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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, Gyeongsang 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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AdgEtolels 718 £5 dol JAR AR 1 AR
o] i) H= 584 S Wole ETEE ANE
NS Aol 3], Hol| 8 Bk WEE A ¢kl A
A A {22 o ge] A, #3} s uE
T e FAH 8L FAl, 1 At mAE 2 9
vAE 7S ATE 5 e T3 vESH A RE
285 4= T} (Cano and Borucki, 1995; Schabereiter-Gurtner
et al, 2004). 2ol F= o] Q= Tt e Y
oju} UiFolA] A E= vAEES G gzl 3
EZ3Ad PAESC #A3 ARE AFH = 7 AT
(Schabereiter-Gurtner et al, 2004). ©]&3+ -84 2 F&E5
AN HHEE mAE RS PRI 71, FE 5
ApASHES hde W olue} Jo] A4, et
AW 5 AlE 7IEHA] & ARE AT A7) |
ol PR e RE Fag As 24 7EX7F v
WA o2 A5 f42 AlRke] 550 wet A5 &3S
Al ==, ole FFolU Al 5 vdES] S d
A IAE 7HAAL UATH(McNamara et al,, 2006; Ortega-Mo-
rales, 2006). WHHA T FET F29 BEH HEE ¢
ME 4 A2 vAE TS BAEke] el #E

i
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g 5 Yt Alo] 3407 @ & Sl

B AFelxE ZloRite] aRwd) FgREelAM AF
EREENE wgolst wEglols e, vlEE
o] 16S <t 188 rDNA H7IMEE 2431 A ol
Ak vFe vdEES TS ARSI =
o] 9 uHglols A £ ASEAE B8 1500
d A Tl st A ellx] S53HA e v
2 TS skt sl

EY ANE 2F & pH, T2 5H

2012+ 59 23~24% FL7 FHEAATH AR
B 2] Y5 ol ofF 7 23 slok i EREFH (
AHER) 559 65 FHEGH, tIFATS (EHENE,
Uncapped large pottery), 7028l (£ Z &K, Capped large
pottery), I (K7JJ, large dagger) & -5 Wl 2]ollA] A]
FZ AFsAct (Fig. 1). A7 AHAA EY L5 24°CH,
aL, o] Zloj= o 2R Y of 2 m FEH. AFE
ERNEE e} s o]gste] A Fe
pH 4715 o]83}e] 7t EYA RS pHE S4319.0H
65°C Dry OvenollA] 24 AIZFERF HEAIA 7t Al5E9
TS SATATH(Table 1).

Tsushima
& o U (JAPAN)

ANEZREH 7 22| ¥ =i

AHT EAE 1 gS Ei 9mL 4421 v, 100 uL
£ LB agar(yeast extract 5 g/L, tryptone 10 g/L, NaCl 5 g/L, agar
15g/L), R,A(yeast extract 0.5 g/L, peptone 0.5 g/L, casamino acids
0.5g/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) ILAu|=A|ol] =25}
o 25°CollA] 33F BTt 7 WA Ak Egol
4 vlgglolE F %= Phenotypes Holw= 9071<]
o9 FE ERIEIH oM o5& U] LB, RA, PDA 1L
AR R &AM = 28ttt

=Z0| ¥ M7 Genomic DNA F£&

PDAR|AO A #2]% +5¢°] A= DNeasy Plant mini
kit(QIAgen)E AM8-31] genomic DNAE F-E3}5{T}(Jizhong
et al, 1996). B3+ 2| gt Mlit2 G Folulo] ek
S &, A4 (13,000 rpm, 5%)3 TS I5EE &
1 mL9] 1 M NaCIZ A|Hste] A A4lEelstsitt. 355 o
Aol TE ¥3 (10 mM Tris, 1 mM EDTA) 700 uL= 2ar 2+
Aol FAG. AEHE H47] 213l lysozyme(2 mg/mlL)
100 L9} RNase A(10 mg/mL) 30 uLE- H3l 37°CollA] 2083t
HESAIZATE, HES-<Mol| 10% SDS 60 L, 10% Sarkosyl 100 pL,
10 mg/mL Protenase K 100 pLE %3l 37°C oA 1AIXF &<t

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

S 2171 5 Phenol 400 uL {12, 13,000 rpmoi|A] 1023F
QalEgsle] A 700 LS AUt FEHOE 033M
ammonium acetate 300 piL, ethanol 500 uLE- 37132l 4105
% 13,000 rpmolA 1087 YRS HHAES )4
3t 34E JAES TE WY 50 ulell 9] genomic
DNAZ A}-8-313 .

