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Isolation and identification of acetic acid bacteria from sources collected in Japan
and Southeast Asia

Tai Uchimura

Laboratory of General and Applied Microbiology
Department of Applied Biology and Chemistry, Faculty of Applied Bioscience, Tokyo University of
Agriculture, Sakuragaoka 1-1-1, Setagaya-ku,
Tokyo 156-8502, Japan

Acetic acid bacteria were isolated from samples collected in Japan, Indonesia, Thailand, and the Philippines from
1994 to 2005. About 800 samples targeted for fermented foods, fruits, flowers, and other materials were used for
the isolation of acetic acid bacteria. A total of 514 isolates were identified as those belonging to 7 genera and 35
species, including 2 new genera and 12 new species. This study revealed a wide distribution of acetic acid
bacteria in Japan and the Southeast Asia, and would indicate a rich flora of acetic acid bacteria in the regions.

Key words: acetic acid bacteria, Asaia, Kozakia, Okinawa, Southeast Asia
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Fig. 1 Phylogenetic relationships of acetic acid bacteria

deduced from 16S rRNA gene sequence clustering
by neighbor-joining. The scale bar represents 0.01
substitution per nucleotide position. Numerals
indicate the bootstrap value derived from 1000
replications. Frateuria aurantia IFO 3245
(J010481) was used as an outgroup.
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mIZRY, BEBRERM BT Lal, &4,
Fex EBPOREBRES I NL E LB ICHEOR
W, ¥/, BFREOBOBREITON, BfE, BEE
WL R IZ o -Proteobacteria @ Acetobacteraceae Ft
29 41008, y-Proteobacteria (ZJE T % Frateuria @
LB CTHEK I TS (Fig. 1. 7, &, 8%
A ORE X IR Z RS Granulibacter 2578k -
FESh, HEZ2HU TS (Greenberg ef al.,
2006) .

RAECEEEROPRE - EPREENEL—F, &AE
#, B (niche) 7 & & 445 & OBRIL F 22 +0R
HahTwizw, 22T, AL HAORR~ 7l
POREBREOSE - REE24TYy, 0452 HL I
THIEEHME L. T, HET7IVT7ORB2S
S8k - FE L7z Frateuria, S 512, Gluconacetobacter
nataicola sp. nov., Gluconacetobacter saccharivorans sp.
nov. D 2FHORKIZOVT LR, 4B, Ak
T, BEREOSAICHET 2 HBD/0IC, BHEL T
bbb TFoTELRET YT (¥ FAVT, ¥
A4, 740EY) ORBEOSH - HEB LTS/
Wb b Tis2 & 55,

EERIT R

HEHRI C EFEEE BEICRTARET VT 25
DEFEHRIUE1994~19994E 2 b2 D iT o 72, 4 ¥ B4
TONY, VPalTx sy, KI—N, ¥LDON
yarz, 74VEyoOuRNZ g A RE®LLE L.
BT ISR T A0 (AR, B E, AEE, &
M E) TOREIZ2004, 2005412, LT, 20054
IR BT AN, ME, UHO30ERFRICB W T
BB ORI T2, ABHIERED AR, 757
JaRFILOETLIHERL, T8, vrI—%

&

EORRREYWTH 5.

PREL L 7ol e, R AW CREL2 T
To. BREEMCEEEIFR, TV, YuaF
YIFREERRML, pH%Z35ICHEL, - o L
— 7T 121C, 1540E L7z, SRS AE % Table 1
N B A

WET7 V7 ORED SO0, REEEHMIT ~V,
AR & 00835 sE o3 AL % X 5 72 0 3%
B L I, BLOVI 27, SRR VI, EiC
Asaia BB OSEHHWE UCER LBE#TH 5.

HBEOSE SEEECATIAONZA»L
GYP ¥#i Q0% D-ZNVa—2A,10% 7Y +ta—i, 1.0
% X7 b, 05%BEHETFR,07%CaCO, BLUL5%
agar) XV CHIEZSBEL, CaCO,ZBML T 5
Ju=—2@WE L, SHICHIREE, »yI—+¥, +
FUy-EEBEL, KOH#E (MEL7 7 256
MRS %), pH 35 TOEFREZIT v, HREEE &
R 3N aHEkzEKL 7.

BEENEERBRICLIBORTE B L -ERRIC
DWT, BEEEWAERE (v /-, F)to—
v, LBOBL, X512, 035 % BEE, 30% 7V a—
A, AVY M—VEETTOEE) KLV EEZ KT,
WCHEE L7z, BRI O W T Table 2 12
L7z,

16S rRNA Bz FRFHEM  16S rRNA BIE T RW
L D BB LB 2T L7 (Lisdiyanti et al.,
2000) .

DNA-DNA fEUEIZ L 2RAT DNAZ7 = / — Wik
(Saito & Miura, 1963) THIH L, G+C %S EDOHIEIZ

Table 1 Enrichment media used in this study.

Enrichment media at pH 3.5

Composition

I I 1 v v VI
D-Glucose 1.0 - - 0.15 -
D-Sorbitol - 2.0 - - 1.0
D-Mannitol - 2.0 - - -
Dulcitol - 2.0 - 1.0
Methanol - - 2.0 -
Ethanol 0.5 - - - - -
Peptone 1.5 0.5 0.5 0.5 0.5 0.5
Yeast extract 0.8 0.3 0.3 0.3 0.3 0.3
Acetic acid .03 0.2 - -
Cycloheximide 0.01 0.01 0.01 0.01 0.01 0.01

The concentration of ingredients is expressed in (w/v) % or (v/v) %.
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HPLC % (Tamaoka & Komagata, 1983) (2L -7z,
ARSI DGR S MR &R e TR 7

O—7& 1L, 74 N4 F B (Ezaki e al., 1989)

2L Y DNADNANA 7T 4 ¥ —3 3 v afioiz.

fhR & B
HEHEI  WE 7 V7 TIE#400 A, HATIE 403

H, BR800 MBI L /2.

DEEEMDETE T ABEMOFRERRETH D,
h 5 —Ehtk, +%v 5 —¥R%E, FLT, pH 35
THEBFLZOHEKRZEBRE E LCRBKLZ. XKIC,
B R TR F 17\, Table 2 (2R L 72 88 MR,
16S rRNA BIZFRBMWATICH O EBEHfE L /2. &
512, DNAFEBEIC X 0 5 BEERIRE 514 # % 7JE 355 12
FEL7. DHERKSI4BRD B, Acetobacter B
224 8%, Gluconobacter JR83¥E, Gluconacetobacter f&43
¥k, Asaia J& 141 ¥k, Kozakia JE4¥k, Saccharibacter
BB 1%, Fratewria B1SKRTH 5.

TR & NBEESEORBR  Acetobacter JELEEE
EXLY = ERBRMUERELI»HE {FHIN
72. Gluconobacter BITEREEN L1154  FHES 1,
Gluconacetobacter B DIE & A E IR EREEEH 1 50
SNz, F72, Asaia BISEREEH I, IV o5 S 1,
EOIERBEHIL IVICETNED-YLE b= ED-X
WY M= VORFREMATECERBERVI»S LS
{HEEshz, ThEC, 6HEOERENEH VT
Ber BB 08 T o TELD, EFREHIG
Asaia BUNOEEBRE % 78§ 28 e LTHEMTH
D, SRR H VI Asaia BOGHECEN TH -7z, £
DWDREIZDWTIE, FHREKREDSD R, B

WH T V7 ERRERE O HE -

IR A5

BRBIIEFEWTo TRV, BB CIIEREHI,
VIO 2HEOE % HWA I LT, FEEEE 2 EERNIC
SHETEBLEZONS., EEEHOMIC L D EIR
MICHEBHE OB DT 22 ENTELIERL, H
KA BROWMAEY 2083 5121, BRMEDo
R ZR L EREREH WA 2 EERT
HoH. B L GHREREOMR%E Table 3 1[IRL
7.

ABBEEDBEMBOBR HABIUOEET V7
DEREERG, TERREDH 800 HAORE A 558 - 7
ELZDI4MOEEBW © 9 B, Acetobacter J& &
Gluconacetobacter J& (I EFED AHARHE T ¥ THFA D
FETFaaEOBRBEE»OE AN HZ,
Acetobacter pasteurianus \IFED H A AN 5% R
L, Acetobacter pasteurianus LSV ® Acetobacter J& DFE
FREY»S L oSN, Thooffildaary v
T L EDORERRY ZHMHSE AP S {5
I THBDOT, R &AL TV BB R A
FOEIMBEEMIIBTL-THRENZEZ 5N 5.
Gluconobacter BITBEEEERIZLAR, NA YA AR T
LYV EDRRREILLCEBL T AR S
Nz, 2512, Asaia BIEBEEER, RELLIZLA
EOEEE T, BALRIICERLTWAEEZONS,

L72DoT, GHERICE D DI BRI R 5
tEZoND. DEEEE SEERE RO B4R T Table 4 12
L7z,

EARZEE» S S L - ERE EENE AT ST/
b, 6E28HOMERE A 0B - FE S 7z, HATHE
—HBATIET A MM TIE, BNTHEESNT6ET

RCHFEEE N, BT, oY by FY, 208
A X S0REL 22 EERIC Acetobacter O 2 AN 5

Table 2 Phenotypic characterization at the genus level.

oxidation of growth on
sents acetate  lactate _ethnaol _ 0.35% HAc _ dulcitol 30% glucose
Acetobacter + + + + + -
Gluconobacter - + + ++ R
Acidomonas + - + + + +
Gluconacetobacter + + + + + +
Asaia w w - - - +
Kozakia w w + + + -
Saccharibacter - w - . + +
Swaminathania w w + + +/- +
Frateuria + + + + - ,

Abbreviation: HAc; acetic acid
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Nz, ThZhz BRI MRICDS & & FHERE IR, B AEAORRE L E R TV

“Acetobacter okinawensis”, EEERD /%4 VIZHFT 2%, ERICLAERLTWAZ EPFPELNIC o7z, &
HHEMEE “Acetobacter papayae” b #5% L, O 542, RO Saccharibacter BOSEEIZ2HIB TH
T FETH 5. 5. FE8% Table 5 1ZR L7z,

Asaia BIZEE7 V7 Tt shC ik, BRNTO

Table 3 Diversity of acetic acid bacteria referring to enrichment media used.

. Enrichment Media
genera species I T m v v VI Total
Acetobacter A. aceti 8v 3 - - - - 11
A. pasteurianus 43 20 12 - - 1 76
A. peroxydans 1 - - - - - 1
A. orleanensis 21 1 4 - - - 26
A. loveniensis 18 7 7 - 1 - 33
A. indonesiensts 15 8 4 - - 2 29
A. tropicalis 12 1 2 - - - 15
A. syzygii 10 2 1 - - - 13
A. cibinongensis 1 - 1 - - - 2
A. orientalis 1 6 2 - - - 9
A. cerevisiae 2 - - - - 1 3
A. oeni 1 - - - - - 1
“A. papayae” 2 - - - - - 2
“A. okinawensis” 2 - - - - - 2
Acetobacter sp. - - - - - 1 1
137 48 33 0 1 5 224
Gluconobacter G. oxydans 13 8 2 - - 1 24
G. frateuri 13 24 3 6 3 2 51
G. cerinus 5 - - - - 1 6
G. albidus - - - - - 1 1
G. thailandicus - - - - - 1 1
31 32 5 6 3 6 83
Gluconacetobacter Ga. wylinus 8 - - - 8
Ga. hansenii 6 - - - - 1 7
Ga. liquefaciens 1 - - - - - 1
Ga. swingsii 6 2 - - - - 8
Ga. saccharivorans 3 - - - - 3 6
Gluconacetobacter sp. 1 3 1 - - - - 4
Gluconacetobacter sp. 2 2 - - - - 2
Gluconacetobacter sp. 3 1 - - - - - 1
Gluconacetobacter sp. 4 6 - - - - 6
36 3 0 0 0 4 43
Asaia As. bogorensis 3 32 - 17 2 41 95
As. siamensis 2 5 - 2 19 34
As. krunthepensis 2 2 - - 5 10
7 39 0 24 4 67 141
Kozakia K. baliensis 4 - - - . - 4
4 0 0 0 0 0 4
Saccheribacter Saccharibacter sp. 1 - - - - -
1 0 0 0 0 0
Frateuria F aurantia - 3 - 4 9 2 18
0 3 0 4 9 2 18
total 216 125 38 34 17 84 514

9. Numerals indicate the number of strains.
Abbreviations: A., Acetobacter; G., Gluconobactey; Ga., Gluconacetobacter; As., Asaia; K., Kozakia, F., Frateuria.



AA - Wl 7 V7 ENFREOSEE - 7BICET 0%

RE7T7REDPONBLZEBE hIcol 5= —D5F - h ol 7z Kozakia B D 2R %
FIC 8N T hedho BT EE OBERER, ECRE g U7- (Lisdiyanti ef al., 2002; Yamada et al., 2000).

EoMONBRE LTHEBEROSHEET- 2. F0HE, & 512, Acetobacter indonesiensis, Acetobacter tropicalis,
A VIR THEHBOS V74 XV DN 6 58 Acetobacter syzygii, Acetobacter cibinongensis, Acetobacter
L7zAsagialg &, BIULA VYRRV T OBEBELDOR orientalis, Gluconacetobacter saccharivorans,

Table 4 Diversity of acetic acid bacteria referring to isolation sources.

. Sources
genera Species Fermented foods Fruits Flowers Others Total
Acetobacter A. aceti 119 - - - 11
A. pasteurianus 73 1 2 76
A. peroxydans - 1 - - 1
A. orleanensis 9 16 1 - 26
A. loveniensis 14 17 - 2 33
A. indonesiensis 8 14 6 1 29
A. tropicalis 7 7 - 1 15
A. syzygii 8 2 3 - 13
A. cibinongensis - 1 - 1 2
A. orientalis 2 5 1 1 9
A. cerevisiae - - 3 - 3
A. oeni 1 - - - 1
“A. papayae” - - 2 - 2
“A. okinawensis” - - - 2 2
Acetobacter sp. - 1 - - 1
133 65 18 8 224
Gluconobacter G. oxydans 2 11 9 2 24
G. frateuri 12 20 15 4 51
G. cereus - 5 1 - 6
G. albidus - 1 - - 1
G. thatlandicus - - 1 1
) 14 37 26 6 83
Gluconacetobacter Ga. xylinus 8 - - - 8
Ga. hansenit 5 2 - 7
Ga. liquefaciens - 1 - - 1
Ga. swingsit 8 - 8
Ga. saccharivorans - 3 3 - 6
Gluconacetobacter sp. 1 4 - - - 4
Gluconacetobacter sp. 2 2 - - - 2
Gluconacetobacter sp. 3 1 - - - 1
Gluconacetobacter sp. 4 6 - - - 6
34 6 3 0 43
Asaia As. bogorensis 2 - 95 - 97
As. stamensis - 2 32 - 34
As. krunthepensis - - 10 - 10
2 2 137 0 141
Kozakia ' K. baliensis - - - 4 4
0 0 0 4 4
Saccheribacter Saccharibacter sp. - 1 - - 1
0 1 0 0 1
Fratewria " F aurantia - 13 5 18
0 13 5 - 18
total 183 124 189 18 514

2, Numerals indicate the number of strains.
Abbreviations: A., Acetobacter; G., Gluconobacter; Ga., Gluconacetobacter; As., Asaia; K., Kozakia; F, Frateuria.
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Gluconacetobacter nataicola, Asaia bogorensis, Asaia BEBR 2 A3, 0.35 YEEERTAE F CHEENRHES I,
siamensis, = LC, Kozakia baliensis D107 % LI EHIZ3B5%DDOHBBEDIIN I —AFETICEET 5.
L 7> (Katsura et al., 2001; Lisdiyanti et al., 2000; F, TN VELREOTRREDEIIEASERL
Lisdiyanti et al., 2001; Lisdiyanti ef al. 2006). v, ThooWElX, ThFEFToOEEREICRONE

mCh, Asaia BIBT AHEBRIE, T8 /=5 WHETH S L EBIIEWIEORILELZTRTHDOTH

Table 5 Diversity of acetic acid bacteria referring to country origins.

. Sources
genera Species Japan Indonesia Thailand  The Philippines Total
Acetobacter A. aceti 119 - - - 11
A. pasteurianus 35 9 11 21 76
A. peroxydans 1 - - - 1
A. orleanensis - 11 3 12 26
A. loveniensis 2 27 - 4 33
A. indonesiensis 2 20 - 7 29
A. tropicalis 9 6 - 15
A. syzygii 4 - 2 13
A. cibinongensis - 2 - - 2
A. orientalis - 9 - 9
A. cerevisige 3 - - - 3
A. oent 1 - - - 1
"A. papayae” 2 - - - 2
"A. okinawensis” 2 - - - 2
Acetobacter sp. 1 - - - 1
67 91 20 46 224
Gluconobacter G. oxydans 3 17 4 24
G. frateuri 5 35 8 3 51
G. cereus 6 - - - 6
G. albidus 1 - - - 1
G. thailandicus 1 - - - 1
16 52 12 3 83
Gluconacetobacter Ga. xylinus - 8 - 3 11
Ga. hansenii 1 - - 6 7
Ga. liquefaciens 1 - - - 1
Ga. swingsii 8 - - - 8
Ga. saccharivorans 6 - - - 6
Gluconacetobacter sp. 1 4 - - - 4
Gluconacetobacter sp. 2 2 - - - 2
Gluconacetobacter sp. 3 1 - - - 1
Gluconacetobacter sp. 4 - - - 3 3
23 8 . 0 12 43
Asaia As. bogorensis 46 25 17 9 97
As. siamensis 21 9 2 2 34
As. krunthepensis 7 3 - - 10
74 37 19 11 141
Kozakia K. baliensis - 4 - - 4
0 4 0 0 4
Saccheribacter Saccharibacter sp. 1 - - 1
1 0 0 0 1
Frateuria E aurantia 2 16 - 18
2 16 0 0 18
total 183 208 51 72 514

9. Numerals indicate the number of strains.
Abbreviations: A., Acetobacter; G., Gluconobacter; Ga., Gluconacetobacter; As., Asaia; K., Kozakia; F, Frateuria.
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VETH L. ERNOSEEREDOE % Table 5 1IR L7z,

HIEDECH

Description of Gluconacetobacter saccharivorans sp. nov.

Gluconacetobacter saccharivorans (sac.cha.ri.vo’ rans. L.
neut. n. saccharum sugar; L. part. adj. vorauns
devouring; N.L. masc. adj: saccharivorans sugar-
devouring).

Cells are Gram-negative and rod-shaped, measure 0.5-

0.8 by 1.0-1.5 um, occur singly or in pairs and are non-
motile. Strictly aerobic, catalase-positive and oxidase-
negative. Cellulose and a water-soluble brown pigment
are not produced. Acetate and lactate are oxidized to
CO, and H,O. Acetic acid is produced from ethanol.
Growth occurs in the presence of 0.35 % acetic acid in
AG medium, but not at 1 or 5% acetic acid in AE broth.
D-Glucose and D-mannitol are assimilated in Hoyer-
Frateur medium, Frateur’s modified Hoyer’s medium
and Asai’s broth, but ethanol is not. Dihydroxyacetone
is produced from glycerol and growth occurs on
mannitol agar and glutamate agar. D-Gluconate and 2-
keto-D-gluconate are produced from D-glucose, but 5-
keto-gluconate and 2,5-diketogluconate are not. Acid is
produced from L-arabinose, D-ribose, D-xylose, D-
galactose, D-glucose, glycerol, ethanol, propan-1-ol,
butan-1-ol and butan-2-ol, but not from D-fructose, L-
sorbose, lactose, maltose, sucrose, raffinose, galactitol,
D-mannitol, D-sorbitol or starch.
The major quinone is Q-10 and the minor quinone is Q-9.
The type strain is LMG 1582 (=NRIC 0614") and its G+C
content is 61 mol %. Isolated from beet juice in Germany
in 1927.
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Fig. 3 Profiles of PCR products of mxaF gene.

Abbreviations: M,100 bp ladder; 1, Acetobacter aceti IFO 14818, 2, Acetobacter pasteurianus LMG 12627;
3, Acetobacter pasteurianus LMG 1698; 4, Acetobacter pasteurianus LMG 1701; 5, Acetobacter
pasteurianus LMG 1803; 6, Acetobacter pasteurianus LMG 1805; 7, Acetobacter pomorum LTH 2458%; 8,
Acetobacter lovaniensis IFO 13753%; 9, Acetobacter lovaniensis A] 2414; 10, Acetobacter malorum DSM
14337%, 11, Gluconobacter oxydans IFO 14819"; 12, Acidomonas methanolica NRIC 0498"; 13, Acidomonas
methanolica LMG 1667; 14, Acidomonas methanolica NRIC 0554; 15, Gluconacetobacter liquefacience
IFO 12288"; 16, Asaia bogorensis NBRC 16594"; 17, Kozakia baliensis NBRC 16664"; 18, Swaminathania
salitolerans LMG 21291%; 19, Saccharibacter floricola JCM 121167%; 20, Neoasaia chiangmaiensis NBRC
101099%; 21, Frateuria aurantia IFO 3245%; 22, Methylobacterium extroquens NRIC 06017%; 23,
Methylobacterium organophilum NRIC 0602"; 24, Ancylobacter aquaticus IAM 12364". Lanes from 22 to

24 were used as positive controls.

Description of Gluconacetobacter nataicola sp. nov.
Gluconacetobacter nataicola (na.ta.i’co.la. N.L. neut. n.
nataum nata (a food composed of cellulose produced by
acetic acid bacteria in Southeast Asia); L. masc. suff. -
cola inhabitant; N.L. masc. n. nataicola nata inhabitant,
referring to the isolation source, nata de coco, of the
type strain).

Cells are Gram-negative and rod-shaped, measure 0.5-
0.8 by 1.0-1.5 um, occur singly or in pairs and are non-
motile. Strictly aerobic, catalase-positive and oxidase-
negative. Cellulose is produced, but water-soluble brown
pigment is not. Acetate and lactate are oxidized to CO,
and H,O. Acetic acid is produced from ethanol. Growth
occurs in the presence of 0.35 % acetic acid in AG
medium, but not at 1 or 5% acetic acid in AE broth. D-
Mannitol is assimilated in Hoyer-Frateur medium,
Frateur’s modified Hoyer’s medium and Asai’s broth,
but D-glucose or ethanol is not. Dihydroxyacetone is
produced from glycerol and growth occurs on mannitol
agar and glutamate agar. D-Gluconate, 2-keto-D-
gluconate and 5-D-keto-gluconate are produced from D-
glucose, but 2,5-diketogluconate is not. Acid is produced
from L-arabinose, D-ribose, D-xylose, D-galactose, D-
glucose, ethanol, butan-1-ol and butan-2-ol, but not from
D-fructose, L-sorbose, lactose, maltose, sucrose,

raffinose, glycerol, galactitol, D-mannitol, D-sorbitol,
propan-1-ol, or starch. The major quinone is Q-10 and
the minor quinone is Q-9.

