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ABSTRACT

Keywords: Yangminshan Nation Park, hot spring, microbial biodiversity, Archaea

1. Introduction

In the past times, research on conservation of organisms in the Yangminshan
Nation Park was mainly restricted to studies of plants and animals. There are many
hot springs in this Nation Park. Perhaps there are ‘many new species of
microorganisms to be discovered. The purpose of the present study is to investigate
the microbial diversity in some selected hot springs. The potential of utilization of

microorganisms in hot springs is also studied.

2. Methodology

1. Literature analysis: Research reports concerning physical and chemical data
of hot springs in the Yangminshan Nation Park were collected. Study sites were
chosen according to.results obtained by analysis of those data.

2. Sampling: Position of each study site was located by using the Global
Positioning System. Temperature was determined in situ while pH was measured
after bringing spring water back to laboratory.

3. Cultivation experiments: Different carbon sources were added into DSMZ
Medium 88 (Sulfolobus medium) which was used as the basal medium. Incubation
was made at 70 °C with shaking. Growth of subculture was used to determine
ability of using each carbon source.

4. Analysis of biodiversity: Fragment of 16S rRNA gene was amplified by
using bacterial primers and archaeal primers respectively. After molecular cloning,
RFLP type of every cloned partial 16S rRNA gene was determined. It was used to

calculate the biodiversity indexes. Finally sequence of every selected 16S rRNA



gene fragment was send to web site of NCBI and compared with the data base.

3. Results

1. The pH of hot springs in the Yangminshan Nation Park is scattered between
1.5-7 with two main groups ranging from 1.5-3.5 and 5-7 respectively. The surface
temperature of the former group is varied in a larger range from about 40 °C to

about 100 °C>while the latter group has a narrow temperature range, i.e. from about

35 °C to about 65 °C. Springs containing carbonate ion have. neutral pH and lower
temperature. Both temperature and pH values of springs not containing carbonate
ion, but containing sulfate and chloride ion, are scattered in various ranges.

2. Microorganisms in strongly acidic (pH1-2) hot springs showed significant
growth only in complex medium containing both peptone and yeast extract, while
those in weekly acidic (pH3-5) springs could grow both in complex medium and
mineral mediums containing glucose, sucrose, xylose as the sole carbon source.
Microorganisms in carbonated.neutral hot springs could grow only in pH5 and pH7.

3. Microorganisms in all tested hot springs did not produce antibiotic
substances against Gram negative bacterium Escherichia coli, Gram positive
bacterium Staphylococcus aureus, and yeast Candida albicans under experimental
conditions:

4."There 1s a positive potential to develop microorganisms processing starch,
cellulose, or chitin-degrading capability in acidic hot springs.

5. Various hot springs showed different relative amount of Bacteria and
Archaea. Strongly acidic hot springs showed very low amount of microorganisms
with a little more Bacteria. Weekly acidic hot springs had large amount of
microorganisms with a much better more Archaea. Hot springs near neutral pH
range had a great deal of Bacteria.

6. Biodiversity of Archaeal and Bacterial RFLP patterns of the artificial pool

and natural spring-water outlet in Gan-Tsz-Pin area, cement pool in Sulfur Valley,

XI
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and Ground-Hot Valley was investigated. The similarity between paired sites was
calculated. It was found that artificial pool in Gan-Tsz-Pin showed the largest
Archaeal biodiversity and cement pool in Sulfur Valley showed the largest Bacterial
biodiversity. Both Archaeal and Bacterial flora in artificial pool in Gan-Tsz-Pin
were significantly different with other sites.

7. Most of Archaeal clones studied in acidic hot spring in the Yangminshan
Nation Park were belonged to uncultured archaeon clones. A few of clones with
identified names were belonged to Caldisphaerales and Sulfolobales. Both of them
are in the phylum of Crenarchaeota. Great many of bacterial clones found in
artificial pool in Gan-Tsz-Pin were uncultured - bacterium clones. Many

Methylophilus and Pseudomonas clones were found in other acidic hot springs.

4. Suggestions

1. To collect and integrate' information of microorganisms in hot springs and

put it into the educational material of the Yangminshan Nation Park.

2. To establish a long-term research on the isolation and phylogenic study of
hot spring microorganisms in respect of finding various new species of Archaea
and Bacteria.

3. To study the capability of degradation of hot spring microorganisms in

respect.of developing bio-resource with industrial and environmental potential.

4. To perform a broader and longer range of monitoring the biodiversity of

microorganisms in hot springs in the Yangminshan Nation Park.
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Na;B407-10H,0, 0.22mg ZnSO4 7H,0,; 0.05mg CuCl,-2H,0, 0.03mg
Na,Mo004-2H,0, 0.03mg VOSO4:2H,0, 0.01mg CoSO4° pH# = 2.5, 5.0,
7.0 0 F ¢b & w] /,9]‘ ‘v lg/LeaPeptonedfr Yeast extract ~ glucose ~ xylose &
sucrose ° & {7 A fRREHF 0 AHE % fl_a(pHS.O);‘?J& ‘v 0.1g/LenPeptone
frYeast extracty 7R {5 £ 4 9 z 1g/L crstarch ~ xylan ~ cellulose ~

chitin ~ nonylphenol{rphenanthrene -

¥r & ki PFBEH

- ~ X RlHKE F
# * f F £ 2w 7 Escherichia coli CCRC11848 ~ # £ < B {2

i 7 Staphylococcus aureus CCRC10781 ~ frf -+ p Candida albicans
CCRC20511 -



Fo% PO EMR

LN

B EABESLE AR > s (6000rpm, 30min) » AMK P H
ImL " p 3B b ifip Bpn pHI 20 T &G ImLe e fia ¥
Beo B K Y § O sREc £ B ImL TR o

5-ODeeo » 0.1 s iplfic 35 %% (3 £ LB) 44k 3% F 2

Fr g A o B 30ult i Y E AR E PR FPRAE® (0.5cm)

LS
4
g-r

R L AR

- ~ X3 DNA
i@ * % & 1 ¢ DNAK B £ = PowerSoil'" DNA isolation kit%
Soil Genomic DNA purification kit » #& R R F P #H FE 74 T >

BAAHF T 2% 1R

= ~ 4% %X"16S rRNA & 7 # &

F B T AR oo primer 40 T !