16S, 18S rDNA 35 % 224
ENFANAN 23t F30] R AldeERE F=3
genomic DNAZFE] 941 ule|2jo} ol thg} 16S rDNA
kS SEA]717] 2151 universal primer! 27F(5-AGA GTT
TGA TCM TGG CTC AG-3)%} 1492R(5-TAC GGY TAC
CTT GIT ACG ACT T-3)E ARSI AL, 2go] w5 tj
3k 185 rDNAS SZA17]7] $J8iA] NSIF(>-GTA GTC
ATA TGC TTG TCTIC-3)2} NS8R(5-TCC GCA GGT TCA
CCT ACG GA-3)E AF8-313itt. PCR RE&-H2 2 uLe|
3 DNA29} 7} 20 pM9] primer, 0.5 pL Taqg DNA Polymerase,
3uL 10X PCR W, 1L dNTR, S5 215uLE ¥al HF
HkS- B2 30 uLE 819tk PCR 238 95°CollA] 587 ¥
JA1Z1 %, 12 (denaturation) 95°COllA] 30 3, H-2t(annealing)
51°CollA] 30 &, S (extension) 72°CollA] 18 30%9] ZHC
2 30M01F RS- &, 72°CollA] 587t o] WRSAIZITE SE5E
PCRAHE2 1 % oP7}E2 Aol H7]%9-53te Eelatitt.
#2]% DNAE pTOP V2 TA(Enzynomics)°ll 174 (ligation)3}
31 competent E.coli DH5)° 32 7Z18+5}] 1B agar(ampicillin,
50 puL/mL)E}A]l] =LSIITE. LB agartliZ]ollA] ER1E colony
S plasmid DNAE F+Z31] G714 E-& 41813t

H7IME BMI AlEE B
ERNFN 2 wge] B HEejote] EAd
16S, 18S rDNA % ITS region 71482 BLAST(NCBI)

2 EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al.,
2012)F o]-&ste] FA8ITh. wElE dE=H FAkeE 971
B2 ClustalW2E AH8-31 multiple sequence analysis 2t
< F3Y519 21, MEGA 5.2 222 13 9] neighbor-joining
methodE &85l 1302} 57k AlTTE 2/dstaitt.

zn 2 1%

TEe| £ pH Y $EEE 24
=1

TR W PAEERE A0 EPEEe S

|

[e}
FRIEES Hol: vhd | i HA w217) ) Eoke] A
17% AEo] 58S BTt 63 189 74 A8
129 A|g9] A9 FEgER) 23%2 7P =9k,

ul

ol HlE 55 o] o] Ao E JFSI |

¢l Ao dddn. pHO A% HIWEY XS pH
52804, a1 - 227 ) ERARES 55 LR
739 pH 5.8~6.2, 65 19| 7%~ pH 54~5.79] M=
R5 HREY ARG 28 pHE YeERAI. AFHE
E&F] g pH £414%, iy 74 =AU 9]
B HuEY TN CH o] EAUe] Edo]
TFH o 2R E AE o] UM SRt

22| 2l ZH2o|e| 18S rDNA £4

T B ) EA SN 959 Fgo] S &

FRYSAT). 55 1E-] RE EUXFAE AEF 1-
7

250 Fo] 72 BT 5 JAAIN, 65 R He-
o= f7Raze) (9 AlF)ol ARt 1559] FHo)7l Eel=A
T}H(Table 2). BIWAZAXE 159 Zgo|vlo] Eal=]g]
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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
C-4 1 1647/1650 (99%)
Cladosporium cladosporioides
- 2 AY251 1643/1 9
C-9 STE-U 3682 51093 643/1650 (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%)
I;]—' ’E‘E] % %%—o]%g %zél% '?46‘]—04 18S rDNA Q-E] 7]}\:1 (‘j—;" %3% €32, C37, C49, C60, C75
S B3 A3}, o152 Cladosporium, Penicillium, Phoma %5 Bgf,%gsf:flgffgzzgm
-3 - - - Bacillus anthracis ATCC14576(T)
of| &3l= FFolE ©] AT (Table 2). 55 -9 F7lazHl (1 Bacils pseidom)cotes DSH1Z42(T)
acillus mycoides AT
W AR, U TE 2 AR, ti=e] 3 (33 AR )ellA] el
Bacillus muralis LMG20238(T)
L Hag ZgolE9] 185 tDNA BAAT} 0|58 nE = i e ST FC
A3k F33]?) Cladosporium cladosporioides T3 99%2] = GG ooy
& F54e Beick. A0 R Cladosporium- AT % o st s s s
Hal EAlske AR Aol AAoh} =) L —
= - — m’/ cillus arvi d
ASS 8 A= F8ol=2 2 LA . C dadospo- g D

