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Summary 

I. Title 

Bacterial community analysis of marine sediments using T RFLP 

(terminal restriction fragment length polymorphism) of 16S rRNA genes 

II. Objectives and Significance 

Several molecular approaches provide powerful tools to study 

m1crobial ecology. One approach in particular that couples PCR and 

rR'.\lA gene based phylogeny has been effective m the exploration of 

mirrobial environments and the identification of uncultured orgamsms. 

The stepwise strategy of this approach is lo isolate total community 

DT\A and use this DNA as a template for PCR amplification of 16S 

rRN"A gene:-:- with universal or domain level primers. This is usually 

followed by construction of a clone library for genes encoding rRJ'\"A 

(rDNAsl and rapid screening of the library based on sequence 

differences or by determining restriction fragment length polymorphh:ms 

(RFLP) of the rDNAs, The richness and evenness of a community are 

qualitatively estimated based on the number of unique clones and the 

relative frequencies of the various ribotypes detected. While this 

apµroach obviates the requirement for cultivation, construction and 

sueemng of clone libraries are laborious. More recently, techniques 

deµendent on DNA melting behavior of single-strand DNA conformation 

(~SCP: single strand conformation polymoJl)hisml and D(TJGGE 
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(Denaturing !Temperature) gradient gel electrophoresis) have been 

developed as a means of circumventing library construction. These 

methods have been employed to assess community structure and to 

proYide relatively crude estimates of species diversity, but are limited by 

the comparatively insensitive staining technologies employed and do not 

proYide information concerning the specific phylogenetic groups the 

compromise a microbial community. RFLP analysis of 16S rDNA (or 

ARDRA; amplified rDNA restriction analysis), has been used for several 

years as a method for rapid comparison of rDNAs. The rDNAs are 

obtained by PCR amplification by using universal primers, and the 

prcx:iuct is digested with restriction enzymes with 4-bp recognition sites. 

The typical analysis of restriction digests for isolates or clones is 

performed on relatively low-resolution agarose gels. For community 

analysis, the potentially large number of fragments can be resolved by 

using polyacrylamide gels to produce a community-specific pattern. The 

RFLP method is of limited use for demonstrating the presence of 

specific phylogenetic groups or for estimating species richness and 

evenness. In this method, fluorescent- labeled PCR, in which forward 

primer carrying a 5' fluorescent molecule, can be followed by restriction 

enzyme digestion to produce fluorescent-labeled tenninal restriction 

fragments (TRFs). This technique was previously evaluated with in 

vitro cultures as a means of identifying individual bacteria, and its 

utility for complex samples was modeled using a sequence database. 

Patterns reflecting genetic diversity are produced by electophoretic 

seµaration and detection of only the labeled TRFs on automatic DNA 

sequencer. In this patterns, each TRF can be used as a data point for 

community comparison via statistics. Using 16S rDNA sequences for 
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differentiating bacteria based on TRF length cannot produce the ideal of 

one data Point per species. A TRF pattern produced from amplified 16S 

rD~A is a simplified representation of the community. Different species, 

regardless of taxon, may produce identical length TRFs with a given 

restriction enzyme. However, organisms that produce identical TRFs 

with one restriction enzyme may produce unique TRFs with a different 

restriction enzyme. Thus, a more accurate community representation 

may be achieved by combining multiple T-RFLP derived from different 

restriction enzyme digests. 

Here we report the use of T-RFLP for the analysis of different 

microbial communities; in vitro model communities, marine sediments, 

and soil samples of intertidal zone. In vitro control communities were 

used to optimize methodology, while marine sediments and soil samples 

of an intertidal zone were examined as an example of complex microbial 

communities. It was shown that microbial community structures in the 

marine sediments were different with the extent of contamination by the 

duration of aquaculture. The T-RFLP analysis of marine sediments was 

verified by the cloning and sequencing of rDNA clones. 

III. Contents and Scope 

1. Establishment of T-RFLP analysis of in vitro model bacterial 

community 

2. Optimizing PCR condition using a model bacterial community 

3. Bacterial community analysis of marine sediments and soil samples of 
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an intertidal zone 

4. Verifying the T-RFLP analysis by comparison cloning and sequencing 

of rDNA clone 

::>. Comparative analysis of microbial community of marine sediments 

IV. Results and Suggestions 

1. A quantitative molecular technique was developed for rapid analysis 

of microbial community diversity in various environments. 

2. The technique employed PCR in which the forward pnmer was 

fluorescently labeled at the 5' end and was used to amplify a selected 

region of bacterial genes encoding 16S rRNA from total community 

DNA. 

3. The PCR product was digested with tetrameric restriction enzymes, 

and the fluorescently labeled terminal restriction fragment was precisely 

measured by using an automated DNA sequencer. 

4. PCR conditions were optimized using in vitro model community of 

known microorganisms. 

:J. Analysis of complex bacterial community with T-RFLP was made 

between marine sediments and soil samples in intertidal zone. 

6. Analysis of the natural environmental samples using T RFLP has 

shown that microbial community was different with the characteristics 

of the samples. 

7. The results by T-RFLP were verified by cloning and sequencing of 
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16:3 rRNA gene clones from marine sediments. 

8. This result demonstrated that T RFLP 1s a powerful tool for 

as'3es::;ing the diversity of complex bacterial communities and for rapidly 

comparing the microbial community structure of tem!X)rally or spatially 

different ecosystems. 
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{lo] ~8BA}9.j ~~¾ 4"8~~.£.£~ tr"t!-~<il ~~_Q_.£ {!tJ:-AJ7]oi, A]E.ll;lJ] 

cll9.J ~7ilaJ'11 %~"f'i1S1 o]%% "tcli~"]"i:::c11 7J"\~ct. 'i"I. nfe ell 

"f 'o"1% ,:,1-::: 0 1-'J%t •l 0J~ Y~~ "r7-0 -'aE11>1l<>il"1 c\e -'a%;_; 0 J 

OJ%~ "f' \l.l::: %~-'i! ¾7J%% :a-y;;-foj •a-'11 {,-'l/,1. 11~~ "r ~.9-nJ, 

%% :,'il-.3.~"il Y-'l'i12.ii."l s!~ s?~oJl.s: aJ"taJ£ii. 7l"\~ct. 'E~ 

~4¾ o]A~~Q.j qoJAJoj] t1]~<>l, AB.£¾ 1]'o~ o].A~%~ ~~i>}Jl, o]£ 

-¥-El ,w~.:g-~oJ1 %%5}2, A}-'t}.£.£ 1B~-S-}~ 7}'o"-J.g.. {!oJl t1]8B ~~ 71 

'Uc\. ez;;-J 'l!-\'-11-9.J ~'iloJI cll•1"1°J \'!'i'-'i! 1'I. 'el-'l-<>11"1 "f\'!-'a1SJ1>1l9.J 0 1 
'\\!% ~{l~ .:Y.:i:, 1J'o, ~~oil tjj~ -9--2.lQJ o]8B -'r"tr.g_ o}.3J 3::&~<li 

'2 7114 ~ "r ~ c\ 
oJ,a%9.J >1l¾~aJ'11 'il~ (71l¾'iJ~; phylotypes)Sl ~•l"l- i;_;e] ,cf 

\'! ~1 ii'1loJIA19.J 11-Y::: c\ 0J~ ~'il AJfi.<>11"1 "I'll <IJ-l}g 11-"1,.fJI 
.c-'1.-\'-,] rRNA ¾s:[,:fej \!l7JJ-j'ljg 7iJ;;-f;: :,l2.ii.-\'-E1 '1!"11!c\. u:f4"1 

'1 ~ 9.J 'll 7J "1 'll "ii 71 !t ~ \'! T "J ',I et oJ ,a% c} 0JAJ I'! 'r"il ~ °1 "1 'ic 111-

? . .:i!. ¥.~~<li 4-B~ ~li'-"3Jl,"-~ ~o]c}_ tl-?J A]li.£f-E1 ~<>l~ i:}o\l;!_ 

¾ RNA ¾'li"f::: :::i ~7J"il"1 ojttJ~ -'J%¾;_;oJ ~•1"19, 'll 0 fc+ flt 

A"j.£. tj-,e ¾~~'il ~~o] ~;i;Bii}~Al, ::J.2.].:V.. oitEl A]%¾OJ %%t}Jl i

o] ;V_g 7J4- .:i?,!% Ci';'!=?-~ ~iL"'d¾ ~]A\5}0:j ¾9-. 0Jrl~ ~.}t~ P\ 

"~% J.]Ell~l ~ ~*~~'?.! ~~ ~oJl£ hybridization 1&-1!¾ 0 1%~ A}';'! 

'!1'11711"1 oJ-'J%;_;% ~'1);;-fJI .'i'.YE1",1 ;;-f;:cJJ 0 1%,aJJI ~Ct. u:f"t"1 li'

"f-'J1SJl~-'l~] 'l]-',lt 7J~S1 °J•J% ii''llli'-'19.J 1i'-"1J{lg •1'!!'11 ½'!/!of 

LJ4 1%£~ ~~~ %-8B -?<>l~ o]AJ%£1 -?-~I~ ~£1~ "'r '.U.:::= -'r'B 
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g ~li1"-8ff"r1~, ~~oJ]Ai£1 o],W~.Q.J {f-.£9.} ~~g o]~Hi5}~r~] 7]~~qj 

9- t! £...?.. 1€l _g_ it q. 

• ]A~% ~{],& 7H:%-l}37]7} ~]I, A~-ET7]7l- fJ-J!, .::Ii!.j_il_ ~*i5}';: -if 

~o] Pfl"9- 3.£.£. A]Z}~, _:g-{!-~ ~%AJ g 4~i5}~c~] ~e=l%o] 9)tj._ !I, 

~ • ]AJ%,& 3.7171- .3to} ~Ell~.9...£. T~~7]7} uff4'-- ~e=l-9-ri!, .::i ¾,¥/-7} 

cj 0Jtf 7] uJI l,'-oj •~ Ell 711 "1 >ii <>ii i" >H Sf;: 'i'. ::' up~;,- ¾ ~. ") 0J, % >J tf •2 

'lis°, '121 ~7f';;tfc). 0 1"1"1"1 e<f\'1711<>11 i",)sf;: >llir a''ll ¾<>il"i 1tel 

£J .i?. .::i ~ "d 0 1 ~2=\ ~ ~:: 20%71- £17-1 *if;:: ~ 2...£. ~c,J ~ 'll r+ 
(Wayne et al., 1987) . .::i2i1+ 0]2h1 ~78£ A]1+~1Jll li"::'.. il:£...£.M! EE 

cJi< 'll'J<>il>i::: e<f\'l71l\.Jl"1 Aili>~ ¾<>il'i 99% 0 VJ"1 Ailna; 0 i '1%'1 

'11 °J'i12.5'.ic •H 0J,l 4' (dcj:C .'l.2£ 'l!c)(Amann et al., 19941. ~•H 

4'711 ']Eil7il<>il"i ~ui7el:l. %•1"1 1'!:~'<! ¾ >Jin 4'<>11 •ltfoj 1% u]"J:"1 

A1]7!"uJo] llff 0J.'i]';: ,i.}1J.?..£ o\9.} {[::'.. ~~::'._ Et'a"Js;l ~jl ;<lti-. 0]2i~ 

7'l~ ~:q.~,~ ~;i;H A}-§-i5}:i!. 'V_';: llffA]Y- llff 0JXZ:! 6] £::: o]1%.Q.J 1~ 

.i!} ·~~g ~~ ,X.z:!g ¾~A]7]Aj *5}..ll 9)7] trJl~oJ] L}-E.}4"';: ~AJS>_.£. 

>]zt>12 'lief. trf2.}J.j ,n°Jg %tfoj 1""1'<! "iln~o] ~'li"<>II e•B•lc: 0 1 

1~£1 1:1]%% r.ll't!~tj-]l .!i!.7] o.Ji:-\-9--u:J, "'J-t:H~.9...£ ~1°J "'Jell'?} t1ffx] 

1f >lli/""1 ,CaJ<>il 0 1%"171 u11.-.oi1 <l\'1711<>11,,,i Eil'i'1"% A,1,12 'lie: '/I 

~ 0J -\i)i! g ~c.J~ 7}'oAjo] uff-'jL ';!tj-_ o] ~~ ~mj-3:j llHA1 ~ o]%~ llH 

~~I~~~ 1~~ ~~~ 0 1~~ ~~~ ~~ ~~~ Q2 ~ct 
(Fuhrman el al., 1992, 1993). ~~15'. '<! 7f,]SI ~7il <]il.2] '<!'i'<>il Sltl 

\'l, ~ 017ii"J<>il<i i'l:~"1::: 0]"~%Si 99-99.99 %7} 7]e"1 "J'il.2.5'.c: •H 
0J'l! 'r (dgo] 'lf"i:l!c)(Jl. 1). rrj2.}>j Af'<! ']Eil~I ~<>ii Aj"itfc: u],]% 

iI·'il.9] ~s:. ~ <!!~ .::rc12 ~%'2~ :rr}Q.)'t.}c:1';: ~..,Z-7} 1:1J~3:l1J 1~7-ll9i 

~ 7fx]E.5'. 0 1~ .et"tf1I !/1~ fl~ x"l 0 I >1£"1~cJ. <l\'l ,aEil71l"i 

v].~~ ~{J% oJi~5}7] .$-1~ {j'2-2...£., ?,J1) llH 0Jg ~ttA] ?J°J!- {E-A},'-~~ 

~3:j 1:IJ-~;1 °]%tt';: ~ 0lct. ~ -'il~~ ·fAj Aj~ =;<5] e} 0l.!2.* RNA 
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Table L Culturability determined as a percentage of culturable 

bacteria in comparison with total cell counts 

Habitat 

Seawater 

Fre~hwater 

Mesotrophic lake 

Unpolluted estuarine waters 

Activated sludge 

Sediment:; 

Soil 

Culturability (%)d 

0.001 -0.1 

0.2S 

0.1-1 

0.1-3 

1-15 

0.25 

0.3 

·'cultun:ible bacteria are measured as CFU. 
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(rRNA)-"l 'l)7I Ai'l!~ ,':-"j "]iiltl"l, o]"J% ,i'{l t-il"l)Aj "1"~%-"l ¾-i,

;; 'lf o I t-11 "- zt Zl -"l O I 1 % Oil til ~ 'll "'1 ~ ;, -ll Al % .2_ .sc "1 ° l 'J % st {l -"l 

TS:2t 7]'o% ~-fii].J1.., {!{j~.2..£ -WEl1711 ~AJ% 0]8"i}- 9' 11.9- (Aman 

et al., 1995). 

