Bhpk#& 5 0823

SERD/SAT 2T 0 A S o TR e 25 S AU MG B A 0D 2 e S AT

B SR

BRREEE T e B LR

B E EWRL T EEBICHMAERED, PIEAC OIS B AR E THEITI, A AERERICE X DB, ¥
B KO MBS L AEED D Db D, TS, BWMIZIE, VA NVAMIE, IE | B & 4L, ZOLT B kokL
FEHPEW AT T I VERES, LinL, RKRET 0/ )L ORI L@ B BN 24 5720 | RRUTTREET 20
REA EHEA LT OB s Bl 720, — 07 0 KEH TIN5 3 D121%, O8RS 72 L it i e
BREEARL AR U R D BEAND D, ZAVE T, MHEME L, BREEAN AT 2.0 D& A 52 LB TR
V. TG, R CAEFL, b EEBICRIRIES 0T W] LVHREE LT, AR T, 207~
DL (BT < DD IE AR L) 6 JTOVRERB - o5 (BRI T : SERD TR HN) 0D _BZEMND A F 27 1y L 2R L | TR AR A EED
AT AL T OFEALR A M52 LT, MM LD MR AR O kA w7,

F9°, BUET (2008 4F 10 A 17 A FEifi) 5L OFRIMN T (2008 455 A 17 B Ef) O L2\ T, =7 R 7 EHHL
TARERERZ DT 2D D 600 - 1,000 m T, L& 0.2 um DAL T T 7 g — Bl o/ L (EZ808 % 1
IR 5 | F R L7z CRAE 700 L) o F72, i 10 m ChBUE R IRL | 1 BB e LT, 74 B — ook 12 HE B K
TREFH IS EIRA . NaCl 22 0%, 3%, 10% MUY 20% OIRIARE; HlZBFEL | SRR L%, MAEmAER
BEMER LT, ZOBE, 7402 — EORL 1% Yetb1ha - TSR E R BRI I C Lo CRIZE LT, b1, SEfER &
IZE ENHHMEFRD 16S IDNA #1Z&L7- PCR-DGGE (Denaturing Gradient Gel Electrophoresis) g% Jiti{ 7L . FifH
A AT LT,

R LT- =7 0 VRl o P SR Y BEEE CRIZE LT LA, Sk v R IEICH AR 32k 1 (Ef% 0.5
~1 um FEEE) DRI AL, KR TSR - ~DOHIBE O E D RS L, BURTTRB I OBRIMN T O _E28 J Ok ECiite
Uiz T oy Vil IR TR R L 72 L 24, W NaCl i EEDORFHIIC IS W THIEANEIEL | R
TOEFKRD DB, PCR-DGGE M#AfT Tk, Ml OFEL A7~ /3 R v FICEEA LA, %2 (600 m-1,000m)
EHl E (10 m) CHEE AL A — B L . BERRIE AL AT 7T A A I B LT, A R L7z EZEE TORAKIT
MEVEAL THY ., KKPICHHEAME D AKL TODATREMED DD, 7ot BURTT O R OBEEFELSNEL, RZ2H
k&1 Bacillus J&3>5 M Staphylococcus J& DRI BB L 72, FFIC. NaClJEEE 20% D1z #1750 7., Staphylococcus
BOMEAI RS, EERED AL TWDHEE X BID, — . BRI OBk ORI AL, E2slH
Rz T Bacillus subtilis 7/v—7 ORI REL TR L7072, BURTT R L OBRINT CIIHIEREO EEIR G 0 B S
72bDO M DR — BT o7z, Lol HEEHEAE 0T 2o CRBEOME 23 3 S, B cEsL TS
o,

1. FRBAH 7o FERPRLA A AE T DIAEREDS . AACEE, hE

BT EL VAL R O E AL O E IR A IR OF%HISEI DI, SEW AR RICE 2 DB BLA
L RTERICO->THH CTHAETRESNS Y9, 5 HFE0-oohd, T HITIL, VAL AR/,
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R EENTEY, 2OLIAW R kOB 11X, 3PN
AF T VEREIND, — . REHFIZB W TEAEY
DAFET HITIE KURZ L0, Woke, MR HIfR ., S5
W72 L DIRFEIRBREEA R ANNEIG U 2 2 B D 8 D
9, H AR R L O T D8RRI 7121, 24012
SINEENDHTENS D @AM B D i R
R THEIRL DD L ATREMEDS EV Y, 7235 s
EIE, pH K ORIRZE( LR & D AR A/ 7126 it
2SR AT 570 O TR L, KEHh T4
LRI, L e IC R IRt S 4L, A B2 A
F2] LWL Tz, EERIZ, B — IR D
UMD A0 L TR0, 2O AT EH IC K> T
FESE LTIz EHERSN TS 9, E> T K&
OITHEAR B 2B A>T, I BEE R L, M A A
BT HI LT, KEUCLDE B 2 B DA
RSN AEE 2 -, L, KR=7 Y VD%
ZIXmEERE T A BT A0 KEUTIRET 24 Wit
ZEPERA LT DR R E BT A7 HoThH A
R80T AV KEDOASAA T 0y VFRIZIRDD
"8 o T, TVT EEORKICAELR T HMER O£
AERBIZ TN B LU ERIB L AIE R ISR ED D25 D,
LU, sHRD IS A 76 H AR E A~ DA O ik 2
#H H U3 S e 219 RRo (4 7my
IV DA BREFR RS OVAE TR AL, 260N
STUNVRUY,