rioides T2 SIIAL 737t A7 Fraoll A -2 A
HEE AL, xylanase's 2 884 A9 EAFE9
F)=ol] T3l ®are vl Tk (Hong et al, 2011). C. cladospo-
rioides 7°] 55 XM TE T2 0T WHEHE Aow
Ko} 55 aite] mida| ] gl o] o] = ggel ot
T ABIE Aem FHEY. B3 55 aReM=
Penicillium decumbens, Penicillium namyslowskii ‘5 Penicilli-
um <5 FFOIEE WHEATE. Penicillium decum-bense E
Foll EAsh= A2 18l F2olelot. Penicillium namysl-
owskii © 63 11 F7ial (9 A1B )l A LA 22
Fgolo|7= et o 2719] FlekarE FEe] o A9
s}, 55 1] FYo] T AP} wol WA A,
Ve A7) 2ge] AR PRO ALY, 65 TS
Ae, =AY Aoz 480,

=28 MZEe| AS=EM « 082 =8 =A

o W FAESENE AHT 1219 EF NEEE
FH F 70719 E2]F(isolate)S AT} o5 HEE
L& 918k 16S rDNA 71X S 2L ol
71 g9 B8 53514 Table 33} o] 7} FFES -
58 kAL, 72 dF=el Wig A5 (Phylogenetic
tree)S MEGA ZZ 1S 73l E4313th(Fig. 2). w2
H 15 F 42 757} Firmicutes i (phylum)®l] &3h= Al
TEZEA o5 F 37 57} Bacillus E°|0t}. Bacillus
S WAEAE 8] i EY oMz A7zt
BE 9 4 9le 5Ao] Qlth(Cano and Borucki, 1995).
T HAE go] 2P AMle2 Actinobacterium -0l &3h=

" E c2
Paenibacillus pabuli JOMOOT4(T)
86

Ci
L Kitasatospora mediccidca IFO14789(T)
c20

Micrococcus luteus NCTC2665(T)
C38
1, C3, G29, C70 AB
Arthrobacter axydans DSM20119
C5, C12, G22, C25, 45, 80, 88
Arthrobacter ramosus CCM1646(T)

c50
GB

JAJ28(T)
L cod
Pseudomonas koreensis Ps9-14(T)
Ci

L Pseudogubenkiania subfiara 8P-5T)
c17

Pseudoduganella violaceinigra YIM31327(T)

Janthinobacterium agaricidamnosum W1r3(T)
1

Collimonas fungivorans Ter6(T)
cs7 BB
Herpaspirlium frisingense GSF30(T)
Cupriaviaus basiiensis RK1(T)
85

c16

C69
Burknholderia glumae
c40

C71
Burkhoigena stabilis LMG14294(T)

0.02

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).

F 12 757 =AY A

o(:)] OO]:

Arthrobacter 25 (genus) 7=
hrobacter = JEAL Z A7) cocci forme ¥R
o] 14E el E LATU AES F U= A2 &
A& At} 1 2] 9F9] Beta-Proteobacteria®t 252 Gam-
ma-Proteobacteria® T-A%] T}

Al BEE 1S B, BuEYYR] 31 AEE|
Al 19 59 Allte] FEjE Ao, A FogsEoll A )
A EolMe 4~6 TdFET BHE], A5} 2m =
Zlolo] Akaggol §lv F0AM AV AES 5~ U=
3718 2 B4 F71 Aol vk EETE AS UERY
I ok Al gl SHeMe 53 AR REHS
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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

’ 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 [-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 B-Proteobacteria
C-88 Arthrobacter sp JF772512 1487/1487 100 Actinobacteria
C-89 Cupriavidus basilensis NR_025138 1469/1476 99 [-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 JF274865 1482/1489 99 Actinobacteria
C-39 Bacillus sp HQ236073 1513/1516 99 Firmicutes

