Korean Society for Biotechnology and Bioengineering Journal 31(3): 158-164 (2016)

http://dx.doi.org/10.7841/ksbbj.2016.31.3.158

ISSN 1225-7117 / elSSN 2288-8268

e

4

H
s

&, HEY,

AT, A, o] M, Y+

b

I3 N+t Rhodobater capsulatus PS-22] t =) oF 2|2 3} 9 gjAHE

Mass Cultivation and Secondary Metabolite Analysis of Rhodobacter

capsulatus PS-2

Ki Moon Bong', Jong Min Kim', Jae-Hong Yoo’, In Chul Park’, Chul Won Lee’, and Pyoung Il Kim'*

Received: 8 August 2016 / Revised: 20 September 2016 / Accepted: 21 September 2016
© 2016 The Korean Society for Biotechnology and Bioengineering

Abstract: Plant growth promoting (PGP) hormones, which
are produced in a small quantity by bacteria, affect in plant
growth and development. PGPs play an important role on the
crop productivity in agricultural field. In this study, a photo-
synthetic bacterial strain producing the PGP was isolated from
paddy soil. Bacterial isolate was gram negative, rod-shaped
and motility positive. From the 16s rRNA gene sequence ana-
lysis, the isolate was identified as Rhodobacter capsulatus
PS-2. The mass cultivation of R. capsulatus PS-2 was opti-
mized by considering of the carbon, nitrogen and inorganic
salt sources. Optimal medium composition was determined as
Na-succinate 4.5 g, yeast extract 5 g, K,HPO, 1 g, MgSO,5 g,
per liter. From the result of 500 L fermentation for 2 days using
the optimal medium, the viable cells were 8.7x10° cfu/mL. R.
capsulatus PS-2 strain produced the carotenoid and indole-3-
acetic acid (IAA). The carotenoid extraction and quantitative
analysis were performed by HCl-assisting method. Total caro-
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tenoid contents from R. capsulatus PS-2 culture broth were
measured as 7.02+0.04 and 6.934+0.05 mg/L under photohet-
erotrophic and chemoheterotrophic conditions, respectively.
To measure the productivity of [AA, colorimetric method was
employed using Salkowski reagent at optical density 535 nm.
The results showed that the highest content of IAA was 197.44
+5.92 mg/L in the optimal medium supplemented with 0.3%
tryptophan.

Keywords: Rhodobacter capsulates PS-2, Carotenoid, Hetero-
trophic cultures, Plant growth promoting bacteria, Indole-3-ace-
tic acid(IAA)

1. INTRODUCTION
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A= nAE diguigol A oz o] FofAof gt}
ey ARk o= m A E wj ol = 7F] A8 vl
A& AHgsl7] woll u] A& A& A E Wi th9]
FRA A FFshE Aol Aol T3 v E A&
AE BHF6l7] flote] e Ad4E 7IEA oS
= HEslojof ol Bkl AP A o7 DA o=
7851 ol Sk

SEAE UYEAA R S EE = T vE TR LZ
It (Bacillus), &% (Yeast), G4t (Lactic acid bacteria, LAB),
35 Ao (Photosynthetic bacteria), 7%= X U2 (Pseudomo-
nas), E&| 2} (Trichoderma), o}~ A 212 (Aspergillus)
7Foleh. 1L F F M =, 8, sk A B 5 B
B Ql kol tf Rt EA Sk low, Bt e e F719Y
Alat 2t Bl sk S o A AR A o= g A Qi 2]
FHAATE 7122 o & Yol 9l §7]-% (photoheterot-
rophic culture) £ 71 of| A FoH/d A-&-of &fsff A 45FA| Tk, o]
£ F 4R do| §l= 3 7]-9 (chemoheterotrophic culture)
204 B FEIYE nAAEAH B8] = e (3]
FEAE nAEAA R 8= FEAA T SR
2A)+F (purple nonsulfur bacteria, PSB)-2 & 7]-33 XA 9|
T7]-oF 2 A o] 7Hssk o f7lEd FE
o]-g-sto] thefet Al E-S St [4]. w3t oA A& 5
EFRla} ofm] e 4k Sheo] =11 Al S-SR AL Qe A
o7 A A Utk [5]. 1y FAAA S HEYo] #aL
FE0] 7R 9-m A F Ak gt A Q] A-E 7}
WA oFof 2|42 Q1 A+L7F F e gk Aol

oA EA A = 285 = v ES TR thAMES A
st o] & Fofl AHAA Y kel YIS wX| L St vy
o] BAksts drkbE S5 5 484
O X Aatof| QlofA FFartotd 7 EEE 54