;c,1 A~i>OJ-'1'll 'lJ-'110I 7l'lr"17] 'li c;!:o}oj'l) ~t% %"1 A~']j'i];, 

57}A]9.j ~ ~ %%, 61~, TI'fl-, protist (~A]%~), .::z.~.ll monera (J<J]TI 

"W-) ~ ~it<S}-$1tj., .::Z.2.1.il A~~:: ~~¾ J}-:J;]_"il. 9.l~ ~~ A~% 

(eukaryotes) J!) "1"1-01 \rt"- ~<Ii "~1>-"l sc'l!--2-.sc oj?je<lc: ~<Ii'~% 
(prokaryotes) 'a. '-1"1 oj ,] ::: r1I, 'li ¾'1 '<l tj-',! 7}e<J -"l ,':-i,-sr ¾Oil Aj r1] ,'

-i,-st 01 tj-.<ll!l. "~%'ll ~"i"~i>sr"il 4,.-1711 '<!cf (Whittaker, 1969). '~%>11 

e.j ,'-,f,~%0J-,j'l) rRNA ,':,le.J 'l:!'i'oJIAi "11"1~ *~"j.2_.sc ',l<,J§fi,foj 

£:: A]%jjJ~ ~~,,.a¾ ~-t~l.:iI "~~~19.J ~At~ ~"s:~~ 4- 11.~ \:lcrt-& 
'r ,l .-1 'll r+. ~ .., ,1 A~ 1> OJ-'1 "1 Ai 'l! ("' ~ -"l ')11) Ai 'l! )<>I] 7) "'i,f oj' AJ '!le ~I 

~ 7;Jir:: ~ ~~{! ~l 1ij9.] ~§}~<?._! Jl]-'8-~ (urkingdom ~:: domain), 

~ Eucarya ({!~A~~"fi'; eukaryotes), Bacteria (~1Eft; ~7\ol] eubacteria 

£ i:r:111!), .=r~.Jl Archaea (.:i!.Ailirff"; 3";.7]oll archaebacteria.£. ~~).£. ~ 

-i,-tl'llcf (:Ill 1) (Woese et al., 1990). 

"~%"1-"l SSU rRNA (small subunit rRNA) 'l)1] Ai'll.<>IJ 7l,lo~ ~,H 

e.i ,~ 111- ~1.si ~1 * £ .si 'i' "c ,g. 01 t "I -2--"- n Bc ,1 cf. 'i -"- r+ ~ ,~ 111- >11 e1 
rRNA 'l)7]<1'l! «J% •1'l!tl"l Aj',jA,l-e.j >lo);, 7j)~t}'1 °15'.'/-Ei "~'!l:>11 

:ucei "1~"191 7lejl, ~11,1::: 7,! 01r+. ;,J7l"i]c: AJ'1-'1"1 '1.ajc: ,1,1 ?l 

'llJI, c.}~ ~7]A1~9.J 7}o]uJ% li_Jj]"flt:l-. 0]2~% ~1).2.~ \1€.g. A~%~{} 

-"l «J.2_.'i!.'/-Ej Aj',j >loJl, 'i'tl"l ,l, 0] zt "~'!l:>11'1-9.J Ai'l!"il til~ c;!~ 

~~ 78.£.~ llcxfY~ 711-'8-£, ~,': 7:IJ-'8-A].5:.~ 4~5tlll -t:!cf-. !;51 .i!. 01 

1%~ S:.v1]~ Archaea .9.j 1~, ~ 01~ A~E-11~'.3:l A1~A]L} ~2 ~~ .:@-

7,l"ilAi &:- 0 1 ~sflt)7I "illi:"11 '1)-tiJoj.2_.'l. '1:!'i'7) ~~'!l'.nr+. :raj'-]- oj~ 
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Bacteria 

Low G•C Gram 

Po$1bvel 

6 / ~ ·PurplH 

H,gh G+C Gram 

Pos,ltvfl 

Archaea 

Eu,yan:h• -ota 

Korar<:hHola Crtnarchati. 

Sp,rodwlete1 

FUS<K>altna 

ThllfflKltogllllll 

r lo•100C!ao/l)n,,;tmukh1t 

Cya~cltnll & Chloropl;asb 

Tti.rme1$ 

CtnancHIOf 

Eucarya 

'""" 
Plar>lt 

-·· 

Figure 1 Schematic drawing of a universal rRNA tree showing the relative positions 

of evolutionary pivotal groups on the domains Bacteria, Archaea, and Eucarya. 
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j]_,~-"'J ¾4:;:-~0J--'~lE, uJ]~AJAd --'1]if'g .Q..s'.. -,1AJ£1°1 9].Q..u:J, ~~9.l ~A} 

1%~-3:j 11J~~ o]-§-~ 71]%~-3:j ~~Ol1 gj"t}'cl Archaea =i~? AJcl~ 

~AJo] ~~ ~1 tj- 0J8}uj, tj- 0J~ -¥}-7JS:~Ol] ,e~Ht}:= :;;!.Q...£ ~-J-ti:J11C-l

(Arahal et al., 1996; Mclnerrey et al., 1995; Preston et al., 1996; DeLong 

et al .. 1994). 

11-"l'JEilqaj '1Fi'"1 'i"cJVJ-'<l rRNA::: \1"111 ~VJ~I {!oj~f"1. "1°1 

ej .'o ~ <ii <Hf ,,13'.5'. 0]'\'-oj "1 7j .sJ 'i'.;: AJ % >ii ~I e,l •I 2 '.U 7I "1 '1-~I 
~ 1] Ai~ fl-~~ %"5}~ tj-~ P]A~%:c}9.j ~t!-.lgi ~.j-8°]2, ;2J]~~3:j ~~1 

~ ~-7jii}aj ~~ t!-J.l]~ 4'-1'it 'T 9.lt+ (Woese, 1987; Bintrim et al., 

19971. ::1<]2, rRNA.sJ 'lJ7I "i'l1 "a.sl.~ r,J 0 1E1 ~jojA~ '"°' VO,, Of 

3,(1)0% oj>J-"1 'llit~I til•l 16S rRNA"l 'lJ11"i'l1°I 'll"i>l"i '.Uo_uj, "iil

S:. ~~ ¾21 tiff 0J~ ~,': tiM 0J~ 'T fil:: o]A]%0l] qjtH rRNA9.l c:g1]A1 

~ 01 ~-J- ~ ;.q Jl 'll q (Maidak et al., 1997; Olsen et al., 1991). ~ A}--'] Ell~ 

~'Z) 'Z1-=t::: rRNA ff-_;i:}gJ ~,': subunit'Z! 16S rRNA (~~ Ai].¥.9.J 7aq._, 

18S rRNA)oJ1 qjtff i'.!' 01 °]fO-jA].J2 'll.2..u:1, 3.7]7} ~ subunit'Z.1 23S 

rRNA lc!"'i >113'..sJ 14-. 28S rRNAl"i- ITS CinternaJ transcribed 

sequence)Oll qj-&HAi5:. -!jl-~~2..£. ~-,17} 0 lf°1A1Jl 9Jtj (Ludwig et al., 

1994). 16S rRNA::: 11: .sl.e'8 2>\ 'i'3's!c 0 l'i'"1:<i V2-uj (.:i'il 2 (Al, 

(BIi, l>l 'i'-3'"1 'lJ 71 Aj')1.g. .sJ.e>J 'jj'r.l,· 'itel~l::: 'r.oil'<1.sJ 'V<f 0l3. 

(mosaic)£. £l 0-j 9J °1, 5:. uJl 'Zl 9.l .!i! -E "'J :.:a 5:. i- 0 l % 'o} ~ £ 2 AJ % ~], ~

AJ n]AJ% :r-~- :rclJl. ~Ad o]A~% zpq-oJ] ~t!- ,¥-~3:j'?J ~7] Ai~g A} 

%0\oj %~ ~l"r'c. 1f'c;sftj- (Alm et al., 1996: Raskin el al., 1994: 

Burggraf et al., 1994; Zheng et al., 1996). 

~A~ A~EJj~-3:j :xJ2BJ~,? ~i~ it-~9.J ~{!-g -~~O}.il o]~ PCRQ] 

template£ A}%O}oj universal ~ ::'. domainoJl ~ 011~ primer~ 01 %0}0:j 

16S rRNA if~~A} (rDNA)~ "5,&,'-]7H~ j!f78 g ~::ct. qg 1;:!-11]£ 

rDNAQJ '€°~ i:} 6 ].!:l..i:1cl~ 1{!-~.i?.. zt '€°~~2] ~7]A1~2J .;(} 01f.i· -311J 
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A Secondary Structure: small subunit ribosomal RNA 
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•-• .:-~ 2-, }" ·~ .... 
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•••' •,. •n •• 3 ~ • -·:.:" f ',•'c.0 " ,.. •,_, .......... e....... ~=! .,. .. _ . . 
• , " -• • ... ·-• • ,,.a •• ·~· ~ •-• ·• \·" ..... •-- ·••"• .. o<,, •• , .. 
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,"?t~·· ·~m :•:,:~·~- ::, :---, -~ : •r''li 
•• ,.... ··••"'!.• '•' I : •-·• ••I • '-"'"' 'l, ~ ' •• .. •1•;,•,,'o • ~ t;'i • •• ,.-., -•.~• ~,,,,,, •• ,, : •,-.tl. . .... "x,'1-. 'i,:.'1.-

•'i',"i·:••~7~:•',~••' .~-"t:"'"::~~~~:rr: •,:,.• •• ;:.:.?, 
,.,,., ... ,.,, .. ~".;::,,y•, 1• •:::::: t•Hco•Of• '\..,:• ),'::•,~ 

;f/ :'.. ·i.:~- ~ "•••' 

•·'\. ~ )~ii· iifi! [! ' 
·.:,:·•,\•""-· z •.• ~ ~-

, ... ,,, -"·' ·:,,.':,'_·: ',,-,· . •• 1 .,:•;,:{ ·:~i'~:-"•,~t.:·;~::-:i:·,"~ i· 
..--.::·-:.'•""••. • •• ""•,I" ••••••• ,.... • .• 
··~'.1.-" h•, .-.~-. • . . ::~ ..,,, '•" ·•'i· -•-•· -x•·· :'~ 

,•~ I: ·•-•' 1---:-;;.~::t'' t::, .. . ::.:~ ..-:',:,,•"" f~i! ' .. 
.. ',•i t-.r 

.,''.~~,,•.,~•"" •;:~..'•· •••n 
' •o-.' '."" .. .. 

',, .,'", "." .... . 
,_,. '_,, 

Escherichia coli ,, 
""" ,.,., .. "'.: -• . ., ................ ,.,.. 

~.:.' ,',,',;.:.::. ,•:~~\ :t!~~~.:· 
... .:. ~. £,· .. 1 

\_/ •·• 
0 -• . . .. 

Doma,n: 
K,ngdom: 
Order: 

B11et•,,,. 
Purpl• Bll.c1e11a 

F"bluary 15, IS93 v2.0 
{J0/695) 

Figure 2. The o,econdary structure of E. coli 16S rRNA molecule (Al and scht>matir 

uf the secondary structure (I3), highlighting pnmary sequence domains of nC'arly 

universal conservation (thick lines), intermediate conservation (normal lines). or 

hypervanability (dashed lines). Numbers indicate the positions of nucleotides from the 

s· end, according to the E. coli 16S rHNA sequence. 
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'11 7 ]',, 'l! g ,l >J ;;f c: ;acJ 0 1 y 'l! RFLP (restrcition fragment length 

polymorphism) 21- '1-~ li'--'-1 'll g 01 %i;foj '11""1 '-I!:: '51 °1 cf ~ "°'ll '-1! £1 

c]1%¾~ tj-~~- 4 ~1%¾£1 ~~37]';::: tj-~~ 2.}oJ~¾£1 1~ 
(ribotypel9.l ~~ 7~T9.l- :J.. ¥].5:.oJl 9.j~ ~78~ T 1)9-. o] llJ-1tJ !: ll~ 0J 
yhl]~ ~?;];;,;] ~;;,;]uJ ~~ 2.}o].!:1_.2.~c.l~ uJ~J1, ~~5}';::: ~789.j t'tl"!: T 

:;c1f .ll'i''<!cf. ;;jt'~I:: 0 1•1~ ?:ic¾ ',l1] -'ll•fl PCR-f 1l-s'c'll \'!-~l:s 
7-1 ~1A] ?-€2 ~~~ melting ~ ;:tJ~- 0 1%{!- DGGE/TGGE (denaturing 

(temperature) gradient gel electrophoresis), single- stranded ~ B-9.l ~ Ell~ 
j::.o]~- 0 ]%~ SSCP (single strand conformation polymorphism) t!J~ '; <'.:I] 

1H'/l-£i'l!cf (Fischer el al., 1979: Felske et al., 1998; Muyzer el al., 1993; 

Schwieger and Tebbe, 1998). 01 c~ {!- 11J-1tl ~ !: ~11 £1 TS..2} ¾9- 0J:AJ ~
r.J1@:r3i-9..~ ~AJ5}?;::ti] o\-§-~jl ,U.2.L}, l?.!7tf"6}A] ~!: ~,.,-'I 7]'€£ 'i}~ 

~l~·\:P4 o]A~% ~~g 0]-"F-2 ,U?;:: 44£1 ~o\~ 711~'§:r~'tl .:r¾oJl ,t! 