’ 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

8 C-47 Bacillus thuringiensis CP003763 1512/1516 99 Firmicutes
C-48 Bacillus sp AB531397 1505/1508 99 Firmicutes
C-49 Bagcillus 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 Bagcillus sp AB531397 1503/1508 99 Firmicutes
C-54 Bacillus megaterium JN208059 1514/1516 99 Firmicutes
C-56 Bacillus sp D84560 1507/1511 99 Firmicutes
C-57 Bacillus horikoshii GU232770 1512/1515 99 Firmicutes

10 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)0014] 10 &, 22 77, 65 A (A EHE 7~12)0014] 6
%, 28 @R 65 A T B Aol EeHAAT,
55 o] thRde] O 2 Zlo g UEdth. ol 7]
wgolde] vy Aol fARE Alow ao] 24E
A AEE aglel oFk Ao w YzbE.

55 3% £E ATE T =Y SRS 37 di=
o] o}gfjE: ESFAIFHE 4, 5)9X= Staphylococcus warneri,
Duganella nigrescens, Bacillus aquimaris, Janthinobacterium sp.,
Collimonas sp.2F 22 AlitEe] 542z #HA=U. S
warneri= Aot F22] v Aol s e Al
2 2SS doyle WA At o® delA rk(Campoccia
et al, 2010). WEHA S. warneric= WIFEA] Lol 231
IR BEEO] JAAS 7o) AT}, D. nigrescens T
o] AT et 542 obF HalsA] odal glow,

16S rDNA Ag7F Ha1xlo] Qlt}h. B. aquimaris®] 739 -
e} gafjo] AHA| ol A FjE vt = G Al
(marine bacteria)®]CH(Yoon et al., 2003). ©] Alo] A==
o] 1A W e AE Ao AE, A
mgRAle] e Fle] FAERNS Ao AEn
Janthinobacterium® 2 EHE C-30 T#FY A=
Janthinobacteriumo| A EAZF o Z Jehl= Hep S5
Y7t BAENA] QO B2 Janthinobacterium®] OPd V)&
F AldeE et (Pantanella et al, 2007). Collimonas
< Hukgt ESRHEOA 2 A-8ste] Ak Ao =, o
s AoRle FECIERY 53k 53] UoiA,
259 FFo] AYS T AEToe dFoz ATy
31 I (Leveau et al., 2010).

AR OE, 55 19| o] W Al vk &
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Fol, 55 L VAES] o] B A5 7h2e] A
7ol 2ERS Ao T 5 U, £ FE
SpRolA AR At Al AAshe S Al
o] ¥4 7o) TN FAlo Tasel, TPl
ool S5} o] AHBEIRS F5AS HolEsict,
B ATE WY AE 2 549 ngE Oy at
sve) ARESS) 71 FEAS Wl W7t 8 4 2l
HoiFT Itk FFIE oleid MRS A7) 3
S 2 SPise] WS F o FUSH wee =t

715 7IthHee

K o

S| o
b | S

TR (' 2lF, olebrol) EXETH 559 659
TE FollM AFG 12719 EGA RN F8old 9F
I Al 705 o Elstlth EEE =Y 165 R
185 rDNA @7 ES A8 23, 55 oA F3o]
535, AlEF 10 47, 22 T57F EAEN 0, 65 a1t
Me Fge) 137, Al 6 %5, 28 w7 EHER 5
T 29| w2 MBETUFYCE vFo] 55 IE0] 6%
ARG F o] e Al $& 715EA (dgeld
7S ZRAAERES Ao FHEAT S 58 31
of P tixe] FHAAM FEo TR e
Staphylococcus warneri®} ZWHOAA X 2lel= | FdMTt
%1 Bacillus aquimaris®t 32 553 Algo] Aol o
e}, ggAle] ofdoll §79} sfitEe] AREMES F
A 4 k. 28H o B dAF= mAETH A7t
Aapet Aol =7t E < deS BoFioh

M =2

£ A7+ 20124 =G AT IR
2 (URP)Y} A EAdTke] RS ol A8t
U =3, AlRAF ] =2 T4 AgubddTd
PRESHIE 9 FATEESTE ITEENA AT T
< AU

7oA A 5 R ol EAlsks vdEe] g A 73
s
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