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ABSTRACT

A total of 110 microbes were isolated from healthy soils from nine 6-year-old ginseng
plantations in Gangwon-do. Through replacement culture with the causative bacteria (Botrytis
cinerea), BC-046, BC-095, and BC-100 with excellent activity were selected for the first time.
As a result of the identification of the first selected antagonist microorganisms, BC-046,
BC-095, and BC-100 were identified as Bacillus thuringiensis, Bacillus amyloliquefaciens, and
Bacillus subtilis, respectively. As a result of the evaluation of the antagonism of the selected
antagonistic microorganisms, the activity of the BC-095 strain was the highest. As for
antibiotic genes, BC-095 and BC-100 each have four genes, and they also showed protease
and cellulase activity. As a result of the treatment of ginseng fields, the control value by
treatment zone was 60.5%, 7.5%, and 67.5%, respectively, compared to non-treatment in
BC-095, eco-friendly material, and chemical treatment zones. In particular, the control value of
BC-095 was approximately 8 times higher. The cryoprotectant for improving the survival rate
of selected microorganisms was the highest at 38.4% when treated with 5% skim milk. It was
found that the optimal colonization of selected microorganisms in the rhizosphere was
established up to 21 days when drenched with culture medium. Optimization conditions such
as medium type, temperature, agitation speed, and initial pH were confirmed to confirm
culture conditions for mass production of selected antagonistic microorganisms. In the case of
BC-046, the growth induction period was shortened after setting the optimal culture
conditions, and the cell mass increased by 42% after 10 hours of culture compared to before
optimization. As a result of the BC-095 farmhouse verification, 4-year-old organic ginseng
farms showed 76% control value. BC-095 will be transferred to Hoengseong-gun and Wonju-si
and supplied to farms from 2023.
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A e WA ES sl 20189 =0 e Fa Ao AM Qi
EOFS A F sl AT ool Al Botrytis cinerea® AFES zb= 5 AWskith
AR AROIN AROBES Bela] N3 = 1g7 AeIHA(NaCl 0,85%) Ond 4
1.5m¢ conical tubed] 10-49] w2 3|43}t ulg] A|23t NAH|A|o] =H3slo] 30TCoA 1Y
ol Wiapsteith 19 A3 & mopnh Ao A2 THE HABEUE needled o] §3) Heldto]
NA #jz]e 4= Ee8tqinh, £ed #5523 20% glycerolo] @Este] ~70T deep freezer®]]
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AN 2) 4t AL FFoly AFnAE T4

A A sEo] e AFuAES FHAHeRE T 9l 16S rDNA @714 4
A& AASHTE chromosomal DNA &2 LB Brothol A 24 AJZb F¢F HiQFAIZ] HiFH
3mlS Higene™ Genomic DNA Prep Kit(BIOFACT, Daejeon Korea)?] Hof ula} AlA
3Tl 16s rRNA HE =Z95 3] universal primer?l 27F9} 1492R primerS o|-&314 1
Polymerase Chain Reaction (PCR)2 CFX96™ Touch Thermal Cycler (BIO-RAD, Hercu
les, CA, USA)E AM&3lo] 95T oA 30%7F denaturation & 65T A 30%, 72CoA 30%
e 353 WHESE $ 72ToA TEXE HESAIZTE PCR AHE> 1 X TAE (Tris acetate
—EDTA) bufferE ©]83}%] 1% agarose gelo|A] 3027} A7]9%5 & ethidium bromide®
AMELo] UV-transilluminator(DAIHAN Scientific, Korea)olA] DNA HlE=EZE Z}Qlsoich
1,600bp Mo SZH MES 29l F Macrogen(AZ)oll A7IAE BAE ofFstalrt,
7¥7vo]l 7| E EAZA3E= NCBI (https://www,.ncbi.nlm nih, gov/)o]A] BLASTN T &2 132
ol g5ty 5EH H7IAEY H|wgt F MEGA X X273 (MEGA, Pennsylvania, PA, USA)&
o] g3l AFTEE 2Tt Al o] AFIeE E AL VITEK2 compact (Biomerieux,
Craponne, France) /\]i\_Eél;% o]-&35to] A& ujFdef wal LB Broth HjA|ofA 25T, 1¥47F
HjoFst AMubnjAEo] e A Halste] 2xa mhll § o] "HidE AJE|adsoA 2.0
McFo] Bz o3 BCL Cardoﬂ HAANZE, HAARE carde= AF 7HNES A2 F #=
e AH ARESHRTE Aol FHA A4S TA]'&] A& 1] 7 (Scanning Electron
Microscope: SEM)< A&t o, gt=7] 20 sHA A AA(EH) o o =fste] &4

