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Summary
1. Title

Study on the molecular ecological methods for the analysis of microbial
community in the tidal flat

II. Objectives and Significance

The purpose of this study was to develop a new method for the
research of the structure and diversity of bacterial communites in the marine
sediment. It is essential to research the structure and function of bacterial
communities which play an important role of producer as well as
decomposer in order to understand the primary properties of the system,
dynamics and stability in the marine ecosystem.

Selective enrichment cultures fail to mimic the conditions that particular
microorganisms require for proliferation in their natural habitat. Molecular
biological techniques offer new opportunities for the analysis of the structure
and species composition of microbial communuties in soil, symbiont, hot
spring and marine deep sediment. In partucular, sequence variation in rRNA
has been exploited for inferring phylogenetic relationships among
microorganisms and for the designing specific nucleotide probes for the
detection of individual microbial taxa in natural habitats. These techniques
have also been applied to determine the genetic diversity of microbial
communities and to identify several uncultured microorganisms. They
constitute the cloning of ribosomal DNA or PCR (polymerase chain
reaction)-amplified ribosomal DNA followed by sequence analysis of the

resulting clones.



In this study, an approach for direct determination of the microbial
diversity of complex microbial populations in marine sediment carried out

using restriction fragment length polymorphism (RFLP) analysis.
III. Contents and Scope

1. Establishment of DNA extraction method from a marine sediment for
the PCR.

2. Obtaining 16S rDNA clones using PCR and cloning.

3. Analysis of 16S rDNA clones by RFLP

IV. Results and Suggestions

1. The method of efficient removal of humic substances has been designed
using PVPP (Polyvinylpolypyrrolidone) microspin column from crude DNA

extracts of marine sediment.

2. The 93 clones contaning 16S rRNA gene were confirmed from 115

positive clones.

3. The RFLP analysis of 165 rRNA genes using EcoRl and Haelll has been
carried out. The restriction analysis of the 93 full-length 16S rRNA gene
clones identified 66 distinct clone familes. For the phylogenetic analysis of
the complex microbial communities, it is required to sequence 16S rRNA

sequences of the resulting clones.
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A ANANN w4E 2P AANZAL A2, 2Tt &3, 2en
9 F2 WM FReE 2R 277} S An2 ABH, INH 954

Ol

& st ool Avh £ NAES FHH R TR o o
0, 2 FH7F GFsty] WEol YA AAe SAe ZE uAE F

%, FAHINE 4 AY EVrsEY ofHztA AAA A EAste AT 23 F
dA FElEn 2 A4 ¥ AL 20%7t HA Rite Ao deid o
(Wayne et al, 1987). 2814 o]8ist FAHE AUAA & Foz2H £ g
dFdAAME AAANY ATE FAM 9% o] AlTEe] HEFAA 4

2 gEe £ ¢gde Ba% Aot (Amann et al, 1994). @A A4 A Ao

2tk (Ward et al, 1992; Fuhrman et al, 1992). webA =3 A A ko)l A2
ste Mg 39 72 2 98 393 94F4e Hdstele A7 A
A FAFE HAER ol FHIV AT €2 =¥Ho] AEHAUAT (Barns et
al,, 1994; Haddad et al., 1995; Laguerre et al, 1996; Fuhrman et al.,, 1993;
Weller et al., 1991; Moyer et al., 1994, Arahal et al., 1996, Britschgi and
Gionvannono, 1991; Lee et al., 1996). Rt AefAe] mjAE FHE olafisl7]

pe o g3t Zol

g & Alxe FA AHE E3] ZolRE RNAY 97IMFS EAuwste], n)a)

d¢ WzoE, NP WIS FIA Gn BAATRH P



2 T UelAM vAEY FHE Zotln ZZe v U FFE 4
AgeozA A Fx V%S B, BPHer AHA SH4E o

g Aol

M2

4>

2ol = RNAE @ud FAo Bodatn, vlo]elas #e A nE A
20 A5t Q7] GEo 7N EHS Soid 2 nA2 e AR

