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Identification and Phylogenetic Analysis of Culturable Bacteria in the Bioareosol from Several Environments

Siwon Lee!, Hyen-Mi Chung, Su Jeong Park, Byeol Choe', Ji Hye Kim', Bo-Ram Lee’, Youn-Lee Joof, Oh Sang Kwon, and
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Bioaerosols are comprised of particles 0.02-100 um in size that originate in natural and artificial environments, and as a result
of human activities. They consist of microorganisms including viruses, bacteria, fungi, and protozoa; fungal spores; microbial
toxins; pollen; plant or animal material; expectorated liquid from humans; and glucans (peptidoglycan and (3-glucan). Bioaero-
sols can cause respiratory and other diseases in humans and animals. In this study, bioaerosol samples acquired from agricul-
tural sources, livestock, a sewage treatment plant, a beach, and a pristine area were analyzed to identify and phylogenetically
characterize culturable microorganisms. The isolated bacteria exhibited regional differences, with different species dominating.
However, Bacillus cereus was isolated in all samples, with a total of 31 strains isolated from all areas, and Acinetobacter bau-
mannii was isolated from an indoor poultry farm. In addition, bacteria determined to be of novel genus or species of the genera
Domibacillus, Chryceobacterium, Nocardioides and family Comamonadaceae were isolated from the agricultural, livestock and

beach environments.
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o A BHE e A9E APHAL, SAA G2
AR, 2o FobA ¢ H F=RE EH*JEE shReH,
SR SdeE et °1:L°ﬂ AR AHE dFL
2 AEE JAsHAT. HHA G2 Mgt s-Lda 5
Sfqtoll AT FollM 44 AlmE A st ZHA
92 AAFEFHAM A RE A F 3 (Supplementary
Fig. 81). A A S AF W& Table 19 7] A3} ATt

Table 1. Information of several environments in this study.

A& YHE MAS-100 NT® (Merck, Germany) E= U5
Al 9120, 251 AHg-3te] 247t 2029} 1_‘17} e
oo, 37°C HjoF7] oA 48A|17F EoF vl & 7}L-EFlo
colony forming unit (cfu) g2 74]/}1—0]—%1:]—_ AF4E H) R

= %2 3 A3 Tryptic soy agar (Difco, USA)F oW, ZA
L =224 1LE 7|22 2 pancreatic digest of casein 8.5 g,

peptic digest of soybean meal 1.5 g, dextrose 1.3 g, sodium
chloride 5.0 g, dipotassium hydrogen phosphate 2.5 g &
agar 15 go| gtk =3 A8 5 FAY 229 §E+&
LSIDNAS821 (LSI LASTEM, Italy)E ©]83) AHso2 &34
stloH, 71718 AAE 4 gle X2 FUE 2554
Agstel 2getedn. TR, 4% 2 vAUA FEE 7]
A3 (www.kma.go kr) I} of o] 2 2] o} (www.airkorea. or.kr)

Environments Detail Site (surrounding) Sa;r:t)(lelng Location descriptions
Agricultural region - Garlic field (Midist, edge, October 7-8 - 36%°47'N 126°24'E
compost) - Using a lot of compost for fertilizer
- Temperature 6.7-21.6°C, humidity 34.7-99.8%
(Temp. avg. 12.8°C, humidity avg. 78.4%)
- Rice paddy (Midist) September 25 - 37°36'N 126°24'E

Livestock region - Poultry farm

(Indoor, farm gate)

- Cattle & Calf farm

- Pig farm (Indoor, outside of pig October 16

farm, office, farm gate)

Sewage treatment - Indoor (Swing zone, stinking

plant place, secondary settling,
ventilation, effluence)
- Outdoor (Outside)
Beach - West coast (Beach, rest site)

- East coast (Harbor)

Pristine area - Recreational forest

October 14-15

October 15

September 22-23

September 24-25

November 14

October 16-17

- Many agricultural areas exist

- Temperature 25.9°C, humidity 55.0%

- 36°47'N 126°55'E

- Indoor kennels, approximately over 2,000 chick

- A lot of fine dust observed (with the naked eye)

