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Cultural Conditions for Mass Production of Antagonistic Bacillus subtilis CAP134
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SUMMARY

Cultural conditions for mass production of the antagonistic bacteria, Bacillus subtilis
CAP134 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(monosaccharides)>sucrose(disaccharides)= saccharose
(di-saccharides)>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.

Key word ' Bacillus subtilis CAP134, anatgonistic bacteria, apple tree, cultural

conditions.
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g8429¥02 white color sugar(®Ade) gray color sugar(Z4%), blackish color
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Fig. 1. Effect of temperature on relative cell growth of antagonistic Bacillus subtilis CAP134
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Fig. 2. Effect of pH on relative cell growth of antagonistic Bacillus subtilis CAP134
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ALPo2E AAE FH/(Soy bean milk)E AHE3le 1~7%¢ 22 ez, &
L2902 WA (white color), Z4 e (gray color) ¥ &A% (blackish color)& 5~
20%9 wx2 742t A3l Bacillus subtilis CAP 1348 ®i%3 A= 13 2}

ANEg FHE 2908 AE8ln, gAadog A8 Mo Az wE F39
AFE BE ZHRA dF9 Ao M ¢ AR JUgded, od Ads
AL4E oz o859 E B+ AAY Ao niY &F AeA zpold uiet
A Algg dgudled AA 2 FiEe UE & AR 759 AF vAe 9%E =
Abete], A& AF8dS FHE el ddn ALHAL a5 Ao F F
& AHgF+ ZA"(blackish color sugar) 15%9 5 (soy bean milk) 5% & WA & =
A Aelrgded, Aganyon FH 3~5%9 Hert FF AR F& Aow
Bt 1 42 Ff 5 $8 FHAAM Fdo] &ol ALY EZM o84S
ZALEL7] Ydte] B AgoA ZlxH oz ol &3 Yd vl o FJo| Kol Gt
we ALy Aol 87U

Table 1. Relative cell growth(%) of Bacillus subtiis CAP 134 as affected by sugar and
nitrogen source. Antagonistic bacteria were innoculated with 5001l into 50ml
Erenmeyer flask containing cultural media, and incubated at 34°C for 5 days.

Nitrogen(%) Soy bean milk (%)
Carbon(%) 1 3 5 7
, 5 154 139 99 86
Xfl‘j)tre 10 58.2 55.0 53.1 492
Sugar 15 81.2 81.3 775 746
20 69.0 685 665 66.0
5 152 157 24.1 158
forlf)yr 10 62.2 60.9 63.4 62.2
Sugar 15 83.1 823 817 79.1
20 74.2 748 733 60.8
, 5 345 29.1 36.3
B‘:&‘;‘fh 10 70.2 731 780
Sugar 15 90.4 936 80.1
20 837 86.6 896

‘Relative to soy bean milk(nitrogen) 5%, blackish color sugar(carbon) 15%.

2) ZHEHEA) WAY ZHE Y ML) 08

ALQoz - (soy sauce)& AMEdtd] 1~7%9 FE2 AEsi, gdafdors AF
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M Aldstn e 8BS wiAe 9832 AR 4 v=dE MAZ 2 Bacillus
subtilis CAP 1349} A& miAe 4FE A Fde <& 2>9 2o

Table 2. Relative cell growth(%) of Bacillus subtiis CAP 134 as affected by sugar and
nitrogen source. Antagonistic bacteria were inoculated with 500l into 50ml
Erlenmeyer flask containing cultural media, and incubated at 34°C for 5 days.

Nitrogen(24) Soy sauce (%)
Carbon(%) 1 3 5 7
5 57.2 52.5 443 42.8
White color 10 76.3 77.4 66.6 57.8
sugar 15 79.1 72.8 69.8 52.7
20 68.4 74.3 59.1 48.0
5 59.0 58.1 53.1 47.0
Gray color 10 834 76.0 71.0 65.3
sugar 15 82.4 74.8 69.1 63.9
20 775 66.4 67.0 58.0
5 64.3 63.90 69.0 60.0
Blackish 10 88.4 84.8 82.1
color sugar 15 88.3 75.7 70.0
20 73.0 | 67.0 49.4