Primer Sequence Reference

Bacterial forward

Eubac27F or 8F (8-27 E. 5'-AGAGTTTGATCCTGGCTCAG DeLong (1992)

coli position)

27f 5'-AGAGTTTGATCMTGGCTCAG Lane (1991)
Bacterial reverse

1492R (1492-1510) 5'-GGTTACCTTGTTACGACTT | DeLong (1992)

1510R (1495-1510) 5'-GGCTACCTTGTTACGA Y

1492r (1492-1513) 5'TACGGYTACCTTGTTACGACTT | Lane (1991)

1512R (1492-1512) 5'-ACGGYTACCTTGTTACGACTT | A z= )




BP0 LB R IR A i 4 5 sl r 2 g

Bacteria reverse
907r or (907-926)
926R (907-926)

S'-CCGTCAATTCMTTTRAGTTT
5'-CCGTCAATTCCTTTGAGTTT

Lane (1991)
AR Y

Archaeal forward
Arch21F (7-26)
Arch26f (11-26)

S'TTCCGGTTGATCCYGCCGGA
5'-GGTTGATCCYGCCGGA

DeLong (1992)
AR

Archaeal reverse
Arch958R (958-976)
Arch973R (958-973)

5-YCCGGCGTTGAMTCCAATT
5'-GGCGTTGAMTCCAATT

DeLong (1992)
LY 2y

M=C,A;Y=C,T
PCR f£f :
94°C, Smin

30 cycles of 94°C, 1min; 57°C, Imin; 72°C, 1.5min

72°C, 2min

= ~E 7 16SrRNA & 71 ¥ &

¥ PCRAPEFEZTEBDT A (1.1%)

I F S

pGEM-T Easy Vector (Promega, USA) - i@t & & # £ & * £ k5. 2 4 3

E. coli JM109 2 iz 'm*s - & 354k & 7 7 ampicillin ( 100pg/mL) T 7

‘v 100puLl 100mM TPTG % 20puL 40 mg/mL X-gal ¢ Luria-Bertani agar

plates i& 7 EMG % G E o FI* RSP NG § H - FHET IR

& Hk

95C 4r#& 54 4154l * MI13/pUC sequencing primers 3£ {7 PCR» £

. 7 *Y L 2z P7 )
MR AT e B R K

2~ 16STRNA R AR B ech I Y B ER S ARAKE BIAH

#- M13/pUC sequencing primers *x % 7 16S rRNA & 7] # £ & &)

* Rsa I~ Sau3AT-~Hhal:E {74 f# > K510 1.6%F F &AM EFT R A

AT MR RBEBRRI R FEER AL LA iR - 5

1 16S TRNA A FI # BLiE LR &7 5 7 A 47 o

10




Yo% FpoEiER

7 ~ 16S rRNA & F] % £ B 5] ch L iR A 45

# 16S rRNA A F] # B B 7] % 7] NCBI # 2k F &2 710 % o @ #
clusterW i£ {7 aligment » £ # * phylip 48 5§ ® % s+ (Maximum

Likelihood) -

AP EREA
2 % B (Richness, S): % A # i 78 7| e016S rRNA 2k F] & e > 30 RFLP #f

el S
s 2 B (Simpon’s diversity index, D) :
D =1 /XP; P = Number of clones in a given RFLP type /
Total number of clones
32 3 B (Equitability or Evenness, Ep ) :

S B 3 22 B endpiy & (Similarity between sites a and B, d*P)

d"P ="CZPPP) / (Z(PH’Z(PH?)'?

11
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e
£

T EFRABEF IR EEF L AFER DR RS AT
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\
E=E g
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i
&
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R4 A AHP LR RS BT A s is T4 (420 1987
¥ > 1997 ; 4 520015 F > 2002 ; & > 2005) AT {5 R

(1)if 5 fedk & # B & pHI.5~7> % 1 & & ¢ & fh ke pH1.5~3.5
2oy ¢ feh pHS~T & B R T BEEE A SRR B RRS ALY
40°C $1 413 100°C » @ | # IR R g R R RCD 2 R LY 35T
714 65C (B 2)-

Qi MEBERDEREY AR LFF EARK S 2 7 RENT
(e ZAmERZE F8F) DEARMNRHF L RERERERFF (F
3)-

I ER 4B pH E 4 (R 6)-

14
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pH vs 1% FfE
100
15
80 P
1o 17
26 920 ny[ B | o
i 31 1% o4
21 [
60
9 o
[ T 11 17
2 10 13 o4 16 } 174 4o s
Temp.
2 19 %
1 o0 {Z s
r &7 913 6

T u L}
40 L T N _:f4 J In

20

pH

B2 BPLRAFRFRPEATHLERERERM &
LER 65207 &8 330 5 AR LR SR, 6.5 L4, 7.5 1 81 2k
0.1 0 Be; 10.¢ Ll TLEER WLig 12,9539 13,3 3 6 53 14,72 -k #1530
$; 16,68 i 17,5 45 18, 385 19. % Hifi; 20.% i g 2145 753 22.7F = %; 23,
N 240 BRI D5 R 26,5 #5274 35284

15
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SIS M
100
80 ° °
® »° ° o
o) o
60 : 8 o °
° o ® 00 o i
?EL@ . Ie) [9) . B} }Tflfi
Se o Nl
40 ° ° $
[e]
20
0
0 1 2 3 4 5 6 7 8
pH

W3:HBP LR FFSEARBINL T REER o R 2 M %
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pH vs HCO53

.
pH 4 o BRFE(F#HI)
—— R

O "
0 0.5 1 1.5 2z %3] 3 3.5 4
pHCO3_

DX

W4 BPLRARSFI RS ZREBIVEALRBEN ZHRKERLHT
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pH vs CI
8
T r °
6 ° .
5t d
2+ o
pH 4 3
F ° o %
3 o8 A e
1 SN A
7 L o’ o®
e o oo
1
0
0 3,8 1.5 2 2.5 3 3.5 4
pCI
F5:BPURFAFHES §ARIEAZ § 8 3 PARKAZ M G
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pH vs SO,

Bo6:BPLRARSF RS FRENEAZARNZ LHRIRR LM G
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1 < oHg

(- BEPEmpERps CH R 2 ZRENY mEPRZ2 & 50k
BB Epipr ERARDREA B £ 5 2ol (£ 1)

(Z ) BHEmpERE P A > 3 2RI MERZ §F 85 kAR
BT IERE KDL Ao R BRSPS H;’i\frﬁﬁiﬁ;(%
2) o

(Z) wpMEmpRELA > 3 g REN s REATERF S

BT @@+k&ﬂmmwx’@m&ﬁm%fmmﬁ,wﬁ%
B~ g

(v ) MBEMEMRERA 3 FRER - REPRERZ N 35k
BRI AMGRERMARM A EAMEREAT R EY O eEA B
WE P CBFEE SRR CBPWL S L EH e B (£ 4)