NE 3) AL FFoly AFn| & FAaY 9
Akt =0 WA ATE F85k7] sl TSB vjA|of] 35TelA 7241t v %
SHAUCIAE o&ste] AEZHZ AAT & A - 219 AFHE o] &t A7)
st 429 &2 20ul, 50ul, 100u¢E PDA HjA|o EZFslo] 28-S v|us}
FF9] FAPER HuH] ofBE 3R015}7] 98| HIAIHA Lo] R JIAAL Q= FYEE JHAE
PCR7|HS o|&3}o] &lslct 3HYEZL Fengycin, Iturin A, Surfactin® = Z+7} t}oFsth
Abo] £ 9] SARE 7FX|aL et PCR ZA-L 95T oA 30%7F denaturation 2= 65T
72CoA 30% TFE 28 3| WHEG & 72Co|A TR BESAIF T dde] Az
3 Q= 84 protease®}, cellulases HASIHTE Z3u|WEQ protease £H|E
8 =54 200m00] nutrient agar 5gI} skim milk powder 3%S 233t HjZ|E autoclave
(121°C, 80min)3te] petri disho] Hste] Zulsheich, Zu1E Ao cork borerd ol §5ho]
47 sme] FHL B vz el v)AE ook 20,08 HESYL, 2213 250 A
5AZF wliekst H viA| 9] clear zone F/AdS IESIO] protease HH|E EQlsttt Adu]|YE2]
cellulase £33l &4 FHH] oJH L= sodium carboxymethyl cellulose (CMC) agar HJA|E Sazci
5 (1986)°lA ARG RS WSkl Felskginh, WA NA #jA] 5g& 5574 200meo] =<2 &

s
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CMC(sodium carboxymethyl cellulose) 1%2} congo red 0.01%<2 T4 do] AolE F autoclaves
Z3) 1ot HA3to] Zu|F T}, cellulase A AA A 9 HHAY oy E vjokAS HE

H
=]
sto] 25CoM 5LZE wiFsto] HiA] 9 clear zone FAS WS

N 9 AYEFoY AT PA7& £ 7
#5

2 ATL AE sol4 AYAI 1Y FUD RS FUE AYT ANFERATAY 54U
4 mel ALiole] WA wokE Selshch AN @5 8 RALIE ZESt] AR Aad
E § % 43]

E}
=
W3} 9| CFU(Colony Forming Unit) & 24319t A28e §24% F ARl CFUZL}
SAAZ Ao] AR CFURE WHe ¥ 100& Fato] A4taiglrt.

ANd 6) AT nAE 2 FTE AT

2 dte wEAE o AR dabrele) 2] drg & X“Lo}—Xl% Fopii7] 9]
AAJBEATE AT 2719 HAbe Eo| o]Aste] BYo] 4~bu] AAENE W A=
YAES st Hjgee] et s S F AL, HxTRe %%‘:Xﬂ% TR
Aestgltt, A HEL 1,0X10°CFU/mL O 2 3193 NAW|X| oAl 72417 Hjekate] A}
staleh. A= 18] soms AT, A2 - & 7d HASR 39 AT RAR=
A71ER 57 A Fste] Weid 3 & gt TSAu|A|o =Este] CFUE £33t