— 7. ZNETOR I MY O K Bk O
FECIL, B CEDMIE DA ARG TE 1, L
L. BARBRELTAAE S DM B HED 90 - 99% (3, TERDES
BIETIIRECTERWVLOO | B CTHIAHL TEET
WAHZEMFRIRES LTS (viable but unculturable bacteria)
B, 207, Sy Bl ae L3 ST U= 2 HEA I B AR S
JVEE R vk Eh % (Denaturing gradient gel electrophoresis:
DGGE i) 1Zdh» TEREGE G EHA L7 DNA @
16S rRNA 1= 1-0 PCR HEMEfEMNT LT /G F ., IR
FERIE, 2 B OB BRI 12 k> TR A2 )
HZENHLNER-T- ¥ Ll KAFICRITS
viable but unculturable bacteria (2 B4 21T 7220, %
ZC, MG 2 R 2R IC K o T BET 20 LRIFIC
B CEIRHIE BRI DWW TH 2 OFEFH A AT 3D A
ERH5,

ARMFFETIL, BT (20T~ T A WRBLEETT) &
OVEE RV ARSIl (REBC = B ERUN T, AR, REH) 1ok
UNTC, HEE (RS 10 m) & BZ2 (M A5 800 m a5
1,000 m) D A F =T VAL M BT AR K
OGS T A2 O T E TR A SN L, 8
Wz Lo TR B mES MW FEIC B LA DT 72, 1)
BSOS F =T 0 LA NaCl REZZE %
TGRS EREL (NaCl £EFEES2E) | Mkt Al B B 2 3R
\CHAE S W7z, 2) NAA =T v ERSGE LT 16S
rDNA @ PCR-DGGE % 2L, NaCl =M L
ONAF =7 1y )Ll R ORI TR A A R L7z,

2. ARAE
2.1 8 &

ZRYNT (2008425 A 7 H F2 i) 35 L OBUE T (200748 A
17 H 33K 020084710 H 23 H %) (23T, =7 AR
S LT R R ERAE DT, LR 0.2 pumD AT T T ¢
NE— blzzT ey vk 1R EIE L (KRR E
200 cm®) (Fig. 1)*9,

:Hami

I
‘ Gobi Desert
Takla Makan Desert
I

] L

a O
! Yum‘en Lanzhou: Beliing
| (Y ]
| |
|
~|Dunhuang
|
| Y

|

L

Fig. 1. Dunhuang City in KOSA source regions (Takla
Makan Deserts) and Suzu City in KOSA arrival regions

2. 2 MHEMEZXIRELI-KEEE

=7 a/ VRS 5 ml % 10 ml Trypticase-soy
-broth (TS) & AREHIIZ N .. Z D& AL HL 1 ml %, NaCl
T 0%, 3%, 10% K TF 20% O TS Ak 1 19 ml |28
ML, 8 HHEFER LI, TS L, =7 riash
L REA S EET D BRI — IR BITAE SN D L TH D
) B m BRAELT-#% ., R 550 mm DU A RIE
THZETMEMD AR ELZERE L, ERDO RO
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K245 % PCR-DGGE ikIZflL | 16S rDNA 1H#% f =%
7 B IR IS L > TR FRARL R & 3 T LT, 72
He A RIS HRIA DT, MIEKO DBV T 72,
2. 3 16S RNA E=FIH#HZ AL = PCR-DGGE i%
T VR IREBIR D7 4 V2 —EAHE 1 ml HDHU
IXERERTAE S ml 2, KT LRl R A (SDS) |
proteinase K., KON lysozyme 12 A2 & CTRAEW N E
WiRSH. 7 /2 DNA ZflitiL7z, 15641727/ DNA
T, 7=/ — ) —ruaf MBI S ) — LR
[ZXORERILT-1% ., 7'/ 2 DNA &85 C PCR IAI2D
16S rRNA E& 7 AR 7=, ZOES, PCR-DGGE fi#tT
FAOAVT X7V AF K primer F-341(GC 777 &4
5-GC /7. 7-CCTACGGGAGGCAGCAG-3’) & primer
907R (5’-CCGTCAATTCCTTT[A/G]AGTTT-3*) =1{# A
L7219, % PCR & T, flifti DNA 10 ng (2 dNTP 2
umol/l, - primer 2 nmol/l, Tag DNA polymerase 1U % &
te PCR mastermix 20 ul 201z 7=, IRA % 94°CT5 4y
FIPRIEL 72, AT 94°CC 1 43, 55°C T 1 43, 72°C
T2 SO GEE 34 A7 AT, 72°CT 10 43 FERIE
L7z, I, £554172 PCR FEW % . DNA ZPEH| (JRSR) T
L 40% FBEOVTHE 50% EAfLE DT TE TR T 7Y
VT IRV BICESRVKEIL 72 (100% 25 411E, 7 mol/l
DIRFEE 40% DAV LTIREE L), BRKEIE, 1X
TAE buffer 112350 T, IR 60°C, 90V T 16 K], HEX
VKB Z N TAT o7, BRIKEN LTt 7 VA R Y
H (A= —/LR) T, 254 nm UV Jihkd T
VRSB — e L, Printgraph (ATTO) % FVW T4 LA
A—=VERE LT, IDIS, TZULVTIRG L EOW D
DR REGI L, BEEEE RS O EI W,
2. 4 BERISERHZERAV - RS EE RN
L7V FrEa PCR F2—7 2% L., PCR M4
7 x /=) —rand)L LT I o TR L | BZme ke A
fid%1)% . Dye Deoxy Terminator Cycle Sequencing kit &
" DNA autosequencing system % FWNCIRELTZ, v —7
> A primer L C GC 777 ZFR\ = primer F-341 % H
Wz, RE LT B 81 BLAST & FASTA 707 L%
T DDBJ 7 —#4-X—2 (DNA Data Bank of Japan) |-
THBLE 9, 3 _RCOH LRSI E 5 T RFIT.
TreeViewPPC % W T B A vEIC E> T ERR L2 2

