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Abstract

Keywords:. tufa, microor ganism, diversity, environmental
indicator

Taroko National Park is a spectacular park with a lot of geographical,
historical natural cliffs, valley, tunnels, tufa sediments, river and attracting
scenes. The fauna and flora resources in this park are found to be opulent
and diversified. Among these, tufa, a kind of limestone sediment was
found to be rich in alkaliphilic microorganism on its surface. This study
investigated the diversity and component of the microorganism found in tufa
sediment by TA cloning, sequencing and fluorescent in Situ hybridization.
Three sampling sites were selected in the Park and the results indicated that
the diversity index of sampling sites Chang Chun Temple, Bai Yang
walkway and Swallow valley entrance are 0.808, 0.864, 0.866, respectively,
and evenness index are 0.768, 0.9, 0.916, respectively. Cyanobacteria and
proteobacteria are the two major components of the microbes investigated.
The changes and variation of the component of microbes on tufa sediment
may serve as an environmental indicator of the Taroko National Park’
changing environment.
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X R
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A. Simpson a‘ﬁﬁﬁ:
D=1- X(n/N)’ nt ¥ i Az Bk
N: 975 i f2 3k

B. Shannon :f;] ki
H=- Z(n/N)log,(ni/N) nF 1Az Bk

N:MTF 1 fé—»&uu'@;ﬁt

C. Evenness =H/Hax H : Shannon a‘;] k:°d
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FrH o AT A KRBT B

TARRPOFLBERRAFEFF AL R A A2 Ak
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%1% 7 (pseudomonas) # o

PRI LA EY gt foe g

JE T 3 2 B K ehfesf Tk (spirulina) A X FL G E R RS O
B it T a2 gt Hig &4 L2 pH giﬂ@,a 8.0 - 100°<3”'#7'F'3—f;
AR FAkR S 2-7% FF BT 20% MR (AB 2 A E 0 TS
kw7 '}:‘rﬁxﬁ kLI f‘:m’f'f?)_?f—;f?"}ﬁ:g‘f_ﬁ ERENE-d REE W EE ’Fﬁi&tﬁ ' VT A H e Fev
BN Al ¢ T4 cAlom 2o d WHYFRPELPFRAILIEY 5 BT F0 FRIR 0 &
TEZFERNAL GEFP T R E R ARE ISR - A LR o
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P2 E cpit ey o HE AR A EY FEFLREY oond 0 d
AIWFFEOT R R § AP S ok & IE B hib R < P4 PR -
PRV ITAR AR ] o T RO AR b i

Ve hhaR s e FEREEY R FY O L wmERRESSL SR
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VR E G T R E % o

—giéﬁl%—,’]‘pg B A3 At E SR J\r;;—]%tm];]’ © rfApALE T |
fod WIHEF AP TN o AR RIS o o A AR
k ¥ [ &1t 03 streptomycin (484 % ) » blasticidin-S > polyoxin £ validamycin % >

Te® 3t 5 AR AR SRR w A oot oo & e

Gd P BT G AR S § AR Aol A RRE R~ B
AREREE CBRAFAEMEFE P WS BT ORGEM R ER AL ES
(Horikoshi and Akiba, 1982; Horikoshi, 1991) » ¥ ¢t 4rp X-ray "% % ¢ w4l p A
PAeLt L~ LB S * fE S (Anwar and Saleemuddin, 1998) o Pww e 1 EiL
PRt AR EEER Y ltzﬁiz’?’ﬁ?‘mzl4 oAt o FEE Y VH AR FoAEZ L E
FEd o 2IA APERE Y 0 F 30% hpgE {ﬁ@¥*¢ﬁw1%i’{é%%
Gt BT A Y B o e R A REE R R LY STRGEH > BoAe
MR FH AL o SRy B FRE EP Y ORI REA o N S A R g
Mt s AdTengpoL > p - L&A k> pAe p Bacillussp. I S fEkk
ﬁ%é%%ﬁ%@ﬁﬁ%‘ﬁaﬁﬁbﬁﬁ%‘ﬂﬁéﬁﬁ%‘%%bﬁﬁ%‘%
RO L2 % (CGTase) % » drfs % a8 Ffcit B £ 4 (TR TH > 71k wpv 38
2@ g it 4 % F (Horikoshi and Aklba 1982; Fukumori €t al., 1989; Ito et al., 1989;
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Takami et al., 1989) -
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1. 23 DNA %P2 ‘% FastDNA® Spin Kit (BIO101, USA)

DNA % it 2 % Wizard® DNA purification system (Promega, USA)
## 4] % %L pGEM®-T Vector Systems (Promega, USA)

ECOS® competent cell (Yeastern Biotech, Taiwan)

A

GM-T® Gel Extraction kit (Yeastern Biotech, Taiwan)

