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ABSTRACT

KEYWORDS
16srDNA;

Insect gut microflora contribute towards the utilization of complex food
resources in the gut of the host. The interaction of the host and the micro
organisms can be symbiotic or transient. In this study The Kocuria
rhizophila strain (NCBI gene accession number NR_026452.1) was iso-
lated from the gut of pine caterpillar (Kunugia latipennis.Walker) in and
around North Eastern hill University campus, Meghalaya, India. 16srRNA
was targeted for isolation and amplification. The isolated sequence was
compared to representatives strains of Kocuria rhizophila sp. Phyloge-
netic analysis revealed that the isolated strain belongs to the genus
Kocuria and is most similar to Kocuria varians strain G33 (Accession
number NR_029297.1 similarity % = 90) and Kocuria marina strain KMM
3905 (Accession number NR_025723.1 similarity % = 99). Thisappearsto
be the first report of this strain from terrestrial insect larval gut. Impor-
tance of this strain in the context of the host food quality is discussed.
© 2012 Trade ScienceInc. - INDIA

Insect gut;
Blast;
Bacteria;
Phylogenetic analysis.

INTRODUCTION

Insect gut has been extensively studied becausein-
sectsare one of themost diverse groups of living or-
ganismson earth!” . Duetotheir diverse behaviour and
feeding habits, almost no terrestrial food source can
escape consumption by one or more insect species.
Despitethediversty, thehighly inter dependent and well-
regulated symbioticinteractionswith micro-organisms
seem to beanimportant common property for different
insect species. Protozoaand bacteriaplay akey rolein
the host physiology and gut ecology. They supplement

the host with nitrogen through nitrogen fixation*3, as-
sistin cellulose degradationt® and al so provide energy,
for example, through acetogenic reduction of CO,*>*.
Termites and cockroaches are dependent upon facul -
tative mutualistic bacteriain their hindgut, which take
part indigestion®. In afew other studies, mutualistic
gut bacteriawere shown to be advantageousto their
host by providing nutrients or by degrading toxic com-
pounds®. Many of themicroorganismsinvolvedinsuch
associ ationsbelong to the family Enterobacteriaceae.
Inaddition to thesefacultative symbionts, transient mi-
croorganismscan befoundinthegut. Transientsare
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ingested during food intake, but areremoved with the
faeceswithout colonizing the gut and hencethey are
not transmitted to the next generation.

Molecular techniquesindependent of culturinglive
bacteriaisanimportant addition to the culture depen-
dent gpproach and providethe opportunity to describe
microbial diversity!*®. Themost common molecular
approach for identification of bacteriaisto target the
16SrRNA gene (16SrDNA), whichisapproximately
1300t0 1500 bplong, and codesfor thesmal sub-unit
of ribosomal RNA of prokaryotes. The 16S gene con-
tainshighly conserved and variableregionsuseful for
identification of bacteriaby their 16S sequences. The
16S sequencesof thetotd bacterial community isob-
tained through extraction of the bacterid communities’
total DNA, PCR amplification of 16SrRNA genesus-
ing bacteriaspecific primers®, and findly by generat-
ing the sequence and using them for the bacterial iden-
tification through BLA ST, and phylogeneticanalysis
using MEGA-5. In this study we combined both mo-
lecular and bioinfomati cstechniquestoidentify the bac-
teriaisolated from thegut of thelarva(caterpillar).

MATERIALSAND METHODS

ThePineCaterpillars (KunugialatipennisWaker)
were collected from in and around North Eastern Hill
University (NEHU), Mawla Umshing, Shillong. They
wereraised ininsect boxestill thefourthinstar. The
caterpillarswere starved for 24 hours prior to being
killed either by exposureto chloroform, or by keeping
themin deep freezerefrigerator for 15— 20 minutes.
Individua swerethen dissected under aseptic condi-
tions, and the gutswereisolated for further processing.

Scanning electron microscopy (SEM) study

Cold immobilized larvae were surface sterilized
through sequentia washeswith 70% ethanol (2 min-
utes), 5.25% sodium hypochlorite (2 minutes) and sev-
era washeswith steriledistilled water prior to being
fixed by injecting 3% Glutaral dehyde directly into the
gut of wholespecimens. After 24h. thelarveeweredis-
sected and thewholegut was aseptically removed and
stored submerged in specimen tubes containing 3% Glu-
taraldehyde. The gutswere opened up and carefully
washed in 3% Glutaral dehydeto removethe gut con-
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tents, and mounted and processed for viewing of the
inner gut lining under SEM (JSM-6360.JEOL).