J

g walm, ASSH A FAFoH, AFBASE F4¥ + Ao
(Woese, 1987, Bintrim et al, 1997). 28l wA&9 AFEAHA IAlet ®HE
gAze olalE A oW ATFHA 1Fo2RE 4o, YHHH YuS

de Ao REAHOR shesitt. 2 x, ZolBF RNAY F7IAE HAR<=
o8] wlol2a3d o 9o}, o 3000F 9 Al wid 16S rRNAS |7IMde]
dAA Jom, AFE B2 T WiId F2 Mg 5 e LB )
rRNASl d71Ado] waix 3 gt} (Olsen et al, 1991). o]2ig |7|H Qe A
2E ol&3to Ad QA T WA 52 RNA 471 AE& 717 14
29 i 98 £ Qe HPIFF el €3 (probe)E ML +
A o] & o] fst, AEjA WHolM A FHAHoR EAI nAE
g £ JE& Aoln

Qe vAE A ZF vAyEY] S FA BHristr] e, rRNA
871 AE BEE ol&stedle F /HA9 HIWHol EXgt A HAHR
293 d71 Mg AR g AALEHY nAE ZHRRH A A
rRNA €71XE & g5zt Rolth. AHAY AAE W E€ T 9AE
o] G7IMES A o] AVIMEERE Holg Holzd JE &5 £ #F
g g 47 Ad Ha FMetH, ol AA AEHY mAEE] nA
E &3 WY olv £ wigE AAEAAY A7 E & 5 U =3 g &
o] dlo]g Hlo]xe}t Hlwdle] Zt v|AFe AFHAH EAHS A, widd &
< WgEHA Fe vASAVE & F U F HARE SHI 2
oA g dig FHE 1t /Aste Rolth o] rRNA €71 A€

AE AHAUY Pl BE THAM EHT ATIHA 2F F& Tl deAE
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=
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2 sbxlel whd s @A Aok Az
24& RNA 24 £ RNA §d27 2 5 9o0, ojd dojx: Fu:
2etzch Z rRNA 22+ RNA fAXZEE AA =, 2 o] njgze] 4
T &5 G Wy fEd AU AR ¥ Fe FF Ay 3¢ EdE
#t}h (Pace et al, 1986). rRNA #dzt9] A<, 3 F79 4427 o &
A 2 ouAge FRWe $¥evn HAY = gk DNAS $E3te de
&, rRNAS @714 EE 27] A3l shotgun F2Y9 ¥¥ z8lx PC

& 229 wyo] o893 Atk rRNAS AS$ 9AAL wSo] ojs] cDNAS
48 e 2249 = Hd3 DNA $43 PCRE £33 22y HHo

=
tlo
o
ol

BA AU U 88 W 2 sb4e meisolAor @ Aldtel &A@
AdHoz EAste vAEY A BAE e E2YH d7) ML 4
% &< Hybridizing probing ¥ olE ol A Feje] Alg=2ie AFHA
%2 kel 22 WA vt dodin Ad @Fo2REH s de 2 vt
Aol WHEol ALGHAAT ol WYPE AAHoR EAsE DNA £
RNA E5F sedgn 238 & o (Leff et al, 1995). wehA DNA &2
RNA &9 &4 dal A2 dayo] slen, ojn] R AF g

oatH A Aol Hake] Ehol T B T Egd vHE T oy
FTe A & gl S0 A& ofd Heje] v AEd s MY
o Yoz FHE ARAMA F¥HY S Bk a8 Az 2
o] #ZH¥ humic E2FL AF FAWTL AHANZ F o,

polyvinylpolypyrrolided] &2, && o] &3 2, 28z Ao ol&] humic &
A& AAs7 3 de]l A¢tH7IE sttt (Tebbe and Vahjen 1993). =&
PCR# €29 #A4 Fo DNA £ RNA templatec]l g S uFZd e
oj=9 5¥E hybridizationel &Est7] W&o, BFHS Hy] Hs) HFwd

l



3

&
5

49 P

13
s,

22 A

}

k<]
“

ol el

of netyt A¥ze] dasirt

oAEe ggdel lxstd Mze BEH

=

Efo]

b Zbs4e Wl el B4 AR

I

d}
=

§Fo=N AFTES

A

Axs & Rotuzt zAE #7349

ofy
v
&

il
ok

KB
3

o

oy

&



A23As R EHY

21. A8 A 2 24

ZALA AL LNGHF9F WA Atolel 29 AY (Fig. DolA HAEE AQH s
9dtt, EHAEE van Veen Grab sampler® o] &3 H3E F FZEFAEE
100 m¢ &2 e ANEEY SAGUY. HHEANSY AxEAF 2 T

