The Korean Journal of Mycology LG LRI

[ — I = | = —
7I0FAIC D2 & F&=E
=A}

SEHA| . DME . ZORE - 24 - ZNS . pi
B AT 1) 45

LHOll Xl 5t=

|ld=2| Ctdd

Microbial Diversity inside Ancient Tombs and Burial

Accessories from Gaya Age

Byeong-Seok Ha, Seon-Cheol Ko, A-Reum Jo, Seung-Rack Kim, Sang-woo Kim and Hyeon-Su Ro*

Department of Microbiology, Cyeongsang National University, Jinju 660-701, Republic of Korea

ABSTRACT : Microbial diversity of soil samples from ancient stone-lined tombs was investigated. The tombs, discovered at
Eoryung Ocheon-Ri site, Korea, were estimated to be belonged to middle class people from an ancient country, Gaya, which
existed till AD 559 at the southern part of Korea. Nine fungal stains and 70 bacterial strains were isolated from the twelve soil
samples, which were collected from the tomb Nos. 5 and 6. Ribosomal DNA sequence analysis discovered 5 fungal and 22
bacterial strains belonged to 10 genus groups from the tomb No. 5 while 1 fungal and 28 bacterial strains belonged to 6 genus
from the tomb No. 6. The higher microbial diversity suggests that the tomb No. 5 was constructed warmer season than the tomb
No. 6. Moreover, the discovery of Staphylococcus warneri, which is found as part of the skin flora on human and animals, and
Bacillus aquimaris, which is a marine bacterium and can be discovered from tidal flat, from the surface of large dagger suggests
that the ancient people may use meat and seafood at the burial ceremony.
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Adzistolals sEe] 58 o} A Ais 1 A}ﬂ

of wj7e] S Bl #2 WIE ETEE A18E
318 o]k, 531, Bl 97] 52 WEHA 2 57

A S f1A] A9l Fehel %, ¥} FAL U
gk GAkE AR FAN, 1 Al TR $7 2
AR TR A7 S Y 39 R Ares

282 4= )T (Cano and Borucki, 1995; Schabereiter-Gurtner
et al., 2004). AR FA= o] Q= Thds O‘j:,] A
ofuf e A EHE nAESS A AEE3t F
3Rd rESel B3k AHE A = ? A
(Schabereiter-Gurtner et al, 2004). ©|2|3t 4% & =&
oA s AR epge SEAlY Ve, G 5
AABHE WGT B ozt Foiel AU, HASIGT
Y 5 Amol 715X 2 YRE AT 5 W o
ol dafgrdo 2% =93} kg 2 A9 7Ex7) Itk o

WO fEI AL AR BB mie A £48

QA H=tl, ol Fgelv Ale T e 253 2
At FAE 73 UATH(McNamara et al, 2006; Ortega-Mo-
rales, 2006). WEA P GEI F49 HEY BHIE 9
M= A M P E RS B4t el BEE
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68 A - 1MFE - ol - AFE - ANY - =85
vyEL] FE gheul= Ao| g% & 4 o

£ Aelxe Zteprldie] aiwd FAFFoA A s
ER S ZHE Fgo|9f vlE|gjols E2lsla, vNEE
2] 16S ¢} 18S rDNA A7IMES A5t 18 Yol
EAzh= oieket rIAESS] 7S AT Tk ¢
5 Fgo] d diEglols AW AlFAS Bl 1500
A 7t g it Aol F531A BEEE v|A
TS ERlstart stk

s

EeF AE &3 A pH, TEEH

2012\ 5¢ 23~249 At A AT QARESH
Ele] PEE who} offt 238 7ol 1wt SHE R (
MRR) seet 68 FHESY, RATE (RHE N,
Uncapped large pottery), 700l (2 &#K, Capped large
pottery), I (KJJ, large dagger) & §-3% WHlolx] Al
E AT (Fig. 1). A& AN EF 2% 24'CH
a1, PRl o= oY of 2m R AHE
ENEE Wl uRAbS olgsle] FA Y
pH £371Z o]&3le] 2 EYA 89| pHE 243150
65°C Dry OvenollX] 24 AIRFES AZAA ZF A|RE]
TEYEE S8 (Table 1).