<%

roop & e

N 7) AL 2FOE SAEIRESH)
A 2O BE(E0-095)0] FALL A3 W SHE Potus] 945} AH 2w, A
WX, 24 pHE 247 24st. 14 LEE Selsl] $Jste] 25T ~ 5007 5THA 0
E Agufekr) o TSB(Tryptic soy broth, Difco, USA) HjR]o] HZE Al1S HUF 7t
HFF 7S AHESte] OD 600nmeollA 1At miek 12X 7W74A] S sto] 0] S-S
golat ¥t 24 vjR|+= TSB (Tryptic soy broth, Difco, USA), LB (Luria—Bertani broth,
Difco, USA), NB (Nutrient broth, Difco, USA) HjA|S o|&3lo] & L%l 3504 &%
2q0 28 Ao 2ok #AY A SIS HA pH B4 ARL pH 5 2
bH 9 7H 577102 Lpeo] TSB HiA|9) 85T ZAGIA A9k 2o WMoz Zgshelrh
olejofie wWHtELE w9l wa Fk HAadd Ha FE FUERY FIEF s=E 44
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BC-095

* ND: not detected
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(1% 3-A) PCRSF A¥H(1¥ 3-B, C
207 IFOIT Tt BC—-046-2 Bacillus thuringiensis®t 98%% A4S R, BC-095+=
Bacillus amyloliquefaciens®} 99%%5AS B O, BC-1002 Bacillus subtilis®} 714
SAVBISICh, SEM 29 Aahe 19 49} ol wpdlelao] AEEe el g Fegow,
0% ZA3E wzHew selg AH BAG YE $UH BAT o
UET, JuEoR ARRES 2 3
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<E 2> Ol MUTZWOIY UUIR LYIUE 53

No. Strains Primer Identification Homology(%)  Origin
1 BC—-046 27F 1492R Bacillus thuringiensis 98 Eof
2 BC-095 27F 1492R Bacillus amyloliquetaciens 99 EoF
3 BC-100 27F 1492R Bacillus subtilis 84 Bk

BC-095
2sto|ge Hefx SH(SEM)

No. Blochemical test 046 095 100

BETA-XYLOSIDASE - + +

L—-Lysine—ARYLAMIDASE - — _

L—Aspartate ARYLAMIDASE — — _

Leucine ARYLAMIDASE — _ _

Phenylalanine ARYLAMIDASE + + _

L—Proline ARYLAMIDASE - - _

BETA-GALACTOSIDASE - - _

L—Pyrrolydonyl-ARYLAMIDASE + + +

O 00 {310 Ut idiwibdh i

ALPHA-GALACTOSIDASE - + )

—
o

Alanine ARYLAMIDASE

—_
—_

Tyrosine ARYLAMIDASE

—
DO

—
w

Ala—Phe—Pro ARYLAMIDASE

+
+
BETA-N—ACETYL-GLUCOSAMINIDASE + + -
+
+

—
S

CYCLODEXTRINE

—
(2

D—-GALACTOSE - - _

—
[op]

