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Isolation and Identification of Novel Alkalophilic Bacillus alkalophilshaggy JY-827 with Anticaries
microbe Streptococcus mutans. Chun, Ju-Yean, Il-hwan Ryu, Sang-Uk Lee', and Kap-Sang Lee*. Department
of Agricultural Chemistry, Wonkwang University, Iksan, Chonbuk 570-749, Korea "R&D Center, Foodtech Co,,
93-27 Maryong-ri, Seosu-myeon, Kunsan 537-940, Korea — The study was performed to investigate the excellent
microbial anticaries substance which is more effective than the chlorohexidine in the dental caries treatment. For the
screening of alkaliphilic microorganism, more than 1200 bacterial strains were isolated from sea soil sample. A typ-
ical strain which produced the most excellent antimicrobial substance was selected. The strain was identified novel
alkalophillic Bacillus sp. through the results of morphological, biochemical and chemotaxonomical characteristics
and 168 rDNA sequencing and designated as Bacillus alkalophilshaggy JY-827.

Key words: Bacillus alkalophilshaggy YY-827, Anticaries, Purification, Identification.
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X(parotid)el] A 2E]8 T A o] 27tx hFqo A o
histidine-rich polypeptide®} S. mutansZ ulloFA] Ale]
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(1012 &XAEBAE 23 e 9] A ticlosan
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AA e},

pebr] B AT FX 9 A5 ZAgke] W ggle] FHy
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pepton, 0.5% vyeast extract, 0.1% KHyPOy 0.02% MgSOy
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11.0)05 Atgstsdon AR ate} wiA4dE F
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Streptococcus mutans MEMoEE MipSe| £2|

A A QT D7 el A Bkl AT A
25 PGSR 33) Nl Rl TARAC) A7)
Alze] gy SmEle] 25°CeA 39zE AAwiekEld
o}, S Vehlle I AEE] $isked AR
o AR 2] colonyE FLUE A2 AFufx]e] wY
o2 13 HFska, 25°Ce) A 3 Fot Alshaeksledcd.
Hi kRS- 12,000 x goll A1 2087+ AA-2E]s)] wijck A
< BT S mutans® IFITLE A3 BIpRA| A
FA)E AsHE colony®s 12k Abgslael 12k R

Zollx] szl diste] FHe 277 R e F
FE 22 Asiel BEshA o g Abaslsid

e Mikrse| S8

e L wjepstE BA

Ba|FFe] 27|19} el Gerhardt S{1312) Whdel o}
2} aFgsted A3)ein|Z (Nicon, FK-IA Japan)e2 @
Zelgie}, wal Relure] Adsk AYg BdIr] $3led
2.0% phosphotungstic acid® negative 43t gold
coatinggt %] FAFHw|A (Philips, SEM 515, Netherland)&
o] 23}e] FAstI ™ glucose-nutrient agar WiA], skim
milk ¥R, Luria-Bertani wiR)el)A] &5 Z2ke] e, =2
7], A7 22 FAstRT, wbRFA A (ryptose 1.0%,
sodium chloride 0.5%, agar 0.5%)l wioksle] FAS
ARSI

A2 g EA

T2 Aeld BAHL2x casein Hills, AE Halls,
gelatin B&1E, U EA, indole A%, nitrate T3,
catalase?} oxidase JAbeS ZAsIGE. A 72 4
2]&k= Adal-e Microbiology a laboratory manual[14], Manual
of methods for bacteriology[13], Bergey's manual of
determinative bacteriology[15] 5ol $&=]o] = dukd
ol Al el weh Pt

