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Isolation and Characterization of Endophytic Bacteria from Rice Root Cultivated in Korea. Park Soo-
Young'?, Sung-Hyun Yang'?, Soo-Keun Choi', Jong-Guk Kim?, and Seung-Hwan Park'*. 'Laboratory of
Microbial Cenomics, Systems Microbiology Research Center, KRIBB, Daejeon 305-806, Korea, “Department of
Microbiology, College of Nature Science, Kyungpook National University, Daegu 702-701, Korea, *Present
address: Marine Biotechnology Research Center, Korea Ocean Research and Developement Institute, Ansan
425-600, Korea — The 44 endophytic bacterial strains were isolated from surface-sterilized root of rice cultivated in
seven different locations of Chungcheong province, Korea. Each isolate was introduced into rice seedlings grown
gnotobiotically by inoculating scissor-cut first true leaf with cell suspensions, and the colonization capacity of each
isolate in root tissue was anatyzed at 7 days after inoculation. Sixteen out of 44 isolates were re-isolated from root
successfully with the frequency of 10*° CFU/g tissue. Interestingly, seven out of 16 isolates were identified as
Burkholderia species. The identity between inoculated strains and re-isolates was confirmed by genomic finger-
printing and 16S rDNA sequence analysis. By a confocal laser scanning microscopic observation it was revealed
that KJOO1 strain, one of the sixteen isolates tagged with gfp colonized in root tissue especially around xylem. Six
out of seven Burkholderia strains obtained in this study showed antagonizing activities against seven different fun-
gal pathogens, contain nifH gene, and five of them enhanced growth of cucumber over 30%. The isolates showed no
hypersensitive response on tobacco leaves and no pathogenecity in rice. From these results it was found that the
endophytic Burkholderia strains will be useful in agriculture to develop a biocontrol agent or a bio-fertilizer.
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Table 1. Strains confirmed endophytism by re-isolation proce-
dure.

Isolate  Reisolation frequency®  Tentative identification”

KJo001 (2£0.02) x 104 Enterobacter sp.
KJ002 (1 +0.05) x 10 Enterobacter sp.
KJ003 (3+0.12) x 104 Burkholderia sp.
KJ004 (1+0.02) x 104 Klebsiella sp.
KJ006 (1=0.10) x 10° Burkholderia sp.
KJ007 (1+0.21) % 10* Burkholderia sp.
KJ008 (1+0.03) x 10* Burkholderia sp.
YKO11 (2+0.15) x 104 Burkholderia sp.
GS121 (3£0.05) x 10° Sphingomonas sp.
GS125 (1£0.02) x 10* Pseudomonas sp.
GS126 a+0.11)y x 10* Burkholderia sp.
CW130 (3£0.07)x 103 Serratia sp.
CW13t (4+032)x 10° Pantoea sp.
Cw132 (1£0.25) x 104 Serratia sp.
YS135 (2+0.13) x 10° Herbaspirillum sp.
YS137 (3£0.25)x 10° Burkholderia sp.

Calculated from the numbers of the colonies grown on nutrient

agar medium.

®Based on anaysis of partial 16S rDNA sequences (350 bp or 1419
bp in the case of Burkholderia spp.).
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Fig. 1. Confirmation of identity between initial isolates and reisolates based on RAPD analysis (A) and diversity of 16 endophytes
by analyses based on Rep and ERIC PCR (B). (A): Patterns of random primed PCR products with OPX-1 and OPX-2 between initial
isolates and reisolates. Lane M: 1 kb ladder, 1: KJ0O01, 2: KJ003, 3: KJ003, 4: KJ004, 5: KJ006, 6: KJ007, 7: KJOOS, 8: YKO11, 9: GS121,
10: GS125, 11: GS126, 12: CW130, 13: CW131, 14: CW132, 15: YS135, 16: YS137. On each number, left is initial isolates and right is
reisolates. (B): Patterns of Rep and ERIC PCR; lane 1~16: patterns of REP PCR, lane 17~32: patterns of ERIC PCR. Lane M: 1 kb ladder,
1: KJ0O1, 2: KJ002, 3: KJ004, 4: CW131, 5: GS121, 6: GS125, 7: CW130, 8: CW132, 9" CWI135, 10~16: Burkholderia group, KI003,
KJ006, KJ007, KJ008, YKOI1, GS126 and YS137, lane 17~32: same order as REP PCR. The arrows indicate significant bands which

showing Burkholderia isolates are different from each other.
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B

Fig. 2. Confocal microscopic image of the cut-across root of the rice seedling inoculated with KJ001 labeled with GFP (pGFPuv). A:
Detection of GFP-labeled KJ001 mounted on a cut tip of the first true leaf under UV (a), (b): enlargement of square in (a) image. B: Image
of the root section; (a) under the 488 nm laser light, (b) capture of real time scanning, (c) mix the image (a)+(b), (d) enlargement of square

in (b) image.
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Table 2. Effect of endophytic Burkholderia spp. on suppression of plant pathogenic fungi in vitro.