Tsushima
L U (JAPAN)

AERSE 7 22 A =i

ANFHS EYAR 1S E5 9mL 32171 T, 100 uL
£ LB agar(yeast extract 5g/L, tryptone 10 g/L, NaCl 5g/L, agar
15¢/L), R,A(yeast extract 0.5 g/L, peptone 0.5 g/L, casamino acids
0.5 g/L, dextrose, soluble starch 0.5 g/L, sodium pyruvate 0.3 g/L,
magnesium sulfate 0.05g/L, agar 15g/L (pH 7.2)), PDA(potato
extract 4g/L, dextrose 20 g/L, agar 15g/L) XA Ao =5}
of 25°ColA] 307 wlekleTh. 2 IRl A Bl
4 wHElolE F TPE%< Phenotypes Hol= 9071<]
@ 7S BIE% o oSS Tl LB, RA, PDA 1L
AA R HAX == B2l

20| L M7 Genomic DNA £&

PDAH| R A E2]E #F%o] TA= DNeasy Plant mini
kit(QIAgen)S A28l genomic DNAZ- FE31$]TH(Jizhong
et al, 1996). T8+ #2138+ M- LA FHolulo] bl
3 Z, QAR (13,000 rpm, 5%)3lY] FE F5E &
1 mLe] 1 M NaCIZ AlF3le] A fAEesignt. sla8 o
Aol TE B3 (10 mM Tris, 1 mM EDTA) 700 uL= ¥ =
Hol FAch MEHS H57] A3l lysozyme(2 mg/mlL)
100 L9} RNase A(10 mg/mL) 30 pLE 23l 37°CellA] 2087k
HESAIZIT WhE-eloll 10% SDS 60 L, 10% Sarkosyl 100 uL,
10 mg/mL Protenase K 100 uLE %1 37°C S|4 1A17F 5<F

Fig. 1. Soil sampling from ancient tombs and burial accessories of Gaya age (A) Geographic location of the sampling site
(arrow). (B) Stone-lined tomb. (C) Uncappped large pottery. (D) Capped large pottery. (D) Large dagger.



Table 1. Soil samples and their physical conditions
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Soil sample

Tomb Number pH Water content (%)

No. Sampling site

1 Inside capped large pottery #5-3 5.8 17

2 Inside uncapped large pottery #5-8 6.0 18

5 3 Surface soil on large dagger #5-13 6.2 19

4 10 cm under the Large dagger #5-13 6.2 21

5 3 cm under the Large dagger #5-13 6.1 15

Control 6 20 cm under the top of the tombs 5.2 20

7 Inside capped large pottery #6-3 5.5 23

8 Under the capped large pottery #6-3 5.7 18

p 9 Inside capped large pottery #6-2 5.4 17

10 Inside capped large pottery #6-4 5.5 18

11 Under the small knife #6-5 5.6 17

12 Deep inside the tomb 5.5 23

HE&-S- 2171 % Phenol 400 ul %37, 13,000 rppmol|A] 10%7F
AR A 700uLE A HIFHOE 033M
ammonium acetate 300 L, ethanol 500 uLE 7 }8lal HoiF
% 13,000 rpmellA] 108Xt YRt HHES 3|5
alct. 348 AAES TE W9 50 ulell 59 genomic
DNAZ AME314cH

oC

16S, 18S rDNA SZ U 22
EcRrgA g F3o] 2 Aldo2RE FE3
genomic DNAZFE| 941 Hld|g]o} 1] thgt 16S rDNA
WS- ZZA)717] 9181 universal primer$] 27F(5-AGA GTT
TGA TCM TGG CTC AG-3)¢} 1492R(5-TAC GGY TAC
CTT GTT ACG ACT T-3)5 AFZ8IRaL, &35o] ==l o
3k 18S rDNAE FFA17]7] 984 NSIF(3-GTA GTC
ATA TGC TTG TCTC-3)¢} NSSR(5-TCC GCA GGT TCA
CCT ACG GA-3)E AHE-3I3itt. PCR ¥H3-912 2 uLe| 5
3 DNAS} 7+ 20 pM9] primer, 0.5 pL. Taqg DNA Polymerase,
3uL 10X PCR ¥{H, 1 uL dNTP, S5 215 uLE 93l 2%
HkS- Rul2 30 L& 8199ct. PCR 21 95°CollA] 587F ¥
AN, ¥4 (denaturation) 95°CollA] 30 2, -2} (annealing)
51°CollA] 30 &, S-(extension) 72°CollA 1& 30%2] A0
2 30M01E RiE £, 72°CollA] 527t T REEAIFTE 559
PCR AHE-2 1 % o7}22~ Aol A 71993l Eelsidtt.
2%l DNAE pTOP V2 TA(Enzynomics)®ll 1 (ligation)s}
31 competent E.coli(DH5)® 32 218k} LB agar(ampicillin,
50 uL/mL)EIAlel] =83, LB agartli Aol 4 1R1% colony
Sl plasmid DNAE F&31] Q748 E48150T