S 20 M £F FY vialdl € A2 3w £FY FAVIZ AR 1 w4
S FH3ld 9 F 80 ColA 2 & dxA7 A%y FAAolR S
Atk HU7IE FHE HAFZE ARE S500CE A vhEet B A% A
zpolZ F3A Tt (APHA, 1985). AT SA S A% Algc dFddA vz
nARsAL AERE B AE2 3w §F] FAVIZ 2 iE FH3te 20 meel
AREEH 5% formalingdHdo] ¥ F & 4olFJtt. Formalin® 2 173
AR 1 mE Waring Blenderol 99 m¢e] g Td 3ie g4 Hd &
high speed2 1#4 23] blendingAl At (Dye, 1983). BlendingAl# &4 § Al
72 1 ME #Hsl9 DAPIEdoz gA3 F YAHPr 4 (Epifluorescence
Microscope Exiopfan, Carl Zeiss)o.2 773t wigdd wg A4 +-E F3
o FATFFE TIHAT (Fry, 1988). #7199 A/ He F5994
EZHE 95ty HAEAZ 1 me AEE 100 me BT sigo H7ste 2
AolFeh FFdrE HAAFER AN F dHAEE Petrifilmu} 2] (3M)
o 1 mA F=EZ 3FY FFsFAT. 20 CTolA 257zt wldsted 449 A

Fo £2 ASadon JHNSE Foto] FEIFATSFE Fahdoh
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FEAoR2 20 m-&%FY vFAdHUEE  Eppendorf FE (508-GRD; QSP
Co. USA)ell 2538t #de FE2dd7tx -70ToAAM E#sAo. AgE 5

Z3= 7|BHQ WML Tsai 9 Olson (1991)¢] A< H3Aoh sAibe] 2z
HAe AzZke ©Ear] ddtd, 7|2 UHe 44 T Y2 FHL 27}
5+ T}

R
HAZ AR 05 go] B 20 ml £ mBAAEE FEol 04 ml
9l 01 M sodium phosphate ¢%&% (pH 80)0& #H7He¥, Fxed
vortexingstel, B4 & A& S5 4 AZHY. F3dE nAES FHANYE 7
BE Ao Z53A437] (Branson 8210; Branson Ultrasonics Corp. CT,
USA)A 285 234 AHE it H48F 24a44E 10000 X goll A 58
r AAEYEY, FEAE AANGY. 04 mlel lysis £ (lysozyme 15
mg/ml in 0.15 M NaCl, 0.1 M EDTA, pH 80 &4A17]x, 37C FZA
208 A= vortexE ol &3 HolFm 1 AIZE g AIF T 04 mie SDS
£ (10% SDS, 0.1 M NaCl, 05 M Tris-HCI], pH 8.0)& #H7}33%, 43 e
g AR HolFn AAAL G} B5THEE GR)6] WHol YolFn
dY¥ Y& 33 NHEIIY. 04 mle] s (saturated in 0.1 M Tris-HCl,
pH 80)< ¥eolFi, REE F43 Aoy gHMHEE HojFugg
10,000 X gollA 5%zt AR AD FEd (F 0.7 mhe Y, 42
Epp. § X2 &713, %2 phenol/chloroform/isoamy! alcohol (25 ; 24 ; 1) &
BE FFon HoFEHE 10,000 X golA 587 AR s
oo HAEs4EE AAS] 98 AES (F 05 mDE FHEY
NFEF, %9 chloroform &3-8 9% (chloroform ; isoamyl
alcohol = 24 ; )& #H7tsld, & HAEF A4 E8 (10000 X g, 58)stdoh
Al 25 (¢ 04 mDE FHst AFEA &%, 539 isopropanol (-2
0C)E H7tstd, -20TAA 1A1ZE o] WRste], AA A4S AAANNE ¢
AEY (10,000 X g, 15 #)8td AAES ATk o] HAES 75% olgt

o2 Al AZAZHAY. Humic acid®] L@ oz 13k Mo A A

[of



S 50 wplo SFE8Y (20mM Tris-HCl, 1mM EDTA, pH 80)9 =d¢L,
RNAE A)A3 7] 93] pancreatic RNase A (Sigma Chem. Co.)& 0.2 mg/ml %
2 Agstal, 37CAA 1A #SA7 T -20THH BBS, o F humic 2
1e AARAG W22 ALNBE AHEFYT