= o T

o)

NA = ST B, BoFetA Ei= FEehA u
= =242 JoHth A EE2 AEY )
IS ZAG = AE 2R dF O AR it &
Aol Aot Aoz A A ek A AL &%
Zo| A A A © 2 o]&E = o= auxin (indole-3-acetic acid,
IAA), gibberellin (GA3), abscisic acid (ABA), o2 5°] L
t}. o] & auxin®] A Q1 EA I IAA= £7] A Ho]
S A6kl 7] 9F el o] Wy, £ apA o iy, 1
23l 24 &5 52 =gt YAl TAAL) indole-
3butyric acid (IBA)E Z3}5}= auxin A9 o] A &4 7
45 YA, o] 5 dAME S A8 AR A2 A 1)
Ao vl¢- B 9lsha chopal) A8k AoR Hiww
Qlth [6,7]. E3L, BA M Fo+= 5-aminolevulinic acid
(ALA), gibberelling 4 /3 3}o] A& H 3} F2pdo} %712}
&= ot A o= A Qe (8] ol&foll= A=Al
F= v A= AR S A vl E &< Pseudomo-

nas fluorescens sp., Pseudomonas putida, Enterobacter sp., Azo-

tobacter sp., Bradyrhizobium japonicum, Azotobacter vinelan-
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2. MATERIALS AND METHODS

2.1. 3N B L AL

BHAATY e WS I8l =, Al A T BQE, 2
717, 5Hd H 540 A EG F 27 a0A A RE 5
Hotdch +AE A e 2 SF7EE 0.1 ¢4 150x20 mm O]
culture tube®]] 30 mL Biebl & Pfennig’s HJ} X] (KH,PO, 0.5 g,
MgS0,7H,0 0.2 g, NaCl 0.2 g, CaCl,2H,0 1.2 g, yeast ext-
ract 0.05 g, malic acid 0.3 g, succinic acid 1 g, Na-acetate 1 g,
0.1% ferric citrate 5 mL, Trace Element Solution SL-7* 1 mL,
per liter) & £3-slo] AA| gt o2 F3sglow, @714
B2 3,000 lux 2E0] F-E ZALS T 28°C §-L7] ol 4
H F3FATE [10]. Tube SEH O] B H A4 E= 24 9] oA]
= W20 3 H5}to] Biebl & Pennig’s A4 H] | o]
Wom musho] ¢4 Belstodrt. HHAA T 5 5714
ol 7H5%t A5 AEsH7] Y3l 449 o5& Van niel’s
yeast H| X (K,HPO, 1 g, MgSO, 0.5 g, Yeast extract 10 g, per
literyo] 7]-9F 270 A] 30°C, 48117 B3k wjasto] 44
o] colony H e 2 Lehi= F52 A FF0] B
EAS 9i510] rhaket sl AR W AR
7 (scanning electron microscope, SEM)S. & 71 e & &
5}t o] & Hlg 9 2 Bergey’s manual of systematic bacte-
riology®] A4¢lo] u}e} 2% H5 E4skolr} [11].

2.2. F A= A HH3 A A Y3}
FRA At e] vl A 2 A 5HE 9] LubA o= AR E &= Van
niel’s yeast Hj 2] o] €t 9, 7]4F, A2, F7|HFE A7t
stof AU 2|5 A1 st Gick. v Al off wh-E Fek g Alat 2 A
A5 24517] Y3l eh4Y (glucose, soluble starch), 5-7] A
(sodium acetate, sodium succinate), 24~ (yeast extract, soy
peptone, MSG,), 7| 9% (K,HPO,, KH,PO,, MgSO,, NaCl,
NH,C], H;BO;, CaCO;,)5 s =Z F7elfoy, &3 %
(600 nm) B A ZAE Fa) A4 2 A5tk v
& 270 271-9F Aefoll A 120 rpm, 30°C, 4847t 54k A
sttt

At wij A& o2 gLt 22 8kE ffsf 500 L2
A7) ol &5to] F At vl & 35k 100 mL
2| A w2 7} 32 3HE 500 mL AF2F Zek o A 12} Fat H
F& AYstglon, 22 St A5 A x| 2 LE £
SFSLAZ SetiaoA Ut 2o = uf et 3500 L
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w 2 9% HF RO AT o)
F2AHL T 571G 2ALS 2 120 rpm, 30°C, 48] 7F
==
[e)

