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ABSTRACT

The bacteria isolates which increased seed germination rate by cell inoculation
incubated in Carbohydrate and Nitrogen source plenty media. The partition extracted with
Ethyl acetate increased seedling emmegence rate in field test. The partition prepared from
Bacillus  mycoide0023 culture increased the seedling emergence rate of Flatycodon
grandiflous more than 25%. The seed germination rate increasing fungi produced Plant
growth regulator high effectively in carbon source abundant media. The seed germination
rate increasing bacteria produced Plant growth regulator high effectively in nitrogen source
abundant mediaper media unit. In L-tryptophan added media B. mycoide produced more
PGR and the ability to increase germination rate also incresed. Fungi grew in glycer!
added media vigorously and Aspergillus produced more PGR above 75% than Sucrose
added media. Among the Gibbrellic acid-like metabolite nonporar materail also have more
effective seed germination rate inreasing ability on PFlatycodon grandiflous. The fraction
separated by thin layer chromatography(benzen— buthanol-acetic acid=16:3:1) sited on Rf
value=0.2). at 100ppm it increased the germination rate to 20 ~ 28%.
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& 0.001 7 1.0mg(Grabe =, 1978), |3t 0I&= D0 225kg2 =22 H Absisic acid 9mg,

Cytokinin 1mg(Ohkuma &, 1963)2 =242 PGRZ=Z0| JIso6IUCH 28t ofLiet =&

oM BH0l LOLIDI ¢ ABA= =0 21260 (Hirai 1986), OI& MO &H 2O

(Lentons 1971) &2 M2 =g&E XX0| RIFEC 8N &4Z2=x T

PGR(Gibberellin, Cytokinin, Auxin. Kinetin)&2 Ji20| HIN EZXeIiLt HHHETHEHE ©

= S0l M8IX R6t, DASXHSMUN HSE2 A= E DU LH(Nickell 1978,
= A

1982,1983), PGRES =0l Al
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Gibberellin2 Cytokinin, Kinetin2Ct JtZ 0] #

=
O 2 Ol®= OIS0 3E0IE 0|88 &€&
Ol Ol AlgEO=Z MAED| HR0ICH 2Lt Gibberellin 01212 GPROI hst ¢S2& ™
= 0I0IGHCH MAME0l =10 DRI JIXE FEole PGRYA 2S)|=2 DXNESII=
(Solid State Fermentation:SSF)2l JHZZ GibberellingE 83822 MASH A H(Kumar S
1989) 20l TtE PGROI UioH M= Ol Z0F0l CHEH 2A S JtE ZRIb UCH
OIMES 0188 PGR MAESI|I=2 ASHNZRH FEot=RE0 Reld d 1 Olge
Otz & ZEE SH0M 02 Y = UL, tHEZHE ZBEZN ==2FSUIL
JbsSotl, HHD|2+01 B, MAZZ2H0l &1, MMSFREES HH HBIISOHH, ME2
PGRMAIS 2o EREH AIE0ILt 2EHAS SHI12H0 =&E = U H20ICH. PGRE =
MAY O01EJIsE OlME2 Mz, 20|, 87, &8 & UoHH 20N U=, &
2 MEHANNZ ARED U=e Bacilusst Pseudomonas =0 £ot= PGPRZFE
2 AZXNE KN=3ots UWAR20ILE SE=2S MActe sZZItAL0 JACHD GHACH
(Chaway 1997, Handelsman & 1996, Maringui & 1992). Azospirillume 1#S42| &