2.3. Humic £Z&2] AA

Humic 22& AAsZIHa vZ7bxe] By (o722 Ao A7YF5F
A3 4% G-75 microspin column; PVPP (Polyvinylpolypyrrolidone; Sigma
Chem. Co., St. Louis, MO) microspin column; Bio-Gel HTP Hydroxyapatite
(Bio-Rad Lab., Hercules, CA) microspin column) & #A&3le ulmsgch
(Berthelet et al., 1996; Young et al, 1993; Tsai and Olson, 1992; Purdy et
al., 1996).

AAZ YA 2FEFH B0uDE oPtEZR HVIFF (1.0% SeaPlaque GTG
agarose (FMC Bioproducts, Rockland, ME); 40 mM Tris-acetate, 1 mM
EDTA, pH 80; 3 V/cm) 34, 05 pg/ml 2] EtBr (ehidium bromide) & <ol
FAADE, Hilo] Qe FH9 opt2zE Adsted dL&F  AgarACE
 Enzyme (Promega Corp. Madison, WI)& o] &3}o}, A xA el o) uje} &)
e EEAMNF HF §4 50uld S FEE5

Sephadex G-75 (Pharmacia Biotech Inc., Piscataway, NJ)& 10 mM
Tris-HC], pH 8.0 &#Z & Ho) swellingAl71 %, B# ¥ Micro Bio-Spin Column
(Bio-Rad Lab., Hercules, CA)°ll ¢ 05 ml AEE AA1Z 2 g8
(05 mhe= 3 8 AHF HAFEA (5041 loading 3+, 1,000 X goll Al
2 ALY, AFE TR

22 PVPPE 2 N HCl 89202 A3y Had FHFE 53 AHsn
oAl 10 mM Tris-HCI, pH 80 ¢$&&do 2 A X, PVPP sluryE W

(121C, 15 psi, 15 min) 3999t PVPP microspin columng ©+57)9& @

M
o

(it



Micro Bio-Spin Column (Bio-Rad Lab., Hercules, CA)o} ¢ 05 ml B=& %
ANZFE, Z2E 4589 (05 mhez 3 3 AxaF gak 255
loading 3te1, 1,000 X gol A 2 #7 MR estel, Gae Fasdch
‘Bio-Gel HTP Hydroxyapatite (Bio-Rad Lab. Hercules, CA)& &8
(120 mM sodium phosphate, pH 7.2)ol EAAIA, 3] AHszn, dFsr}
ok 05 ml®] HTP7} £°] 9+ microspin columng THEZE A 2Z2Zd 50
plg& EEEF 1,000 X gollA 2 3 ARG AT. 18] 05 mle] 120
mM sodium phosphate, pH 7.2 2 33] 94&2ste, HTPol| €A+ #atko)
9o £4& AAsA & EEA77198, 05 mle] 500 mM K:;HPO,
(pH 7.2)2 1,000 X golA 2 £ AR Y3y €& 9L Sephadex G-75
spin column®2 E-& AASHE 25 w9 & Hrsld AAA T 23

70% B2 MHstn AXTE HF 50uld 59
2.4. 16S rDNA Z=Z 42 Z =24

16S rRNA FARE FEZAI7] Y38t primer 27F (B'-AGA GTT
TGATCM TGG CTC AG-3)% 1518R (5'-AAG GAG GTG ATC CAN CCR
CA-3")S AF&3t9 ™ (Giovannoni, 1991). PCR &7 & 50 mM Tris-HCl (pH
9.0), 0.1% TritonX~100, 1.5 mM MgCly, 0.2 mM dNTPs, primers 1 M, Tag
DNA polymerase (Promega Corp., Madison, WI) 2.5 U, Template ¢ 100 -
001 nge® &3 ®g F3] 50 pl §FOR 94TolA 582 we-F, 94T A
1% 60ToAA 1# 72ColA 2222 353 88 w3 A S 72ColA 727 o
BFSAIZTH PCR AFE& EA43H7198 08% o722 Ao PCR #-gd 10 «
& #7719 % (TAE &F 89 75 V/em) 39, EtBr (05 pg/ml) o} 1 A7y &