Microbial cultureof gut contents

Externa surface sterilization of theinsect wasdone
through sequential washeswith 70% ethanol (2 min-
utes), 5.25% sodium hypochl orite (2 minutes) and sev-
erd washeswith steriledistilled water. Thegut wasre-
moved asepticaly using serileforcepsand scissorsand
were macerated and inocul ated a ong with its contents
in 100ml LB agar petri plates and incubated at 32 +
2°C for 32- 48 hours. All steps were done under a
laminar air flow to avoid contamination. Fromthecolo-
nies developed after 48 hrs., pure cultures were ob-
tained by spread plate method. Thepure cultureswere
subjected to conventiona gram staining and primary
identification was done using Bergy’s Manual(™ All re-
agentsused wereof analytical reagent grade.

Extraction of 16SRNA

TheBacterid genomic DNA wasextracted by san-
dard Cetyltrimethyl ammonium bromide (CTAB)
method and the quality of the DNA was evauated on
1.2% Agarose Gel. A single band of high-molecular
weight DNA was observed and amplification of the 16s
RNA gene was carried out by using standard Poly-
merase Chain Reaction (PCR) protocol and specific
forward and reverse primers were used (B27F
AGAGTTTGATCCCTCAG and U1492R -
GGTTACCTTGTTACGACTT) to amplify the
16sRNA region, and the sequences were generated
using sequencer (ABI3730xI, Applied Biosystem).
Similarity search of the sequencewasdoneunder Ba-
sic Local Alignment Search Tool (BLAST) followed
by aphylogenetic analysisusing Molecular Evol ution-
ary GeneticAnaysistool (Mega-5 software)

Phylogeneticanalysis

The phylogenetic anaysiswas done based on the
first 10 maximumidentity scorefollowed by the 10 mid
identity score, and theleast 10 identity score. These
were aigned using Mega — 5 tool and the tree was
generated using methodslike Neighbor joining, Mini-
mum evol ution, and Maximum Likelihood.

RESULTS

TheSEM of thegut lumen dearly indicated the pres-
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enceof themicrobes(Figure ).

Prdiminary tetsontheisolated stranby Gramgan-
ing method revealed the microbeto be gram positive,
cocci, non sporeformer (Figure2).

Further, apositive result for catalase test!¥ con-

15kU K1z, A8A Lot B34 13/JUNA11

Figurel: SEM imageof amicrobeinsidethecater pillar gut
Lane 1 2

1290bp

Lane 1: 16SrDNA amplicon band, L ane 2: DNA marker
Figure3: Gel imageof 16Sr DNA amplicon

When similarity search of the sequenceof theiso-
lated strain wasperformed using BLAST, it wasit re-
ved ed 97% similarity with thefamily of Micrococcus
luteusstran DSM (Accno NR_03711.31), whilewith
Kocuria rhizophila strain TA68 (Acc no
NR_026452.1) thesimilarity was 99%. Thiswasfur-
ther confirmed from the different phylogenetic trees

e, FyLL PAPER

firmed that the microbe belongsto theGroup V1i.e.
thefamily of Micrococcus, Planococcusor Saphylo-
coccus. A 1290 bp rDNA gene was generated from
forward and reverse primersand the sequencewas a so
generated (Figure3 & 4).
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Figure2: Cocci gram positivebacteriaunder 100x micro-

scope

Figure4: 163rDNAsequence£generated

constructed (Figure5 & 6).
Phylogeneticanalysis

Theisolated 16srRNA sequencewasaligned (Fig-
ure7) and the phyl ogenetic treeswere constructed. The
tree using Neighbour joining method (Figure8) shows
similarity of theisolated sequencewith the genusthat
fallsunder the Kocuriafamily.

Theisolated strain (Sequence 1 intheFgure) shows
highest similarity (90 %) with Kocuria variansstrain
G33(Accno—NR 029297.1) The trees constructed
by Minimum Evol ution (Figure9) and maximum likeli-
hood (Figure 10) showsamost consistent scoreswith
each other and sequence 1 is distantly related to
Amycolatoptopsis niigatensisstrain LC11 with very
low bootstrap vaue.