H7IME BN AISE B4
EPgoA 23 %] 3 weejole] E4d
16S, 18S rDNA % ITS region 371X ¥-2 BLAST(NCBI)

9 EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et dl.,
012)F olgate] BAaT. HelE S Ak B
X E-L ClustalW2E AHE-31 multiple sequence analysis 2}
AL Y3t em, MEGA 5.2 271319 neighbor-joining
methodE -85t 1A} 457k Ale5 233t

e n

DEo| EQF pH ¥ TEEE B4

1T B RAEFSE2RE AQFHT B ESEY
Stk @ pHE Table 19 ¥AISIATH A8 59 83}
2 AFAFA webA 17%A4 23%7FA] HLAKTH B
ERl i 19 ol 20 em A3 EF] A9 20 %2
TS Bole WA, 1l g 227 U] ERe]
2 17% Ao FEERS Ht). 63 1159 7H AR
o} 127 A 59| A5 gl 23%= 7P =8,
ol= BlE 55 Fol] gto] RAFoE AR W
8l Ao ® ddE). pHe| S HIwEY AlS+= pH
52904, 1R B w27 U] EYAEEL 55 182
74-%- pH 5.8~6.2, 65 T3] %9 pH 54~5.79] B
EF HREY AlgRT =2 pHE UERNSITE AFHE
EFe] 3T} pH A4, R FoF =217 9
Ee Hu ey} FREECH ol EATUL] EYo]
T S0 2 RE] Ao UASE rlgt

o

Lk

Ha|=l Z20|2 18S rDNA £4

I3 F4F Y ERIEECA 982 o] 5
At 55 1] RE EGA|RAANE A5G
o] & FEE T UJARE, 65 o] A
o= Al (9 AlF )l ATt 15:¢9] Fgo]7} Fe|= 3
Th(Table 2). HIWA| B % 139 Fgo|vto] E]E ]

fijnd

2 Ho = M
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Table 2. Partial identification of fungal isolates based on 18S rDNA sequences

Fungal isolate No.  Sampling site No. Related strain

Accession NO. Similarity

C4 1 1647/1650 (99%)
Cladosporium cladosporioides 0
C-9 2 STE-U 3682 AY251093 1643/1650 (99%)
C-15 3 1645/1650 (99%)
C-19 4 Penicillium namyslowskii AB028190 1704/1713 (99%)
C-21 Penicillium decumbens ML-017 FJ458446 1699/1713 (99%)
C-27 5 Phoma sp. AB252869 1770/1771 (99%)
C-28 Penicillium decumbens L-06 EU273880 1707/1713 (99%)
C-83 6 Phoma herbarum AY 864822 1751/1773 (99%)
C-51 9 Penicillium namyslowskii AB028190 1704/1714 (99%)

Fol52] 4L 915k 185 rDNA |74
A3}, o152 Cladosporium, Penicillium, Phoma %
F3go|E o]ATH(Table 2). 53 a18-2] F7lawl (1
, AT (2 AR, th=e] 359 3W AR )ellA]
FHo152] 18S rDNA 427}, 0|58 25 §
121 Cladosporium cladosporioides T2} 99%2] =
S Bt dHEH 02 Cladosporium-=- 238l &
A EAIEhE A=Al Aulold Heolu de=27)
23S 8 A7l FEe|2 & €A ATk C dadospo-
rioides T8 F|CIA} AAZ A7 Eglof| ] -T2 A
T EATL, xylanase's H2 w3l a4 B4 EAHEC]
ol 3l B vl oh(Hong et al, 2011). C. cladospo-
rioides To| 55 THENATF AFFo g WA« AR
Ko} 55 11ite] ufdrdale] $H4e] o] o] i gl th
T EARIRE AeR FAEN XE 55 aRexE
Penicillium decumbens, Penicillium namyslowskii ‘5 Penicilli-
um & FHo| 5T WAE AT Penicillium decum-bense &=
oll EAleh= A 238l FFololtt. Penicillium namysl-
owskii = 635 T A7) (91 A )l A FrLsiA BelE
wgolo)7= Bjt}. ol 2719] Zlokard =ge] o w49
A3}, 55 3ol F3o| el A Bol Wtk o,
7 AI7] 25l 2AE FHoE AAEH, 65 ES
Az, 5 AL AeE =49,
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22l8 HZECl ASEN ¥ 0148 27 T

