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Summary

Cultural conditions for mass production of the antégonistic bacteria, Bacillus subtilis
CAPI14] against pathogens causing major airborne diseases to apple trees, effects of
temperature, pH, carbon and nitrogen source in the culture broth were investigated.
The bacterial growth was most vigorous when the temperature and pH of the culture
broth was 30~35C and 7, respectively. As for carbon source, dextrose was best
followed in order by dextrose(monosaccharide) > sucrose(disaccharide) = saccharose
(market disaccharides) > starch (polysaccharides). Among different sugars, bacterial
growth was favored by in the order of brown, black and white sugars, indicating that
the bacterial growth might be promoted by the minor elements presented as impurities
in the less purified sugars. As for nitrogen source, organic forms were better to
bacterial growth than inorganic forms, that is polypeptone was best followed in order
by soy sauce, soybean milk and inorganic nitrogens. Differences in bacterial growth
among different forms of inorganic nitrogen were negligible.
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e f7188%F0] £aAQ B, nABEFe AxHoT Ao BHo A4 27
UJeEdE 54 23 . B2 gk o 25, 8#ARF, A% spEe) 0N
e 4F A2y 2 2 2 59 A So) IA AAs P wet 42w ote o4
Ry 2 AT FEAM0] B Ao A Frhstn AT,

), FEU AL o] &3 Y2EA BAE F AAE, AT, vlolas L dYSE
Eo] olgx o’ NoE: Ye @ MBI WALE Bacillus thuringiensis
BDA7} 322 o)1 9on®™ gBiscte FFL AR U= AEF g 9=
T e ARtk AR £71%Q FUE A® AEFLE YRE St AMHo=
2% WAZ A2ELS gstn Yok ol RYNAEY FrhguIPe o
o2 REY AFoln, MiFaAdA 2AHAY wAHE A$r B, 8oz 2 4
FoME AlFUFA LAsE 2P AgHo] 4% 2PAH MF  Bacillus
subtilis CAP 1419 diA4te 9% wlx]e) 2% pH, &4/44 v]§& S digtdg AE
%A=

0. P 2 A

1. pHS 2§ YIS

Bacillus subtilis CAP 1418 @€AwA oA 2~33] A= Adjul St A3 A #
FE& BFoE 39, 3 WFo] Axo FFE 5ml® NB(nutrient broth)e] ¥ w33
F NG FF FAA 1% #FE AFH A 100mle] NBel €4 1242 Ax 28
FatAt”. Eg o] FolA 1%E st 500ml ArzHEe Ao 100ml NBel A 124] 2
A% Aeuh(105rpm, Hanbaek Sci. Co. HB-201SL) 3 ¥ 8y Aol fAEe])
(one-chip microprocessor centrifuge, Hanil S750-4B)& A}83le A2 g4 (NaCl,
0.85%)2 TAE 3¥ R ¥(3,000g, 10min, 4T) AA AL AAsL FATE 3534
o}, g el pHE IN-HCI® IN-NaOHE AM43te @5t wlgde pHE 29 A
AES AL pHE W3lel wel AFFY HHYSZAE A7) Y8ty wiAl¢] pH
€ 4~9% W3 EN YT oS ath. X0 W& Bacillus subtilis CAP 1419]
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AR LrzAL AA7] Y3 WIFdY 22 & BT~45T HAE 4z =438
o AgFo AFEE FAEG vFde 2nz2de FrlsHATHAA A 2E
ex z2AYE =439,

N

BAf W WA FZRY ST AHHS

g29%02 white color sugar(®dE), gray color sugar(Z4®), blackish color
sugar(ZA®), sucrose, dextrose @ starch, 24 UY2 2 & soy source(+3), soy bean
milk(F§), polypeptone, (NH4)2CO, NH«Cl ¥ (NH4)2:S0; 5€ 7 sxd2 A3
o AgFe] YFBAES FHAAR.