~.{} xJ.!i!.:.::. ~1·66~9-Al *al';: 1r.!-1Jo] 9,ltj, il-2'o\]';::: 7],e.9.j 7]~g ~:a.J 

A]7'=] -'il"IT£1 %78 W ~~~ c],,,J% ii:-~~ ~~'5}7] ~~ 7JrJ=~~ ll,}1tj 

IT- RFLP; termianl-RFLPI O I 

(Avaniss Aghajani et al., 1994; Liu el al., 1997; Clement et al., 1998). ~ 

RFLP (Restriction fragment length polymorphism; ARDRA; Amplified 

rDNA restriction analysis) {t-~1) g ~1!A]zl ~Q..£ PCR J:1j-1A] '°'&~% 

~-ii. RA]¥:! primer ('3 ~t 5' ¾£1 t}L})~ 0 ]%"o}~ rDNA~ ~~A]z_l 

cj-g 4~7]oJl ~o]~ ~\~.:§"_~~ A}%"o}~ ~~ ;r:zt~ ~Jl, 7}-'cf~ "-~.£. 

ctC ~~ ¾-W..Q.J "J.i/f ~~£ lf.A].!e! ~{! 3::Zf% ~o].Q.j ~}o]~ {t-~ii~ 

;.)j7] -'ll•fl ~7]-'1'l! ,l 7J% ,!-ejof3-',lofofo]-=_s!)g -'}%~foj :<f',j-~7]>1 

~ 1]->I~ 0 1%~ 'r '.U5'.-'\- ;;}5:!cj, DGGE, SSCP iej:;c T-RFLP "J-'ll 
t;-.g. U].u!.~ ~'lis:~o] {}t!O}.i!. -%-A]oJl ~e1 A]ft~ *~~~ .::j=. '.:{ltj-~ 

:;,:J~o] ~~ n]',ll% ic1:J.Q.J A]{!-3:j'i} 1r!~ ~ %?:J~g ~-3it}::=t~l i'r-%~} 

ct (Fantroussi el al., 1999). 
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~A} A~E.Jl~ l:lJ~~ u]1% A~E.Jl~ ~Ofoj]Ai 7Ji!;j<5}.ll£ ¾J1.~ l:lJ1J 

o] ~9;!2..~ £.°J, _:g-J.~ J.~%, ~-¥:}AJ t:r]J.J%, ~~T, 1Ji5HAl ~T. ~P-1~. 

tHT<g!2.J tj 0Jt} ~~!2.J u]J.~% ,r~g ~~ '?::!TO}~ri] 0]%£12 '.V,C-j

(Barns el al., 1994: Haddad et al., 1995; Laguerre et al., 1996; Fuhrman 

et al., 1993: Weller et al., 1991; Arahal et al., 1996; Britschgi and 

Gionvannoni, 1991; Chsholm et al., 1988; Giovannoni, 1990; Schmidt, 

1991). ::irj'-f 7J"f'r, •1°J~ \'!"1,z]"!<>il i">l"fc: P]>]l,-:.; :". >jz]:ofi•Pi 

~ %~ r~ ~isl, ~5fi!}AJoJl ¾2..~ ~~i 1flgii}.."i!. 9,.l.9..J:Ji, 1~xJ9} 

7]~ ~t t:J--E 1%.:g-~~<?J %%oJ] 0 ]%~ T S!l~ ~Aij¢1 7}5<:1~ 7tx] 

.ll 9J.goJ]£ ~~"t}.ll tJ]J.J%!2.J ~~-=rs:~ ::z.tj-.x] ~ ~~;;tj 9,}..x] '2£91:4 

(Gray and Herwig, 1996). ujaj-<j 1'- \'!'roJl<1::: •H 0J¥\7a '; Oj \'!'<!:~ •I 

~~oJ1Ai!2.J oJJ.~%9.J TS:.4 7]';;~ o]oijt}7] ~oHAi ~x} A~E.Jl~{ J:JJ~~ 

% T~-8}:il c\~ ~J.l]Q.J 15ij 0J ~7J A]E.£1 uj-\!j~ ~{J ~~ot1 ~%5}~ 

c\. 
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A]£.~ 1998~ 8~ 12, 13~ 0J:~oJl ~;tj 78\r ~°'3A] • ]'.:;5:_ ~tl}c}oJ1 

Aj Sl~%g jB~i5}51t:}. 'Z!"Tr.11% A]Q;jg. ~A]oJl 7}:>J},&-- 'Z!Ctl A]Q;j-9_£. 7} 

~~ ~~~~ ~~7} ~o] ~~~ ~~o] ~·~~ ~t ~~~ 1~ 

i']j! _2._~o] AJ-Cgt.] ~O~"fl _2._clJ"fl 0J~~ :i:]~£1 AJ~ {E-l)g ajj"B}oj ¾ 

91B ;.:J13g 1l_?ji5}':{ltj- (Fig. 3). ~~i~t van Veen Grab sampler~ 0 1% 

Iiti'! ,I- s1c,j;S ~ 1 m!~ ~tfcj 0.01% Triton X-100°1 %%,! 99 m!QJ 

o:J4 ~'IT~ o~T-'4 g-11 Two speed blender(Waring Co.)£ l~-'.tl 2§) 1~ 

oJ~~cf-. ~t1],t! A].fi. 0.5~1 mR~ 0.2 µm pore sizc£1 polycarbonate 

hlter(Nuclcporc)."- cj:i!f~ qg 5mg/! Qj DAP!-§-oJI 1 m!!;c 5l1-Z! 'll "itf 

'l1 q(Fry, 19901. O:l All O] 
0 7 tij % ~ 0 1 78 ( Axioplan, Carl Zeiss 

(;~rmany)t}oJ1'-~ i,J.± 7~1B 3007B~l 0]~g ~AJii}o:j ¾"lltl"T~ Tiit~ 

q_ 

oJ]A~ 2Y~n BB 0J~ ~ 1-'B"t! 11Ef£1 T~ 'A1Tt}S1Q.oj ~~uBT~ U 

4 °'1 % ~ tg OJ ,.(j] 7f' "T ~ =t- 5} 1t tj-. 
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.. •Sl 61 

wi'><E 

Fig. 3. A map showing study area and sediment sampling sites in the southern 

coast of Tongyoung, Korea. 
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(Kirchman, 1993). A)K 2 c~:S <'l•l"i 17 mleJ 'l!if'i'-"11 ~'l•l'.llcJ-. 0 1 

¾ 0.95 ml~ 41jej 8 ml %'ll'Sl vial"i) ,?B)~ + 7)1l!a. 14C-leucineg 

100 nM ,l''i.!a. 1)1f•l~cJ-. ]Is)'()-+ formalin 100 µ!~ {l1f•l"i Bff"Jg 

¾'JA)'(lq, Bff 0J"i) 'l,J-j PHSl vial"I)::: formalin 100 µ!;, 1)1f•l"i 

controlsc {1-~cJ-. Hj 0J 01 it'<± 1s)a::: 0.2 µmSl <!j-oj:,\c<);a. <>l:a\ ~ + 
Liquid Scintillation Counter(Lackbeta II, Wallac)~ iy-1+~:! ~ ~ ~ 72 ~loj 

,111~~Hr:a\ >]0"lg '110•1~cJ-. >]0"1 7110<>11 °1%~ "l:'. qg:,\ >I 

q !Kirchman, 1993). 

P= LeucineX 131.2 XQ.86/0.073 

Leucine = Amount of leucine uptaked(pM/m£-sediment) 

131.2 = Formula weight of leucine 

0.86 = Carbon/protein ratio 

0.073 = Fraction of leucine in protein 

2.2. •l 0J<P\~ej ~'11 "'10 (DNA) ?½ 

•J 0Jej "J a\% A)_ll.::: >j~~ Jf, ~~<>l)>i 'l!if'i! 9'Af7);, >f%Ofoj 

"I 0.5 ml""i 'i'-rra\2.!a. 2.0 m!-,l·"J'Sl 0 )'ll'i11H'-"1% Eppendorf *" 
(508-GRD: QSP Co. USA)o\l 51j"') .,_'r•l"i =.e} 0 )ofo)'°' 01 B}!a. 'l!a1:ic 

-:l~{l;a. ¾'/! Cf, "'i0g ?½~ "11771"1 -70-C"IPi .l'.\'l:•l~t:f. "10%? 

½Ole: 7),'"\'l! "J-'/J.@c Kuske et al., (19981-"l ;!% <')Of'.llt:f. "10 *½ 

41:JSl A]Z}~ B-~-t}.:rr A-&-.3iCtl 4-~% -1ji5}etl, 7]~gj *~~ T72 ~.g

>H!a.¾ ,f>J% ?11•1'.llcJ-. "1"1¾ 1s)K 0.5 mi 0 ) ~"1'.U::: 2.0 ml %'ll'Sl 

0 1 %'ii {l .'1-"1 % 'I,-" "ii 1.0 ml.el 0.1 M sodium phosphate ~¼% "'I (pH 

8.0l~ {i7}~ ~. 4-~%~ vortexingiiliil, 5]~~ A]ft~ ~{!- A]~c}.-¥-

-33-

I I 



3[¥:! o]I-~%~ ¾clA]:7]7] i11tH it!=!.~ ~.g.oJ]Ai 3:gil}-h1]~7] (Branson 

8210: Branson Ultrasonics Corp. CT, USA)oJl Ai 3-!E-Z!- 3:: g lI} ji cl ~ i5} 91 

tj-_ §jA~ ~ ~-8-~~ g 12,000 X g oJ]Ai 5-!E-{! -1!_{] ~i:.j"o}erj --'-J¾~ g ~]71 

tf'I:( 9-. 1.0 ml"-1 2 x TENS %"'! (100 mM TirsHCI, 40 mM Na,EDTA, 

200 mM NaCl, 2% SOS, pH 8.0loJI ,'-;l-•]712, 'l!its'! glass beads 

050-212 µ m, Sigma) 500 mg% 1i :c. 3 -!E-{!- bead-beating (BioSpec 

Products, Inc.: 3110BX);, -tl-'i"l'l'li:J-. "i-;1- 0 1 :l'-~1'! -"f±Jl"'i~ 12,000 x 

g oi1Ai 10~z~ Jc}--P:-DllAi ~1J ~clt}.i?.. il'~C!Jlg AH.£.¾ ft".!:!.oil %z1q_ 

% %1'£>.l phenol : chloroform : isoamyl alcohol {25 : 24 I) %ajj g 'i1o-14-

1-4 oi ¾ ~, % i's=£>.] chloroform ~'ft%~ (chloroform 

isoamyl alcohol= 24: l)g ~7}i5}~. ~ '}~<>i¾ .:f "t!{J~e-1 02,000 x 

g, 5~)o}~Ll-. c}A] "-J~~ (Q.} 0.8 ml)g ~i5}~ AH.£.¾ it.!=!.Dl] *:;"1 4, 

%~Q.j isopropanol (-20t)g ~7}6}oi, -20to1]Ai lA]{! 0 1--'-J l:IJ-~10}oi, 

i!~] ~-8-g {J~iA]zl .f, ~{J~i:.j (12,()(){) X g, 15 ~)i5}oi {J~~g ~ 

~Lt. 0 ] {l~~% 70% Dl]'t!-% %Q!J.Q..£. A-j)~i5}.ll Z:!S:A]319-. Humic acid 

gl .2.~.Q..£ '?]"1~ ~~21 ~-8- {l~i%g 100 µ1£>.l TE ~¾%'2!l (20mM 

Tris-HCI, lmM EDTA, pH 8.0loJI ~O] rl $1... RNA"'-''----',.__,.CJ, q 

pancreatic RNase A (Sigma Chem. Co.)~ 0.2 mg/ml 15".S::.~ ~1~"6}oi, 1 

7'CoJl<1 I•IZ} \'!%"]7]2 -20'CoJl-'1 .lli'!tfoj, 01~ humic %-(s) ~ "1]7jtf 

7] !/I~ '11-;l-,}½ -'l"r-'lic.sc <f%tf'l'!i:J-. PCR"-1 >1•H%'>!.sc 'lfe1"1 

Humic % ~ ,'t AJl 7-l ii} 7] ~ 5H PVPP (Polyvinylpolypyrrolidone; Sigma 

Chem. Co., St. Louis, MO) microspin column g 0 1 %"o}S1 tj- (Lee et al., 

1998). -~~21 PVPP~ 3 N HCI -§-q}j.:?..£. "il~-8}.:il ~"fi""'T"~ T§J "11~i5t 
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~-- 9"1 10 mM Tris-HCl. pH 8.0 ~¾%Sil.2.5'. -'ll'l~foj pH 8.0°I ~l.'i. 

* S.:1iii}.:il, PVPP slurry~ ~IT (121°C, 15 psi, 15 minl i5}9;l9-. PVPP 

microspin column g Micro Bio Spin Column 

mio-Rad Lab., Hercules, CA) oJl PVPP slurry~ ~ 1.0 ml ;,;j~~ ¾~ 

A){l .t, 12,000 x g oJ]J,i l~z! AJ-2:-oJPi -¥:!{l~i:-1 i5}~ ~%~~ ~17-J~ 

~-- A~£¾ iT~oJl ~ ~ g ~'%-7)2 ~{! :?::~½~ (100 µ1)% loading ii}a\, 

l'.::.(X)() x g oJ]Ai 2 ~~ -iHHE"~ t}a\, ~~g ~~O}~r+. 4¼~ ~~ 

-f- 0.8% 0}1}~3.~ ,.,_JoJ]A1 -f:-5:. ~ 0Jg ~~i5}~tj.-

SJ..L~ o] "'~% i?-{J ,<:>_ 6-s'QJ 1.i]TI¾ (Arthrobacter globiformis str. 168 

DSM 20124 ITI (KCTC 91011, Bacillus megaterium DSM 32 (KCTC 

31X)7l. Bacillus subtilis KCTC 3135, Escherichia coli A TCC 25922 

(KCTC 1682), Pseudomnnas aeruginosa DSM 50071 (KCTC 1750), 

Sphingomonas KH3-2).9_~ T"S~~ }ic}, 0 ]-§ Al]TI" ?!~!~ 

Sphingomonas KH3-2~ ~]~"6}.Jl 1.J~t?-~'?:Ff"S: %~A}'tl_1!\L1 {;-~;q.~ 

i!i~ (Korean Collection for Type Cultures; KCTC)£..£-¥-t1 ~<:>Jg 1i!il:4. 

~!.i!-1.J~ Corvnebacterium IC-10 TIT~ ~½~ ~'{} A]'i!i!:T.£ o]-§-Bl~ 

cf. zt if'/'~ KCTC off 'n-'ll <>ii u:fcl- ~ 'if (16 mm x 100 mm; 2 mil BJ 0J 

q.=il PromegaA},Qj Wizard Genomic DNA Purification Systemg A}-§-t~er] 

grnomic DNA~- ~i:l "6}~ c}_ 

2.4. 16S rDNA ~ & ~ ~ ~ 1c1 
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rRNA ¾',i>f;; ¾~A],]7] '1-j-afoj pnmer 27F (5'-AGA GTT TGA 

TCM TGG CTC AG-3')-"l 1522R (5'-MG GAG GTG ATC CAN CCR 

CA-3'1% Af-8--af'l!t:f (Giovannoni, 1991). PCR "'{i,g. 50 mM Tris-HCI 

(pH 9.0), 0.1 % TritonX- 100, 1.5 mM MgC)z, 0.2 mM dNTPs, primers 0.2 

µ 11. Taq DNA polymerase (Promega Corp.. Madison, WU 2.5 U, 

Template q} 100-10 ng.2..~ <'>t2 ~% ,¥-~ 50 µl %~.2..5.. ~{!-~~7] 

5'-\!! 2400 (PE Applied Biosystems)g 0 ]%-afoj 94-CoJ]Aj 5li'-{} 'l!% +. 

