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Abstract
U-taynapun, K .2, Viriyapongsutee, B.%, Intrasungkha, N.2 and Supamattaya, K .!
Bacterial community from gut of white shrimp, Penaeus vannamei,

cultured in earthen ponds
Songklanakarin J. Sci. Technol., May 2007, Suppl 2 : 247-259

The Fluorescent in situ hybridization (FISH) technique and conventional method were used to
analysethebacterial community in thegut of white shrimp cultured in earthen ponds. Sampleswerecollected
from three parts, hepatopancreas, anterior intestine and posterior intestine. Gut bacterial community was
enumer ated by 15 probesin FISH and 3 bacterial culturetechnique media. Theresults showed that bacteria
specific probes determined bacterial community and Eubacteria as the dominant group of microbial com-
munity in thestudied gut portions. B-Proteobacteria group (29.53£5.39%) and y-Proteobacteria group (26.18
+6.88%) were major groups of bacterial flora in the hepatopancreas. In contrast, low G+C gram positive
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bacteria group (LGC) was the most abundant group detected in anterior intestine (36.40+3.53%) and
posterior intestine (30.32+4.63%). Vibrio spp. were detected very less in hepatopancreas (0.25+0.43%) and
were present in 3 of 9 samples. In the case of bacterial detection using cultivation method, the number of
bacterial groups verified by TSA, TCBS and MRS showed high variation in every part of the studied
digestive tract portions; however, no vibrio or lactic acid bacteria were present in the hepatopancreas of
healthy shrimp. This study reveals the proportion of bacterial community in the digestive tract of white
shrimp which can be used as important database for studying the change of the bacterial community in an
abnormal condition including the efficiency of probioticsin the gut (in vivo) of white shrimp.
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Table 1. FISH probes

AuANgaNN (TECHNE, hybridizer HB-1D) #1
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buffer wazdneau allunan 2 $lus 19828 wash-
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Wuna 15 wii Adviudis 1 ladldon ™ iwadianue
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5 17 nea anti-fading solution (p-phenylenediamine
0.1% lu 13azaem u¥e3 NaCO iy glycerol) a3
' 3

& A A Y X A
U ladwerzasnsaameyas 151509l 3 A1t

) A ' o v 1%
aenszanta (cover glass) nauihllamadiondes
fqamsﬁﬁ epifluorescent (Olympus, BX51) wazae
MWAeAAea cooled CCD (Olympus, DP70) Bana
NAM31e probe AT umzAsnduuuARGeTINAUMIToN
waddie deuSean ¢ DAPI  nnsau audeiidud
o 1] A 1 1 I'd S A d'Q =
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Name Specificity dye***  Sequence of probe (5'-3") Reference

EUB 338 mix* Eubacteria Flu/Rho

EUB 338 most Bacteria FlWRho GCT GCCTCC CGTAGGAGT Amann R.T., 1995

EUB Il Planctomycetales FlIWURho GCA GCCACCCGTAGGTGT Daimset al., 1999

EUB III Verrucomicrobiales FluRho GCT GCCACCCGTAGGTGT Daimset al., 1999
LGC354 mix** LGC group Cy3