(T )P HIBBEABRRL > FAMBRPTEMMKT - F 8T 4
B RRY MO BAGITEAR S HLH P L F R T

AokpfeT = omh FH A o mL (£ 5)o

3

— > 4 , N Y
R RCRF A LT

Iq

2

\

ex

E~m 3@ s A A feRFE (£ 3)

\‘,

Foobo gk g AR - Red PORER R S R aE & A
el s s ER YB3 (% 6)o
tBPLRRSBRTFRPN > 2Rk

v

B
Ao B AR R e R EARNEFTA AT E R AFE A

o

PSR AR A

FrAEER(E 7)o F 2R AK? RIS AL FIFEL AL
e R AT EHIERRE - FFRRTA DR S (X 2 mE )
W R e B A R A o % T SR A AL A o £ B i K
ko s RARBERTRE  SERVPERKLHEE R BT RE
Ko p AR RER SR SN E c ERPEABEY Aad A R

(B 7)-

20



>

EE
21 BB A h- BRI B
B A ®RECC)| pH | SO | CI' |HCOs | Na'
AR 1.5 | 2566 | 3072 0 1003
2 69 1.7
B 3.8 | 1015 | 3966 0 1497
& 34 | 861 | 2251 0 1005
T L AT R RIEIE. T0E > mi T 5 24 BEBH2002) 2
F T H(2005)Hcdh 2 L@ o

22 BUABRBE P A - RIT0

B A ®RECC)| pH |,SO4s2% ‘€I |HCO; | Na'
| 82 2.8 | 11015 | 462 0 97
1 58 3.0 | 919 | 558 0 91
= K 42 24 | 893 | 625 0 32
¥ %Mf% 48 25| 1017 | 664 0 45
4 MR RE(2002) 2 R T A (2005)Bcdp 2 T3 E
3 BERMAMERRA th— ALTE L
& K BRECC)| pH | SO4s2 | CI' |HCOs | Na
7 & B 71 15 | 635 31 0 9
gz - 26 | 1865 | 21 0 28
SR 68 24 | 586 51 0 46
L b P 73 1.6 | 3180 | 201 0 20
~E 76 26 | 1360 | 51 0 78
Y 54 2.1 | 1158 | 36 0 37
KFEX B 90 1.8
K B 73 1.7
I A 1P 48 3.1
EHF AP R R TEE > wiF 5 55 BOERR2002) 2

il
® T (2005)#epp 2. T H2E o

ZER 3

21
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3040 PR R A tho RIEN

B A BECC)| pH | SO | CI' | HCO5

R B 74 3.2 550 24 0

iR B A Bk 56 3.1

R B oRIR 65 4.0

Wh B 68 3.3 427 33 0

WA B E 65 5.7

FEx 54 6.0 158 45 0 22
)RR 53 33 561 69 0 35
B L 55 3.0 521 159 0 43
ek 55 3.5 278 24 0 13
51 - 3.2 346 36 0 16
L 66 3.0 162 8 0 10
R ELR R 71 4.3

ERERI 63 3.1

AT o AL R RIEZ T a6, AL E b 5 BORRR(2002)%
F I 5 (2005) B 2 T 5 o

25: 7 P2 BEMEAMB L - BT

B R ®RE(C)| pH | SO | CI' |HCOs | Na'
E A 53 7.0 123 | 109 | 456 28
¥Bie 5 9 38 53 6.4
Rig RS T 51 7.1
& LA 50 6.7 | 279 81 431 56
ey 52 6.0
L 48 6.6 118 | 112 | 712 20
S 43 6.5 66 12 168 35
t o 50 59 | 448 | 109 | 219 66
5K, 51 5.8 162 9 32 16
4k 41 6.0 | 217 91 179 32
LRI 49 6.5 | 1478 | 49 476 91

e
4
<

fe PAFT R R T5E 0 i F 3 43 BOEEH2002) 2
F T A (2005)Hcdh 2. T 3aE o
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F2E FIER
20 BUAKRBE CFRERA - RIT R
B A BE(C)| pH | SO | ClI' |HCO; | Na
Bk 63 2.5 974 | 329 | 301 40
4 MUERE(2002) 2 R T (2005)#cdp 2 T3 0E
£7: L BAREER
AR AR WA (B DRA A f PR
e L ER R R AP LERAT
A 27| 2781382 o iz i pe 3 Y
# %1300727| 2781382 | 58 |# mECR |rpams
o wral cas |yl 1342 B :L)EL/@
FrFE 5 (301965( 2781992 | 138 |° FL b An e [300m 7 3 B
R (# 7))
. B IS S S fEacg 1 4
e Fi ! nleaﬁ
B #1302390( 2782105 | 143 B b () Fe 14 e B 5
rEw G %ﬁ’;
7 % #[302552| 2781685 | 115 Pl mrpe® |2 RDAIEL R
NIE: S
£ A Al Al fgacg 1 L
B¢ i%(302572| 2782050 | 168 K B D) Fe |4 e . 5
§OMT55 #La&‘jv gw/%z?i
]
T A $(302730] 2782285 | 195 |& & % Prip @a | '; L ff -
R T AL L A VA
e J L
Wty LE B &
PHIBM |RESILHL
# 2 45(303174| 2783352 | 310 |# &% ) P rrpe @t (A2 500m >
fis B REL R
PRIV
e A ‘:‘f’} ﬁiﬁ’ﬁ. 7\%}9Lll@]]‘%’r$
., £pRINBER ek ) ome ok
#.1303180| 2782700 | 290 ) MR B R E PEA R
’ e B L g p
] "£:%.1303490| 2783395 | 362 | & AEi% 4 Fe |4 B fie L= Bl
1Y ad 7= =¥ -+ ‘%IE-—T-&P%
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i T P AL L > # pH BT (pH6~T) (% 8)-
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F2E FIER

28I HMEEALIRRERAY FHREELEE

b4 EIEE S R CEUEREC Z %
i . % A ts 2
BEA pH pH ODeso (7) pH )
5.0 2.50 0.332 6.94
YP =
2.5 2.28 0.115 5.99
G 5.0 2.30 0.059 2.86
BB 25 2.17 0.034 2.61
pH1.47 S 5.0 2.31 0.002 3.15
2.5 2.29 0.008 2.44
< 5.0 2.29 0.033 3.02
25 2.13 0.020 2.34