Ll

sto] A S Bl estoinh B A o whE 3 Alete
Wz WIS 98] Bl53 FH ) 4R 240 thE 27kl
HZE A7IA (#1; 0.2% Si0,, 1% starch, #2; 0.2% Si0,, 0.5%
starch, 0.5% MSG)E #7}5lo] 80X 7 B¢t T2 AX 3 &
3 E471 5 o §to] 2Tk A2 Hase gl Eat
2 FAAATE AAE o]§-38te] 4°C (FF), 25°C (A=),
40°C 27104 6F 5¢t 2= HE P AE S =gt
T 2 AP Shol| w2 B AR Y] HEL S A

2.3. Carotenoid & W B4

B Mt AAksh= carotenoid®] =23} v Fx 7 of w
£ carotenoid A AMF-S Bl aL5L7] 9] 2| Al 2| o A Z7]-%F
ZZA 2 2 120 rpm, 30°C, 48] 7+ &-2F 100 mL (V)= v} s}
Fom, d7]-33 2 A0 Z 3000 luxol| N, gasE ¢ 514 120
rpm, 30°C, 48417} &<t 100 mL (Vy)ol| Al B]aL v kst 3ict.
Carotenoid &2 FAF &1 (HCl-assisted extraction) 0.2
FZ5F 31t Carotenoid @] 7§~ <#A| W F-of A 24 & 7] wj &
of dsdol AAH FHAF FAHE AHEsH e H, 3M
HCIE 371310] carotenoid7} &2 4= Q=5 o4 S 25
sF¢iTh 3M HClej el FaiEl o 4+= 10,000xgol| A 205
o ARt & A A2 A AT A5 Hol AlAH
Al &o] acetone (V)= A 7}5}o] 28°C, 100 rpm, 305 EoF W
Kk5}o] carotenoid & &5 At 217 454 2] 480 nmof
A S8 gk (A), carotenoid B FF =0l whef AbEA
(D: dilution ratio, 0.16: extinction coefficient of carotenoid)o]]
At A EASHAH [12].

ADV,

0.16 1V,

Total pigment =

24. A EAFEF EF 24

2.4.1. BJAY] (colorimetric method) o] 9JFIAA §FF 23
FEAAIo] Aatshs ARSI 24 S HAHEES
3 A 0] 7H g IAA SRS S5kt B M-S F
Auf 2] o] 2 F5F & IAAS] M543 L-tryptophang: 0.03,
0.1,02,03% S =2 Z-7F H7lste] 57]-9F 20| Al 484
2k Fsto] Al Hstol w2 1AA L] /g 7S 2AFSHI T
TAA 737 S i 3 v A& F5ko] 10,000xg= 20
= 5 YAEE A 1 mLoj salkowski &9 (H,SO,
150 mL, H,0 250 mL, 1.5 M FeCl;6H,0 7.5 mL) 2 mL-& &3}
Sho] Ao Al 2045 BESAI Y] & g = A E 0]-8-51] 535
nmoj| A Z48}31aL, 35 TAA (Sigma Co., USA)& AHE-5}
o Aofzl EEIA o whet gkt [13].

Table 1. Optimized LC-MS/MS parameters for the determination
of [AA

MRM parameters IAA
m/z 176 - 130
DP?, V 21
CE", V 31
Mass spectra range 100~500 m/z
Ionization ESI positive mode
Source temperature (°C) 500
Ionization voltage (V) 4500
Ion source (GS1) setting 30 Mpsi
Ion source (GS2) setting 30 Mpsi
Curtain gas setting 10 Mpsi

DP?: declustering potential, CE®: collision enegy.