Thetreehas6 clustersviz. Kocuria, Anthrobacter,
Nesterenkonia, Curtobacterium, Rhodococcus and
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Amycolatopsis. Fromthesimilarity searchandusing  Kocuriarizophilastrain. Theisolated sequencewas
different treebuilding dgorithmsweconfirmedthat the & so analysed for the percentage of GC content using
isolated strainfromthe gut of the pinecaterpillaristhe  onlinetool GENSCAN.

Distribution of 100 Blast Hits on the Query Sequence &

Figure5: Blast data (Alignment view using combination of NCBI GenBank)

Sequences producing significant

f"f"’i‘f“] Description | Maxscore | Totalscore | Querycoverage | Evalue | Maxident | Links |

Kocuria rhizophila strain TAGE 165 ribosomal RNA, partial sequence 2307 2307 99% 0.0 99%

Kocuria varians strain G33 165 ribosomal RNA, partial sequence 7 2207 99% 0.0 98%

Kocuria marina strain KMM 3905 165 ribosomal RNA, partial sequenc 2170 99% 0.0 97%

Kocuria carniphila strain CCM 132 165 ribosomal RNA, partial sequer 2167 98% 0.0 7%

Kocuria palustris strain TAGA27 165 ribosomal RNA, partial sequenc 2100 98% 0.0 97%

Kocuria rosea 165 ribosomal RNA, partial sequence 2098 98% 0.0 97%

Kocuria polaris strain CMS 76or 165 ribosomal RNA, partial sequence 2087 98% 0.0 96%

Kocuria flava strain HO-2041 165 ribosomal RNA, partial sequence 2056 98% 0.0 96%

Kocuria aegyptia strain YIM 70003 165 ribosomal RNA, partial seque 2056 98% 0.0 96%

Kocuria turfanensis strain HO-9042 165 ribosomal RNA, partial sequ 2050 98% 0.0 96%

Kocuria halotolerans strain YIM 90716 165 ribosomal RNA, partial se 2039 98% 0.0 96%

Arthrobacter crystallopoietes strain DSM 20117 165 ribosomal RNA, 2025 97% 0.0 96%

Kocuria kristinae strain DSM 20032 165 ribosomal RNA, partial seque 2023 98% 0.0 96%

Kocuria himachalensis strain KO7-05 165 ribosomal RNA, partial sequ 2012 97% 0.0 96%

Arthrobacter nasiphocae strain M597/99/10 165 ribosomal RNA, par 1997 98% 0.0 95%

Rothia nasimurium strain CCUG 35957 165 ribosomal RNA, partial sei 1967 8% 0.0 95%

Rothia terrae strain L-143 165 ribosomal RNA, partial sequence 1951 98% 0.0 94%

Nesterenkonia |acusekhoensis strain EL-30 165 ribosomal RNA, part 1949 98% 0.0 94%

Zhihenglivella halotolerans strain YIM 70185 165 ribosomal RMA, pat 1947 98% 0.0 94%

Arthrobacter woluwensis strain 1551 165 ribosomal RNA, complete 1947 98% 0.0 94%

Arthrobacter roseus strain CMS90 165 ribosomal RNA, partial seque 1945 98% 0.0 94%

Arthrobacter pigmenti strain : LMG 22284 165 ribosomal RNA, partiz 1940 98% 0.0 94%

Arthrobacter methylotrophus strain TGA 165 ribosomal RNA, partial 1 1936 98% 0.0 94%

Nesterenkonia jeotgali strain JG-241 165 ribosomal RNA, partial seq 1 1932 98% 0.0 94%

NR 0253621  Arthrobacter luteolus strain CF-25 165 ribosomal RNA, partial seque b1 1930 7% 0.0 9%
MR 0448731  Rothia mucilaginosa 165 ribosomal RNA, partial sequence 1 1930 98% 0.0 94%
HR 0415451  Arthrobacter oryzae strain KV-651 165 ribosomal RNA, partial seque L 1927 98% 0.0 94%
Nesterenkonia sandarakina strain YIM 70009 165 ribosomal RNA, pa 1 1927 97% 0.0 94%

1927 1927 97% 0.0 94%

NR 0261871  Arthrobacter globiformis strain DSM 20124 165 ribosomal RNA, parti

Figure6: BLAST Sequencesproducing significant alignment showing scor es, query cover ageand max identity