AL L L)
£ SRR P -

1y

(- ) 16S rRNA 2z 2z % rif 78

232 % DNAfI* 3 & 2 %2 FastDNA® Spin Kit 4 2~{¢ > £ 5 d Wizard®
DNA purification system s i » §%* 3513 %+ BSF8 (AGAGTTTGATCCTGGCTCAG) »
BSF1520 (AAGGAGGTGATCCANCCRCA) 2z + 16S rRNA 1 (Escherichia coli
numbering 8 - 1510) < & {7 F 3284 % 25ul 2 PCR » J& - Sul 2 DNA #4% > Sul
Il mM 2z dNTP:>0.5uM 2z FIl 4= Rl 31+ » 0.5 ul Tag DNA polymerase, 10X PCR
buffer 2.5ul » H 4 3 33+ K48 3 25ul » i 2 % initial heating 95 °C » 2 min, 30
Bark2 95°C - 5sec; 60 °C » 30 sec; 72 °C » 1.5 min; and final extension 72 °C > 10
min ° *x < 2. PCR A& % 17 Gel Extraction kit % it {543 £ © pGEM®-T Vector
Systems > & % &2 1 ECOS® competent cell » % 4 &= 7 7 50 ng/ ml Ampicilin, IPTG
fr X-gal 2. T4 F &7 12-16 /] pF 37°C 2. Fo &iE o

(F) &F -~ FAESH 5 R G

El*};f‘%éc‘ﬁ&.wg z *];4'5]-*57#@%&553ﬁf§,fﬁwjj%%7““%§;&$im ‘l%

LB T4 %% 37°C 25 v ¢ 5 13R{s > % Promega £ # * T7 forward {r

SP3 reverse 3!+ ¥ti& {7 colony PCR° #7% & &~ -] insertion 2. PCR & % (vector
15



200bp 4r} insert 1.5kb ¥ 1.7kb) f&d 7 F &% > £ 11 GM-T® Gel Extraction kit
@i wdc DNA /7 16STRNA %A (P %2 3k S#)c TAEEED
Genbank F LR o B-AriF gnt #2 % 1% BioDiversity Pro version 2 #7 8 i& {7

L o
(Z) ¥Rz
1. ¥4

Hk R ES _sff“i"%iﬁ Proteobacteria 2. % 7] 2 CTACTGGGGTAT
CTAATCC » % 5 sk Cy3 (#); £% % & F+ 5 Cyan785
(5’-CTACTGGGGTATCTAATC) » ** 5° #Hi 2 Cy5 () (AL F2 FFH) -

2. ¥ kR iR AT g2 (sample fixation)

23 DNA £ d Christensen % 4 (1999) z_ ZB~18 » 123.7 % (wt/ vol)
formamide F %, A K#E AP EP 10ml & SmmHg “hE 7 & TilEpicsh &
GTTP g™ » >t g "+ 4r 1 ml2 % (wt/ vol) NaCl-50 % (vol/ vol) ethanol # ¥ 1
min £ 3 § Egick 0 T REF & -20°C ¥ o

3. ¥R R e ol g

BpeE Y 55cm 2 EFx e Iml FpH 2L F B (hybridization
solution, 50-70 % (vol/vol) formamide > 10 % dextran sulfate, 0.01 % (wt/vol) poly A
(Llobet-Brossa et al., 1998) 4= 5 X SET (1 X SET is 150 mM NaCl, 1 mM Na,EDTA,
20 mM Tris-HCI, pH 7.8) > 500 ng 2. ¥ % 2 % 124 fedx 4 # petri dish¥ *t 522
F R (e o) &7 12 | 2 55°C # & F o2 5 mlwash solution (0.2 X
SET and 50 % (vol/ vol) formamide) **50 ‘C T &7 2 /| pFried 2L - B2 28 o ¥
& B s @+ A5 Eclipse E600 fz#5 Y-FL Epi-fluorescence attachment microscope
(Nikon, Japan) > Super High Pressure Mercury Lamp (HB-10103AF, Nikon, Japan)> 100 X
Plain Fluor Objective (Nikon, Japan) » 8 tf % * # iz~ 4p 8 4p & (Coolpix 4500,
Nikon).
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Fier s T > Ho 4 urdInAs > BHA AR 80028 24 RITYR
EEMED- B P §F LR TP 5 RPN - il B R S

-
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Ak

R REERZ A EEE

SHAILEARGT - ST A gt A~ BE 1000 2R A EE K o X
Bt Tt S d s Aend RS - RS 0 2 d - (usd B o KT
Bh: HE O RRESEAYES S LA FiER RS AiTiry & FAE 2500
DR EE Lo F|L o e A ek § g ok Beng s~ o
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BAARWRAPNZ BRE BRI AERS  IeBl- Tn 0 AB 2 EFAP 5 P
(PR 168Km thm e P )E ETF CRERT Y o B A FRICA