3.#8 B
3.1 HEMIIHFE (AT 7AVIL
3. 1.1 NAFT7aYVILHBORIRAE

EETRO |72 800 m HA DO KK FIZHBITHA= T/ L
BLFEIL, WTNORL A XTH 222 20 m LU T
REVBDIpinote, L KA AXTED AL,
T 800 m & 20 m LA FORA CHEEIL CTRY (Fig. 2),
KRR DIEEIR G DRI ILD, Wl I3 T, R
££0.3~0.5 um ORi7% 91,000 particles/l LA oD
FETHY, AR50 90% 1% 0.3 um LY REWZ LI
Do

108

105

10

108

108

104

0.3-<05 05-<0.7 0.7-<10 LO-=<2.0 2.0-<=50 =5.0 (um)

Fig. 2. Particle concentrations of each diameter size in the
atmosphere at 800 m (white bars) and below 20 m (grey
bars) above ground

3. 1. 2 THEMBADEREIEE

NAF T/ Vil e NaCl JEEAZE % 7- TS Bl
THZELTZBE, NaCl 2% 0 KON 3% O CofgAs
WAERRIT, 153 3 BLUIN TR, WG,
FERIINT 1,200 LL EICEEL7= (Fig. 3), NaCl g
10% OEFHICIX, B 10 & 800 m i 5 DF kM D%
WL, R lAER L WL, 558 7 HC 1,200 2L ki
BIINL 72, NaCl 25 20% ORHiTIE, AR BN D72
B4 6 B H CHWEEE T 600 LL T HAKL< 72,
3. 1. 3 KRB OHEIEERAEMT

NAF T VRN G ENDAEM D 16S rDNA
BIEFD PCR HIEPEYZ . 28R B AR /L BT
RIKENL 72224, = 10 m & 800 m CTHifEL -5kl ¢ 2
ARKONURPHE S, SR A% — 23— LT (Fig.
4) , NaCl DI 228 2 TR O, NaCl iR FEZ 0 &
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3 4 5
Incubation time(day)

Fig. 3. Microbial growth of the bioaerosol samples
collected at heights of 800 m (a) and 10 m (b) in the TS
media containing NaCl at the concentrations of 0% (square),
3% (triangle), 10% (circle) and 20% (diamond)

Genomic DNA Cultures in media with NaCl
directly extracted

from samples

10m 800m

Sample at 800m
20 10 3 0

2
‘?717<'3°'-1° :
8§

2

0«

Sample at 10m
20 10 3 0

32 30 fo o

e c i

Fig. 4. DGGE profile (band patterns) of amplified 16S
rDNA from the genomic DNA directly extracted from
bioaerosol samples at 10 and 800 m and from the bacterial
cultures of bioaerosol samples collected at 10 and 800 m,
which were cultivated in TS media containing 0%, 3%,
10%, and 20% NaCl. A 40% (upper side) to 60% (lower
side) denaturing gradient was used.

3% OEFHITIE, B 10 m & 800 m Dbkl CHbmL 7=
YRR = RS, B TERL RS L T H e
SRR S VT, — 77, NaCl L 10 35K 08 20% TOHEE
ZiE, 7D FEBIZB W TR O RRRB, &
10 &£800 m DFREL TR oT-, 7283, FLv D B R
D/ RIE, TXTO NaCl JBEDOREEN GRS,
DGGE 7 /L35 19 KD/ REGID L, #EERH AR
BB LT A, \NDDEAT 55 (Table 1), 7
TN MM E 2 L — 7 I & L. Bacillus & &
Staphylococcus J& Dl L7 7 A% — % T [k L 7= (Fig.
5 \NDDBIRTFEZATDIL | = DDEZATIIHEIDA
YR bREHETZ, NaClEEE 0, 33K TN 10% DRFFE)
55567 DAA-11, DAd-17, DAd-22 O EEREEF &/ 3o

Il Thermotoga maritima(AE000512)

"
!199 10{ Bacillus longisporus
Bacillus sp. FE1 (AB05296)

DAd-1 (0%NaCl:800m)
DAd-3 (3%NaCl :800m)
DAd-7 (10%NacCl :800m)
DAd-12 (20%NaCl :800m)
DAd-16 (0%NaCl :10m)
98| DAd-18 (3%NaCl :10m)
Bacillus pumilus (AY315434)
B. pumilus B43 (DQ836260)
Bacillus sp.YACS13 (DQ658919)
DAd-11 (10%NaCl :800m)
551 DAd-17 (0%NaCl :10m)
DAd-22 (3%NaCl :10m)
DDd-31, 32(genomic DNA :800m)
DDd-33, 34(genomic DNA :10m)
DAd-9 (10%NaCl :800m)
DAd-20 (3%NaCl :10m)