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

grgog ojfd Awg AMere gekM(white color) ZA(gray color) ¥ 4
(blackish color)& ZtZt 5~20%2 Al&&Art. dPAvty oz ZMHYO=Z Bacillus
subtilis CAP 134& wiFH e ZAfo 59 ARl 7M1 3 o2 vegon 3
Ae 15%9 7H 3%E wgE RS Aol Adgde AP M FL& Aoz YEwrt
Ao Az welrd FFY APl & AL Ay TR e FEol 4H
ztol7b e Aoz AZEJow, Ardo AIRF A L 3% LY ¥
AN T ARl FEd Aoz BIEd, FF C/N ratiod] 4FA §& g ¥
oA olefdt AFAE ZAES ¥ "o SFHAU

3) 2+, NHACHE 2#)2t dextrose, saccharose & UM ENEANR) 0] &

A2YRo 2 NHCIE 1~7%E Hasty, d4AQ o2 dextrose, saccharose 2 4
ol 58 5~20%E ZAsl HAITE 37CoA 287t Hﬂoko}m‘:} NH4C1 3%}
saccharose 5% A 39l Aol 71 FIIIJEU<KE 3> 25 5%0]3F HHA
saccharoses =2 ZgT& WFs] & FoAdo] JdueH, gdirdy da %E—f‘i 74 C/N
ratio Ao @& v & FFAA A" A 27U
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Table 3. Relative cell growth(%) of Bacillus subtiis CAP 134 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.

Nitrogen(%) NH4CI1
Carbon(%) 1.0 3.0 5.0 7.0
5 12,0 189 20.8 20.3
Dextrose 10 17.0 189 21.3 21.3
15 185 20.9 31.7 22.7
20 184 184 21.8 23.6
5 50.3 69.0 77.8 18,2
Saccharose 10 65.1 79.0 21.3
15 45.1 81.0 50.8 25.2
20 39.1 46.4 50.1 26.0
5 729 63.9 30.3 18.3
White color 10 22.7 33.1 40.7 36.9
sugar 15 23.6 52.6 50.7 37.3
20 23.6 53.1 60.1 37.8

*Relative to NH4Cl(nitrogen) 3.096, Saccharose(carbon} 109.

B4 90 2 dextrose, saccharose @ WAES FAly ALYezE NS AHE3

o AYFL Mg A 49 10%% 1 3%ANA FFAF] M FEFAT<E 4>

Table 4. Relative cell growth(%) of Bacillus subtiis CAP 134 as affected by sugar and
nitrogen source. Antagonistic bacteria were inoculated with 5001 into  S0ml
Erlenmeyer flask containing cultural media, and incubated at 34°C for 5 days.

Nitrogen(%) Soy sauce (%)
Carbon(%) 1 3 5 7
5 73.3 69.7 54.9 28.5
Dextrose 10 76.7 8.2 7.0 6.8
15 12.6 10.4 9.8 9.2
20 15.1 13.7 12.0 12.0
5 99.9 915 80.1 46.2
Saccharose 10 784 66.6 58.7 13.8
15 12.1 10.3 10.7 9.7
20 13.2 13.1 12.8 12.2
5 68.0 89.2 69.6 459
White color 10 75.7 00.0 70.9 69.0
sugar 15 60.6 76.1 60.4 59.9
20 45.8 60.0 52.8 42.2

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

FFEu o] WeF HFA C/N ratioo] MaliME Foz AT A7 dasy, %2
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Ut w4834 sdrLER wiEHe 94, ¥0 £ 4% 30018 § 4% &
o wix 2] oo BF ATVt Yo H Rez AFHAG

3, 2 AYelM ga9o2E MBS HY, AaYo2E Yol AT AF
b astEoz vebded, o) Aed e da R AAR FAHA &
S 4% vFdLe ¥z AAAY, oz G247 dad ¥ opye wFda
F=o wE FF wg HHst % AFggdzol dosivn Hd

