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The metabolites released from cultures of rhizosphere bacteria can inhibit plant growth. Bacillus
subtilis 1J-31 inhibited plant growth by the production of hydrocinnamic acid (HCA). The produc-
tion of HCA by plant-growth inhibiting rhizobacterium B. subtilis 1J-31 was optimized. 90.5 pg/m/
of HCA was obtained under the condition of 1% rice bran as carbon source, 0.5% tryptone as
nitrogen source, 0.1% ZnCl, as metal source at 37°C for 60 h (pH 7.0). The optimal condition for
the HCA production by B. subtilis 1J-31 in the jar fermenter was established using response sur-
face methodology (RSM) of statistical analysis system(SAS) program. The production of HCA by
B. subtilis 1J-31 in the jar fermenter culture reached 102.99 pg/m/ when 2.24% soil extracts was
added and agitation speed was 290 rpm under the same condition. And the experimental value of
HCA production is 102.5 ug/m/ in the same culture condition. The production of HCA by B. sub-
tilis 1J-31 is higher as 12% than that from the flask culture.
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%l HCAE A4¥sk= v[AEZA] tryptic soy broth(TSB; Merck
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HCAS] HPLC ®¥4=2A. B. subtilis 11-31°] A4+sh= HCA
& BAst7] 9% HPLC £4x7122 7]17]& HPLC 600
controller(Waters, Milford, MA, USA), column< Eclipse
XDB-C18(4.6X 150 mm), mobile phasex= (A) 1% HOAc (& &
3, (B) 1% HOAc(MeOH -£3l), linear gradient(initial 0%
final 100% MeOHX60 min), F-3-2 0.8 m/min, H&7]:= UV
254nm(996 photodiode array detectorys AME-SIHT}. HCAS
¥£EL 4-hydroxycinnamic  acid(FEW. 164.16,  Aldrich
Chemical Co. Inc., USAYE ARS-5I3Th

HCA®] #F B3g A% @299 9F. B subrilis 11-319)
HCA A2ts 913 & 938 2Akel] 98] HamA
(yeast extract 0.3%, Na,HPO, 0.5%, MgCl, 0.1%, soil extract
1%(v/v), pH 7.0 glucoseE FF319 fructose, HE, I,
49, oatmeal, A, M5, 47, v|A 5 1052 @29
1.0%% Z+zb Z@rtsted 37°C, 72417 F9F rotary shaker(180
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B. subtilis 1J-310] HCA Aol vl pHe| F&e =A)8t
7] 93l 447] HAuIAE 1N NaOH® 1N HCIE pH 5-8
205 992 ZAs oYt & e wid ez y
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Table 1. Hydroxycinnamic acid production by Bacillus subtilis 1J-31 under different conditions based on central composite designed for

response surface analysis

Exp. No." Soil(oe/:)tract Agitation speed Tr}g;tsne H(Cu/g\/ r;;rlot(’i;x(;:tﬁ())n
1 1(-1) 100 (-1) 0.5(-1) 912
2 1(-1) 100 (-1) 1.5(1) 96.3
3 1(-1) 300 (1) 0.5(¢1) 93.8
4 1(-1) 300 (1) 1.5(1) 96.3
5 3(1) 100 (-1) 0.5(¢1 94.8
6 3(1) 100 (-1) 1.5(1) 96.6
7 3(1) 300 (1) 0.5(¢1) 102.4
8 3(1) 300 (1) 1.5(1) 97.8
9 2(0) 200 (0) 1.0 (0) 102.1
10 2(0) 200 (0) 1.0 (0) 100.2

"The number indicates different experimental conditions by central composite design. The basic medium is composed of 1% rice bran and 0.1% ZnCL,
per 100/ at pH 7.0. The cells were cultivated in 200 / jar fermenter at 37°C for 72 h.
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7} G HrES 558 vt /1EEEE it e
HCA A3l & F&e FA osr] w2 A5 pH =4%
X2 pH 7002 A3l 891 Wl TFATIA et &
¢l ¥R WA EYSEEY FEE A jar fermenter WIS
Ay EYFEEY] 55 Z7MIZOEAM HCA Ao 37}
g AoT o3l 1, 2, 3% TBHE 377 HAsgeH, w
HMEE S HeR AAST ol FEASAANYE B
subtilis 1331 957 37101 Zekas wjekos Zehaz
ol Ag= (baffle platey’t ©8 ZekaIolx4 HCAS A
Aol seatsirlel] 891 Aglel T3 dnlaESs Sk
Q1 STt AU tryptone®] S 0.5, 1, 1.5%= 377F
A8