M. R 3 &8

Absh 2ol tisted A&E o= ME® Bacillus subtilis CAP 1418 A= 74
e THAYe] HEAAAY B Faor Bt LTS WF MFEI] A5t
WA 2ol 58 TF cell massE B & A& AW LYY 2 UG o838
o Wikl Baw wA AR ©rIE FolLA UYL AAE AHE BeH 2o,

1. 2EHz0 e AH0ME] 4

i FA ol A Bacillus subtilis CAP 1418 A3AHx1& AAs7IAsA uf g
L2 E 25~45T WA 2T ASEE ZAEAT. AFEAF 32T o] 7
4 F& AHE BYRFigl). 28T A5 ASHAHL2EREY 30-35C SEHHAAA
B. subtilis CAP 1419] A3L F3¢ AL BAAD, 35T oy d2dMe B
subtilis CAP1419] A% 3 #40o] FA WopAE Aoz yeyo I oHd 2
TR E 983 nU]d Ay wFY HHEHA B Jdon, ALHde ZIT
HES wjFAl wiFele] shEo] "asign AAHIU
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Fig. 1. Effect of temperature on relative cell growth of antagonistic
Bacillus subtilis CAP141.

2. pHE WEO|YES 4

pH ®¥zte] wel AYgFe HAYK2AE AN wiA 2 pHE HBA 7| HA
A& WF3tAh Bacillus subtilis CAP 1348 Aol 714 AH§& pHO M= 7
Weld Aoz EAHNUY. B A¥ AR Bacillus subtilis CAP 141 pH 65~759
Ao A% 2 A 7ML FRE A2 YEIRTH(IY 2).
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Fig. 2. Effect of pH on relative cell growth of antagonistic
Bacillus subtilis CAP141
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3. HiX|=9 EAH ¥ LN ME AR MHF
(1) FRE2HE)A HEH(EI2H) 0l

AirPorgE AJAE FH(Soy bean milk)E AME3tY 1~7%9 FZ2 Agslz, @
Ag o2 wAdE(white color), 24 "% (gray color) ¥ &% (blackish color)& 5~
20%9 =22 7 A8t Bacillus subtilis CAP 1418 WY$ 3= 8 13 #o},

ANRE FHE Fa2Yo2 AE30, G2YoE AIRE Ay Nz mE 59
AL B ZdgdA 539 Aol 7t 4% oz Jewed, ol Axde
AAYE AR o839 E F 49 FAR Aoeg B FF HgA Aolo we
A Agg A A 2 FHFH UE A ARl #FY A vAe 9¥E =
Alsted, A AFR/AE 7Y oAl v AZEHJY. 59 APl /MY F
& A F+= EE(blackish color sugar) 15%¢ F(soy bean milk) 5% 2 ®|AE& %
As AYgrgen, AduRoez FH 3~5%9 WAL 59 AP FL& Aoz
BAY 1 € F{ 52 8 FHdAN 7Yool BojF AAYo RN o8It AHE
ZA187] f3td £ HAEAA 7xHoR o] &3 AY v ¢ 2 FYo] Lol @It
2o FAYe Aol a7 HUG.

Table 1. Relative cell growth(2)* of Bacillus subtilis CAP 141 as affected
by sugar and nitrogen source. Antagonistic bacteria were
innoculated with 500ul into 50ml Erlenmevyer flask containing
cultural media, and incubated at 34C for 5 days.

itrogen(%) Soy bean milk (%)
Carbon (%) 1 3 5 7

5 114 12.8 10.2 89

White color 10 55.2 53.1 525 484

sugar 15 88.2 86.5 789 725
20 89.0 69.4
5 25.2 16.9
Gray color 10 60.4 61.9
sugar 15 844 834
20 73.9 759
5 35.2 276
Blackish 10 719 72.1
color sugar 15 89.5 97.8
20 84.3 8.6

‘Relative to soy bean milk(nitrogen) 5%, blackish color sugar(carbon) 15%.
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(2) P (Ea)n wyde, Z4E U KLY (E) 018

Ar902 A (soy sauce)S AHEdte] 1~7%2 B2 2 A, gdLdezs AF
oA AWML YE AYLS WA Y82 AL3lY 7 282 ANE¥ AS Bacillus
subtilis CAP 1419 Ao vl Jge A A3 ¥ 29 g4,