GLYCOGENE - - _

—
-3

myo—INOSITOL — _ _
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No,

Blochemical test

046

100

18

METHYL—-A-D—Glucopyranoside
acidification

19

ELLMAN

20

METHYL-D-XYLOSIDE

21

ALPHA-MANNOSIDASE

22

MALTOTRIOSE

23

Glycine ARYLAMIDASE

24

D—-MANNITOL

25

D-MANNOSE

26

D-MELEZITOSE

27

N-ACETYL-D—-GLUCOSAMINE

28

PALATINOSE

29

L-RHAMNOSE

30

BETA-GLUCOSIDASE

31

BETA-MANNOSIDASE

32

PHOSPHORYL CHOLINE

33

PYRUVATE

34

ALPHA-GLUCOSIDASE

35

D-TAGATOSE

36

D-TREHALOSE

37

INULIN

38

D-GLUCOSE

39

D—-RIBOSE

40

PUTRESCINE assimilation

41

Growth in 6.5% Nacl

42

KANAMYCIN RESISTANCE

43

OLEANDOMYCIN RESISTANCE

44

ESCULIN hydrolyse

45

TETRAZOLIUM RED

46

PLOMIXIN B RESISTANCE

+

Identification result

B thuringiensis B, amyloliquefaciens B subtilis
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(A 3) ALFFoY AFUAE PALY 7
A 3270 AFANE AYA] 95 AR 12407 WoFY FFE
Amfelzt gjjow Bejstn g3l uet thX Hlope MAstel FAHOE Tyl

4ol ng el
solch 1% 59 o] 20u0 wjoFOloR AE| Al BC-0959F BC-100014 7 a BHS
wojFglon, AEY - oAt Fao] Bolx Rtk 504 oAOR HelhE Aol tiw

YA HoIFUT BO-0959] THo] 7P S4steich 2AHHel AL Aokur] 93
PR & ugBe] T Gt AR A4S skt E a9 o] 39 FAA)

& 0 sefol v ol gfel RORT A3} BO-0056k BO-100914] 2k 419l f7)
o]

51015931, BC-0469|AE HAZE R At BC-046 F3t thillzd Hgiaol A2z A
Bl aant gl o 4 Q% ‘:‘r(l‘j" 9). olyet dy= 19 54 A AaE S FE=
A3tZ BC-0 22 HF Adsteic

50 ul

NI 2|
(Extra
cellular)

MIZE LK
(Intra
cellular)

s
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<E 4> HHEHA £ SHEFE RUX EE ZEto|H

No. Primer Sequence Antibiotic  Size(bp)

1 fenA-F  CCT CGC TCC GCA TGA TCT TTT GG 1574
fenA—-R  CGG GAG CAC GGT GGC AAT GTG

9 fenD-F TTT GGC AGC AGG AGA AGT TT Fenevein 2000
fenD-R  GCT GTC CGT TCT GCT TTT TC &y

3 fenE-F  GTT TCA TGG CGG CGA GCA CG 1580
fenE—R  GAT TCG CGG GAA GCG GAT TGA GC

4 ituAl-F CGC CCG TGA AGG AGC AGC CG 1445
ituAl-R  GCC AGG AAG CGG GGC TTC AC

5 ituA4d-F CTG CCT GCG TAT ATG ATT CCG GC Tturin A 920
ituAd—-R CCG TGA TGA TGC CGT TCT TCA ATC C

6 ituD—F ATG AAC AAT CTT GCC TTT TTA 998
ituD—-R  TTA TTT TAA AAT CCG CAA TT

7 srfAA-F  GCC CGT GAG CCG AAT GGA TAA G 1485
srfAA-R  CCG TTT CAG GGA CAC AAG CTC CG Surfacti

urfactin ———

8 srfAD-F CCG TTC GCA GGA GGC TAT TCC 1939

srfAD-R  CGC CCA TCC TGC TGA AAA AGC G

(02 6) BC-046 TH=E [T HH

sM fenf fenD fenE (tuAl SM FEuAd mulD srfAA srTAD SM

(2 7) BC-095 SHSE Quxt 2

fenA fenD fenE FtaAl [[ET1 ]

ER T

(O3 8) BC-100 HM=H 8% AF
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" |
(32 9) Mer FF0| a4 M AM(ZE: protease, 2 cellulase)