- Temperature 25.3°C, humidity 43.0%

- 36°47'N 126°55'E

- Approximately 100 cattle or calf bred

- Temperature 22.1°C, humidity 35.0%

- 36°48'N 126°54'E

- Indoor kennels, approximately over 2,000 sow

- Temperature 22.0°C, humidity 21.0%

- 37°21'N 126°37'E

- Approximately 30,000,000 m? sewerage per year

- Sewage treatment progress at indoor basement

- Temperature 24.6-27.5°C, humidity 34.8-72.5%
(Swiong zone humidity avg. 72.5%, other place
avg. 34.8-52.0%)

- 37°35'N 126°27'E

- Windbreak forest and eatery are near

- 38°12'N 128°35'E

- Congestion (many people moving), smell of fish

- Temperature 7.0°C, humidity 25.0%

- 36°29'N 127°47'E

- Lonesome and placidity

- Felt fresh air compared to other regions
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n] A Eo] wjokE zbzho] platesoll Al M7z, mok el @
Er 5o 20 goEE IS JYFor s
gt 28 AZFE2 20% glycerol& ARHE-3F -80°C
ZA2Y TN BEFT
M= 33

Halg n]yYEo] DNAS 225}7] 950, InstaGene™
Matrix (Bio-Rad, USAYE AMg3lgom, A& Tz g
wje} 235t o15], 2elE DA E % A7) DNATHS &
o] o g ZZ3 4~ 9l= bacteria 16S rDNA polymerase
chain reaction (PCR)& 433} th[16]. PCR 42 2X
type2] EmeraldAmp PCR Master Mix (Takara, Japan)S
ARESEe] 34 DNA 1 ul, 27F-1492R Zzto]w ZF 10 pmol
1 ul ¥ nucleic acid free water 7 W& A7}ste] F 20 ul=
354t PCR 272 95°C 3& §Hg- &, 95°C 18, 55°C
1% 9 75°C 1% 302 & 303 WhEdt 7, FFAH o= 72°C
8% F¢t T4 W& s ATH15]. PCR AHE-2 TopRed
nucleic acid gel stain (Biopure, United Kingdom)©¢] X3+
% 1% agarose gel (Sigma Aldrich, USA)o|A 135V, 3027t
A7|9% 5 Alphalmager™ 2200 (Alpha innotech, USA) gel
documentation system< A&l FAE HEE Fl3HY
th. E4 WMert PAE AHEE2 vtEE A (Macrogen, Korea)
of 9=lgte] A7|AES EA3FAT. ©] & phylogenetic editor
(PHYDIT) ver. 3.2 [1]2 AMHE3te] H71A Q2] peakS E4
st em, EzTaxon-e AH[12]14 AletS F4 s

HEEA

Ao AsE4s fste] #HE F7IAEES VT =
HAEAY HAE (NCBD)9} EzTaxon-e A H oA =3t F
BioEditE A3} multiple sequence alignmentd}$i T}
Molecular Evolutionary Genetics Analysis (MEGA) ver.
5.1 [25] softwared AF&3}9], maximum likelihood (ML)
9 peighbor joining (NJ)E F£=3}% . MLE distance
model2 Tamura-NeiZ, NJ= Kimura 2 parameterS A}
23}, bootstrap 1,000 HHE- 0 2 treeE =3} TH13].

24 S3Y HI0|200|2Z & YN njM=E =H

o Hio]| oo 2E F WY B E HAE F

L oose 9 1.7x10%-20x 10%cfum?®, TY
=] 3
=3

1.5 x 10% cfw/m® & 7F¥A}+eE] 6.0 x 10? cfu/m’E o=

olN (& HI
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FollA FdH o2 =4 SHEAT. FAHA] A 9 vpo] 2 o
ORE F RS BT YT 2 B4 A, ¢4
A Y| B 485-498 cf/min, &9} $o}R] $8] F¥ 80-94 cfw/
min, ¥A 5% & 5 cfu/min, FE=A X 385-471 cfu/
min, Y= QF&} AHRA F¥ 49-50 cfu/min @ FEF
R ZQE 5 11 cfumin® & SAETH AR 92 A
S WRGAT € FEDAA =4 SAHAqD. FAH
A= WAL wof S¢to 2 ® FAEE A=, FA%