LGC354A most Lactobacilladles  Cy3 TGGAAGATT CCCTACTGC Meier et al., 1999

LGC354B most Bacillales Cy3 CGGAAGATT CCCTACTGC Meier et al., 1999

LGC354C most Streptococcaceae Cy3 CCGAAGATT CCCTACTGC Meier et al., 1999
ALF1B a-Proteobacteriagroup Cy3 CGTTCGYTCTGA GCCAG Manz et al., 1992
BET42a [3-Proteobacteriagroup Flu GCCTTCCCACTTCGTTT Manz et al., 1992
BET42a Comp GCCTTCCCACATCGTTT Manz et al., 1992
GAM42a y-Proteobacteriagroup Cy3 GCCTTCCCACATCGTTT Manz et al., 1992
GAM42a Comp. GCCTTCCCACTTCGTTT Manz et al., 1992
CFB560 CFB group Cy3 WCC CTTTAAACCCART Louise et al., 2002
HGC69A HGC group Cy3 TAT AGT TAC CAC CGC CGT Roller et al., 1994
HGC69A Comp TAT AGT TAC GGC CGC CGT Roller et al., 1994
LAB158 Lactic acid bacteria Cy3 GGTATTAGCAYCTGTTTCCA  Hamsenetal., 1999
Enc131 Enterococcus spp. Flu CCCCTT CTGATG GGCAGG Behr et al., 2000
Pseumonas Pseudomonas spp. Cy3 GAT CCGGACTACGAT CGGTTT Schleiferetal., 1992
GV Vibrio spp. Cy3 AGG CCA CAACCT CCAAGTAG Eilersetal., 2000

Sequencein IUPAC code, * Mix EUB 338, EUB II, EUB Il in same volume, ** Mix LGC354a, LGC354b, LGC354c in
same volume, *** Flu = Fluorescein, Rho = Rhodamine, Cy3 = Cy3 (red color)
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Table 2. Enumeration of total bacteria, Vibrio spp., and lactic acid bacteria counts
(CFUmI?) from diferenct parts of white shrimp gut grown on different media

Amount of bacteria (CFUg?)

Medium
Hepatopancreas Anterior intestine Posterior intestine

TSA (x10") 34422 30.8+30.2 23.04+23.85
(0.9-6.4) (0.64-88.50) (1.1-67.0)

TCBS (x10% - 8.0£18.90 13.29-26.55
(0.11-58.0) (0.31-76.0)
MRS (x10°) - 14.54+26.61 1.64+3.15

(0-73) (0-9)

The data represent triplicates from each of three shrimps' gut.
The number in parentheses indicate the range of minimum-maximum value
- = not detected or lesser than 10 CFUg! detected on agar

Figure 1. Epifluorescent micrographs of microbial communities (arrows) wer e detected by
FISH technique. Hepatopancreas of white shrimp in same field using DAPI (A)
and specific probe EUB338 mix (B), LGC354 mix (C) were shown frome A-C.
Posterior intestine of white shrimp in samefield using DAPI (D) and specific probe
EUB338 mix (E), L GC354 mix (F) were shown from D-F. Bar, 5 um.
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Figure 2. Percentages of bacterial community in detected digestive tract of white shrimp

(Color figure can be viewed in the electronic version)
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Table 3. Percentages of bacterial group from shrimp gut by hybridization with specific group of
bacterial probesbase on DAPI or EUB338 mix probe

Per centages of bacterial group (mean+SD)

Population Stain/probe
Hepatopancreas Anterior intestine Posterior intestine

Total Eubacteria DAPI/EUB mix 77.58+3.68 80.06+2.69 79.5+15.17
y-Proteobacteria group GAM42a 26.18+6.88" 25.90+4.89? 25.51+3.34?
[3-Proteobacteria group BET42a 28.86+4.81* 7.28+1.29° 4.63+0.52*
LGC group LGC354mix 21.64+5.172 36.40+3.53" 30.32+4.63!
CFB group CFB560 6.77+1.35° 5.11+0.63%4 7.57+1.1C°
HGC group HGC69a 2.21+0.67* 3.04+1.87* 1.05+0.70°
o-Proteobacteria group ALF1B 1.32+0.90* 3.04+0.53* 3.25+0.70*°
Other bacteria groups 13.02 19.23 27.67

Valuesin the samerow sharing a common super script are not significantly different (P>0.05).

Table 4. Percentages of bacterial subgroup in y-Proteobacteria group from shrimp gut by
hybridization with specific group of bacterial probesbase on EUB338 mix probe

Per centages of bacterial group (mean+SD)

Population probe
Hepatopancreas Anterior intestine Posterior intestine
Vibrio spp. GV 0.25+0.43 12.18+2.81 16.17+2.47
Pseudomonas spp. Pseumonas 3.39+0.94 1.03+0.86 247+1.19
Other bacteria group 2254 12.69 6.87

Valuesin the samerow sharing a common superscript are not significantly different (P>0.05).