—

B2 @2 A1213 UV Eluminator (Vilber Lourmat, Cedex, France)Z

PCR WH&F ol7l2= XM7]19 5% 16S rRNA fd el s2dst= o 15 kb



A712] DNA ZH-E PCR Preps DNA Purification System (Promega)< ©l-&
3le] Ealstger. 23® DNAE pGEM-T Easy Vector (Promega Corp.)el
ligation &% E. coli JM1099] FHAHEAA 115 7He] FAARAE LA 4
7o) §AABRE E coli IMI099] ¥ 2 mho2RE Fav= e kit
(Wizard Plus SV Miniprep Kit; Promega)$ AHg3te] ZgAn=g E2383A
T Ztzte] Bl EP¥Av=2RE 15 kb #7]9) DNA H¥o] HEj o] &
A= ARE L71Y3) AFEA EcoRl (Promega)Z = 8l3F3t.

2.5. RFLP 4

HAAFA 1156 FE29 4 15 kbel DNAYF E0de Ae=2 F0dE 93 €8
o dal, At 2& Aoz RHad ZTg2v=E template ( 05 pl = & 25
ng)2 3] ojx PCR (HFHF 100 «D& AAlIste 15 kb PCR &S &
3 PCR Prep (Promega)S.2 ¥23% Haellldl thdf RFLP 248 dA8 %
o WS HF 59 10 ¢I12 %1, PCR A48 (HF 539 50 pl) 5 ul
E Ztzbol A FEA 1.0 g1 (10 unit) X2t 37CTAA 2 A|ZF G AAF 2
19 loading buffer& ¥ I 2% ol7t22 (Agarose MS, BM) A& o] &3t
35 V/ecmZ 3] 2A1ZF A7/fA7I2 42 Wier NS fFsty &
o]= A} (Polaroid 667)& & %1t}

&

=

=

kel e 260 nmolX FRFEE SAHSY AANAL, Avexo o @2
I+ 5EE A8 9t (Maniatis et al,, 1989). ZZ %] ols] &4 AHeko] o]y
& B o2z AVFGEF 7 A4l =g EFE S wwste A

33 Humic 529 LAAEE Amenl R T Ts4 o



A3%A74E% 2 2F
31 AFHAEY A

s HA4Es BH@dA® CFUE 136 x 10° Jg-dry weight, B8
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Figure 2. Purification of total DNA from marine sediments of Site 2 in
coastal area near Sihwa lake in Kyungki-Bay using different method of
removing humic substances. ‘

Lanes M, ADNA/Hindlll markers (500 ng); 1, crude DNA extract; 2,
purified DNA from agarose gel elecrophoresis; 3, purified DNA using G-75
microspin column; 4, purified DNA using HTP microspin column; 5, purified
DNA using PVPP microspin column. Each lanes were loaded 10 #1 of DNA

extracts.
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Figure 3. Effect of dilution on PCR amplification of 16S rRNA gene from
crude DNA extracts of sediments sample of Site 2 in Kyungki-Bay.

Lanes M, 1 kb DNA ladder (Promega); 1, undiluted; 2, 10! diluted; 3, 102
diluted; 4, 107 diluted; 5, 10* diluted; 6, positive control (genomic DNA of
Cytophaga sp. OT-1); 7, negative control (deionized water). The arrow
indicates the amplified 15 kb fragments of the 165 rRNA gene.
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Figure 4. Effect of dilution on PCR amplification of 16S rRNA gene from
purified © DNA extracts eluted after agarose gel electrophoresis from
sediments sample of Site 2 in Kyungki-Bay.