NE 4) AL FFold A FAV |« a3 79

AL GFoly A5 I4HE 4 ‘%7\1]7} ZAHE 91 oAl Aee 3 EA A 4334, 15,
4,22, 4,380, 5, 6)° Ty = 43](6. 17, 6. 24, 7.1, 7. 9) & 8ﬂ§ o Ao
a9 102 A A7E SRR ‘/}E}‘H%«*Fl, A2l A719 7|2} ddsE, s EA
SHAth 6 23714 mlu|std W Eo| Aol WolAl= 6 24UF Y F718H7| AlZSto]
79 9% 54% 7HA FUIEtTh 2E AWe nAEA(BC-095)+= 1X10° cfu/ml FEOE
A etlal Alg g FAA 9 spetorAd s U AMEE R At (LY 11). Xiﬂ——r“'ﬂ
WA 7k BC-095, HSHEAA, SfetefA] A2|tol|A 22t 60.5%, 7.5% 9 67.5%% bk
53] BC-0959] WA 7tz Al-g 1A A of vlsl oF 8uf =52 ERISHITHLE 12). ‘*Xﬂﬂ
AN 71) 27 A= & 59 Zt

120 —
- 95.1 94.5
100 90.4 864 90 908
s0 699
- 54
36
30.7
23,
49 16.4 18.2 128 224 197 207 226 254 23.7 253 J24.5, 238
20 88 95 104 106 126 124 o, 5 8 1
WE 0 M 0 V io
o T T T T T T —— T T T T T T T T T T |
48 152 42 21 42 20¢ 526 62 162 62 232 6 302 72 6% 7EsY
=

——II2rc) &SR - ZEmm) SR EE(%

(23 10) o4 A2IAE |4y L HUTTOlY iy

(3 1) Me|fHel SF
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BC-035 Flsh ALY

(NF 5) AL ngE AES FAL

U SRS AEE S A8 SARSA AL R FARSAR T2 A8
X9 EEY, HE C-095 AEgo| 89,292 714 &7
HEEL 10% AelFeAe RO Be MRS RAAT 5% iiﬂ%mﬂ HjE e we
HELS BoFITHE
8 Helsto] AERE
webd BO-095% 54

mlo
Ut
X
R
ich
B
(i)
Y
Jo
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o
-
1o
w

6).
3H91 G 5% AHelAlo] 38, 4% 1A £ £AE EO%%%EH:L%] 19)
! =

z3to] AHGT Wl BAG 52 Sk Rol 7wk s

HohE T
FANZ T AR cfuFk
= o — o =1 T
AEE() FTAAZA AN cfutt 7 100
<H 6> AR MY U TR0 [MZ BC-095 HEE
HSH 7K HS x| CFU/m MES
(%) s = 7z ® 7z 3 (%)
Skim milk 1,71 x 10% 6.67 x 109 39.2
5 Glucose 3.43 x 10° 3.13 x 108 9.1
Peptone 5.21 x 10% 5.32 x 109 10.2
Skim milk 1,99 x 10% 8.41 x 109 10.4
10 Glucose 1.21 x 10° 1,51 x 108 12.5
Peptone 1.71 x 10° 1.41 x 107 0.8
=Bk 2.47 x 10" 6.33 x 108 2.6
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45

35
30

384

258 257
25
20
- 14.3 194
: III II\
0

4 6 8

2

HEE(%)

w

EXF B %)

(22 13) &X|Q Mot 2 BC-095 ME8

ANE 6) A nAE A 2 A

& = AdE BC-095E #F A2 P& u A2 Pyl mE Y LHe] AHlRE
dotiz] ffall Attt ™ 149f o] o] 4~bu ANENE W FAAxT LA
BC-095¢9} vl 18] et & AP - & dFd o= 39 I HeE =35k
ZA m YRS wjoFstgict vk Ax I 159 o] BC-0959 FE R wjdH AL
H o Aol et A & 21d7kA] ol F2kshe 22 v[Re] & o, o A2

4= AP

WIE 319 A% WA GE A0l Fad BIHIA 10, WA
Bol 2 Sl ot Ao BE F i vy

gloelet fae.