Hn Tndian




BTAIJ, 6(12) 2012 D.Paul et al. 371

e Furr PAPER

[T T

Species/Abbry

1. Sequence 1
. Kocuria varians strain (33 16§ ribosomal RNA partial sequend

2

3. Kocuria marina strain FMM 3905 165 ribosomal RNA partial seq

4. Kocuria carniphila strain CCH 132 165 ribosomal RNA partial [HEN-HHEE-EREASCCRECEAAN- BERENACTRRCRATNEN-RACNAERNERTY - ACAE AR EROCRNECERNALERIRCNRCDNRANEaEaRER------
5. Kocuria rosea 168 ribosomal RNA partial sequence R
6
7
8

. Kocuria polaris strain CMS 76or 165 ribosomal RNA partial
. Rocuria flava strain HO-9041 168 ribosomal PNA partial seq
. Kocuria turfanensis strain HO-3042 168 ribosomal RNA partia

9. Kocuria segyptia strain YIN 70003 165 ribosomal BNA partial
10. Arthrobacter castelli strain : LMG 22283 168 ribosomal RNA
11. Nesterenkonia halobia strain DEM 20541 168 ribosomal RNA
12. Nesterenkonia alba strain CAAS 252 168 ribosomal RNA partiZHEN-SEESSSRREEIEATERALE - BORENARNERCEENENS - RACRAARNORTS - ACRARR0 000 000 ---- - - - -~~~ -~~~ ~~-~~----------—-
13. Nesterenkonia xinjiangensis strain YIN70087 165 ribosonal HEEE-GERERESEASCLERIENALE-STRENAOTERORATIEN-SACNLERTANTE-SCALRRNARECRNACRRAA0RE-----------"--"----------~-
14. Arthrobacter protophormiae strain DSH 20168 168 ribosonal B
15. Arthrobacter rhombi strain F38.3HRES 168 ribosomal RNA pary
16. Rothia aeria strain A1-17B 165 ribosomal RNA partial sequen-
17. Curtobacterium flaccumfaciens pv. flaccumfaciens strain LNG
18. Curtobacterium citreum strain DEM 20528 168 rihosomal RNA
19. Curtobacterium luteun strain DSM 20542 165 ribosomal BNA I 7777777777777777777777
sk e el PR el ) s e by e R R 00 VR ] ettt e e e b e b b bbbt e
- Rhodococeus rhodnii strain B/0 168 ribosomal RNA partial =
22. Gordonia bronchialis DSM 43247 165 ribosomal RNA partial s
23. Amycolatopsiz echigonensis strain LCZ 165 ribosomal PHA parn-
24. Awycolatopsis halotolerans strain N4-6 165 ribosomal RNA
25. Amycolatopsiz sacchari strain K24 165 ribosomal RNA partia
26. Dietzia cinnamea strain :IMMIB RIV-333 168 ribosomal PNA
27. Amycolatopsis niigatensis strain LC11 168 ribosomal BNA par-

28. Amycolatopsis rifawycinica strain DSM 46095 165 ribosomal R--H-ARENASERERIERTEEALE-BEEERACNEECEENTEE-Ba0BEAEORNA - A0RER0N---------------------m -
29. Angcolatopsis lexingtonensis strain NRRL B-24131 165 ribosi T B | beerma g ety siras el ok g S |

Figure7: Megab (Alignment explorer) aligning the sequencefor phylogenetic analysis

48 Kocuria rosea 165 ribosomal RNA partial sequence
o1 Kocuria polaris strain CMS 76or 165 ribosomal RNA partial seguence
o5 Kocuria aegyptia strain YIM 70003 165 ribosomal RNA partial sequence

Kocuria turfanensis strain HO-9042 165 ribesomal RNA partial sequence

Kocuria flava strain HO-8041 163 ribosomal RNA partial sequence
Sequence 1
Kocuria varians strain G33 1635 ribosomal RNA pariial sequence

5 Kocuria marina strain KMM 3905 165 ribosomal RNA partial sequence
o5 Kocuria camiphila strain CCM 132 165 ribosomal RNA partial seguence
Rothia aeria strain A1-17B 165 ribosomal RNA partial sequence
Arthrobacter protophormiae strain DSM 20168 165 ribosomal RNA partial sequence
Arthrobacter rhombi strain F88.3HRE9 165 ribosomal RNA partial sequence
Arthrobacter castelli strain : LMG 22283 165 ribosomal RNA partial sequence

i MNesterenkonia alba strain CAAS 252 165 ribosomal RNA partial sequence
4’E&ﬂemnkon ia halobia strain DSM 20541 165 ribosomal RNA partial sequence
Mesterenkonia xinjiangensis strain YIM70097 165 ribosomal RNA partial sequence