2.4.2. LC-MS/MSZ o]-§3FAA 3§24/

0.3% tryptophan®] 7}l 2| 2} uff 2] of| A ufj 2t B3t Al <t
v okl 100 mL-& 10,000xg S 2 YA E2] st & 0.2 um filter
2 )3 AHSAS LC-MSMS 244 A2 2 AFgaholtt.
Biosystems-Sciex API 2000 (Applied Biosystems, Concord,
Ontario, Canada) 24 7]7]9} 48 column® 2 Sunfire (&
5 um, 4.6x250 mm, Waters, USA)E A}&-35}%1th MS9] Ton
sourcet turbo spray 5500, capillary temperature= 500°C .=
Attt BAA o= 9] vlgo] YA O R =o}
A= gradient program (5-65%, 30 min)& Al-&stH o, &
42 1 mUmin®] 27102 s}tk o] 54+ ZAAIHAA A
L2 100% H,00f 0.05% Trifluoroacetic acid (TFA), B-&H
2 100% acetonitrile (ACN)9]| 0.05% TFAE A}-&-3} %1 tt. o
AR O] AA B AL 915F LC-MS/MS9] ionization mode=
ESI positive mode?} MRM modeE ©o|-&35to] 24351 ch
(Table 1) [14].

3. RESULTS AND DISCUSSION

3.1 FF A A

=, AAAE] B4, 271, ohd B S0 B B
=0 g HE AFANFES Adst7] 913l Biebl & Pfennig’s
Ui A& ©]-&-5lo] tube FEHO|| Y H M E= A0 oA
T 6T= YAtk L5 2] v ol 7k 159 3
AAES ekt due B AEe) S5 57
2 3F015}7| 95}l ZH2F9] genomic DNAE template DNA =
AHg3le] 168 TRNA 971418 248 asioict. A8 %
S M| 2] 16S rRNA ¢ 7] 4] €2 National Center for Biote-
chnology Information (NCBI)2] gene bank database 7 1 & 5
B ot 471A 29 e Selskh =" 971A 2
& 7+9] Multiple alignment+= DNAStar program=- ©|-83}¢]
HH stk 18] 2 MEGA 6.0 program @] neighbour-joining
method (Fig. 1), Maximum Parsimony, Maximum Likelihood
off o3 A71A B3] 77314 A 2| €} phylogenetic treeS 2F
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Fig. 1. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showing the relationship of strain PS-2 with close

relatives of the family Rhodobacteraceae.

o15t AT}, Rhodobacter capsulatus ATCC 111663} 99%2] A
Ueb i

Ael F3= 183 Al 2 543 Yetd it
714 2248 of et A7) 4 gH ol A A THedt B E
714 -39 0.1, amylase, cellulase, xylanase, protease 24
< 13Ut (data not shown). o] &3k 2+& A 2] A 3}eh4] 54
2 XAV A3} Rhodobacter capsulatus®} 7V 71 7k-2 EA
2 el gl om, B Ao A= Rhodobacter capsulatus PS-
2% skl [15].

(]

2. uj A2 JAS L g =23 &Y

A3 F YAt R. capsulatus PS-22] XA F 270 8
%ATh. Van niel’s yeast Hj 2] o] #-7]4h, A9, 77195
=2 A7lste] Aukst 2 A uf ] (4.5 g Na-succinate, 5
g yeast extract, 1 g K;HPO,, 5 g MgSO,, per liter)2] 7 -$- &3
T 212, A5 1.2x10° cf/mL O & 19| vjFa 8-S L1er
Holow, A8 A& AHE-SF Aol FARSH i F R &S
e LT [16]. thgui ek el 24 3HE 918l 2 A uiA& o
Ao &2 5,50,500 L &g 7] & 0]-835}9] R. capsulatus PS-25
©7]-9F 2710l A] pilot-scale T a2 S>3y sh AT vl =
718 30°C, 120 rpmof| A Bl FH O] 1%E 75 E5Fof 48471 vl
FsIATH ESF AL FFHFL 03 vwmo R AAson, 2
7] pH 6.5-7.00| 4] %% pH 8.49-8.55% ujjoFo| £= =]t}
5L jar-fermenterof| 4| ZZAuljoFst A1} 2|F Aot 2.7x
10° cf/mL, 50 L 2 7] of| A 2] 2] vl Fet 2§ Ao 4=4= 5.8x

tu o x
of
ol

10° cfw/mL, 500 L o &-5F L& 7] & o]-&3to] 37]-9F v st
A3} 2 At 8.7x10° clmLE 27 =] it (Fig. 2). of
ol F scale-up A3} 500 L of 8- Ha7]ofl A 71 =2 A
w57 BALE oW, 0]= 500 L ¥R 79 S| H &
Z24 7]1%°] SL Y 50 LEt} ety sl7] wfzof 7M=& &
&= Ul Ao s At $ 40275 o] &3 2 Al
Gt 7] At 22 23x10° cfwg (A3 3F 27 41,
0.2% Si0,, 1% starch), 2.1x10° cfu/g (A 33} 274 #2; 0.2%

—— 5L
—O— 50L

Abs. (600 nm)

T
0 10 20 30 40 50

Cultivation time (h)

Fig. 2. Scale-up and culture profile of Rhodobacter capsulatus PS-
2 using 5, 50 and 500 L fermenters.
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Fig. 3. Stability and conservativeness of Rhodobacter capsulatus
PS-2 under different storage conditions. A, 4°C; B, 25°C; C, 40°C.