W3R A ¢ B Aok (pHL68p IT6) G fE i K 2 Ak B &
R A4 F 3 7z peptone fr yeast extract chif T 5 P A 4 £
e e ss (pH3.11) % #2472 & & 7 peptone - yeast extract

iE T G P AL L o e 73 ¥ F KA glucose ~ sucrose ~ xylose

F_‘~

SrE- R aniEE T s P L E (£ 9)
Fe 1+ g 35 dhm A 2T OR A (pH3.28, 3.73) femiA &8 A (pH3.11,
400) wBHEF R AP BREHRBAKZ GHBEEE RN AT 3
FWEPRMEE TS NP EEE (£ 10,11)
WA R EEF A R kB33 (pH5.70) F AR

i

FOERHRERIE AR B3 7 PF RDFEET S N P
£ (% 12)

MG R R AR B s ¢ (pH6.12-6.70) > & 448 & (pHS5.95)
o %% & # # (pHT7.12) A Efexr £ 5 F & pHS o pHT b
EETE P ELE (2 13-15) Rd aas RAY Sl T n

y)

it 7z peptone fr yeast extract enif it T 4 3 P A A L (% 14)-
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s B 4§ii% Py
=R pH pH ODsgo (7) pH )
5.0 2.56 0122 | 423
YP
25 2.34 0.004 | 252
. 5.0 2.35 0014 | 3.03
wE 25 2.23 0.001 | 247
oH 176 . 5.0 237 0.011 3.08
25 2.25 0007 | 241
. 5.0 2.43 0004 | 3.06
25 2.29 0004 | 232
5.0 2.54 0314 | 567
YP
25 233 0060 | 252
. 5.0 230 0011 | 270
Jf{: = 2.5 2.16 0.005 | 242
2 % EP\
OH 168 . 5.0 238 0017 | 272
25 2.25 0.004 | 232
» 5.0 234 0009 | 271
25 2.26 0.008 | 226
5.0 3.82 0254 | 7.5
YP
25 2.90 0125 | 5.65
. 5.0 3.17 0042 | 2091
RE 25 2.83 0067 | 257
N
SH 311 . 5.0 3.17 0.049 | 275
25 2.88 0.060 | 235
5.0 3.13 i i
X
25 2.82 0093 | 227

28



F2E FIER

210 e BEEALTRPRERAY FREEZES

-y EIECE S #iiﬁ;}} 5% =84
. & s (o 2o
BEA pH pH ODeso (7) pH )
5.0 4.70 0.189 5.20
YP ==
2.5 3.08 0.043 2.61
i G 5.0 4.01 0.071 2.88
 Fy -
) ; g 2.5 3.06 0.077 2.39
Kk e
pH' 173 . 5.0 4.00 0.156 2.70
' 2.5 3.11 0.028 2.48
N 5.0 3.42 0.008 3.30
2.5 3.12 0.006 2.68
5.0 3.70 0.363 6.91
YP =
2.5 3.01 0.141 3.22
o . 5.0 3.5 0.253 2.44
 fy,
o 25 2.90 0.156 238
A
o 328 S 5.0 331 0.057 2.96
' 2.5 3.02 0.144 2.31
\ 5.0 3.26 0.145 2.59
2.5 3.07 0.045 2.33
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PURBRALIRRERLY SHBELES

-y EIES #if%l—'fﬁ =&

BEA pH ¥ zf;}f; = ODeso (7) pH )

vp 5.0 423 0.295 6.95

2.5 3.00 0.273 6.77

5.0 5.55 0.193 3.27

PR & ¢ 2.5 3.07 0.137 2.71

ke 5.0 5.36 0:115 3.13
pH 3.11 S S

2.5 3.22 0.101 2.83

< 5.0 5.65 0.060 5.72

2.5 3.24 0.167 2.77

vp 5.0 4.70 0.431 7.58

2.5 3.06 0.312 7.11

5.0 6.24 0.053 6.24

‘;‘f f ¢ 25 321 0.082 2.95

ey

pH 4.00 S 5.0 6.12 0.055 6.24

2.5 3.44 0.088 2.95

v 5.0 6.22 0.056 5.80

2.5 3.48 0.192 2.94

30




F2E FIER

212 FAREEAEALTREBEAY GREX2LES

A ERESE %ﬁﬂiﬁ SE-E

BEA pH ¥ zf;»}f; = ODeso (7) pH )

vp 5.0 5.50 0.544 7.97

2.5 2.72 0.088 5.96

5.0 5.61 0.101 2.86

WA © 2.5 2.80 0.088 2.41

g 5.0 5.60 - -

PH .70 > 2.5 2.75 0.033 231
5.0 5.63 0.045 2.82

x 2.5 2.60 0.135 2.25

% 13: %Lm$ﬁma_1k#%gﬂgﬁg%1%%
B A ird 'f%fé_i'!‘;'_‘f% EEE
, oy SR

BA A pH pH ODss0 (7 pH )

7.0 6.59 0.377 7.41

YP 5.0 6.09 0.468 8.09

2.5 3.37 0.000 2.72

7.0 6.85 0.373 4.05

\ G 5.0 6.73 0.402 4.19
&%ﬁ;‘ 25 6.02 0.000 2.67
DH 6,12 7.0 6.84 0.295 438
S 5.0 6.74 0.228 4.78

2.5 4.03 0.001 2.64

7.0 6.87 0.063 6.35

X 5.0 6.68 0.046 6.32

2.5 3.11 0.001 2.41
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%

2L RERAARALIRPREA? FHEEL.
ER

b4 EIELE < #ifij'l 5 = E
. & s (o 2o
BER pH pH ODeso (7) pH )
7.0 6.75 0.182 7.29
YP 5.0 6.47 0.267 7.00
2.5 3.41 0.000 2.96
7.0 6.73 0.000 6.89
o G 5.0 6.57 0.000 6.89
R 25 6.12 0.000 2.65
L7
7.0 6.71 0.019 6.60
pH 7.12
S 5.0 6.75 0.007 5.87
2.5 4.34 0.000 2.54
7.0 6.71 0.002 6.17
X 5.0 6.58 0.000 6.31
2.5 3.17 0.000 2.43
215 LB EA A PREAY FHE2E
i A B #%ff'g H% =8 A
. ¥ 3 E’E e 2o
BER pH H ODseo (7) pH (7
p
7.0 6.10 0.332 7.76
YP =
5.0 5.52 0.287 7.85
G 7.0 6.83 0.155 4.93
CER 5.0 6.68 0.190 5.00
pH 5.95 S 7.0 6.80 0.144 4.02
5.0 6.70 0.228 4.30
< 7.0 6.77 0.151 6.00
5.0 6.63 0.189 5.25
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B LB RS Bl % s p R A P pH B8 2 L9 1.5 3] 7.0
#* pHS.Oehe R A A BAESR £ 4 pH & € %8 & pH
B YR REAPN AP E (£ 16)0