The type strain is LMG 1536" (=NRIC 0616") and its G+C
content is 62 mol %. Isolated from nata de coco in the
Philippines.

12 RxIT7EB &Y DBEL /- Frateuria aurantia O
RTE B HIROFERE S MOBHRT, 1 v 1Y
TORWELL W KEEBEOIRZART 2EEERE 16
Bz o el 72, REK2HD16S rRNA HIZ TR
ECH| AT & TERES2RY, A - AL MEIRICED X,
M Ak % y-Proteobacteria @ Frateuria J& & [ %€ L 7=
(Lisdiyanti et al., 2003a). Z-BfFRIZIFRME, 7T 2B
HEE T, B—mWlEIckhyEFGHEEz R L. T4
pH35 THEEFL, =¥/ —La bz Ak, AWMz
FRAb L 7= 2SHERRIZIRAL L %2 A2 5 72, 0.35% DEERR DAF
ETTREFTET, WMIbKkFZLER LR/, T
T—AWST VI VEE, 27 NI Va YV, 25T b
FNVAVEBEERLE X Q8 FAL, FE
HARIEIIE2 1L is0-C15: 0 TH D, G+C & =T 62-63% T
Hotz. RFEE F aurantia ® 4 8B O 586 T
D, COMEPHARDKRZ LT EHHIFIZHEBL T
A EEPELMILI.
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227> (Yamashita et al., 2004) .
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J = VB b B A Y — VKR EREE, Fh
% d— K35 meaF BET0o, 257 —VELED
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BRI THBEEOAFE (false positive growth) T
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2007). mxaF RN T T4 <=1l X BB TFOMM %
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Isolation of Thermotolerant Acetic Acid Bacteria and Functional Analysis for its
Utilization as Novel Microbial Resources
Kazunobu Matsushita

Yamaguchi University, Yoshida 1677-1, Yamaguchi, Yamaguchi 753-8515, Japan

Several hundreds of thermotolerant acetic acid bacteria were isolated from fruits or flowers of Thailand by
collaboration with Thai researchers. Many of them were able to well grow at 37°C or more, while mesophilic
IFO strains exhibited a poor growth at the same conditions. In order to utilize such the thermotolerant acetic
acid bacteria, several typical strains were selected and developed to utilize them for production of useful
products.

Acetobacter pasteurianus SKU1108 (NBRC 101655) was established as a high temperature acetic acid
fermenter, which can produce acetic acid stably at 37C, and further improved to be capable of the fermentation
at 39°C or more. Acetobacter tropicalis SKU1100 (NBRC 101654) was established as a high temperature pellicle-
polysaccharide producer, which can produce a stable pellicle at 40C and more. This pellicle was composed of
hetero-polysaccharide consisting of glucose, rhamnose, and galactose. We have also found other thermotolerant
strains producing different types of pellicle composed of glucose/rhamnose-type and glucose/rhamnose/xylose-
type polysaccharides as well as cellulose-homopolymer. Gluconobacter frateurii CHM54 (NBRC 101660) was
isolated as a high temperature sorbose producer, which is not stable and thus now trying to obtain an adaptive
strain exhibiting a stable productivity at 37°C. In addition, one strain (not classified yet) was selected to be able
to produce 5-ketogluconate at 37°C.

Thus, we have established the occurrence of thermotolerant acetic acid bacteria, and also demonstrated their
usefulness for the product fermentation at higher temperature. The findings and technology would be very
important to overcome the problem caused by global green house effect.

Key words: Acetic acid bacteria, Thermotolerant, Acetic acid fermentation, Oxidative fermentation, Pellicle
polysaccharide
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Fig. 1 Thermotolerant microorganisms; their
relation with mesophiles, thermophiles, and
hyperthermophiles.

REEMAEM OB IENOREEEENKEZERE 2
B, AT, HIKRBEISETTAH, BETOEX
DOEHF T A~ OEIE E FIITBEEST A CO, DHIRIT L
S BERE SR E R OE T ] (SHEES T S 'k
ToHrIEEnbEEBIT, DD EATENERD
DEEENEES T a’ooﬁ?%?’ VTIIBITBHEEXED
BRICORWTALZELMREIC S

HEMAEwITHZ «Bmﬁ* Eﬂ:bf:/*‘?%‘) 7

L REEMAEWTH 2 HiREREDTH Y, ELR
IS S AL - BT b OIZIFETE &
W, FO®H, BRTTHEBICL>TI0~20CF 04

FREO LA L-MEWESHELTL 5 2 EPEHEY
THs (Fig. 1). 22T, RBIETIE, () BELY
THbIADMEENS, REAMEE L THEES
N-EEEER % 2512, 20 [kl omRLHoNL
T 2R ERERR T 0 4038, F O E M2 43 5 AL B2 RE
DEEZTTOLLELI, TOAMFHEZOS L
FIZERIIIZED BT A T, T3 677z,

EBRT ik

THERMEEEBEE DS BfEE Acetobacter IBEEERTH O 57 Ht
I TolEd b, 0, BB (2~4%) B
Ty o — v (4~6%) EiE bﬂtfciﬁ‘iliﬁﬂ(%éb‘

WHEL-aaF vy Yya—RI2, flixDREOWAB
T OEE AN, — %:Tﬁ/\—l/ 30C BXU37C
T3~7HM, BERELL. 20%, 16 OEES
FD, 4% LY —VEET YPGEREH (0.5%8%
Brx A, 05% RV XRT b, 1% 7Y Ea—Iib, 0.5%
AN 7L, 15% %K) LIE4% =y /) —

BLU3mg/100mL A7 UEZ LY — )b - )S—=T %
EhaaFy VIV 2 —AERT V=P LRIZAMN)—7
L, YPGEREMTNHNT—%DL 5D, 2aAF VI Y

A—AERTHBIIRLIaO—E LTHHLL
(Kanchanara et al., 2002; Saeki et al., 1997).

#73 Gluconobacter BEFFRH O EETIZ, T o X
WCERLEREMEELR VIS, EBIURER
T, 30C BLU37C TH~THM, BrERZEL .
#@%%ﬁﬂﬂ_ci 1%D-VYNLVE R— ( L<IED-
=b=), 0.1% BT F X, 01%K)RT b~
LIEIC 1M7w2/&%EML pH % 4.01Z
HEHL7-bDTH A, ERFEEDHE, 3 mg/100 mL D
TOEZ L= - N=TF N EMZZFCHAKRDOER
FVU—=bPLEIZAM)=F L, TUu=—DEHBIIZo
b D% HE L CLAEOZEERIZL L 72 (Moonmangmee et
al., 2000).

BONEMRIERT MR 1% BERLF X, 1% R
URT v, 2% 7)ta—)b, 0.5% 7 )va—A, 20
mL/100 mL K75 b =F A, 15% %K) TERLI-AF
v MNERICEFRYE, 4CT1~25 HRF L. Fﬁﬂﬁ'—
FOLEIIE, F72ICHELAZS50% 7Y tu —
(BEZ)xo—-VEERELZIFITRELL i)
») - Abv I EERL, -80CTRAEFLL.
NEERMOEES & AT v MRERS S, BEdt
T5mLOKRT MEH (LR T FEHAHER 2
BRwzb o) ICHEREL, —B30CTiIRE HFEL TH
BEL Lz AEEY -1 ryvA4¥—75RX3C
HEIZIE LT 100 mL o¥hs A, ZofEREER%L
0.1~0.5%D4 /%25 LA THML, B4 sDIRE
e DR (RE D REED LAITHERE) ThE
L 72 (Moonmangmee et al., 2000; Saeki et al., 1997). H
WS NI MIL, Acetobacter BEFEEH O E1X
YPGD 5t (0.2% BERE=F A, 0.2% R XRT b~
05% 7 ta—jb, 05% 7 Va—R) RFEAREEHE L,
Fhicy /- VREEBRERMLCEELL. —7,
Gluconobacter BREEIBH OB&1x, VLY b=V EHb
(1~5% VIV E b=, 0.2% BT F X, 0.2% K1) X7
k) R SGG Eiih (0.3% BEbk=—F X, 0.3% R X7
M, 03% ZVUEta—, 0.5% 7 Vva—R, 2% 7
IVER) OVBITNOEIERER-E LTHW
BMOREAE GHEL - WO R E I, Bergey s
Manual Systematic Bacteriology (Z5E o 7z £ B2 1 fEAT
(Moonmangmee et al., 2000) (7 F 2 4efa, EBjME, @
FHEW, T —Lh5OREAR, BEEERILBOBR
BE, ZUku—Ao0Ye FadF 7T v b AR,
FxOfE7TVI—IVORLEE, ¥4I yERE, A¥
o —YHAEKEE, 12X/ VHEOREERLE), ELT—
&6, 16S rRNA BEL5| OFMT #4T\v>, £ OBFI D BLAST
fEATICED C FE b fThi/e.
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BEREEORATEE fHroBREEONED I
i, ERZEOIEI > TERL, £OFMALZ 10 mM
U VEEREERE (pH 6.5) H L <1310 mM bV A-HEEER
i (pH 8.0) THeiF L, MUBERICEE LTI L v
F 7L A (16,000 psi) T2EBEMEL, HKHEL (9000
X g, 10 min) T L7-%, =0 (100,000 X g for
90 min) 2 & - T, MAERES &M 5158 L
7o, MMBMEICHFAE S 2184 OBKERSR (T Lra—,
TIVFe R, Frva—x, Fyta—), VI¥ h—
NV, TIE b=, T3V ERKERELR D)
Z7x2) 7= LLIEPMSDCIP #ET2AEMf L
LT, ®#EICLYHEI%E L7 (Chinnawirotpisan et al.,
2003; Moonmangmee et al., 2002a). 7z, fEZ®
NAD (P) KA DOBiKERZE (TVa—), TLVFE F,
TR VIVE N VRKEEERZE, VILVLE—X, 2-
FrrNVvavEE, 7203 5-7 VO v ERETE
F 7% &) X NADP)H OWINDOMER % & FIHE > ThH
FEFEFHCHlIE L 72 (Moonmangmee et al., 2002a) .
BEEZERSO2TE HELORELSEDO SO/
DI, B L > TEDLFAKRE 50 mM V>~ B
i (pH 6.5) Teid L, M UAEENRICEE L TSk
U (RRHITI, 20 min) 2AT-o 72, F0%, 5
B (9000 X g, 10 min), & &2 058 (150,000 X
g, 90 min) %47\, TOLEAZRUL . ZOLE
#H% DNase BL ' 7277 —ETHUB L7212, 0.1%
SDS # &% 26mM V) ASEEEREME L (pH 8.5) 12hF L
TEM L7z, ZOENMEE R UREEIRCHEELL 2
DEAE-cellulose I27 774 L, EHICHUKEEETH
FTAEADPBEMTAIEILL ST, o237 FBXVE
BRASZE&0 ML sEE L7z, RO EHmaiE
BEEBEDAVTOELT VI — LTI E - LT,
M PEE 4> & L7z (Moonmangmee et al., 2002b). 1585
N7 851%, 2N TFA THKGREL721%, YU ATV
MBI O NI AL THITE L
DD B A E FEERREE (BREE) 7=/ -
75V A vaEfEadEE L T05N NaOH IZX BHET
Thhiz, ZOMOBALERWIIEERED LIIETY
A NVERB IO NS T AL o THIEZINT
(Moonmangmee et al., 2002a; Toyama et al., 2005) .

fRBIUER

24 DRESLUTED 5 DA EEREOSEEE Zh
50D HE YA - —bPROTV—=TI2 L5
T, A DOREOUK L DOERERICE T, FI
Acetobacter BEEBEH 129 #% (SKU1001~SKU1129%k)
DEEE N7z (Saeki et al., 1997). =Y S5 H— 2 KD

S - AR B & DR RAT

HEAMEEEICL T, FADORELENS, AL
F95 T Acetobacter BEEEE R 2248 (MSU01~-MSU22%k)
(Kanchanara et al., 2002) B £ O 149 % (HKK001~
HKK149 : R¥EFE) Wopsiniz. 72, FrE20 7
y IR ROFERMAEEICL T, ¥4 DIEB I OE
EOERER (TOBEIE, WY VE M= VERIIL,
LA VT pHE 4.0 CHB L TbR) 5,
F 2 Gluconobacter ERFHETE CHM #£B X 0 TDH #:A°
FhENS4kk (CHM01~CHMbS4kk) (Moonmangmee
et al., 2000) B X M44% (TDH-B, TDH-C, TDH-D, TDH-
E, TDH-F, TDH-G¥E7: & @ kFEFR) 1587,

INEDFT A TOREKEDIZEALIZDONT, R
FHB LA - AMLENTEHETTOLDLITL
T, TOEFIREOFMEIARLN/-. #EE, IFO F
HED% L OFBREKAIIC TOEEIARRETHHDIC
tL, &A% 550 Sz Acetobacter BIFEBEH D% <
DORMITCTRIFREFTZRL, 2% OEHKHI40T
TOEFENPURETH 72, SKU129 ¥R TlX, FD38%
LT THEBURETH Y, 3% FBEFELETTH ZD37%
OMPITCTRIFREFT /R L7 COCEL (Saeki e al.,
1997) B L ORISR, —J7, 58EE N7z Gluconobacter
BEEBER &, Acetobacter BRERRB I L, T#MEZ R
TLONRENL %, CHM54%D 5 5, 37CTHR
HICEBFETELH5DIE8HTH Y (Moonmangmee ef
al., 2000), X572 TDH #R3O%D % TH37C T
I24HEFTE B2, B AT EZ TR T O L
v GRIER).

TN OREFN - AN & 16S rDNA f##T
WCEOWT, ZOBBIUHIEESNH DI,
Acetobacter aceti 30¥K, A. tropicalislOfk, Gluconobacter
frateurii 9%k, Acetobacter rancens Tk, Acetobacter
lovaniensis 6%k , Acetobacter pasteurianus 3%k ,
Gluconacetobacter xylinus 2¥k, Acetobacter syzygii 1%RC
HY, FOMOKIZOWTIRFIEHMEFETZTTOT
WhHEZATHEH (RFER).
M EEFBA R DB B A F£IBEEEIC DV TES h = R

fif B VERERR W O & H 2 A EEE LTUT D520
HEIZO2WT, SHEORAELE - 2330, #HES
TIZUTO L) iR H{LNLTn 5.

1. %/ — )VERALRE K OVFERET P RE - B s /e
T E41E Acetobacter BT (A 1514K8) @ 9 H38%kAT
STCTRIFIC8% =5 ) — V2Bt AZ EHTE,
[ U< 38%%2° 3% BEFRAFE T CHITCCTRIFRAEEZ
AL, LaL, TOX)ILBERTTOLY ) — )VEE
{LRE & BEBRTHPERE T L 28T LV Tld e £, TH#E
NERRITRTIDIFINHETH 72, TNHDHFT,
ol b B REEEEFREE (5 / —VEE{LEE) %R
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Fig. 2

Fermentation period (h)

Comparison of acetic acid fermentation at
high temperature between Acetobacter
pasteurianus SKU1108 and Acetobacter
pasteurianus IFO3283, and its enzyme
system for acetic acid fermentation.

A. pasteurianus SKU1108 was able to
oxidize ethanol rapidly and to produce acetate
at 37°C, and more slowly at 40C. Whereas, in
A. pasteurianus IFO3283, these ability was
very much reduced at such the high
temperatures. Ethanol is oxidized by two
sequential enzyme reactions of quinoprotein
alcohol dehydrogenase (ADH) and aldehyde
dehydrogenase (ALDH) located on the
periplasmic side of the cytoplasmic
membrane. The reducing equivalents from
ethanol are transferred to terminal oxidase via
ubiquinone.

30°C 37°C

4{}°C

Acetobacter tropicalis SKU 1100

T DL, A. pasteurianus SKU 1108¥:TH V), 37CT
HInE A. aceti (A. pasteurianus & FFEE) IFO 32831k

DFEBEIMET T 20T L, SKU BRI BITRHFEL
T2 EDPHELIIR > T b (Saeki et al., 1997)
(Fig. 2). Zox % 7 — VERL RS IS BERR B s 2 e
IS LTHET A7 VI —VEKEES (ADH) &
TV FRKEBRRPFREREDOLEF ) —) -
FFXF T —-¥E) 7 LTRI AW EEBILSTH
D, ADH ORIBIIFEERAERRER ) 7210 TR, =¥
= VOB FELVEFTOEME /2632 8
3 B 5 D27 - T 5 (Chinnawirotpisan et al., 2003).
Z® SKU1108 #k % Fim (37CHB L U39T) THEE
MOETZEICEoT, 39CTHREICHEREEET S

BAHZLOBERICBEECTEAZ L EHLMNILE R
%% .

2. WIRZFELERRE | 2 8E S 7T 24 Acetobacter

BH (—3 Gluconacetobacter BH » LTSIz
1Mﬁ>@5% 131350% D b DH30C TOHE 2%

WCBWTHEZER LAEE L7225, 37CTH RIFICH
BEERTED2RIEI22HBTH o7, £OHND8KRIZ
WCTHRELHEZTER L TEETAI LB TEL
(Fig.3). ZoH Ty, RENLHEAKEZFT LM
BVEEERET 1L, Acetobacter tropicalis SKU 1100 #T&H
D, 0CTHI7TCUEICRE L-HEZ KT 58
ZHLTw5S (Fig. 3). 0 A. tropicalis SKU 1100 #&

Pellicle
Acetic acid bacteria formation
37°C 465C
Mesophilic
A. lovaniensis NBRC3284
A. methanolicus MB 129
Thermotorelant
A. rancens SKU 1102 +
Acetobacter sp. HKK 10 ++ +
HKK 11 4 +
Acetobacter sp. SKU 1048 #+ o+
SKU 1096 E +
SKU 1013 e
SKU 1072 FE
A. tropicalis  SKU 1180 A

Gluconacefobacter xylinus G$ LS

Fig. 3 Pellice formation in Acetobacter tropicalis SKU1100 and some other
thermotolerant acetic acid bacteria at different temperatures.
A. tropicalis SKU1100 could produce a stable pellicle on the medium
surface at 37C and 40C more than at 30°C. Other thermotolerant SKU or
HKK strains also could do the pellicle formation at 37°C and 40, but not in

mesophilic NBRC and MB strains.

Gluconacetobacter xylinus G9 was also

isolated as a thermotolerant cellulose producer.
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Gluconacetobacter
= Gluconobacter
s
7 i & boxyd
Y 3 2 G. suboxydans
Ga. xylinus 3 o
s o e v Gle + Rha?
o Py ‘,0‘\ Hluconobacter axvdans
Cellulose (Glc) £ = s
%
Acetobacter xylinum
Geslonc ety Acetobacter pasteurianis
Acetobacter pasteurianus
Gle + Rha + Xyl
Acetobacter geeli
s b et Acetobacter lovaniensis
B Acetobacter cibinongensis
A. methanolica M”‘;::j‘:a;‘:;?g ;(11:; Acerobacter indonesiensis Gle + Rha
Gle +Rha+Gal  y oropacter tropicalis A St Baiar
Acidomonas Gle + Rha + Gal

Fig. 4 Pellicle polysaccharides produced from different acetic acid
bacteria.

Several different pellicle producers were isolated; cellulose
producer from Gluconacetobacter sp., polysaccharide consisting of
glucose and rhamnose produced in Gluconobacter sp. and
Acetobacter lovaniensis, polysaccharide consisting of glucose,
rhamnose, and xylose produced in Acetobacter pasteurianus, and
also polysaccharide consisting of glucose, rhamnose, and galactose
produced in Acidomonas sp. and Acetobacter tropicalis.

ORBELEIRAE» SBERICL 208D L <3l
JZr S OMWEIZ Lo THBES N, BRI 20
DFRIZI20TINVIA—R/F D) —A/HFF7 b—A
PEELVEEINEIATUEHETH LI LEVHLNIIR
- TWw5% (Moonmangmee et al., 2002b). i, ZD%
WEOEEHICHELT, BEETHET L/ — A%t
WTAIMERTI— NS L EEFH polABCDE
(Deeraksa et al., 2005) & 7' 7 b — 2 & it A EEE
BT galE (Deeraksa et al., 2006) 7%, SKU 1100 #k®
WELHESBICLETH L EVHL 2R o 7.

M ELEREEE R D &, % OFBE O EEICD
WTEDEHEDRMM & N L7285 R, A. tropicalis
SKU1100 ¥k & [RARIZ, VT —A/FG AN —R/HTF
I bP—=ADPSEENTUEEZLERTHLD, ST
—AEFGAL)—AD2ODEN LR BT USHEE &
S5 b D (Acetobacter lovaniensis IFO 3284k 72 &),
EBWEITNVA—=A/TE ) =R/ TT7 b=AhDLHKA,
ANTFOEHEEERT S S D (Acetobacter pasteurianus
NP2503 7 &) 12438 X7z (Moonmangmee et al.,
2004b) (Fig. 4). Mz T, TN oMEMEEREERE O %0
2, Gluconacetobacter xylinus & FIFRIZE VT — A (7

Na—2 - RELHE) #ERTLD0LHD VIR
oz, BTY, Acetobacter xylinum (Glucon-
acetobacter xylinus) G9 1F42CTHAEF LN T —
ZAHEEETH D EDHS D% -7 (Phowan et al.,
2006).

3. VIR — AAHEE | SBE S 2T EVE Glucono-
bacter BH (FES4K) DI b, 37CTHRIFAR VYV
R— A EEMEZ R T HESSHE (£ TGluconobacter
frateurii) RO0->TEBY, TOEENLEEEHE
L7, FO#EE, G frateurii CHM 54 ¥RIZERIZ, &
BV G. frateurii TFO 3264 # &\, 30T & A,
STCTHLRHFICVIVE P —VEBILLTYVE—Z %
HEFETAH I LN EETD o 72 (Moonmangmee et al.,
2000). L2 L%AA25, ZOEImTORLEIXLEAR
RET, STCTOREELZHRYET L, ZORINMET
TAHEAPRSN, 3TCTOEFTRBRETEFTORIT 2
HREBEBVWEEPEHND ZEBHLN IR o7, #

—

C,

-
—

HAE, FEMRZSEEMT 2R T % SKU 1108 # & [F]
BRIZ, ZOREMROBICHTEESAALN TS, W
FRIZLTY, Gluconobacter BEFREHICBIT VLY
F=A BV NVE=ANOBILICEES T 28R IIHE
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Fig. 5 Sorbose fermentation with thermotolerant and mesophilic
Gluconobacter frateurii and its enzyme systems.