Table 5. Percentages of bacterial subgroup in LGC group from shrimp gut by hybridization with
specific group of bacterial probes base on EUB338 mix probe

Per centages of bacterial group (mean+SD)

Population probe
Hepatopancreas Anterior intestine Posterior intestine
Bacillales LGC354B 9.61+2.561 15.28+2.241 19.03+3.761
Lactic acid bacteria LAB158 4.17+1.722 8.27+1.782 2.19+0.422,3
Streptococcaceae LGC354C 1.21+0.753 2.49+0.594 3.20+0.662
Enterococcus spp. Encl31 2.26+1.073 5.31+1.073 0.95+0.673
Other bacteria group 4.39 5.05 4.97

Valuesin the samerow sharing a common superscript are not significantly different (P>0.05).

153 apurunuainiselual” Yuauveanaun
¥ a A
nnMslinalia FISH a1 aususuuuainiGy

v ~ 1 cY I W v 4 X
My probe Fliaraq Tudl” uduveafawnniaesdy

| a ' = v aa A )
veAu wudh Hlase HegusuuvanGendszneude

A A J oA < Jd < o
wuAiselunguved Eubacteria Aatduilosidud “a "

4 1

80.06+2.69% vesSnaisadisvaadadiuunadiizengs

LGC group Hungduniitlodidud “a u i aedied
1o "1ty (p<0.05) Aenilu 36.40+3.53% voq Eubacteria
o A 1 .
uaznuuuanGelungy y-Proteobacteria group, -
Proteobacteria group, CFB group, a-Proteobacteria
group waz HGC group lunlesifud “a "ufanas
MUMAY (Table 3) HeimIngv svedidud



Songklanakarin J. Sci. Technol.
Vol. 29 (Suppl.2) May 2007: Grad. Res.

Bacterial community from gut of white shrimp, V. vannamei
256

U-taynapun, K., et al.

" "ULeYVBIUUANITENGH Y-Proteobacteria group
wuhiiiesifud “a uvesngu Vibrio spp. 12.18+
2.81% waz Pseudomonas spp. 1.03+£0.86% %84
Eubacteria (Table 4) vazinosidud “a 1udesveq
A A U A d d o "
uuANiseAgn LGC group wuhiiesibua “a uves
uuANGengu Bacillales 15.28+2.24% w04 Eubacteria
d! ] A o ° Y a A 1
%3 9 Ao8aiitly dey (p<0.05) wazuvuanisglungy
lactic acid bacteria, Enterococcus spp. Strepto-
= s R do 1 A o o
coccoceae Hioildua “a Tunanasmuaay (Table 5)

a3 SuprunuaiiGelual” Hulasvesfaun
NNMINNY euynuuuanGelusl” ulme
v 4 X | a v A ' -
voafavnasslugedudivinadia FISH wud #
snamuadiselundguves Eubacteria Ay 79.51+
v
5.17% veaSnausadivun Tasiuvafisongunds
LGC group Wunguiditosidud “a u i aodiad
1o 1AR(p<0.05) Aawilu 30.32+4.63% o1 Eubacteria
1 d % 1 1 1 a4 a4 A
uazwudnesidud “a uvesudaznduuuaiiGed
Pmnaeafiuegiaiie 1dalunanguuuanGe Taswy
A A 1 .
LUANLI sfluﬂ’qmaa y-Proteobacteria group, CFB group,
B-Proteobacteria group, O-Proteobacteria group Waz
HGC group lurlofidud “a unanasmudisy (Table
3)  lumsase evesidud “a udesveuuaiiie
gy y-Proteobacteria group ve3d1l” udae wuh
Hesiud “a uvesngu Vibrio spp. 16.17+2.47%
waz Pseudomonas spp. 2.47+1.19% %83 Eubacteria
(Table 4) uazminsa suttasidud “a udesvod
a A 1 1A Jd dao 1
uuANFengu LGC group wuhiuedidud “a uves
19.03£3.76% W94
Eubacteria 4 @o¢13il1iy sy (p<0.05) uazuun-
A A oA a S & L A o w
nselunguauy  Nwedidud “a Huhanasmudidy
(Table 5)