Table 2. Relative cell growth(%)* of Bacillus subtilis CAP 141 as affected
by sugar and nitrogen source. Antagonistic bacteria were
inoculated with 500u! into 50ml Erlenmeyer flask containing
cultural media, and incubated at 34C for 5 days.

itrogen(%) Soy sauce (%)

Carbon (%) 1 3 5 7
5 584 55.7 46.4 46.8
White color 10 772 784 676 55.8
sugar 15 80.2 75.8 69.5 535
20 69.4 78.6 599 485
5 594 58.4 535 46.3
Gray color 10 874 78.0 771 65.7
sugar 15 89.6 799 69.8 649
20 745 674 68.1 56.1
5 65.2 65.9 69.7 61.0
Blackish 10 89.5 83.8 86.1
color sugar 15 89.4 76.7 71.0
20 770 68.0 499

"Relative to soy sauce(nitrogen) 3%, blackish color sugar{(carbon) 15%.

grgoz o]&F AWE A= kM (white color) ZM(gray color) T N
(blackish color)& ZZ 5~20%Z AM&3tAth. A@gxwtdcs ZHY o2 Bacillus
subtilis CAP 141& W40 E Aol @59 AFo] /M3 $5% Ao veygen &
A 15%9 3 3%=2 wid3 e S0l A Aol M FL& Aoq dewo.
Adete] Az weEld FF9 gl & AL A" FHH e B0l 4y
o7t e AR AZEHGoH, AAYLZ AL A F=E 3% W W
N gFe AFol Y3 Aoz Byed, FF C/N ratiod] A4¥HA df qLd ¥4
A olEF ARE HEY & "aAe a7HAY.

(3) ZHE, NHACI(AA )T dextrose, saccharose X WAEH(EIAR) o8

ALfQozM NHCIE 1~7%2 A sta, 429282 dextrose, saccharose ¥ ¥4
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8o ¥EE 5~20%2 FAstd AYTE 37TAAM 243 wigEAch. NHLCl 3%}
saccharose 5%°lA #F9 Ao 71F FIAcH(E 3), 2F 5%clst HHY
saccharose ¥ =2 Zga< wgs & Hayo ey, @2dd F4dd HA CN
ratio Aol W& AHu| & FFAY A2 A aTHAG

Table 3. Relative cell growth(%)* of Bacillus subtilis CAP 141 as affected
by sugar and nitrogen source. Antagonistic bacteria were
inoculated with 5001l into 50ml Erlenmeyer flask containing
cultural media, and incubated at 34C for 5 days.

itrogen(%) NHA4CI
Carbon(%) 1.0 3.0 5.0 7.0
5 121 19.9 21.8 21.4
10 17.2 19.0 21.8 225
Dextrose

15 195 219 33.7 23.7
20 18.3 22.8 259
5 51.3 779 18.4
10 66.2 795 21.6

Saccharose
15 48.2 32.1 . 528 26.9
20 399 465 515 26.7
5 719 64.9 31.7 19.3
sugar 15 25.3 536 - 51.7 376
20 23.7 54.4 62.4 35.8

‘Relative to NH4Cl(nitrogen) 3.0%, Saccharose(carbon) 10%.

g4~ 90 2 dextrose, saccharose ¥ WS FAFIL ALYo2E 7H4E ALEE
o ZFg7E wddd A A" 10%9 3 3%ANA dFAF] M FEHAHE 4).

TFuige] "Wad A C/N ratiod] dldfiAe ¢z A% A7 Basdy, ¢
Uil 58 AN FAFAEZ wiEEHe 94, ¥ € AF FAE0E 5 AF L&A
o] wjx| 29 o] fof I AF/F HWaF Aoz AZHUT

EF, B AN g4YdoEE ARE A", FAYoEE Aol AT A
M AgHez Jeged, oA Ay g thh iEHY AAT HAHA @
e ZE mggre ggoT AAXY, Yo @424 ALY BY ol vikga
FEo wE FF9 uY HH3 £ APz de] Qv Jgdrt
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Table 4. Relative cell growth(%)* of Bacillus subtilis CAP 141 as
affected by sugar and nitrogen source. Antagonistic bacteria
were inoculated with 500ul into 50ml Erienmever flask
containing cuitural media, and incubated at 34°C for 5 days.