G. frateurii CHMb4 (upper panel) was able to oxidize D-sorbitol
to L-sorbose at 37°C, while G. frateurii IFO3264 (Lower panel) had
no ability to do so at such the high temperature. Sorbitol is
oxidized to sorbose by two different membrane-bound enzymes,
quinoprotein glycerol dehydrogenase (PQQ-GLDH) and
flavoprotein sorbitol dehydrogenase (FAD-SLDH). Sorbose thus
produced could be converted to vitamin C by chemical or

microbial reaction.

OFEIEA ST 5 (Adachi et al., 2003; Matsushita et
al., 2002). ZILH I, 2, 3ML7S erythro WAL % D %Al
TV a—nd 2 OH # )i { BEILT& %5 PQQ % il
FedasrxsTurAy - ) kuo— VEHKERE
(GLDH) (Matsushita et al., 2003) &V V¥ b —)LIT5%E
WHIER T AFADERMiBERZ L A6 7 7R 70T A4
Yoy WE = VIKkEREE (SLDH) (Toyama et al.,
2005) T#» A (Fig. 5). T OWET, BERE O VL
R—2&RICHE T 5EEKIE, SLDHTE% <,
GLDH THAZ EDHLN IR TE (RER).
Fhig, BRI TOV VK- ZAEEBELYERT L7201
1, Bt E 3> GLDH 263 AHEMEEZ A7) —=
YIH LR TLIENLETHL I ENHL D
2o T\W5,
4, 7 MOV UERABRE o EE S ST A
Gluconobacter BT (GRAL74KR) @5 B, 37CTH BiF
A3 ’f MOV AN AR T RARII4AE AL ST
(REFE). INSHIFITRT27 Vv a VEREAE
E‘?Fﬁ (THE, THF, THG #:3 X O°CHM#, w3 hd %
H5E) THbH. INLOWEMr b7 a v ERAEER
X, FREOES- X MV aVBEEKRTDH B

Glucono-bacter suboxydans IFO 12528 %537 C THE721F
’C“7§C<¢:§75‘ {TEZRVDIZHL, 37CTH30T

JZRFICAEET LI ENET, 227 M Fvay
Exiifiﬁ@’l‘HFH@ HEIE30C L IZIZREDEkEE %
7~ (Fig. 6). —7%, CHM #£1Z30CTix2-7 b 7L
IVBEERTH LY, STCTIE2- 7 bV I VEED
EERENPELNDLZOIZW L, 5-7 N Vva Y EOER
RIS E VI FR2EEZRYT. LaLl, 2
NODOHETY, BEORZRELZELZESLE, €O
EEENEDLLI Lo TETEBY, 4%, Fh
LOMBMEEOREREE & DI2, BEFFLEED
FEMAEIIOVWT OB LETH L. briil, &
DITNIAVEENS2- 7 NNV VEBIUS T ML
JVEEEAERT AEERIL, FNLEFNFAD iR L
57587054y - o rvBERKERS
(GADH) (£%3%) BLURIdo PQQ 2 #iFER &3
AhF /) 7us4 Y -GLDHTHA. ZTOHED, VIV
R — Z RS & [FERIZ, FAD - GADH 237 Vv 2 V&
CHRERICRIE T 5D LT, PQQ - GLDH IZ£®
JIRVHEERREEDO1DE LT v VRO 5 & BR1L
L, 5-7 bV VEEEAET A EVHIIE 72,
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Fig. 6 Ketogluconate fermentation in thermotolerant and mesophilic

Gluconobacter sp. and its enzyme systems.

Thermotolerant Gluconobacter sp. was able to grow and to
produce ketogluconates at 37°C, while Gluconobacter suboxydans
IFO12528 unable to grow and thus not to produce any
ketogluconates at the same high temperature. D-Gluconate is
oxidized to 2-ketogluconate and 5-ketogluconate by two different
membrane-bound enzymes, flavoprotein gluconate dehydrogenase
(FAD-GADH) and PQQ-GLDH, respectively.

FNH, BIERS- PV CEBERBIIBWVNTY,
PQQ : GLDH Ot m ESEETH 5.

5. ZOMOEILRET) | F oM, EES 7zl
HEFEREOHIZ, VTR b—VEBRLLTZY
AV —ZAEREEEILHLD8K (WTFhd G
frateurii ThH Y, KRFEIZ G. frateurii CHMA43)
(Moonmangmee et al., 2002a) , BIK7 )V I — )V % AL
555D 1% (G fratewrii CHM 9 %) (Moonmangmee
et al., 2001) , ZIVaH I ERELTEENEDLOD
D 3%k (G. frateurii, A. tropicalis, A. pasteurianus)
(Moonmangmee et al., 200 4a), ¥ % BI{Ld 5 b D1k
(Acetobacter sp. SKUK%) (Shinagawa et al., 2006) 72 &A%
BOoroTWn5b,
EFERE OO [MHEaM| (DWW TES KR ZhF
TIHEE - PN TREFERE > ST 5 &,
[zt ] 28 3ABEBE L —HoMED L IFEICHR
EINDZ LIE7% { Acetobacter, Gluconobacter,
Gluconacetobacter BIZJA S FFE L TW B 25, —fIZLL
TIRT &) 25z 5.

1) Gluconobacter X° Gluconacetobacter J&H T4 D
EZABOVITEMEZ R TEERE IR L2 EoRTW

T2\,

2) Gluconobacter J& £ 1) b Acetobacter JE T X 1) H\»
mE (40CL L) TEBETXSLLD0% 0,

3) Gluconobacter B CIHEEZ T H DX, 5D
L 25 G frateurii \(ZBREENT WA,

Sth, A EZBLT [WEANE] 2B 3T 5HEREO
S EORBEHL2ICT R E L DI, WEER & W
R & OFERERFIE, FRICHREEM 1 RE - W RLRE,
BUIHAZEVWEHLNIITALENRD L. LahLzL D
2, MEEEEREIE—20Ed LEBICRESINT
TEACHEREEMRICEFEET 2 2 EAHLLIIR o T
E7-0T, 58 - PEINTWEEREREOF 25
Acetobacter, Gluconobacter, Gluconacetobacter £ & DAL
KM BEEEEE R 2 T L C, N5 OFEKDS [T
Bik] ZEBLREZEBE ST 572010, RN T
LB BEL 2N, FNOOERNEHRELZ
OEBEREREMTEEE ISR EHL Thhirkidh
3725 7%0.

4SE, 5 - SIS NTREROFMNE L OEEN
BMAHZMZ 72012, #2006 ORKOHFOFFENRY -
REM 2 ERO B EIRRE, FRICEEBRAERE (=4



J — VIER{LEE), BEEEMSIERE, STEMERRILEE (B4 @
PQQ B¢ B X UF FAD BER ICARAF L 7o B ML RIE ) ,
B AR (SR EREB L OGO ER) 21
HL, ZNH6DF—FIN—ADEEFTHS. b
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Table 1 Thermotolerant acetic acid bacteria deposited to NBRC

NBRC
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NBRC 101659 Erythrulose production 37C
NBRC 101660 Sorbose production 37C
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Establishment of a Method for Isolation of Slow-Growing
Lactic Acid Bacteria (LAB) intermingled with Fast Growing LAB
by Using Antibiotics
Sanae Okada

NODAI Culture Collection Center, Faculty of Applied Bioscience,
Tokyo University of Agriculture, 1-1-1 Sakuragaoka, Setagaya-ku,
Tokyo 156-8502, Japan

Slow-growing lactic acid bacteria inhabit widely togather with fast growing LAB in the fermented materials
including fermented foods. It is difficult to isolate slow-growing LAB intermingled with fast growing LAB due to
the rapid growth of the latter. We established a method to isolate just slow-growing LAB by using the
combination of f-lactam and aminoglycoside antibiotics. As effective disinfectant inhibitors, we determined the
following three combinations of antibiotics and their concentrations in 1 ml of a growing broth for LAB; (D
Ampicillin 500 ug + Gentamicin 500 xg, @Ampicillin 500 g+ Kanamyecin 500 ug, and @Ampicillin 500 ug+
Isepamycin 500 ug. When both of slow-growing LAB and fast growing LAB were cultivated for 3 days in a
growing broth including one of these combined antibiotics, the growth of the latter was reduced and that of the

former was not.

Key words: lactic acid bacteria, isolation method, antibiotics
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IR S Nzo0=— & ) Mk aBE 21TV, BT
Mo & LR O B B SE R B M\ CRMIARAT L7, ARk
DO FIENL 16S rDNA OHEEE SN X ) B FE %17 -
7-.

I WIRICERT 5 I EREHE O

BEREE  WMAENENICBCT, REBIICHADHE
b TWAHRZ R L.

FEREE % B /2 DGGE 471 & 2 AR E M O BT
R @ DGGE B2 & 2 sLIB B AHMAT I3 Endo &
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Il MEMEEERL -EEREIBEIBDOE A
HEEM  BHOFEBLIORBROL-DOOFEHEZN
RE72D, AERHABEE LToMERELE LT8HK
(Enterococcus firae NRIC 1140, Enterococcus faecalis
NRIC 1142, Lactobacillus casei subsp. casei NRIC 0644,
Lactococcus lactis NRIC 1540, Lactococcus lactis subsp.
lactis NRIC 1149, Leuconostoc mesenteroides subsp.
mesenteroides NRIC 1541, Weissella cibaria NRIC 0527,
Pediococcus pentosacens NRIC 0099) % w7z, F /=4
HRIFARE - AEFREBLRBOREGERICBNT,
B & LT P. pentosaceus NRIC 0099, ##H & LT
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BB &L OB R GYP k¥ ; Zna— X
20 g, BT F A 10 g, 7+ ¥ 10 g, sodium acetate-
3H,0 5 g, MgSO,-7H,0 200 mg, MnSO,-4H,0 10 mg,
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CHBT, AHAEKTIROBREEZITo 7. TRk,
BHIOEMRZ 7\, GYP HEEZERE M % H Wi RE
WX DR EEB L7, 30C T5 HMEEREL /2. 248

S E AR 2 R L, EFHKE LT GYPHHE
EREWICHE L oo — 282 EBEKE L7,

ETIVEBRICLZ2EERBABBOEREIRER
AEREBABHE LT~y ) —AZHBETE RV
vaccinostercus NRIC 1075, £AERFHIAME L LT~
v/ —R% BIFIC3EEET 5 P. pentosaceus NRIC 0099 %
M7z, yiEWE (BFH) &4 & LT Mannose-
YP @A H Z H v, f-Lactam 2¥iEWHE L
Aminoglycoside AYUEWE % Table 1 DA/ HET,
FNENS00 ug/ml &b XML, HAwE
&4 Mannose-YP #ifk¥s 1ml & 72 9 L. vaccinostercus
NRIC 1075 B X UF P. pentosaceus NRIC 0099 @ & & A3
1048 &5 XHICHERE L. B#EE30C T3 HEfT
o7, ARBEBOFHINIE24M T LT o 72, B,
L. vaccinostercus NRIC 1075 (A B xylose % BIFIZF
5 525, glucose IZMEFIC L 2 FHBETE W) 12D
WU Xylose-YP HERFEREEH 2, P. pentosaceus
NRIC 0099 (22 Tid GYP HALFEREE #h % F v 72

BARD SEFRIEILBAOHBEEER RERIZIL,
Table 1 IZR L7z 3 ) DA EDEDOIAWEEZ Zh
M 500 ug/ml TEH EH72 MRS ¥#i (Difco Co
Ltd.) ZHW7Z2. 7S MEMED S L OCERMEY
DEFExXMZ 572912, Sodium azide 10 ug/ml &
Cycloheximide 10 ug/ml % &8 S&7-. D702
MAWEEAR LR\ MRS ## (Sodium azide 10 u
g/ml & Cycloheximide 10 pg/ml % &%) TOEED
fTolz. TNENOEH SmlICHEY Y 7V (05g)
z AN, 30C T3 HREEEZE L7, 248 H A 5728
HE TR I LT, BHPICART 2 7LMHE 2= 55
L, 16SrDNA OIRIEEFIC X ) AR E % 1T - 72,

I S

I HRAEREHNERLRZ ULFARKIEL Y, £FRIEA
BRE D 7 Bt
HARRZ R LIZHRIRME/NMER O F 2 R k% —
BRAbie sk LR L o1&, X b U IS & 2 R FAR 5B

Table 1 Combinations of antibiotics

B-Lactam antibiotic

Aminoglycoside antibiotics

@®  Ampicillin + Gentamicin (Am+Gm]
@  Ampicillin + Kanamycin (Am+Km)
@ Ampicillin + Isepamycin (Am+Im]
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FIC X DB B L ORBE Ol ¢ A7), Mho
TL‘?%E@M C&hedolz. 22T, EERELBED
FIEOWREME % % 2, LB REBILIRRE A LB IR
THMTE 2 BBEREIHE CRAR) ZHEAL
72, FOFER, ¥BELHEHD»LEBEREH ORI

IMNE oo =R LIZLD, 7THHIZETEKR
Xxpau=—|ZKEL. (Fig. 1). WE’HE?T?%’EL?:%

Bk, RBERSOEME N> TRFICET L7
SRR 5 Bk (TUA 4588L, TUA 4589L, TUA 4590L, TUA
45911, TUA 4592L) i, 16S rDNA O3EFEH I
fili 5 [FE DFE %, Lactobacillus rennini (Chenoll et al.,
2006) & 99% @T‘Elﬂ]i%TLt B, L rennini \ W

y‘i%: LWk ERBAIBETH 505, HIRKE

inaywy\/&fkuwA&m BT AHZ L

75_’5@5..;\ LTWwW5)., BRERBMOFERBICEE LS
CEAFICAADLEORBAERE LS &N, Sk
SAEBEEILEE &I L.
I WRICEE T 2 IALBEROREN

B R & ) E$E DNA # 3 L, PCR-DGGE #%T
IBBEMHOEN 21T 7. FOREE, WO DOHIK
=BT Lactobacillus acetotorelans & —39 %5 DNA /N~
FafERR L7z (Fig.2). PlisomE (Pilis, 2006)
TY L. acetotorelans 13 PCR-DGGE ‘{'}\“C“T:TE IR T
EDLNHHENTELVABRRALEEINTVS, £2T
DNA /3> K78 ETEE}S ENHEREE LD, —fLEfl’j(/)’ I HE
ZARMYMICE B SMEEZRALD, EFRITR
Lactobacillus curvatus %° Pediococcus JB B TEHE 5 EF
L72%%, L. acetotorelans \ 373 EET & oo 7z,

Il MEMEELERL -EFREIBRESPBOAA

i x107° 20 x 0

Fig. 1 Colonies formed at the bottom of thick layer-agar
medium

SERPFIBMELERIEIEEEE AFTREAL
R & L CoOMRAR S HhE Ay, SHEEKZ LR S
BhHLOGEREERTo. 9, REBRTHRKAT S
L OTNAEWE 2 F W FN MR (500 ug/ml)
L7 AE TRERABEE SO INL RS E L Z &8
TELZWI EZMERLZ. DXIIHE (1986), JIIE
(1987) I2ft\v, pf-Lactam ZRMAEYWHE
Aminoglycoside RILAEWHE O H 2 A A7z, B-
Lactam S HUAEME & Aminoglycoside AITEWE DR
g E Z 21250 ug/ml TRMIZ2S, MK 8 Witk
DB THRIZT2E H E TR S 2 & A
LT & 72/, L. casei subsp. casei NRIC 0644 @ 1 #kiZ
FEEBILBIRBIZIZES h o/, FLARERTIE
3 fE3H D Aminoglycoside AFLAEWE & H T 5 725,
HHE (strain) 2& o T, PUEWEIIH T 5B ME2R
o Tz (Fig. 3).

L. casei subsp. casei NRIC 0644 (22W\WT, X514
BUEWEEEYELL, 250 ug/ml B L0500 ug/ml
DA G TH LEEBRL KA. ZOHKE, WMk
WE 4500 ug/ml DA EHLEIIB T, 3 HETIE
FERIRFEICE S 2 & 2R L 72 (Fig. 4).

EFILEBRICLIIETREABRBOEXBIAER
PAEWEIGEHIC L 2 EFRITILBRE PR L, £5%
BELEE 22 BRI, ST AEERET L.
FEBEBIIRDL D TH 5.

f-Lactam AP E & Aminoglycoside ﬂ?ﬂ%%
UL, SPAEMERES 500 ug/ml L §52 LT
AFRITFABEEEZ 3 HUAIIBKRICES L L 2 &8

3% 1 2 3 4 5 6 7

a. Lactobacillus curvatus
a4 b. Lactobacitlus versmoldensis
g ¢. Lactobacillus acetotolerans
d. Leuconostoc mesenterpides
e. Leuconostoc inhae
- {. Pediococcus inopinatus,
Pediococcus damnosus,
Pediococcus parvulus

f‘ § — -

50%

Fig. 2 Analysis of lactic acid bacteria flora of Nukadoko by
PCR-DGGE
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Fig. 3 Bacteriocidal Effect on Fast Growing Lactic Acid Bacteria by the Combination of Antibiotics (100 ug each/ml-broth)
—&— Amp+Gm —8— Amp+Km —&— Amp+lm —%— Control (without antibiotics)
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Fig. 4 Bacteriocidal Effect on Lactobacillus casei subsp. casei
by the Combination of Antibiotics (each 500 1 g/ml-
broth)

—&— Amp+Gm —B— Amp+Km
—a&— Amp+lm —>— Control (without antibiotics)

MR TE. Lo LEFREBLRRED, ZO&KHTR

B EDRHoTIELE LW, FITIITIIETHE
BREARGEHETHIZES W & DMERNEETDH
5

Fig. 5 I3 L-MEKE AR ECTHRON D ERK
WHEEOEILE, O 25 720H B £ T24RHM 2
LIZR L7z, E5ICFig. 61213, 24REHEHZED L.
vaccinostercus NRIC 1075 B & O° P. pentosaceus NRIC
0099 WHDEREEEZ 7T 712 L7z, AEBROMR,
EHBIFIBEOETFT IV E L THW P. pentosaceus
NRIC 0099 i (Am+Km) % (Am+Im]) (2B T—B
WHEFER LR E o 72hY, (Am+Gm] 125\ T48H
MHE T TICITIZREIIWHE L 72, L. vaccinostercus
NRIC 1075 3L EZR L TEB Y, £EFRELRRE
DBAFEICB O CRIRWICER ST LI EITELH T L
ZRERR L7,

BRD 5 DHBEEE N FE TICHEN L2 A
ZRHL, MEZHOTETRELRRE OGS Z A
2. PUAEMEZEE L 0E A 5%, 24IFHH 248
R H 12 B\ T Lactobacillus curvatus 7%, 728 H 12
BT L. curvatus & P. pentosaceus D35S iz, —
W, PUEMEEERE A S I324F B H, 48K H, 72
B H, WENORRMTE T Lactobacillus acidipiscis
MoEEE N, PUAEWEEZERE, EERIERILRE
L. acetotorelans % £ 4 % R M B R RS 2 4 2 L 5
RS GEHET 72, ANOFETHHHETE
otz FI I THEESN L acidipiscis (344
LY AEBTREABRE TRV, FEMEOHKETH
MEENLIBEOMEIEL > o ReH ol b
5, VUAEWEIZX DIBE ORI GEHIEREL-LF
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Fig. 5 Bacteriocidal Effect on Both Slow-Growing Lactic Acid
Bacteria and Fast Growing Lactic Acid Bacteria by the
Combination of Antibiotics (500 ug each/ml-broth)

Lactobacillus vaccinostercus NRIC 1075 as a slow-
growing lactic acid bacterium (SG-LAB) and
Pediococcus pentosaceus NRIC 0099 as a fast
growing lactic acid bacterium (OG-LAB) were
used. Each CFU was based on the total cell count
of both strains.

——— Amp+Gm —8— Amp+Km

—&— Amp+Im —*— Control (without antibiotics)

25N, TRHIZE Y AETIRIEIEER O SEEIED
bk NP | AR

AMEOMFIZL EFEE (HREE - Hol) ok
REICHAHIMBENFET A L 2R L. KRBT
R L 2R /NS E B ICRALZZABE
(Lactobacillus rennini) 75, X 1) ML%& FA\ 7238 KPR
FHCIIEFTSY, BEEREELZHEAL T4 HHM
PEDDo TEENPRONI-Z NG, INLOFE
BIIEEREBIREICH o7 E2. LT, Z
NS G eEEEZEA L2 NETHETE b5
72D, FROBETELILICLD, TARAE
LW RTEREILEE (L rennini) 7%, FHRKMEEZ
HEINDINVY I VEF MY AR BRERL TEERD
FREZRAHAZEESEDL LV, HOBEZ R
DB ENTEZ LD, FREKR X 455 R
W AEREBIMESSEETE -0, MTEETE
FRIFABES RSN, T EMTHEELTY
7 EERBEBIREEICD o 72 L. rennini 3 EETE 28 FE
Z7. EBEIFZIoOMICH, o ViRBERPEgERTE
RO F A FEEFOFRMAEW & LT, AFRIEIL
MRz oL TwD REHR). TROHOMRIZID,
HAFRIIZAEFTREABREIL ML TS Z &M
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Fig. 6 The Survival Ratio of Both Slow-Growing Lactic Acid Bacteria and Fast Growing Lactic
Acid Bacteria by Combined Antibiotics (500 «g each/ml-broth)

Lactobacillus vaccinostercus NRIC 1075 as a slow-growing lactic acid bacterium
(SG-LAB) () and Pediococcus pentosaceus NRIC 0099 as a fast growing

lactic acid bacterium (OG-LAB)

TFHTEE., —FH, BRICEGHETELRVIERE
Lactobacillus acetotorelans 3B LT\ 5 2 & 23LLAT
L VFERR SN TOVERGEEICE > T, %%%%
AifgeHhic BT, PCR-DGGE & THEKF I
acetotorelans WHAEL TWA Z L MR T A & I_JHT e,
BERLDPELEDETL 5 FELTEH L7
MNDOFETHLHHTELNWI L QMR L. ST
ERWVWEEDO—D2 & LT, MIRIZIZES BIFFLERE D
ZLHETEL, TNOLDORBLRATOLDICETOREE
% FLBEW L. acetotorelans 755 C & 72w & Pl L 72,
DoK%<, EFRITFILBE % 252 HE
BL, AEREBABHZIT2AERT L IHICEREL
ST, EBEREAME 2R LGS B TEORE
NEARICBWTHARZ, Thbh, HAEWEOMHE
HIZBWT, B-Lactam RZRPLEWE X Aminoglycoside
RUTAEWE O B TIZ AT BT RE % ST
R 225 TEaho7dy, MPUEDEIE TN
LEWHPCTHEET LI TEFTRIFILMBE 2 72H T
FEIRICEDL ZE#BHLIC L. TT2BRO) 5T
R AT WAEREABER I, FHESET

(CJ) were used. ND: not detected.