uuafiSonay  Bacillus Spp-
q

Jarsainas silwamanaaes

NNMINTT auuuANFelumaALeIMIVBIN
¥ :’/ a Y @ 1 a A
mMse i 3 wiia u addiduihlSnauuaiGe

amsnsznedlurianinedu 3 uvesmadue s

d' o =< IS a A J . .
nihmsAny waziimsasnawuuuafiisengs Vibrio Tu
duunazduseutiosann luvazilesifud “a uveq
Vv
wuanGengy  Vibrio lud1™M3 a1 divFinadaita
1% voauuanisenasgylaluetms TSA Fuane
NATNYNUVDY Gomez-Gil wazamz (1998) WU
a A J . . < 1 o [ a
wuanGengy Vibrio (Wunguvdnlunn uvesmadu
9IMN3VRINI UATNENUNWY Vibrio spp. Tudy
uarAudoumIngy 4.30x10° CFUg" (1.11x10°- 2.67x
10° CFUgY) Tagasanvlalaii”Wed 61.72% wu
p1msuds TCBS  luvaznmisnaaseniinulalail
2 A < 2 v X 2
massuueMsuds TCBS wihniu  fsilo1aiiiodnn
Amwveafededanlslumnna suuane1aiy
Tumsiszgndnaiia FISH iefnnlase g
S A a % Y & =2
guruuvanGelumaduemsvedta  u advifiuda
Tnse Sguruuuafisely ey veamaaueIms
vaafanldimsuiiseantiu 6 group uenvnith LGC
group Mdandudeseeniu 5 subgroup uwaz y-
Proteobacteria group uﬁﬂﬂtjmjaﬂaamﬂu 3 sub-
group lnglddayaiugiuein 16S uaz 23S rRNA
Phylogenetic tree l#iidnlatialass Haguruuuaise
Tumaduermsvesfavnd vnnduaziudeya
X o w ~ ~ A v
wugu dglumsiSeuimsumaasuutadiase 5
S A a 4' s d Y Y ll
guyuuuafielumaauemaite “adiirthuegly
AzIA3eAnsolasy 15UR% U (Knarreborg et al.,
2002) sasmaumsilasuuladiiosnn¥euuanisene
Tsn (Kimura et al., 1976; Swidsinski et al., 2005)
udagalsfimulasy HegusuuvaiGelumadueims
4' % 1
wsawasuudadlann wwavaneq Uszas hinee
\WHumsudsuulasmugamia (Al-Harbi et al., 2004)
= A | Aa v ¢ Y Y
stamsasuutasmusinFiaves i o1ms
o A = & ai ] a
uazifadvou q Feoradumsiasuutasnli wwal vee
iy
== % A a
msAnplase SguruuuaiGelumaaueIns
voafunaesluyeduni amwalasinaiia  FISH
w adliifivededaauilunn TuveamaAueIMIi
o = ) s & do 1 .
amnhmsanniliinandesidud “a "uves Eubacteria
\Hhueadilszneuwdnveagusugdunid lnewy afia 77.58
+3.68% voulfinausadianuannuluduuazduseu



