of 7ol 42 ur

15ml 40% acrylamide €<, 10ml 10xTI aE ?%ﬁ”
70 89M Tris-borate(pH 8.0), 2mM EDTAJo; H7}¥
100ml &5 37CA % ¥ 0.6ml 10% ammonium
acetate, 1()0#[ TEMEDE 9a &3 &4 s v}
i oA SIAIHTH FHE geltE IXTBE 458
Ao g geld o FAT 45V/emE 1AITF B¢
pre-runningAlZl thE FHIE AIRES 7T wello] H3dte}
ol Zalsl Heto 7 A7 %S S5ttt A7) Fo] ¥
3 gele Refske gelztz] o) oA gldl w1 3083
80T Al HAZ7|oA A2 & oA Kodak XAR-5
A5 Axd gelsll E1 autoradiography$ cassette
o do] A2elA 16 ~ 18A7F 5% =E2A AT wEE
AES A4kl light box/dolA] ol EHE 4 /14E S

]‘3;_, = O}Cﬁq
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1 8. salivarius 752 LAoalEM

J5rol A BFE T LT Hoh o v f
A A7Ixdel ol wEely] ffsl YA} 919
Ayt A 2t E FrhE dFE Feloia o5 bt
SR g Es Hoje dRAQ #FE5E el &
dd AHekad. & FA IR ReliFE AEHg
915 Sl 2w Egol Ad gle 1A ijﬁzi V] ket

g itel ‘*’“‘(U)O#mol/mm/mg) Holi= 37 i, ¥
{—’~ G4 050mmol/min/mg) & Bele 57 w571 L35
Ak, by ’5‘“? of AT 19 Folle Saitad
of FYH A & 270 FF, vk QapaddE B
67 a4 'Jf—?: %‘ AE 2 110 ;*-rﬂ Fahs Aot

("Table ).
2 PCR M=

Chen®} Burne™ e 8 salivaris 5718 wre€ FAE
F:5ek] 0.54kbpe] AHEE G559 on of tHee] 97
MaE #Rlstoltt, o)gol AL FYE primer & A
Lok & A S salrvarins TFEYN ure FAAE
PCRz -=Z A7 A3 8. salivaris 57 194 A% AHE
3 FYst 2711 0.54kbp AHEH olshe b A7)
1.3kbpe] 2HEel 1A THFig. 1

SaEdas 4% W PCR AHEY] 2718
256 O BRE w18 B0 FUT BB
% o sl 27199, 0.54kbpet diAbA] et 1. %kbp
A7)¢) PCR A< sy opdd s POR
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SR GEoktH(Table 2). S4B 84S Holx] 9ghd
N TS ASsta v viekel SAE
( { 50pmol/min/mg) & E3FAo &3
glol PCReA AHa& HolAl &7y 0.544 1.3kbp 371
o) e F shE et W AR} 28 T
() 50#mol/min/mg)& PCReA 2% 0.54kbp2l ”’ﬁa
A sttt

3. Y@Ml el 3 d(i

PCR& A4 ¥ 0.54kbps} 1.3kbp PCR AH2 3 242} 3}
UR(NTT, C2 d st pCAP vectorel cloning 3312
1 cloninge] &% FAHR=AE B8] 935k
cloned DNAE ?%2& 3t pCAP" vector®] multi-
cloning 7 4% 2ol A8 A7|ALE primerR o] &

Table 2. Variations in the size of the PCR products from
chromosomes of S salivarius strains

. Urease activity PCR product
Strains (umol/min/mg) 0 54kbp  1.3kbp
Non-carious lesion
N1 ND - -
N2 ND - -
N3 0.08 - +
N4 0.08 - +
Nb 036 - +
N6 253 - +
N7 29.79 - -
N8 37.90 + -
N9 70 05 + -
N10 93.26 + -
N11 100 52 + -
N12 105.73 + -
N13 123.83 + -
N14 135.50 + -
N15 141.02 + -
N16 198.58 + -
N17 245.25 + -
N18 261.99 + -
N19 303.56 + -
Carious lesion
C1 ND - -
C2 008 - +
C3 1.56 - +
C4 4209 - +
Cc5 83.72 + -
C6 83.74 + -
C7 157.10 + -
C8 177.65 + -
C9 381 64 + -