BHAWEMEHETERT AL LW LML,
FoARERTIE, 33O Aminoglycoside RITEME
ZHWTWAD, BERICE T, FRNEFNDORZMUD
R ERPELN TS, T’Eof RIRAE B 4
BEREAMEE 5L 357001213, KREBROEY 3
%6 Aminoglycoside nﬁ’fﬂdé’% WL Z &P
EEbh7,

ZITHMAYEE AT 2 FEZEHLT, £FA
HABRPL CHFET AR L ) AETRELER L.
acetotorelans D HE%R , FrA MR PR ELMG %
MAEDERDESGHEEZIT o 720, [ANDHTETS S
BEC & Do 7. L. acetotorelans %+ D b D DEEFR A
ZELIIEEL L TORBLGORENLELEZ
Y (O

SHLAEFBREBIBEIC L 2 ERERERSE DA
BFHEIN, ENSIEGRICHIE T 2 LENH L. &
HREABEORED BV EIEEMBRIEN) Th
<, BEmMAEMFENICLEBEEIHET EEZ LN,
CITHRLLZFREEIIZIZAEELIOTIEI RV

FLBRIE2 ) TR EEOMBERH O ST o —
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Development of long-term conservation for mycelia, and quality evaluation
of stock strains
Koji Yokoyama

Medical Mycology Research Center, Chiba University
(Research Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University),
1-8-1 Inohana, Chuo-ku, Chiba 260-8673, Japan

Schizophyllum commune is a pathogenic fungus in the Basidiomycota. It includes monokaryon strains that do not
form spores. These strains can not survive long-term preservation with the conventional L-dry technique. We
developed the DL-dry technique for these strains. This technique allowed long-term stable conservation. Most
Epidermophyton floccosum strains do not form conidia. The L-dry technique can not be used for this species. We
used the DL-dry technique with 69 strains and achieved long-term preservation of 63 strains (91.3%).

A small DNA (approximately 400 bp) of the cytochrome b gene was sequenced for the strains in the genera
Cryptococcus and Trichosporon. These sequences are specific for each species of these genera. Some DNA types
are on the same species. The sequence analysis of cytochrome b gene is effective for identification and

differentiation of the species in the genera Cryptococcus and Trichosporon.

Key words: mycelia, long-term stable conservation, DL-dry technique, cytochrome b gene
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SRR Schizophyllum commune 118k % PRIV 1T
LTIy, RFEOFFMOLDIT428%E AL 72
(Table 1B X U2). 7, RGEFLERMEDHT/A
SHEFEEFTEAEERLEZVERARARA
Epidermophyton floccosum 16¥k% f#F L 7= (Table 3).

DL-E1®% | DLz (disk liquid dry), AFFEITE
EZPBEICER L FETH S, Fig. LITRT IIHI
T — MIEF XS LEHAREAREZ EE 4mm O BIE
DavrF—5— (Fig. la) THWTERILKkE L
D, 5FA4AAZ7EZNFESMMDOHTT AT T VIZANR
5. EEWEHE 5% 7Ny I VBT NI YA, 5%
527 h—2R, 5%PVP (K E=—LE) ¥ F¥K30),
01% K1) T —F )VE) F—Jb (Actocol : {HigH) 1
v ERRRfE (KH,PO, 13.6g/L : KHPO, 17.4g/L=4 : 6,
pH7.0)) 2% 100ul 7 ¥ ZVICANTHAEZET. £
IR EEE R TR IRHZR S, BEZ20EET
VINEERTA, T NVIEST OERICEE L.

TLTIDET T VT IVHROMREIIYT A Y,
HIAGY, T TNhyy—7ETEEMNT, T
- VTHEHEL, HoTHHETS. Mzl BLE
Jei (PYS 3:3h: 0.5% KU RT + v, 0.2% BT F X,
0.2% a8+ U v2a, 0.2% (NH),S0,, 0.2%
MgSO, + 7H,0, pH7.0) 721 PDB (K7 FFF A »
O — AR DIFCO) 72 & OfffEE i 2 AN T
7t L PDA ¥ibiz R 7.

E1FEROETE  AGER0HEHIE, HRITEiZ2ExDT »
FVEE0T 4 A7 % PDA EREHICHE 2 T7 HIEIS
EBEOFEZERL, ZENRDOONT 4 AT O
210TE D 100 2T THEAEER (%) & L7-.

BREATFREBRRR | BB L 2 EFROE
RARB7-0OIC, BB IHBIET LEFRZHAN
7-. Table 1 {Z7RTHRICOWTIE, 34 H, 14, 24,
4EBICET L CEFFE LR/ BERRIIITC D
{ V¥ aR—¥— I DLERETHERLLET VTV E
REL, ZEBIHEL 1FERIIHHE L TEFREH

~7-,

SHEXREEH D HEDER | WEOR#EEZ HAYIZ0.5,
1.0, 15%ERBIUOF Uy 7 2EETL - MNIERE
L, aVZXR=5—=I12TL VK& DLEEEEZIT- 7.
BIRBI1IHEICT v 7V 2 BE LEAELZ R

HRBLUER

JRIE B Schizophyllum commune @ DL-EZIREIZ X
HREEAGEL L UCBERBOMREZREY A b &I
|2 Table 11278 L7z, R L7=118RICDWT, 5C RFF
TiE, 2EBOEFEIL LI T LTV Kb H o
LR EMETFE LTV, 4EBRIIBIT S AEEFIE,
20% T TIKTF L7z 1ARDYE © 7228, EEFIEMHRT
X7z, B, 1IMET Y IIVOBEEEKTOROHE
TX ol

Table 1 Strains of Schizophyllum commune used in this study and survival rate

Survival rate (%) after DL—dry at 4°C storage at 37°C storage
IFM No. 1 day 3 months 1 year 2 years | 4 years 1 day 1 year
41942 80 100 100 100 100 100 60
45818 100 70 80 80 70 60 20
46098 80 100 100 100 100 100 70
46104 100 100 100 100 100 100 60
46184 100 100 80 80 70 100 50
46416 100 90 100 100 100 80 30
46581 90 80 80 80 20 80 50
46663 100 100 100 100 100 100 70
46788 100 100 100 100 NT* 100 50
47581 100 90 100 80 80 80 30
47582 100 100 100 100 90 100 60

NT* :not tested
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Table 2 Strains of Schizophyllum commune used in this study and survival rate

Survival rate (%) Survival rate (%)
IFM No. 1day lyear IFM No. 1day
46097 100 50 50234 100
46099 100 80 50235 100
46101 100 100 50236 100
46103 100 80 50237 80
46185 80 0 50238 100
46186 100 100 50239 100
46577 40 0 50240 100
46578 100 0 50241 100
46579 0 NT* 50242 100
46580 0 NT* 50243 80
46799 60 70 50244 100
46800 80 60 50245 100
46898 100 100 50246 60
46911 100 100 50247 100
47008 100 100 54711 100
47009 80 80 54713 80
47276 100 100 54715 80
47458 100 100 54716 0
NT* : not tested 54717 0
54718 100
54719 100
54720 20
54721 100
54722 100

BEEEEE DK F1L, Table 1R L72X 912, 37C
T1EBREFROEFEIL, 20% 55 70% LB VDR
OONTNEROAEFEZHER L7z, 37C D30HFRAED
5CH5ELIEEETE L7720, 37C D 1413 5T D604E
BOEFERIIHETLEEEZON, AFHEICLS
Schizophyllum commune OEIRRAF O FEMEDHEE &
nrz-.

S5, Y r ¥y —1REE S commune 428R1ZDO W T,
DLEz)& % A7k R % Table 2 127 L7z, Thb D42
RRFARIEEBZ IHEOETEN % 2R L, &

BREFICEEr 22 EZ b/,

KGETEEAREDOART, NrEFEITEAEES
T, HOBBEROLEBERF CIIEFRTE LV VK
J& SRR Epidermophyton floccosum @ DL-BZME D FE B
% Table 3IZ/R L7z, YUty —1REFEOI68TF 21T
EHFELTW o7,

DLEIBRIEICBWCTEFTE LD 572 S. commune,
E. floccosum O 6 FRIZOW TR ZRE LAEFERLED
HHMT, 05 10, L5%ERBIVT V7V iiEE
TU—MIERELDLEERETRAA. LrL, £X,
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Table 3 Strains of Epidermophyton floccosum
used in this study and survival rate

Survival rate (%)
IFM No. 1 day
41070 100
41111 0
41132 100
41135 100
41734 0
46637 100
46794 100
46811 80
46923 100
46991 100
53345 100
53408 100
53504 100
53505 100
54154 100
54250 25

FUT v OMNOBEIBVTLAEFEREHD LRI
HkZ 0o 72,

ERIRBE RO AR T 2 MkO RMEERGEE L L
THI% L7 DLEEEZ HWT, ko LEiE Tl
HHETELR o2 TFEESZVETREO 1 EREAE
ETWITEE S, commune & K5ET L BAREDH
T, MNrHEFZELEAEHESLTVEERREE.
floccosum \Z 2\ THET L 724 R69¥k 631 (91.3%)
WEMNEEITRETH L ENHL NI R -7, DLHZ
BRI TF A EETARIIVLEN THHDT, DL
BRI ERH ORI ICIRA S FIATE 5.

2. RAFEPRO o R

EERIT

FRHE&  BEHE®KR ) R MIE, Table 4
(Cryptococcus &) 3 X U Table 5 (Trichosporon J&3 &
O THEARER, FREREREO—) (TR,

F NTO— Ly EEFEN ARG PDA LI
Hi % 25C TH#E L 7. DNA I, EFREAKZ 75% ©
5 ) —VCHHE L7:%, DNAHEF v + (BEBHY ¥

Fig. 1 Used ampoule and a hand made cork borer.
Outside diameter of an ampoule is 7 mm. Inside
diameter of the ampoule is 5 mm. Length of the
ampoule is 120 mm. Outside diameter of the cork borer
is 4 mm. Inside diameter of the cork borer is 3 mm.
Length of the cork borer is 163 mm.

MV A, TAKARANA A, #H) ZfEMA L THHHL
7. Fhru—LibEETIE, BFREAICEET S HE
754 <— (EIM4, rE2M4) #HAWTHIEL, fHE
%, ¥4 —3IFx =5 —FEZHTHLEINILL,
ABI377 F 72133130% H\ THRARSI 2 g L 7.

BRBLOEE

Cryptococcus BB D% THIEMEZ T C.
neoformans (2% 2 2% C. neoformans var. neoformans
& C. neoformans var. gattii 3% 0, F AR MIE
Bx A B, C,D, AD O 5HEEAA SN T WA, KEHE
DF by a—LbEETERITLHEE, DNA type
i, ORI A T LSk, RERTFOT I/
M H 2 H T3 5 & C. neoformans var.



(Bisws et. al. 2003)
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Table 4 Strain list of Cryptococcus neoformans used in this study

Varieties IFM  Sero- DNA AA Exon Source Accession no.
no. type  type
gattii 5815 B D-1 A-1 [1-46; 461-800] Patient AB105913
gattil 48634 B D1 A1l [1-46: 461-800] CBS 6289 AB105914
gattii 48636 B D-1 A1 [1-46; 454-793] CBS 7229 AB105915
gattii 48819 B D-1 A-1  [1-46; 461-800] CBS 6998 AB105916
gattii 48820 B D-1 A1 [1-46; 461-800) CBS 8273 AB105917
gattir 48821 B D1 A-1  [1-46; 454-793] CBS 7749 AB105918
gattii 5856 C D-2 A1 [1-46; 317-632; 1148-1171] NIH 18 AB105919
gattii 5873 C  D-2 A1 [1-46; 317-632; 1148-1171] Patient AB105920
gattii 5875 C  D-2 A-1 [1-46;317-632; 1148-1171] Patient AB105921
gattiy 5878 B D2 A1 [1-46; 317-632; 1121-1144] Patient AB105922
gattii 48635 C  D-3 A-l  [1-46; 317-632; 1162-1185] CBS 6955T AB105923
gattii 5855 B D4 A-1 [1-46;317-632; 1162-1185] NIH 112 AB105924
gattii 47258 B D-5 A-1  [1-46; 1175-1514] Patient AB105925
gattii 48818 B D-5 A-1 [1-46; 1175-1514] CBS 6956 AB105926
gattii 48822 B D5 A1 [1-46; 1175-1514] CBS 7750 AB105927
neoformans 5844 D D6 A-2 [1-46; 1190-1529] Patient AB105928
neoformans 5845 D D6 A2 [1-46; 1190-1529] Patient AB105929
neoformans 5857 D D6 A-2 [1-46; 1190-1529] NTH 52 AB105930
neoformans 5881 D D6 A-2 [1-46; 1190-1529] Patient AB105931
neoformans 46082 D D6 A2 [1-46; 1190-1529] Patient AB105932
neoformans 46090 D D-6 A-2 [1-46; 1190-1529] Patient AB105933
neoformans 48640 D D-6 A2 [1-46; 1190-1529] CBS 6901 AB105934
neoformans 48641 D(A) D6 A-2  [1-46; 1190-1529] CBS 6995 AB105935
neoformans 48642 D D6 A2 [1-46; 1190-1529) CBS 7697 AB105936
neoformans 48643 D D6 A-2 [1-46; 1190-1529] CBS 7698 AB105937
neoformans 5839 AD D-7 A-2 [1-46; 1190-1529] Patient AB105938
neoformans 5505 A D8 A-2 [1-46; 1189-1528] Patient AB105939
neoformans 5506 A D-8 A2 [1-46; 1189-1528] Patient AB105940
neoformans 5854 A D-8 A2 [1-46;1189-1528] CDC 551 AB105941
neoformans 45708 A D-8 A-2  [1-46; 1189-1528] Patient AB105942
neoformans 45737 AD D-8 A-2 [1-46; 1189-1528] Pigeon droppings AB105943
neoformans 45756 AD D-8 A-2 [1-46; 1189-1528] Pigeon droppings AB105944
neoformans 46132 AD D-8 A-2 [1-46; 1189-1528] Pigeon droppings AB105945
neoformans 46554 A D-8 A-2 [1-46; 1189-1528] Patient AB105946
neoformans 46572 A D-8 A-2 [1-46:1189-1528] Patient AB105947
neoformans 46729 A D-8 A-2 [1-46; 1189-1528] Pigeon droppings AB105948
neoformans 46734 A D-8 A-2  [1-46: 1189-1528] Pigeon droppings AB105949
neoformans 48638 A D-8 A2 [1-46;1189-1528] CBS 996 AB105950
neoformans 48639 A D-8 A-2  [1-46; 1189-1528] CBS 5756 AB105951
neoformans 48637 D D9 A2 [1-386] CBS 132T AB040655

CBS, Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands; CDC, Centers for

Disease Control, Atlanta, Georgia, USA; IFM, Institute for Food Microbiology(at present, the

Research Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University), Chiba, Japan;
NIH, National Institute of Health, Bethesda, Maryland, USA. T; Type strain.
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Table 5 Strain list of Trichosporon species used in this study

Species IFM no. Source Exon pesition(s) (nt) Accession no.

Trichosporon aquatile 48573 CBS 5973T 1-396 AB040664*
Trichosporon aquatile 48959 CBS 5988 1-396 AB175742
Trichosporon asahii 48429 CBS 2479T 1-46, 1252-1601 AB175743
Trichosporon asahii 48574 CBS 2497 1-46, 1252-1601 AB175744
Trichosporon asahii 48575 CBS 4829 1-46, 1252-1601 AB175745
Trichosporon asteroides 48559 JCM 2937T  1-46, 1253-1268, 2333-2666 AB175746
Trichosporon asteroides 48608 CBS 7623 1-396 AB175747
Trichosporon asteroides 48960 CBS 6183 1-46, 1253-1268, 2333-2666  AB175748
Trichosporon asteroides 48961 CBS 7624 1-396 AB175749
Trichosporon brassicae 48962 CBS 6382T 1-62, 1236-1569 AB175750
Trichosporon coremiiforme 48963 CBS 2482T 1-46, 1254-1603 AB175751
Trichosporon cutaneum 5788 IFO 1198T 1-396 AB175752
Trichosporon domesticum 48565 JCM 9580T 1-396 AB175753
Trichosporon dulcitum 48561 JCM 2946T 1-46, 1125-1474 AB175754
Trichosporon dulcitum 48576 CBS 8257 1-46, 1125-1474 ABI175755
Trichosporon dulcitum 48622 JCM 2945 1-46, 1125-1474 AB175756
Trichosporon dulcitum 49111 CBS 5785 1-46, 1125-1474 AB175757
Trichosporon faecale 48560 JCM 2941T 1-46, 1253-1602 AB175758
Clinical
Trichosporon faecale 48794 isolate 1-46, 1253-1602 ABI175759
Trichosporon gracile 48564 JCM 3940 1-396 AB175760
Trichosporon gracile 48609 CBS 8189T 1-396 AB175761
Trichosporon gracile 48610 CBS 8193 1-396 AB175762
Trichosporon guehoae 50454 CBS 8521T 1-396 AB175763
Trichosporon inkin 48551 IFO 10131T 1-62, 1120-1453 AB175764
Trichosporon jirovecii 48577 CBS 6864T 1-46, 919-1268 AB175765
Trichosporon jivovecii 48578 CBS 6950 1-46,919-1268 ABL175766
Trichosporon laibachii 48562 JCM 2947 1-396 AB175767
Trichosporon laibachii 48579AUT  CBS 2495 1-396 ABI175768
Trichosporon laibachii 48580 CBS 5790T 1-396 AB175769
Trichosporon laibachii 48623 JCM 9934 1-396 AB175770
Trichosporon loubierii 48563 JCM 3939T 1-396 AB175771
Trichosporon moniliiforme 48558 JCM 2389T 1-376, 1280-1299 AB175772
Trichosporon moniliiforme 48581 CBS 5959 1-376, 1280-1299 AB175773
Trichosporon montevideense 48582 CBS 6721T 1-396 AB175774
Trichosporon mucoides 48611 CBS 7625T 1-396 ABO040665*
Trichosporon multisporum 50466 CBS 2495T 1-396 AB175775
Trichosporon ovoides 48612 CBS 7556T 1-46, 1245-1594 AB175776
Trichosporon ovoides 48613 CBS 5580 1-46, 1245-1594 ABL75777
Trichosporon pullulans 48614 CBS 2535 1-46, 1249-1264, 2320-2653  AB175778
Trichosporon pullulans 48615 CBS 5581 1-46, 1249-1264, 2320-2653  AB175779
Trichosporon sporotrichoides 49226 JCM 9941T 1-396 AB175780
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Trichosporon veenhuisii 50456 CBS 7136T 1-396 AB175781
Bensingtonia yuccicola 49223T JCM6251T 1-396 AB040648
Bullera crocea 49222T JCM2961T 1-396 AB040649*
Bulleromyces albus 49221T JCM2954T 1-396 ABO040650*
Cryptococcus curvatus 45920T 1-396

Cryptococcus gastricus 48669T [-396 AB040652*
Cryptococcus flavus 48667T [-396 AB040651%*
Cryptococcus humicolus 48672 CBS 571T 1-396

Cryptococcus laurentii 48675T 1-396 AB040653*
Candida glabrata 1-396 X53862
Erythrobasidium

hasegawianum 48186T 1-396 AB040666*
Filobasidium capsuligenum 48657T 1-396 AB040654*
Filobasidiella neoformans 48637T 1-396 AB040655*
Leucosporidium scottii 49208T 1-396 AB040658*
Malassezia furfur 48585T 1-396 AB040656*
Malassezia pachydermatis 48555 1-396 AB040657*
Rhodosporidium paludigenum 48537T 1-396 AB040646*
Rhodotorula glutinis var.

glutinis 48391T 1-396 AB040627*
Saccharomyces douglasii X59280
Sporidiobolus pararoseus 48656 1-396 AB040659*
Sporobolomyces xanthus 48191 1-396 AB040660*
Tremella foliacea 48200 1-396 AB040661*
Tsuchiyaea wingfieldii 48554 1-396 AB040662*
Ustilago maydis 49220T 1-396 AB040663*

*Reference 2 Biswas ef al.(2001)

neoformans & C. neoformans var. gattiit OBEFEHN S vn
oz, MiER S C. neoformans var. neoformans
12 A, D, AD & C. neoformans var. gattii ® B, C 125"
sz, B 5, C neoformans @ type strain (IFM
48637) Wi vy bur e EE hdh oy, Fhlst
DX, &®TA b arEEA TV (Table 4, Figs.
2and 3).
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* Intron |{all types)

I 1 ARTATGCTATCAGE PATTCCTTGRATTGGTACAGATTTTACACAATTTGTATCCGOCTGGATTCTCTGTTAATAATGCTAC 80

1T B P 80

111 S 80

Iv e e e e e e e e e e e s 80

v O P 80

vI b e e e 80

VII o 2 80

VIII ol b L PRI 80

Ix 1 T e Coovunnnn G..... T c.. 80

b 81 ACTTAACCGATTCTTCTCACTTCACTATCTACTACCATTTATTCTAGCAGCTCTAGCTCTAGTACATATGCTAACACTAC 160
IT L 160
.5 Q- PRI 160
v Bl L e e e e e 160
v Bl e Bt et e e e 160
VI B e e e e e e T. 160
VIT  BL ottt e e T. 160
A2 % 3 S - 5 A P T. 160
1x 81 ., T o Coviinnninn 160
X 161 ACTCACATGGTAGTTCARATCCTGAAGGTATTAGCTCARATGCAGAAARGGCACCARTGCATCCATACTTITATCTTTARG 240
S5 S N 240
o o O 240
b -5 240
v 161 .o o 240
vI 181 .. &....C...., [o 3 L S 240
VII 161 ..A....C..... c.o.... 5 T et e 240
VIII 161 ..A....C..... ... O e B e e e 240
IX I8 AL, T e e e e e e e e e e e 240
e 241 GATCTAGTARCTRTTATCCTTTTCTTCATTGCTCTARCAGCTCTAGTAATGTATGCACCTAATATGCTAGGACACAGTGA 320
II 281 e e e e e 320
IXT 241 ot e e e e e 320
IV 241 i e e e 320
v 241 e R 320
VI 241 ........... B e o 320
VII 2841 ........... B e e o 320
VITI 241 ........... B e e S e 320
IX 241 ...l B e e vt 120

+Intron H{H, & 1V)

1 321 CAATTACATTCCTGCTARCCCAATGCARRCACCACCTTCARTTGTACCGGAATGGTATCTICTACC 386
IT 0 321 it e = 386
IIr 321 ...... S L3 386
w321 ..., T R e Bt e, 386
v 321 Bt 386
VIO321 .. .C..T e e 386
VII 321 ...C..T. i e e e e e e 386
VIIT 321 B R O 386
X 321 G B 386

Fig. 2 Comparison of coding sequences of the mt cytochrome b genes (cyt b) of various C. neoformans
isolates. Dots, nucleotides that are identical to those of C. neoformans cyt b type 1. Arrows indicate
positions of introns. ¢yf b type is in parentheses. Cyt b type IX is type strain. (Biswas et. al. 2003).
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Fig. 3 UPGMA-tree showing the relationship of various C. neoformans isolates
generated from nucleotide sequences of the cyt b gene (exon) (a) and
deduced amino acid sequences (b). Bar indicates number of nucleotide and
amino acid substitution per nucleotide site and amino acid site. (Biswas et. al.

