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Effect of Medium Composition on Protopectinase Production from Bacillus subtilis EK11. Lee, Dae-
Hee, Eun-Kyung Park, Chul-Hwan Mun, Jung-Uk Ha, Seung-Cheol Lee, and Yong-Il Hwang*. Division
of Life Sciences, Kyungnam University, Masan 637-701, Korea — Protopectinases (PPases) are heterologous group
of enzymes that degrade pectin from the insoluble protopection which is constituent of the middle lamella and pri-
mary cell wall of higher plants by restricted depolymerization. From the previous report[6], enzymatically separated
plant cells, which are produced from plant tissues by PPases treatment, showed well-conserved cellular components
with their rigid cell wall and this characteristic is applicable to preparation of novel food material. The purpose of
this study is to investigate the effect of medium composition on PPase production from Bacillus subtilis EK11
which was selected as a PPase producer. Varjous carbon sources and concentrations on PPase production were stud-
ied and corn starch at 0.7% was the most effective for production of PPase. Among the nitrogen sources, yeast
extract was the most effective for PPase production and the effect of (NH4),SO, was notable as inorganic nitrogen
source. Inorganic compounds such as KH,PO4, KsHPO,, Nas-citrate - 2H,0 and MgSO, were optimized for PPase
production. PPase activity was inhibited by the addition of Ba®* or Zn®*. The optimal medium for PPase production
was devised: 0.7% corn starch, 0.3% yeast extract, 1.4% KHyPOy, 0.6% K HPO,, 0.1% Nag-citrate » 2H,0 and
0.02% MgS04. PPase production by using the optimum medium was carried out with shaking cultivation at 37°C.
The maximum PPasc activity of 256 unit/ml could be obtained after the cultivation for 48hrs. The activity was
increased about 2.2 times than the activity, 112 unit/ml, in basal medium,
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Fig. 1. Schematic illustration of the sirocture of protopectin
and reaction site of A-type(+) and B-type(<) of PPase.
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Table 1. Effect of 1.0% carbon sources on PPase production from B. subtilis EK11

20h 40h

Carbon source PPase activity Cell number Spore number PPase activity Cell number Spore number

(Unit/ml) (Log cfu/ml) (Log cfu/ml) (Unit/ml) (Log cfu/ml) (Log cfu/ml)
Glucose 112.38 8.95 322 67.39 7.834 2.93
Fructose 82.94 8.98 3.54 76.75 7.65 248
Sucrose 101.87 8.71 3.44 80.67 7.80 234
Maltose 112.13 8.63 4.73 95.40 8.17 3.65
Maltodextrin 103.45 3.80 4.28 89.52 8.09 3.2
Dextrin 84.96 8.69 3.63 78.54 7.83 3.60
Galactose 62.27 8.34 3.63 35.11 8.10 6.37
Arabinose 121.66 8.53 3.38 123.45 8.33 5.42
Com starch 117.90 892 4.78 134.16 8.50 4.88
Potato starch 77.88 8.70 6.20 119.54 8.43 6.89
Soluble potato starch 103.72 9.04 5.90 117.50 7.95 5.17

PPase activity, total cell and spore nurber were measured after the cultivation for 20 h or 40 h at 37°C, 180 rpm in a shaking-flask cultivation.
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Fig, 2, Time course of PPase production by B. subtilis EK11 in
basal medium.
Symbol: ll, Viable cells(log CFU/ml); [, Spores(log CFU/ml); A,
pH; O, Activity(Unit/ml).
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Table 2. Effect of mixed carbon sources on PPase production from
B, subtlis EK11

Concentration PPase activity(Unit/ml)

Carbon source (%) 0% 00
Arabinose+corn starch 1.0+1.0 ND~ 80.11
Arabinose+corn starch 0.5+1.0 ND 80.55

Arabinose 1.5 ND 81.79
Arabinose 1.0 ND 12345
Arabinose 0.5 ND 127.02
Corn starch 1.0 ND 134.16
Corn starch 0.5 ND 134.12
Glucose+com starch 1.04+1.0 0.82 0
Glucose+com starch 0.5+1.0 2.7 0
Glucose 3.0 0 0
Glucose 20 0 0
Glucose 1.5 0 30.53
Glucose 1.0 112.38 67.39

*ND means not determined. PPase activity, total cell and specre
number were measured after the cultivation for 20 h or 40h at
37°C, 180 rpm in shaking-flask cultivation.
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Fig. 3. Effect of corn starch concentrations on the PPase pro-
duction by B. subtilis EX11.