L2DNFNRCZ TEQ 222 20N MAISH
A= Jls2 JHNLD JA20(Glic, 1995) A20
AZ2N =22 It FEECH(Okon &,
0| MASl= M2SEE Indole —3-acetic acid(IAA)2AHY 2
Ct. 1AASl HZ=SEE2 TryptophanllOl 0IE 0186t IAAE 4dgs A= IpyA

decarboxylaseE &g4HdoiFz= SKIELUINE IIXNLD Y= DFS2 Enterobacter
cloacae(Koga S, 1991), Azospirillum brasilense (Costacurta S 1994), Erwinia

herbicola(Bran0l S, 1996)01 BN QUCH.
EAZH SELSIHAN IAAE MGl 2=2 /28 A
UASM(Costacurta S 1995, Fett S 1987, Kobayashi S

=) ol
datots IAAS] 2R0AS s=0 Tet A0 |RSotHLE =oliet Z2HE =cHetth =
P 1

FHRAENT 2F0F ZEEO

E
— g

IAAE WM AGHE DIME2S 20 HeldtH #elgsE AN D (Dubeikovsky & 1993,
Loper & 1986, Sarwar S 1995, Xies 1998) AIMHZ AM20U A ==& IAASE BISEHE
Olade=z  XHMelotH =elds0l AHMECHScott, 1972). MESHELMOH St U=
Pseudomonas fluorescens CHOO P. syringae pv. savatanoi (Yamada &, 1985)2] IAA

MM FEUKNE &L =Hlst IAALLAMA P fluorescens CHO-Rif S& XHHAE



oIz 2012 2 SNHEHN HMelotH 22N H=E 20 Ot MZ2C0E XHelsHE
BOICH & E2U CIZ2 DIME9 982 285! MG 0l 20lst 2ZELNM P~
fluorescens CHO-RIfE HMcIotH Ze|M=S0l P fluorescens CHOX |0l HIGH 2~ 88t
A AME L Z2Z2MelotK 22 NAELUHAM= BtHE P fluorescens CHO-Rif Xel+<l

M=F0| SAEON 2012 & 25 P fluorescens CHO Xel+ HHl ®el= 41%, 28%, M
M2 26%, 16% ZItstCH(Beyeler & 1997). 0l= IAAJJ%“&E‘&E$DF NHAE 20 A AMEH
20l 2 Z2AIES0l EHL 2HIE IAAJL AS0 EZDIEU Rhizbiumdt 22 1AA
EL0MESH ool 22 ZdlH(Ernstsen &, 1987)L|JI H=Z0ICt. OI42 S PGR
CHet A2 Azcen S(1975)2 Azotobater vinelandii, A. bejjernickiid
= Auxin, 352 Gibberellin R A2t 352 CytokiningAtHIE &
AOHUS E0EN X2IoHH ASMES =Xotn LS SH
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ZHE &5t Tk, EESHEHN XelotdS
saAZN N2 93 =, Aspergillus 3@ =, Fusarium 3733, Rhizopus 27 0|
i 2 2SS AMBILSIH 2elME=2 ZHIoHACH Al
Nutrien broth@? Modified ‘B BiXlI(Lochhead &, 1943) [UHXIZA : Glucose-5
KoeHPO4 —1g, NH4NO3-0.4g, MgSO47H2-0.4g, CaCl,—-0.2g, NaCl-0.1g, FeCls—trace,
S 14, pH 6.8 - 7.2]E ZHIot0 500m A2ZetAI0 200MEFG6tD) HEESO=Z
£ %40t EZ(121°C, 1.5 atm, 30minn)atRACt. EESCI ZFF= Nutrient broth HHXI 0l
(20m¢ in 100me EctA3) EEGHN 22 HIZSt £ Modified " BRI 200m¢ ESok0d
522t XEUN SR CH120rpm, 30C). BIY = ilv& W2 2l(6,000rpm, 15min
with Supra 30K, Hanil Co. Rotar No.11)dt0d M= ZFHIGHALCEH
Auxin MA&HSE Tryptophans EJIGHAI 22 A1t L—Tryptopha HO0.2g/8, Of b4
= 0.2um memblane filter)tHXIE 22t ZHIGHH ZALGHRCH SO0 PDABH IO 5
IO Sd & detol JtEX2lNA 0.3cm Cork bore2 A2t &M GO HHZH 0
5IH& BHXI0 &EIIX SHE=E XZAGHHA TEOIACEH AE AISE gy 1,200
Rouxds Ui (260X122X56mm) 22 HIBHKIE 200m 4 ZFGHALCH HHLS 1022 28T
BH2FGH] BHAIETHOI ZAIZ 2&Fol G2 WHHA B ot D HHE0d A
ot =HIotUCH.
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0] 28 ESSWT =S0ISUI| HE0ICHHemberg S, 1973; Navarro S, 1973). &2 1.0
A ZHIgt NlES2 8 2, 329 ME2 HAM 22lotdXA ol PGREE S =58 =0
10 ANZe =42 FAS GIULH