Curtobacterium flaccumfaciens pv. flaccumfaciens strain LMG 3645 165 ribosomal RNA partial sequence

100
5[1: Curtobacterium citreum strain DSM 20528 165 ribosomal RNA partial sequence

Curtobacterium luteum strain DSM 20542 163 ribosomal RNA partial sequence

7

75 Rhodococcus kyotonensis strain D3472 163 ribosomal RNA partial sequence
o6 Ai—‘— Rhodococcus rhodnii strain B/O 163 ribosomal RNA partial sequence
Gordonia bronchialis DSM 43247 163 ribosomal RNA partial seguence

Dietzia cinnamea strain [IMMIB RI'V-399 165 ribosomal RNA partial sequence

100

p— Amycolatopsis sacchari strain K24 165 ribosomal RNA partial sequence

100 I: Amycolatopsis rifamycinica strain DSM 46095 165 ribosomal RNA partial sequence
Amycolatopsis lexingtonensis strain NRRL B-24131 165 ribosomal RNA partial sequence

Amycolatopsis echigonensis strain LC2 165 ribosomal RNA partial sequence

100
5 Amycolatopsis halotolerans strain N4-6 165 ribosomal RNA partial sequence

Amycolatopsis niigatensis strain LC11 165 ribosomal RNA partial sequence

0.0o1
Figure8: Neighbor joining phylogenetictreebased on 16sr RNA gene sequencesshowing the distance of isolated strain
(sequence 1) within the genus Kocuria. Amycolatolatopsis nigatenesis strain L C11 was used asan outgroup. Bootstrap
valuesar e show at thenodesof thetr ee. Bootstr ap valuesgreater than 90% ar e shown by thegenusKocuria. Bar shows0.01

substitutionsper nucleotide positions.
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aa

Kocuria rosea 168 ribosomal RNA partial sequence

Kocuria polaris strain CMS3 Thor 165 ribosomal RWNA partial sequence
Kocuria turfanensis strain HO-9042 165 ribosomal RNA partial sequence
Kocuria aegyptia strain YIM 70003 163 ribosomal RNA partial sequence
Kocuria flava strain HO-8041 165 ribosomal RNA partial sequence
Sequence 1

a0

Kocuria varians strain G33 16S ribosomal RNA partial sequence
Kocuria marina sfrain KMM 2905 165 ribosomal RNA pariial sequence
Kocuria camiphila strain CCM 132 165 ribosomal RNA partial sequence

Rothia aeria strain A1-17B 163 ribosomal RNA pariial sequence
Arthrobacter protophormiae strain DSM 20168 16S ribosomal RNA partial sequence
Arthrobacter rhombi strain F98.3HRG9 16S ribosomal RNA partial sequence
Arthrobacter castelli strain : LMG 22283 165 ribosomal RNA partial sequence
konia alba strain CAAS 252 16S ribosomal RNA partial sequence
Mesterenkonia halobia strain DSM 20541 165 ribosomal RNA partial seguence

Nesterenkonia xinjiangensis strain YIM70097 16S ribosomal RNA partial sequence

54| Curtobacterium citreum strain DSM 20528 165 ribosomal RNA partial sequence
o Curtobacterium luteum strain DSM 20542 163 ribosomal RNA partial sequence
74 Rhod! kyotonensis strain DS472 16S ribosomal RNA partial sequence

sﬂ[ECUI'tobactenum flaccumfaciens pv. flaccumfaciens strain LMG 3645 165 ribosomal RNA partial sequence

@ Rhodococcus rhodnii strain B/O 165 ribosomal RNA partial sequence
Gordonia bronchialis DSM 423247 165 ribosomal RNA partial sequence
Dietzia cinnamea strain :IMMIB RIV-399 16S ribosomal RNA partial sequence

100

‘MAmyculatopsis sacchari sfrain K24 165 ribosomal RNA partial sequence

100 [Amycolatopsis rifamycinica strain DSM 46095 165 ribosomal RNA partial sequence
Amycolatopsis lexingtonensis strain NRREL B-24131 165 ribosomal RNA partial sequence

i Amycolatopsis echigonensis strain LC2 163 ribosomal RNA pariial sequence
47|_E Amycolatopsis halotolerans strain N4-6 165 ribosomal RNA partial sequence