94-CoJl•i 111: 55-C"i]Aj 111: 72-C"i]Aj 21/:~£ 30~ 'l!a\- 'l!%•1z!+ 72°C 

oJl•i 711:{} Ci 'l!-§-A]J';!t:f_ PCR -;}..-~ 11:"'1-af7] -'1-1•1 0.8% Of7f!,_c< '!!! 

oil PCR 'l!%"'i 5 µ!;; -@7]'iJ% ITAE ~%-8-"'i, 7.5 V/cm) -afoj, EtBr 

10.5 µ g/ml) oil I A]'() 'il '~ sf:;,. 30 11:'() ,r>~AI '{) + UV Eluminator 

(Vilber Lourmat, Cedex, France)£ i'f~Sf'.l/. t:f_ 

PCR 'l!%+ 0 f7}£2' -@7]'il%~ + 16S rRNA ¾-@:<foil •J,J--af;: st 
1.5 kb 3.7].ej DNA 'll'1l¾ PCR Preps DNA Purification System 

(Promega)g 0 1%-afoj 11:"1-af'.l!t:f. 11:"1'8 DNA:S pGEM-T Easy 

Vector (Promega Corp.Joli ligation ~+E.coli JM109oll '!i,!'l!~A],j '!I 

'111~'11~ ~:llt:f. ztzt-"l '!i,11!~'8 E.coli JMJ09-"l •H 0J"'i 12 ml)~_;,_ 

¥ E~ ~ c!}A 0 1 ~ ~'2-1 kit (Wizard Plus SV Miniprep Kit; Promega) ~ 

<f-§--afoj ,;2}"° 0 ]£;; 11-"1-af'.ll,t:f. zJ-21--"l 11:"1'8 ¾21-"' 0 ]£!,_-\'-El 1.5 

kb 3.7]-"J DNA 'll'1! 01 "'iElt.lioJI ;as,jsf;:,qe.j "l-\'-:s 'l)-7] -'1-l•H >il~.iL 

so EcoRI (Promega)£ ']"1-afoj 0 f7f!,_2' '!!!-ll-oJIAi ~~-af'.ll,q_ 

2.5. T-RFLP of 16S rDNA 

PCR '1c{i," •,Hr""~_;,_ .l!_;,]'i) -ll--'1-1 primer"-! Af-8-:ilJ- primer ';;'x~ 0.5 

µM~ ~l~~ ~ ~ ~~42 ~~ ~~4 %~~~ ~~~- ~~ 
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pnmer::= 27F primer!2.J 5' ~t!"oJl phosphoramidite dye'Z! 

5 hexachlorofluorescein 2->'- li"i 'i'! HEX-27F;); >ii"! "1!'1-.1"1 •1%-.1'.ll 

LI- (PE Applied Biosystems). Template:::: :ct ir'T.Q.J ~~ ¥:! q]j--';:l- (50 ng/ 

µ12I 'lf'<.'1) OlJ'1g JOO µI \ll-% -¥->!JoJJAj 2 µI •1%), "1'1;':~% (£ 

i:~ A1]if~~; Zf ;?'T9.J ~~o] Zf?-} 50 ng/µl ~ ~'ff~ ~~~'ff~~ 

1(1() µI \l}-g- -¥->!JoJ]Aj 6 µI •1%), ::.te-12 >l'l! A]Jl."1 "i-U 1100 µJ \'l

g -¥-•loJI ") 100 ng)¾ <f%Sl'.llct £'~ "ilirs?'lioJI til•1•1 PCR sc{lg 

3-l ~:§:}8"}7] ~~ anneaing .g.5:.;::: 50, 55, 60-Col]A-J 'fr% 'fr~ ;IT:: 25, 

30. 35."- ef'f\'!>1 PCR~ -ll<l-Sl'.llct. 0 1~ ,1\'! •lii."1 PCR £{!,'>- 551:: 

oJ .,1 ::1 "-1-"' 30 .o:I \ll-"' sc{l 2- >'- sf oj -ll Ai sf '.l1 c+. "J '11% 10! >'- .l£ ,1 -8 PCR 

~~% ( 100 µ !)-£:- Wizard PCR purification kit (Promega) ~ A}-§-t;}~ ~2-j 

ii}'x{2 ~ ¾ ¥-~;::: 50 µ 1£. t}5'.:l, r+. ~i!.].@ PCR --';:l-~ (ir'T.Q.J genomic 

DNA~~ _q_~~~ A]li9.] ~2.J'e PCR {!-~,': 5 µI, A}~Alli:: 10 µI) 

g 4 ~ 7] Ai~~ 'Z! z] "6};::: AJl ~ .ff..$:: (Promega)£. ~ ¾ -'f-ilj 20 µ 1£. <5}~ 

:a:J]±.A}g.J UJ1:lc.H£ ~~2.j8"}9;ltj-. lfl-.g-01 ittl ~ J.~..,_d.@ ~~~1~-1J~ 

(TRF: tenninal restriction fragment)9.J 3..7] ~ 1 ~8"] ~ 1 t;} 7] -$l t~ z} % 

~ 71 "i cg ~::i:] (£ ~ 377; Applied Biosystems Instrument)½ A}-§-ti}'tfc}. 

'11 ~f:p;_~•1 el "'I 1 µ 19+ loading% % 0
~ (deionized foramide : loading dye 

: DNA 1!'11 7,1°1 standardlRox 2500; AB])= 10:1:1) 2 µIi'< ~"1i?ct. 0 1 

ui >f%'i'! "J'//%'li>'- Jl.>l'i'! DNA standard"1 7,1°I::: 37. 94, 109, 116, 

17:!, 186, 222, 233, 238, 269, 286, 361, 470, 490, 536, 827, 1,115, 1,181, 

1.722, 2,008, 2,162, 2,465, 2,481, 2,860, 4,529, 5,099, :::r "-1-"' 14,079 bp 0 I c+. 

0 1 ~~ajJ~ ~ 1~<>i °T.Jl 95"CoJl"i 2 ~n *EJ-<5}~ denature"]7]Jl ~..,_l 

~& ~oil ~~1,1z1c+ 11-"1.". >f%'l/7JJ.j'l,•J~I AB! 377~ •1%-.1"1 ~~ 

'!.~ 2.0 µI~- 36 cm 6% denaturing ¾2.J 0}.3.~ 0}P}0 ].E.~ol] loaclingii}Jl 

-37-



GS Run 36D-2400 %-'il_-"--"- 4-"I Z! 1!71-"l<l -9'- ~'lt%'ll-"- J!J)-'2 5' "i's± 

~)~~~¥1~ 3.7]~ 1)~1:>}o:j GeneScan 11 ~.::I'i!!~ o]%tt~ 3.7]~ U]_ul_ 

>l"i 7,;l 1J of'1J LJ-. 

26. ~~ ?:j i's' 

~Jl,::}~ ~~.g.. 260 nrnoJJJ.i ~~£~ ~AJ~}~ 7@11:>!"~2. A2aJ12RO ~ 

,J;.9.-"- .:Ii?'r.~ ~'1)of'1Jcj- (Sambrook et al., 19891. Humic '!l-'ll.91 £')I 

-"- -"- % -'il-x oJ .91 •1 "'I -U "J "<' 0 l "1 il1 ¾ 'ii ~ 0 l 7 l-"- "' 'l! 7 l 'll % -9'- z/ <'i 

~9~ )l,_lj~~ JU? 'il:!j,::} 0d<i!t U].ii!.i>}aj Aj~t}919-. 
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3.; •1 "J "1 'l % .eJ ll'-"I 

-'i-'-1~":lo!Vi 0 1'~%.eJ ll-.l'."1- -1lc'J<>il ":l•Jg 're: .ll.~2-.s'. -J1-71% 

1" -"- le -;J-ll1 .I'. '11 r:.f gal- .cr:.f. 1998\l 5-!I <>ii Ic-'-1 •J 1l a' <>il-'-i e; •J 11 'll s: 

~±~ .!i!..~ AJ~ C9.} D1Q.J lfsif '1JS:.';: z}zt 9.5phi4 9.6phi, silt9.l- clay 

.Q.] ~2,} 01 00%~ ~';: A1]~~';,'_]_ ~.2..~ LfE}\l-.2..oj 111 A4 B21 7a-1--oJl 

s:. •Jrr'lJS:71 Z/Z/ 9.4, 9.8phi.s'. -11-•I~ 'r"'g .1'.'.llr:.f. 1f'f-"17f -\'l>lsf 

;- •J1J Bl<>l!Aic: 'llil" 8.0phi"l 'l]S:~ .1'.'.lJc:rJJ 781l Bl<>IJ 7f>I¾ •J1J 

s.]0, 11,Sj,9"_ ~ti] ;,;j1:J B121 1-9-- 0J~~ it;;;] 0 ]-4- ,q~oJ1A-j A}Y~.£. 

-~-'-Jo] Jt!i5}i!. ~';: ~.2..£ L}E}1:c!;t:t('o~ 0JT'{!-¥-, 1998). 

5:A}AJ1J d~l9.l ¾Alli!T~ 5.84 x 1010 - 1.58 x 1011 cells/cm' 

-,ed"l 1".l'.'ll-\'l;a .1'.'.llr:.f(Fig 41. -ll*IB>J 2\l 0l'-11~ 7f'/-e17f '.Uc: 

,:-l ~-l 312 , ... Al C, ~ 'Cl A-l ;,;-1.'='-0l TT2c.oJIA1 .'=-- 603 X 1010 - 101 X 10" o !J ,c O p -- '- o iJ 2 ~ .il. 0 I 1 - . . 

cdls/cm'-sed . .Q.J ¼AJ1ifT #-.¥..~ !i!.91.2..~ 9-lTIB 7},Yc.j';,']_ Aj1] El~ f;

~.'?-5i'.. ~ AJ{j~Q.j 1-9-- J:l;2J ¾hllifT7} 8.72 X 1010 - 1.58 X 1011 

cells/cm' sed.QJ -~¥.~ !la! Jf.~£?.j 1-9--oJ]';: ~1~ ::i:J1loJlA-jQj ¼A'l]i?T ~ 

.¥.'t:!~9.} ~ ~} 01~ ~ T fil51.Lt. ?fr:B3:l2..£ AJ~ El T~oJ]Ai AJ1:I Bl 

"r~.!i!..4 1£°.P... -'ll?!T9.] ~~~ .!i!..~S>-t-1- :l ~} 01';: .3.A] '?€'.U-4. 

~o]oJl u}C ¾AJlifA:.Qj {E--_lf~ Ji!.1tl. 0J<oj;:,;JoJJt-i ~e.] ~°1~ AJ1~ 

Aj"}i DloJ]J,~"C 7.47(1-Zcm) x 1010 - l.41(4-6cm) x 1011 cells/cm'-sed., 

"d 1l B1<>1l-'-1 5.84(2-3cm) - 9.22(3-4cm) x 1011 cells/en/ sed . .QJ l/.!E~ 

.1'.'.lJ.'.'_aj 'll'll El<>il<ic: 8.72(0-lcml x 10w - l.45(4-6cm) x 1011 
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Fig. 4. Distribution of total bacterial number at each site of study area. 
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cells/cm'-sed.~ ~.£~ li!.~ 7}AJ li.g. ¾l<lli!T~ ~.£~ }l~tj.. ~ 0 ]oJl 

u.J-C ~,1~]i!T~ ~.£7a~~ li!.1?1 AJ~ Dlol1.Ai~ 5 cm~ 0loJ].Ai £1.:il~l~ 

,!:;!?{A]~ .;l 0]oJ] u},e ~7tJ-~"'J-~ T~"5l-A] \'£'.Utj.. ~1?1 78~ B14 EloJ] 

A~'c KtoJ1"i ~qj.3'f..9..£ ¾A1li!'T7l- -3:jjl ~ 0]71- ~o:j:-::]1?1.Ai ~7l-i5l-~ 

7,j•J~ .s!.'c\cf. 

3'Af'J 11 "1'11"1 %4/'ll 0J"ilil''r::: 4.00 x 104 
- 1.80 x 106 CFU/ 

cm sed.£1 fE' .£ ~ -1-1 ~ .!i! ~ tj.(Fig. 5l. 781:l Bl% 'F~ .Q...£. ~ 7811 ~ £1 

JI ~<>il"i::: 1.83 - 6.67 x IO" CFU/cni-sed."1 %4r'll 0J"ilil''r 1!:.'E~ .s!. 