PPase activity, total cell and spore number were measured after the
cultivation for 40 h at 37°C, 180 rpm in shaking-flask cultivation.
Symbol: 4, Growth (ODggp); I, Viable cells(log CFU/mi); (],
Spores(log CFU/ ml); A , pH; (O, Activity(Unit/ml).
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Table 3. Effect of nitrogen sources(0.2%) on PPase production from B. subtilis EK11

20h 40h

Nitrogen source PPase activity Cell number Spore number  PPase activity  Cell number  Spore number

(Unit/m1) (Log CFU/ml)  (Log CFU/ml) (Unit/ml) (Log CFU/ml)  (Log CFU/ml)
(NH4)250, 116.53 8.92 5.18 150.17 8.18 4.73
(NH4),HPO, 82.94 7.34 4.19 124.47 7.43 4.06
NH,H,PO, 101.87 8.04 3.67 42.50 7.33 3.61
NH/NO; 98.78 7.92 3.85 104.94 7.31 3.53
NaNO, 98.70 7.48 3.30 120.06 8.28 3.49
KNO; 84.55 7.45 2.38 119.92 6.84 2.69
Peptone 104.05 7.60 2.82 40.38 1.63 3.49
Soytone 117.62 7.63 1.90 120.52 7.44 3.52
Yeast extreat 121.66 8.18 5.00 168.11 8.54 513
Soybean flour 97.35 7.60 4.71 125.61 8.13 4.05
Trypton 114.85 8.48 3.57 137.04 7.69 3.74
Casein 101.55 7.71 1.90 80.53 7.22 248

PPasc activity, total cell and spore number were measured after the cultivation for 20 h or 40 h at 37°C, 180 rpm in shaking-flask cultivation.
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Fig. 4. Effect of (NH4);S0, concentrations on the PPase pro-
duction by B. subtilis EK11.

PPase activity, total cell and spore number were measured after the
cultivation for 40h at 37°C, 180tpm in shaking-flask cultivation,
Symbol: 9, Growth(ODgy); M, Viable cells(log CFU/ml); [,
Spores(log CFU/ml); A , pH; O, Activity(Unit/ml).
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Fig. 5. Effect of yeast extract concentrations on the PPase pro-
duction by B. subtilis EX11.

PPase activity, total cell and spore number were measured afier the
cultivation for 40 h at 37°C, 180 rpm in shaking-flask cultivation.
Symbol: 4, Growth (ODgg); M, Viable cells(log CFU/mI); [,
Spores(log CFU/ml); A , pH; O, Activity(Unit/ml).
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Table 4. Effect of mixed nitrogen sources on PPase production
by B. subtilis EX11

) PPase activity
Concentration

Nitrogen source (Unit/ml)
h (%)
20 h 40h
Yeast extract 03 200.13  250.29
(NH.4)2S0, 0.3 165.09  195.09
Yeast extract+H{NH,),S0, 0.1+0.5 42.08 87.12
Yeast extract+(NHy)-S0, 0.2+0.3 60.69 86.55
Yeast extract+(NH4)2S04 0.3+0.2 4838 61.16
Yeast extract+(NH4),504 0.5+0.1 34.73 100.57
Yeast extract+(NH4)2504 0.2+0.2 42.46 76.24
Yeast extract-+(NH4),504 0.3+0.3 42.46 79.10
Yeast extract+(NH,)2504 0.2+0.4 45.41 62.88
Yeast extract+(NH4)2S04 0.2+0.5 33.79 53.05
Yeast extract+soybean flour 0.1+0.5 57.54 95.23
Yeast extract+soybean flour 0.2+0.3 97.61 130.15
Yeast extract+soybean flour 0.3+0.2 93.13  143.61
Yeast extract+soybean flour 0.5+0.1 84.54 12042
Yeast extract+soybean flour 0.2+0.2 79.48 67.08
Yeast extract+soybean flour 0.3+0.3 104,10  208.78
Yeast extract+soybean flour 0.2+0.5 89.60  208.68

PPase activity, total cell and spore number were measured after the
cultivation for 20h or 40h at 37°C, 180 rpm in shaking-flask culti-
vation.
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Table 5. Effect of metal ions and inhibitors on PPase production by B. subtilis EK11

Metal ions and Concentration PPase relative Cell number Spore number
inhibitor sources (mM) activity(%) (Log(CFU/ml)) (Log(CFU/ml))
Control 0 100 8.03 5.50
CaCly 20 56.3 8.20 4.03
MgCl, 20 85.48 8.52 491
BaClp 20 15.39 9.50 4.59
NaCl 20 65.41 8.03 4.25
FeCls 20 98.54 5.85 4.95
ZnCly 20 11.37 5.60 3.56
SnClp 20 53.65 8.26 2.00
NaHAsQ, 20 11.82 5.00 2.00
o-Phenanthraline 20 0.97 6.20 0.00
NaF 20 93.34 8.24 3.00

PPase activity, total cell and spore number were measured after the cultivation for 20h or 40h at 37°C, 180 rpm in shaking-flask cultivation.
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Fig. 6. Time course of PPase production by B. subtilis EK11 in
the optimized medium.

Symbol: ll, Viable Cells(log CFU/ml); [, Spores(log CFU/ml); A ,
pH; O, Activity(Unit/ml).
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