2003)
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Fig. 4 Phylogenetic tree based on the nucleotide sequences of the ¢yt b gene. of
Trichosporon. The tree was constructed by using UPGMA. Numbers indicate
IFM strain numbers. T indicates type strain. Bar indicates number of
nucleotide substitutions per nucleotide. (Biswas et.al. 2005)



FSR RO BRI RIFLE O RSB & OHRAFR O & 5

RAFRBIICHL L -l — &

IFM : T3K% HWEENELY 5 — (B4 - IFM
F5)

Aureobasidium BFEK (IFM 54448-54450) 3 #%,

Geotrichum JBFAEM (IFM 54490-55505) 35%k,

Graphium JEBIEM (IFM 54505-54526) 214,

Beauveria & (IFM 55069-55146) 77#k.

A5 138%k

P

KD FETIE, TERFEFEEMNEL Y ¥ —
PHEALT, HEERE (AR 22 ¥ A7 v AR
&), Biswas SK. (Ry ¥ A= 7HMER KSR,
T OB GEHRFERBESEE) ok hkLE
F L7 F£72, AUIEOEES LR % THVW M EEA
FEEEFZERT (KB I w2 L E .

X Wk

BB W (1985). WAHRRAFEE. Al 2:97-108.

Biswas, S. K., Yokoyama, K., Nishimura, K. & Miyaji,
M.(2001a). Molecular phylogenetics of the genus
Rhodotorula and related basidiomycetous yeasts inferred
from mitochondrial cytochrome b gene, Int. J. Syst. Evol.
Microbiol. 51: 1191-1199.

Biswas, S. K., Yokoyama, K., Wang, L., Nishimura, K. & Miyaji,
M.(2001b). Typing of Candida albicans isolates by
sequence analysis of the cytochrome b gene and
differentiation from C. stellatoidea. . Clini. Microbiol. 39:
1600-1603.

Biswas, S. K., Yokoyama, K., Wang, L., Nishimura, K. & Miyaji,
M. (2001¢). Identification of Candida dubliniensis based on
the specific amplification of mitochondrial cytochrome &
gene. Japanese J. Med. Mycol. 42: 109-112.

Biswas, K. S., Wang, L., Yokoyama, K. & Nishimura, K.(2003).
Molecular analysis of mitochondrial cytochrome b gene
sequences of Cryptococcus neoformans. J. Clini. Microbiol.

41: 5572-5576.

Biswas, K. S., Wang, L., Yokoyama, K. & Nishimura, K.(2005).
Molecular Phylogenetics of the Genus Trichosporon
Inferred from Mitochondrial Cytochrome & Gene
Sequences. J. Clini. Microbiol. 43: 5171-5178.

AR M, B B (1980). LA RIVGSE. BB X
UHURHEIRIT R &RE  26: 96-100.

Wang, L., Yokoyama, K., Miyaji, M. & Nishimura, K.(1998).
The identification and phylogenetic relationship of
pathogenic species of Aspergilius based on the
mitochondrial cytochrome b gene. Med. Mycol. 36: 153-
164.

Wang, L., Yokoyama, K., Miyaji M. & Nishimura, K.(2000).
Mitochondrial cytochrome b gene analysis of Aspergillus
Sfumigatus and related species. J. Clini. Microbiol. 38: 1352-
1358.

Wang, L., Yokoyama, K., Takahashi, H., Kase, N,, Hanya, Y.,
Yashiro, K., Miyaji, M. & Nishimura K.(2001).
Identification of species in Aspergillus section Flavi based
on sequencing of the mitochondrial cytochrome b gene.
Int. J. Food Microbiol. 71: 75-86.

Wang, L., Yokoyama, K., Miyaji, M. & Nishimura, K.(2001).
Identification, classification and phylogeny of pathogenic
species Exophiala jeanselmei and related species by
mitochondrial cytochrome b gene analysis. J. Clini.
Microbiol. 39: 4462-4467.

Yokoyama, K., Wang, L., Biswas, S. K., Ito, J., Unno, H.,
Takahashi, H., Kase, N., Miyaji, M. & Nishimura,
K.(1999a). Phylogenetic relationship and classification of
mycotoxin producers using the cytochrome b gene.
Mycotoxins supplement 21-27.

Yokoyama, K., Wang, L., Takahashi, H., Kase, N., Miyaji, M. &
Nishimura, K.(1999b). Molecular typing of Aspergillus
section Flavi by mitochondrial cytochrome b gene
analysis. Mycotoxins 49: 27-33.

Yokoyama, K., Biswas, S., Miyaji, M. & Nishimura, K.(2000).
Identification and phylogenetic relationship of the most
common pathogenic Candida species inferred from
mitochondrial cytochrome & gene sequences. J. Clini.
Microbiol. 38: 4503-4510.

Yokoyama, K., Wang, L., Miyaji, M. & Nishimura K.(2001).
Identification, classification and phylogeny of the
Aspergillus section Nigri inferred from mitochondrial
cytochrome b gene. FEMS Microbiol. Let. 200: 241-246.



IFO Res.Commun. 21
51-60, 2007

RRBEAR VAR v 7 2 HOREMRZ W72 L OV O 8 AL &
WS E R O R R SR T 038R
ok A

R KPR FEFE SR SRR YR 2 E I
T 113-0033 HULHB LI X AR 7-3-1

Species Taxonomy Based on Cultured Material and Discovery of the Male-
specific Gene from Newly Established Culture Strains in the Volvocales
(Chlorophyta)

Hisayoshi Nozaki

Department of Biological Sciences, Graduate School of Science, University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

Taxonomic studies of the two volvocalean genera, Astrecoccus and Hafniomonas, were carried out based on the
comparative light and electron microscopy and molecular phylogenetic analyses of 16 strains that were newly
isolated or sent from various culture collections of algae, in order to establish natural taxonomic systems at
species level. The eight strains of Asterococcus were clearly delineated into three species based on differences in
the structure of the gelatinous colonial matrix and pyrenoid, the presence or absence of a papilla-like protrusion
at the anterior end of the cell, and a gene phylogeny based on the large Rubisco subunit (#bcL): A. superbus, A.
korschikoffii and A. papillatus sp. nov. The Hafniomonas strains could be clearly delineated into five species: H.
reticulata, H. montana, H. laevis sp. nov., H. conica stat. nov., and H. turbinea sp. nov. based on differences in
cell shape, cell size, chloroplast surface, the number of contractile vacuoles, stigma ultrastructure, and
muciferous vesicles at the periphery of protoplasts. Phylogenetic analyses of 18S rRNA and P700 chlorophyll a-
apoprotein A2 (psaB) gene sequences demonstrated that all Hafniomonas species constituted a robust clade in
which four strains of H. reticulata formed a monophyletic group. We also provided a Latin description of H.
heom sp. nov. which was previously identified as H. reticulata. In addition, a new species of the colonial
volvocalean genus Pleodorina, P. starrii, was described from culture strains that were newly established from
water samples of Japanese lakes. Using these new strains, a new male specific gene "OTOKOGI" was isolated
and its evolutionary significance is discussed.

Key words: comparative morphology, culture strains, molecular phylogeny, species taxonomy, Volvocales
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(Volvocales) (X HEAMAEME~FEAREDO L RRMEICE &5
BThHhH, ZOrIV—TITIZEMED S EEADHEAL
RHDET N EMFEN TV EBEEREDOR VR y 7 25}
LoEWRe, MAEWED T T IVEY Chlamydomonas,
N—¥ HhuF v EEMD Dunaliella, 7 A% ¥ F
Y HREME D Haematococcus, FeF09 7% CO,HaHEHE %
b D Chloromonas %5 % & ¢r. IT4E, FIT 18S rRNA &
ETE AW TREENNRS IOV — T TEE
BN, BBI»PLRZMEELRTIHL IR -7
(Buchheim et al., 1991, 1996; Nakayama et al., 1996).
LA L7255, 18S rRNA En T IR CREWH
DL XNVOGEIITELTIEEWEEDLNS., —F

REMBEIIBITFLHEL N OSESESENTEII T



N

ENRTEBY, a7 ya roRRRFERIOGFERBER
LANNVOBBRIZEBEZECRAEIN TV L0003
LAETH S (B, 1995, 1998). F7z, BARA»
SIFEXINT Y TN ELFHEME TS L TRES
NZBTTEEINZZEORVELLHEEL, £
CORMOEYIEPBRTE» ORI I N D TREMED D
B, RAGZEHARDPSH G LHRE BRSO
R % [ — 32 500 T TR BAMSE & 1 BAM
ErHCTHRBEY 5 2L L LB E A B &
{, TIA VAV INPEGREREa—-— V0 H
BIEF OIEFERFERET BICRBAN2OBRREL X
VOSHEERREEET LI A HME LTHIZEL TV
% (B0, 1998). AR AN SEEENT SE AT 72 B
BEZT T o 72N R E L L Db DT, Kb
K 7 A B D Asterococcus, Hafniomonas @ 2 JEIZ BT
L LNV OS5EFENIE (Nakazawa et al., 2004;
Nakada et al., 2007), 7% 5N, HZJIRARBH 2> 5
SlERESE L 72 3 FE Pleodorina starrii (Nozaki et al.,
2006b) IZDWTHET 5. 72, AWK 5k
L 2ERESIZERRE L LT P starrii 75 4 AFFERAY
BIEF “OTOKOGI" (PlestMID) % HE(3 52 L 25T
%72 (Nozaki et al., 2006a) O TEDFEMEIZDOVTHEE
T3,

KBTIk

AAZH?HRE L 2B 23RO F TV 2
WTHTHO 7 o— VEERE ER Y PEREE T L
7= (Nakazawa et al., 2004; Nozaki et al., 2006b; Nakada
et al., 2007). F7-, HAXHOFEHAIVF v —aL 7
2 g v d 5 Asterococcus, Hafinomonas, Pleodorina & [F]

FENTVEKRD HbETHCA, FEHEEIN LS
TREL ST RMTHERNIIRIN TR WEEITR
FEHRE LTHREBERERM ULV THERE L.
BEHIZEARICERELT, AUBTHILRE—OR
LM T CHE S &M 2 v O BRsRBig &
BFEMBOBEEZEKL 2. 5T RHEMBHTITIE,
rbeL, psaB FEDIERREK T — N ¥ 37 BARFOIEE
B IEH % F\ 7255, Hafinomonas (2 B\ CTIEE &R
IFIHAE L VAT 18S rRNA BIn F 2T BRI Tw
5bDWNHo7-0T, HEDAIZ 18S rRNA ERT %
HW-REND HbETHEIGLZZ., b 3EOH
HIEBRIZLTICHRARS L) 2R EERET R TH
SEBRBEWTFERT AR W R R A R (NIES) IZFEL
72,

R & 5

1. Asterococcus BB E A FRIFICEDLEL
NIVOBRITE  Asterococcus J& (FEEEM) (ZEHAY
12133 Y A€ H (Tetrasporales) 2448 X1 5 ANE)
DR T, REOERMK TR HGEEL
TRERINEEZ/FOZ & TREMN TSNS (Fig. 1).
RO & OG5 T FMAN RN TIEHEAEER VR
27 A H D Oogamochlamys & Lobochlamys 7> 5 7 % Hi 5k
MEEL MR Z BN T A DL > TV A
(Nakazawa & Nozaki, 2004) O TIRFEDRIVERy 7 A
HTHbEZ->TLw.

KIE1Z% { OREEMZ AW LBIEREICE D 0
FRFEDS SN T Wi Wiz, k3N 5 EEH
RHEICL->TERY, HOHOERNEELEKRTH -
7> (Nakazawa et al., 2004). FkA4 I ZHF LMD AL F

Fig. 1 Vegetative morphology of Asterococcus superbus. (From Nakazawa
et al., 2004; Copyright® (2004) International Phycological Society.
Reproduced by permission of Allen Press Publishing Service)



FRERIVKR Yy 7 ZHORE L X)L 05 EF 15

¥y—2a b7 Y3 (IAM, NIES, SAG, ACOIL, CAUP) |2 3) (Nakazawa et al., 2004). A. superbus & A. papillatus
B TN T 5 Asterococcus JE7H 8 ¥k (Fig. 2) 12oWn» FIZERIRO AR Z TR T 525, A. papillatus \ZHINE
T, e PR L BT HMEE, KU DNA AR RIS SRS Z b D M T A. superbus & B IZ X
T= 7 2 O 0EFEN R T -7z, R—8EL&Lt Bl 272, F 72 Ettl and Girtner (1988) 13 A.
TTONBIEREBILE L Bk s V82 B a— F el & korschikoffii & A. superbus D 24 & L 7= %%, A.
RF OIREBLF 112835 FEHF 12 F D < RARIRHT D 5 5, korschikoffii \ZRIIRDOBERZ LR T 5 2 & T A. superbus
HWHNHRITERIRE B & Z 8 E T HEMEIC X 5 EXENBZMLETHD I ENIOMETRE
YL/ A FOWMIERE, MBBRHSD S FIRERD N7z, TNS3FOBTIEEEOEHIZAKE BN
BN X > THBEIZ 3T (A superbus, A. korschikoffii FRIREBIR) PRON, EROGEERIZBVWTIZ
RO A. papillatus) (25T 252 EHTE7 (Fig. MBI GHEHTRELANLVTHo72. Lal, Mlaos

THME L N OB ITEARN 2 T3 L, HER
7= 53N o SHANKEMOP THRETH S 2

+Designation of strains *Source LR L7=-DT, 1J& Asterococcus \ZFTE X & 72
*NIES-1331(Asteroco-4) *Mie, Japan (Nakazawa et al., 2004) .
*|IAM C-299 “A. superbus” *Amiens, France ’
*SAG 104.80 “A. superbus” *peatbog, France
ACOI 238 “A. superbus” «Serra da Estrela, Portugal 2. ig%*%(’:gj < deili()ﬂll)ﬂas Ea)*E L /\)'/@%;E
:28: 2[2: n:. super:us” -:erra :c :;etréj, P:rt:galI D) E*ﬁ =t Hafniomonas BT BEAS 72 4 HE
. “A, superbus” +Serra da Estrela, Portuga ; i : I N
“CAUP H3504 “A. superbus” “Czech Republic HOBMEEDO RV Ry 2 ZBD 1 BT, BEALHT
“SAG 20.85 “A. limeticus” “Lake Windermere, England BREMETHD I LA DAREMNOFIAN 2 M58 & i
; SYbnBT . ARICIRTNE TIOMA D A
Fig. 2 Strains of Asterococcus used for Nakazawa et al., B Hr OIS i)?) & Z;E’L Cg} ML TIOMRY 2
(2004). L IN TV B, BEORERLFHIZB W TIZ 1925
Spheroid colony 2 abscntf{_’.’ - W\\ Eawreosa
N @ b
(
thyakoid lameliae
A. superbus (Cienkowski S
d with
1865) Scherffel 1908 e eyt

100100 9758 | ACOH 305
100700 &“#mms A.  korschikoffii
oot Ettl 1964

4 .
2 MY
Bu G
Spheroid eclony Pyrenoid with 5-15
thyakoid lamellae

Fig. 3 Three species of Asterococcus clearly delineated based on comparative light and
electron microscopy and #bcL gene phylogeny (Nakazawa et al., 2004). Bootstrap
values (50% or more) based on the Jukes-Cantor distances and HKYS5 distances in the
ME analysis (based on 1000 replications) are shown at the left and right, respectively,
above the branches. Numbers at the left or right below the branches are bootstrap
values (50% or more) resolved in MP analysis (based on 1000 replications) or ML
analysis (based on 200 replications), respectively. G: gelatinous matrix of colonies. P:
anterior papilla of vegetative cells. (From Nakazawa et al., 2004; Copyright® (2004)
International Phycological Society. Reproduced by permission of Allen Press
Publishing Service)



B A

ZEE &N 4 TH H. reticulata (Korshikov,
1925) & [E4EICEEE X7 H montana (Geitler, 1925)
D2BIIFEENLZ LD E Lo LAL, Thb

DO EE LB L CA B L, H reticulata &
FEEINEYORICEBORLLEYFEINTE
v, F72, H montana EFEINZDDIZIONTYH 2
D FOEYWEEITN TSI REMEINRE I N
(Nakada et al., 2007). $%-T, RBIIBITHFEL X)L
ORZIFRELLTEY, ZLOEEKREH VLA
N OGIEFE RS LETDH > 72,

F% 4 13 Hafniomonas \ZB LT, HA®D 6 Hhrih 5
W8Sy TV o ERE B LI LTS
7. POREEERR 6 R & BN REDT T A Y R IR AR
HaEE OIRARE 2 ¥k (NIES-257, NIES-656) Z H\, [t
BRI E NICBER T — F psaB BIRT &
I — K 18S rRNA BInT & 7o R s & 5 L 7.
ZONER, IEROKSB L OE BRI E T HEMEE TBIE
L 7B A & R B O SIS 35 AY Hafniomonas J& DFE L
NVOFHLVHENEETH L EPWASNELRD, 8
FRiZ 2 #ifE % & 5 SRR S 7z (Fig. 4) (Nakada
et al., 2007). HEAEOHHK 6 %D I b 4 FRiZ
memwwa®$a$%ﬁﬁ%%ﬁt(mgw,ﬁ

MRS EAEM L TB Y, H. reticulata O JRFLH,
(Korshikov, 1925) &% E’Ef‘%‘% LANNVOEEH XL
—FH LTw7., L2 L#EIZEtl & Moestrup (1980)

Ik 5T “H. retzculata ?: 5 & 7z W) O BERAA
@Lb/f%%;ﬁt BAMBE L NIV TH S IR

FMOAEMD L D (Korshikov, 1925) & idE > Tw
2. Fi2, IhHOAYORMEEIYL /A4 FRIR
HEHOBOMETHRED ABREELNITRLZ T
Wie, (Eo T, SEO4¥E H reticulata L FIE L,
Ettl & Moestrup (1980) (2 & - T “H. reticulata” & [A]
EEN, PR EmEfTTh 2 EwE, YL
JA FOEELRETHEMNTONS AF’%@%TT@H
heom & L TiR# L7: (Nakada et al., 2007). F\»I{Z
Ettl & Moestrup (1980) #MEMA L 72 E@.?ﬂﬁ"’"f‘ﬁ)ﬂ@’j
BEHZARIN=FYRE (Fr—2) O
Moestrup HHEARAE L TEB Y, HKFOEAREI R
BHEN, H heom DFXT ¥ {7 &lko7 (Nakada et
al., 2007). 1%, FIEOHNY (heom) (ZH. Etl & ¢.
Moestrup Mji#E L O FEIZHA T2 b7,

H. montana & [FE ST/ NIES-257 #k & NIES-
656 FRIZDWT H MAMBEZ TR L727%, EZEYIZIX

LEHNTEY (Fig. 5), ERMFOEREMEE, RO
B, BEENOBHBEOBPRZ- T I ENb,
2ffICpElE NS EEZ 5N/ (Fig. 6). NIES-656 #
X Y EEEHR (Geitler, 1925) 12 WEE % H > Tw»
722 &5, NIES257 BRDETRB 12D W TGS L 723
AEPBECEBRINVThOEE LR LHET
HAHIENRENTDTH. laevis & L TRLE L 72
(Nakada et al., 2007) .

3. BEtAMRILAK v 7 X B DIFIE Pleodorina starrii
Pleodorinag JBIIEIE ORI CIEAEMLE D 5, A

ﬁ'g]‘ff” NIES-656 NIES-257 NgCl1-3 NrCl-5
KgCl-4-5 H. laevis H. conica e
Strains EbCL1L H. montana Ssron siat T H. turbinea
examined H. reticulata \P‘ Vi O\ fs o |Spenov.
and AN ,, \\ // A\ N /
Hafniomonas \ \ \ V4
species Elﬁ f;, | ST \
identified {’\ S O {’2’; e
ViR vl
S % L A
)
Number of iy . :‘
Contractile four = @ two @:
vacuoles 2 s:i: il .
e
Contents of ‘ ﬁ' 3 %
muciferous i e
vesicles opaque fibrous
material fme fibrous material

Fig. 4 Comparison of five species of Hafniomonas clearly delineated based on comparative
light and electron microscopy and chloroplast psaB gene and nuclear 18S rRNA gene
phylogeny (Nakada et al., 2007).  (Based on Nakada et al., 2007; reproduced by
permission of Phycological Society of America)
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P [lafniomonas sp. (strain “Shizuoka”) D86496
99/1.00
97/99 1 H. reticulata MKCI-10, KhCl-1, KgCl-4-5
97/1.00
1 88 S 96/90 H. reticulata EbCI-11
92/1.00 -
! R N A 95/96 H. laevis sp. nov. NIES-257
1 100/2.00

H. montana NIES-656
H, conica stat. nov. (NgCl-3)
H. turbinea sp. nov. (NrCl-5)

100/100

93/1.00
96/100

%{5‘{ H. reticulata MkCI-10, KhCI-1, KgCl-4-5

H. reticulata EbCI-11

— 94/1.00 i 2
psaB 987100% H. laevis sp. nov. NIES-257

e [, montana NIES-656

99/1.007 ,
—7/74 100/1.00 H. conica stat. nov. NgCl1-3
100N [H. turbinea sp. nov. NrCl-5

Fig. 5 Phylogenetic relationships between eight strains of Hafniomonas. Based
on Nakada et al. (2007). Numbers above branches indicate the bootstrap
values from ML analysis (left) and posterior probabilities from Bayesian
(Bayes) analysis (right). Numbers below branches indicate the bootstrap
values from maximum-parsimony (MP, left) and neighbor-joining (NJ,
right) analyses. Only bootstrap values 50% or more and posterior

probabilities 0.90 or more are shown. (Based on Nakada et al., 2007;
reproduced by permission of Phycological Society of America)

“H. montana’ NIES-656 “H. montana’ NIES-257

Fig. 6 Comparison of stigma ultrastructure and light microscopy in two
NIES strains that were labeled "Hafniomonas montana." Based on
Nakada et al., (2007). (Based on Nakada et al., 2007; reproduced
by permission of Phycological Society of America)



AESREEBTHEFELFHME LTV, &RIID
DT RRENTRE,L S L REHETH B Z LA SN
Tw 5 (Coleman, 1999; Nozaki et al., 2000). f£- T,
KBS DI LT RRENEBIL & TRy
RN O F B TH 5.