2. qUaIUASUNS M.
i 29 @AY 2) w.a. 2550 : Tanadnw

257

133 Sprunuaiselumafive1msveaninn
Andvud guiuziius uasame

80.06+2.69% wpalsanansadnavualusl” udu
uaz 77.58+3.68% vaalSunanzadiaviualudl” u
any ¥4 oandeeduNenuVed Hart uazanz (2002)
nndnd Tae wlngjvesgusugdunidnnulumaiu
o13ve4 “nivziiuvaiisudundurdnuaziinnamann
pat ¥ A '
Ay 1 luvazilase Mavessnsunvanissluudas
IUYRIMALAURIMIVBINIINANNUANA Y Tag
1 Q' d‘ = v S A
wwzegegulafTeuonlas Saruruuuaiieves
Vv
Funazdugaunuml e 83 U NUNRANNUANAIY
AuednegataunislundvesnguuuanGendnuaziunm
¢ & Lo a1 A A ' VoA A o
wWedidua “a uvesuuaNiToudaznguilensuiy
. v g4 v
1330 Eubacteria "aviua 91911183910 AN
Tuuday wveamatduemsaady ldhazilumany
& ' = N at
Wunsaens semssudaeulydang g al¥lunszuiu
M3dovemivesls 1 aandedfumsAnIANIMAIN
S A o 1
vatgveaguyuuuanseludl“lAves Lu uazame
A A ' _ A A
(2003) NWUNUANNUANAINDYINYALIUVDILUANLIY
1 1 1 o Y & o 1 1 k%
aguansznigl danazdl ngjvedla waz enndes
£ I's a t!‘ d' Y o = £ a a
avtaouq nlammsanlaglsimaiialumsaaaiu
rRNA 1$1 msAn1vee Depalncke wazane (2000)
nAnlunyuas Pryde wazaniz (1999) Fednnluny
imﬁflumgmf (Suau et al., 1999; Wilson et al.,
1999) uieilase Negusuuvaiisevesdl” udiu
] o ) 1A a A 1
waz udmenihmafsuiney wuhiuuaiGengy
wdniilunguideriu fe LGC group imdsuladifud
v . ' D . . 2 X
 "wvesnguuuaiGeau g liuandaduanmin vl
?1ilesnn anzedenuazidedinalumsiasayves
wuafEeludl v o9 uliuanaanuxnniin

=) =
fAnanssulszma

AMTEITEVRVOLAN MATNFIING ANZIN-
Vv
M a3 wminededinda  wazgudIte vamw “adi
MAIFNTBAN A5 AUSNTNINITFITHIA WnINede
a ¢ g v ¢ A & ¢
wmuasuns nlinnueanzviasesiieatnsal uaz
munlumsiide

v a
N 1397303

ad v a

yaynou Bewsd 5 aenin Fu 13 aq Asigilan una

4

gumsz 9 wu A Uiz 33 99 wazfians

AnInAd. 2548. msldinatia fluorescence in situ
hybridization (FISH) ifiefnwngueaunidlu
i:‘lJiJVlNLau’mmﬂlmﬁ:wn (Penaeus vanamei).
7. vanuAIUNS M. 27(1) : 275-282.

any ¢ A A o a < a o
AU MU DOFY ‘Uﬁ]ﬂﬂ AR LLUINANW  LLAZITBY

amiysana. 2548. nmj"uganﬁm?tmmL%ﬁﬂ'éﬂiﬂ
Gluﬁa@fwL%@ﬁgauﬁﬁﬁLLfJn"l@fﬁnnéﬂ”ﬁ:qﬁ'mﬂim.
2. AUAUATUNS M. 27(1) : 265-274.

Al-Harbi, A. and Naim Uddin, M. 2004. Seasonal
variationintheintestinal bacterial floraof hybrid
tilapia (Oreochromis niloticus x Oreochromis
aureus) cultured in earthen ponds in Saudi
Arabia. Aquaculture. 229: 37-44.

Amann, R.l. 1995. In situ identification of microorgan-
ism by whole cell hybridization with rRNA-
targeted nucleic probe. In J.D.van Elsas, and
F.J. de Bruijn eds., Molecular Microbial eco-
logy Manua. Kluwer Academic Publishers,
Dordrecht.

Amann, R.Il., Glockner, F.O. and Neef, A. 1997. Modern
methods in subsurface microbiology: in situ
identification of microorganisms with nucleic
acid probes. FEM S Microbiol Rev. 20: 191-200.

Behr T., Koob, C., Schedl, M., Mehlen, A., Meier, H.,
Knopp, D., Frahm, E., Obst, U., Schleifer, K.,
Niessner R. and Ludwig W. 2000. A nested array
of rRNA targeted probes for the detection and
identification of enterococci by reverse hybrid-
ization. Syst. Appl. Microbiol. 23: 563-572.