ND not detected

540

of TYg 2oM PCR A8 S 8g A} 7|&q &
S99 A7lel oF 300bp3 =2 multicloning 97} £
H AEEo] 7z #9Er), w3l zdzle ARES
multicloning ¢ HAE7}F EAdE EcoRr T3
BamH | & 23 A3} multicloning ¢ 457} %39
AEEo] YA (Fig. 2). 0.54kbpst 1.3kbpE
pCAP* vectorel A48 Z47h9] cloned DNA(ZHZ

M12345M

< 1.3Kbp

<« 0.54Kbp

Fig. 1. Agaiose gel electrophoresis pattern of PCR-ampli-
fied #reC’ genes from the representative strains of §. sa/i-
varius. M, DNA molecular marker. lanes- 1, N3. 2, N11:
3, N19: 4, C8: 5, C9.

M123456M

bp
12,126
10,180
8,144
6,108
1,072
3,054 s 4
2.036 s B
1.636
1.018 -
0.506
0.396

0.07s

Fig. 2. Agarose gel electrophoresis pattern of PCR-ampli-
fied cloned DNA. M, DNA molecular marker. lanes: 1 and
2, pCAP-0.54: 3 and 4, pCAP-1.3: 5, EwR | -Hind |l
digested pCAP~0 54: 6, EcoR | -BamH | digested
pCAP-1.3.



1 GCAACTTACG CAGGAAITGA TAATTCTCTT  AAAGTTCUGE [ CTTCAACATC AAATGTTTAC  ACAGGATCAC TTGGAWATC

41 ATAAATATGA TGTTTCCTIT GCGGTTCACA CTGACTCATT 41 AGUTCATCA  TCAAGTTTAG  ACTCAAGCCA  AAGCACTGAC
81 GAATGAAGGT GGATTCATGG AAAACACTCT TGAGTCT™C Al TCATCAAGTT CACAAGATAG TCAACAGTAC CGCCUTGATG
121 CAAGGTCGTA CCOGTTCACAC CTTCCACACC GAAGGTTCAG 121 CTTCAACAAA  TCCATCGACA TCGGCCTCTA  ACGGITCTGA
161 GIGGTGGACA CGCTCCAGAT ATTATGGTCT TTGOTGGTAN lol 2CATTCAAAT TCAAMCGCTG CTACAGCAGA AGAATANGAA
201 GGAAAATATT TTGCCATCAT CAACTAACCC AACTANCCCA 201 TAAAAGGGT TATCCGAATG GATAACTCTT  TTTTTACCGA
241 TACACTACAA  ATGCTATTGG TGAGTTGTTA  GATATGCTTA 241 TAAWTTTAA AGAAGCTATA TAAAACCACT  AGCATCATTT
281 TGOTTTGTCA CCACTTGGAT CCAAAAATCC CAGAAGACGT 261 CCAGTGATTT TATATATTGT CTTATTITGA  AGCAACGGCT
321 CTCTTTITGCT CAATCACGTG TACGTAAACA  AACTGTGGCT 321 CCCATTGGGT  CCCAAGGAGC AAGTACTIGT  CCGTCTGCTT
261 GCAGAAGACG TTCTTCACGA TATGGGTGCC CTTAGTATCA 381 CATAGGCTGE TAATTCTTCA  GCTGTAAGGA AGTOTITGCG
401 TGACTTCAGA TGCCATGGCA ATGGGCAGTG TCGGTGAANGT 401 2ACAACCATT TGATAAGTGT ATTCATCCAT  CCAGCCATCG
441 AGCCATGCGT TGTTGGCAAC TAGCTGATAA  GATGANAGCT M1 HAAGCGACAY AGTAACCTTT  TTGTCCGACC TTGTCTCCCC
461 CAGCGTGGTC CACTTGAAGG GGATTCAGAA TTTAATGATA 481 CNGAGTTTTC  AACCTTCCAT TTAATAGGTT  TACCATCAGC
521 ATAATCGTAT CAAACGTTAC GICGCT 46 521 VICCAAATCA ACCCCAGT 338

Fig. 3. Complete DNA sequence of Lhe pCAPP-0 54 Fig. 4. DNA sequence of pCAP-1.3 3 -half of the gene

has biren sequenced.