IE W) FRAFERNE AFHAS 12719 BEY ARER
R2E = 70709 EelF (isolate)S LTt 0|5 FEE
AL fl8ke] 165 rDNA @714 ES 283t Lozl ¢

71ge] 415 el Table 33} o] 2zt HeFE5
54 8lla, 24 g5l gk AlS% (Phylogenetic

tree)E MEGA 21318 53l £41319th(Fig. 2). w2
H 5 F 42 7157} Firmicutes 1= (phylum)el] £53h= Al
TEEM o5 F 37 57} Bacillus 51T}, Bacillus
52 WAZAE d4s1] wiol EY SodlxE A7zt
HE E 4= e EAo] vk (Cano and Borucki, 1995).

=

T HAlZ o] AT AMH-S Actinobacterium o] &

Cc10

C47, €32, C37, C49, C60, C75

Baillus mursis L 1620238(T)

3 57 aos. Cob
Bacillus megaterium [AM13418(T)
c24

FC

Bacillus aquimaris TF-12(T)
C67 C7.

Bacillus pumilus ATCC7061(T)
Bacillus subtilis subsp. subliis NCIB3610(T)

c23
Bacilus amyloliquefaciens subsp. plantarum FZB42(T)|
€33

ci4
Stapnylococcus wameri ATCC

I- C61
V ndidacillus arvi LMG22165(T)

: Paenibacilus paouit SCUSOTA(T)

[ Krtasalospola mediocidica IFO14789(T)

Mrcrococcus luteus NCTC2665T)

C'F, CS, €29, C70 AB
Arthrobacter axydans DSM20119

C5, C12, C22, G25, 45, 80, 88

Arthrooacter ramosus CCM1646(T)

c50
GB

gensis JAJ28(T)

C64
I_(-Pseuaomonas Koreensis Ps9-14(T)
C
L Pseucoguveniania subfiara 8P-5T)
c17

Pseudoduganelia vialaceinigra YIM31327(T)

Janthinobacterium agaricidamnosum W1r3(T)
1

Collimonias fungvorans Ter6(T)
ce7 BB
Hervaspirilium frisingense GSF30(T)

Cupriaviaus basilensis RK1(T)
c85

c16

C69
Burkholdena glumae
c40

c71
Burkhoidenia stabilis LMG14294(T)

—
[

Fig. 2. Phylogenetic tree of bacterial isolates based on 16S
rDNA sequences. Numbers indicate the isolate numbers in Table
3. Abbreviations at the right side bar represent bacterial groups
belonged to firmicutes (FC), actinobacteria (AB), gammaproteo-
bacteria (GB), and betaproteobacteria (BB).

=2 &

Arthrobacter <5 (genus) 12 757 B2 ) A

hrobacter = AJEAL T AA7100 cocci formS- THE0] G
o] 1 ARl QYT R - i 0T &
HA 9ot 1 9 9594 Beta-Proteobacteria®} 252 Gam-

ma-Proteobacteria™ WA= T}

Al B 7S By, v EYR] 31F AREY
Ay 19 T2 Aol EelE o, aEW FAEel A A
FH BT 4~6 TFEF FZE ], X5} 2m A=
Zole] 2hagol G BN BoRE AET & 9l
7178 B B4 @714 Aol wit- =Rt AEs VER

ATH Aol T SHolME 53 IR AEHT
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Table 3. The closest taxa for 16S rDNA sequences of Bacteria isolated from soil samples

Sample No. Isolate No. Related strain Accession No. Identity % Phylum

C-1 Arthrobacter oxydans DSM 20119 EU086821 1487/1488 99 Actinobacteria
C-2 Paenibacillus sp HM233974 1500/1516 99 Firmicutes

1 C-3 Arthrobacter sp DQ453812 1474/1481 99 Actinobacteria
C-5 Arthrobacter sp AB531403 1476/1486 99 Actinobacteria
C-6 Bacillus samanii FN433015 1511/1515 99 Firmicutes
C-7 Bacillus sp JQ435679 1502/1515 99 Firmicutes
C-8 Bacillus samanii FN433015 1512/1515 99 Firmicutes

? C-10 Bacillus thuringiensis CP003763 1513/1516 99 Firmicutes
C-12 Arthrobacter nitroguajacolicus NR_027199 1455/1477 99 Actinobacteria
C-13 Bacillus thuringiensis CP003763 1510/1516 99 Firmicutes
C-14 Staphylococcus warneri HQ407248 1513/1517 99 Firmicutes