'c(_".oj '1J11 El '/-t'"1 'jjs]:';oJl>i::: 1.00 - 4.53 x 10' CFU/cni-sed"1 

~..¥.~ li!.~ 781:J Bl -¥--2~ 7J11~oJ].Ai 3=-S ~~ ~ 0 15::l4. 7l-fe] 0J~ 

AJc] ~~l~ 7J~ BJT~oJ]Ai~ 0J~?J'oJl.Ai~ J-ieJ7l- ~Oi~T~ ¾4f-~°J' 

i5Lt1 91:: j,.Q...£. J.]z}~c}. ifrtt!oJl 781l El T~ol].Ai~ 0J~7goJ1.Ai~ 7~ 

21,1 ',loj,!4';a:. %4i''ll 0J"ilir'r7f w:: ¾-"-"- i..fE}';;J:cf. 'jjs] El<>il•1::: 

~~-~oJ1.Ai §J~T'±7l- A]4r~.Q...£. ~J.]"51-2 ~~ J!% t!"~~ T ~5::l~ 

i:11 c]u1 t{!~~~i!} 1f~ ,¥-"{H::.'§..t,i!},7J% %tTI oJ]L-fA]~g ~~ u]A] 

'J'11<>11>1 >12]Sf'c(:::c1I 0 1 4'lloJIA1 ,JcJ1~7l'J"ilir,C,. >f\l!Sf'c(~ ¾-"-"

'il'l-"1"1::i7.,41-"1 7]{!%"1- %7l~1-'ll 0 1 "i4i''8 111 El .\'-t'<>il"1::: 

0J~~4~ ~C-{71- ~Oi~Y~ ~7]"'J~ ¾4r~ 0JA1li!- 0l ),~~~ T ~~ 

7}';;'J.Jo] n-91~ ,¾Q..£. ,1,~zt.!t!l:.t. 

l1 °1 \!! 1i': .'l:. .s!. \'! 111 DJ <>II "1 l1 °1 <>II uf2]- 4.00 X 104 
- 1.93 X 

](( CFU/cm sed., ",l 11 Bl <>II "1 6.85 x 104 
- 1.80 x 106 CFU/cni-sed."1 

;'-l'~ .s!.'c(.!>_oj ,Jsj EJ<>li<i::: 6.73 x l04 ~ 2.97 x 10' CFU/cni-sed.£1 

1"£:S .s!.'clcf. 'll'll El£! 7,Jq.<>11::: ¾"ilir4'"1 7Jq.2f uf'if7f"i"- ,1°1 
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Fig. 5. Distribution of viable bacterial number at each site of study area. 
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1.3 X 10'' - 1.1 X 

CFU/g-dry wt. 4fc~ .!i!~i 1996~ 8~£1 L11-¥-5:.7,ll~(i'1 'g, 1998), 1.2 x 

1•),; CFU/g-dry wt. .c;::.~-a- &C;:l Ai1iz.! 0J~-3:\§_(i,]2} 01, 1996), 1.7 x 107 

~ 1.7 x 10~ CFU/g·-dry wt.,;>.1 ~.¥..~ .'5!.~ '4-% 7J "6}--f({] -'i;-, 1985)2} 

\/tj,aj'Sjs.o\l>i ";>J'i'[ 3.0 x 10'' - 1.5 x 107 CFU/g-dry wt.(c;l.i<f 0 1, 

19921 ~o\l u]•B ',l::'. i/1o\l -1/9!/.<'.nl 6.7 x 104 
- 2.5 x 10' CFU/g dry 

bl o> d H oJ --'(F. 6) ':r Tl~ !:c. M '-r Jg. . 

13.6l(i!Jif 9.43) µg-C/cm'-sed./hr, AJ~ El -¥-?.9.J ::i:J~~-oJ1Ai~-= 6.41 -

11.28(8.45) 11r.. C/cm·-sed./hr9.l Ai1~AJ{l~ g Q.aj AJ ?i B1-i '5"-tl..?-~ ~ 

~,:-!.;jg !l~cf. ,i 0 ioJI ct<'- ~cl:"1"1 c'-.l'.'° >J'jj DloJl•i 2.48 -

l :2.54 µg-C/cm' scd./hr, AJ 1] Bl oJ1 Ai 5.94 - 11.35 µg-C/cm'-scd./hr £] g _¥_ 

i· 'l.~.<'.uj >J,s Elo\l>i 2.18 - 12.14 µg Clem· sed./hr"i t'.l'.~ !l.aj 0J 
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Fig. 6 Distribution of bacterial productivity at each site of study area measured 

by the method of 14C-leucine incorporation. 
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.l'2t -il-•I~ 7<l•J% .s!.'l!2.t.1- "a'll El"1 7s1-~l:: ,1°]71 ,!{' :>,<>1]<1 ¾ 

A1]IT'T", %¾°a 0JA"1]rr'T"7} ¾7}t}~ ~~~ ~i!l 3 cm.!i!.r+ ~~;,;]~ ,.,J{!-~ 

0 1 "°'~I::: ~2.5'. t.1-1'-f'-1- >1°1i'f .s!.'l!ct. ol'll Dl"1 7s1-~1::: -'llif<~{l

~9.j ~.¥-7a~ 01 ¼Ailir"T-4 t:1]~t} 7Jt;J~ .!i!.5:;l';:cll 5 cm ~oJO!]A-f.5:. AJ 

r.H ~ .Q._ £. $" ~ 1 {!- ~ ¾ .!i!. 5::1. tj-. 

1995\'! 'f':l~l -'11*1~1:: ~",'tj 0J'c!'i'o:"1 A]~ 0J6i"J "i¾<>ilAi ~,jj 

~ ;,i,i.~1 ui-.s'i'i 0J61'll- '1¾2-"- -rt-'llsi::: 'll"l'a -rt-7l%"1 °J:o. 3.2 

g C·m"·day 1'i] 0 ].soj 0 1 ¾ Si 60% 1)£71 "161"1:: ;.;!2.5'. y-E},J: 

_9_o:j o]~ -R-71%¾ {E-t~t;}';: ~1:loflAi 24Aln °]i..HoJl Y~t~-'rQ.J -¥-1!-S:: 

-'l:i 3c'1!SI::: ;.;!2.5'. ~l"l:,\c\({l ';;, 1997). !f.~ Wellsbury %(1996){' 

.$.{!-j::§.-t~ ~t~ ol]1-i.zl~ ~'.: AllIT~2l 1-9-- -fi-7]~ ~"81]~.g.. "ff?:]'i!

~!o:.:o.ca-g ¾•1 'a"J~I::: -'llit'il "1•1 <J-U"l 0 1 'll"i'll g .!1.2~ "r '.Ur+. 

~ :?:A} 1:1 {l ~ oi1 ),-rs:: .. * 11 .2.. ~ .Q.J Al 4:f ~J _1r.. 011 n:.},e All n-~ ;r 1Fr s: ~ ~1t 

~ AihT-'r ~ ¾4:f °a 0J ~l TI 'T .Q.j -l'f, ..¥..2} AJ {!,i?:j ~ ..¥.. oJl °a t;J% u] ~] ..ll '.V, ';: 

7} .Q._ ~ AJ zt 'f:!_ tj-, 

3.2. 2. c..!J u] A] ~,:?-{l .Qj ~'t:!:i!l~1PtHtenninal restriction fragment) ~~ 

'll-'i±~l~'<!l/l 7,1019.1 ,101::; 01%~ oJ•J%¾9.I %19.I 7f'a''a% ~'11 

t\1I -'11•1, 7l¥,~l 16S rDNA 'll7]Ai'l! 0J 'l[aj'c) 7¾9.1 -'iii!~] <11'1 57};<] 

£1 4'iJ7] ~A] il]~.K2oJJ f>.J~ 5' ~t!-ill~~.lflQ.J ~ 0]¾ oJ]AJ<St.JI, 1l7'Jl 

9.1 -\'! ~'i! .J:% "i .iit Sf -"'-"I 'I'll ct. -'II it¾ Arthrobacter globiformis str. 

168 DSM 20124 (T), Bacillus megaterium DSM 32, Bacillus subtilis str. 

168, Escherichia coli, Pseudomonas aeruginosa DSM 50071,gJ 16S 

rRNA 'll 71 Ai 'l! :'. RDP (Ribosomal database project)~] •i ~ ~l'.l!-"'-. 

Sphingomonas sp. KH3-2, Corynebacterium sp. IC-10 ~ 7a-9- ~ <?:l. T1!. 
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oJi'i 16S rDNA!!l 'lJ 71 >i 'll oJ -s! 1J '1 'l! cJ. 

PCR"I primer::: 27f2f 1522r5'. f;f2 'lh'-sf~oJI "l•l ,f',1-¥1-7,l•IK<>il<i 

16S rRNA {t~z} "€"~~ ~~ uJl A}%!r..l~ ~.2..£ ~ ~Td~]~11~~.l.4 

1tl21 A'o g ~TJ%}7] -$-liiH ~£1-J ~ ~7]A-j~~789.J ~~1tl34.£l 1:l]iil.~ 

-'fl •fl it ~- primer -'ii E ~ 0 I % tf 'l1 cf. 0 1 %-'2 primer -'ii E !!l 'll 71 "i 'll i'f 'l 

<llrr~!!l 16S rDNA 'lJ7J>i',l;, >J'l!iifoJ eJo,iif'lJcj (l!. 2J. ::r ',Ii'} ll 

-$-l primerct! 27f.£l ?H'- 20 mer¾ <5}4£1 mismatching {A/C) 0 ] ~ ;,:ff '5}~ 

Jl, ~-$-l primer~ 20-meroJ]Ai ir}Y-.£1 rnismatching 0 ] ,e.;i;H<5}~.2..~ primer 

oJl .£1~ {!ajj~ ~~¾~g J;:IJ<~]'5}7] -$-liiH degenerate primer 27£2} 1522r 

g 0 J%Sf'lJLf. 

<1-§·-'2 ~l~HL'"'::: 4'lJ7lis ~l-"Jiif::: 5¾ (Alu!, HaeIII, Hhnl, Mspl, 

Rsal)_6_£ Liu t0997), Brunk 'g(I996P4 Moyer 'g(1996)oJ] g.JoHJ.i 7d# 

Ei A]'g"?J]o]~g o].§-~ ~~oJl 0]%£1~2. :i 7.i_tj-£ 5' ~BiPH.QJ 7cl. 0] 

<>ii 7Js,<~f -'I •llrr¾oJI cJl~ l"-"1'1°1 ~4'~ Jt'"';; ->!"'isf'llt:J-. l!. 3<>1l•i 

~ ~~o11 °]%B ~]~A.5::2} 2f :§:.5::QJ 't}Aj)--j~g_ AJe.j"o}91T:t-. 

z}z}.£1 Aili!:~ ~TtiH 0J ~. genomic DNA~ ¥-i:.15"}aj, primer%(~ 

-'it%',! HEX§. 5' 'll'r!:oJI .lf-"l'il 271 2f l522rlg 0 J%tf"i 16S rDNA~ 

~*i,}_il_, ~~Pe PCR ~¥g 5 7}::<1£1 4 ~7J-~z1 ~J~.'§_~~ ;;:~~ot91 

t:l-. 0 1 ztzt~ ~%~ ~ ~%%~~ lf.z],¥! 1.JP1'-R¾%:~'i(Rox 2500; Perkin 

Elmerl"t y,;JJ "-l%\'J7J<i'll"1-~I (AB! Prism 377, PE Applied 

Biosystems)21, GeneScan .£.~ (version 3.1) ~ 0 ]%'5to:j 5' ~B"~ ;---)_ 0 1 g 

',J>Jof'lJt:l-. l!-"1£1 ~ ~I"- 6¾"1 <llrroJI cJl~ 16S rDNA PCR ci:%<>11 cJ1 

•1 ~l~:/L± Alu!§. >1"1-'2 Ais.!!l llc"i ',!,f;s .::i',J 7<>1I '-1-El'11'l!cJ 

0 1,,-11- "J-'1l.S>."- .5''11..<ili!ii'-'lloJI 0 1%-'2 zt AJli!oJI cJl•l 5¾"1 ,1Jt>.1c 

5::£ 16S rDNA PCR ~~Q.] ~t!-~l ~il.Jtl(terminal restriction fragment) 
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Tabk 2 Alignment of sequences of amplimers 27f and IS22r with database sequences 

of J,JS rHNA genec, of strains used for model community. 

Strain 

.lrtbrablctu g1obifonus 1tr, 161 DSM 20121 ('1) 

J,1cillus aegatetuw DSM 32 

s.1cillus subtillS str, 168 

rscherichia coli 

pseudoaon.1s aeruginos,1 DSM 50071 

spbingo.on.1s KB3-2 

corynebacteriu. IC-10 

a; Nl, not available 

271 

5 AGAGTTTGATClff'GGCTCAGJ 

AGAGTftGATCCTOOCTCAG 

AGAGT'l"l'GATCCTOOCTCAG 

AGAGT'l"l'GATCC'l'GGCTCAG 

AG.\GfflGATCATGGCTCAG 

AGAGffl'GATCUOOC'tCJ.G 

.lGlGff?GATCCTGGCTCAG 

lGAG'l"l'TGATCCTGGCTCAG 

-47-

1522r 

TGCGGC'l'GGATCACCTCC'l"l' 

••• 
'l'GCGGCTGGATCACC'l'CC'l'T 

TGCGG'l'TGGA'l'CACCTCC'l'T 

'OOCGGCTOOATO.CCTCC'r°f 

TGCGGC'l'GGA'l'CACCTCC'l'T 

TGCGGCTGGA'l'CACCTCC'l'T 



Table 3. The tetrameric restriction enzymes and their recognition sites used for 

terminal-RFLP analysis. 

Restriction enzymes 

Alul 

HaeIII 

Hml 

MspI 

Rsal 

• ; restriction ~ite 
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Recognition sites (5'------3') 

AG.CT 

GG·cc 

GcG·c 

c·cGG 

GT'AC 
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figure 7. Electropherograms of the 5'-TRF for AluI digestions of 16S rDNAs 

amplified from each genomic DNA of six bacterial strains consisting model 

community. 

I 

PA; Pseudomonas aeruginosa, KH; Sphingomonas sp. KH3-2, BS; Bacillus subtilis, 

BM: Bacillus megaterium, AG; Arthrobacter globiformis, EC; Escherichia coli. 
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7cl 0 1~ '('l>Jt\5'./1+ (Ji 41 "ihJ-"lc- '1l:'iJ-;<Jl1Hllll"1 ':1°1;: 38 'll 7 1~1"1 

839 'lJ7]5'- c+E\\J:2.9, -:,/;<JI ~"JS'! '1°1:C -1~1-'1 •5 'lJ;,leJ '/l>l 0 1'11 

oi1~1 .2.¥' 1l*l~~ ~ "T- 91~4. 1}1" ~ +5 ~*}~ Y.E-1-\!! 784--:::

Pseudomonas aeruginosa9.1 16S rDNA9.1 PCR ~%£ oJl?} 3.7] ~ n44 

bp 0]5'./2.4, 1')-~ i,L0 649 bp 6 ]5'./q. 0 ]::J1-;s :<J)")Of\'l, -1~)-'1 •3 'lJ7) 

,,1 >f'-11~1•1 "il-'J,U:,f -ol~,1°1 'lJ>itf5'./.iI, "l n'c2l ~l~KC:::"i 35 ::l·?· 

'[f 17 ,iq. (48.6%17f 'l:!>l \li 0 1 'll>itl5'./'1-. 