ERRLAY

HalgFe] Ea B4 Komagatasl Suzuki[16]]
Method in Microbiology, Miller[17]%] Microbial identifica-
tion system(MIS)l| Esled BHslgich. B o 2= A
=W Fatly acid type, DNA base composition(G+C
mole content), DNA sequence 58 FABIATH A|HMAE
AL AR A 20mgH 5% T methanolic-HCI
20 mLE AlETel] Y3 100°Co A 317k Fjadsled AwAL
< fatty acid methylester(FAME)&E} 31$3v}. Methylesters}
A7) AL AL BAAR F FF5 1.0mLE 7t
B} FAMES n-hexane 3.0 mLE 33 818 FZsjglem,
n-hexane F&2¢l| 29 SRF5E A7Isled 43 F, o
ARaldled phexane®uhy Balsle] AAvlAT 539
o} %5238 FAMEZ n-hexaneol| #-8s)A]711 o] 2 HAA]
B2 ARSI AWAF A2 gas chromatography
(Hewlet-Packard, 5890-II, U.S.A)= 245}9]2™, column
2 capillary columns AM3K3YL, detector= flame ioni-
zation detector(FID), injection 2=+ 250°C, column -2

= 200°C, ke AAvkAE AREEhgEk 168
IDNA 82 242 (FRtelZE ofelwjAlr} /piet
PHYDIT Z273-5 AR8-sled Attt Sequence®:
tRNA o]3}722 73] alignmentdt -, % simmilarity
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4 G+C mole ¥EE Tolivh. =8k Jukes & Cantor
model[18]e]l £]3}e] evolutionnary distanceZ AAls}ed. 2,
Neighbor-joining method[19])] £]&}e] #|-B<(phylogenetic
tree)S ZAdsloltt. oo tree?] scale bar: 0.1 substitution
per siteZ= u|dhc}

EA 54

S mutansl] 3 WVFH =AL brain heart infusion
soft agar iAol | HTS i%fﬂ-_h cup cylinder HFH-&
o &5lod 37°CellA] 48A1ZE wioksled AR Yol =]
2 ZAsl9ict.

Streptococcus mutans M Kol 22 AiMre| 22
S. mutans A5 A3 BA YAFFZ AEs1) $18ke]
A EokomiE Reg g A TF 1150 TF
Z S mutansl] WEle] A2 gg Ushie 52 12} AE
a99v}. Fig. 1ol B vhe) Ze] 71 2 AA|3ke] =27]
£ HER TY-827 TFF FE APt B A7) Ahest

e,

o2 24

el 2 wjekebE B4

B2 EF TY-8278] A E R M 2] AL glucose-
nutrient agar medium, skim milk medium, luria-bertani
mediom 5 432 wiF]M R A9 Aol FA]| gglen,
o)A BRI (pH 11.0)914% Table 19]M Bz vje}
7o) colony el W&elgi, M2 fFle|glom &
Pe BEHT e Qs B9 20 AR
o e Fem VeI, FAY AHWFE B
o] sk}, o] AL HEiEE B4 Fig. 2¢] A
w7 Alzla) zle] PFHFOBA I F7]E= 200 x 250 umE

Fig. 1. Antimicrobial activity of microorganism isolated from
sea soil sample.

H].J.L.Zq s17e7]- Zgelgler, R S Ayl wA A
A2 91 9 Hejgon, 540 FLET, Gram oF
A 0]93E]—.(Table 2)

FELEE

Ra|5 JY-8279] A2AH EAS 7=3 4¥ Table 3
I b A2 eE pH 9.0~12.001913, AE52% He=
15~45°Ce] e, =g A= 10%714] Aso] 7Hesiae
o, catalase ¥, oxidase 984 Y starch, casein, cellulose
el =8 A=lskd fARE ARst A5

el

Table 1. Morphological properties of the strain JY-827

Shape Cocci

Cell size 200 % 250 um
Motility Motile
Flagella Positive

Spore Oval central
Gram stain Positive
Sporangium swellen Negative

Morphological properties were examined after 72 hours cultivation
of the strain JY-827 in the liquid medium at initial pH 11.0

Fig. 2. Scanning electron microscopic photogram of strain JY-827.
* Bar represents 10 Wm

Table 2. Culture characteristics of the JY-827

A) Colony on the solid medium at initial pH 11.0

(25, 5day)

Form Circular
Sulfase Smooth
Elevation Convex
Margin Entire
Opacity Opaque
Brilliancy No glistening
Color White cream
Chrogenesis None

B) Liquid medjum at initial pH 11.0
Growth abundant, turbid without sediment
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Table 3. Physiological properties of the strain JY-827