(5. 29))
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10° 514 107 34
(28 15) BC-095 & dr+ £
7= 2| ™ 2| = 14 X2l = 218

A
El

b 254
2|

FXe
(BEH x2)

X2

(EFx2)

(A%

[m=)
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(NE 1) AL A AE SRR ENFEAR)

1A A AR Ee] debaae 93 Wlok EA4L o] $l8) Bo-046(1F 17-27)]
WA FR Sm wu &= 9o 5 27] pH 5o Hd 242 IS, BC-095(1F
29-32)9F BC-100(19 33-36)% 712291 IS4 Siolstel 2statelet. s cho
e APATE AR S2olxe] Aol AAAYE B3t WazolN FUT 2% AFo|
a7 § Bo-0469] A9 A djok 24 44 F AS S/ FobAL 10417 &
FAFo] 712l Hla] 429 FFEE & 4 AATHAH 2

Srowth Curve
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(3% 17) BC-046 4% =M
Medium Coll Mass at 8 hrs Cultivation
15 15
E —= MNE . 128
E‘12 —a-LB - . é" -
« T80 »— il =
®os ’ LI
= &
2 nam
5o / o Eoe
g s — %03
E’M . e B
0 — 8
0 2 I [ 8 10 e L =
Time [hml borim
(32 18) BC-046 X|XHHX| Al
Temperature Call Mass at § hrs Cultivation
15 15
1308 17m 1758
£ 13 - —e—2%C " 3 EEH
§ - 300C L ]
EO! —a— %00 iﬂ‘
Eﬂ& & 4000 P iﬂt
a —a—4%0C =
-
;_i“:‘ > gﬂ]
o . [ 3E] o
0w i -
] 2 4 ] 8 10 P ] a8 L] 45
Tima (hour) T eimparahing [*C)

(3% 19) BC-046 %:H2k &3




Agitation Speed

-
=

»— 50 rpmi
—e— 100 rpm
-+ 150 rpm
*— 200 rpm
—a— 250 rpr

W
Md

Optical Densdy at 500 nm
= =
m @

-
I

=1

Timse: {haur)

Cell Mass at 9 hrs Cultvation

-
-

1458

.
i

Optical Density st 600 nm
=3 (=] o
[=1 b e

1378

150 200

Agitation Speed (rpm)

1.287

-
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10 50 100

(J2l 20) BC-046 %X mHtEr £X

Cell Mass at & hrs Cultivation

1082
o900
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" L 100 1

Worlang Vialume (ml)
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Optical Density al 600 am
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(32 21) BC-046 %A HiY 20| =X

Working Volume
15
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-
£ 12 . TEML -
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S’ 1 Sl
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(3% 22) BC-046 %X pH &%

Cell Mass at 9 hrs Cultivation

None

Soluble Starch
Fructose
Lactose
Maltose
Mannose
Sucrose
Dextrose

Glucose

1.227

0.6 0.9 1.2 1.5
Optical Density at 600 nm

(33 23) BC-046 EtAQl0f M2 A4S H|w

o4Ta

150
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C Concentration Call Mass at 9 hrs Cultivation

15 15
: + 10gL ; asts 10
§” 209 :'j §1z 1054 Ml e
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Cell Mass at 9 hrs Cultivation

None I 1.223
HaCl I 1. 150
ZnSC4THZO | 0.005
MnSO45H20 | 0.012
CuSO45H20 | 0.000
CaCl2 I '.016
KH2PO4 + K2ZHPO4 + MgSO47THZO I 1.29
MgSO4THZO I, 1229
KHZFO4 » KZHPO 4 I 1,221
KZHFO4 I, 1222

KHZPO4 I 1196

o 0.3 0.6 0.9 1.2 1.5
Optical Density at 600 nm
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No T8 S PSP
1 vz E5 TSB(Tryptic Soy Broth)
2 2 35T
3 EF &5 100 rpm
4 wjoF Hu 50 ml
5 27| pH 7.0
6 A Soluble starch
7 S 1%
8 A Beef extract
9 Ah 1%
10 7185 KH,PO; + KoHPO, + MgSO,7H,0(1:2:1)
11 279 =5 0.4%
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