jI|\

3 FEF BE 549 437} 4 5 Adel4 54 87
o] ARSI fA Pl wkeh vrol ool 2% 3 wiFY U4

ol A SAHNS Aer FHE steA Y vlol
Loo2F F UG VBE HE =L ot YUY
swing zone &% 3.1 x 10% cfu/m?®, A|5}2% &7} U= 2
A F¥ 54x10% cfum®, FFAF 2L 22 FAHXA
6.1 x 10°-7.0 x 10* cfu/m® 9@ A7 25 57| FH A
+ 5.3x% 10% cfum®7t ZR = ATt stA A TN =
A Aoz FARRE gho]l S HAoY st FUR Y swing
zone FHOA & 5-108) A& =A SAE A=, o] AL
£ Aol Hl8f oF 20-38% w2 37| 5 F=(Supplementary
Table SE I3t n|¥EY] HEFE7F wobd 2 og A
2HT B3 Aake] 58 AEE 15 1015 x 107
cfwm?, S¥ AT FAE A FFHAA & 1.6 x 10° cfu/m®
2 Ft g A A 8.1 %107 cfwm®S] WY vl YE
o] ZA U, vigto] Wol K= s E T} upgho] ol
A A7E st WEEo] BB FAENA A
o= wo| ZAHEUY. H FFA YA AAFFHolA=
4 cfuminZ & A of v3 @A 2= ¢ thdata not
shown).

XIS HIO|002E & HiYY OJd=E S
A= vt FA A F 51709 strains7}
HEglen o] F 457 straino] T £ H strain
% 13%°] Bacillus spp.2 53 = o] Hfo]Qofo]2F F 9
Wop B B M BE £8 AASHEow, 1 gel=
Achromobacter, Acinetobacter, Agrococcus, Arthrobacter,
Brevundimonas, Cellulosimicrobium, Deinococcus, Domibacillus,
Exiguobacterium, Flavobacterum, Kocuria, Microbacterium,
Paenibacillus, Phyciccus, Planococcus, Planomicrobium,
Psychrobacillus, Psychrobacter @ Rhodococcus spp. %
1978 4o £d] -5 % = % th(Supplementary Table S2). &
3 B9H #FE5 & strain 17-1, 17-2, 17-3, 17-4 ¥ 17-5
£ B. cereus ATCC 145797¢} 99.9-100.0% G-AHd o=
Aoz BATYL. B, coreusic FAAES, WA 2 3190]
EEEELERELEREE PR EEERE R
58 08 M54l Y AZCR Staphylococcus
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aureus, Clostridium perfrigens AZ=3} SARE 719 ZA
o] = Altolth BA FH I} nlFofA HH Eurt
Ao, Ly = 20039 A 6652 $HAp7} A
3 AH7F YA UH18], A B. cereusoll dat AE71W A
HE= T AT AE AT E B Bt AAEHA &

[¢)
E3 Q& A 0|tH18]. E3 strain 16-72 thFa 3
ol EAstHA A= FA[12] 5 T8 TS 3

3t & AL R FA[16]5 = FlavobacterumE 2.2 5
A (F. oceanosedimentum 99.23%) T3 2 H, strain 22-19]
Deinococcus-Thermus29o] X3 Deinococcus  ficus®t
100% APl 45 o] 54 o] o] o] 2Eel
BS TR Wy ol 4ol ZAY Aoletn 2l
3tH, strain 21-2&= Domibacillus robiginosus2}t 96.52%
L AAE e o], Domibacillus spp.2] A1EC 2 ZA
Atk DomibacillusE&2 Seiler 59 Q3] % R E O
H[21], @A A AAHCZ 2F Hrof] EATHA| Y= #F50]
o BuH 2709 #5522 D. robiginosus®t D. indicus
[22]2 o|E2 77 % AHEY ooFE SUFNA &3
g v oy 9713 FeAE xR EeE
FAA oM = F 6570 strains7t ZEHULH o] F
6071 9] isolates”} FA ATt HAH isolates F 21F0]
Staphylococcus spp.2 Hlo| 290 2F & v nAE 5
7V ol yetgten, 53] GA% WRA E2E 1374
9] isolates & 127](2F 92.3%)7} Staphylococcus spp.2 &
A= o] Staphylococcus7} $A3tL Q= Ao 2 BAE Q)
I grolle A WRolA Acinetobacterss, 229} o] %
g FHI AL Bacillus?t Prolinoborus& o] TAE g o,
%A EA & A& Brevibacterium, Cellulomonas %
Janibacter spp.7t SR =YY, £ AFNAN FAZS F
Ao g A Ho|Qo2E F WY nAES 7%
o AU FAZCEREE QEZY nPETH eHS
Aog EAFoY, FH HAY B HEY o
= 15ty EAAETH v E S 246
AEEAMol a2 Aoz ArHYUY. F=EZ W
Ho| & Achromobacter, Aerococcus, Bacillus, Candidatus
Amoebinatus, Chryseobacterium, Corynebacterium, Escherichia,
Kurthia,