Si0,, 0.5% starch, 0.5% MSG)ZE ZA}LE it E2 A& 3519
AT BEY CHYA)S 2ABE] 9I3ko] 4C (4%)
25°C (2), 40°C (715 7)o A 179 7HA 0 2 6% Fot
A S 404 6F 40 S92
AR et 271 #12] 79 9x10° g, AF3} 27 #29] 7

85ﬂ&ﬁ@i@ﬂﬂﬁ@@g3@)%%ﬂﬁ&r$@4

Total carotenoids (mg/L)

Photoheterotrophic Chemoheterotrophic

Fig. 4. Carotenoid production of Rhodobacter capsulatus PS-2 from
the chemoheterotrophic and photoheterotrophic culture conditions.

e AR 27 #19] 39 7.5x10° cfu/g, A B3 270 #29]
A9 7x108 cfu/g= F|Z &2l 3ot (Fig. 3(b)). 40°Cof| A &
5 B2 oYy AF AT 15 43 ¥ ARSE AP
Z A #19] A9 9.5x10%cfu/g, AP 3 24 #29] 4L 8.0x10°
cfw/g®= SHQl = Qlct. o 23t A5 nigr o2 A F st =4 #1
o] #20] nlsto] Zreof tiek ool w2 Ao wekE,
0]% B E A& A3} 24 #1HH (0.2% SiO,, 1% starch) ©.
= AAste] BE AYS pasklch F A 22 AR
3t 3 eEd HE QP AY A, 40°C 2704 BEA
159 A% S5E AR5rt FA5H) FaEe gl
ouj, 25 FRE Yt 8l $1a 4 QA (Fig. 3(0))
ARA o7 Zr7Eo] 2o A Bt A3 shE LstA A2
BEHG 2AZ AT 4C (GF), 25°C (A0l A 65 0] %
o= 1x108cfu/g oj4kel A4S T 4 3Tk
m}am, B o175 ugo 2 A RS e A A A
2 4~25°C Z7401] A Beles A R = AAsaL
I e P

rlo

1

3.3. Carotenoid & 9 AFLY
Z) A u X o A 100 mL volume & 2 W} F3} R. capsulatus PS-2
7} AASH= carotenoid @] A #FE A2 98] GAF (HCl-assisted
extraction)2 ©]-&3%F 2&HS W5 &2 1= ace-
tones o] &3kl om, ‘ir%% 480 nmof| Al FF =S 54
shoih S =0l what 4k 4] o] T Yl sho] AR A,
7.18£0.15 mg/L 2]} gHgo] S & et v oF 7l of wh car-
otenoid A4+ Zfo] & 2AFSHZ| Qe |7|-F =41} 57]-¢F
ZANA Z+z} vl 9F3t R. capsulatus PS-29) carotenoid A Ak
22 v Wty B A5 Aak & 7)-ufoko] AL 7.02+0.04
mg/L, & 7]-¢rul %F 2] 7% 6.93+0.05 mg/Le] & carotenoid 3}
o] ZA & it (Fig. 4). vl oF A o] wE R. capsulatus PS-
2] A4 A4S 7 ehek 3ol 7} 9182 Sralahlct.

mea s =
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Fig. 5. Quantitative analysis of IAA produced by Rhodobacter cap-
sulatus PS-2 with the tryptophan concentration gradient.

3.4.1AA B4
R. capsulatus PS-2 955 tryptophan©] 2 715 %] 2wl 2] o] A]
Wl oFahu] A|7F Wstel ThE IAA A S ZASHIT [17].
IAA ALEA 2 9e] 2 tryptophan 0.05, 0.1, 0.2, 0.3%E 2]
M) of 242k H7to] B7]-9F 2AA wket T 1AA A
Ab B E 223 A1} tryptophan 0.05%°f 4] 65.73 mg/L,
0.1%0] 4] 95.18 mg/L, 0.2%¢] 4] 175.58 mg/L, 0.3%0] 4]
197.44+5.92 mg/L7} 747} 2 A} 9le} (Fig. 5). AA A T2
2l tryptophan &= F-7}of] whe} TAA A= S7}6kl o,
41 mg/L 2] TAAE A A St= Azotobacterium vinelandii®} ¥] 1
ohole o oF 1.6~4.811 9] =2 TAA AAkrs 2ld - QL
ATk [18].