Ct. Thin layer chromatography

FEZS=2 lIsopropanol : ammonia : Water(10:1:1)& FISIF M, &HINE LAl
(5% H2SO4 in Methano)2Z XMelotdl MOl SIHE UV(350nm)E ZAHGHOT ZE AHSHRICH,
RfXl= IAASl Z2(Merck AG Darmsta, Germany) 0.30A 0.4 AIOI0IZ2, GAs(Sigma

chemical Co., St Louis, Missouri, USA)= 0.57 0.7, Kinetin(Sigma)= 0.7 ~0.80|A 20
Ol=2 EZANUY2Z SAIGICH &EIHE 2 S22 72 0|4 HAXs = JIHE MHYE 10
S=ol &5t = 250 st MEEHd=2 X AIGHI L.
Acidified supernatant
Fraction A Fraction B

Examined for GAs Partitioned in Ethyl acetate
(Brown & Burtingham's

method)

Ethyl acetate phase Agueous phase

Examined for

Examined for Examined for cvtokinins
IAA(Brown and cytokinins ( \X/ heeler's
Walker'smethod) (Navarro et al)

method)

J8 1. PGR 22I1tE



Culture filtrate(200me)

add 800m¢ Me—OH, Centrifuge and filter,
Evaporate, Redissolve in 80%

Me—OH Partition against petroleum ether

| |
Petroleum Ethers 80% Me—OH

Evaporate to aqueous
Adjust to pH 2.5
Partition against EtOAC

\ \
Agueous pH 2.5 EtOAC

Partition against n—BuOH

Partition against pH8.5 Phosphate

\ | \ |
Buthanol Agueous Agueous pH8.0 EtOAC
Treat with PVP
Adjust to pH 2.5
PartitionagainstEtOAC

\ \
EtOAC Aqueous pH 2.5

‘ Wash with H20

EtOAC acids
Most GAs

8 2. Gibberellin 2c2ltE

Cell-Free Fermantation broth

| — |
Acidification to pH 2.5-4.0 pH Adjusment to 8.5 with 1M Na>COg
With 2N HCI \

Extraction with Ethyl acetate or Ether
or Methylene chloride or Methylene
chloride— Isopropanol(3:1) three times
using three volumes of solvent

Extraction with Peroxide—Free |
Ether at 4°C for 24hr or MeOH | |

at 3C for 48hr Aqueous Solvent
Phase Phase

Washing with water and drying of
solvent phase using Na>SOq4

Evaporation under reduced pressure at 35-40°T

|
Solubilization of residue in methanol or 2% tartaric acid(pH 3.0)
I
| |

Crysrallization Fractionation on TLC plates or with Ether at different
pH values. Alternatively, extraction with buthanol or
Ethyl acetate