HCA)| oJ§ 3] A= FAL HCAO &3 Ao 45
T& A1) 9380 Petri dish(p 150X25 mm)d] SHAAE 7
3 EHRASHS Be Al BF HCA 8% 5 B subtilis 1I-
31 MFAH7189 EtOAc £8 FE-S 523k HCA $H-
FoZ AMHE 7 6mix F A5H 400718 ol 24°C, 24
A7k F=270 solA] ol AuiEidth. HCA §9 2 B subtilis
1J-31 ¥y {718 EEEE)S 1, 10, 50, 100 ppme] E%
2 sampleE FHEIHU IR UESFS 6 m/ B Petri
dishZ 313 447 wiE 243 238 2l P_es
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Eg23 viire]l A Hydrocinnamic acid AAERA. B.
subtilis 11-31°] 28t HCA A ¥ixz7AE AES] Y3y
HaupA o 2= 2 A 52 Hrrek vt 3 HCA A
S ZARRE A, HE, ¥R, AANA Blad 2o Ak
S Ueh Biou BASE Hrkek ASM 702 ngmiE
HCAE 74 o] AAsI). A ujx)o] eagdoz 1% &

g 9oAF F 7} dAagE 05%7) HA Hrtske] virst 5
HCA AMgS 2A8E A3, 0.5% tryptoneS: H71H3 A9
HCA AH83.0 pgmhe] 718 ®ol BAFEJT. B, subtilis
J-319] HCA A%t v|X= F4599 343 2A 434,
MnCLSF ZnCLE 71t 29 Z42h 903 pg/migt 90.5 pg/mi=
HCA A2Hdo] &9tk B subtilis 1318 2} L5204 72X 7+

e 5 HCA S ZARE A, 37°ColM vl e
) 7P & HCA(90.5 pg/m)HS A2YsIATt. B subtilis 11-31
9] HCA A2kl vXe= 27] pHY dFE 2ASE A3, pH
7.0 ©Ju} pH 75914 HCA AAbake] 718 &9krh. vidA i
w2} B. subtlis 13-319] 23k HCA A4S 2A18 A3}, @4
/378 30717 Woll 3ol 801t HCAE 60A17F wlj ol A
Arbero] A x)o] Edle] 9oA7HA] 2 BAES fA) 3
Ak

ool AxE st FEASAA vWE B, subtilis 1-
310] AYatehs HCAY HEAPAIRAL dagdo2e 1% 1)
ZEA), BAYOZE 05% tryptone, F7/1FLEE 0.1%
7nClL, ¥Y 25& 37°C, WA 60717, pHE 7.0004
1%9] EYFEES #UIet wFE B9 F 905 pg/mi®
HCAZ AAksle] XAz o2 2AEA

RSMel| 1§ HCAS] th384t HF vh3-TFTA e
(RSM)2] AEAF] W} HCA A4t HH3 2AdFE 3
g A3}, HCA Aatge] Wshs Table 13 o] YERE7]o|
HCA AJAHFe vhe-uH AR 28114 4813t} Table
20|x1e} zhe] FAAAGTE AR Wt B, subilis 11-31
o] HCA A Bl guldt tryptone?] = & Al
7] 271 FoM ESFEEY e Mg 2 9 ve
Row Vepgon, wheww 23t 39 =84S T
HCAAA ] wstol] st 3]7]2]9] AAAG(RY)E 0.9688°]
Aot =, AAGE 7P8E 2ol AR drit F g=X
g st SAgeE 19 2HTFE HkEEFo] 2F9
2geS Rlsl= Fxolt). WEtA] Table 39419} 7o) &
UFEEE 224%, WSS 290 rpm, tryptone 0.83%2 H7}sh
3wy 2xe 37C, sGAI TR 60417 pHE 7.0014
102.99 ug/mi®} HCAE Aitsie AABNIZNCE 455U
o} weba] AAl 4371 RSM 33 27dolA Ags 43 HCA
£ 1025 pgmiE AAEATE o)H e Aale EefiTolA
HCAE 90.5 ug/miz A=A oL jar fermenterdl Folir = &
223 wjgell Hlste] 12%71F HCA Aikge] F7ka A5
& HoFI i

B. subtilis 13-31 W]} B HCA®| o] 39 ¥a &
A BEAA. B. subtilis 1)-312 EFF AR (Lee 5, 2004)
oAl 2% peptone, 0.25% glucose, 0.5% NaCl, 0.25% K,HPO,

Table 2. Polynomial equations calculated by RSM program for HCA production

Response Polynomial equations” R’ Significance
. Y=67.000000+10.900000X,+0.021250X,+22.800000X,—0.022500X  X,— 38 0.10
HCA production 2.600000X,X,+0.007750X ,X,~5.000000X.” 096 1050
DX : Soil extract (%), X,: agitation speed (tpm), X,: tryptone (%).
Table 3. Estimated level of optimum preparation conditions for HCA production
. e A producti
Item Soil extract (%) Agitation speed (rpm) Tryptone (%) H((}:L g/frf lobfoct}ll()m
Predicted vatue 2.24 291.12 0.83 102.99
Experimental value 2.24 290.00 0.83 102.50

The basic medium is composed of 1% rice bran and 0.1% ZnCl, per 100 / at pH 7.0. The cells were cultivated in 200 / jar fermenter at 37°C for 72 h.
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Fig. 2. Response surface for HCA production in 200/ jar
fermenter. X,: Soil extract (%), X,: agitation speed (rpm), X3:
tryptone (%).
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Fig. 3. Inhibitory activity of hydrocinnamic acid on the root and
shoot growth of lettuce seedlings. A, inhibitory activity on the root
growth; B, inhibitory activity on the shoot growth; Control,
administration of sterile dH,0 instead of Con. Broth and HCA; EtOAc
Fraction, ethyl acetate fraction of B. subtilis 1J-31 culture broth; HCA,
hydrocinnamic acid; Numbers in the symbols of the left box of Fig. 3,
concentration (ug/ml) of EtOAc fraction and HCA.
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