DAd-10 (10%NaCl:800m)
Bacillales bacterium BPC-C1 (DQ999996)
ftaphylococcus epidermidis (AY271784)

100]

dnoub annisod -welo

81 s. capitis (L37599)
S.capprae (Y12593)

DAd-13 (20%NaCl :800m)
- S. kloosii (AB009940)
S. xylosus (AM237368)
S. saprophyticus (AM269450)
S. xylosusstrain 1IME (DQ36101)
Staphylococcus sp.DJHH3 (EF618675)
DAd-27 (10%NaCl :10m)
DAd-29 (20%NaCl:10m)

oy
o

0.1

Fig. 5. Phylogenetic tree including the partial sequences of
16S rDNA amplicons excised from the DGGE gel shown in
Fig. 5. The tree was calculated from a dissimilarity matrix
of ca. 450 bp alignment using a neighbor-joining algorithm.
Sample information (NaCl concentrations in the culture
medium or genomic DNA directly extracted from
bioaerosol sample) is shown in parentheses. Bootstrap
values larger than 50% (after 1,000 resampling) are

indicated on the branches.
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Table 1. Phylogenetic affiliation of sequences contained in the DGGE bands

*1 Sampling Sample Length GenBank . Similarity
DGGE band No. L L. Categol ] Closest relative *
location condition ™ (bp) gory accession no. W (%) 4
DAd-1,3,7,12,16,18 10mand800m  <20% NaCl 481  Gram- positive group ~ AB455151 Bacillus pumilus 99.4
DAd-9 800 m 10% NaCl 424 Gram- positive group ~ AB455152 Bacillus pumilus 97.4
DAd-10 800 m 10% NaCl 422  Gram- positive group ~ AB455153 Bacillus pumilus 96.7
< 10% NaCl
DAd-11, 17, 22 10 mand 800 m directextracted 473  Gram- positive group ~ AB455154 Bacillus pumilus 99.6
DDd-30, 32
DNA
DAd-13 800 m 20% NaCl 485  Gram- positive group  AB455155 Staphylococcus epidermidis 99.8
DAd-20 10m 3% NaCl 424 Gram- positive group  AB455156 Bacillus pumilus 98.1
DAd-27, 29 10m 20% NaCl 486  Gram- positive group ~ AB455157 Staphylococcus xylosus 100
direct extracted . : :
DDd-31, 33 10 mand 800 m 487  Gram- positive group  AB455158 Bacillus pumilus 99.6

DNA

*1  Numbers of the bands in Fig. 3 refer to the numbering of the DAd or DDd series.

*2  Height above ground.

*3  Cultures cultivated with NaCl at concentrations of 0%, 3%, 10% and 20%, and genomic DNA directly extracted from the bioaerosol samples.

*4  Similarity value between each isolate and the closest relative in databases.

FxT7ay VEREINGEEMT L7 DNA 220E0i7z
DDd-30 #L 1 DDd-32 D ARSI NE, — 2D RfLZ A~
([ZJE L, Bacillus pumilus & 99.6% O @i\ MHEFIMEZ7RLTZ,
— . DAd-1, DAd-3, DAd-7, DAd-12, DAd-16 :L O
DAd-18 THERELH/ R 99.4% D W IEIMET B.
pumilus LiTfxb7ro7z, PHAERFORKHIZIBWTIE, B.
pumilus OUTRE LAY, AR 7-LEHIZ 2228 B
L SMEECHLERLRE D, —F . DAd-13, DAd-27
FBLU'DAd-29 D = >OHERALFIIL, NaCl 2% 10, 20%
DEEFE A C. Staphylococcus J&IZET 5 D D%H
ATV SN, B 10m TR LI\ =7 e/
JVRELOES BN DRI SN RHA A7 DA-27 BLW
DAd-29 %, Staphylococcus xylosus &EBID RHES A7 D3
PRSI, FE 800 m CHEEL 7o/ A A =7/ Vil ks
&%, 99.8% D E HIEIMETS. epidermidis SRR E7RD
EEZLICHIERI IR E 25,
3.2 BARLEIZBIFEN\(ATT7OVIL
3. 2.1 NMFAT7OVILRHORIGAER

BT CooFHAEWIH 3 AR (2008 425  6~8 H)
DRKIPOTZT vy VEE, OMl =7 vy LA 7
VI AT =R TR LIz 2 A, SEBELENY 7
~ 1 RS R B O SERD R AR HB ) S #EESC B RIS T

106
105+

104-

A0

03-<05 05-<07 0.7-<1.0 10-<20 20-<50 35.0 (um)

Numbers of particles (particles/l)

Fig. 6. Particle concentrations of each diameter size in the
atmosphere at 600 m (white bars) and below 20 m (grey
bars) above ground

T REIDRLF- DR 3 AG Uiz, F7o, TR, HEK
FEinD A RETRROBEEZ R, KGITORRT —
2T, A OERIN T 42 20m LU R Tl m&
WZEGE 1 m/s LU QR FLERS LT, 6o T, 2l |
TIFRARDMETEBRN TN ZEWR D, AR
T, KRIRR 0.5 um ZHB 2 57/ VRL TR, i EE 600
m OFFH, @ 20m LLF R0 %< hifk 0.3~0.5 um D
/INRLF-DEE i 20 m LT KA 7e7e 7= (Fig. 6) .
KA LDV ARG A0E, = 600m & 20 m LA F D KA H
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THERD | B 600 m ORKHORLFREAIE, ftho Hisk
\ZHRT A2 EDREND,
3. 2. 2 MHEMEOEEEE