FARABZ AR AiE e Bk HAPT 2 E DA
gm»iﬁﬁﬁ,%$—@$@gﬁ202%%&#’%@¥${i%§%$#
%g%goﬁﬁ%&§§¥%%z302Q FRZLH 10 2 20

BT i R L e R e L F T A o AR F TR ek f - BT
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x££ %gfiﬁﬁw?A’1%®°$P2“—%%ﬁ$f{£ TR EH o TG
AERE REAE] RR2NIEABE > T A PG XA EEE > Up RE
RSB ZTH DT A EFHR A (eFl- B 7 HFRH
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BhOBIFERML S -
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REAT A o ez kiR R o TR AS R 2 FAEL G LG * A RS E ()
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7l
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Fobo a2 10 22 F oo A2 GO R St 38
BB W R NT A E o P A ERRE FAPG ] X B B e TS A

WL R E o FAEGSDD RIEZERT BT KL T RoREZE RS

BB FR R 2 2AE pH B2 BRBYEFD (Ao ) A XV NERFIL
’ér_‘égﬁ . iq, (%]l A) o
FAEL B AEEBIEE R TR A 2 e A 3 R TSR AR

722 F 4 @353 (decarbonation) o 14T el i 4 frosk fE R fEI -k P 0 2
o FllmpE]c AR SRR E TR o @Rk 2 2 F ER A Aok
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Fig 1. Sampling sites in Taroko National Park
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Tab 2. Properties and location of the sampling sites

Location PS Lattitude k&  Water Temp
M) pH pH (C)

£ 547 o o

1 | N24°09°40.1” E121°36°13.2” 68 9.0 7.8 18
I RV

2 N24°11°29.2” E121°29°21.9” 546 8.2 8.2 17
(168Km)

3 EFTUHE N24010°23” E121032°21” - 10.1 8.4 17

2 i
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Fig 2. Tufa sampled from Chang Chun temple.
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Fig 3. Tufa sampled from Bai Yang walkway (168 km).
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Fig 4. Tufa sampled from Swallow valley entrance.

23

FhELG DAL D



H**
N

AR FRF 2 FS
R AR o B2 P 0E ?jﬁaﬂﬁf%l“m% T AIMBT
kg (FHATA R A 1996) 0 R A G HPhE A ER AT (Bl 1) X
E R A GETE AR AR BT RT T E R R AP En ot
BB ER R L i m P hed it 0 AR BT A EY VRRN GG Y

,i? ‘_";'Hg,fﬂmﬁr'?,ﬁz‘u i ples ‘E[%E!ﬁo%ﬁ%ﬁj%)é]“f%*;’é ’

NELRLAF AL EY R AR R
7L

AL VY3

¥z & - A E

(\L
=
|
¥
e
F
£

. & &2 42 ¥ Ftp A 8 FET

£ A7 ~ 0 HHig b 168 Km fra+ v = % % 4k 52 16S rDNA clone
library clones #icde % = #7571 > = 8 F & F4 %2 clone library TR A 47 0 ok

B 3|P~4% 100 = {$ » % neighbor joining &8 & 1) - sk 2 sg kB (BT ) % odt

FiEv oo 11 BRGEHM G2 FarEs > @ d Bl 57 hbootstrap 5 F| > + 384
/}a\;‘tf!é:."""g‘\‘}" 500—4‘3‘17 ?5lj'fr' GeneBank ¥ f;?,ﬂfr—g—— S EZ_ A _QE:]# "'_3\ 7R

- fEmF (% 2 ) Bootstrap (g, & 0 ¥ 1k d B F ik R - RAGK A SR %
Fd VWRLFAEF PR RL Aok AP P Aant fUEE & —-ﬁ;f 5 i
HrERE 7'3:%—“"3? 7SR o Fl Bl S AR PR

Bcihs e TEF A BERT LRSI 2RV Ed BRSLEY T
Bz~ R o M EAEHL AL BT TR L P SR ATG AR RS

ﬁ'{c 4%7@?’["]*47\,,,5&,':77(3{4?’?ﬁ‘—;}i# :T“li‘:ﬁr—gc

2. B E2 A b5 BB

LAEE A E2 2 # 16S tDNA clone library *t R 1 end g & d = /873 F

24



g8

68

82

p———] ACtIN Obacteria

——1\Verrucomicrobia

51 —1 3 -Protecbacteria
4
IH_E:' 1 -Protecbacteria

=] ¢t -Protecbacteria

—Chloroflexi

— Cyanobacteria I

100

—— Cyanobacteria II

—= Cyanobacteria III

—IFirmicutes
——unidentified

Wi ~=#F%&F 318 B

16S rDNA clones

22 11 ~EF %o

Fig. 5 Eleven 16S rRNA phylotype inferred from 318 clones library from the

three sampling sites.