3f.. 4 oJP·~ la!. '.:;: 0 l ~ ~ -9--oJl (Arthrobacter globiformiso!l Ai ~I~~ K j: 

Alu!, Bacillus subtilisoJlAi RsaI K±S'.l 784-) ol]--"J~~ ~lr:!:~l~~!B. 0 121 

~I. e)_\\- 'i'.R '-']CJ.!i'.'1- 'IJ%7J£:: 'f:<)"J 'E t:j-~ 1/'il"l llj3.7f -'i;·"J"l 

'lli+. 0)21~ e] ,;opj '-']3c T-RFLP~ a]%~ 0 ]>J%'1'':IS1 11:"1~),j 

c}-~ %*<2-J u]A~% 01 ~;;i;TI~"Ct2 ~* <?_Pz1 ~ 'r 'U,7] rrJlii:"oJ] o]i'1t}- 7:1] 

~o]~ ~]~A~~o] '-~7]A] ?iS:.~ tTiof ~tj-. o]e1~ 7:1]~ 0];,,.j 1!~9-1 '<Pd 

,Q:.j o]-fr:__: 3.~] A~]7t:,z]£_ ~7.:lil" 'r'llt:l-. ~~~ z-} AJ]i!o] i!~_i;}A1 ?J-~ 

ins rRNA -fi-~A}~ 7}~ 7}';;",Ajo]tj- (heterogeneity of 16S rRNA gene 

sPQuences) (Pettersson ~, 1994; Wang et al., 1997). ~ <5~L}21 ±'Tl~ Ai 

.s't:\-<'- 16S rDNA 'lJ7]<1'l!g 1fz1:: ::l-~5'. ,f'lJ~l~I e,Jof:: 'i'.:C· ,11 

it2.J heterogeneity~ I:} :?:,q~ T ~7] uJl~C>Jl 0 1 ~~l~ ii~~~ tiJ-~~ 

A.'·fi"Q.l t1.{~.9-S..C ~7}';;tPi. tj-~ 71]~ ~-3:j~~ t-Jlo]E~liJJo[.6~ ~%8!

t,~ oj~ AJ:C~ t;~~:?- 7}';;~ ~o]tj- . .:icj2 oj ~:i!}~ ~.2..£ 0]%<1}tj

'1' T-RFLP "J-\'l g %%•fa) >ilrreJ 16S rDNA 'lj;],j')!e] heterogeneitv 

~ SJ.}t>l-~ =:,!o] 7}';~ ~ojc}_ T 1ti~2.J 7}-';;AJ~ ~~ ".'J~ S:{!oJ]Al 

~- TI~s:.1~* 0 1, ~-'tHit~ ~l't!:-.£.5::2.J ~g.Q.s.. 5' ~12-.Q..£-¥-El ~1 2~ 

';]A]Al~oJ1Ai 1!-clo\A1:__:. 7sq..i2- A~Zf~ T 11.c.}. ~tl, ?.I] 2£1 ~]~AJ~o1 

al\ 'er£]~ :J_ o] .!,!. tj- 7J 6-] ::z] ';: 7J --9-.£. Arthrobacter globiformisoJ] A~ "il ~ .A 
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Ta bit' 4 Observed and expected lengths of s· -terminal restriction fragment G -THF J 

f(lr hactcria/ strains in model micrnhial communit.L 

Observed (expected) 5' TRFlsl m basea 

Strain 
Wocse 

grouping 
AluI llaeIU Hhai .'\1spI Rsai 

4·throbarler 

r1ohrfurmis 
llrarn pos1t1ve. 

201, '.!37(2011 ~"29(22!1) 47414nl 671671 459(4511) 

KCTC'-l!Ol 
high G·C 

!lac11/u.s- Lactnbacillu.s· 
Jlaol/11s megatNwm 

StreptncOCCll~ 7j1i~I 
KC! C :1C07 

2341233) :'..'lHSiill lfi7{16il 4fi11rn1 

,ubd1Y1s10n 

!la11/lu., subti/1,· 
Bat·1//u~ -Lactobac1l/us-

l\CTC\l:fi 
.',/rep/ocorcu.s 74(731 310{3Ll/1) 2~l123!ll \.fi(l11J 458_ 47i:fX)I 

~ulxl1v1sion 

Fcshent·tiw cnh 

KCTClf.'C 
r -Proteobacter1a 7517::i) 38(391 373{373) 497{4%1 rn(~'.'.71 

t',·eudomonns 

Uf'TURlnOSQ ~ -l'roteobactena 1:1172! 1'l1391 Li.'j( L)."il 141(14.11 (}19(ti4-JI 

Ken 17JJ 

_',nh111gomona~ 
a -l'roteobactena ~2tl(2'201 :?391239) R21R21 8391KJ9) 

1{1[3-'.! 
l:ill!JOl 

,p 

·,Jrv11ebacrenu.m lirarn positive, 
~l812lil1 ITTlfiil 31i9(3ffi) lfi~(lfi31 il21t,'.;,' 

,p ll-10 high G•C 

a; Hold numbers denote main peak. 
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± AluP1 el o\l -'i >ii 2Sl 'll I± '1-\ ~I o\l Si '1 237 bpSl 'll 'll 01 Aj 7.l 'r '.U l= 

51 _o_ ss ~Vil- xi oJ O I S1 :,. :i!J- ::: % ~ ,,i ~ >ii ~ 1i. ± Si '1! % 2." ¾ 'ii '1 '.cl % 

7f'o'a.S:. '.U::: !)!2." .IL"i'z!ct. Bacillus subtiliso\]'i Rsal 1i.±Sl "<l4-o\l 

-'i.S:. uf~7l"i-"- >ii 2Sl ~JA,}'1::: 'll'll (474 bp):i!J- sj5c~ 'll'll (477 bpl 

o) fl:~ xi '.cl r:+ Si -'i 01 el ~ {> ?a % ~l-'11 ii: 'r ::: ill "I 'I!, >ii ~ 'll 'll 'l/c l'f iE-"1 

~%- o\%~ IIJI, ~l~ !i.~21 ifr%A] !tl-1l ifr¾S:.Z:!-& 1i!~A]71~ Y2J7} 

Jl.-i'-'t!i:J-. cl)a<H::: <ll~¾"i-'1!%>1 'l!,AJ"I::: ssfop!eJE. PCR ~i>-<>1I Si~ 

5\2.ss 0 Jo\l r.Jl~ 5'-Si::: ,;Jo\l'i 'l!iJ-oj 'i1 :,! 0 14. 

iE- "l ssf 2 >I ssf::: <JI~ Al ll.::: "I'll ~"<l <>ii >i 'll oJ "i ::: J! 2." •11 ir-\l-. it 

-jj- c:J. el jl Cj- 0J ~ 'zl <lj A~ i,- .5' .!/- Ej * 'ii -'ic! <lj ~ ¾ !I: ~ iSf jl '.ij q. crf eJ- ,<j "I 

el 7)"1"1 genomic DNA71 i">JSSf7I U\lfi'-<>11 °ie.J ':l•J¾ .1!_7I '1-1•1 '1-\<>il 

"-}%¥:! z-t genomic DNA~ !-~15}~ :2_i:~r{l% 2f:AJii}'xtr:+. :2.i:tlo]J.J~ 

67);,j Si '1i'ic%, Arthrobacter g/obiformis KCTC9!01, Bacillus 

megaterium KCTC3007, Bacillus subtilis KCTC3135, Escherichia coli 

KCTC1682, Pseudomonas aeruginosa KCTCl 750, Sphingomonas sp. 

KH3-2oJl<1 iE-el-'t! genomic DNA (ztzt"1 i,'.S:.l, 50 µg/ml )l, %'1,"i 

;>:~ssf"i ~¾oJ :lit:+. 7.i!"t"l2.ss DNASI i,'.s:.::: 50 µg/ml 0 l2 zt "ilit 

%"1 genomic DNA 't'.s:.::: Q} 8 µg/m1°l4. ic1'l'>l"i \i.g- ;>:~-'t! 'II~ 

o\l r.Jl•H "1~"1 °J<>il crfel- PCR<>il Sl•l ztzt"1 !<1lrr%<>11 =: 01~ nj.3-sj Aj 

AJ W 2l- ~3.£1 AJ-r.A~~ 1:31%~ t1].ii1.6}-J1A}- "t}~9-. o]~ ~a~ .£.~D]AJ 

-:,;t'l]<>II r.Jl•H i:J- 0J~l 'tc'l"o\1'1 PCR'f, "1l~1i.± Hlul-5>.ss "lel-'B 'lf'i±~I 
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3.3. l. PCRA] annealing .g. 5c.91 'll •J 

PCR 5' <! 91 "I '1 sf~ ~ tH 3717c] 9j Ai"'- q :' annealing .g. .'i. (50, 55, 

60"CloJl•i PCR~ •~~cf Z) PCR .;!%oJI r11•H Hhal~"'- <ie11'f'1 'll'"1->1I 

~>~'11"1 7,/ 0 ]9j "1-'lVJ ~ "]:ic1'l'l/i:1- (::i',J 81 . .::r',JoJ]Aj _l;l_~o] 67fAJ91 

Ail 7' % oJI r1I ~ Z) Z) 91 'll' "1- >1I ~ 1l l/:191 ll\ 3.71 ~ "1 £J '.ll" PCR91 

annealing.g.~~ ~i:.]5}5::J.% ~ z.t £Lj3.5il 0JAJ.g.. ,e- :;<}-o]~ !i!_oJ:i:] ?J-'tt 

i:i- ::i ,1 '-I .g. .'i. oJl ')J-1'! fil O I zt ;;1 rr % oJl r11 ~ ll\ a 91 AJ r11 '1 "1 Ja: 0 1 ::: a 

~ ~~~% V ~ ti'.ll~ ~ ~· ~:'.··~£:.!I.~ I+::: A 

globiformis 0 /u:/, B. subtilis§J 14-- 7}-;,;J- E'.g_- 1l{}7,}£~ !i!. 0:Pr'-~9-. 0] 

ri't!- :;<}-0]7} ~{!-~~~%"] ~~-3:l'il PCRoJ] Slj~ 7J:iij-;>_};i;]~ ~oJlAi ~ 

~5}-5::J,tj-, o] ~i!l-£-¥-Ei PCRA] ,e- ~~% u]~ "r 9.l~ 'T-8..~ Jl.-=tl'i.l 

annealing .g.5=.~ ~1sJg ~~~ ~4. ,e- _j:}-o]';: ~~5:jA] eJ-'.UA]~, q,e 

\'!'i'Ala;o] i'c1'] oJ%.;I::: 55C:: Af%•17Jil, '!PJ•l'.l!i:1-. 

3.3.2. PCRQJ ~¾~~"'T-9.J '11 ~J 

PCR '1'<!91 "1'1si-: ~•H £"1'1lrric~"1 "i.;!oJI r11•H 371"1"1 ,1,i, 

q;" '1'%\ll''1,~ (25, 30, 35:a]IO:JAi PCR~ •~~4 Z) PCR .;},lcoJl r11•H 

H/ul~il. >ie1Sl'1 'l/"1-.<IJ~'l!l/:1"1 7,1°191 1:t'li'J% "]:icSf'.l!q (::i',J 91. 

PCR \ll'%'l'',/, .;!~71 %7HloJl t44 'll'"1->11~1ll/:l 7,/ 0 191 i:1-l'J:'. ,c <I 

0 ]71 filtii:1-. '~'ll'i! Z) "13.91 'll• 7J£91 I+£ B. subtilis 91 llja'<) 

240 base91 I• 7J £71 906 (25:a] I, 815 (30:a]) ::i e1 Ci! !033 (35:aJ lil. ~ 7cl' 

,J\o 0,/A.J-fil 0 J uJ;:;sl'.l!i:1-. i:1-'11' PCR \'>%\ll'.;:. .;!~71 ~7l~oJI t44 Z) 

"ili!"~g L}E.}~:i:] ~';: tl]~o]-3:j Jil:3.7} ~7}- (6(X) base o]t,}-§j 3lj3."'T-7}-

13,J (25.oil. l47fl (30.oil, .::ie1'1 17,fl (35si-ll"i::: 7<l'J~ .!l,oj,;stiq !It 

i:}Ai, PCR ~¾~~YsJ ~7}-7}- PCR ~~o] ~7}-5:j ';: ~34~ Y.El-1.lJ:i:] ?,€ 
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FiRure 8. Effect of PCR annealing temperature on the 5' T-RFLPs for Hh:zl 

digPstions of 16S rDNAs amplified from bacterial mOOel community (mixture of 

Rcnomic DNA from each six bacterial strains consisting model communityl. 

PA: Pseudomonas aeruginosa, Kl-I; Sphingomonas sp. KH3-2, BS; Bacillus subrilis, 

BM. Bacillus megaterium, AG; Arthrobacter globiformis, EC Escherichia culi. 
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Fi1a;un- 9 Effect of PCR cycle numbers on the S' T-RFLPs for HIYJI digestions of 

16S rD:-JAs amplified from bacterial model community (mixture of genomic DNA 

fwm each ~ix bacterial strains consisting model community). 

I':\ I'.-:eudomonas aeruf!inosa, KH; Sphinf!omonas sp. KH;!-2, HS; Bacillus subtilis. 

m..i. Bacillus megaterium. AG; Arthrohacter g/ohiformis, EC; Fscherichia coli 
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~uJ . ..2..t"]~ u]~o]~ ~{!-~~~%0] ~~1@"? ,ug ~ !i!.o:j9-o-\, ~ ~ 

·foJI •i::: il 'I 1'!%1'!1.\-4';.s 30-'15'. 'li~l'l!cf. 

3.3.3. il'l PCR \l!%z<!oJl>i"1 T-RFLP•J-'1l ~ 0 1%t1c £'!!<1lirii''llll--"1 

!/loJJ>i >J<IJ';'! "1"1"1 PCR z'c! (annealing -&£; ss·c, Cycle No.; 30! 