NAF T/ LV iREE . NaCl JRELZZEZ - TS Bl
THEEL-BE, NaClJ2JE 0 & 3% O oA AR
HIE, K5EE 2 B CRRICHRL , SRR N ORI
23~190 (%7 108~10° cells/ml) Z#+FL7- (Fig. 7)., NaCl
FEFE 10% OEFHICIE, & 10 m & 600 m Djitj 5 DK
(BT, WO R 2 ITHIRL , 1548 15 A TUOk
J¥ 80 Z A % 7=, NaCl 2% 15% DORsHiCIE, K% 7 HH
DD SEFE DA RN 540, FEERIM | AR
JE (#9107 cells/ml) ZHEFFL 72, ZHDHOFERD D, EE 10
& 600 m BB OE AN NaCl i 3, 10 8L 15%
ORI CHIFET AT LM FEFES T,
3. 2.3 LZEOMEFEMR

ERINTE EZ8 CRREUL 7oA =7 a VBN D E 5
L7242 DNA 75 16S rDNA % PCR HilESH, 7
JUNT IRV ECREBLZ, ZOR55E, 1§ 10 m & 600
m OFEFCT DGGE N RARF—U 3R o) FnEiv—
20 DGGE /3K (Z42 41 SDd-1 & O SDd-7) 7~ L7=
(Fig. 8), NaCl #2% 0, 3,10 & 15% OEMEHE
PCR-DGGE 1£4& W THTL72L 24, & 10 m & 600
m TNV RANF—U 320 2 RONCRBMEELT, L
DL, WLONDOR Rl EECHmL TR, mE
600 m DEEFEEEFE TIL, 2 KONV ROIH ARWLED
/3R (SDd-1, SAd-2, SAd-3, SAd-5 } TX SAd-6) /39
T NaCl R TIHIEL THROI, = 10 m @ NaCl i
JE 3% TOEMETENOO RS,

TV EDSUR 13 ARITE FD 165 IDNA Oy HE 3
RO TELTZEZ A, WD RFAA T 1o DT (Fig.
9, Table 2), 9~ TOH AL, Bacillus JEIZEL. &

JZ 600 m DB ELRIFIIX, B. subtilis 7 /L —71ZJ&L .

— 5T, @& 10 m OFEHL, B. subtilis 7 /L —7"& B.
cereus 7 v —"7"DAHEAA T THER ST (Fig. 9),
BRI T 220 RAGUEHF 21X, Bacillus J& 27T L5
HIERENME L CQ0DEE 2D, T2, HEEES O K5y
I, A 10 & 600 m CELZRY | B i B ORI RS F R
~72(Fig. 9), 72721, B £ 600 m OREHIH k9 D1
B4l (SDd-1, SAd-2, SAd-3, SAd-5 & TF SAd-6) /b i,
B. subtilis 7 /L —7"D—DRMHHA T B EITH S AL,

1000

(@)
100

=
o
T

[y

1000

(b)

=

o

o
T

=
o
T

Microbial growth (ABS;550nm)
o

0.1
0 2 4 6 8 10 12 14 16

Incubation time (day)
Fig. 7. Microbial growth of the bioaerosol samples
collected at heights of 600 m (a) and 10 m (b) in the media
containing NaCl at the concentrations of 0% (square), 3%
(circle), 10% (triangle) and 15% (diamond)

Sample collected at 600m Sample collected at 10m

genomic  Cultures amended with NaCl genomic Cultures amended with NaCl

DNA -~ g 3 10 15 DNA "p—37 10 15
L |

g3 I l |
B 7 8 9 11 13
H - O a0 -—_0 (o)
1 2 3‘- ‘5 6 L !10. 12
=0 | o= —_—5

Fig. 8. DGGE profile (band patterns) of amplified 16S
rDNA from the genomic DNA directly extracted from

bioaerosol samples at 10 and 600 m and from the bacterial
cultures of bioaerosol samples collected at 10 and 600 m,
which were cultivated in TS media containing 0%, 3%,
10%, and 15% NaCl. A 40% (upper side) to 60% (lower

side) denaturing gradient was used
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Bacillus fil Z17 & 100% O\ O FHEM:ZRL ., BE 10 m
B NaCl R 3% DEME ) B/ K SAd-10 &
L CHERS T,

1, Thermotoga maritimgAE000512

100 e Bacillus longisporus(AJ223997)

B. cereus (AB106345)
B. thuringiensis(Z84593)
B. mycoides(Z84591)

100§ SDd-7 (genomic DNA :10 m)
SAd-8 (0%NaCl :10 m)
SAd-9 (3%NaCl :10 m)

40 SAd-11 (10%NacCl :10 m)

SAd-13 (15%NaCl :10 m)

B. pumilus(AY741720)

B. amyloliquefacien{AB201122)

B. subtilis(EU882850)

SAd-12 (10%NaCl :10 m)

SAd-4 (10%NaCl :600 m)

B. mojavensis(AY030339)

Brevibacterium halotoleratAJ620368)