8 3. D|M2E&0l /s Auxin 22l td




ct. Auxint Gibberellin SAIXl =&

Trytophan2 &JIotAl 22 BHXINA &HIe AZiZHHEES 1IN HCIZ pH 2.0-3.02
£ &8st Ch2 Peroxide free ethyl ether 1002 28 =ZE0OIRULCL Ether FE22 404
5CHAM RSAZAILD 222 2m Methanoll =0 AuxinZAIMEZ AtE0SHRUCEH
L-Tryptophan2 &Jtst BIXINA ZHIst BHZOHES 100m Ethyl acetate2 23] =&t
Of Ether ==21 &8 = 40-45TCUHA XNBHAZAIIID &FS2 2m¢ Methanol®ll =0
AANXZZ =HIoHACH

SEO| BHLUHXIO ERE H=d22&2 Polyclar AT(water—insoluble Polyvinylpyrrolidone)
©2Z HMAHGILD, Ol <cHA Ether2t Ethyl acetate2 FZESIH 24ZAI2Zl MEE2 0.5M
Phosphate buffer(pH 8.0) 5me0il =2 & 0.1M Phosphate buffeer(pH 8.0) 50 m¢0il Polyclar
ATE 1-2g &#Itgt R0l =0 2-3AI2t &ESHCH Schott's filter2 HZ21 Etherlt Ethyl
acetate 23| &0t HA06tl] 2me Methanol0ll =0ICH 2= FES0= AFC| KupralZ2&E S
& D+t %4 CHDiethyldithocabamate-Na-salt)

Oh AuxinR ANl 22l ¥ d4=2Z2F

Methanol®ll =04 Z=HISt AlE 0.2m(15MHILH Y & 2)E Whatman No. 3 Filter
paper0il loadingdty), MINE0= Isopropanol: Ammonia: Water(10:1:1 v/v/v)E AME
Ch. 8z 2=HGHHIA 25em0l& MHCIHGHA LD, EHAH(12A12+014)SEHEGHALE
= Filter paper= 10&&0t1] 2t 282 2% saccharose&% 4mE =Z=0I UL
U= Auxin® Avena coleoptile test(Nitch S, 196)22 =QISHACH MALE  Auxi
IAA(Indoleacetic acid, Fisher Scientific company, USA) Standard dose curveZ®
UCH zBH2=Z HHX 1meet 242 1gY IAA equivalents(E.IAA)E HEAIGIACH Xl
= LSD(P=0.05)2 Z+XSIRULE.

.I

-IHI

T
>ood 00 Mo Y
M < PH

o ol

N

Ht. Gibberellin AN 22l ¥ M=HEF

Methanol®l =0/ Z=HIS Al 0.3mE MN-Kieselgel G(Macherey, Nagel and Co.,
GFR)Z &tojd™elst wel®0l  loading 8 =  Chloroform: Acetic acid: Ethyl
acetate(90:10:5 v/v/v)E 10cmOl& HIHAIDI D ESZESHHA 48AI12F H=EZAIZICH TLCH2
10820t Ld=2e ==+ FE0t1D  Gibberellingd 2 Lettuce hypocotyl test
(Frankland S, 1960)2 &CI5tRUCE. GiberellinQ 22 GAs (Gibberellic acid, Eastman
organic chemicals, Rochester 3. New York) EZFEIS34Hoz ISR, ESHO=Z bi
X 1meet Hek 1ge GA; equivalents(E.GAz)E H AUCH HMel2t Xol= LSD(P=0.05)2
A GHACE.
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TR 20rS (%) t4