itrogen(%) Soy sauce (%)
Carbon(%) 1 3 5 7
5 74.3 65.2 55.9 295
10 76.6 18.2 17.0 16.8
Dextrose
15 124 10.6 12.8 12.4
20 16.1 14.7 11.3 12.6
5 98.9 924 82.1 472
10 73.4 69.6 58.7 139
Saccharose
15 19.1 11.3 11.7 19.7
20 134 14.1 11.8 11.2
5 69.0 81.2 67.6 453
White color 10 787 719 69.1
sugar 15 60.2 75.2 69.4 589
20 43.8 60.9 55.8 43.2

‘Relative to soy sauce(nitrogen) 3%, white color sugar(carbon) 10%.

(4) guARE(EHA)D dextrose, saccharose W HAEHEILR) 0|2

dadozr FAIUYTFEFLS AE3L, LAY E2E dextrose, saccharose ¥ d®&
A3l gAY 2 AA9E v 239 AR X TS RAFAHE b). &
2902 o|&F ARFole Agol #FY WA /MY FL& Ao BE, °JRE
AgZFd &d3 AAHA g &I e vFdAY F¥oz YAHJPY Hdg
BAAEESY T8 44 10%} 1%2 278 wAE A A2 7o AgTe A
Zol 71 A d AR By

a2, ZASAE RNAZY MYt A4 EAZ dFHIR o, ogd FHAA
TASAE XAV HERZAY 71E € FHoRY AL € FEVYES o] & &
A Eo EulFe 71 AEEE A% Hado] g,

a2 E, B dFoA o437 ©@Add FAY Bitop o3 @49 € A4 4
o] el 9 7HEY.
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Table 5. Relative cell growth(%)* of Bacillus subtilis CAP 141 as affected

by sugar and nitrogen source. Antagonistic bacteria were
inoculated with 5001l into 50ml Erlenmeyer flask containing

cultural media, and incubated at 34C for 5 days.

itrogen(%) (NH4)25804 (%)
Carbon(%) 0.1 0.5 1.0 3.0
5 443 55.4 61.0 589
10 76.1 63.6 75.3 64.1
Dextrose 15 780 659 76.0 54.4
20 42.1 54.2 42.6 21.8
5 814 815 81.3 749
Saccharose 10 915 90.5 89.3 81.9
15 91.7 814 81.6 76.9
20 51.2 58.4 50.9 35.2
5 46.4 32.6 69.9 59.1
white color 10 50.2 515 89.3
sugar 15 519 52.6 819 72.5
L 20 32.7 475 44.1 41.9

*Relative to (NH4)2SO4(nitrogen) 1.0%, white color sugar(carbon) 10%.

(5) Polypeptone(ZEA¥)1} dextrose, saccharose % AEHEIAR) Ol

AA9e2ZX polypeptoned ©]&39 1~-7%E Asn, BLYoZE
5~20% 2 NEZZFst 23T CAP141€ 32TColA 2€3 )
%35t A3} polypeptone 3%t ¥ 10%E WX & ZAE A7 #F Aol 713 %

saccharose ¥ 4% 5 &

S ATHE 6).

849 549 polypeptone? HAWHE B A Z polypeptone 1~3%<] %
A FFAYHF] FAT 5~7% FERT R& HFZ9 polypeptonecl M TF 4%
o] 4dFF A, FFo] o Hrtt ¢ ¥ FnolA mAEY AL HFYY PaAo]

STHAS

dextrose,
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Table 6. Comparison of relative cell growth(%)* of Bacillus subtilis CAP
141 by carbon and nitrogen source. Antagonistic bacteria were
inoculated with 1004l into 300ml Erlenmeyer flask containing
cultural media various carbon and nitrogen and incubated at
32T for 5 days.

itrogen(%) Polypeptone

Carbon(%) 1 3 5 7
5 81.6 98.0 64.9 98
Dextrose 10 84.2 97.7 64.5 10.1
15 72.5 81.1 35.3 129
20 314 87.1 28.7 135
5 876 9.2 87.1 816
Saccharose 10 88.5 9.1 75.0 59.7
15 825 92.6 639 438
20 74.3 89.3 59.3 29.8
5 91.7 94.3 959 39.9
white color 10 94.2 86.4 51.2
sugar 15 86.1 995 5.7 61.5
20 76.1 889 66.7 56.8

“Relative to polypeptone(nitrogen) 3.0%, white color sugar(carbon) 10%.