B. licheniformis(EU723824)

621B. subtilis(DQ779884)

Bacillussp. Zclade (EU236745)

SDd-1 (genomic DNA :600 m)

SAd-2 (0%NaCl :600 m)

SAd-3 (3%NaCl :600 m)

SAd-5 (10%NaCl :600 m)

SAd-6 (15%NaCl :600 m)

ISAd-10 (3%NacCl :10 m)

| | dnoub snatad '9|

dnouab singns 'g

0.1

Fig. 9. Phylogenetic tree including the partial sequences of
16S rDNA amplicons excised from the DGGE gel shown in
Fig. 4. The tree was calculated from a dissimilarity matrix
of ca. 409 bp alignment using a neighbour-joining
algorithm. Sample information (NaCl concentrations in the
culture medium or genomic DNA directly extracted from
bioaerosol sample) is shown in parentheses. Bootstrap
values larger than 50% (after 1,000 resampling) are

indicated on the branches.

dnoub aanisod -weudo

B 10 m BB C RO RS A 71, SDd-7,
SAd-8. SAd-9, SAd-11 &% OF SAd-13 DI ERELH A5 77
B. cereus, B. thuringiensis 35 TF B. mycoides 72&° 0 B.
cereus 7 /L — 7 OREFELE 100% OFEFRIMET—HLIZ, &
BIZ, ZORAAATITEEND SDA-T (X, ~AF =T =
VEERNDE R L 72 DNA 2351351 CERY, & 10
m ORGP TEELTWDES 2D, SAd-4 DI EERLS
1. B 600 m OFED NaCliJE 10% TOHERERT D
SAELIVEEAE &1 99.4% OIRWFRFEMEZRL, B.
subtilis 7 /L —7IZ & L7z, = 10 m @ NaCl i £ 10% o
LR DGO SAD-12 DR AT 1, Ffihsf b
“C B.amyloliquefaciens Z % ¢e B. subtilis 7 /L — 7 Ol
BEL I TALZ —Z TR LT,

4. &% B
4.1 BEMIZHITE/(FT7OV)L
FURTHORZNBIT DA X E DRI -$7 534K RS
1. EEE800m & 20 m LA RO KRG THELL TV =h Do,
B 70T, 2220 m L Fo R F1 k0t 22800 m T
723572 (Fig. 2), fE> T, KA EEIRA S,
1 E2D BZEANEWORL BT E /iR E D, 20T~
T EE, B A LR TR EN T2 RERDD1TR
(2725 TRY, HITANDOIEDOFORKKERELTND
9, ko T, IR TIL, MHHITEE Ev o7 ihL
TIHAEMDT AL, RRFPZRERGESNTNDHESR
DB XD,

Table 2. Phylogenetic affiliation of sequences contained in the DGGE bands

* li x3  Length Bank imilari

DGGE band No. * Sam;_) m*gz Sample condition 3 enat Category Gen_ an Closest relative Simi alr4|ty
location (bp) accession no. (%)

SDd-1 < 15% NaCl . .
DAd-2, 3, 5,6, 10 10 mand 600 m direct extracted DNA 553  Gram- positive group Bacillus sp. Z clade 100.0
SAd-4 600 m 10% NaCl 409  Gram- positive group B. mojavensis 99.4
SDd-7 < 15% NaCl -
SAd-8, 9, 11, 13 10m direct extracted DNA 544  Gram- positive group B. cereus 100.0
SAd-12 10m 10% NaCl 563  Gram- positive group B. subtilis 100.0

*1  Numbers of the bands in Fig. 4 refer to the numbering of the SAd or SDd series.

*2 Height above ground.

*3  Cultures cultivated with NaCl at concentrations of 0%, 3%, 10% and 15%, and genomic DNA directly extracted from the bioaerosol samples.

*4  Similarity value between each isolate and the closest relative in databases.
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REH TR TR E ENDMEDIL. 0% 025
15% > NaCl i FE I3V Th HISHA R LT, Mt 3,
HEME, UV BRI RBERIR | BRsRBRAL, M 72 A
AN Z AL BIRER B CART DRSS 9,
Echigo 51, H AR HUREDEM RO /3 %5 F70 BR
BEN DMt 2 BEL | MBS RIFE ChHZLa R,
R HE I B 03 B 6 AR IS KVl s S V7= W REME D B D L
B B, o T, 22T~ RN E2e T, TR AN
DWAFRL | KK D LWBREE AR AT 2 TWD EHE
£CED, TV LB E L7 DNA 28551
&7z 16S rDNA 0 PCR ¥ EE) L, DGGE 7 /v 1T
SOHGETHNRERL (Fig. 4) . /% 10 £ 800 m @
MRUBF TR Z—opiiffda—E L7z, — 75, NaCl &
£ 0 & 3% CHEMEEL-EECIE, & 10 £ 800m @
INURIE— =L, K NaCl JE CAR T HME I
LR —ThDHIEDVREI -, — 5T, NaCl 2/ 10 5
F20% TOEEHE T, & 10 m & 800 m TH7/p5H /3
RNZ = Ze R UT, o T, AR AR B AR i & 22 & 1
FTERDEE XD,