216 MREFAETRFEBRAAY GHREX2ZES

«‘ffr?f;ﬁ_i'“l TEBEAGREE B
feh | AR s8R |54 DS (ODan)

* A .
H
p )i( C) fé 2. YP G S X
pH

B AE 1.5 70 2.3-2.5 |1 0.332°/°0.059 | 0.002 | 0.033
e K & ER 1.8 90 24-2.6 | 0.122 | 0.014 | 0.011 | 0.004
e HLo) B ER 1.7 65 2.3-2.5| 0.314 | 0.011 | 0.017 | 0.009

VR A P 3.1 48 3.1-3.8 | 0.254 | 0.042 | 0.049 -
Py o 33 63 3.3-3.7 | 0.363 | 0.253 | 0.057 | 0.145
Ry R RGR 3.7 71 34-47 | 0.189 | 0.071 | 0.156 | 0.008

FRL B E K 3.1 56 4.2-5.7 | 0.295 | 0.193 | 0.115 | 0.060

Rk 5Kk 4.0 65 | 4.7-6.2 | 0.431 | 0.053 | 0.055 | 0.056
WBAe B kg 5.7 65 55-5.6 | 0.544 | 0.101 | - 0.45
Bie 9 8 6.1 53 6.0-6.7 | 0.468 | 0.402 | 0.228 | 0.046
LTS TR 7.1 51 6.5-6.8 | 0.150 | - - 0.011

& LA 6.0 52 5.5-6.7 | 0.287 | 0.190 | 0.228 | 0.189

ABAEIEEF APHSO T £ AP 3 T0CEF -
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¥ - BORE AR S peptone fr yeast extract

3 }
T Eﬁi%%?é i R EBH P YRR L e iy TR Ao TRk
AP R PR AERFERZ T EHYRESIE M wE Escherichia
coli ~ # & < I |+ i f Staphylococcus aureus - fcf%# f Candida
albicans ¥ & fr4] 31 -

dBAFHRFRIEEA Y F A JI* glucose & xylose jic 4

o

P o BT F Vit s fear A f# starch ~ cellulose & xylan g2 $ o
T4 16 N % > PER ML RE LB R E = AR AR TS
PR ORI B liz?‘]‘ 4> £ (10.1g/L) = Peptone = Yeast extract
ik # ¥ & A (pHS.0)¢ &~ H 7y #v 1g/L < starch ~ xylan ~ cellulose
chitin ~ nonylphenol 4= phenanthrene > > 70C 4 F# % 10 = » R *
7z 1g/L e Peptone v Yeast extract e 4 £ 35 % AP FHE P Fajed
FREATREBREL S  FTREBFAINIEREALT BRI

A ER G (ODVERF ) »RIEFRALGHRB R K2 P LA
FARIFER S5 F R AP EABLBRFT RS % 7 4 f& starch»
cellulose~ chitin e 2 4= ¢t > $+** phenanthrene » ¥ s & 7 4 384
(% 17) ~ "l PERAT i 7 A28 a2 ehvh L # A o(% 18) >

AR BR A TR G A REE Y R RE (£ 19) -

34



>
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2AT P RBEAVEF AR AMIPLEHRELES
B A& RIFRE R ODeso0) | ODsso2) | ODgsozy | ODesoay | = F ~ f
e 4
H£15H 0.095 0.219 0.262 0.219
AA#AEE A 0.087 0.206 0.223 0.152
Starch 0.146 0.290 0.358 0.301 +
Xylan 0.155 0.194 0.208 0.241
Cellulose 0.316 0.461 0428 0.435 +
Chitin 0.264 0.426 0.520 0.451 +
Nonylphenol 0.127 0.106 0.116 0.045
Phenanthrene 0.257 0.199 0.288 0.258 ?
A#HEEZAPHS.O): AR 2 &;zz’]‘ 4¢10.1g/LsPeptonefrYeast extract » 2 {&
£ i de Ig/LamplEatih o B~ SmLE AJE & (3 &%) 433§ SomLs %
B 250mLALASELY 0 3 TOCIE T % 10 = » 425 10 A 48rs B0 1 340
Rk B3z 1524 £ %3 (& 1g/LliPeptonefrYeast extract) 150 F
A3 Faeg? o T0CHKRTE R o TP E ODgso ©
218 B BRFEEAY B3 AfER A EAF L EHEEES
BA & PIRR R R ODsso0) | ODgso2) | ODesso 3) ODesosy | =7 ~ f
e 4
g 0.051 0.040 0.046 0.007
AAEE A 0.050 0.082 0.086 0.050
Starch 0.047 0.048 0.052 0.010
Xylan 0.057 0.059 0.056 0.021
Cellulose 0.058 0.140 0.209 0.311 +
Chitin 0.052 0.045 0.049 0.003
Nonylphenol 0.084 0.082 0.093 0.053
Phenanthrene 0.045 0.045 0.051 0.005
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21045 Bipr F B B AR lAFLGHBERS

B A& RIFRE R ODeso0) | ODsso2) | ODgsozy | ODesoay | = F ~ f
M2

H£15H 0.040 0.039 0.045 0.199

AA#AEE A 0.085 0.055 0.057 0.011

Starch 0.067 0.541 0.525 0.455 +

Xylan 0.049 0.054 0.058 0.015

Cellulose 0.051 0.076 0.058 0.009

Chitin 0.047 0.042 0.045 0.005

Nonylphenol 0.045 0.042 0.044 0.005

Phenanthrene 0.042 0.044 0.045 0.006

WA e B2 3P DNAX B~ £ 2 2 »c % > % I PowerSoil™
DNA isolation kit»z % #iz i ( B 8) ° B # F Bacterial primers¥} 3t 3z
+ %k 5-DNA*® 16SrRNAZA Fl # e % » B & F R 271+ 14921
% B4F o (B 9,10) @ Arch21F + Arch958R ¥ # & DNA? ¢ [
16STRNAA F1 # g fRdFenic xS % (B 11) % > 5 7 s %PCR
AP k3 37-Ar B 4 T-A i 78 2% K 0 K 3 bacterial primers:

27f-1512R % archaeal primers: 26f-973R> % 3. ¥ {8 | & B % ( % 20)°
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1 2 3 4 5 6 7 8 9 10 11 12 13

1.
2
3.
4.
5.
6.
3000bp 7.
2000bp .
1500bp 5
1200bp -
11.
12.
HhAA sleg 13.