Lanes M, 1 kb DNA ladder (Promega); 1, undiluted; 2, 10" diluted; 3, 10 *
diluted; 4, 10 diluted; 5, 10 diluted; 6, positive control (genomic DNA of
Cytophaga sp. OT-1); 7, negative control (deionized water). The arrow
indicates the amplified 1.5 kb fragments of the 165 rRNA gene.
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Figure 5. Effect of dilution on PCR amplification of 16S rRNA gene from
purified DNA extracts by G-75 from sediments sample of Site 2 in
Kyungki-Bay. : :
Lanes M, 1 kb DNA ladder (Promega); 1, undiluted; 2, 10 ' diluted; 3, 10 2
diluted; 4, 10 ? diluted; 5 10* diluted; 6, positive control (genomic DNA of
Cytophaga sp. OT-1); 7, negative control (deionized water). The arrow
indicates the amplified 1.5 kb fragments of the 16S rRNA gene.
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Figure 6. Effect of dilution on PCR amplification of 165 rRNA gene from
purified DNA extracts using HTP (BioRad) resin from sediments sample of
Site 2 in Kyungki-Bay.

Lanes M, 1 kb DNA ladder (Promega); 1, undiluted; 2, 10" diluted; 3, 10 *
diluted; 4, 10 diluted; 5, 10 * diluted; 6, positive control (genomic DNA of
Cytophaga sp. OT-1); 7, negative control (deionized water). The ‘arrow
indicates the amplified 1.5 kb fragments of the 16S rRNA gene. '
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Figure 7. Effect of dilution on PCR amplification of 165 rRNA gene from
purified DNA extracts using PVPP microspin column from sediments sample
of Site 2 in Kyungki-Bay.

Lanes M, 1 kb DNA ladder (Promega); 1, undiluted; 2, 10" diluted; 3, 10°
diluted; 4, 10 diluted; 5, 10* diluted; 6, positive control (genomic DNA of
Cytophaga sp. OT-1); 7, negative control (deionized water). The arrow
indicates the amplified 1.5 kb fragments of the 16S rRNA gene.



Marine sediment (0.5 ml)

1
Add buffer & vortex & sonic bath
!
Pelletting
i
Resuspend in lysis soln & incubate
i
Add SDS soln
!
Mixing by inverting & 3 cycles of freezing-thawing
. .
Phenol extraction
l
Mild mixing & centrifugatidn
l
Extraction phenol:chloroform:isoamylalcohol (25:24:1)
2
Extraction chloroform:isoamylalcohol (24:1)
A
Isopropanol precipitation
i
RNase A treatment
!

Removal of humic substances by PVPP microspin column

Fig. 8 Optimixed protocol for the direct DNA extraction from sediment.
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Figure 9. Plasmid isolation from 16S rRNA gene clones No. 1 to No. 115
using Promega Kit. Each lane were loaded with 2x1 of plasmid solution.
Lanes : M, lkb DNA size marker; Each number denotes clone number.
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Figure 9 (Continued). Plasmid isolation from 16S rRNA gene clones No. 1
to No. 115 using Promega Kit. Each lane were loaded with 21 of plasmid
solution. Lanes : M, 1lkb DNA size marker; Each number denotes clone
number.
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Figure 9 (Continued). Plasmid isolation from 16S rRNA gene clones No. 1
to No. 115 using Promega Kit. Each lane were loaded with 2x1 of plasmid
solution, Lanes .: M, lkb DNA size marker; Each number denotes clone

number.
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Figure 9 (Continued). Plasmid isolation from 16S rRNA -gene clones No. 1
to No. 115 using Promega Kit. Each lane were loaded with 241 of plasmid
solution. Lanes : M, 1lkb DNA size marker; Each number denotes clone

number.
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Figure 9 (Continued). Plasmid isolation from 165 rRNA gene clones No. 1
to No. 115 using Promega Kit. Each lane were loaded with 2x1 of plasmid
solution. Lanes : M, 1lkb DNA size marker; Each number denotes clone