Amycolatopsis niigatensis strain LC11 165 ribosomal RNA partial sequence

0.01

Figure9: Minimum evolution bootstrap phylogeny of Kocuriafamily inferred from 16sr RNA sequences. Bootstrap prob-
abilitiesareshown at thenodes

50

Kocuria rosea 163 ribosomal RNA partial sequence
Kocuria polaris strain CMS 76or 165 il RNA partial seq

Kocuria turfanensis strain HO-9042 165 ribosomal RNA partial sequence

Kocuria aegyplia strain YIM 70003 16S ribosomal RNA pariial sequence

Kocuria flava strain HO-9041 16S ribosomal RNA partial sequence

Kocuria marina strain KMM 3805 165 ribosomal RNA partial sequence
Kocuria camiphila strain CCM 132 165 ribosomal RNA partial sequence

Kocuria varians sfrain G33 163 ribosomal RMNA partial sequence

Rothia aeria sirain A1-17B 165 ribosomal RNA partial sequence

Artf protophormiae strain DSM 20168 16S ribosomal RNA partial sequence
Arthrobacter rhombi strain FO8_.3HRES 165 ribosomal RNA partial sequence
Arthrobacter castelli strain - LMG 22283 185 ribosomal RNA partial sequence

Nesterenkonia alba strain CAAS 252 16S ribosomal RNA partial sequence
20
4’; Nesterenkonia halobia strain DSM 20541 165 ribosomal RNA partial sequence

nia xinjiangensis strain YIM70097 165 ribosomal RNA pariial sequence

|— Curtobacterium luteum strain DSM 20542 165 ribosomal RNA partial sequence
100

Curtobacterium flaccur pv. flaccumfaciens strain LMG 3645 165 ribosomal RNA partial sequence
Curtobacterium citreum sirain DSM 20528 16S ribosomal RNA partial sequence

R kyotonensis strain DS472 1653 ribosomal RNA partial sequence

Dietria cinnamea strain JIMMIB RIV-389 165 ribosomal RNA partial sequence
Rhodococcus rhodnii sirain B/O 163 ribosomal RNA partial sequence

100 Gordonia bronchialis DSM 43247 16S nibosemal RNA partial sequence

= Amycolatopsis sacchari strain K24 163 ribosomal RNA partial sequence

100 [Amyoolatopsis rifamycinica strain DSM 45095 163 ribosomal RNA partial sequence
Amycolatopsis lexingtonensis strain NRRL B-24131 168 ribosomal RNA partial sequence

s Amycolatopsis echigonensis strain LC2 165 ribosomal RNA partial sequence
ﬂ} Amycolatopsis halotolerans strain N4-6 163 ribosomal RNA partial sequence

Amycolatopsis niigatensis strain LC11 16S ribosomal RNA partial sequence

a7

001
Figure10: Thetopology shown hereisan unrooted treeand branchesar efound by maximum likelihood (br anches signifi-

cantly positiveat P <0.01)
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DISCUSSION

Phylogenetic tree building is the most common
method of classifying organisms, and by basing it on
16srRNA makesit even morereliable. Inthisstudy the
crucia partistheamplification of the 16srRnaandthe
alignment of the sequence. The functional role of
Kocuriarhizophila appearsto be the degradation of
phenolic compounds¥ and it dsoisha otolerant (10%
NaCl). Thesebacteriahave been reportedin fermented
foods, clinical specimens, and fresh water and marine
sediments®, and dsointherhizosphereof narrow | eaf
cattail’® suggesting that each Kocuria speciesishighly
adapted to respectiveecologica niche’®. Thepresence
of probable metabolic pathwaysfor thetransformation
of phenolic compounds generated from the decompo-
sition of plant materials, and the presence of alarge
number of genesassociated with membranetransport,
particularly amino acid transporter and drug efflux
pumps, may contributeto the organismsutilization of
root exudates as well asthe tolerance to various or-
ganic compounds?*4. Inthe present instance, the host
food (pineneedles) isaresourcecontaining ligninsand
polyphenol 2% whi ch appearsto bethe cuefor host to
harbor Kocuriarhizophilafor the utilization of such
lignocellulosi c resourcesasfood.

The GC content of the sequence wasfound to be
56.58% by using GENSCAN. The GC content of the
speciesisindicative of reasonable stability of itsge-
nome, and isintheintermediate rangereported for a
widevariety of bacterial genome*!,
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