R. capsulatus PS-22] A|7F W 3lo] wh 2 AYAFS 424
A A AE el e n, & Aol A EeEeh %
2 tryptophan IAAS] AFE4 & 2-83510] JAA
AAEAN aakE SRl Ul =2z T

Tryptophang &3 2 Z-85h= IAAY] A4
3}y LC-MS/MSof| A MRM %42 176.1 — 130.1 m/z
gsto] 24 gAstlth AA Y A 2E £ 40 Y
A7} (retention time) 21 mino]| A 52 (Fig. 6(a))1}
gk AIZHO] W EE A7 UER Gl o H (Fig. 6(b)), =
ol A &2 7t BF/d At R. capsulatus PS-29] 7 -5- ]
54 5 awxin®] o 3 S22 IAAE AY4bet= A

% 915

A
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= 2
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4. CONCLUSION

ol = AL A W B9, 20714, 51 5
& T 227 Aol A Bt F 65 BT F
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Hozi 1840 shRooR, £540] 9

hil
OQ—]

2
it

=

7 .
-

£ foi 10 rlr

of
) o
A

d

(@)
6000 -

5000
4000 -

3000 -

Intensity (cps)

2000 -

1000 -

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time (min)

3500

®)

3000
2500 -
2000 A

1500 -

Intensity (cps)

1000 -

500-‘
[ SR WO —

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Time (min)

Fig. 6. Qualitative analysis of IAA using LC-MS/MS mass spectra
from Rhodobacter capsulatus. Retention time 21 min, [AA. (a) stan-
dard IAA, (b) IAA extracted from R. capsulatus PS-2 culture broth.

et el gt 571 9 @720 A vloko] 15 B4
7)Ao 2 &% ¢l ™, amylase, cellulase, xylanase, prot-
ease 245 LR A] S8kt 2] at2] 16S RNA 7]
AYg 243 A3} Rhodobacter capsulatus ATCC 111663}
99%2] AsAS e %l o, B ALof| 4 Rhodobacter cap-
sulatus PS-2= g sto] A5 pasiiet. Ao F
A F2 AL 2 30°C, pH 7.00] 121, 3714k A9, 77
A% A7HE Fol AT HHuR) o) 5L 4.5 g Nacsucel-
nate, 5 g yeast extract, 1 g K,HPO,, 5 g MgSO,, per liter= %
AR QITE. il el 2SS 9fsf HA A S o=
5,50,500 L' F & 7] & o]-&5}] scale-ups =243t A}, 2%
2 0 7 8.7x10° clymL o] 342 v Fe 4= QL qlek. A g st
R 2k HEY ()2 4°C (¥, 25°C (A
)l A 65 F¢t 1x10° cfwmLe] HEAS YeRfglon,
40°Coll A= EQHYRE Aoz 2AE LT 2| 2wl 2] ol A Hj
oF&t A3 Mlat R. capsulatus PS-2*= carotenoidS g4I 5151
o, A ZAIAE 2] 532 indole-3-acetic acid ([AA)E A&
A2l tryptophan 7}l &8l & E o= AAFSHGITH IAA
+ tryptophan 5% of o} $7}5}5 2 1, tryptophan 0.3%E
A7V5t 2 A H| A o A 4241 7F W OF X] 71 2= 197.4445 92



164 Korean Society for Biotechnology and Bioengineering Journal 31(3): 158-164 (2016)

9. Beyeler, M., C. Keel, P. Michaux, and D. Haas (1999) Enhanced
production of indole-3-acetic acid by a genetically modified strain

3f
a
AA of Pseudomonas fluorescens CHAO affects root growth of cucum-

mg/Lo) A4 %S 318 4 9l9leh LOMSMS £.4.& %
0] £:5151 IAAS] BEAL 176.1 Da, A58} 0] &2 130.1
o] 900, vl 55 A17k21 minoll A Al B ENEA
HAEEE AL TAT 5 9t

[

ber, but does not improve protection of the plant against Pythium
root rot. FEMS Microbiol. Lett. 28: 225-233.