Prolinoborus,

1

T orlr o 2
oft o I
g K

Exiguobacterium, Kocuria, Microbactertum,

Nocardioides, Pantoea, Psychrobacter,
Stenotrophomonas 9 Streptococcus spp. 5 207] &o| =
A= 3t (Supplementary Table S3). F=AF Y= 7+ Al
W AR A RE FAl vls) w9 thgFet R Hiol 2
qojzE 5 it vldEo] EAE U 53] FElA
B2 = strain 30-1, 30-2, 30-3 ¥ 30-5%= Esherichia coli
KCTC 244179} 99.4-99.8%2] -f-AMJo] BA5 o] 37] & o
Bt LFol FAHYOY, HAES 16S rDNATC 2= F

FAol w9 olelgl, EXEA YU T B 4 54
o] BaT AoE ARGt B FEFOIA HelH strain

AT}, Acinetobacter spp.= T2 EF S A B
IES FENS= AlF o Hol 43A 3
HalslA a8 A vk goey, o] F A baumannii= HE
o] oFgt &AL A HHE 7ol Tk HiiE o gtk
[17). 3HH, FA Yo A E2]3t strain 26-4+= Staphylococcus
gallinarum®}; 96.34%, F=A oA E2|3t strain 33-2=
Nocardioides alpinus®t 95.64% X strain 33-4= Chryse-
obacterium hominis} 96.70%2] S-A}AJ o] B A= o] Z+z}
Staphylococcus spp., Nocardioides spp. & Chryceobacterium
spp.9] M2 T2 FHFH U

steA ol A= & 32719 isolates7h £ E 32, o]
%= 26707 A E Y. E2)H isolatesE< 2% Bacillus}
Brevibacillus spp.2 SR E 11, Bacillus spp.7} 2352
Hrole oo 2F Fo] w4 nAE T FHEOE UER
om,; o] & 16%90| B. cereus ATCC 14579"¢} 99.9-100.0%
AHgo] BEAEQITE TS strain 6-11F 8-32 B. toyonensis2}:
99.7-99.8% F-AFA o] B4 = Tt B. toyonensis= 1996
AEA 22 HIEQ A, AL= B. cereusd] 1E2
2 B. cereus var. toyoi= 7 | th7} Jiménez 5(2013)
o] ANI calculations®l] 2|3} B. toyonensis2 A &F35} %t
[8]. B. toyonensis= S A, 7123, &, BE7| 5 SE9 9%
A % A #A|(Toyocerin powder)Z H7} H+= 3715 &
Sgom Be 477t ol2oln § AE F Shpolnt. &
S8 o) 357} 24 AAA F0 Azt kA e
AP oA E2E AR Hol A YR E= &
Yot AHES S8 FH BHCREE SAEHUS Aol
3 A=) 3, strain 6-59F 7-32 B. tequilensis 99.8%,
strain 6-2, 6-3 X 6-4= B. aerophilus?} °F 99.8%2] A}
go] A=}, B. tequilensisi= A oA 2,000 Ao A
oz FAEE FHY TS TF[M4INA, B. aerophilus= W+
At 435H AolQl 24-41 km oA F41 (balloon)o] &
3 AFE A=A 2E[23]H = T BF d7I=F A &
2]= v} it} o] & B. aerophiluse= 4% £olx] &etE] F
Hol A= EejEe § 7|83 dH o A4 B
EAste +4 F stud Aoz F3 Ech(Supplementary
Table S4).

o A= F 44709 isolates7t EEEH oW, o] F
42707 BAE At 22 H isolatesE ¥ 185 9| Bacillus
spp.2 TR E ol Hio| o2 E wjg nAE 5
A, F7VA OS2 Arthrobacter, Deinococcus, Kocuria,