pCAP-054 1 GCAACTTACGCAGCAATTGATAATTCTCTT \LAAGTTGCCGATAAATATGATCTTITCCTTTGCG 63
571 1 GCGACTTACGCAGCTATTGATAATTCCCTT AAA0TYGCOCATAAATACGATCTTTCCTTTIGIG 63
pCAP-054 64 GITCACACTGACTCAT GAATGAAGGTGC T CATCGAAAACACTCTTGAGTCTTTCCA 123
ST 64 GUTCACACTGACTCTITGAATCAGGGTGC TITATGCAAAATACTTTGGAATCCTTCCAA 123

pCAP-054 124 GGTCGTACCGTT AZACCTTCCACACCGAMGC TTCAGGTGGTGGACACGCTCCAGATATT N3
5l 124 GGTCGTACTGTTCATACCTTCCACACCGAAGG™PCAGGTGG TGGACATGC TCCAGATATC 53

AP-054 184 ATGGTCTTTGOTGO  AAGGAAAAT, i\'I"“ll! e \T ATCAACTAACCCAACTAACCCATAC 243
ST 18 ATGGTTTTTGCTGGTANGOAAAATATTYTC "CATCATCAAUTAACCCAATCAACCCATAC 213

pCAP-054 224 ACTACAAATGCTAT GGTCAGTTCGTTAGAT VINGTTATGGTTTGTCACCACTTGGATCCA 303
57 1 224 ACCACAAATGCTATTGGTCGAGTTGTTAGATATOGT TATGGT T TGCCACCACTTGGATCCA 303

2054 304 AAAATCCCAGAAGATGTCTCTTTTIGCTGAATCACCTGTACGTAAACAAACTGTGCCTGCA 364
a7 | 304 AAAATTCCAGAAGACTTCTCTTTTCCTGAA TCACGTGTACT AAACAAACTGTAGCTGCA 362

pCAP -054 364 GAAGACCTTCTTCACGATATGGGTGCCCT AGTATCATGAC TCAGATGCCATGGCAATG 423
a7 1 “364 GAAGACCTTCTPCACCATATGGGTGCCCT AGTATCATCACTTCAGATGCCATGUCAATG 423

pCAP-054 . 424 GCCAGTCTCGOTGAAGTAGCCATGCGTTG TCGCAACTAGITGATAAGATGANAGCTCAG 8d
31 424 GCACGTCTCGGTGAAGTGGCCATGCGTTG TGC CAACTGCCTCATAAGATGAAGGCTCAG 483

pCAP - 054 484 CGTGGTCCACTTGANGGUGAT CAGAATT AaTGATAATANPCGTATCAAACGTTACGTGGCT 56
Al 484 CGTGGTCCACTTGAAGGGOATTCAGAGTT AaChATAATAACCCTATCAAACGTTACGTGGCT 216

Fig. 5. Comparison of the DNA sequence of the pCAP -0 7.1 and #reC gene of 8. salivarius 57 1.

pCAP-0.54kbp, pCAP-1.3kbpiz *gwd)eo] gk 1714 o} €579 fAMd 2 YER L (Fig D), ofnliit M4de
d¢ A HFig. 3, 4). &31d DNA @714¢9-2 Hlatef Az 249 ofnlieAtel A Aol & vhehithiFig.
Gene Bank %d 2418 A3}l pCAP-0.542] Z-F, 5. 6, M pCAP-1.39 ASede F71Mge] 4
salivarius 5712} ureC A8} 30742] bpel 4] ?<]-°]~§’i‘ - 538bpst Streprococcns thermophi/us® aminopeptidase

541



pCAP- 034  ATYAGIDNSLKVADKYDVSFAVHTDSLNEGGRMENT
571 ATYAGIDNSLKVADKYDVSFAVHTDSLNEGGRMENT
pCAP-054  LESFQGRTVHTRHTEGSGGGHAPDIMYFAGKENILP
571 LESFQGRTVHTFHTEGSGGGHAPDIMYFAGKENILP
pCAP-054  SSTNPINPYTTNAIGELLDMVMVCHHLDPKIPEDVS
571 SSTNPINPYTTNAIGELLDMYMVCHHLDPKIPEDVS
pCAP-051  PARSRVRKQTVAAEDVLHDMGALSIMTSDAMAMGS
57 1 FAESRVRKQTVAAEDVLHDMGALSIMTSDAMAMGR
pCAP-034  * VGEVAMRCWQLADKMKAQRGPLEGDSEFNDNNRIK
5.1 VOEVAMRCWQLADKMKAQRGPLEGDSEFNDNNRIK
oCAP-054  RYVA

571 . RYVA

Fig. 6. Deduced amino acid sequence of the pCAP-0.54
aligned with the corresponding predicted sequence from .
salivarmus 57 1
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