Temperature range for growth
pH range for growth
NaCl tolerance for growth
Catalase
Oxidase
Lecithinase
Lipase
Phenylalanin deamination
Hydrolysis of

Starch

Casein

Cellulose

Esculin
Indol production
Levan formation from sucrose
NH; production from argine
NHj; production from pepton
Gelatin liquefaction
Metlyl-red test
Voges-Proskauer reaction
Nitrale reduction
Action on milk

Coagulation

Peptonization
Oxidation-Fermentation test
Growth on nutrient plate

15~45°C
9.0~12.0
=10%
+
+
+

+ o+ + + o+ o+

+

Fermcntation

-: negative,

+: positive

Table 4. Biological assimilation test by the strain JY-827

Table 49} Z+o] L-thamnose= o]-4314] H3l¢d21} plucose,
sucrose, raffinoset= Z o]-8519t}. ©]4k] Biological Assimi-
lation Teste| X Curtobacterium pusillum®@ % 11.3%9]
FALEE vEpfe] Mz mAEY 7hsAe] e AR
Feslsde).

e =4
2e)pE JY-8278] AlR)ar B T8 R &
e el 2o ut S o] dlsk) 2T

o) AT AMAE BH, GIC mole FF 24, FHA v

"é-c"sl—:-: oot
FelF JY-8272 ME AAE AE-g AES H3,
Fig. 33} Table 5ei|r2} 7ke] —’?/‘é%—fj— iso-15:02} anteiso-
15: 0°] branched typel = 2hzke] ke 40.09%%) 28.92
2 Jeligdn). o)lE Bacillusd Mld _,] HEe B4
i Suzuki®t Komagata 5[201¢] Bacillus Alde] A4}
A} FAEL 13-methyl tetradecanoic acid(C15:0-is0), 12-
methyl tetradecanoic acid (C15:0-anteiso)¢] blanched type
o= Barel odx|sl= kS Welov) reference?) W|H
A3 B. megateriumd= % 22.7%%] FAMEE el L
o, B. subtilis®= F 13.8%, B. licheniformis?}= <
20.5% BT Brevibacillus agritt <F 32.0%2] fAIEE
Hol 1 213)Ae] =] Yukn Buksted, G+C mole
B8 sk Aa) o] R oF 23.79%glem, co] &
e o 31.16%% G+C rnole-r] RS oF 55%2 e}

Water
O~cyclodextrin
B-cyclodextrin
L-pyroglutamic acid
Glycogen

Inulin

Manman

Tween 40

Tween 80
N-acethyl-D-glucosamine
N-acethyl-D-mannosamine
Amygdalin
L-arabinose
D-arabitol

Arbutin

Cellobiose
D-fructose
D-galactose
D-galacturonic acid
Gentiobiose
D-gluconic acid
0-D-glucose
m-inositol

+ +

o-D-lactose
Latutin

Maltose
Maltotriose
D-mannitol
D-mannose
D-melezitose
D-melibiose
3-methylglucose

o-methyl-D-galactoside
B-methyl-D-galactoside
o-methyl-D-glucoside

[3-methyl-D-glucoside

Y-methyl-D-glucoside -
Adenosin-5-monophosphate -
Thymidine-5-monophosphate -
Uridin-5-monophosphate -
Fructose-6-phosphate -

Glucose- 1-phosphate

Glucose-6-Phosphate -
D-L--glycerol phosphate -

D-sorbitol
Stachyose

- L-alanin -
- L-alanyl-glycine +
+ L-asparagin -
L-glutamic acid -
D-xylose +
L-malic acid +
Dextin +
L-serin -
2,3-butandiol -
Glycerol +
Adenosin -

+ 4+ o+ o+ o+

2-deoxyadenosin -
Inogine -
Thymidine
palatinose
D-psicose
D-raffinose

+ o+ o

L-rhamnose -
- D-ribose
Salicin

Sedoheptulose -
+ Latamide -
+ D-lactic acid methyl ester -
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Table 4. Continued