Microbacterium, Micrococcus, Moraxella, Paentbacillus,

Ir o
e

Paracoccus, Pseudomonas, Psychrobacter, Staphylococcus,
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Tepidicella 2 Terrabacters 2.2 574 & 91 th(Supplementary
Table S5). £3] &2 & strains 5 7£9°] B. cereus ATCC
1457979} 99.4-1010.0% FAMI o] A HoH, S g
oA E&H strain 44-62 Deinococcus radiopugnans®t
99.86%= 24 5o Y AGH A g Ephylum)E
o] EAY 7teAdE EHAFAh A, strain 44-5&
Tepidicella xavieri?} 95.12%2] S-AMJ o] BXA o] Tepidicella
spp.d] M2 T2 FHHAUL.

A G vpo| Lol 2E F v vFES T 571Y
strainsE &8 3929, 37§19 straindms B. cereus ATCC
1457979k 99.8-100.0%, TF2 27§ 9] straindms B. pseudo-
mycoides?} 97.4-97.9%7} BEAEE £ BT Bacillus spp.2
ZA =) 9l th(Supplementary Table S6).

00,
%
Ay terg, e, 3
: gyt A5, S7-0
Titogyy Ay 10145k
5.4

L3
0 o

1164,
V2434036
3923) for

e S
i e
, Rocua o il 7
1588 172

.
[ Merococous bteusNCTC 2665 (rog ) T
Zan

000559)
Collasimicobium cllians (CAOI
/ osimirobum funkel (YSJ1%60)
50, Y
< carboris (R_18030)
/ Cellulomona: a:wms“s(Fm%w .
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co Eaae2s),

ycicot u‘mm‘ U3 203A
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Fig. 1. Neighbor-joining tree showing the phylogenetic position of isolates based on 16S rRNA gene sequences in the bioaero-
sols from several environments. Distance model was using by Kimura 2-parameter. Bootstrap values (>50%) based on 1000 replica-
tions are shown. Phylum archaea was used as an out-group. Bar, 0.05 nucleotide substitutions per nucleotide position.
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)

=z
43}, 1,390-1.460 bp®] @714 o] HAE ST}, A7] 4%
E< EzTaxon-e AH[12]5 F3 4% 23}, FAZ A
E2 3t strain 26-4= Staphylococcus gallinarum2} 99%
o] @714 do] EAEo] AT 2HZRAN ALt
oA B2lgt strain 44-5% 1,428 bpo] G7|AFo] EA
= o™ Comamonas koreensis®}t 96.5%2] A o] £4
Hoon, AFEA 41 A&or A EGtH(data not
shown). Strain 21-2, 33-2 ¥ 33-4= Z+Z} Domibacillus,
Nocardioides & Chryseobacterium<2] A£0 2 =AE Q)

T}(data not shown).

Vlocegeus gallnarum (Da3366)

H
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. . 23
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: 4 0
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Table 2. Comparison of cultural bacteria for genus level from different area.

147

Agricultural Livestock region Sewage Beach Clean
No Genus . -
region Pol. Ca. Pig Out. treatment plant WB EH area

1 Achromobacter o} o)
2 Acinetobacter o} 0 o)
3 Aerococcus e)
4 Aeromicrobium @)
5 Arthrobacter o) 0) o
6 Bacillus o} o} 0 0 o} ¢} ¢}
7 Brevibacillus o}
8 Brevibacterium 0
9 Brevundimonas o)
10 Candidatus Amoebinatus o
11 Cellulomonas 0
12 Cellulosimicrobium o}
13 Chryseobacterium o)
14 Corynebacterium o)
15 Deinococcus o) o)
16 Domibacillus ¢}
17 Escherichia o
18 Exiguobacterium o} o
19 Flavobacterum o}
20 Janibacter o
21 Kocuria o) e) ¢}
22 Kurthia o
23 Microbacterium o) o) e) ¢)
24 Micrococcus e}
25 Moraxella o
26 Nocardioides o)
27 Paenibacillus o) le)
28 Pantoea ¢)
29 Paracoccus o
30 Phyciccus o}
31 Planococcus o}
32 Planomicrobium o}
33 Prolinoborus o} o)
34 Pseudomonas e)
35 Psychrobacillus o}
36 Psychrobacter o} o e)
37 Rhodococcus o}
38 Staphylococcus 0 0 o}
39 Stenotrophomonas e)
40 Streptococcus )
41 Tepidicella le)
42 Terrabacter e}

2 2 20 5 7 8

Total 19 < 2 : 1
24 14

"Overlaping circles of genus were counted one.