Antifungal activity® of Burkholderia isolates

Plant fungal pathogen
KJoo3 KJ006 KJ007 KI008 YKO11 GS126 YS137
Rhizoctonia solani ++ ++ - ++ + -+ ++
Pythium aphanidermatum ++ +++ ++ ++ ++ ++
Mucor ambiguus ++ ++ - 4 o+t 4+t ++
Rhizopus oryzae ++ ++ T+ T+ Gt ot
Alternaria sp. 4+ +++ - ++ -+ +H+ ++
Fusarium oxysporum ++ ++ - ++ T+ ++ ++
Fusarium solani ++ ++ - ++ Tt 4+ 4+t

Sclerotium rolfsii - - -

*The activity was represented by the diametery of the growth inhibiton zone

— ~6 mm, +; 6-10 mm, ++: 11-15 mm, +++: >16 mm.
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R
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Fig. 3. Pant growth-enhancing effects. Scale bars indicate height of seedling in average 4 replications. Control; just treated with phos-

phate buffer.
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Lol 20 4® &1 53

16578 YAdEol AEAAE S35 A7) A
ZALE7) 98] o) FRE ol83td AR FA EAE #
gt £ AT degdo] Qo] FAE AAA= 3}
927 potel] Aol 40 e] AR F Ao] AL A3
o v AE 3 v BE ARNSSle] sl FAE Tt
wlasle] A EAEA BAE EAE AR 165 EF JT
10%~38% A 2o FES Ho|YAE FA3GS
2te) 9 M(Fig. 3). Pseudomonas sp. GS125, Serratia sp.
CW130, Serratia sp. CWI132 X Herbaspirillum sp.
YS1359] AAEA &) 8 A L2 eyl KJ003
3} KJ0062 A 23 552 Burkholderia < 452 3T
30%0]4 Sole] RS- EAlslgion E3] KJ0073} KI008
o} &7} g3l v(Fig. 3).

Burkholderia & WH4#&2 84 0#

E d7elMs sk FAMlA AR ¥ ] Al
oA WAATE Felst A&l st A&, AE
A EA 7% 5 T2 A1E] it f8A4 dsl Aden
steh & Ayl AREE A el oE Ry Aol
538} 1652 WAF = Burkholderia 3 o] 72 o<
E AAg AL wg Fv|2g AFolvt v T
Burkholderia %0 o] B¥ 31 ¢J-&-& ¥ 73l & |
A36}F el Burkholderia 25°) AT X5} ol
o] A4V T US-E gt &7) sl 3, 12]. & o
oM ZHR3 Burkholderia spp. & KI007S A8t 6 &
T 16S 1DNA 97149 BAolA B vietamiensisol] 74
7 Fom Vet om(Fig. 4) o] 5 W el 24| )
o] HAY, exld AT vl nif FAAR] =
o A E2 gl AEAe] BHo g f843L8 A

o}, B 16l &b A F7HA) 400] £ Burkholderia &

FEo| Ao 9L £33 ks A FelEHT

o) % & AW JAY 75S e T A A L

T 2 AE wAgeE vuE AlE® Wel glo] 885 9
3

[18]. B 7ol B9 65 Burkholderia spp52l 73-%
ol Bhllell sl HRuESo] defub] skl wioll =it
AHE g Aoz veht A BT 7eAE iiAE
S 9lgem 371 AFE Bl S dgk S g1
¢ A 8% AR o8 P Aoleh

2 o

gHbe SRRl FAGES 7 Al AuiEAL
v AR 218 ARl o|ES ¥elE A ¥ F
WATS 445 Felske WA A AR B8 A
| Aoz $3t FFE HF 167 FH 3. ol
o) Heplss Fe) AAF 1 g3 10°° CFUE ebge. &
n|ZA| % o|F 757} Burkholderia % 722 A FH] 7]
Zo| g2 ¥ AT 97 Aol oE EAS By
=3} GFP tagging W& o] &3led FaF F sl
Enterobacter sp. KJ001 #5<i] e 3] H-2]x2] v colonization
RS selaE Aot Bl 24 F Avpd FHe LS
o| 21 98¢ A5t Burkholderia B28|55-2 <
Al WA E2 wIER BeEY in vinodelA FHHT
AFA AU 8l 3t 2 o Ee] A
ALA B G nifHE 7 E HoE Hel A4
Aol o) AL =58 F F UE A= dE5HEH
AAZ 2o FHE AAE 30% o)A FA3 = EAE B
of AlE o) W 7has} vlBe] FHES] A Exl F A

[«

Isolated sources
(Accession numbers)

YKOH1 T ]
KJ008
YS137 This study (EF128227)
GS126
KJ003
KJ0OO6
B. vielnamiensis ~ Rixe rhizosphers (AF097534)
B. muttivorans Cystic fibrosis patient (Y18703)
KJoo7 This study
B. cepacia Onion sour skin (AF097530)
B. stabilis Cystic fibrosis patient (AF148554)
B. plantarii Rice pathogen (U96933)
B. gladiofi Gladiolus pathogen (X67038)
B. glumae Rice pathegen (U96931)
[ B. pseudomallei  Melividosis pathogen (1Q108392)
]| B. mallei Glanders pathogen (AF110188)
B. graminis Maize root (U96939)
60 Azoarcus Rice endophyte (AF011344)
R T T 1
g 4 2 0

Nucleotide Substitutions (x100)

Fig. 4. Phylogenetic tree of Burkholderia isolates based on 16S rDNA analysis.
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