L-fucose - Sucrose + L-lactic acid -
D-tagatose + D-trehalose + D-malic acid -
Turanose + o-hydroxybutyric acid - Metyl pyruvate -
Xylitol + B-hydroxybutyric acid + Succinamic acid -
Acctic acid + Y-hydroxybutyric acid + Succinic acid -
p-hydroxyphenyl acetic acid - mono-methyl succinate + N-acethyl-L-glutamic acid +
O-ketoglutaric acid + Propionic acid + Alaninamic acid -
o-ketovaleic acd + Pyruvic acid + D-alanin -
ACGCTGGCGOCGTGOCTAATACATGCAAGTCGAGCGGACAGAAGGGA
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Fig. 3. Gas chromatogram of cellulra fatty acid of strain JY-
827.

ot ol Q¥R Bacillus sp2l B4 A8 At
Z vebigid

3t 16S 1DNA sequencing PHYDIT Z2 7388 LS
3le 168 rDNA 3AF 45 333 25 1492 bpd]
71ge AAsla 1 ZAE Fig 4o viehiddet =3t
o]2 AR reference®l Bt % simmilarityZ T3}
A%}, B FFE Bacillusel &30 ATSE A9=EgL
W, B. clausii?] FFTT2} 95.7% TrAESE Wepde] 71
Ve elet & 4 glovt sejsl, AujEE B4 2
MZA A AR F2] Ae|R Q8 B. clausiiel 2 59
Tl B = gt 2B QA4 75%<] Bacillust
T AN2$- Fol2)} A¥sled Bacillus alkalophilshaggy TY-
827rFol=l W sledet 3t Neighbor-joining methodel] ]
3o AE=7(phylogenetic tree)E 245kl 7 AIEF Fig
5ol vhehfedet, off tree®] scale bark 0.1 substitution
per sitex &u]glel,

GUTTGCTCCCGGAAGTCAGCGGCGGACGGGTGAGTAACACGTAGGTA
ACCTGCCCCTTAGACTGGGATAACTCOGGGAAACCGGAGCTAATACG
GGATAATAAAGAGAATCACCTGATTCTCTTTTGAAAGACGGTTTCG
GOCTGTCACTAAGGGATGGGCCTGUGGCGCATTAGCTAGTTGGTAAGG
TAACGGCTTACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGAT
CGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGC
AGTAGCGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCG
CGTGAGTGAGGAAGGCCTTCGGGTCGTAAAGC TCTGTTGTGAGGGAA
GAACAAGTACCGGCGTAACTACCGGTACCTTGACGGTACCTCACCAG
AAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTG
GUAAGCGTTGTCCGGAATTATTGGGCG TAAAGCGCGCGCAGGCGGCT
TCTTAAGTCTGATGTGAAATCTCGGGGCTCAACCCCGAGCGGCCATT
GGAAACTGGGAAGCTTGAGTGCAGAAGAGGAGAGTGCAATTCCACG
TGTAGCGGTGAAATGCGTAGATATGTGGAGGAACACCAGTGGUGAA
GGCGACTCTCTGETCTGTAACTGACGCTGAGGCGCCAAAGCGTGGGG

TGCTAGGTGTTAGGGETTTCGATGCCCGTAGTGCCGAAGTAAACACA
TTAAGCACTUCGUUTGGUGAGTACGUCCGCAAGGUTGAAACTCAAAG
GAATTGACGGGGACCCGUACAAGCAGTGGAGCATGTGGTTTAATTCG
AAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTTTGACCACTC
TGGAGACAGAGCTTCCCCTTCGGGGGCAAAGTGACAGGTGGTGCATG
GTTGTOGTCAGCTCGTGTUGTGAGATGTTGGGTTAAGTCCOGCAACG
AGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAA
GGTGACTGCCGGTGACAAACCGGAGGAAGHTGGGGACGACGTCAAAT
CATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGG

TACAAAGGGCAGCGAAACCGCGAGGTGGAGCCAATCCCATAAAGCCA
TTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGCCGGAA
TTGCTAGTAATCGCGGATCAGCATGCCGUGGTGAATACGTTCCCGGG