F &%, THEERYIZIZ Pleodoring L M SN A 1 Hfd
P. starrii (Fig. 7) % MBI & EAFI A SR
W L72. AHIZ32, 64fifatkoBht b5, FAEOH
HD1/3FEEOMMEA/NS EEFMBTH -7z, A
FLY TN —THRET L LEEOETF VIREEFE
Mz EET 280w CEE LML 2o T
W, TRETILRBMEN TR WEELZ L OETH
572, TOLD RMEEIES 4 ST P californica X° P.
japonica TXERBE I N VA, P indica TEIZHEAL
ERIROMESIHESN TS, AFEKEESS
8 % 5 & L 72602138 2 /L5 & F 72 R AT & E i L
7k P.ostarrii VX P. indica EIHMRFEE 2D, P
californica % P. japonica XI5 EEL, £ O

502 G EIIELLEBOZRMTH L Z EAHBL
72. Pleodorina (I SN IZEZMBETH D, MLLE

5D Volvox, BIRMRD Eudorina & 312, L\ ik
B CEZSINTHEROBICHERYT 2 LEPD 5
(Nozaki et al., 2006b) .

PLEOMROIREN 2R E LT, P starrii D#FH
EEEKZEZHWTE ZAFRENER TR INHER,
AR EF ADRMBFrRGALRFLEE,S “A AL
F A" ADEAIZE D B EARN TEK % WA RIHE
XL NI OO TUFICHNT 5.

ARAEF AZEYRCILLBOONLETHY, K
BFARE TEIHEI R () 2, NS THE
BTs BT »THIEL. BHREYSETIEIARL
FAORXJBTE L (MHEME) dash, AL

Wy

IO EBTPEERT 5. H Lo REEREDEYH
LbFAEAZDW L OLDONEALLZEEZLNT
WA, TR b LBETLRVORIEIEE -7
ol

B ek i E] O Chlamydomonas reinhardtii (X [R)1%Y
RETHY, ~4FAOH (XA + FAHFAHTH 5
POBEEMIZTSA - A FATRLRZEEZERT) &
PR MID BT lkoTREZN, 1 F A
375 A LTESRT, 79 A& MID BIZFOF
ETYA F AP ERIET 5. - T, C reinhardtii
DTS5 A (MID #k<) BHEORETHY, A4 F A
T MID BETIZL>TT I ARMPLIRAELIZDED L
ZibNTwi, L»L, 79X -4 FADELDL
DARF G A ANHB T E0IEIAHTH 72, I
13 C. reinhardtii \ZEfgR A AL X ADOEE L OEY
(BEARYER VK v 7 A HD Volvox, Pleodorina %) T
WKWHENZERTOIERIN TR0z L2 X
5. ZORKROOEDS, HEED BRI E(LEE
HHEL TONFALONRBVEVIEZTH S, Ferris
et al. (1997) FHEARUEARLVKRy 7 ZHOT= 7 4 LK
VARy 7 AT MID BzTa2%Hr7ay FTHRER
AR THoze LTwAh, b9 —2DRFITH
KERNVAR Y 7 A H CTERBRRFESIELL T w
DT, WREBEIZI>THVFY—2TL I P30T
MRFEINTWAEZ L 2URARNOKRT TS
b, INOLOEYNIHRRED S GHE L 2 EROREER
TR EARIERE L (BRSNS A%, RV
BaRBTHEERBEENPET T 5. FICERBRER
YRA:3E D Eudorina, Pleodorina, Volvox Tix “MEFEH
OB Py A~BELR W, E-T, BEOWNTE
EAEOWF R LAV Ty —aL s ¥ a yDff
FHRZEROCTHLICHEONELZ L LD & LTHEDPE

10p

B —

Fig. 7 Pleodorina starrii. A. Vegetative colonies. B. Female (large) and
male (small) gametes. For details, see Nozaki et al., 2006b.
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FERLER Y 7 2 HOR L NV O5HEF T

BLE2WHBENEZLAETHD. EoT, FITRE
L7cHHEEREZH T, ¥ ¥ 7y b Tldawnl
ETHEEOBRRFZHEER VR Y 7 A2 HHER
HELDTERWREEZ 2.

Pleodorina starrii \3F A & XA ZADKE & L EBEES
DR DLEETE/ED (Fig. 7) (Nozaki et al., 2006h)
FARPZTTREIIHETFZRET 50T, + AREWY
BIEFEZHRRT BT OMEE Bbh/: (Nozaki et
al., 2006a). MEIZBHFE L7z MID Bz T OME T I 4
=z VT, R4 BREBFOBER, BTERLH
BL72A AP b+ ZARERWERET “"OTOKOGI (G
X H T UL PlestMID) % H g L 72 (Nozaki et al.,
2006a) .

DTEWFFEOME, “"OTOKOGI" &4 AD 7
JAHPZTICHEEL, BFREEIFEINGEICHE
CHEMITLIEPHLILIIR o7, T “OTOKOGI”
Pk Wz 80693 “OTOKOGI" % > 787 5K
LB TOBICBETAZEEZWHLNMIL. ito
T, “OTOKOGI" 3T+ DHARLITENCLHEEG L Tw
5 eI NIz RMEHT TIE "OTOKOGI” 7%
Chlamydomonas ® MID &fn+ & HBEOMHEE L b,
COZRMOMIET MID \2 X B ERER AL,
MID Eiz¥ % b ORMEE O~ [ F X DEEREE 2
LA AWHA L7 fam s 7z (Fig. 8) (Nozaki et
al.,2006a). BlH, MEFOHELE VO BETHE (sex)
DFEENIAZATHY, + REMID D L) kT %
LD ETEANSRELTWASETH S EHFEN
%. "OTOKOGI" DI RIIEAERIVEy 7 ZH%H

Dominant mating type
-determinating gene

MID

plus mating type

Isogamy

minus mating type

W DML FENED T L =27 AV —TLdH 5
(Kirk, 2006). Z @ & o 223 250 B AN FEREWF 52T O
RIS o TERS N FREEEZEZ AV 25E
Pleodorina starrii DW%% (Nozaki et al., 2006a) T -
2. SHEMENERL, XA &FAORES LY EAL
FICEEZTFLNVTHEENS 2 &2 HfFT 5.

DED XD oL H 2 RHT B AR H
Saited £ ) EEMASEE L Ty “HEREE DK
TLTWRW HOFEFNDE. EoT, —BEIZH
VFx—ab s va VITRFESN TSR EER
RNEERBEVEZ N, 72, BERERLVKRY 2 2ZHT
FHAERAEEDHLENTB ST, I LEhN
BRI T 7 7 4 TRBEOEANBRIE S TEEICR S b
DEBbNS. BIRTITH72ICHBRE D 2, F,
MRAER LT, BT 77 14 7RO EHEREE L
T\ 5. Pleodorina starrii D4, HIRFE DS 5
2ED B D EHFEBRTI WA L. RO
20004E6 HICHREL - 0 TH Y, BERICIETE
BASATREE o Tz, HEo T, HICHRADS
Wz 0HET 2200 F, 2 BT 2 LB D > 72, 2005FED
R T20014F 4R - FBEOMP L DRI L 720 TF
HFERRSE, BLEOR F Rk EEE-. 2ok
PRFICBIAIAAROREOBELY 22y v Tuy
D7 —% (Nozaki et al., 2006a) (ZffH SNz, Zh
SUMIZERET 7714 7 BbN b F kD E BN
FEITAEY R R iR IS FREL TH Y, FETL A
TRETH 5.

Male-specific gene
POTOKOGE” (PlestMID)

Anisogamy/Oogamy

Fig. 8 Schematic representation of evolution from isogamy to
anisogamy/oogamy based on the homologous relationship
between MID in the Chlamydomonas reinhardtii minus mating
type and "OTOKOGI" (PlestMID) in the male of Pleodorina
starrii. (Based on Nozaki et al., 2006a)



AALHASEB LYY Fvhd RVRy 7 2 H
D50 L OFHEE R T ML L, ﬁw%k~ﬂb7&
3 VOREHREEEBLERZTFT—75 ’Cﬂﬁxff % 54E
BRfsE R EiEL 72, £OHRT, TRET ﬁbm»@
SHRICIRELAS S o 72 Asterococcus, Hafinomonas THr7z
CHELARVOBTHEMEL SVOBIBEEZRWET
CENTE, PFF—FE2MAEDETHLNLVOR
B BADHEAREZBE L. FICHEMRER VR
v & A H @ Hafniomonas \2F L TI%, HAE®D 6 "
SEREL - 4k L 2 F AR & NIES-257, -656 & Hvy, I
RSB EL NIRRT — N psaB Bz T L
I — ¥ 18S rRNA &5 1% H W 72 R T 2 Eht L 72,
ZOXER, IHEIROS & IR A RN O B &
S Hafniomonas J&DTEL XNV O LWL X)L DRG]
BETHALZEPHONERY, SHKIZ2HELZEL
5RECERG XA F Ao, AR AEAE & A
> B HE Pleodorina starrii it # 35 &N TE, £
DY L - EERWZE R L LT P starrii 705 % AN
B EIET “OTOKOGI" % BiEft§ 52 EHNTED
TEDOREBIIONWTEEL-.

AP THE SN2 RR DO

(IS %3]

IR, BRI, WIEAZE(005). O AE Gonium (FkHE
MRV ARy 2 AH) 2O BIEERIZOWT, BA
AR A 12 kS (20054E 6 A20H ~22H, 7
FETHFITHR—N, KEFED)

’ZP?F\'Q'I W I /A 3% (2005) . oM 8 Asterococcus & @ LR
BE L TR EDLCTELANVOFEREZE. HAMEWE
A E12E k% (2005486 H20H ~22H, »3 877
T T A=, REET)
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The Distribution of Mycobacterium avium Complex (MAC) in the Residences of
Patients with Pulmonary MAC infection
Yukiko Nishiuchi

Toneyama Institute for Tuberculosis Research Osaka City University Medical School,
5-1-1 Toneyama, Toyonaka, Osaka 560-8552, Japan

Pulmonary Mycobacterium avium complex (MAC) disease is difficult to treat and frequently recurs. Its
incidence has been increasing. The environmental MAC, that inhabits our living environment, is considered to
be the reservoir for pulmonary MAC infections. Therefore, we examined a distribution of MAC in residences of
49 patients and 43 healthy volunteers by the culture method to clarify the source of infection. Furthermore, we
evaluated the identity of MAC bacilli isolated from patients' residences compared with their respective sputum
isolates using restriction fragment length polymorphism, variable numbers of tandem repeats, pulsed field gel
electrophoresis, and serotyping. In spite of widespread distribution of other mycobacterial isolates in
participants' residence, MAC was recovered only from specimens in bathrooms such as shower water (3
samples), showerheads (2 samples), bathtub water (4 samples) and bathroom drains (2 samples), but not from
kitchens, washbasins, nor dust from air conditioners. The appearance ratio in the bathrooms of patients with
pulmonary MAC was significantly higher than that in the bathrooms of healthy volunteers' (P < 0.05). For 2
patients, the genotypes and phenotypes of environmental isolates were identical to their respective clinical
isolates. Additionally, we recovered a lot of MAC colonies from the inside the bathtub inlets. That indicates that
MAUC inhabits the inside of the bathtub inlets. MAC bacilli seem to prefer bathrooms where are a likely
reservoir for pulmonary MAC infections. To clarify the source of pulmonary MAC infection, prospective cohort
study will be required. Furthermore, we assessed the direct detection methods of MAC in environmental
samples. Loop-mediated isothermal amplification method is a rapid and convenient method and its sensitivity
and reliability are almost comparable to those of the culture method.

Key words: Mycobacterium avium complex, bathroom, pulmonary infection, distribution, polymorphism
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BEL, WRELZ VBRI L TnizE
W, RENOKF T FOIZER 2R LR L2,
BEREAE» SO L 72 MAC 13, BBEIRE» S
WL 72 MAC &, BfET8B L OEBAZ L CTH
—DHRTH B0 L) I L. HBICHWAH
#:id, restriction fragment length polymorphism
(RFLP), variable numbers of tandem repeats (VNTR),
pulsed field gel electrophoresis (PFGE), IiliF#!l, B &
UHAEZERBETH L. 72, MACEIEBEFRT,
RRFEIIERE, FH, 83,050 CHETAML
Mo 7 % b polymerase chain reaction (PCR) #:%2,
loop-mediated isothermal amplification (LAMP) &%
D TR ORGSR & i - 3Pl L 72,

SRR T ik

AR EHHE BB OREDKRD S 7HE
(BETOKEK, BEY YT —K, BREHRBEOKE
200ml, ¥v¥ 77—~y FOSWM, S - BT - B8
D3 FOHKOEZBREMBETRo72b D) 2RI
L7z, &5, KRS ORBELTzTa D7 4
W& —OB LRI L 72, BERIUCH D LCwizZn
T DL, [E SRR B AR LR BRI EEE LT wv B il
MAC JEBRFHA9Z LN B R b o WRELR KT ~
FA4AT4A3ETH L. REBRICH EHWT, MAC DB
ENERBS T HET A 72012, BIMERE T 72,
BRI, ARBOWE L3 ol MAC JE &
BBHIIMI LT 0 E, BEDOY v T —K, B
K, ¥y T—~y FOI, HEROOFEETMEZ, ¥
X 7=~y ROV & OB REN O B AKO D 58
BesIL 7.
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236113 Nodular bronchiectasis BIZ 8 S 7z, 44
WRSE R EPNIL 18K & - 7z, 47HiZ 7 oY Au~ 4 ¥ >
2 EUEAMLFEEEEZ 2 LB Y, 0T HE
HALT 5 2 & (RmPER LTz, ihEoPRIZHE
BRI E, Wb 5 2485 B TLARIC Legionella @
BYrREs N7 4 7OEE (Nakamura et al.,
200 FFB LTV EBHI Dok,

ZORBITIIRILIFEOMHBR AR RS ORRE T %
TERL, 4> 7+—24 K22ty bz bR
W25 _RTOWMIED» R,

AHOEE KEEOH L, KEK (BEKEK,
T 7 —K) 12 4C11800 x g T304 MlE.L L7, Ik
#I20.5ml @ 0.067 M v %K (pH 6.8) #MA
TREL, 055200 ul®I PV 7y 7 THI11 ¥
W (0.2% 7V £ 11—, 10% oleic acid-albumin-dextrose-
catalase enrichment medium (Becton Dickinson), 30
U/ml polymyxin B, 0.3% amphotericin B, 1.2% nalidixic
acid, 0.3% trimethoprim, # & 080.36% azlocillin % &
ALTWwAHD o, THI1 PANTA FAH) S8R L 2.
OB RKEEROE, TYAVUEE2IT->TT VA
VERZEOME EZ L. T A VAR, hEL
3ml @ 2% KERALF T+ U T A JKVEWE T IR T 1055 [
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IR BRI TR L BBREE & L7z, W
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MLUCHEBERCTHALZ LEMREL, BOWZEIZHY
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(Ringuet et al., 1999) BT AR RN L 75
I=—%HwCTHEEL, CEQ 2000 XL Genomic
Analysis System (Beckman Coulter Inc., Fullerton, CA.
USA) VT DREFREINE KDz, Hoh7c#
=B % » 5, BLAST #% (National Center for
Biotechnology Information, http://www.ncbi.nlm.nih.
gov) WZXYEEL.

BIZFZR  RFLP X, Picardeau 5 (1997), VNTR
E, &S (2003) o FEICH - T, PFGE I,
Wallace & (1998) O FEEZ P LUELTBI ko7,
T lysis buffer DHLE T, 5mg/mllysozyme, 1 M
NaCl, 10 mM Tris/HCI, 0.1 M EDTA (pH 8.0), 0.5%
polyoxyethylene (20) cetyl ether, 0.5% deoxycholate ¥
& U70.5% N-lauroy! sarkosyl ®IREH % F 7z,

A MM, ouo —ROSR X O KRS
R 2T/, MACIRMKEZXRHT
glycopeptidolipid (GPL) OFESHHEE D&V T X D 28FF
FOMER M S5 Tw5b (Chatterjee & Khoo, 2001).
MEELE, TS (2004) OFE X Dtk o= b
757 4 — /ma i E v GPL 2404 L CRE



il Mycobacterium avium complex (MAC) fiEfBE DFEEPN MAC A5

L7z, F7, au=—RlLko7T, HEMEIPERL S
(Pedrosa etal., 1994) = &5, ao=—i3&EH (1),
FEW (0), AA—X (Sm), 7 (Rough) D@L
75 SmO, SmT, Rough @ 3 3 |2 5548 L, TR D
oo —B skl MAC OERKZM R
BrothMIC NTM CRHELEE (KR)) % FlvCllE L7z,

BEiERHE BEIHC-HEOEELS FTA
elute card (Whatman) % Hv»C DNA # it L, Chen
5 (1996) D Ji:lzHt - T polymerase chain reaction
(PCR) %47\, #ARDL (2003) OFEICH-T
LAMP %410 72,

EETEEAR  0HEL 72 MAC O 404 147 13 Chi-square
test % vy, PAEOQ.OSKima HE L L7

fRB L UEE

REAMACSH  49A Dl MAC £ 7 5 UF243
N IIE D> SEF T4 H BB ELNR, Z0)
5, 0REDOILFE 25 MAC 408 L7 (Table 1).
V‘fﬂ% BEPLT, Y ¥ T7—K3EE, “rvT—~
2 RUE, BRIK 4BUE, ek 2 HM 1 ThHo
1L0)|1F)?’?, PEWIFT, L7 2 OBd Sd s
ﬁ’Lﬁ 2o fz. MAC 285 s 721180 @ 9 51050k
X, BEIRE (184%) H»oHBoh/dboT, #F A
REED DAL, B> SHHEE N7 1 8B (2.3%) @
HATH o7z, MAC i, BEALD, N MAC EBER
B O EHEIC S s (P <0.05, &4 M),
FNOERENOBEIIREL T P<001, 74

avium/M. intracellulare 57 EELLFRIEKITHE SN A
IRGTHERR O R E M U CH B (P4, 2005).

KEAMBESS  MACHEFBHHRIIR/EL TV
7ZDITINR, Tl  OFIBREIZESE, EE A0
THORENS bmE % < OHEh, %@ﬁﬂifﬁ%ﬁﬁ'%
=i, (iﬁf‘fr, BELILHMTH - 7> (Table 2).

TOBEEHEICHE SN2 WEIE, M gordonae, M

-

mucogenicum, M. chelonae, M. fortuitum TH o7z, =
N, WIFNLHERZRTIENALoNTRS

TIRIREE T H MAC IEIC B & HE R WA, M
gordonae, M. chelonae, M. fortuitum %% LI LIZEE»
SBAEEESNT WA GRIEHE).

FERAZPEPTEE I, LARENTNA S 74 VAR
WMLTEBLTWAIENHLNRTEY (September
et al 2004), MAC b EARKEEZN L THRZHRET S

REUrEZ oD, BIETMACIEY v 77—k

ﬁ%éh%# U EAKEEZSLTWEHEBOK
ﬁm# RSN ho/ol e, LRKEENL
oG E I, F, R ETALN S IEE
B sefiild, WD MAC EQBEIEFO O LD
ELTHESNTY% (von Reyn et al., 1994) 2%, &
BEOMEHME LT EbhTulwv., b
IE, REGBEPFIMACKKE > THOEFIL hERBLS
T THALIEERLTWAE. MACIZIEZERTE
#F2im < (Taylor et al., 2000), Jk#ipH o
( Schulze-Robbecke & Buchholtz, 1992) = pH
(Bodmer et al., 2000) I2dWz 6NBT LB NT
Wh, NSO ERBIEDOHEENLS, BEOWE
RREDS MAC OREIZE o T L L2811 T

ZHEME). SEEL 7 MAC 11805 B SHKiE M. BY, RENTO MAC EGH & 7:: DB DR
avium, 3¥E M. intracellulare Tho72. O M. a1 5. Archuletaet al. (2002) &, WIRL 24 H8T
Table 1 Recovery of M. avium complex from different residential areas .
Bathroom") Kitchen" Washbasin®’ .
St h T Bathtob Dust  of air Total
towet- Shower Batiud iy Tap water  Drain Drain conditioner”
head water water
Patients 237 346 348 249 0148 0/49 0/49 0/45 9 /497
residences
Healthy
volunteers’ 0/39 0/43 1738 0/43 0/43 0/43 0/43 0/41 1/43
residences
Total 10/92% 0/92

1). Data are represented as the number of MAC recovered residences /the number of test residences
2). P<0.05; statistically significant difference in participant groups between the patoents’ group and healthy volunteers’ group.
3). P<0.01; statistically significant difference in isolate source (bathroom vs. other places).
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Table 2 Recovered mycobacterial species from residential samples.

Patients’ residences

Healthy volunteers’ residences

Total
SH SwW BW BD KW KD WD AF SH SW BW BD KW KD WD AF
M. avium 3 3 1 1 8
M. intracellulare 2 1 3
M. aichiensis 1 1
M. chelonae 6 7 7 6 26
M. farcinogenes 1 1
M. flavescens 1 1
M. fortuituim 3 5 5 5 1 3 22
M. gilvum 2 2
M. gordonae 2 9 1 1 18 1 6 14 7 16 75
M. lentiflavum 2 1 1 4
M. marinum 2 1 3
M. mucogenicum 1 1 9 12 1 2 2 28
M. paraffinicum 1 1
M. porcinum 1 1 2
M. serofulaceum 1 1
M. senegalens 1 1
M. septicum 1 1
M. szulgai 1 1
M. sp. 3 2 1 24 1 4 17 1 2 20 1 5 8 19
Total 9 6 6 61 2 10 63 0 2 0 11 48 1 16 35 1 271

The number represents the number of samples from which mycobacteria were recovered.
SH, shower head; SW, shower water; BW, bathtub water; BD, slime from the drain of the bathroom; KW, water from kichen
tap; KD, slime from the drain of the kichen basin; WD, slime from the washbasin.