Maker

PowerSoil DNA isolation kit
PowerSoil DNA isolation kit
PowerSoil DNA isolation kit
Soil Genomic DNA
purification kit

Soil Genomic DNA
purification kit

Soil Genomic DNA
purification kit

PowerSoil DNA isolation kit
PowerSoil DNA isolation kit
PowerSoil DNA isolation kit
Soil Genomic DNA
purification kit

Soil Genomic DNA
purification kit

Soil Genomic DNA
purification kit

W8: 1t 2 k+ & 437 DNA 3% ek o Primers: 8F & 1510R
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Maker
Ho#E-
Ho#E-
Negative control
HoZE-
Ho# -
Negative control

N3O R W N

1"™E'S53 4 5 6 7

8F&1510R 8F&926r

® 9 : Bl3E 7 F Bacterial primers 3t % # 5 DNA ¥ 16SrRNA £ 7] # &
gedk (=)
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1517bp

1000bp

500bp

I
P4EY 2 XDNA

1 Maker
2 BYZ 75 DNA 5L
345 primer : 8F+ 1510 R
678 primer.: 27 f+ 1492 r
91011 primer :Arch21F + 1492 r

>

I

R

® 10 : BI3F7 k Bacterial primers $*t2x % & 5 DNA ¥ 16SrRNA £ 7] # &
gk (=)
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1517bp
1000bp
500bp

12|345678910111213l4151|6

Primer ; Arch21F + Arch958R

1 Maker 8 910 It AT DNA
234 DU -y DNA 11 12 13 f%i'ﬁiﬁ“gﬁﬁ DNA
567 P aﬂfﬁiﬁﬁ DNA 14 15 16 %ﬁii'ff J?%EET DNA

B 11 : ;pl3& Archerial primers $#3t3c % # % DNA ¢ 16S rRNA £ 7 % g erc %
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% 20 : % F primer #r1@ PCR & $ $H#& 4] 52 5 thifs 35

Primers” transformation efficiency
(cfu/pg DNA)
Ligation product of Ligation product of
bacterial 16S DNA® archaeal 16S DNA®
271, 1492r 1.4 x 10
27f, 1512R 6.5 x 10°
Arch21F, Arch958R 2.5 x 10
Arch26f, Arch973R 3.6 x 10°

27f: 5'-AGAGTTTGATCMTGGCTCAG,

1492r: 5'-TACGGYTACCTTGTTACGACTT, 1492R’: 5'-“GGYTACCTTGTTACGACTT,
Arch21F: 5-TTCCGGTTGATCCYGCCGGA, Arch26f: 5'-GGTTGATCCYGCCGGA,
Arch958R: YCCGGCGTTGAMTCCAATT, Arch973R:'5'-GGCGTTGAMTCCAATT

® pGEM-T Easy Vector and PCR product of sample 3

% PCR & @ 3 DNA SR <AL F kRN H
(A-tailing) 4 i i& 7 TA 4% &0 - 4 k3 > # PCR ¥ J& ¥ 3] 9 DNA #
BEES M RRFAT - H DR AT R S
?s;ﬂ@fa;«%?&5:@1’19:’;%%%1*’%&5@;;3@6 TAH# L -G 2% 3R

PEES A FIGER T PCRAF & RE (£ 21)-

3 21 381 PCR A Hi3%c3 el i

PCR product® transformation efficiency”
(cfu/pug DNA)
Purified 9x10
Non-purified 4.9 x 10

* Purified (Geneaid elution kit) or non-purified PCR products of sample 3 using
bacterial primers (27f and 1492r) were ligated with pGEM-T Easy Vector

® Commercial competent cell of E. coli IM109 purchesed from Genomics BioSci &
Tech was used
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A a3 [

FI® BAY T FHEWFIASH L

ks

d 3 R A B 5 DNA P fo F 2 5 F 16S rRNA 2L 5] 8 e 4
B (R I12) 72 b EA? choFfos AT EX 3 40k o g o
4 g BAl* PCR ¥ 2 78 & 4% & DNA ¢ 16S rRNA & 7] ¥ £ eh

(W13, 14)- 2 1 B A GLE- 471 2 8 45 DNA & 5 & 5 2
B4 BHAM D DNA R EEFT PCR> R P 238 F7a Arir B

B I DNA £ B HEAEY ¢ A e HE o B
FrogRitiidck B ASIZEZgY a2 F 3227 Kt
Foip g I 5 o SREEEAARFIITALE e g EcriR B
it b AR

P T T RS BT e R A AR
LR A o & L AR A R

Iz 5 (% 22) .
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1517bp
1000bp
500bp

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

I | I | I | I | I | I | I |

B PURSET RS MR MR et R

P e pEl M NEERE ] EEE eSS

A3
1 Maker

2468101214 primer : 27 f+1492r ;1 X DNA
3579111315 primer : Arch21F + Arch958R ; 1 X DNA

W12 20 A & DNA ¥ w2 + 5 165 rRNA A F1 % fimc 4 2 %
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1517bp
1000bp
500bp
1 F 3 4 5 6 7,.8 9 10 11 12 13 14 15 16 17
PURSET Ay (primer @ 27 f+1492 1)
1 Maker
23 1 X DNA
456 1/4 X DNA
789 1/16 X DNA
101112 1/64'X DNA
1314 1/256 X DNA
15 16 1/1024 X DNA

W 13: 41% PCR & 7§ & # 5 DNA ¥ 16SrRNA A F1# genz 8% (- )
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1 2 3 4 5 6 7 8 9101112 13 14 15

3000bp

1500bp

1000bp

o 4 o 4B
Primer :"A26f +A973R Primer : 27f+1512r

1. maker
2. 1 X DNA 9.1 X DNA
3. 12 XDNA 10. 172 X DNA
4. 1/4 X DNA 11.1/4 X DNA
5. 1/8 X DNA 12.1/8 X DNA
6. 1/16 + . X DNA 13.1/16 . X DNA
7. 1/327.X DNA 14.1/32 X DNA
8. 1/64 .XDNA 15.1/64 X DNA

W14:9)* PCRi&{TFEAKSDNA P 16SIRNA A F P ez 8 %8% (2 )
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2220 LEARKY ¢ HEELH LR

A~ Jf;j i ?\é% Archaeal titer | Bacterial titer A/B
T 1.5 70 <7 2° <7
Ry L 1.8 90 <7 2" <2
Y F 3| @ ER 1.7 65 <27 2! <
YeF M A 1 3.1 48 210 2t 2?
v R 5 EF 3.3 63 2 2! 2°
w SRR 3.7 71 2* 2! 2’
BAES B kA | 31 | 56 2° 2’ 2
FiRE B kR 4.0 65 2? 2’ 2!
WA B LR 5.7 65 2’ 212 27
g 6.0 52 "4 2° 2®
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BAY T HE DAL S HRE

S
s
.?