(6) A%, starch(gtad)et 218, (NH4)2504 % (NH4)2CO(HLE) ol8

A&7 Bacillus subtilis CAP 1418 diZuggol oA WA Fo] drdozy A&
I ez A I, (NH2S0s 2 (NHeCO 58 BEHE AHYdty #4% ARE
v HES ] HAujgo] dLE AP ES HdEs AdhsAH&E 7).

gagozg AlRE HAYg olfdtx, FAYo2E Y, (NHp:S0s E (NH.)2CO
52 ol&3te AT CAPI41E 37TolA 293 widd A3 Ae 10%9 34 5%=
ZAG wiR A wiEFF FFo AFo] A 5T AR Jeywd. FaxdE AYgd
o AL FALREFETH 828 A4 dGdoR ol8F ARG NHAE oL Aol F
< Ao g YeEygd, ol AAgE AU i e A4 Bretdg ZF 0
FAdx7t 2T A F& 9FL WAL AoE AAHAG EA, I #7)%7)
ANE HFL F2YoR o FFugel o&3e A7t e, o2 Y
gl e AEES A3l AT wYgol o]8Ee FHol F& AR BT

gA0F starch® AM43l3, 49082 (NHy)2S04 polypeptone ¥ HEE Al
st Z3rFel vigA FF9 AR vXE 9%E FRE dde O ¥ 8% AT
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Table 7. Comparisons of relative cell growth(%)* of Bacillus subtilis CAP
141 by carbon and nitrogen source. Antagonistic bacteria were
inoculated with 1001l into 300m| Erlenmever flask containing
various carbon and nitrogen cultural media and incubated at 32C

for 2 days.
Carbon Sugar conc. (%)
Nitrogen(% 5 10 15 20
1 31.3 421 434 354
3 65.5 83.2 80.8 59.3
Soy
5 535 93.2 71.1
7 48.9 778 73.5 64.2
1 11.3 12.4 12.2 11.3
3 10.3 135 8.9 6.9
(NH4)2504
5 7.6 39 39 6.4
7 25 3.6 3.8 3.7
1 3.0 6.9 38 3.8
3 3.6 3.8 3.7 34
(NH4)2CO
5 3.4 35 36 3.7
7 35 3.7 3.6 39

*Relative to soy(nitrogen) 5.0%, white color sugar(carbon) 10%.

2 Add#e w29 polypeptone 3~5%%} starch. 10~15% %2 Z&§ wixjol A wjk
9% A Sl Bacillus subtilis CAP 1419] Ao 713 ¥5ddd Aoz yehygoh

Bagdow ALE2E starchd HA FEE 10~15%E B¥on, Figow ALEd
(NH4)2S0s, polypeptone 2 HE FolA & Al H 22 polypeptoneo] 7 Frow, 7t
ol A= 15%°lA starch 15%9%F 2§t wAE 24 YE& W Bacillus subtilis
CAP 1419 A Fo] Fgth 1282 F¢o] £o|d HA4E A4 dd nFdAhPoR o
28 HLdE 15% W99 vl £& Aoz ALHJY)
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Table 8. Relative cell growth(%)* of Bacillus subtilis CAP 141 as affected
by sugar and nitrogen source. Antagonistic bacteria were
inoculated with 500Ul into 50ml Erlenmeyer flask containing
cultural media, and incubated at 34C for 5 days.

Carbon(%) Starch (%)

Nitrigen(%) 5 10 15 20
1 14.2 189 21.2 189

(NHA)2S04 3 31.3 336 389 270
5 324 259 22.2 16.7

7 19.8 19.1 246 14.3

1 41.3 56.4 436 56.4

Polypeptone 3 619 589
5 68.9 795

7 79.1 62.1 79.2 68.5

1 41.7 61.2 61.2 418

3 424 85.6 79.0 58.2

Soy
5 816 82.8 935 79.4
7 L 62.7 614 816 769

*Relative to polypeptone(nitrogen) 3~5%, white starch(carbon) 10~15%.