Fio, FIVONCRIZE ENAE IR ELELSIX, D
DB ZAT 5303 (Table 1), Wb 77 ARG
HE 2 L —7 12 &L, Bacillus J&& Staphylococcus J& D7l
EfEE 7724 —% IR LTz (Fig. 5), fE> T, FHARF O
PR B 220 R OTAEMBED ZARMEIEL 28D
7' DIGEREFEAME 5 L QD EHEETE D, 2006 4F 8
A OFIETOFEE 100 m TE L7 2/ )LaEiND
., Bacillus J& DMy EES LTS 9, Bacillus J&
(3, FREAKT D720 BREEAR A TREH T
R UAGET DZENTED B, BIT~ I RED IR
BERREDME R Tl ZRRA TR T DMl D A3 A=
Pl OB EMTEDSEREL | BAEMRED ZARMEN
WAL= THAD,

FrlZ b ZL<ON VR LRIINENTE 3 #4771,
Bacillus pumilus 3Tk 72o7-, FHARFO RS T,
B. pumilus DITixHIEEFEAME 5 L T2 ATREMED E v,
B. pumilus &A1, ANTHRL CTRRZ AT D7 H
LTS T P, African dust F& AR AL Y7 D
7oL 2 BIOEEN DL YRS B, F7m,
Bacillus J&(ZJ& 3 oMl B 1, =i 20,000 m ToffEsLT
39 . Bacillus J& OO |3 HIER O %) P8 288 % C T

eSS, o T, EADFEEHIE T | B. pumilus 23
AEETCEE EZREFIEL, RKRPEBESNTWHEE X
b, EREREET O B, pumilus 1, FEREEHIZ T
SYBECETIZID | Atk AR ABERE DTS & ob A= B
EREA MR TED,

—J7. DAd-13, DAd-27 } O DAd-29 ® =-> D HAd
Fl1%, NaCl JRFE 10 311N 20% OEFEE IR RNIC
R, Staphylococcus JBIZB T % D RMAAT I
RSN, F2, mE 10 m OERBEENDIL, S.
xylosus (ZiTfx7e #5544~ (DAd-27 LTV DAA-29) 73
fERdS AL, @ 800 m DEEREREFE T S. epidermidis @
ITRRAIERE D R NS AL, RS LI RET R o7,
NHOMBEREIL, MHEME THVERICIIHHIEED
NaClHREZ MEELT D78 | AHEME ThDHEE 2 HD,
—Ji . ZNBDRMELAT 1L, =7 2 VEE D E
L7 DNA hidmiicsn Thianid,
Staphylococcus J& D ITFRFRI, EIPR MR D 22128
W, FEE SECHDHE RAE S, Staphylococcus J&D—
X, ADOPLL AEN Tar=—%L . FHKDJRHA
LIRBTHREMED HY 2 P =7 oy U LA ISR T
EERTHZENMBN TS, S, xylosus BELO S.
epidermidis 72 & DifrfafEE | African dust 84EHIZAE Y
T ChHBESL TS, k5T, Staphylococcus Fiid, . KA
FIZBWTARL, RAITE B ILRT 2 A REMRH
Do
4.2 BARLEZEIZBITEN(FTT7EVIL

RN CoOFELIR 3 B, K&Fo=T7ay vk
1%, SERNE K O 5~ 1 L WM DS HREE S B AT HN S
TR L TV, BRINTTIZIB W T, R34 X
SiAIE, I 600 m & 20 m L RO RKHICHARD | &
600 m DRIV FEE, mEE 20 m PLFRVH %<7z
(Fig. 6), F7=. FEBIIEH EREEOGERIN T ETHOY,
FHA IR T OBRIN T 22 20 m LT T, SMEI2 1 m/s
LU FORGED ST, 16> TC, EE 600 m DK H DKL
FHREAR T, O HUBIC kT 2EZ 2 HiL, ®E 600 m
DREZRL1X, HOWEST M ORI KL T D FTRENE
N b,

KA CTERILUIZ#k 2, NaCl JREE A2 2R
HEREEAR UIZBS, SR T OB FRRICW SO EE D
TRIRE OIS A EFE L= (Fig. 7)., K-oC, BRIl
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DREHFITH A AR L QDI EMNFRES NI,
[EFERE R DS /2 DNAIHDHWNE =7 oy L alEnG
BN LZS /2 DNAJZ§RIE LT PCR EEMIL. &
J& 10 £ 600 m DFLEFCHE 2D DGGE /34— &R LIch
DD WK DPD /SR i iU, 7 v o
VR 13 RIE ENLHEERE FLELS1X, Bacillus cereus 7
JL—7FL B. subtilis 7 /L —7 O ETEEL 7T A8 —Z TR
L. KELWSDZRMHA T 120 7= (Fig. 9, Table 2),
HE-TC, BRI _EZE D K& T, Bacillus B D7 Z LG
PEARBEFEDME 5L QD EE 2 DD, Bacillus J& O
FRIZ, FERETERLL | BREEAR ARV TEZ S D2 &8
HMHNTNG B0, LoT, KRR OFERIRETIX, 2Fi
DB DEFR LT B 2 BID,

MDD RMHAT DN, EEE 600 m DFEFD—D>DH
A 713, B. subtilis 7L —FIZBLTHY, mE 10 m 23
Wb RS AL, ME— TS B &S IR L TR IS
HKT DB XD, RIRO I, [RET — X DfFHT
Tl FHEBIR G, &R 10 m & 600 m TlEER DM (%
AL, HAZ ST A ) [ZEDSIRN Tz, HL B SR
HAT N EZE TR SR> T- 28D, & 600m
DREKADNSAF T ay VRS HIFRICTREICRE T L
T, FZEOMERENS M E RSN R TED, 20
R AA T OHEFAEIH]IL, Bacillus 7 217 & 100% D&
FRRMEZE R LTz, DDB) 7 —#~X—Z T, Bacillus Ff
Z17 1, FEOG LB S BT,