Chythanya, R., Karunasagar, Indrani and Karunasagar,
Iddya. 2002. Inhibition of shrimp pathogenic
vibrios by a marine Pseudomonas 1-2 strain.
Aquaculture. 208: 1-10.

Daims, H., Bruhl, A., Amann, R., Schleifer, K.H. and
Wagner, M. 1999. The domain-specific probe
EUB338 is insufficient for the detection of al
Bacteria: development and evaluation of amare
comprehensive probe set. Sysy. Appl. Microbiol.
22: 434-444,



Songklanakarin J. Sci. Technol.
Vol. 29 (Suppl.2) May 2007: Grad. Res.

Bacterial community from gut of white shrimp, V. vannamei
258

U-taynapun, K., et al.

Depalncke, B., Hristova, K.R., Oakley, H.A., Mc
Cracken, V.J.,, Aminov, R., Machie, R.I. and
Gaskins, H.R. 2000. Molecular ecological analy-
sis of the succession and diversity of sulfate-
reducing bacteria in the mouse gastrointestinal
tract. AEM. 66: 2166-2174.

Eilers, H., Pernthaler, J., Glockner, F. and Aman, R.
2000. Culturability and in situ abundance of
pelagic bacteria from the North Sea. Appl.
Environ. Microbiol. 66: 3044-3051.

Gomez-Gil, B., Tron-Mayen, L., Roque, A., Turnbull,
J.F., Inglis, V. and Guerra-Flores, A.L. 1998.
Species of Vibrio isolated from hepatopancress,
haemolymph and digestive tract of a population
of healthy juvenile Penaeus vannamei. Aqua-
culture. 163:1-9.

Harmsen, H.J, Elfferich, P, Schut, F. and Welling, G.
1999. A 16S rRNA-targeted probe for detection
of lactobacilli and enterococci in faecal samples
by fluorescent in situ hybridization. Microb.
Ecol. Hedlth. Dis. 11, 3-12.

Hart, A.L., Stagg, A.J., Frame, M., Graffner, H., Glisg,
H., Falk, P. and Kamm, M.A. 2002. Review
article: the role of the gut flora in health and
disease, and its modification astherapy. Aliment
Pharmacol ther. 16: 1383-1393.

Hooper, L.V., Wong, M.H., Thelin, A., Hansson, PG.,
Falk, PG. and Gordon, J.I. 2001. Molecular
analysis of commensal host-microbial relation-
shipsin the intestine. Science 291:881-884.

Imaoka, A., Matsumoto, S., setoyama, H. and Okada, Y.
1996. Proliferative recruitment of intestine
intraepithelial lymphocytes after microbial
colonizationin germ-free mice. Eur. J. Immunoal.
26(4): 945-948.

Jensen, T.K., Boye, M., Hagedorn-Olsen, T., Riising,J.
and Angen, O. 1999. Actinobacillus Pleuropneu-
moniae osteomyelitis in pigs demonstrated by
fluorescence in situ hybridization. Vet. Pathol.
36: 258-261.

Kimura, N., Mimura, F., Nishida, S. and Kobayashi,
A. 1976. Studies on the relationship between
intestinal floraand cecal coccidiosisin chicken.
Poult. Sci. 55: 1375-1383.

Knarreborg, A., Simon, M.A., Engberg, M., Jensen, B.B.
and Tannoch, G.W. 2002. Effects of dietary fat

source and subtherapeutic level of various ades.
AEM. 68: 5918-5924.

Louise, A.O., Weightman, A.J. and Fry, J.C. 2002. New
degenerate Cytophaga-Flexibacter-Bacteroides-
specific 16s Ribosomal DNA-targeted oligi-
nucleotide probe reveal high bacterial diversity
in rever Taff Epilithin. AEM. 68(1): 201-210.