(7) eta@nt Ao@o HHx=A

E AdAA o] &3 d4d ALY TR sRHEE WA E ZAFY TFE W)
@3 A @59 AR Y FUE @49 A4 Y 2EFE JEHA Ade 8 99 2o

gAYoz2E AFAA Btz v AD(NMAY, EH"% 9 ZAMY), starch,
dextrose @ saccharose® ©o| &8 g1, A2 13 T8, FAUYRE, 84, 43
%2 % ¥ polypeptone 5 |43ttt

AY MA o2 dFe Ao MY 5% @49 F4AY ¥ @AYoz #y
A% polypeptone=2:1(v/v)2 Z§ 3ty TF & wiFd T2 Jebwd.

T3] QA F& BdadoezEs ZTAHAY] AR Fotow, ALY 2= polypeptone
£ o] 8% Aol FL& Ao E Vet o3 Aids S4A4H FAad Btoly n A4
o Ao Hag F(S) 9 JFL 2429y LY tEo FEHe2 HER P
8430] itk ®=F, @59 AFFAPL wAY =4 L Fxo gaEtA 4L gd2A vE
veg HAuAY AL o2k ALHoZ o|Fojzol )
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Table 9. Relative cell growth(%)* of Bacillus subtilis CAP 141 as affected
by sugar and nitrogen source. Antagonistic bacteria were
inoculated with 500ul into 50m! Erlenmeyer flask containing
cultural media, and incubated at 34C for 5 days.

Carbon Commercial sugar

. (%) G Blackish | Starch | Dextrose | Saccharose
I(\I;at)roge White color! &% NI

Soy sauce 3:10Z) (37.9) | 3:2 (46.2) | 3:15 (41.4) | 305 (23.4) | 3110 (46.1) | 310 (36.1)
Soy bean milk i 1:10 (23.1) | 1:2 (235) | 3:10 (21.5) | 1:05 (11.3) | 3110 (31.2) ; 15 (19.9)

(NH4)2S04 110 (19.1) | 1:2 (326) | 1110 (245) | 3:05 (9.1) |1:25 (36.4) | 1:25 (14.2)

(NH4)2CO 051 (11.6) | 1:2 (181) | 1:3 (142) | 1:05 B | 112 (21.2) 05:1 (9.1)

NH4C1 155 (216) | 1.2 (215 | 1:5 (21.2) | 3:05 (92) | 155 (26.1) | 1:5 (14.1)

Polypeptone 1:10 (854) | 1:2 (92.1) | 1:10 (91.6) |3:0.5 (77.1) 1:10 (89.9)
2 Nitrogen : carbon ratio (v/v ratio)

Blank represents relative cell growth in cultural medium broth after incubation at 37°C for 24 hours
*Relative to polypeptone(nitrogen) 1.0%, gray color sugar(carbon) 5.0%.

V. =

At S o] dthdte) Z¥AE 2zt Bacillus subtilis CAP141¢] dhEui A &
Fo Aol wXe wjgRe) 2% pH, @449 TF % =8 aHE AR v 2
Af%E S 2k 2¥FLE 30~35TY J2oM o] /14 FAston, v
pHE 7oA 7 £ A S 2t &4 9L dextrose(13F) > sucrose(23 )
> market saccharose(2@®) > starch(t}3 /)9 ¢£22 ZAFu QB9 wjdo] Foed,
gFHRETE g9 R vAE el AT AEFe Z2YHR > FA9 > 9y
o2 Yeiged, AL Agud &d3] FAHA Fn doldle nFAHEY dFge

2 oqAH

ALQLE oy A2E9E F718 A7 7579 AR £ 9% v 24
Fed FF Ao nx= FG3S B9 polypeptone > WA > FH > FI|HA A ¢
o2 ey, B Fie FHA @& J9FL @ A gL Aeg uveiych

F89] . AAmE Bacillus subtilis CAP141, W4z, 234 A7
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