number.
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Figure 10. Trentment of isolated plasmd with EcoRl. Each lane contained
reaction mixture (5u1 of plasmid, 3 gl of TDW, 1 1 of 10x buffer, and 1
11 of EcoRI) plus 2 g1 of loading buffer
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Figure 10 (Continued). Trentment of isolated plasmd with EcoRl. Each
lane contained reaction mixture (5 x1 of plasmid, 3 «1 of TDW, 1 x1 of 10x
buffer, and 1 #1 of EcoRD plus 2 gl of loading buffer
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Figure 10 (Continued). Trentment of isolated plasmd with EcoRRl. Each
lane contained reaction mixture (541 of plasmid, 3 ¢l of TDW, 1 z1 of 10x
buffer, and 1 ¢1 of EcoRID) plus 2 1 of loading buffer
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Figure 10 (Continued). Trentment of isolated plasmd with EcoRI. Each
lane contained reaction mixture (51 of plasmid, 3 #1 of TDW, 1 z1 of 10x
buffer, and 1 x1 of EcoRID plus 2 #1 of loading buffer
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Figure 10 (Continued). Trentment of isolated plasmd with EcoRl. Each
lane contained reaction mixture (51 of plasmid, 3 x1 of TDW, 1 ul of 10x
buffer, and 1 #1 of EcoRI) plus 2 1 of loading buffer
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Fig. 11 RFLP analysis of 16S rRNA gene clones from sediment sample of
site 2 in Kyungki-Bay, near the Lake Sihwa.
Lanes M; 100 bp DNA ladder, Each number denotes clone number.
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Flg 11 (Continued). RFLP analysis of 165 rRNA gene clones from sediment
sample of site 2 in Kyungki-Bay, near the Lake Sihwa.
Lanes M; 100 bp DNA ladder, Each number denotes clone number.
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Fig. 11 (Continued). RFLP analysis of 16S rRNA gene clones from sediment
sample of site 2 in Kyungki-Bay, near the Lake Sihwa.
Lanes M; 100 bp DNA ladder, Each number denotes clone number.



Table 1. RFLP pattern for EcoRl of 93 16S rDNA clones.

Type

Clone No.

001,
013,
031,
055,
080,
098,
112,

002,
014,
033,
060,
082,
099,
113,

003,
015,
035,
064,
083,
100,
114

004,
olis,
039,
065/
086,
101,

006,
019,
042,
070,
088,
102,

007,
020,
046,
072,
089,
105,

008,
021,
048,
074,
091,
108,

009,
022,
051,
075,
093,
109,

011,
025,
052,
078,
095,
110,

012
029
054
079
096
111

027,
056,
090,

030,
057,
092,

032,
059,
094,

036,
062,
097,

037,
073,
103,

038,
076,
104,

040,
0717,
107,

041,
081,
115

044,
084,

049
087

016

043

— 44—




Table 2. RFLP pattern for Haelll of 93 16S rDNA clones.

Type Clone No. Type Clone No.
| 001, 018 XXX  |054
[ 002 XXXl [055, 086, 100
I 003 XXXV |056, 057
IV 004 Y 060, 064, 065,
v-1  |006, 015, 019, 022 096
XXXVI 062
V-2 |037, 038, 040, 059 ooV 070
y 007, 021, 072, _ 073, 077, 081,
A " os, 11
Vil 009 XXXIX (074
XXXX 076
IX 011 XXXXI |078
X 012 XXXXIl [079, 101
X 013 XXXXIIl |080
XI| 014 XXXXIV |081
Xl 016 XXXXV {082
XIV 025 XXXXVI 1083
XV 027, 030 XXXXVI {087
XV 029 XXXXVIII {088
XVl 031 XXXXIX [089
XVIII 032 XXXXX (090
XIX 033 XXXXXI 1091
XX 035 XXXXXI| |092
XXI 036 XXXXXII| [093
XXl |039 XXXXXIV (094
XXl |04l XXXXXV (095
XXIV  |042 XXXXXVI [097
XXV 043 XXXXXVII {102, 109
XXVl |0aa XXXXXVIII|103
XXVIl  |046 XXXXXIX {105
XXVIII  |048 XXXXXX 107
XXIX 049 XXXXXXI [110
XXX |051, 098 XXXXXXI {111
XXX|  |052 XXXXXXI 113
XXXXXXIV 114
XXXXXXV (099

_45.__
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