E5IZ, @ 10 HHVNE 600 m B ERERE RN DR
&4 SAd-4 & SAd-12 5 T RAEXAA 71X, MEE T
FFEMEAMED 760D B. subtilis 7 /L — 7 1@ L7z,
B. subtilis O IT#ZANE AL, African dust & /ERFD LAY
73 LW R A DS 7T~ T R 1O TR LT
2 LG E SBESIVTE T, RBFZECIE, KRR 2 S
RI7-LEHIZ, B. subtilis OITaME D, 5% TIHERFLT2
FERKIHFZBEIL, BRI 2 5<O BRI M T4
SEPR ALK T D A REEN DD, B 10 m T L7
BHCH EA TR I SN 22 A7 1%, B . cereus 7/ /L —
TR, ATy VB BE R L7 DNA
OB SN2 (SDA-7) | EE 10 m DR H T
HLTWAEE R D,

4 8] PCR-DGGE fi##r Thi i 7= Bacillus J& D5l
FHIL, EEEEDLEREME AN CTHBECE/2720,

U

Lot | TR AHEAE D MRHTS 2 o A B0 A: R A AR T
%

o

5. §EDFEE

HE S 7T~ 71 AR ORER -l DERIN T 0> 2544
BHmIiZBWT A7/ Vil B A REL . FOMBE
FlikHpk % PCR-DGGE fEHT CHfTL7zZ A, REHITIE
Bacillus J&|ZJ& 3 2/ FEAME 5 L7z, 2 DOMIEREL,
& NaCl SRz DR AR AL T, fkx 7o bR
AR RZH A TREFITAEER TEAEE ZLND, FIT,
BT T, RROEEIRA I RS, RN
TIE, EZEpbi b~z 7 a VOB T ARG TR
FAESITZ, BT 27T~ IO H A B S
Y DS, WPRL T NS BNDDIFEL T, BRI A~L
MEEIR A AL, BRI B Lo F £, ie s BRI
HICE TR Tl EICBE N2 rTREMEIEH D,

7277, BiER S ClE. Bacillus J& O EfRIL, TERVTR R
sk (BRUNTH) & B D36 A Hidsk (B0t T) o A2 380
T, [A—O#ME R kD 16S rDNA HIERAI T S
TR 30, 2, FHA RS DN &R0, TR
MBI B LR ENRIK EB 2 HID, FFke, R 8
WHFE AL M EFROR M CRUBHAFHE L . I A A A AT
SLBENBDD, Fi-. HIEREO R PB4 £ 51213,
16S rDNA % V= FEL ~UL CTOREZT Tldzel ., kL
XL TO—EERFT DUERDHD, 4T, MHEHHE
RPLAR AR REZ 2 — R T DR AE M O AR e AL ]
B AR E LT SRIT A AT BT M Sy TR RE A AR 22
T2
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Summary

Asian desert dust (KOSA) which originates in desert regions of northern China such as the Takla Makan
Deserts can carry microbial organisms (KOSA bioaerosol) and possibly impact ecosystem and human health in the
downwind environments of Japan. In atmosphere, the halobacterial population is expected to dominate, because
halobacteria have tolerance to several stress factors, such as UV irradiance and low oxygen, as well as high
concentration of salinity. The physiological chracteristic of halobacteria in the atmosphere has to be investigated
for searching the functions of novel halobacteria. However, a few studies have focused on the atmospheric
bacterial population.

In this study, bioaerosol samples were collected at 10 and 800 m above the ground within the KOSA source
area, Dunhuang City, China, and at 10 and 600 m above the ground within the KOSA arrival area, Suzu City at a
tip of the Noto Peninsula, which is located in East Sea coastal area. During sampling period of Suzu City, the
particle numbers at 600 m were higher than at below 20 m, suggesting the presence of KOSA particles in
atmosphere. The microorganisms in bioaerosol samples collected from Dunhuang City and Suzu City grew in
media containing up to 15 % NaCl, suggesting that bacteria tolerant to high salinities remain viable in the
atmosphere.

The denaturing gradient gel electrophoresis (DGGE) analysis using 16S rDNA sequences revealed that
halobacterial communities in the bioaerosol samples of Dunhuang City and Suzu City were composed of similar
bacterial species belonging to the genus Bacillus. The some species of the genus Bacillus are thought to maintain
alive in the cosmopolitan atmosphere. Moreover, at the both sampling cities, some sequences of 16S rRNA genes
were identical between the samples at ground area and upper areas. Presumably, active mixing processes of the
boundary layer transport viable halotolerant bacteria into the free atmosphere, where the long-range atmospheric
transport of desert dust is frequently observed and down to the ground surface, where the KOSA particles were
transported from China.  Since the bacterial population of the genus Bacillus, which were detected from the NaCl
amended cultures of bioaerosol samples in Dunhuang City and Suzu City, could be isolated using the TS agar
plates, the detail physiological characteristics of bacteria including the novel NaCl tolerance system will be

elucidated in the future studies.
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