2o2= o = HH 2F O 4 NB'I(')?@%*?— HH 2F 04 A
NB KB NBT gaxz==2 NB KB
Bacilus ~ S&X2l 80.3 89.8 92.4  87.6 87.4 92.7
sp.2019 gt & o 687 70.6 67.8  62.8 72.6 80.4
B. SalMel - 807 86.7  92.4 - 924
mycoides0412 & &€ & - 687 75.4 742 - 86.5
B. SalMel - 832 89.4  90.6 - 943
mycoides0023 & & ¢ - 824 76.8  83.7 - 754
B &SalMel - 843 87.6 957 - 96.0
mycoidesO124 g+ & 2t - 583 826 78.6 -  68.6
B, SalMel 85.3 82.7 92.8  94.4 92.6 90.8
pumilus3013 gt & o 62.7 65.4 60.5  65.7 76.4 70.4
B, SAlXZ| 88.7 82.4 88.6  86.7 89.7 93.3
pumilus0125 g+ & ot 7.2 73.4 70.3  68.7 82.6 76.7
B. Salxe| 85.8 80.2 84.7  89.2 92.0 89.7
megatheriurm007
o g £ % 728 68.7 76.2  72.4 74.7 83.5
B Salxel 82.6 89.8 90.6  84.5 948 92.4
Sublilis0129 o & of 654 69.7 70.4  69.7 58.6 62.7
Pseudomonas A2l 81.6 86.7 95.2  90.7 94.2 96.5
putiddd314 o = of 626 76.4 68.7  80.2 62.4 70.3
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=l F o = B F O oH EA
NB KB NBT FE=

. SaHe 971 94.7 93.3 927
Bacillus sp.2019 g & o 90.6 94.4 94.2 94.7
. SAHe - 97.3 90.7 94.7

B. mycoiges0412 o £ o - 85.7 87.7 87.6
. SAHe - 89.3 89.6 87.9

B. mycoidest023 g & o - 94.6 86.5 91.5
. Az - 93.7 925 92.7

B. mycoides0124 o & o - 90.6 97.3 86.7
. Az 89.7 93.6 91.0 87.0

B. pumiiys3013 g & of 86.3 86.4 94.2 94.3
. SAHe 92.7 90.7 87.4 945

B. pumilus0125 g & o 87.6 89.3 89.7 87.6
B, Az 89.0 89.0 96.8 926
megatherium0072 g £ oF 94.7 78.7 93.7 78.6
N SAHe 94.6 92.0 97.3 94.7

B. subliis0129 o & o 94.6 70.2 90.0 80.7
Pseudomonas SA X2 92.3 94.6 98.6 90.0
putida0314 T 86.4 68.3 92.3 92.7

Nutrient broth2t PDAE =& ol =H|&t PONBHHAIN 22l2F=2 Lot =HI8H bi
A MU A Ethyl acetatez ==& 2 &= X0 Mot E0 MISoHH Ze2tXl, ¥
= B.  megatherium00722t B.

2AIet ZFE2 LOIFT2E MAs2 sT0| @F=0| =JULCHL AZe 2R 2AR0 B
A UAHOM, L-tryptophanE & JtoH= HHKIONIAM B mycoides
o

|
MAsSE2 SHEIJAD(E 4), dASEO L0t Sast /U0 3019 2 BAde=2



Glycerol2 EIIHE HIXIOA M=F0| &4otl), SEMMSE SUEN Aspergilusall 32 E
AAO=2 Sucroselt=S FIIst CPOBUIXINIAM 2CH 70% SZACHE 6). EHME Gibberellic
acid RAISEE = HIx=E4= OIEXE It =UX2LY, Bacilus2E0| Migte 22
£2 24 Gibberellic acid S A £2 I =0F=JACHE 8, O 5).

H 3. PONBHABH = Ethyl acetate === =S =scd S

zclz=9 sas() -
S etAl o< =)
Bacillus sp.2019 62.8 74.2 94.7
B. mycoides0412 74.2 82.7 87.6
B. mycoides0023 83.7 80.3 91.5
B. mycoides0124 78.6 74.2 86.7
B. pumilus3013 65.7 83.4 94.3
B. pumilus0125 68.7 70.2 87.6
B. megatheriurmi072 72.4 80.3 78.6
B. subtilis0129 69.7 82.7 80.7
Pseudomonas putida0314 80.2 73.4 92.7
£ X 58.3 60.2 84.3