Highlight, showed local specificity for genus levels.
Pol., Poultry farm (inddor); Ca., Cattle & Calf farm; Pig, Pig farm (indoor); Out., Outside of all livestock region (Poultry, Cattle,
Calf and Pig); WB, west coast beach; EH, east coast harbor.
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ASEME 0|2ct XIF9H HIO|R00{2E F Hidd Old
= 24

THAY, A Y, steA YA, H 2L FAFAGE o
4o BeE Ho|e ool 2E F ujdA nAEL F 197
strainsf o™, AFEA A1 genus TFNA FIAF 19
N, AR 2470, stA % 271, W 147) 2 FAA A
78] &o] EAE F 427119 £2o2 EA4E St (Table 2).
Hpo| ool 2E F YA plE o] A UEd &
ARG FEF WRA 204522 RES AP oY,
FAR WREHE), 29 FobA] LM% ¢ o7 4
A GA GF, F=F 7 ARE FH L =T 9
H SR dhollM= s5o 8 E2 thefido] EAEY. v
B 2 OGS B FEF WRAAE B A G
UERUHA]

Chryseobacterium, Corynebactertum, Escherichia, Kurthia,

92 Aerococcus, Candidatus Amoebinatus,

Nocardioides, Pantoea, Prolinoborus, Stenotrophomonas
9 Streptococcus 4:0] Eo|F o Z B -FAHHUT E3
1979] &o] £AEo & ddAS B SAAFMA =
El A Ho|A FAHEA &2 Brevundimonas, Cellulosi-
microbium, Domibacillus, Flavobacterum, Phyciccus,
Planococcus, Planomicrobium, Psychrobacillus 2 Rhodococcus
&o] BEoldor e -FAHHULH, 1470 £ wigAd u|
Aol 8E M= & AGoA EAHA g2
Micrococcus, Moraxella, Paracoccus, Pseudomonas, Tepidicella
94 Terrabacter &0] 5o|A 22 £ FHHe T A9%
S04 o] &4 5 glth(Table 1, Fig. 1). =3 JA| < out-
groupl & 53 A g4 A, tf7] SF A= F 570
9] phylum (Firmicutes, Actinobacteria, Proteobacteria,
Bacteroidetes/Fibrobacteres-Chlorobi & Deinococcus-Thermus)
off &ot= Alatol &2 H th(Fig. 1). L ¥ Firmicutes2}
Actinobacteria %] 933} % 1L, Proteobacteria &< o, 3
4 y-proteobacteria 7ol &3t Algto] &2l = ich(Fig. 1).
P ff7] oAM= E2E At 5 & $EolA+= Bacillus
spp.7t 7H8 B2 & AASR L, YA Y, steA YA,
S W AR Gof| A B3t 317 &5+ B. cereus ATCC
14579" (AE016877)9} 3 A A 7} 4 = o] (Fig. 1) 3713
Ql AF B8 Fsiatt. I A3} 29719 FF71 B. cereus

FHBATE EHEH U B. cereuset WA £4
TR &4& 2% £ strain 4-4= B. toyoensis = B.
thuringiensis®t SABA 7} oo, th2 g £ strain
37-1& 54 T3 FABA 7} §lol B. cereus groupte] &
ABA7E B4 = Ak (Supplementary Fig. S2). £ 5 9
ZAR Aol A B3t 57119) isolates?} Acinetobacter spp.$t
FABAZF BAE o 271 AT EA S +T 23 strain
29-4= Acinetobacter baumannii®}t strain 33-9= A. schindleri
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CIP 10728779} G- ATA 7} BAEJT, & 3% 9] strain
E2 Acinetobacter baumannii®t AHA 7} YeEFYA] &%
o™ 3|8 Prolinoborus fasciculus CIP 103579T (JN175353)
o F-AEA 7 4 = ¢ th(Supplementary Fig. S3).
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