25



2= ~ZfF A F4 & Clone libraries 2 i #&
Tab. 3 Clone libraries number of three sampling site

£ 549 v ¥ i ¢F 168Km #
Actinobacteria 14 18 20
Verrucomicrobia 1 1 3
B-Proteobacteria 1 6 5
y-Proteobacteria 2 11 12
a-Proteobacteria 12 18 17
Chloroflexi 0 1 2
Cyanobacteria [ 22 17 13
Cyanobacteria II 21 20 23
Cyanobacteria I1I 13 6 7
Firmicutes 1 4
Unidentified 1 2 3
BR S 88 103 109
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Fig. 6 The Richness curve of three sampling sites.
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Tab. 3 Biodiversity index of the three investigated sites.

Index Clone libraries

£ %47 5 % it 168Km #3r
E(S)® 9.77 10.94 10.99
Evenness’ 0.768 0.9 0.916
D° 0.808 0.864 0.866

a E was calculated by rarefaction for a standardized sample size of 101clones for each clone library.

b H was calculated as follows: H = -  (pj )(log, pi) where pi is the proportion of the ith phylotype.
Evenness (E) was calculated from H as follows: E = H/Hmax , where Hmax = log2 (S) and S is the total
number of phylotypes.

C D was calculated as follows : D =1 - 2(pj )2 . The scale for D ranges from 1

to Dmax , where Dmax =1- 1/(S)
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Tab. 4 Microorganism and their affiliation found in three sampling sites

AR B B (%) oo F e
2%
£ 547 v g BT
A Bacterium Ellin5247
22.43 17.31 18.69
(AY234598)
B Uncultured verrucomicrobium
0.93 0.96 2.80
(AJ401113)
C Arthrospira sp.
0.93 5.77 4.67 rasp
(X70769)
D Oceanimonas smirnovii
1.87 10.58 11.21
(AY538714)
E Hyphomicrobium facile
11.21 17.31 15.89
(Y14311)
F uncultured bacterium
0.00 0.96 1.87
(AJ009460)
G Phormidium autumnale
20.56 16.35 12.15
(AF218371)
H Arthrospira sp. (X70769)
28.04 19.23 21.50
I mphyonemopsi s sp.
12.15 6.73 6.54 Symphy PSP
(AJ544085)
J Bacillus silvestris
0.93 2.88 1.87
(AY167818)
K Forest soil firmicute
0.93 1.92 2.80
(AY043547)

Actinobacteria
(phylum BXIV)
Verrucomicrobia
(phylum BXXII)
B-Proteobacteria
(phylum BXII)
y-Proteobacteria
(phylum BXII)
a-Proteobacteria
(phylum BXII)
Chloroflexi
(phylum BVI)
Cyanobacteria
(phylum BX)
Cyanobacteria
(phylum BX)
Cyanobacteria
(phylum BX)
Firmicutes
(phylum BXIII)

unidentified

*EHLN 5 AR 7] & GenBank 7 Accession number e
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Tab. 5 Genus investigated in this study

. Acidobacteria
. Achromobacter

. Aphanothece
. Aquamonas
. Arthrospira
. Asticcacaulis

O 00 0 O D A W N —

. Bacillus
10.Bacteria
11.Bdellovibrio
12.Firmicute
13.Fulvimonas
14.Gloeothece
15.Hyphomicrobium
16.Leptolyngbya
17.Maricaulis
18.Methylocystis
19.Microcoleus
20.Nitrosomonas
21.Nitrospira
22.0ceanimonas
23.0chrobactrum
24.0scillatoria
25.Phenylobacterium
26.Phormidium
27.Pseudomonas
28.Pseudomonas
29.Rhodomicrobium
30.Sinorhizobium
31.Sphingomonas
32.Spirulina
33.Spirulina

34.Sulfur-oxidizing bacterium

35.Symphyonemopsis
36.Synechococcus

. Agricultural soil bacterium
. Alpha proteobacterium

5
1

—_ e = = N

—
B~

e e e I I U O, T NG NG T NO I SO U NS T NS N S NS I e A T e

4
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—_ = N B Gy

OUJ-bO\]HHWMUJWOOOO-&#OOWOP—‘P—‘P—‘\]OOO'—‘O
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37.Verrucomicrobium

38.Uncultured eubacterium

39.Unclassified Bacteria
Total

11

103

109

13
88
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Fig. 7 Percentage of 11 groups found in three sampling sites
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Symphyonemopsis are found to be the dominant microbes
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Fig. 9 Phylotype tree of three sampling sites
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Fig. 10 FISH microscopic of three sampling sites. Bai Yang walkway (A, B); Swallow
valley entrance (C, D) and Chang Chun Temple (E, F) were dyed with Cy5 and Cy3
respectively.
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