<>1]<1 £\!t"ilirii''llE.5'..!/-Ei '1:l<>is'! Him ./LC:,"i] £1~ T-RFLP l/--"1 '!I-'! 

i,- :::r',l 10-"l Ji SoJI '-1-El'-ll~cf. 0 J"i1"1 :<f%'ll7]>i'l!'J-'I (AB! 3771 z 
'c!t 4.8% PAGE PLUS (19:11 ~e1°).3.',lofof 0 ]'=., 36 cm, 6 M Urea, 1 

x TBE, 51 'CoJJ>i GS Run 36D-2400 £%5'. 4<]'(} 1!1J>],l.i1, l/--"1>1 

n]3.~ ~¾ ~7]~ 50, Smooth option,'.:'.. 'None', Min. Peak half widthC 

3 .l'. 'l! E 5'. -af'l! cf. 'llc\±"11 ~-l:Pll "1 =,I 0 1 1"'1 "1 =.!-'I;: 850 base nf><I -l1 

•i~l'l!cf. :J. '!!1!f ;;J½'<! llj.3.£1 4'::: ]8715'. '-1-E\\d.il, 850 base 0 i~l"1 

lljc! 4';: l71j 0 J~r:J-. ';' z\ <llir¾oJIA1 %'111'! 671"1 llj.3.;s "11"1~l\'l, 

"13"1 0J.>g,il1I;: >;t>l 0,! B] "; 0 ]"! 5' 'llcl±"11~-l!'1l 01 11¾ ~•l~l'l!cf. 

o]cs ¾ llj.3. 4;: llj3 3.!i!.cf, llj3 6:" "i.3. 5 .II.cf llj3 ]3, 14::: "i"I 

12.!i!.cJ z/z/ 2 base -e "13.s!., .:::raj .il Ji/3. 8,0, Ji/3. 7.!i!.r:J- J base e- "i 

3.£, 4 .11]3."1]71"1 12-64% "J.lcss y-E})dcf. ojej~ '1-4'"1'1.! .ll].3."1 'll 

<.J 0 1 ~ Ji/.3.5'..!/-El PCR•l "~'.JB ~'1)>] oft.JI'! 7]'11"1'1.! ll-'11!f'lioJl•i 

ii},,.~{! ?} '?] ;,;] ~ ~ "r° \ij,~ 9-. 0 1 t~ ~ ~ 31} ~ microsatellite loci~ PCR 

3!}7l:!A] J.]Aj~~ -¥-"r°~~ PCR {!-~ (stutter)o] AJJ.j.£j~ ~1{32} 1:1]:;:t}lll 

.!i!. "I -"I '-1- repeat 'll 7 Vi 'l! 0 I O I t.l ,1 uj l/-oJI 0 ] "I;: cf-i'- .R 'l! E..s!. -\'! I± 'i! 

9-. 0 12}~ tt!t:11£ Zf AllTI'9-~ genomic DNA~% template.£. 0 1%~~ uJ1 

~ 7 if Y ¾ 57J -9-oJ] A·L 1 base7l- 5J.. '5] ~ ~ .g- -¥-"r° ~ ~ nl 3.7} ~ nl 3. ~l 

1)9-J ~ 4% "r¾.2...£. {l½~~c}-. oJc.i~ ~ llj3. ~-¥loJl -B-~~~ ~.g.. 

nl."1"1 ½'tl 2]<>11£ llj.3. 9, 10, 11 °1 2 base >f 0 1ss .11]3. 15, 16, 17 ::: l 
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Figure 10. Analysis of 5' T-RFLP for Hh:n digestions of 165 rDNAs amplified from 

a model community consisted of six bacterial strains using optimized PCR condition. 

PA, Pseudomonas aeruginosa, KH; Sphingomonas sp. KH3-2, BS; Bacillus subrilis, 

BM. Bacillus megaterium, AG; Arthrobacter globiformis, EC; Escherichia coli 
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Table 5. T- RFLP analysis of model bacterial commucity. 

Observed(expected) 
Difference 

Strain terminal rettriction Peak height Peak arc-a 
(b<:1st>l 

fragment( base) 

A g[obiformis 474.171472) -2.17 162 1450 

H megaterium 580.291578) -1.71 538 6709 

B. subtilis 240.461239) -0.54 815 6933 

E. coli 375.301373) -2.3 303 2982 

P. aeruginosa 155.001155) 0 I 13 646 

Sµhingomonas sp. KH3-2 82.34(82) -0.34 108 471 
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base ,foJ';c Aj';'_ ¥1"'111 t.\"1-t.\::: 7;! 01 -\'1~>15:!i:J-. 0 JcHf SI-& -"13."l •11 

/le° )1~1 -"13.~l71 i/"1 ztzt 1.6-I0.2% AfoJs'_ Lfch!i:J-. "i ¾- 0 1'1 "13. 

91 ½ft!o] PCR t!~]oj]J.i ~PJB ~~A1 7]7]-lf:-~AJ9.j ~~] (4 nl.3 ~-i 

9! i!j3.~ 1i'-l'?!A]';::: ~~t}A] ?tct. PCR t!7.l]oJ]J.i ~.AJ£j~g 7}'c;"J-8.

~'111~£ •n ~~>ls:!~~~~ q~ DNA~·~ -"II~~ ~c 

C997JoJ] !2)oH o]u] l2..:i1..B t1}7} 9J,.9_u:j ~;,;}AJl%~~i 8J-~9j ~%oJ]'-i ~ 

9ltHo):~ ~o]t:.J.. 

Ulj~o\1 7F"oc.-q!-~ t:1]~0]~ 11i=:u} AJjAj£jA] '?i'S:.~ PCR 3:z:!. ~ ~]~KS: 

l;'~gff 3']3:j:g} '-]Jio): ~ ?,!o]tj-_ o]t1t]- ~i1]~g 5H~"o}7] ~~ 1c1J~.9-"~ 

.:~ 9]';: 1j$1°]tj- (Liu%. 1997) . .:ie1Lt 0] ~~~ 1:l!o-J1d 1Q'C!~]'i!AJ't1t 

!i-:;:J~ T fil';: t!1'3-3:- A]Y7-ll 'f!tj_ .':E ii}Lf9.] t:1J-~_Q_£ ti] ~o].3i }!j.::19.j 

0] 76~ 1009-~ S:AJ?S}~ t1]~0]~ 5lj3..1} ll7Hol1Ai 41H~ ¾o1=cl-. ~el 

lt ~-~~i]11i- ¾e.llll £11i:!, 7t:Jt'" 'i.!{J-.1r_1} ~5::fi}';: ~.i!t~ 'i1-ll {ltj-_ EE 

0 1 t' loading >l·c DNA"! 0JoJI el EBi:J-. q loading>l::: DNA"l 0J 0 I i5' 

,ftj-oJI u}cf '12. zs:!"1 •l.ii.Oil'·1£ 7,J½sJ::: "13.'.::: ';;7fi>f~I SlE-ii!.. 

(;S ~%-"'l Oi',;A loading 0J~ ::i:J~iill-11 5:~i5},E-x] o}Y~. ~4oJ1 u}?} 

:J-iA1]7]1- ;I:Aj<5~ 0t<:>}~, .:I~-;0:- ~~-3:l.:?..~ B'B~ T ~foJ] 'a:l,c} . 

.2._.:t 011%±1J~ Zf J.1]TI¾oJ1 LR~ }IJ.3.~ AJLlJ~i1! ifo]~ \:l]ii!ii}O:j 

;J-~.3:111 {[,~U]%~ ~o}.!=i!_jlA} i5}9J.ct. AJcJ1~1! 1:1]%~ ~7] ~°&~J.1 ~ 
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7] ,l % 91 "; >J •J Lt's' <>II ',l ½ "1 :: "I 3::: 'al <>I :<] :: 0J'J ~ .!I. 0 I E-.s'-, Zl "1 

.3.9.j l;"!~g tl].ii!.5)-';:_ ~o] ~~~ol&f Jcl:1d£14 l:IJ-it].91 !;.Aa.AJ- l1J.3..Q.j "li 

o]sc l1-6Jof9lt:J- .5'.-.!"i'~::l-r{l"1 <1{! ,O:if::l-o!l:C: zi- o]•J::l-¾o!l •l'b'•f 

c genomic DNA'!,- %4 t<>i'l''l:/71 aJl,'-o!l Zl '11='"1 it 0 ]7f "]-;;~ ;! 

2-£ o\]>J-of9,l2-'-t, .:J.\') IQ,\ .lf. 5oJ]Aj .!/.c'R-O] 7\'l} ',[.,0, '{j*7J£1,- _!l.'1} 

7a -9- :::= Sphingomonas sp. KH3-2°l ~, B. subtilis9.l 7a 4- 71-.AJ- E.g.. ~ ~ 

7Jsc.:s .!1.oj-';,'<!Jl .::i. *fo]7f ll•lo!l 0 12 ,llt:J-. 0 iel~ .ll.'1!¾ ;,.6jt;f7I ~ 

3BAi lll'ff9.l 3.7], 16S rRNA i'r~A)-9.j ~~l-'r-71- m~~ P. aerugunosa. 

E. coli, .::i. "1 Jl B. subtilis<>ll •1 rt-&-fc "I =t;, ;c'1 •f9l tj- (.ll. 6). E. coli, 

P. aerugmosa, B. subtilis"1 genome 3:7] :C: 21-Zl 4,595 kb, 4,164 kb, 

5,900 kb 0 1Jl 16S rRNA %c!>f .af;<J]'i":C: 21-Zl 7, 4, 10°l'<!ct (Cloe ,) 

G1rons 1994!. 0 1£1\!-Ei %~9.l DNA~ PCRoJ] 0 ]%tl-~.2..E..£ ~ajf~'i} 

Jti-gD] ~o.JL}7-] 'ii'.U:9-Jl 7}AJ'§9_i uJl, oj]AJ~~ zt ~~.Q.j AJ-tjj~Z_l t:1]£

~ B. subtilis, E. coli, P. aeruginosao\] ~~t:J8"}';:_ Z} 9].3. E 0 l~ t1)%,C: 

Zlzt 52, 33, 15%0 11+, 11~"1'1! .J:."c ZlZl 66, 25, 9% 0 l'<!t:J-. ~ B. 

subtilis.Q.J 1--9-~ 27%71- ~7}"6}'.U.Jl, E. coli2t P.aeruginosa';:. 71-Zf 24, 

40% 7{]-~~ ~2...£. 1.-}-E}\fct,. Farrelly %0995).g. Ai£tj-.g_ T 7}A]2j ,1~] 

i!-1!-% 0]%<5}0:j 16S rRNA i'r{iA} ~~l~Q.J PCRoJl tH~ °a~J=g .S:Al-~ 

c;j,+ .::i. 'il >f 7f 71%o!l 0 1 .s,ll ct. 0 1 e] ~ {') "I aj '1} PCR"1 ~ '1l ::'. primer"1 

~tjJA;J, template9.l 2.X} T:f:., G+C ~i's'. template DNA9.l flanking %9.l 

~~J% 1i!g -'r 9.l,9 . .1-+ 78~~ 0 1%~ ~ W~~ ~.Al ~L} (Hansen ~ 

1998). Farrelly %119951::'. Zl <~ir'1'"1 G+C ~4.!l.ct:C: rrn .2.>ile"1 "i 

% .i't ;,. .l'c Oil eJ ~ ;! 2-!lc 4' 11 of Jl ~ ct. 01 e1 ~ c;l '4:: PCR "I 11 <>11'1 {') 

FJ!~~ PCRo] ~~,j:g g .!i!.°'l2r~ ~..£1..~ A}1!A]fi.~1f-E~ PCR¾ o]%~ 

• ]AJ~~~~ ~~oj]J.~ zt ).~%¾~ AJr-lj~~ ~3':_oJl r-lj~ ~J~~ 78~~ 
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Table 6. Effech of genome size and copy number of 16S rRNA genes on the 

T nFLP analysis. 

16S rDNA copy per 
Observed peak 

equivalent of each Devation 
Genome 16S height and 

bacterial genome and from 
Strain size rDNA percentage of 

Percentage of predicted 
lkbl copy the peak height 

predicted peak value {%} 
(%) 

height(%} 

H. subtilis 4,165 IO 1.561521 8151661 27 

E. coli 4,595 7 11331 3031251 24 

F. aeruginosa 5,900 4 0.441151 113191 40 
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Figure I 1. Electropherograms of 5' T- HFLP of the model community subjected to 

fol' restriction enzymes (Hhal. Mspl, AluI, RsaI, HaelII). 

PA: Pseudomonas aeruginosa, KH; Sphingomonas sp. KH3-2, BS: Bacillus subtilis. 

BJ\t: Bacillus me.'[aterium. AG: Arthrobacter globiformis, EC: Escherichia coli 
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Table 7 Prediction of ~' TRF ,md their inferred Dhylogcnctic group of sequenced 16S rD'.\/A clones from a R I 

sediment sample. 

-··-- -- .. .. -------·-------

Terminal Restriction Fragment Length 
Clone----------------

HfrlI Alu I Haeill Msp I Rsa I 

Il- 14 

B-37 

B-6 

B-64 

B-5 

B-78 

B-70 

B-17 

B-81 

B-21 

B-75 

B-63 

B-84 

B-71 

B-67 

59 

61 

61 

61 

61 

61 

67 

93 

95 

95 

95 

95 

146 

74 

229 

252 

252 

250 

146 

250 

252 

74 

244 

67 

219 

67 

67 

175 

69 

221 

77 

195 

193 

198 

193 

506 

204 

330 

218 

205 

218 

218 

474 

472 

132 

155 

441 

439 

452 

439 

441 

495 

500 

510 

164 

510 

510 

65 

455 

250 

110 

474 

58 

226 

58 

58 

Presumptive 

phylogenetic group 

Gram positive, Eubacteria 

c -Proteobacteria 

Gram positive, High G+C 

Green non-sulfur bacteria 

a - Proteobacteria 

a - Proteobacteria 

r -Proteobacteria 

a - Proteobacteria 

c -Proteobacteria 

r -Proteobacteria 

8 -Proteobacteria 

0 - Proteobacteria 

0 -Proteobacteria 

0 - Proteobacteria 

0 - Proteobacteria 

Nearest neighbor 

Oustridium liturale 

Campylobacter sp. 