10. Biebl, H. and N. P. Pfennig (1978) Growth yields of green sulfur
bacteria in mixed culture with sulfur and sulfate reducing bacteria.

Acknowledgements Arch. Microbiol. 117: 9-16.
11. Vos, P, G Garrity, D. Jones, N. R. Krieg, W. Ludwig, W. Rainey &

B RO L2235 T2 ALY (THAHE PJ010513)2) Whitman (Eds.) (201 l.). l.?ergey's M.anual of Systematic 1‘3acteriol—
&) o] 0] & 0. o]o]] ZHAFE U T}, ng: Volume 3: The Firmicutes. Springer Science & Business Me-
dia, USA.
12. Chen, D., Y. Han, and Z. Gu (2006) Application of statistical meth-
odology to the optimization of fermentative medium for carotenoids

REFERENCES production by Rhodobacter sphaeroides. Process Biochemistry 41:
1773-1778.
1. Nam, H. S. (2011). Environmentally-friendly agriculture & biotic 13, Glickmann, E. and Y. Dessaux (1995) A critical examination of the
pesticide. KIC News 14: 12-18. specificity of the Salkowski reagent for indolic compounds pro-
2. Van Niel, C. B. (1944) The culture, general physiology, morphol- duced by phytopathogenic bacteria. Appl. Environ. Microbiol. 61:
ogy, and classification of the non-sulfur purple and brown bacte- 793-796.
ria. Bacteriological Reviews 8: 1. 14. Kim, J. H., J. M. Park, G. H. Choi, Y. K. Park, G. J. Im, D. H. Kim,
3. Zeilstra-Ryalls, J., M. Gomelsky, J. M. Eraso, A. Yeliseev, J. and O. K. Kwon (2013) Comparison of liquid chromatography-
O’Gara, and S. Kaplan (1998) Control of photosystem formation mass/mass spectrometry (MS) and gas chromatography-MS for
in Rhodobacter sphaeroids. J. Bacteriol. 180: 2801-2809. quantitative analysis of indole-3-acetic acid and indole-3-butyric
4. Sasikala, C. R. C. V. and C. V. Ramana. (1995) Biotechnological acid from the concentrated liquid fertilizer. Journal of Applied Bio-
potentials of anoxygenic phototrophic bacteria. I. Production of sin- logical Chemistry 56: 53-57.
gle cell protein, vitamins, ubiquinones, hormones, and enzymesand 15, Jumas-Bilak, E., S. Michaux-Charachon, G Bourg, M. Ramuz, and
use in waste treatment. Advances in Applied Microbiology 41: 173- A. Allardet-Servent (1998) Unconventional genomic organization
226. in the alpha subgroup of the Proteobacteria. Journal of Bacteriol-
5. Sunayana, M. R., Ch. Sasikala, and Ch. V. Ramana (2005) Rhode- ogy 180: 2749-2755.
strin: A novel indole terpenoid phytohormone from Rhodobacter  16. Lee, S.S., T. J. Oh, J. Kim, J. B. Kim, and H. S. Lee (2009) Bacte-
sphaeroides. Biotechnol. Lett. 27: 1897-1900. riocin from purple nonsulfur phototrophic bacteria, Rhodobacter
6. Costacurta, A., P. Mazzafera, and Y. Rosato (1998) Indole-3-acetic capsulatus. Journal of Bacteriology and Virology 39: 269-276.
acid biosynthesis by Xanthomonas axonopodis pv. citri is increa- 17, Normanly, J., J. D. Cohen, and G. R. Fink (1993) Arabidopsis thali-
sed in the presence of plant leaf extracts. FEMS Microbiol. Lett. ana auxotrophs reveal a tryptophan-independent biosynthetic path-
159: 215-220. way for indole-3-acetic acid. Proceedings of the National Acadenty
7. Kende, H. and J. Zeevaart (1997) The five “classical” plant hor- of Sciences 90: 10355-10359.
mones. Plant Cell 9: 1197-1210. 18. Jeon, J. S., T. S. Ahn, and H. K. Song (2003) Indoleacetic acid pro-
8. Chon, S. U. (2003) Herbicidal activity of 6-aminolevulinic acid on ducing ability of soil bacteria that promote plant growth and phos-
several plants as affected by application methods. Kor: J. Crop Sci. phate solubilizing capability. Institute of Basic Sciences 14: 171-

48: 50-58. 180.