PERF AR CRIELABF M SRRES A EE
Bl A M4 4 16S rRNA £ F] » gL 7 27 RFLP A 45 o & B % &
RE P IE K 25 B »ciE B K 0 # M3 primers 2% + 7 16S rRNA £ 7
PB4 W * Rsal-~Sau3A 1~ Hha i & & 0 2R 12 1.6%F F 1%
EETASN  UE RBEBRA R YERER AL LA (B 1S5-
20)c RigE AP Sl $EFRARFIIT AL B Y hy [
e s (2 23) %2 o HEh i (4 22) 4 & - R
HA1pERFIEIAEEIRERRKITILE Y ¢ F HEap R
BRI A S By SRR ZRIEREREEEE Y ¢ H KR
SAp R F A B o d WY S BEEEA AR AR
MEAMEEA  BAMERBEORERA o VVREKEF I A DB RS
CBECER BORER RS BB A FIRER BRI P
HiHk S D RIEAI S BRFIT L Z A B >

(% 24) -
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1000bp

500bp

2 222 2 2.3 3
A BCD E 'F A B

B 15 : + /< 16SrRNA A F1 % &% Rsal *» 3] RFLP 583

W 16 : v #7165 rRNA A F1¥ 5% SauA T * | RFLP 3]
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1000bp

500bp

3 33 33 333 33 3 3 3 3 3
A BC DE_FG H I J K L ™M N N

Wl 17 : =+ /7 16S rRNA 2 F] 2 &%
Hha I * &l e7 RFLP #g 3]

1000bp

500bp
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1000bp

500bp

18 : WA 16S rRNA A F] % & * Rsal *» 3¢ RFLP %3]
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P ER

Ji
il

1000bp

500bp

_——
e
= —
—
[—
—
—

W 19 : s 16S rRNA A 5] # B # Sau3A I+ 2 RFLP 3
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10000p [
500bp —
2 2 2 333733 333 333 3
A B C ABEG DE FGH I JK L
1000bp
500bp

W 20 : @ 16S rRNA A F1 2 &% Hha |l *» 2] 57 RFLP #g 4]
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N

RFLP type according to

Number of clones

Number 3 restriction enzymes
Of RFLP ST | RS T | pA B
type Rsal |Sau3ATI | Hhal [ A2 [ % @ZEeg | RiEP

) 2 3)

1 2-A 3-E 3-B 3

2 2-A 4-A 3-A 1

3 2-A 4-F 3-B )

4 2-B 2-B 3-N 1

5 2-B 3-C 3-B 1

6 2-B 4-B 3-B 3

7 2-B 4-C 3-B P

8 2-B 4-C 3-G 3

9 2-B 4-C 4-C 3

10 2-B 4-C 5-A 1

11 2-B 4-F 3-B 2

12 2-C 2-B 3-E 3 4

13 2-C 2-B 3-F 3 4 7

14 2-C 2-B 3-1 2

15 2-C 2-B 4-B 1

16 2-C 2-C 4-A 1

17 2-C 2-C 3-L 1

18 2-C 3-A 3-C 1

19 2-C 3-D 3-F 1

20 2-C 3-F 4-D 2

21 2-D 2-A 3-K 2

22 2-D 2-B 3-0 6 1

23 2-E 2-B 3-0 1

24 2-F 2-B 3-C 1

25 2-F 3-C 3-C 1

ZER 3
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1

%23 LR AKRKY v HRELP A A G 8 5 it (X 2)

RFLP t}.lp? according to Number of clones
Number 3 restriction enzymes
Of RFLP VeF AT KRG BUR B
type Rsal |Sau3A 1| Hhal Adps | A BER | RiRP
@) 2) 3)
26 2-G 2-C 3-M 1
27 3-A 2-A 3-D 1
28 3-A 2-A 3-H 3 2
29 3-A 2-A 3-J 2
30 3-A 3-B 3-B 1
31 3-B 2-A 3-K 1
32 3-B 4-D 3-K 1
33 3-C 3-B 2-A 1
34 3-D 4-C 4-A 1
35 3-D 4-E 4-C 1
Total number of clones 26 28 25
Richness of RFLP type (S) 14 16 10
Simpon’s diversity index (D) 11.3 9.8 6.7
Equitability (evenness) (Ep) 0.80 0.61 0.67
Similarity between sites (1) and (2) 0.17
Similarity between sites (1) and (3) 0.52
Similarity between sites (2) and (3) 0.39
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240 LB AR AY WmERFLP 82 A 27 5 H 40

ZER 3

RFLP type according to

Number of clones

Number 3 restriction enzymes
Of RFLP G| RS | A B
type Rsal |Sau3A 1| Hhal Lap | ABE | kiR | HEE

(1) 2) 3) (4)

1 3-A 3-A 2-B 1

2 3-A 3-C 2-B 1

3 3-A 4-A 2-A 1

4 3-A 4-A 3-A 4

5 3-A 4-A 4-A 1

6 3-A 4-A 4-B 1

7 3-A 4-B 3-B 1

8 3-A 4-B 4-A 1

9 3-A 4-B 4-B 1

10 3-A 4-D 3-G 1

11 3-A 4-E 2-B 1 1

12 3-A 4-E 3-G 1

13 3-A 4-F 3-G 1 1 1

14 3-B 5-A 4-C 1

15 3-C 4-C 3-D 1

16 3-C 4-C 3-H 6

17 3-C 4-F 3-] 1

18 3-D 4-D 3-H 1

19 3-D 4-D 4-E 6

20 3-D 4-F 3-E 1 1

21 3-D 4-F 4-E 1

22 3-D 4-G 3-K 1

23 3-E 3-A 3-F 1

24 3-E 4-D 4-E B

25 3-E 4-E 4-G 1

26 3-F 3-A 4-H 1

27 4-A 2-A 6-A 3 1

28 4-B 2-A 5-A 7 2

29 4-B 2-A 5-C 1

30 4-B 2-A 6-A 1
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2240 LR AKAY WEHRFLP A & 551 (§2%)