Tl M. avium DEFRAV—EOESGTEbITW
CZe®RLA (EEMi23H). £/, 73 00H
86K A HiF, BHESLMORIZE { AL/ (datanot
shown) 7%, 1 #HE 2518 57z Mycobacterium sp. %
BT BEEE L2 o7 (Table2). T
FHEY, NBEEISER L BB CIIEFTERVIE
FRLTVWAEOPL LNV, IN6DZEhb, B
BEWGREEBEIEPMACICEAHELREH CFED
Dok abtBbins.
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RIEBED 58 L 72 MAC 10820V TBREEHED
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B —FkH R TH 5 5 &) e Lz, RIBUTMER
EEAEZY:, au=—R AT Table 310F L7,
HIETFIENE, VNTR Of55 % Table 412, RFLP &
PFGE O#5 %% Fig. 1 A, BIZ/R L7z, BE #370FE
TR D S, BE H49OFRE T, HAIKEHEK
C7205 MAC 2508k s h, Zoaditkix, RHEM, B
JOBEFHEDICENENOERE /R E —FL
2. DI ENS, 2HOBREBESHEREENLEN
DOWEF SRR E FA—HRERTH B L brolz. £
DO BEBESHERD S B 46 (#17, 19, 29, 34)

1, BESHRER—RETH -2, KEABBIO
BIEFRIPRLZ -T2, TRBRYOIFITE, BE
rHERR & RO WES R L o T, BESE
BRommiERl 4, 8, 14, 161k, ZOMIBROEEKRSEEHKR T
BHEEIIESNAMFER L —B L T2 (Maekura ef
al., 2005). MAC iz LiZ LidmERFRN % GPL %
g, IMIERAFRI 28 % R\ 72 GPL (Apolar
GPL) FEEKRS, GPL REHAA LN,

T E MR O — E S BB R R bR & R — Rk sk T
HHIEIRENZENE, REBEIIM MAC iE
DOEEFEOVEDTHAAREENIREINL. LaL,
b ofERiE, FEGEVPEREROVEDOTHAHT
EERHDICEEBTE 2o, Thbh, BEEE

SHERR & B EDWERDPF —RERTH S I LI, BE

PREGERE CHEDO MAC PERZ TS L - R &,
BEPPRH L7 MACHBETERLL TV A ERED
WEERLTWAEPLTH 5.
—EDOPHEEIIREFEEORENL LEELXVTH
HES B DIZ, MAC DD BEIZEEREICH> T3
&, MACE2AHEL-BEIRKED D b TREZERE
e iR L IR L 5 MACEBR TH - 722 & U,
MAC S4B LR T WIHRREPEFEOREIIO LN
S TWATREZRIEL TS, T2, BENLIEE
&N MAC O M. avium/M. intracellulare OO WITE kL3
MR OHIRO BHERESBEREILRE -5 L, WEN
A b BERESHROMBER AL —RHLTWwAH T
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Table 3 Summary of phenotypic profiles of MAC strains isolated from patients1 bathrooms and their respective
clinical isolates

No of : Strain Susceptibilit
Patient __ ouPI® Species N Serovar  Colow  —euer i TNE RFP. IVFX CAM TH AMK

37 Bathtub water M. avium OCU401  Apolar SmT R R R R I 1 N R R
Sputum M. avium OCU402  Apolar SmT R R I R 1 I S R I
Bathtub water M. avium OCU433 8 SmO R R R R S R S 1 R

49 Drain M. avium OCU435 8 SmO
Sputum M. avium OCU432 8 SmO R R R R S R S 1 1
17 Showerhead M. intracellulare OCU436 16 SmO S S S R S S S R S
Sputum M. intracellulare OCU437 16 SmO S S S R S S S I S
34 Shower water M. avium 0OCU399 4 SmO S 1 N R S S S I S
Sputum M. avium OCU400  Apolar SmO, T I I R R [ R S R I
29 Bathtub water M. avium OCU403  Apolar SmO, T I R R R 1 S S I 1
Sputum M. avium OCU404 2 SmO, T I R R R S 1 R I [
19 Shower water M. avium OCU438 8 SmT L R R R 1 S S 1 I
Sputum M. avium OCU439  Apolar SmO R I R R I S S R I
5 Shower water M. avium OCU388  Apolar SmT R R R R I R R I I
Sputum M. intracellulare OCU390 7 SmO S S S R S S R I S
20 Showerhead M. intracellulare OCU394 16 SmO S S S R S S S R S
Sputum M. avium OCU395 ~ Rough ) R I R S ! R I I
21 Drain M. intracellulare  OCU396 14 SmO N 1 S R S N S 1 S
Sputum M. avium OCU397 — Rough R R R R 1 1 R 1 R

SM, Streptomycin; EB, Ethambutol; KM, Kanamycin; INH, Isoniazide; REP, Rifampicin; LVFX, Levofuloxacin; CAM,
Ethionamide; AMK, Amikacin; R, Resistance; I, Intermediate; S, Sensitive to each antimicrobial drug;

Clarithromycin; TH,
Apolar, apolar GRL; —,

b %), (1:?:1:5?%
RIELTW5

MAC 73 QEE LR Win =55

lack of GPL.

Table 4 Genotypes of clinical and environmental MAC isolates by variable number of
tandem repeats.
Case No. Sample No of tandem repeats
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Bathwb 5 4 5 2 2 1 6 1 2 3 2 3 o 2 2 3
37 water
Spuum 2 0 5 2 2 1 6 1 2 3 2 3 0 2 2 3
Bathtwb 4 1 5 2 2 2 2 2 3 2 3 0 2 2 1
water
49 Drain 20 1 2°2 2 2 2 23 2 3 0 2.2 ‘1
Spuum 2 0 I 2 2 2 2 2 2 3 2 3 0 2 2 1
Shower » o 1 4 2 1 1 1 23 2 2 2 3 2 3
water
34
Sputum 1 11 2 2 1 1 1 2 3 1 2 0 3 2 2
Bathtb 5 1 5 1 1 2 23 1 2 0 3 2 2
29 water
Spuum 2 0 1 2 2 2 2 2 1 3 2 2 2 2 2 3
SIOWE Ly y fated o L 1782 1 4 @ 3% %
19 water
Spuum 2 2 1 2 2 2 2 2 1 9 2 4 2 3 2 3
WEEREIZODLEN > TWATRESZ LT A720121F, Efichzo TBES 55,

Do TWBHHREMZIEND B729D1C
MEEPLETH S, 72, A—HKERTHZZ L
AL SN BB SRR LB E DR O &b 0350

,U%L@""E iZo7%

i, FTAE IR —

— 65

BIEDOBEEFLIOF LI OFEM AR ERTI O
BRPESEERbN S,

O'Brien 5 (2000) &, fifi MACJED ML, /N2 %
TIZOo0bhLY, Yx¥xU—%2BLFHTHLLIII RS
TEGEEEOZALEERLTVWEDO TR RV ARG
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Fig. 1 Molecular typing of environmental and clinical MAC isolates. RFLP analyses were carried out
with IS1245 (A). PFGE patterns of clinical and environmental M. avium complex isolates (B and
C). Large restriction-fragment patterns of genomic DNA digested with Xbal. In each case, left
lane shows the genotype from environmental isolate and right lane shows the genotype from
clinical isolate. M, marker of lambda DNA standards.

Z72TTw5a, HRIZBWTYH, EEY v 7 —0OFH
P2 TWAI EaEZ bbb L, A2 bLOMRIE,
O'Brien 5> DA XHFHTHHDTH 5.

L, BRIESEEGR & RS BERRASE — Rk TH B
PEIDPRET L0, BETROBmETEELT
RFLP, VNTR, PFGE ® 3 Y @ Jiikx V72, 38D
OFEDH L, RFLP & VNTR Z M. avium \ZXF5 5
fEHT J73:C, PFGE I WINORWMEIZHISHTE .
F 72, PFGE {£12 X 5 MAC Offifi=e, RFLPkiZL %
M. avium ORI, ZOREVENREDL L BOHNT
W5 (Guerrero et al., 1995; Picardeau et al., 1997;
Wallace Jr et al., 2002; Wallace et al., 1998) 7%, #Hffz
B2 KEDDNAZLEL L, P 22D,
BEWHM L LETH DL, VNTRIE, PCREZIEIZL:
HETHG»ORHET, RebMkTTo72/mRb I
BTEXLZ ENSLAERELIE Y. LELEDS, T0
M. avium \ 23§ B8RRI, R THIEE I AT
v, A EOF 7B O VNTR 312 & 5 AT R,
RFLP % PFGE #:12 & % RT3 & R AR IS & 18 P % 5k
BIL T/, VNTR #EOFMIZIZE 5125 DI
B DLETH 5705, M. avium \Zxb3 % EETFHBIO
HiEE LTHERZEEDNS.

MAC MBREREBIFAF  MAC2WHEAOEZITE
BLTWAREMAIZDIZ, H/zil25 ADlii MAC JiE
BECHARZKEL, Yy 77—~y FORN & HEN
A K % BE 32 0 SRHRBUE AT IZ 8 L T MAC % 97
HEL 72, WA AKIE, EEE R 2L TSI
TiX, BHEKEDPTRICBEFAEE LIRS S/
DOEHIETHRIERNO 2RO O &, sl jEERA

DIRDEDNH L. Tz, HHGEGBZE, BO»5
W T AL TE, BHANOBKHRLD L THh 50
THEIALTHDLH. ZOBEEAOBKIEE D T OfaK
Ch 5 & Lz, 255 EE 21K EE DR HENH A KA
SR HA R EELEE, RRE»S MAC 770k
L7z (Table 5). ZrifEsssElF, 100 fELL E o MAC @ 2
O = — PSP SN0k, 12308 673
BThy, 205031000 L Fo/haa = =3k &
HHNT. TRSOFERN2S, MAC &, BRENEA
KOTHEELTWAEEEZ LN,

EDOXH BRI A TOEEALAKOTHEEYT S0
B, BRI RT A HETHEENR LD
BET5HNT, MAOBCEHEO Y 4 TREHTEE
Tryr—bMREL, BEEICLS MACHIEOERT
E AR HE L7z (Table 6). ZFOfFE, fMml L DA
BEM OB, B2 R0 BRIERI OGN AK
55 MAC # X M L7z, wfoKiE, Bid Eo
BERPHERBICENATADICEATTBLTEAR
EHNDHDH., MACIZBEHIKT 2 BEPLHES 7
HESNBEBAA LN, BEOWRD, LEEIKL
WEREPEH LRV, HE50IZRAFEOMEHREOE
WIEESSHEEE L DS AETAA LN, B
TEBRTVE = S OB, WK BAYEKT 256
R, WRERAR T RIBERENMACIZE > THEL
RTVWEETHEEEDNS.

MAC (3D JEAER IR R & RIS F 7 1 b
LAEBET A EMS5NTWSAY (Carter et al.,
2003; Yamazaki et al., 2006), &R AKEOTH /N A
FTA4NL R L TWEL WA EBbNS, E72
— DB B SRR SRR & —3 L7z (Fig. 10).
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Table 5 Recovery and detection of MAC from residential bathrooms by culture, PCR and LAMP method.

Sampling location
Surface of the ~ Insidethe ~ Bathtub ~ Drain ~ Shower Bathtub  Total
shower head  shower head inlet water water
No. of samples 24 20 21 25 25 22 137 (25)
M. avium
Culture positive 0 1 12% 6 0 24(13)
PCR positive 0 1 7 1 1 0 10(9)
LAMP positive 0 1 10 3 1 2 17(13)
M. intracellulare
Culture positive 0 0 0 1 0 0 1
PCR positive 0 0 0 0 0 0 0@
LAMP positive 0 0 0 2 1 1 4(3)

Data are represented as the number of MAC recovered samples.
Numbers in parenthesis represent the number of residences.
*Qver 100 colonies of M. avium bacilli in a primary isolation plate were recovered from six samples out of

12 culture positive samples

Table 6 Participants’ residential bathtub type and ventilation method of bathrooms.

Culture Culture Total
positive negative
Sort of bathtub
Hot-water supplied bathtub 2 9 11
Attached a bathtub to a bath boiler
Natural circulation type (2 holes) 0 8
Forced circulation type (1 hole) 3 3
The time of draining off water from bathtub
after bathing
Just after bathing 2 4
Next day 10 8 18
Unknown 1 1
Ventilation of bathroom
Using a bathroom dryer 0 2 2
Using a ventilating fan
Regular use 0 1 1
1-8 h after bathing 2 2 4
0.5-1 h after bathing 3 2 5
Unused a bathroom dryer or a ventilating fan 8 5 13

EERHEDHE  MAC ITERE W CHEIC3HEM
FEDPH L. T/, TOGERRERITEKEM T TR,
FHREBES 2, DL, 22T, BEHrDMEICBRER
i MAC 2§ 5 k& LC, PCRE:E LAMP
BEBRELL. ¥, WIEORBEREZRIZLAL

Z A, LAMP #:iE M. intracelluare ® DNA# o ¥ —7»
LIt 52 LA TE, PCRESR LAMPEIC K A M.
avium O L Y 10F5KE DS h - 72 (Table 7).
RIZ, HHED25 AOM MAC JEBEREBE 0 58
WL F % HWwT PCR#EB XU LAMP %17
WEESRE O & L L 72 (Table 5.). LAMP #:135%
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Table 7 Detection limit of PCR and Lamp method using FTA elute card for DNA extraction

M. avium M. intracellulae
PCR LAMP PCR LAMP
Detection Detection

5 % 10* copies o o 3 x 10" copies o o
5 x 10° copies o o 3 x 10 copies o o
5 x 107 copies o o 3 % 10* copies o o
5 x 10' copies o o 3 % 10' copies o o
5 % 10° copies X X 3 x 10° copies X o

Table 8 Comparison of detection method for MAC, among culture, PCR, and LAMP
methods from specimens in patients’ residential bathrooms. —Culture positive
and direct detection (PCR or LAMP) positive samples—

No of Sampling Culture

participant location (No of colonies/plate) PCR LAMP
P6 Bathtub inlet M. avium (>100) M. avium M. avium
Drain M. avium  (6) — M. avium
P9 Bathtub inlet M. avium (40) - M. avium
Drain M. avium (>100) — M. avium
Pla Bathtub inlet M. avium (>1000) - M. avium
Drain M. avium (10) - M. avium
P17 Bathtub inlet M. avium (4) — M. avium
P18 Bathtub inlet M. avium (>100) — M. avium
P19 Bathtub inlet M. avium (20) — M. avium
P21 Bathtub inlet M. avium (>1000) M. avium M. avium
P22 Bathtub inlet M. avium (>300) M. avium M. avium
P23 Bathtub inlet M. avium (6) M. avium M. avium
P24 Bathtub inlet M. avium (>200) M. avium M. avium
Bathtub water M. avium (6) - M. avium

FEROMMB LU, & ICHBETOIn - DERL
N7288HE LAMP #ECTH §XTHME L 22 o7z (Table
8). F 7, M intracellulare \23F3 B WVRE & RO L
TEERETEEORED2 S B X < M. intracellulare &
Bl U7z, —MRICHEEE, AFRIOBVREIOL
OTHHNEaO=—%2BRT L7-DBEEEE. X
7o, EEMRIBERER DM T 50T, BEEECEN
OWETHRBEELD B, SO S, LAMP
BB O MACRIBICERTH A Z &b ho
7z.

I

Mycobacterium avium complex (MAC) (&, #HM:
B X OSSR R 2925 i MAC % O R4 F I
SNTwipw, TGN - B 2 N 572
Wiz, FEBEFO MAC 95 %372, Nii MAC 4
DBFEIIN EENASANOREORD (BF, HHAT,

BE) BLUz7aroBmEr @ 2L, MAC
BIUHBRHZERETHHE L. 2 ORBREIEIHK
FEDKBRD BiE % { St E N0, MAC &
BEIPLORGHL:. Thbb, REBEDY v
—7k @BEE), YryT—~vF QFEE), Bk 4
B, HEkD QEE) 25 M. avium 8%, M.
intracellulare 3¥% 0HE L 7. WEDAOLGHETH» 51X
SEEE R Ghot. T, BEIADIGEED S MAC
SN2, BEANORED HITHEHEARD 1 508
DHTHoTz. MAC DG HEMEIZEBRBE THEIS
Ehrol (P<0.05). KEN,S MACHoEESN/z9
ANDBED ) H 2 AOWEESHREENENDBRED
WERRE RHI B X UEETFHES - L. MAC D%
BENEBSHABET A0, HIC25 ADN
MAC EQOBEBEN,S, Yy T —~y FORNHB X
O AKOOEMZMATMAC 2 58EL7-. £
DORER12FE DB A KON 5% { O MAC % # i
L, —¥oO MAC B3R EERE L2 ZhbHo
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TP MACHEBEREDHRICEAEL, 7 7TH
BHHAKRDOWCERLTWE I Ed%bh o7z, MAC
BEEZHRE»rOHERCHEEE N, BESEGEO—I
WEDBEDOERDEEMRE —F L2 &1d, MAC S
HERLRTVWRERESBZEOEEIIORN>TWAE
WREMEREL TS, ZOTREEZEID LD
i, WM& k- ML ESSICHMHARLETS
b, Fio, EERHEO LAMP i, #5E - iz
FETHY, FOMMEREE, BEEEE#EErro
7=,
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Study on Horizontal Gene Transfer in Microbial Biofilms

Sumio Maeda

Department of Food and Nutrition, Faculty of Human Life and Environment, Nara Women's
University, Kitauoya-nishimachi, Nara 630-8506, Japan

Using an on-filter culture system on solid media, we tested the transformability of Escherichia coli in a colony
biofilm. We found that colonial E. coli developed modest genetic competence on agar media and food samples.
Next, we investigated the possibility of nonconjugative, nonviral lateral DNA transfer in a colony biofilm of
mixed E. coli strains. By simply coculturing a plasmid-free F- strain and another F- strain harboring a
nonconjugative plasmid in a colony biofilm on antibiotic-free agar media, transformed cells were produced within
2-18 h at the frequency of 10-"-10-° per recipient cell. PCR analysis of the transformed cells demonstrated the
occurrence of lateral plasmid transfer. These cells survived until at least day 28 under antibiotic-free conditons.
Liquid cultures of the same strains in Luria-Bertani broth produced no or few transformants, suggesting the
importance of colony-biofilm formation for plasmid transfer. This is a novel line of evidence indicating that
nonconjugative, nonviral horizontal gene transfer can occur between E. coli cells. The occurrence of this lateral
plasmid transfer was also examined on food samples, and using mixed culture of Bacillus subtilis and E. coli.

Key words: colony biofilm, horizontal gene transfer, transformation, competence
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HARRBE P OMAEY O —E, BEERCHE LSS
FT7ANVAREILH Y, BAEFEESERIEE TR R -7
WERZAKELHET I ETERS N ELRY)DDDH
% (Davey & O'Toole, 2000; H A ERES S84
F 7 A4V AFRES, 2005). N4 F T 4 VA, A
B B B (ARIGEREE - ARERS: - AR EEe
B EHEREL, %) LA LBETHEREL, 24k
FEORBERMEMUERE LT, FOREIEELE
ERoTwD (HARBAEYAERESZNA 7 4 )V AHF
FEERR, 2005). N4 T 4 VW ADFERTE LTI,
WH-BEHATCEEINE 0L A6N TS
A5, BEHIE, SME-EHAROLD (2u=—i3q
47 4 V2 (colony biofilm ; Stewart & OIFERIZHE -
THEH) (Mah ef al., 2003; Walters 111 et al., 2003;
Carmen et al., 2004; Perez-Conesa ef al., 2006)) * @8-
WHFRHO D D (1) 71 (pellicle) (Kobayashi,

i
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2007)) LELSHERELTVA, B3, Bk EDK
WY obed b Reiilhs &, EEICHEMICE 7284
FTANAEN)IDL, KBS EHE L HE
WKHBNAFTANVATHILEEZLNS, T2,
B RmEIZIE, [M-EAREONA 7 4 W AH
BHINTwE LI HELH S (HARMEY R
KNA G T 4V WFSEERS, 2005).

—75, MEAEEOREFERIE, JUEWERM
WIEEOMERZ L, ANBAFBICLBEOREVHEO
PEEALET ZRIT720, FORERT OB AR
B BNTWw5 (Bushman, 2002). BETFERE O -
LT, #REMIE, 24  BEEA - BEiERO
3OMHEN T AR, 4, BRI S35 0
DO L RET 2D 23 Tw5b (Yaron
et al., 2000; Renelli ef al., 2004) .

KEFFETIE, /51 F 7 4V A KOMBE 2SR E F ik
WKBOWTORHRZAEEEL BT AWM ICEH
L, #EHTIEBTBENAF 7 4 VAR TO#ETE
% (¥FI2 in situ natural transformation) 384 OMEE &,
ZOFRERMOMHAE BIE L7z, JFICRIFE T, i
TOMEBO L EHE-AKEREOa = -1 47



4V A ENHE LT, onfilter N4 & 7 4 v AEER
(Anderl et al., 2000; Maeda et al., 2004; Maeda et al.,
2006) 7% EEHAV, BETEBOBNLIT- /2.

EERTR

3k o WA I SR KIBH #E, HB101, CAG18439
(an MG1655 derivative; F, lacZ118(0c), lacI3042::Tn10,
LAM-, ph-1), DH5a, ME8266 (MC4100 derivative; I,
araD139, cir::Tnl0, A (lacZYA-argF)U169, deoCl1,
ptsF25, relAl, rpsL150), KF1225 (F, lacY1, galK2, tsx-29,
argE3, zdd-263::Tn5, uidA1, mtl-1, manAd, supE44),
MC4100 % U7 F A I F pHSG299 (kan’; pUC-type
high-copy plasmid; GenBank accession no. M19415),
pGBM1(str; medium-copy plasmid containing the
mutated pSC101 replicon) (& ElSLB{RSFHFFEHT 2> & 7735
ST MEEKISWI2I4A RS IR I F
pHY300PLK %, $REME L VA L. KIBHHK
KT1100 (Y amashino et al., 1995) (MC4100 derivative; F-,
rp0S::Tnl0, araD139,A (lacZYA-argF) U169, deoCl,
pisF25, thiAl, fIbB5301, rbsR, relAl, rpsL150) 13 & TR
KEFRFER - KEREEIR L 55 HW.

BRYCTIOREE  ERFIIVOIL, B
BYBEITHRO DO RE LT AT Ty P LAy
MEEBEOBEBIIH W, RERET Ty Mg, £
Haky b7 L— FTEWEERVA, MR,
LTOFETHRB L. V¥ F74E€ - ELhE - b b
DO0S5ecm DAYY, FIONAEDALAYYD, KE,
s n, FH% % 50g &AEEK400ml % 1000 ml
Y—#—IZAN, 127C, 3054+ — b+ L—T7 L7,
BEEBETREEOSELOOHEEL, 200 KER, L
% 8000g, 15min AL AHEL, 20 LEZHFERL .
Ficom sk Ak oy alER ML, 121C, 20074
—rzL—=7L, ERilme LTHWE.

AOZ—-NA A7 VLOHBEREBETFEBER
TUZ—NAF T 4N AOBKE BETFEEERI,
Wik (Maeda ef al., 2004; Maeda et al., 2006) (25RO
HETITo7, 2R LI+ 71 VADEE
%, Fig. 3-5, Table 4 3R Tl Tryptic Soy broth
Agar vz, KBE - fERHES 0= -1 F7
4N AHSDOKGEBEEREDORIRNET V¥ ) ¥
(150 pg - ml™) #Hv, REEHEEREREKDERI
FrS5H A7) (225 ug o ml™) HHW.

aOz=——44L%7 hPCR ao=——4%4 L7 PCR

- 72

i3, Xk (Maeda et al., 2006) ZERED FETIT - 7.
KIBHW L AEEBE D 16S rRNABFNISH T 5774 < —
1%, Takara Bacteria Screening PCR ¥ v b OXFIE 7
S 4 <—%Hw/., pHY300PLK X $ 5754 < —
(CCATCTTCATCGGCTTTTTC,
GCAATTGACGAAACTGCAAA) X, BWEEETERK
L7-.