TCTTGTACACACCGUCUGTCACACCACGAGAGTTTGTAACACCCGAA

GTCGGTGAGGTAACCTTTTGGAGCCAGCCGCCTAAGGTGGGACAAAT
GATTGGGGTGAAGTCGTAACAAGGTAGCCUGTATCGGA

Fig. 4, 16S rDNA sequence of strain JY-827,

Table 5. Major cellular fatty acid of the strain JY-827

C14:0 iso 3.49%
C14:0 0.85%
C15:0is0 40.09%
C15:0 anteiso 28.92%
C15:0 0.74%
C16:0 w7c alcohol 4.07%
C16:0 iso -

Cl16:0 1.50%
Cle:l wlle 3.80%
Cl16:0 1.14%
Cisol7:1 wl0c 2.12%
C17:0 iso 4.78%
C17:0 anteiso 6.26%
suggest ID (similarity) Brevibacillus agri (32.0%)
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Brewibaciltus brevis
Faanibacilius tenfimorbus
Bacilus sdaphicus
Bacillys ehimens)s
Bacillus thesmocipacae

Bacillus thermosphaericus
Bacilius thermoarmyloverans

\ Bagulug paflidus

Bacilug stearothermaphilus
Bacitlys tharmmoglucosidasius

Bacitius horti
Bacillus agaradhaerans
Bacilius clarkif

Bacilius vedder

Bacillus alcalophilus
Bacillug peeudalcaliphilus
Baciflus clausi
Axa=

Bacillus gibsoi

Bailtus horlkoshii
Hacillus coagulans
Bacilus faevolaclicus

Virgibaciflus panlothenticus
Baciius mansmortul
Sahbaciliug satexigens
Hatobacilius halophilus
Graciibacilius dipsosauri
Gracilibaciiius halptolerans
Baciltus lentus

Baciltus badlus

Baciftug oleronius

Bacillus sporothermodurans
Bacitius smithi

Bacillus carboniphilus
Bacillus srotolormang
Baciiuz firmus
Baciflus benzowvorans
Bacilus circulans
Bacillus mlermus
Bacidlus meathanofious

Bacillus pumius
Bacillus licheniforms
Baciius airophasus
Bacilius amylohiquefaciens
Bacillus sublis

Gacilys pseudomycoldes
Bacillus aplhracis
Bacilfus cersus
Bacflius thuringiensis
Bacilius mygoides
Bacilus wahenstaphanensis
Bacilfus marinus
Bacilfus sivesins

Bacilus fusiformis
Bacilius aphaericus
Bacillus insolius
- Bacilius pasteurii
Bacillus globisporus
Baciftus psychrophfius
Bacillus fastdiosus
Bacilius cohnil
Bacillus balmapalus

Bacillus psychrosaccharolylicus
Bavilius megatesum

Baciflus simplex

01

Fig. 5. Phylogenetic tree of Bacillus olkalophilshaggy JY-827.

Table 6. Similarity against reference of strain JY-827

2 o

Streptococcus mutans 35 A5 B JAFFE AEs)
7] $13led A ECROZRE] S mutansel] ddle] Ax|E-e
el 1,150 75 5 13k AEelaa, o) 1A 2 %)
Agke] =715 ebd Tv-827 TFE AWEkd A B4
Flshd BAe Az}, BelFF JY-8279) colony HEH:=
Holoia, A2 fielglom EHe BZsa Wln
B Adeideh. 3714l o, FAle] AL Holx]
i) o] FFe HEEhE BAL TFOEM 1 @)=
200 x 250 pmeE B3 size7) Folgl.on] MR gl
< 1w wA AAE 9 glE degden], $5A4e]
ZAF A, Gram Fdelawh AEAE pH 9.0~12.00193,
A% HE 15-45°Ce]|9itd.