4) a5 (E A )3 dextrose, saccharose 3 YA EHEAQ]) Of 8

A4Q0z2: FAYREFS ARSI, 2902 dextrose, saccharose @ Ag-&
AbE3le B4 2 A4Yd FE 79 A tAE FEgE ZAEIYTG<E 5>
B0 2 ol &3 AT Ayo] TFe A A FL& AoR HYEd, oA
< MAEFod &H3 FAHA dn JEH AT vFdhe JFow AAHAY, MY
I Zgaotn e ¥ E 727 10%9 1%E 23t Wi E 2AS 27 AT
Ao} Mg Sadtad Aoz By

A, SASHE HNAZIY HErt A4 ZAZ gFHL e, ol FHA
ZASAE AAVY HEEMY 7t R wHo2Y AEE Y FEUAES oJ&F &
2129 Eu|3}e} 7l ALR3E FA% BaAo]

a8eg, B AT o]&d dadd FiY ®Bitoldd e gAY © AAY
o] ol a7},

Table 5. Relative cell growth(%) of Bacillus subtiis CAP 134 as affected by sugar and
nitrogen source. Antagonistic bacteria were inoculated with 500u into 50ml
Erlenmeyer fiask containing cultural media, and incubated at 34C for 5 days.

Nitrogen(%) (NH4)2804 (%)

Carbon(%) 0.1 05 1.0 3.0
5 49.4 575 60.9 57.7

Dextrose 10 74.1 67.0 76.3 63.0
15 74.0 679 70.0 44.4

20 41.0 53.2 436 19.8

5 80.4 835 80.3 76.9

Saccharose 10 91.6 945 87.3 82.0
15 93.2 80.9 75.7

20 53.4 55.4 34.3

5 474 36.3 58.4

white color 10 51.2 50.5 88.3
sugar | 15 51.6 54.8 1.1
20 38.7 465 40.9

"Relative to (NH4)2SO4(nitrogen) 1.0%, white color sugar(carbon) 10%.
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5) Polypeptone(® 2 #)2} dextrose, saccharose ¥ A EHEHAEH) 0|8

ALY22A polypeptoned ol &3t 1~7%E Hesxn, BAYS2E  dextrose,
saccharose ¥ A% 5& 5~20%2 HEZ%sle datd CAP141E& 32ColA 23t o)
%% A polypeptone 3% A8 10%E v E ZAJN HE T+ dF AAo] 71 %
33 ARG <HE 6>

g4 49 S5 polypeptoned HAUHAE ¥ A2 polypeptone 1~3%2] &
Ar FFAFe] Fhh 5~7%Y TERT R HFE polypeptonel A #F A
o] 433, AFFo) o Btp ¢ @& HEoA vAE AL APY Fg Ao
ST AT

Table 6. Comparison of relative cell growth(%) of Bacillus subtiis CAP 134 by carbon and
nitrogen source. Antagonistic bacteria were inoculated with 100u into 300ml
Erenmeyer flask containing cultural media various carbon and nitrogen and
incubated at 32C for 5 days.

Nitrogen(%) Polypeptone
Carbon(%) 1 3 5 1 7
5 82.6 38.0 64.0 3.8
Dextrose 10 82.2 96.7 64.6 11.1
15 72.3 30.1 35.0 12.1
20 294 87.0 26.7 13.4
5 87.0 94.2 86.0 82.6
Saccharose 10 875 95.3 74.0 577
15 3816 916 62.9 458
20 72.3 873 58.3 296
5 90.7 95.1 954 89.7
white color 10 90.2 D0, 86.5 50.2
sugar 15 86.0 955 75.9 60.5
20 76.6 88.4 65.7 55.3

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

6) ME starch(Et#)e} ZHE (NH4)2S504 2 (NH42CO(E =) o] &

A% Bacillus subtilis CAP 1345 tigu] el olA vz 59 gigdozx g
I ALrPozA 7EA (NHp):S04 2 (NH)CO 58 TEHE= ?‘131?5}04 TARA g
Bl P B A Hu|oke] Aoty wAFES AFse] ATt <E 7>
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Table 7. Comparisons of relative cell growth(%) of Bacillus subtiis CAP 134 by carbon
and nitrogen source. Antagonistic bacteria were inoculated with 100¢ into 300m!
Erenmeyer flask containing various carbon and nitrogen cultural media and
incubated at 32°C for 2 days.