H 4. YM3AZ0tEDHIIN o8t LOotSX 0IME UALAE 22l (mg/h)

s = BH 2 8H X

n—-Buthano Ethylacetate
NB 62.5 27.8
Bacillus mycoides NBT 71.2 65.0
Medium B 41.7 29.5
NB 60.5 41.7
B. megatherium NBT 54.5 43.5
Medium B 45,7 31.5
NB 60.7 40.5
Pseudomonas putida NBT 47.2 53.5
Medim B 33.0 36.5
PDG 113 148
Trichoderma sp. PDB 94 106
CPDB 57 87
PDG 162 116
Asperglllus sp. PDOB 105 162
CPDB 86 78

ni;

fol

H 5. %0l Methanol FEZ2Z 0 2/ TctAl &0t



clea =

2
o

HT

bH 2 BH Xl

PDA PDAM PDAG
Sa XAl 85.4 80.6 87.6
TRICHO 16 o o
2 E 76.2 85.7 68.7
UKEUN 9 Saxal 87.8 82.4 85.9
g E ¢ 74.8 82.7 69.2
H 6. DMSUAAE FEE0UW 2 222 Ttk ZOots& S
s == HH 281 Kl 20r= (%)
n—Buthanol Ethylacetate
NB 64 90
Bacillus mycoides NBT 97 94
Medium B 63 89
NB 90 94
B. megatherium NBT 96 98
Medium B 91 90
NB 89 97
Pseudomonas putida NBT 71 90
Medium B 88 83
PDG 87 95
Trichoderma hamatum PDOB 95 83
CPDB 82 94
PDG 92 87
Asperglllus niger PDB 79 93
CPDB 90 83
0.2M KOH 75
100ppm Gibberellic acid 93
2 7. %0l Methanol ==2Z 0 2& 0HE, &H LOot=&S I
=22z M @ Bl =0
PDAHIXI  PDAM  PDAG PDA PDAM PDAG
Saxcel 95.7 90.0 96.8 94.3 89.2 94.8
TRICHO 16, °
2 £ 73.1 76.7 82.7 83.7 86.3 89.7
Sal el 92.4 92.8 94.6 93.6 92.7 90.3
UKFUN 9 o o
2 £ 76.7 72.8 90.3 79.7 91.5 84.3
H 8. B mycoides0023 M4k Glbberellin SAIE2E 208 S0t



ZOHE (%)

= =2
Oppm 100ppm 200ppm 300ppm
TetX 56.2 84.3 94.3 87.5
o g 64.7 87.4 90.4 89.7
S| 92.4 93.8 92.7 94.3
8 5. GibberelingAMHl HE ZolEXxAl
4. ® Q
AMHeAl LotEE2 =0T NZ2FES =320 2430 28 PONBHHXIO
i 2ot 0 Ethylactate2 =&8 £ S0 HM2lotd ZEAN WEolH 20ot=0| Mol &
Jtotd £3l B. mycoides00232 SetXlol Xcalst 2D 25%0142 =2 LOotEXNSUE
SRC SAIS 2FS2 LOFI=SE MMAsS2 ZEHO FFS0l =UCH Az 22 E
A0 BL2E BIXUA SRR MAZ0| HJA2D, L-tryptophans o= HHXIOfl
N B. mycoidesSl Mits2 SUEULAMESES Lotg Sast =UL. =802 8=
EBARCZE Glycerol2 &HIIHE HIXIOHA A=0] 245t10, SEMMASE SUHDO
Aspergillus 2l B2 EHARSOZ Sucroselt= &Itst CPOBUHXINA ZCH 70% S=&IU
Ct. BHME Gibberellic acid RAMESEE = H-ELSES2 LOoEXSUIt =/}h2LUL
Bacillusd 0| MitotE 222 =24 Gibberellic acid FAISESE TotXe LOtES
A =0=ACEH 0 @FFIt MAGH= (Benzen—Buthanol: Aetic
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acid=16:3:1, silica gel)& &
XelAl 20 7 28%°] &0
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