TRTT TY-8278] AZ AAL RS HAES An, F
AEL i50-15:08 anteiso-15:02] branched typee 2 247}
o] R 40.09%%} 28.92%F etk G+C moled)
k2 oF 55%2 vhelshow, 168 DNA sequencing®
g A7 1492 bp2] F7IMNLDE FAST, referancest
¥t % simmilarityE 73 At o] FFE Bacillust
o $3l TR AgHen] NEs Folg) Brised
Bacillus alkalophilshaggy TY-8277 el risleic)

HAtel 2

o) TR 20005 YBTSEe] FALL)S] Yo
e 979 2ok Aa gee] ZAE,

REFERENCES

1. Hanmada, 8., T. Koga, and T. Ochima. 1984. Virulence fac-

Strain Similarity (%) Differences/compared (nt)

Bacillus clausii DSM 8716T 95.70 64/1489
Bacillus alcalophilus DSM 485T 95.42 64/1396
Bacillus pseudalcaliphilus DSM 8725T 94.84 7771492
Bacillus gibsonii DSM 8722T 94.35 84/1488
Bacillus horikoshii DSM 8719T 94.22 86/1488

. Bacillus oleronius DSM 9356T 93.03 103/1478

" Bacillus cohnii DSM 6307T 93.01 104/1488
Bacillus pallidus DSM 3670T 92.88 106/1488
Bacillus halmapalus DSM 8723T 92.87 106/1487
Bacillus benzoevorans ATCC 49005T 92.83 100/1395
Bacillus methanolicus NCIMB 13114T 92.74 108/1487
Bacillus firmus IAM 12464T 92.73 107/1472
Bacillus circulans ATCC 4513T 92.67 99/1350
Bacillus marinus DSM 1297T 92.66 109/1486
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Table 6. Continued

Strain Similarity (%) Differences/compared (nt)
Bacillus azotoformans ATCC 29788T 92.43 100/1321
Bacillus licheniformis ATCC 14580T 92.33 114/1486
Bacillus atrophaeus NCIB 12899T 92.30 101/1312
Bacillus fastidiosus DSM 91T 92.29 107/1388
Bacillus carboniphifus JCM 97317 92.14 117/1488
Bacillus sporothermodurans DSM 10599T 92.12 117/1484
Bacillus pumilus ATCC 7061T 92.06 108/1360
Bacillus thuringiensis IAM 12077T 91.99 118/1473
Bacillus badius ATCC 145747 91.59 11471423
Bacillus cereus 1AM 12605T 91.92 119/1473
Bacillus lentus 1AM 12466T 91.92 119/1472
Bacillus subtilis ATCC 6051T 91.82 114/1394
Bacillus mycoides DSM 2048T 91.80 113/1378
Bacillus simplex DSM 1321T 91.78 115/1399
Bacillus amyloliquefaciens ATCC 23350T 91.77 114/1385
Bacillus anthracis Sterne 91.76 114/1384
Bacillus coagulans TAM 12463T 91.74 121/1465
Bacillus weihenstephanensis DSM 118217 91.60 123/1465
Bacillus smithii DSM 4216T 91.54 126/1489
Bacillus laevolacticus TAM 123217 91.38 127/1474
Bacillus agaradhaerens DSM 87217 91.26 130/1488
Bacillus insolitus DSM 5T 91.23 119/1347
Bacillus psychrosaccharolyticus ATCC 23296T 91.20 120/1363
Bacillus infernus TH-23T 91.15 131/1480
Bacillus globisporus ATCC 23301T 91.12 132/1487
Bacillus megaterium TAM 13418T 91.04 132/1474
Bacillus silvestris DSM 122237 90.99 134/1487
Bacillus thermoglucosidusius DSM 2542T 90.96 120/1327
Bacillus psychrophilus ATCC 23304T 90.90 131/1440
Bacillus vedderi DSM 97687 90.75 136/1470
Bacillus pasteurii NCIB 8841T 90.73 125/1349
Bacillus clarkii DSM 97687 90.73 138/1489
Gracilibacillus dipsosauri DSM 11125T 90.67 126/1351
Bacillus pseudomycoides DSM 12442T 90.65 138/1476
Bacillus thermoamylovorans CNCM 1-1378T 90.57 140/1485
Bacillus horti JCM 9943T 90.48 141/1481
Gracilibacillus halotolerans DSM 11805T 90.37 143/1485
Bacillus marismortui DSM 12325T 90.36 143/1483
Virgibacillus pantothenticus 1AM 11061T 90.28 143/1471
Halobacillus halophilus NCIMB 9251T 90.12 142/1437
Bucillus thermosphaericus DSM 10633T 90.10 146/1475
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