3 C-16 Bacterium endosymbiont AB558493 1446/1479 98 unclassified
C-17 Duganella nigrescens F584756 1453/1471 99 [-Proteobacteria
C-20 Micrococcus sp EU373424 1484/1487 99 Actinobacteria
C-22 Arthrobacter sp AB531403 1476/1483 99 Actinobacteria

! C-23 Bacillus subtilis GU826160 1514/1514 100 Firmicutes
C-24 Bacillus aquimaris EU231632 1511/1517 99 Firmicutes
C-25 Arthrobacter sp JE772512 1476/1489 99 Actinobacteria
C-26 Bacillus cereus GQ149481 1514/1516 99 Firmicutes

5 C-29 Arthrobacter sp DQ453812 1470/1480 99 Actinobacteria
C-30 Janthinobacterium sp D84590 1462/1486 98 -Proteobacteria
C-81 Collimonas sp AB531415 1483/1488 99 [3-Proteobacteria
C-31 Bacillus cereus CP003187 1515/1516 99 Firmicutes
C-32 Bacillus thuringiensis CP003763 1513/1516 99 Firmicutes
C-33 Staphylococcus sp HQ323413 1512/1517 99 Firmicutes
C-34 Bacillus sp AB531397 1505/1508 99 Firmicutes
C-35 Bacillus cereus CP003747 1502/1516 99 Firmicutes
C-73 Bacillus pumilus EF488975 1513/1513 100 Firmicutes
C-75 Bacillus thuringiensis FN433029 1513/1516 99 Firmicutes
C-76 Bacillus simplex GU086427 1512/1515 99 Firmicutes
C-77 Bacillus sp AB531397 1501/1509 99 Firmicutes

6 C-78 Bacillus sp GU086432 1513/1516 99 Firmicutes
C-80 Arthrobacter ramosus HQ242762 1475/1487 99 Actinobacteria
C-82 Pseudogulbenkiania sp AP012224 1482/1501 99 [-Proteobacteria
C-84 Arthrobacter sp JE772512 1486/1487 99 Actinobacteria
C-85 Cupriavidus sp HE660045 1495/1498 99 [-Proteobacteria
C-86 Kitasatospora sp FN550139 1469/1476 99 Actinobacteria
C-87 Herbaspirillum sp. FJ812351 1395/1397 99 [3-Proteobacteria
C-88 Arthrobacter sp JE772512 1487/1487 100 Actinobacteria
C-89 Cupriavidus basilensis NR_025138 1469/1476 99 B-Proteobacteria

C-90 Uncultured Paenibacillus JN793856 1483/1521 98 Firmicutes
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Table 3. Continued

Sample No. Isolate No. Related strain Accession No. Identity % Phylum

C-37 Bacillus thuringiensis CP003763 1514/1516 99 Firmicutes
C-38 Citricoccus sp JE274865 1482/1489 99 Actinobacteria
C-39 Bacillus sp HQ236073 1513/1516 99 Firmicutes

7 C-40 Burkholderia cepacia AB114607 1496/1497 99 -Proteobacteria
C-41 Bacillus sp HM234008 1514/1515 99 Firmicutes
C-42 Bacillus sp JQ435679 1512/1515 99 Firmicutes
C-44 Bacillus samanii FN433015 1514/1515 99 Firmicutes
C-45 Arthrobacter sp JF772512 1487/1487 100 Actinobacteria

s C-47 Bacillus thuringiensis CP003763 1512/1516 99 Firmicutes
C-48 Bacillus sp AB531397 1505/1508 99 Firmicutes
C-49 Bacillus sp JN872500 1511/1513 99 Firmicutes
C-50 Pseudomonas sp AB534594 1493/1496 99 y—Proteobacteria

9 C-52 Bacillus megaterium JN208059 1515/1516 99 Firmicutes
C-53 Bacillus sp AB531397 1503/1508 99 Firmicutes
C-54 Bacillus megaterium JN208059 1514/1516 99 Firmicutes
C-56 Bacillus sp D84560 1507/1511 99 Firmicutes

10 C-57 Bacillus horikoshii GU232770 1512/1515 99 Firmicutes
C-59 Bacillus sp HQ236073 1514/1516 99 Firmicutes
C-60 Bacillus thuringiensis CP003763 1512/1516 99 Firmicutes
C-61 Bacillus arvi AJ627211 1494/1497 99 Firmicutes
C-62 Bacillus sp HM234008 1512/1515 99 Firmicutes