Arthrobacter nicotianae str. 94 

Thermus sp. str. isolate Fiji 3A.l 

Roseobacter algicola str. FF2 

Roseobacter aigicola str. FF2 

symbiont of Solemya reidi gill 

Paracoccus aminoph.ilus str. DM-15 

symbiont of Rimicaris exoculata 

symbiont of Lucina nassula 

Chondromyces crocatus str. Cm c6 

Pelobacter acetylenicus str. WoAcyl 

Desulforhopalus vacuolatus str. ltklO 

Pelobacter acetylenicus str. WoAcyl 

Peloba.cter acetylenicus str. WoAcyl 



Table 7 Continued 

Termmal Restriction Fragment Length Presumptive 
Clone Nearest neighbor 

Hin! Alu I Haem Mspi Hsa I phylogenetic group 

B-82 95 219 206 164 244 a -Proteobacteria Desulfofustis f![ycolicus str. PerG!ys 

B-77 95 220 207 164 245 a -Proteobacteria Desulfofustis glycolicus str. PerG!ys 

B-47 98 251 69 461 489 r -Proteobacteria symbiont of Solemya reidi gill 

B-55 98 288 494 132 Flexibacter-Cytophaga CytoplYiga uliginosa str. Zobe!I55.3 

B-54 IOI 75 228 58 Gram-positive, High G+C Marine snow associated bacterium Adriatic31 

I B-65 129 256 226 169 471 Gram-positive C!ostridium cellulolyticum 
l;! 
I B-IO 189 221 208 160 493 r - Proteobacteria symbiont of Solemya reidi gill 

B-36 199 461 289 337 396 a -Proteobacteria Bdellovibrio stolpii str. UK.i2 

B-60 204 152 401 487 82 r -Proteobacteria Aeromonas sp. str. BBS 

B-32 204 401 487 82 r -Proteobacteria symbiont of Codakia costata gill 

B-61 204 152 403 489 82 r -Proteobacteria symbiont of Lucina floridana gill 

B-58 204 152 250 488 82 r -Proteobacteria symbiont of Codakia orbicularis gill 

B-68 205 68 153 177 482 a -Proteobacteria Pelobacter mrbinolicus str. GraBdl 

B-25 208 470 298 346 450 Gram-positive Spiroplasmn citri str. R8A2HP 

B-44 2!0 202 222 167 310 Gram-positive, High G+C Arthrobacter polychromogenes str. 2568 



Table '/ Continued 

--·---

Terminal HestnctIOn Fragment Length Presumptive 
Clone Nearest neighbor 

Hlv l A/11 l Haem Mspl Rsa 1 phylogenetic group 

R-79 211 74 323 4q4 r - Protrobacteria symhiont of Thyasira ftexuosa gill 

8-20 220 211 238 153 8fi 0 - Proteobacteria intracellular ilea! symbiont of Mesocncetus 

13-31 225 201 77 152 86 /3 -Protea bacteria Nitrosvmvnas sp. str. Nm84 

B-3 226 253 219 463 491 y - Proteobacteria Achrornat1um oxallferum 

R-16 232 259 180 211 488 Nitrospina Holophaga foetidn str. TMBS4-T 

.)I 
B-66 341 250 227 439 118 ()' - Proteobactcria Rhodobacter capsulatus str. A TH 

I 8-60 355 231 197 487 82 r - Proteobacteria Methylobacter luteus 

8-57 355 231 197 487 82 r - Proteobacteria Methylobacter luteus 

B-85 :J62 155 257 540 478 0 -Proteobacteria Pelobacter carbinolicus str. GraBdl 

R-7 371 155 257 494 477 r - Proteobacteria symbiont of Lucina nassula 

B-69 371 73 191 494 r - Proteobacteria Oceanospirillum commune 

B-80 371 74 408 464 492 t -Proteobacteria symbiont of Codakia coslata gill 

8-34 372 239 207 161 Spirochaeta isovalcrica SpiroclYieta isovalerica str. MA-2 

Il-1 377 75 263 500 483 r -Proteobactena symbiont of Lucina nassula 

13-11 377 253 238 340 119 



Table 7-Continued 

Terminal Restriction Fragment Length Presumptive 
Clone Nearest neighbor 

Hlul Alu I Haem MspI Rsa I phylogenetic group 

B-46 532 74 196 82 r - Proteobacteria symbiont of Solemya reidi gill 

B-19 537 227 93 144 444 Gram-positive Clostridium thermocellwn 

B-22 540 84 551 466 449 c - Proteobacteria symbiont of Rimicaris exoculata 

B-9 540 84 466 449 e - Proteobacteria Campylobacter sp. 

B-48 544 84 534 467 450 c - Proteobacteria Campylobacter sp. 

B-43 546 74 472 455 e - Proteobacteria symbiont of Rimicaris exoculata 
I 
~ B-73 546 74 69 472 455 c - Proteobacteria Campylobacter sp. 
I 

B-33 546 74 69 472 455 c -Proteobacteria Campylobacter sp. 

B-4 546 74 69 472 455 c - Proteobacteria epibiont of Alvine/la pompejana str. APB13b 

B-51 547 74 472 455 c - Proteobacteria symbiont of Rimicaris exoculata 

B-56 547 74 472 455 e - Proteobacteria symbiont of Rimicaris exoculata 

B-62 547 74 557 472 69 c - Proteobacteria Campy/oba.cter sp. 

B-26 547 74 472 455 c - Proteobacteria symbiont of Rimicaris exoculata 

B-15 547 74 472 455 c -Proteobacteria symbiont of Rimicaris exoculata 

B- 12 547 74 537 472 69 e - Proteobacteria Campy/obacter sp. 

B-76 548 74 559 472 69 c - Proteobacteria symbiont of Rimicaris exoculata 

B-45 583 174 272 162 r -Proteobacteria symbiont of Solemya reidi gill 



I 

" " I 

Table 8. Prediction of 5' TRF and their inferred phylogenetic group of sequenced 16S rD'.'JA clones from a D-1 

sediment sample. 

Terminal Restriction Fragment Length Presumptive 
Clone --- Nearest neighbor 

Hool Alu I Haem Msp I Rsa I phylogenetic group 

D-51 74 225 601 273 Gram-Positive, High G+C Marine snow associated bacterium Adriatic31 

D-1 253 209 I 12 132 Planctomyces Pirellula sp. str. Schlesner! 

D-53 264 207 127 36 r -Proteobacteria symbiont of Lucina pectirlllta gill 

D-60 74 225 598 273 Gram - Positive, High G+C Marine snow associated bacterium Adriatic31 

D-23 271 441 163 511 a - Proteobacteria Viikki forest soil DNA str.1 

D-44 61 80 219 l'/6 494 e - Proteobacteria Helicobacter trogontum str. LRB 8581 

D-20 61 190 173 119 

D-75 93 244 330 500 84 8 - Proteobacteria Chondromyces crocatus str. Cm c6 

D-38 94 156 67 143 245 8 -Proteobacteria Geobacter hydrogenophilus 

D-73 94 156 217 294 491 Gram-Positive, High G+C 

D-40 94 66 230 143 Gram-Positive, High G+C Marine snow associated bacterium Adriatic31 

D-30 95 219 205 164 244 8 - Proteobacteria Desulfcfustis glycolicus str. PerGlyS 

D-57 95 67 204 508 243 8 -Proteobacteria Desulfcfustis glyco/icus str. PerGJyS 

D-15 95 219 205 164 244 8 -Proteobacteria Desulforhopaius vacuolatus str. ltklO 

D-2 96 157 206 452 132 a - Protea bacteria Aquaspirillum itersonii 



Table 8- Continued 

Terminal Restriction Fragment Length Presumptive 
Nearest neighbor Clone 

Hool Alu I Haem Mspl Rsa I phylogenetic group 

D- !3 97 7'.l 240 166 '"' a -Proteobacteria Desulfacinum infernum str. BalphaG l 

D-48 I()() 260 279 177 127 

D-58 103 25! 213 141 243 a -Proteobacteria Peloba,cter acetylenicus str. WoAcyl 

D-69 !73 155 202 174 84 Gram-positive High G+C Sporichthya polymorpha 

D-54 !87 158 205 295 fl -Proteobacteria Nitrosomonas sp. str. Nm84 

1)-41 189 221 208 HiO r -Proteobacteria symbion of Solemya reidi gill 
' ;.: 1)-7 195 204 147 420 Gram-positive Bacillus thuringiensis 
I 

D-52 203 !52 315 486 r -Proteobacteria symbiont of Lucina nassula 

D-49 203 230 315 486 SI r -Proteobacteria symbiont of Lucina floridana gill 

D-77 204 23! !97 487 82 r -Proteobacteria Achromatium oxaliferum 

D-39 204 152 401 120 82 r -Proteobacteria symbiont of Codnkia costata gill 

D-76 204 231 316 487 82 r -Proteobacteria symbiont of Lucina floridana gill 

D-6>< 204 152 316 487 68 r -Proteobacteria symbiont of Codakia orbicularis gill 

D-61 204 231 69 487 150 r -Proteobacteria symbiont of Codnkia costata gill 

[)- '.l4 204 231 316 487 82 r -Proteobacteria symbiont of Lucina jloridana gill 

- --·--



Table R. - Cnntinued 

----·--- ·-- ·---- -·--- -·--. 
Terminal Restriction Fragment Lenght Presumptive 

Clone Nearest neighbor 
Jim I Alu I Haem Msp I Usa I phylogenetic group 

V-32 204 231 197 486 til r -Proteobactena symbiont of Codak1a orbicularis gill 

0-35 204 231 316 487 82 r -Proteobacteria symbiont of Lucina floridana gill 

D-27 204 ]52 250 487 82 r -Proteobacteria symbiont of Lucina nassula 

O-S5 205 ]52 18] 516 447 fJ -Proteobacteria Nitrosomonas sp. str. Nm84 

0-21 208 73 254 460 r -Proteobacteriu symbiont of Lucina nassula 

0-22 210 158 222 20::i 310 Gram-positive Clostridium lituseburense 
I 

:,j 0-9 213 75 235 129 477 Gram-positive ,high G+C, Marine snow associated bacterium AdnaucRl 9 
I 

D-72 216 243 P13 130 457 Gram-positive ,high G+C Microthrix paruicella 

D-14 226 157 77 125 492 Nitrospina Nitrospina gracilis str. Nb-211 

0-26 226 253 338 509 r -Proteobacteria symbiont of Codakia costata gill 

0-78 226 253 219 510 482 fJ -Protea bacteria Nitrusomonas sp. str. Nm84 

0-25 227 257 77 125 494 Nitrospina, Nitrospina gracilts str. Nb-211 

0-37 355 452 197 487 82 r -Proteobacteria Methylobacter luteus 

0-4 360 236 2S.5 279 476 Gram-positive ,high G+C Heliobacterium chlorum 

0·28 36G 154 318 489 68 r -Proteobacteria symbiont of Codakia cvstata gill 
------· ---·- -------



Table 8. - Continued 

Terminal Restriction Fragment Lenght Presumptive 
Clone Nearest neighbor 

1/oo I Alu I Haem Mspl Rsa I phylogenetic group 
---

D- I I 370 74 203 82 476 r - Proteobacteria Ectothiorhodospira varoolata str. BN 9512 

D-6 370 73 146 143 486 r - Proteobacteria ChromolY:llobacter marismortui str. A-49 

D-59 371 74 257 494 r - Proteobacteria Achromatium oxaliferum 

D-3 371 74 190 155 r - Proteobacteria symbiont of Codnkia costata gill 

D-56 375 143 243 125 491 f3 - Prnteobacteria Nitrosomonas sp. str. Nm84 
I 

1!: D-36 378 131 I 
207 164 494 0 - Proteobacteria Pelobacter acetylenicus str. WoAcyl 

D-29 399 66 314 181 191 

D-71 535 76 199 84 f3 -Proteobacteria Nitrosomonas sp. str. Nm84 

D-5 540 167 215 174 445 

D-8 550 239 213 138 

D-12 567 147 299 2&'l 542 

D-47 568 73 191 143 r - Proteobacteria Methylomicrobium pelagicwn 

D-31 582 253 272 509 r - Proteobacteria symbiont of Codakia orbicularis gill 

D-'.11 C,84 ZS! 67 294 80 f3 - Proteobacteria Nitrosomonas sp. str. Nm84 



Table 9. Prediction of 5' TRF and their inferred phylogenetic group of sequenced 16S rDNA clones from a E-1 

sediment sample. 

Terminal Restriction Fn1gment Length Presumptive 
Clone Nearest neighbor 

Hml Alu I Haem ,'\Isp I Hsa I phylogC'nf'tir group 

E-15 90 67 207 164 492 Gram- Positive Thermcanaerobacterwm thermosu[fungenes str 4B 

E-44 93 67 330 500 474 8 - Proteobacteria Po/yangium sp. str. Pl 4943 

E-28 93 155 27 131 81 a -Proteobacteria Geobacter su{furreducens str. PCA 

E-42 96 68 219 510 59 8 - Proteobacteria Pe/obacter acetylenicus str. WoAcyl 

E-12 373 74 206 145 579 fJ -Proteobacteria Nitrosomonas sp. str. Nm84 
I ., E-27 375 148 177 476 459 Gram-Positive Oostridium putrificum str. 2318 -I 

E-45 385 177 184 58 

E-43 476 209 243 345 127 

E-41 476 209 243 345 127 

E-36 533 75 197 83 /3 -Proteobacteria Nitrosomonas sp. str. Nm84 

E-13 539 74 472 455 e - Proteobacteria symbiont of Rimicaris exocu.lata 

E- 19 540 84 551 466 449 e -Proteobacteria epibiont of Alvinella pompejana str. APB13b 

E-30 545 73 98 471 454 e - Proteobacteria epibiont of Alvinella pompejana str. APB13b 

E-1 546 75 536 472 455 c -Proteobacteria Campylobacter sp 

E-48 546 74 472 455 e - Proteobacteria symbiont of Rimicars exoculata 



Table 9. Cuntinued 

Tenmnal Restriction Fragment Length Presumptive 
Clone 

phylogenetic group 
Nearest neighbor 

Hml Alu I Haem MsµI Rsa I 

E-23 546 74 554 472 455 E - Proteobacteria f'J)ihiont of Alvmella pompejana str APB 13h 

E- 17 546 74 557 472 455 E - Proteobacteria symbiont of Rimicaris exocu/ata 

E-35 546 73 557 471 454 £ - Proteobacteria Campylobacter sp. 

E- 16 546 74 69 472 455 E - Proteobacteria symbiont of Rimicaris exoculata 

E-32 547 74 69 472 455 £ - Proteobacteria symbiont of Rimicaris exoculata 
I 

l:l E-31 548 74 559 473 69 £ - Proteobacteria Campylobacter sp. 
I 

E-33 548 74 538 472 455 £ - Proteobactena symbiont of Rimicaris exoculata 

E-40 548 74 69 473 456 £ - Proteobactena symbiont of Rimicaris exoculata 

E- 14 548 74 538 472 455 e -Proteobacteria symbiont of Rimicaris exoculata 

E-7 549 74 539 473 456 E - Proteobacteria symbiont of Rimimris exoculata 

E-49 549 74 539 473 456 Gram-Positive Acetivibrio cellulolyticus str. CO2 

E-47 550 75 69 474 457 £ - Proteobactena symbiont of Rimicaris exoculata 

E-29 552 76 71 474 456 c - Proteobacteria Campylobacter sp. 

E-lK 599 200 71 203 84 Gram-!-'ositive, HIGH G•C Streptomyces thermvvulgaris str. ISP5444 
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Table IO. Characteristics of soil samples from intertidal zone. 

Soil sample Site 

3.05 x 10• CFU/cm·' 

2 4.65 x 10' CFU/cm·' 

3 1.80 x 107 CFU/cm' 

4 1.22 x 10• CFU/cm·' 

5 1.54 x JO' CFU/cm·' 
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