Lu, J, Idris, U., Harmon, B. and Hofacre, C. 2003.
Diversity and succession of the intestina bac-
terial community of the maturing broiler chicken.
AEM. 69(11): 6816-6824.

Manz, W., Amann, R., Ludwig, W., Wagner, M and
Schleifer, K.H. 1992. Phylogenetic oligodeoxy-
nucleotide probes for the major subclass of
Proteobacteria: problem and solution. Syst. Appl.
Microbiol. 15: 593-600.

Meier, H., Amann, R., Ludwig, W. and Schleifer, K.H.
1999. Specific oligonucleotide probesfor in situ
detection of a major group of gram-positive
bacteria with low DNA G+C content. Syst.
Appl. Micribiol. 22: 186-196.

Oxley, A.PA., Shipton, W., Owens, L. and McKay, D.
2002. Bacteria florafrom the gut of thewild and
cultured banana prawn, Penaeus merguiensis.
J. App. Micro. 93: 214-223.

Pryde, S.E., Richardson, A.J., Stewart, C.S. and Flint,
H.J. 1999. Molecular analysis of the microbial
diversity present in the colonic wall, colonic
lumen, and cecal lumen of pig. AEM. 65: 5372-
5377.

Roller, C., Wagner, M., Amann, R., Ludwig, W. and
Schleifer, K.H. 1994. In situ probing of gram-
positive bacteria with high G+C content using
23s rRNA-targeted oligonucleotides. Micro-
biology. 140: 2849-2858.

Schleifer, K.H., Amann, R., Ludwig, W., Rothemund,

C., Springer, N. And Dorn, S. 1992. Nucleic acid

probes for the identification and in situ detect-

ion of Pseuedomonas, p. 127-134. In Gdlli, E.,

Silver, S. and Witholt, B. (eds.), Pseudomonas:

Molecular Biology and Biotechnology. Amer-

ican Society for Microbiology, Washington, D.C.

R.G.D. and Torrie, JH. 1980. Principle and

Procedures of Statistic. 2 edition. New York:

McGraw Hill. 63p.

Stesdl,



2. qUaIUASUNS M.
i 29 @AY 2) w.a. 2550 : Tanadnw

259

133 Sprunuaiselumafive1msveaninn
Andvud guiuziius uasame

Suau, A., Bonnet, R., Sutren, M., Godon, J., Gibson, G.,
Collins, M. and Dore, J. 1999. Direct analysis
of gene encoding 16S rRNA from complex
communities reveals many novel molecular
species within the human gut, AEM. 65: 4799-
4807.

Swidsinski, A., Loening-Baucke, V., Lochs, H. and Hale,
L.P. 2005. Spatial organization of bacterial flora
in normal and inflamesintestine; A fluorescence
in situ hybridization study in mice. World J.
Gastroenterology. 11(8): 1131-1140.

Thimm, T. and Tebbe, C.C. 2003. Protocol for rapid
fluorescence in situ hybridization of bacteria on
cryosection of microarthopods. AEM. 69: 2875-
2878.

Trebesius, K., Panthel, K., Strobel, S., Vogt, K., Faller,
G., Kirchner, T., Kist, M., Heesemann, J. And
Hass,R. 2000. Rapid and specific detection of

Helicobacter pylori macrolide resistance in
gastric tissue by fluorescence in situ hybrid-
ization. Gut. 46: 608-614.

Tuohy, K.M., Prabert, H.M., Smejkal, C.W. and Gibson,
G.R, 2003. Using probiotics and prebiotics to
improve gut health. Drug Disciv. Today. 8(15):
692-700.

Weng, L., Rubin, M. and Bristow, J. 2006. Application
of sequence-based methods in human micribial
ecology. Genome Res. 16: 316-322.

Zuberi, R., Qadri, R.B., Siddiqui, PM. 1985. Quantita-
tive and qualitative aspects of bacterial flora of
Karachi coastal water shrimp (Penaeus
merguiensis and Metapenaeus monoceros).
Zentralbl Bakteriol Mikrobiol Hyg. 181(3-5):
418-29.