Carbon(%) Sugar conc. (%)
Nitrogen(%) 5 10 15 20
1 305 411 425 344
S 3 66.5 798 583
Y 5 53.2 95.0 70.1
7 48.3 72.2 62.2
1 103 114 12.0 103
3 12.3 125 87 59
(NH0)2S04 5 78 29 29 23
7 2.4 26 28 2.4
1 29 6.1 2.8 27
3 26 28 27 25
(NH4:CO 5 24 25 25 2.4
7 25 27 26 2.4

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

gihdozA ARE HYgs o&dn, FAYeZE M, (NHe:S04 2 (NHo):CO
T& ol&3le AT CAPI41S 37ColA 29zt s dxt He 10%s 13 5% =
ZA G vfA A wiFE FFY Aol Y e AR dERT FA9E AI¥E
o] AL AR EH] 84F AL HH"J oz o] &g AR E} g o] &% ol F
2 Aoz yehgt ol dae Y FHEH e FaY ®oohy ZHE u
FAL7E AFgFY Yo T %‘f%*% o HE Aoz AZHYY dA, I {frlE7t
M He AAYPoR dto FHFRuYe ol&dte A9 v, doE AU
FHEo e ARG £48] oA E9 Hjdo o] &3tE Aol £& ZoR BRYUTH

B2Y9o R starchE AME3l1, AAY2ZE (NHe):SO0s polypeptone H HEE AM&
st Aol mfdA TFe A A IS S Ade 05 ¥ 8% ok

B AgAgd o= polypeptone 3~5%9 starch 10~15%2 =& iAol A] uj

32 7 %ol Bacillus subtilis CAP 1349 A& o] 714 4E3tdd Aoz vergtth

BAagog AMEY starche FHA ¥EE 10~15%2 HIon, ALdoz A&
(NH4)2SOs, polypeptone 2 7+ FollM = diAH oz polypeptoneol b Fgted, 7
2ol A$E 15%°A starch 15%9 2§3ste] A& 2A49S W Bacillus subtilis
CAP 1349] Aafo] Fgkrh aelez Fo] &oldt 7HFE 2 ""J-‘Jr nFAhgo R o
£ Ao 15% W9 s/t & AR AA4HUAG
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Table 8. Relative cell growth(%) of Bacillus subtiis CAP 134 as affected by sugar and
nittogen source. Antagonistic bacteria were inoculated with 500 into 50ml
Erlenmeyer flask containing cultural media, and incubated at 34°C for 5 days.

Carbon(%) Starch (%)
Nitrigen(%) 5 10 15 20
1 15 17 20 17
3 30 36 37 28
{(NH4)2S04 5 3 2 o 19
7 18 19 22 15
1 40 60 40 60
3 60 60
Polypeptone 5 60 80
7 80 60 80 30
1 40 60 60 40
S 3 40 30 20 60
oy 5 80 80 98 80
7 60 60 30 80

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

7) Bt ALl HMEH

B AN o] &3 B4 IAAhAY F/HY FEE HIGSE ZARS dFE Wl
T A FF9 AP A XYW @A A4AY 2SS Ve AdE # 99 #Zh

gadogs AFdA #Hvidn e AR(EMY, SHd9 ¥ #AdE) starch,
dextrose ¥ saccharose® ol &34 1, Axdoz2E A, 54, FAAEF, 84, 93
4 %% % polypeptone T-& ©] &3ttt

A ANtHog FF9 Aol Y e i FAY 2L vAhdoez #A
A polypeptone=2:1(v/vV)Z Z3}sle & s Hy+2 et

TFe Ao FL& gAhgoze E4Yo 71 Fohoy, AAYSZE polypeptone
£ ol & Aol FL Zor ey olgd Ade dAdd Fayg ¥vtehz ul 4
o AFel HaF (S 59 9IS @9y 7-;1_/;:—?-1-»} HEo] FHHoE HES ¥
840l Ao, T, dF9 AFEAHL X 2 F wxd @A #A4ZF4 td2A JdE
Ung HAuAe e gdorr A&Howm 1 o] A o gt

ft o
)
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Table 9. Relative cell growth(%) of Bacillus subtiis CAP 134 as affected by sugar and

nitrogen source. Antagonistic bacteria were inoculated with 500ui

into  50ml

Erlenmeyer flask containing cultural media, and incubated at 34°C for 5 days.