RFLP type according to

Number of clones

Number 3 restriction enzymes
Of RFLP Sl S s
type Rsal |Sau3A I | Hhal Aas | ABE | kiR | BAE
1) 2) 3) “4)
31 4-C 2-A 6-A 1
32 4-D 2-A 3-B 1
33 4-E 3-A 4-D 1
34 4-F 3-A 5-B 1
35 4-G 2-B 2-C 1
36 4-G 3-B 4-E 1
37 4-G 4-D 4-E 1
38 4-G 4-E 2-C 1
39 4-G 4-E 3-F 2
40 4-G 4-F 3-1 1
41 4-G 4-F 4-F 1
42 4-G 4-F 5-D 1
43 4-H 3-B 3-G 1
44 4-H 4-E 2-B 1
45 4-H 4-F 3-C
46 4-H 4-F 3-G 1 2 1
47 4-H 5-C 3-L 1
48 4-H 5-C 5-E 1
49 5-A 5-B 3-C 1
Total number of clones 25 24 24 18
Richness of RFLP type (S) 14 16 18 12
Simpon’s diversity index (D) 7.4 9.3 12 6.5
Equitability (evenness) (Ep) 0.53 0.58 0.67 0.54
Similarity between sites (1) and (2) 0
Similarity between sites (1) and (3) 0.266
Similarity between sites (1) and (4) 0
Similarity between sites (2) and (3) 0.367
Similarity between sites (2) and (4) 0.377
Similarity between sites (3) and (4) 0.674
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ﬁtﬁ\ jin

EIRY
S

B g

=k

L=

v R E BT
’f\'." ne [ ﬁ ﬁ E]

FRAL Bk g

RS A
VR ILF

OB B RIF S

FEAa

e

BH e H R
=
A

>

F2E FIER

B A Y+ F# wE 16STRNA & 71 8 & A 5] h
3R A

I x_

A LR SR FES B RR BORERE ZRAY DT R
B AR A, REBARB o TN EF EFR- HkF Y
FHBERF AT B (£ 25) 1 dke v £

+ 7 ¥ (Crenarchaeota) 9% 32 7 B (Caldisphaerales)
(Sulfolobales) (% 26)° ZlmpF = o > &+ T 4 1 ¥ fr
FARE B U PRABRET AR RS RE DR LA
# (4 27) 4 2FEFE- HRFLREH T
TR o Bt RF T A BEE SRR BRI B o
A fd ehimR s BT v’ﬁ " A H% (Methylophilus) {r
( Pseudomonas ) & 71 ' = fif A o F AR AR D2 A &R

>
7

WA o pt 2% 2 RFLP A4 & %= & (4 24)

225 taBAHAY - AL G

B (B R%)

IR SR S EIE | ERIE | AR
LA BFQRREG)
Caldisphaera dracosis 1(96)
Caldisphaera lagunensis 9(98-99) 3(99)
Metallosphaera hakonensis 1(98)
Sulfolobus sp. 2(97)
Uncultured archaeon clone 20(90-99) | 15(95-97) [ 22(96-99)
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226 AFEEEEAKRKY ¢ s e

4+ ) F* (Korarchaeota)
% ™ (Nanoarchaeota)
A v ) (Crenarchaeota)
# % 7 7% (Thermoprotei)
# %75 P (Thermoproteales)
85 7% 2 ) P (Caldisphaerales)
8% 7% 45 [/ 44 (Caldisphaeraceac)
%% 7% 2% 7 % (Caldisphaera)
“f Fi3k 7 P (Desulfurococcales)
Fi i F P (Sulfolobales)
A1t F#* (Sulfolobaceae)
w1 ¥ /% (Sulfolobus)
2 & 125 F % (Metallosphaera)
% + A P (Cenarchaeales)
B + F " (Euryarchaeota)

227 L RARKY mEEIA G

#p (02 R%)
B 71| b g B HF | RFE | A B b
caE |+ pEQ| ke )] T
Aquabacterium sp. 1(99)
Delftia sp. 5(99-100)
Delftia tsuruhatensis 1(99)
Desulfurella kamchatkensis 2(98)
Methylophilus methylotrophus 2(99)
Methylophilus sp. 3(98-99) 2(98) 2(98-99)
Pseudomonas mendocina 4(99-100) | 1(99) 1(99)
Pseudomonas pseudoalcaligenes 5(99) 16(99-100) [ 7(99)
Pseudomonas sp. 2(98) 1(98) 1(99)
Rape rhizosphere bacterium 1(99)
Stenotrophomonas sp. 2(98-99)
Thiobacillus sp. 1(96)
Uncultured bacterium clone 21(96-99)| 4(99) |11(93-99) [ 5(94-99))
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A = 2 N >
FrF SmBEgEik
- 2

,

- FRWAFTREFREP LR RSFIN R AR R PR A
pH1.5~7 > ® 3 & & ¢

t i B it o0 pH1.5~3.5 % i ¢ 120 pH5~7 & B
FE Y BRI R PRI G 407 Pl 100°C 0 A &
PR R R R BRI DR s Y 35C R HI65C 0 g R P
BARY iR MEREERRK F FAENT (7 RERZ

&

%
+)m£imﬁf+%ﬁ&&ﬁﬁ%&%ﬁo%ﬁ&ﬁﬁﬂi’ﬂ

p

ﬁ'i’}ggiﬁ pH IE’ 'ﬁr—g o A gﬁﬁ’g*gm/ﬁv‘i ,;;H'T pH E‘i—%i’g
FEMGA PR RARIEAS S pH &4 K -

i S

)i
4y

S ORAIERFRAAEE AR BB E AV ERTITZEABEPN
dficd 7 A 7 peptone {r yeast extract 3z & A p 4 3 P AL £
e e 33 R R Ao AR A AR SR A WA B EEE A foR
+ A 1@ Ntk d 2 W& 7 peptone fr yeast extract fhiE * T
PR AR =72 235 3% ka2 glucose ~ sucrose ~ xylose & v& — g
R
REREA NG 2pHS frpH7 chix 2T 5 P A K o BE R F A

g

BT G MR R o ¢ S R A B s B

l*‘%t

BOARP A B

pa&;.fﬂl E o

F it & 7 peptone fr yeast extract if i T 4 3
CRIFEAKRSY DM S BRRIEET Y AL HYRE
A £ 1 s F Escherichia coli ~ # ¥ = 1 £ W [/ Staphylococcus
aureus ~ frfz=* pF Candida albicans 5§ #r 4] /& &4 F o
/\

T~ RSEABRLBRE RS ‘0 % 4~ f% starch - cellulose -
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