S

AEEIA NI F 74 VLI IEER
LB R EHM L TRESELAKBEag = — N1 F 7
A NVLEREF 7V ECEL, BT 7 A3 FDNA
BROTIMCE Y, BEEBREORB 2 Rz, TOM&
B, CaCLERLEOATHL, LBERE LR &#HEA
YA B, & 5101 H,0 BREH ETH —EHEOK
B 352 2RI LA (Table ). 20
NG, anZ—NAF T4 VA ELORBREIE, 1B
M BRIBEIRIRREL B §5 2 LAVRIR S LT,

KEE IO - A7 1 LAICH T B HBEEEET
¥  LEROKBRERIAC, SIAIFREGE
BEO2EORGE/KE IO —NAF T4 VA EL
THE#RT LERZITo7. FHELT, LEED
D75 A FORMEERO BRI ORE
MEBEINE, 20— {F 74 VANTOH
W TS A I PRI Z AW HEMESEZ b1
5. B, ToOEBRTCE, BEELOWHRELHRY
b2, F-ORBEK, RO, FEEMHETIAIF
(tra~, mob~, nic-bom™) %7z, FOFE, pHSG299
%435 DH5a (79 A3 F5H) & CAG18439
(S5EH) 2BV T Tet, Kan T4 E OFEAENER
H oM (Table 2). ZOMMHEHO I =511
Z FPCRBIOZFS A3 FHEFHCXY, ZoOWHHR
A, TIRAI PEBRIMEI oA EENTFES
IR, pHSG299 2K 3 5 CAG18439 TH 5 Z
EEFE &N (Fig. 1). % B Tet, Kan Wi ® i,
5%, SREFNEFNORKEEMTERLLGE
21354 (Table 2), BRRPLFEHBOI Y F I %
— g VORBRTR LW EIRENA, F72, BIEE
HBOMESHEZHAERLTRA L-ERIC, LRERLF
Ble 7L —71 7 LT RAGBRKOEEIRS
NZhdods (Table 2) T &h6, 795 A3 FiEEBlla
Oo—NAF T 4 VAEBRFIEI o TW5H I EHR
BRI B 5T RS FRRO LR RER T AR E
T ol 25, 37COEHFTIEEL T I A FEEE
RHAEET, 25T D&M TR BOTBERIRIEIFEAE
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Table 1 Transformation of colonial E. coli on foodstuffs, CaCl, agar, LB agar, and H,0O agar.

Samples Tmfomﬁon Samiples Tmnsfomﬁon
frequencies : frequencies
Vegetables Raw meats and fishes |
cucumber ++ beef : -+
potato ++ chicken : -
celery -+ pork ++
onion ++ chicken liver ; -+
tomato + salmon +
carrot ++ tuna ' ++
leek ++ scallop -/+
radish -/+ squid -
Fruits Processed foods
orange S tofu -+
pear ++ orange gelatin #*
pineapple ++ strawberry jam : ++
apple ++ pudding +
melon < curry : ++
banana - butter ++
grape + tomato ketchup -
kiwi - mayonnaise -
persimmon ++ mustard -
yoghurt +
Others :
CaCl2 agar ; ++
LB agar +
H20 agar 5 +

-, -/+, +, ++, and +++ denote transformation frequencies: no transformant, <I x 10%, 1-10 x 10°%,
1-10x 107, and 1-5x 10, respectively. (Reproduced with permission from Maeda et al., 2004)

L7275, A=A F T 4 VAR DRho72
(Fig. 2). COREN»S, 7S A3 FEEF IO =—N
AFTANVLRTHEELRLT S b EAVRENT.
FREOBMERE - ZFHE - 7T A3 FUSOHEAED
HHHALEZ A, BHROMAEDLETT I AI Nig
BRI LI EAVREN (Table 2), REKIHED
HHRR 77 AI FICRESNZ2VWEBWEHKETH S 2
EDRIEENT. ZOHT, rpoS RELEEKRTH S
KT1100 (Yamashino ef al., 1995) #SREHE LTH 7
FAI FERFMEZ 220D, 7350 -0y
YD) OBRCEFRREN Y F~HTFIE, b
CELZRROABEBEREL L TRUVEATIEZVWI LD
RgENS F2, FIAINEBEAEET, kL
WCELZLIZMAYWENUEEETE2E TS 2 00H%Kk
(CAG18439 (Tnl0), KF1225 (Tn5)) DAL D TIL
W ER XA U2 o 72 (data not shown) = &5,
AREERSMT ClE gk DNA + oH 4 W ik &z

TOMBEHERZITEZ S 2w (MHBEERLTTH5)
ZEDIREI NI, BEHITHE LTIk LB, Soy broth,
Terrific broth, 2x YT %2 &, %< OBEHFEKM L TF 5
AI FEBEPEI 57245, M-V a—2 LTk
57%h -7z (Table2).

T2 4 LT - REBROMENL, 7523 FiE#
2T == NAF 7 4 IV AEEED2-18KE% T TO
MICHET B 2R EN (Fig. 3). #0&iE, 13
F—EDOREBIBAEE L NUPR N2, BEREN
L ORERBEEIL, MAMEEL O ETY
L LH28HMMREESN, o2 tpbao=—n
AF 74 NVLHTE, BREOEVEHETTLT IR
I RORES T REOBMRFEIND Z EARB I NI,

BRY TN EIOZ N1 4T 4 IIVATDEEFE
%  LRETIAI FEBIERENTHEINSI 2
MEHEIDOHLRALD—D L LT, EBRI/IBSE R CEE
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Table 2 Plasmid transfer in E. coli colony biofilms on agar media

Frequency of
Combination of strains and plasmid Agar medium plasmid transfer
(mean+S.D.)
CAG18439 (tef') + DHS5c harboring pHSG299 (kar') LB 33+£19%10°
2xYT 31+1.7x10”
Tenific broth 40+65x10™
LB+100mM CaCl,  3.7+2.0x 10”
MO-glucose <1 x 107
CAG18439 alone LB <5x 10"
DH50. harboring pHSG299 alone LB =Fx 10
Mixing and plating of precultures of CAG18439and LB <1x10™
DH5a harboring pHSG299
MES8266 (tef') + DH50 harboring pHSG299 LB 6.0+3.1x10°
KT1100 (fef') + DH50. harboring pHSG299 LB 3.0+18x10°
KF1225 (kar") + DH50 harboring pGBM1 (s#”) LB 46+24x10°

Frequency of plasmid transfer = frequency of double-resistant colony appearance. The frequency
of plasmid transfer was calculated as the ratio of the number of double-resistant colonies to the
estimated number of recipient cells, which was regarded as half of the total cell number in each
biofilm. S.D. = standard deviation. (Reproduced with permission from Maeda ez al., 2006)

M D C DipCp 1 2 3 4 5 6 7 8 9
e - ah Gl e e 0 as s e — 00
— - 2 A s s e m‘-‘-\lﬁbp
Controls tet’, kan’ colonies
M 1 2 3
et

Fig. 1 Upper panel: Colony-direct PCR analysis of the tet-, kan- resistant colonies derived from
colony biofilms of CAG18439 and DH5a harboring pHSG299 (Reproduced with permission
from Maeda et al., 2006). Tet-, kan-resistant colonies were re-streaked and used as the PCR
template. Lane M: size marker. Lane D: DH5a, lane C: CAG18439, lane D+p: DH5a
harboring pHSG299, and lane C+p: CAG18439 harboring pHSG299. Lanes 1-9: tet-, kan-
resistant colonies derived from colony biofilms. CAG18439-specific primers and the
pHSG299-specific primers amplify a 153 bp fragment and a 229 bp fragment, respectively.
Lower panel: Plasmid isolation from the tet-, kan- resistant colonies (lanes 1-3) described
above. The size of pHSG299 is 2676 bp.



INA KT 4V DRBAEY O BIZ TR

Colony
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Frequency of plasmid transfer

12 12(d)

Fig. 2 Frequency of horizontal plasmid transfer in colony biofilms
or liquid cultures with standing or shaking (Reproduced with
permission from Maeda et al., 2006). Cells (CAG18439 and
DH5a harboring pHSG299) were grown on LB agar or in LB
broth for 1 d or 2 d at 37° or 25C constantly.
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Fig. 3 Time course of horizontal plasmid transfer in colony biofilm of E.
coli. Cells (CAG18439 harboring pHSG299 and HB101) were

cultured at 37C.

WELDIBZEYRFICEEIT=—NLFT 4 VA
DEFZITo7. FTEMEEMN (WHE - 438 - BXE
M R -8 »ORELREMBEOEREH
LTCOEEETo72E2A, 93 FEEIFED S
N7z (Table 3). Z OMENEICHKRL MBS (1)
ZIRELTHIREIEABKOBEIEON. T2, &
ZOH0L LT, W - B3EE - EWEHOUA ZHW,
on filter®ETIT=— /N4 F 7 4 VAZBES G584
WS 7T I A3 FEBPRISLZ L% BRI L7 (Table
3. INLEBCTEAELALTI A FlEggld, oo
Z—¥A4 LV 27 FMPCRIZLY, BEDOEEEHAAE
(pHSG299 #5354 CAG18439) THH I & HHEzE L
7= (data not shown). TN SDFERENS, K75 2 3

FERIE, BRSO L) 2RERFTH Y ) b 5%EE
WL ARAEFTRIIHEINI B EERL.

AKBEIOQZ—-NAF T4 ILLICETB TSI Kz
BOXAHZZ L LEBED, BWoORHEY, o
OZ—=NAF 7 4 VAHNTORHE DS D DNA 44—
HEROBRERE, LI AFTZXAILELDH
EIDEREID LI, UWTOEREZIT- 7. 7,
WEEERZ 5177 A3 FEESEMRE & TRREICL
THTIAI FBEBPRILEITTHD, LvIark
IZEDOWT, Y923 FMESHEMIBOAZ S TIEIC
L72tk, ZOLTZHRERBOIT—NAF T4 VL%
ERFESELERERAAL. ZOHE, CORTLHE
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Table 3 Plasmid transfer in E. coli colony biofilms on agar containing food extract and on foodstuffs.

Frequency of

Samples plasmid transfer

food extract
food extract + fetal calf serum (9 : 1)

food extract + marine water (1 : 1)

e o i

food extract + fetal calf serum+ marine water (9 : 2 : 9)

fetal calf serum + water (1 : 9) -

beef +
tuna

chicken +
pork -1+
radish -
cucumber .
tomato -
pear -

grape -

-, -+, +, and ++ denote transformation frequencies: no transformant, <1 x 10"° 1-10x e
and 1-10 x 10, respectively.

[

(EJ 107 1
A
=
£
e -9
£ 10 }
k=
<
) -10
> 10t
3
=]
)
S
g
& 10 . L .
Viable Dead Purified
Donor PBS CAG18439 CAG18439 pHSG299

+pHSG299  + pHSG299

Fig. 4 Horizontal plasmid transfer from dead donor cells. Donor
cells (CAG18439 harboring pHSG299) were cultured in
LB broth at 37C overnight. Twenty u1 of the cells (2% 10°
cells) were spotted on the nylon membrane filter, and
killed by heat treatment (65C, 60 min). Recipient cells
(HB101, 8 x 107 cells) were spotted on the killed cells, and
cultured on trypic soy broth agar at 37°C for 48 h. Viable
donor cells (8% 107 cells) and purified plasmid (10 ug)
were used as controls, instead of dead donor cells.
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Fig. 5 Effects of Ca’>* addition and heat shock on horizontal plasmid transfer. Cells
(CAG18439 harboring pHSG299 and HB101) were cultured at 37C for 24 h, and
then heat shocked (4C, 8 h in refrigerator, 37°C, 60 min in air incubator).

Table 4 Plasmid transfer in colony biofilms comprised of E. coli and B. subtilis.

) o Frequency of
Donor Recipient plasmid transfer
E. coli (DHS50 harboring pHY300PLK) B. subtilis ISW1214) ~12x10%
B. subtilis (ISW1214 harboring pHY300PLK)  E. coli (CAG18439) =4 75107

RS HT A2 L 2R TE A (Fig. 4). F 7z,
BB 513 Ca> DFfERE— b Y 3 v 710X T
FEFENEL A 3T THAS, L) FRICETX,
N a5 BAEREIToETAS, L= avy
OFWFERDHEY RSN o720, SERED Car i
FTAI FEERBZRET ARRPRA LN (Fig. 5). *
72, oA, BEXTHEEEAZEISZVEKE T T A
I FZBEBATHOTIEWAD, TNHAEFENLRER
Lo TR SN EZBET 572D DOMERERD
Tv, FHBHOINLDO A=A LEFHEG Lanw L
$EEF L7z (data not shown). TN HDERERNIS, K
BRHIO=Z—NAF 74V AIIBITAT T A FiER
X, BB, FEHE 5O DNA -4 O HREE
R, E WA R ALIZXBEVIRESZESN
7o B, WHMBOFERERT 720, Ju=—N
A4 74 NVLAAOKRGREZY > 7Y 7L, PIEEIC
X B HEFEHE & HOLBABER T TiTo 2L 2 A, T A
I FEB ORI 5 2-18 B[ o B o0 J8 41 i R 128 12
5% RBETH DI LHHFL 2.

KEBEE—HERES IO -1 4 T4 ILALICE TS

BIZFEE LTI AI FEBPIKRBREBOAT
L, MHEEDOHMTHIRIZNE ) NEfEID LT
B, RKEREMER»ORL2EEIT =N F T4
VAw AW EEEZI T2, 79AIFRELTY Y b
VR & —TdH5pHY300PLK = V7. K7 T X3
FIZRBENTOARAT Y E Y VI EEF2EHT
5. TNIHA ) VITEEETIZ, KBREEHER
DOWFTHBET B0, THEBROER, WMEEHTRER
L7560 RBERTHRALLZHELIV LT Mo ¥
A7) yitEREWIE R RAB L. Lizd-T, 2
NHOPEWEOHENFITICL-T, HEaog=—nN
AF 74 VA5 REBHOBEERME S HEFOBE
K2 ZNFNERNICRIRT A2 LT ETH
b, EBOBE, KBEE»OHER~OT I 23 Fig
BIMEE»SKBEADT I A3 Figd iz
57275, TOMERIREOHTPEL, BEIIHRHER
FEDERNEEIZE EF 572 (Table 4). ZBau=
—NNAF T4 NVLAHFTE L ER OB EERAIE,
MAVEPECFETTORLEBTHHE T A3
FafR¥F L7z (8 HLURRIZRIERR). T2 TRz
U=—{3au=—%A L2 FPCRIZLDY, TNEFNF
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Fig. 6 Colony-direct PCR analysis of putative transformant colonies derived from
colony biofilms of E. coli and B. subtilis. Lane M: size marker. Lane E: E. coli
(CAG18439), lanes Ep: E. coli harboring pHY300PLK (upper panel: CAG18439
harboring pHY300PLK; lower panel: DH5a harboring pHY300PLK), lanes B:
B. subtilis (ISW1214), lane Bp: B. subtilis harboring pHY300PLK (ISW1214
harboring pHY300PLK), lane T,: putative E. coli transformant, and lanes T:
putative B. subtilis transformants. The amplified products from E. coli genome
(EC), B. subtilis genome (BS), and pHY300PLK (pHY) were indicated with

arrow heads, respectively.

HENBEEIRETH L Z L2l T& 72 (Fig. 6).
72720, MEFEFHRORERTHLH, KEFE?»S
HEBANDT S A I FERBIZMAEERFICLEZ S L
WIHRRIELN, KBREMOEBEIDan=—
INA F T 4V DIREEANOKFEAIMER TR b R S
N, 2BRABOEBRZER (Saccharomyces
cerevisiae) L KIBERWOHEEIT=— N4 F 7 14 VAR
THITo727%, RLALHOHEENTIEITZZAI FO
BERIIFERL T E b o 7.

E

ARFZETIE, 20— F 7 4 VLRI KEE
ICE o THRIPEEREOERZ 6T 28, F72,
KBEHIT == N4 F 7 4 VAR TS 5 ABR
T IAIFaEMzazEd, REDOTIAI FRE
B 79 A3 FERER~NOBREN IS - FF
Tr=—VEOTIAITFEBEEIEILZEEZRAML
7. TRHOERIIIC, RKERORTEIMNDTOH
BITHAE., RBHEICELTIE, SHEOEBRRE TS
RELDEMEEERRT, BAOERLZHFTLHE
B E» S b HESN2D0H 5 (Tsen et al.,
2002; Sun et al., 2006). BED/NAF T 4 VANTO
BIEFEBREEICEL TR, ZhETICEEOHIE
HEE s T bh (Roberts et al., 2001; Molin &
Tolker-Nielsen, 2003; Sorensen et al., 2005), & finift

TRITKEREEREIRE L Sh b HEMETO—F
(Wang et al., 2002) 235 DATH 5. SHOFERIZ,
KBW % EOFBRBERIRRE & ST EMEIE
BEETIAI FERERFTREEHLIAZ L2
TCRB LD TCORE 2D, ZoER, ek
SOBRBHFTOIRESGETIAI FOWLEKAEDL D
R, 77 A3 FMRABEDTFHIEZ KGR OEBRZIN
A FXA4 774 ECEHLT, BRIFHZETHIOTH
5. B, RAROFEAEE L, SHOERTIE, #
ESHEBBEYL) OHE TR0 FEETH Y, [k
DEMLTEMNL-HEEOREAEE (102100 L0
PR VEVWHTTHo72. LadoT, ABHROREE
HCOBETRKEEENOFGREIEAILS LN
SnwEiEEENns. LaL, SEOERTIE, FEAM
BER10BREOEA, BX05-0.9mm f£E, BEE
10-20mmBEEOKRXEZDIT=Z—NLF T 4V LH—
OhS, B - TEERI R OB EERRESEN 20,
HEORBEFTHLTOREELIDHEELARVICH S L
FHENDE., T/Fg 4 OHETRLZLIC, —F
HB L 72 KGR O E SR, BIREOEWGEHET
THag=— N4 F 74 VA TESRLED 17 A
MIZERENTICAEZIED L 2 b, BESMFICK
> TIRBEBBREFORBREHELEZONS. 5T,
BRI, EICHIE R DNA OBRBICEE S5
HAESRIEEALIZREL D, Migsto [#o DNAJ %
ROALAHIZ AL TH D70, BERTO Ay



INA T T 4V BIRBAEY O BIETFER

P OMBANDBEETRKFEERE] L) TutzizBn
Th, MEAOFEE 2R LTV AWRELH 5.
Fh, KWETIE, BYRS LEETOTIAIF
ERL, KBH - ERHTOTIAI FEBLRED
EFFE L, INOOFRD LRESANEREN O
R TOKBEOARBEON AT RHER 2O T
L, SVEEBEREDOHLHEETHL I LERIETS.
BEBETIZEZMEEICE T 2B ToiTATwi
WAt &ift, AL (BARL, 2006) I2XD
Pseudomonas aeruginosa TRYIIE LFHEP.ONAL F 7 4
VARG IEESE TS A I FERSRESLTY
%. F 72 Vibrio cholerae \ZB\WT b ¥ F >~ LA
ETORERBEOHFENERENTWS (Meibom
et al., 2005). ¥4, NAF T 4 VANOEGT Y
v 7 ARG E L TEZEDDNANEGINLEZEBHS
MMIENTBHBY (Whitchurch et al., 2002), 4K~
DOERLLZRAFOEBETHH SN T Z & 2R
Ehab.
SEBASMIL72aa =N F T 4 VAR TOIE
BAW-ET7 =TT I AI FAEEBO A =X
AL CE, HRTRBEREEOWREEN R DL EHW
LEZ LA, I, AL TO accidental 234
PHEBADEKE, FRALRER»SDOT T A3 Fig
%, Caz* i & DAEERN R 4 & D FEERAE R HIRIE
Ehs. LaL, TOFS5AI FEEE 1M BT
Ca* L EFLWIBERLETIRZIAZ L5, &
TLLMEILSHONTWAIBEEREAH =X ADH
TRFEHTELVWEHDID AL, A A LHIICEL T,
ELLAMIDD, TTZ—I3N4 F 7 4 )L LB
{Z DNase 22 (BMEEUEEHAOLDEL 1mM O
Ca?*, Mg i) MBS OO DNA % 3R 5 %
B s, FPRICRLCTIAI FisBEEST
WARIRIZR SN d o7 (data not shown). T DF
ELHEFOREEREE> S OFELr L EIMNTH S
LIICHZB. LL, ZOERTIE, au=—/34
+ 7 4 Vv AND DNase D%, HEEBHEPOBRE
PR, ML X AEREEEE R SO R THE
BRAKRICE LR 2FEIVLEEZEZ N0, HE
B TlX DNase OMAER & £ TIXHRTE V.
B, BEFTOF— 52 RENCELEE, WD
PORBEEFEHHIE L, JUZ—=NLFT 14N
LAHTOT T A I NI HARMIC I B i
LBLEZDHDOPEDRZLETHSL. LrLENLSD
WHEM: & LT Yaron & (Yaron et al., 2000; Renelli et
al., 2004) 12X o THE S NBEE N 5 DNAE
R RO REIES LT 2R B ElX
TERWV., ERIDII GBI R AT = LDOHED

T E EHTT 723 FEBRARRIZIONTE S
RN IERT LT BB 755 ).

-

K TIE, A7 4 VAROHMEIFBETER
ICBWTRR R BT AL, EMHE-SHER
MONAF T4 VA (TIUZ=NLFT 4 VL) &R
HELT, onfilter 'S4 F 7 4 WAEBRRLEEZHW,
W E o7z, 9, KBEIo=— 44710124
FRTIE, BE, BRBEBIREZR - 2WEIhE R
BHEA LB R EPERUF O LS % Ca A F Vi
KRELEGTTHRANLBPERRELZRBE LI L
RMUA. T, 2O F-RBEK (+/- FEESM
TS5 A3 K trat, mob~, nic™, bom™) Otk (2-18
R WIS, ZHWYD 10— 10 BEOHE T
HREMRIEREGN - 77— VTS X 3 FAFHEE
PRIAHBEZHLPIC L. ZoOMBHTI AR
R, MANEETREELASEIOT o= —N
F T4 NWAEEOBEBEEIRIE SN, 72, BEHK
DERERE LR, BXUHREPIHFEELY S
HFRYEOTMBE, FERET L. 2510, KBH
LIERDPORAEEWRNA X 7 4 VAR TORA
T REME S MET L7,

AR —

B 3
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