Carbon(%) Commercial sugar
i Starch Dext; Sacch
Nitrogen(% White color | Gray color Blcagll(() lrSh e extrose acchiarose
Soy sauce 3107(386) | 32 (45.1) | 315(40.8) |3:05 (24.4) | 3:10 (456) | 3:10 (37.3)
Soy bean milk 1510211 | 1:2 (224) | 310(20.8) [1:05 (104) | 3:10 (33.0) | 1:5 (19.2)
(NH4)2S04 1:10(179) | 1:2 (3L4) | 1:10(23.3) |3:05 (10.2) 11:25 (33.2) [1:25 (12.4)
(NH4)2CO 051 (108) | 122 (176) | 1:3 (153 [1:05 (7.2) | 12 (205 (051 (9.5)
NH4Cl1 1:5 (196) | 122 (214) | 1:5 (208) [3:05 (94) | 1:5 (254) | 15 (156)
Polypeptone 1:10 (834) | 1:2 (91.0) | I1:10(90.7) |3:0.5 (76.2) ’
? Nitrogen : carbon ratio (v/v ratio)

Blank represents rclative 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 Buiy gbgduiw gAYy, E98 2R3 5o AT Wd st
ZA&4e zte Bacillus subtilis CAP1349] i FulFA] @59 Aol vX= wjdde
2%, pH, &424d9 £F ¢ 5% 274& A% v 1 Ade oS3 2ok

A& 30~35Te Ao Mol 713 Ao, iAo pHE 7TH L NA
M FL RS BAt @498 dextrose(13F) > sucrose(23F) = saccharose(2
FF) > starch(tbZ /)9 o2 AFuPE9 wigo) Fhed, dFrdes @877
o) HE wjgol Fotth MdgFe ZMAdg > ZAMg > WAy oz YEldEd, oA
S Aol &A3] HAHA F dolsle v FHFEY dFoE AAR

Air9e o8 Aartge {719 a7 59 AF FL& 4FE o Fa
Hejd oA vXE 958E 29 polypeptone > M > FH > FUIHALY &
o8 Ui, Fre i R/ nE g dE ¢x e Aeg YEuh.

F9.0] : AT UYR Bacillus subtilis CAP134, W%z, 2384 AT



A% T Bacillus subtilis CAP1349] Ul#FF11E @ w2

99

51 H XX &

L 4%, 1992, Ao} 94 27] 48 714 @R EHu AL,

. Cook, R.J. 1985b. Biological control of plant pathogens : theory to application.

Phytopathology 75:25-29.

. Vasudeva, R.S. and B.P. Chakravarthi. 1954. The antibiotic action of Bacillus

subtilis in relation to certain parasitic fungi, with special reference to Alternaria
solani. Ann. Appl. Biol. 41:612-618.

. Sztezjinberg, A., Freeman, S., Chet, 1. and Katan, J. 1987. Control of Rosellinia

necatrix in soil and apple orchard by solarization and Trichoderma harzianum
Plant Disease 71:365~369.

Elad, Y., Kohl, and Fokkema, N.J. 1994. Control of infection and sporulation of

Botytis cinerea on Bean and Tomato by saprothytic bacteria and fungi. European
Journal of Plant Pathology 100:315-336

. Janisiewica, W.]. and Roitman, J. 1988. Biological control of blue mold and gray

mold on apple and pear with Pseudomonas cepacia. Phytopathology 78:1697-1700.

. Gerhardt, P, ed. 198]1. Manual of methods for general bacteriology. Am. Soc.

Microbiol. Washington, DC. p.524.

. Pirt, S.J. 1975. Principles of microbe and cell cultivation. Blackwall Scientific

Publisher. London.

. Cooney, C.L. 1979. Proc. Biochem. 14. 5.
10.

Rehm, H.J. and G. Reed. 1981. Biotechnology Vol. 1. Chap. 3. Growth of Microor-
ganisms. pp.104-122.