11 C-63 Bacillus megaterium JN208059 1515/1516 99 Firmicutes
C-64 Pseudomonas fluorescens CP000094 1499/1501 99 y—Proteobacteria
C-66 Bacillus samanii FN433015 1512/1515 99 Firmicutes
C-67 Bacillus pumilus JQ046373 1510/1514 99 Firmicutes
C-69 Bacterium endosymbiont AB558493 1444/1479 98 unclassified

12 C-70 Arthrobacter sp EU086821 1485/1488 99 Actinobacteria
C-71 Burkholderia sp JX010979 1492/1497 99 [-Proteobacteria
C-72 Bacillus cereus HMO015630 1515/1516 99 Firmicutes

1~5)9l4 10 <5, 22 T, 65 AH-(A1BHE 7~12)94 6
&, 28 TR 65 Lol Bl B2 Aol EelEH A,
5% el epde] B e Ao vk, ol 4]
Tgolire] el el AR Zes 1ol A4E
A1 AR gRle] olgh Ao g AHzHET

55 1k B Al F dse] T REHE 37 vi=
o] ofiE: EURBERE 4, 5)90X= Staphylococcus warneri,
Duganella nigrescens, Bacillus aquimaris, Janthinobacterium sp.,
Collimonas sp8t 22 Aitso] E440= A} S
warnerie AFEoU 55| T el MEAEE At
Z ARS Joy|e Y Ao ® A Atk(Campoccia
et al, 2010). WA S. warneri= WA A €31
2 BEEO] JAAS 7FsAe] ATk D. nigrescens T
o] dAISH 782 B4 ofF HiEZA| ¢l qlor,

16S rDNA AE7t B =] AT}, B aquimaris®] 73-9- 5
bl sdafjo] AR HolM FE vh U= Al Al
(marine bacteria)®]TH(Yoon et al., 2003). o] Ale] 2=
o] nolA WHET= e A= =, uebA
AR SIAHE-S- Bt RUEINS BoE AzbHc
Janthinobacterium® 2 ¥5FH C-30 W o=
Janthinobacteriumo| A EARA o2 JeEh = Hepd 22
U7t TEE R k0T Janthinobacterium©] oPd AlE
F Ao = g ch(Pantanella et al., 2007). Collimonas
< Fukgt ESHEO A 2 AZsled Albe Mo R,
WS AoRle FEol2 7Y FS5sk= 530 oA,
&9 Fgo] IS v METe] dFoz At
3 JtH(Leveau et al., 2010).

HEA O R, 55 149] o] R Alere] Tt &
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Pl ZAHRS Aow FHY F Ut EF 2
R Aaale AET AEelN ANEE S A
o] B o] TRl FAlo] B0l vlgalel
ool S79} ARl AHBHAE e HeAFl.
B AT g G2 o 4K nAR e ATt
srje] AR} F1F2AL WolE T B 5 2L
2 BeJFD Q). B )T PR @77} 2
18 9 oijate] UgL & o S DEE =)

715 7|t
q Q

TR (' o, olebrtol) E5ld T 529} 62.9]
HAE &olld A 127]0] EYAIS N FBoldt 9%
I At 7052 sttt 22E rigEe] 168 B
185 rDNA 971X 8-S £43 43}, 55 32olA £l
595, Al 10 &, 22 #57F BAHSOH, 63 J1E
e Fgol 1 uF, Al 6 &, 28 wF7F ARG 5
% 3R] F& PAET O & v|Fo] 55 1Fo] 65
AEETR= F ¢ PAdE A F2 71523 (dgeld
Z7FE)el 2AEJS Ao g FHHJY S 55 IR
of FgHE tiee] WM F=o vl AMHee
Staphylococcus warneri$t ZWHAX AM2lshe ¢/dAT
Q1 Bacillus aquimaris$} -2 F53t Algto] WA o
o}, widEAle] ool FFet sidkEol ARE NS 7
A = At A8 oT & A= nAETH dAqvt
SR Aol 37t E F g5 Bk

Ml 2

£ A7 20121 SmapeelAa sy E R T
H(URP) A EA QS A e ol P2
Uk, =3, ARAIR EES T AEdaTd
GARESHIE B TAEEATY LS ZALe] B
< At

Aot T8 B PAE el EAlske maEe] e 24 73
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