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Optimization of Biopolymer Production from Alkali-Tolerant Bacillus sp.
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Abstract

Cultural conditions for the biopolymer production by an alkali tolerant Bacillus -sp: isolated from
soil were investigated and determination of optimal conditions was carried out by response surface
method. The maximal production of biopolymer was obtained after cultivation at. 30°C for 36 hrs in
the mixture of 8% soluble starch, 0.75% yeast extract, 0.1% NaNOQOs;, 0.05% MgSOs 7H,O0 and 1%
Na,CO; adjusted to pH 10. Under these conditions, about 44 g/ of biopolymer were" produced. From
the results of response surface analysis, optimal condition for the production of bigpolymer were
obtained at stationary point with 15.16 of C/N ratio, 34.62C of temperature and 9.50 of pH. On the
basis of these conditions, it was estimated that 66.84 g/l of the biopolymer could be produced.
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Table 1. Values of independent variables and treatment
conditions by the randomized experimental design

Table 2. Effect of inoculum size on the biopolymer pro-
duction and cell growth

Variable levels

Variables 2 1 o 1 9
C/N ratio(X;) 267 667 10.67 14.67 1867
Temperature(X,) 16 23 30 37 44
pH(X3) 75 85 95 105 115
Treatment number X, X, Xy
1 —1 -1 -1
2 1 -1 -1
3 -1 1 -1
4 —1 —1 1
5 1 1 -1
6 1 —1 1
7 -1 1 1
8 1 1 1
9 2 0 0
10 —2 0 0
11 0 2 0
12 0 —2 0
13 0 0 2
14 0 0 -2
15 0 0 0
16 0 0 0
17 0 0 0
18 0 0 0

3%2 3te] WA Aakg 50~450 mi 2 =) shed 30T A
4007+ Aekefoksta EAstsich pH| ke 7|
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Inoculum size Biopolymer Growth
(V/v%) (g/h) (0.D. 660 nm)
1 175 2.35
2 2.00 3.10
3 225 3.30
4 2.05 3.15
5 207 2.85
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Table 3. Effect of working volume on the biopolymer
production and cell growth

Working volume Biopolymer Growth
(mi/1) (g (0.D. 660 nm)

50 2.70 4.00

150 2.35 340

250 1.95 2.85

350 147 2.55

450 1.00 2.25
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Fig. 1. Effect of the initial pH on the biopolymer pro-
duction and cell growth
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Fig. 2. Effect of temperature on the biopolymer produc-
tion and cell growth
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Fig. 3. Time course of biopolymer production by the
isolated strain
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Table 4. Effect of carbon sources on the biopolymer
production and cell growth

Table 5. Effect of organic and inorganic nitrogen sour-
ces on the biopolymer production and cell growth

Carbon sources Biopolymer Growth Nitrogen sources Biopolymer Growth
7)) (g/D
None 0 + None 0 +
Xylose 0.07 + Polypeptone 11.25 +
Glucose 2.10 + Soybean meal 10.75 +
Fructose 1.70 ++ Yeast extract 20.00 ++
Maltose 4.25 + Tryptone 13.25 ++
Sucrose 1.50 ++ Beef extract 3.75 +
Soluble starch 5.50 + Malt extract 3.75 +
Peptone 5.00 +
Yeast extract+
50 0 o tryptone(1 : 1) 30.00 ++
| Yeast extract-+ )
® polypeptone(1 : 1) 24.35 ++
~ ~ Tryptone +
7% 1= polypeptone(1 © 1) 1750 +
O ; (NHz)zCO 0 +
~ e e % (NH,),CO: 0 +
S 4/ 200,
2 30 o 9T NaNO, 0 +
g g E  KNO 0 +
H T 2 (NH;80, 0 +
g 2} {40 2 (NH):HPO, 0 *
_q'é el % (NHA)NO:} : : 0 . *
S 10 / 10 S Concentratfon of f)rgamc'mtr.ogen 1 0.5%(w/v)
= Concentration of inorganic nitrogen : 0.1%(w/v)
z
A
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Fig. 4. Effect of soluble starch concentration on the
biopolymer production
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Fig. 5. Effect of the yeast extract and tryptone ratio
on the biopolymer production
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Table 6. Effect of inorganic nitrogen sources on the
medium containing organic nitrogen sources

Biopolymer(g/l)
None (NH,);SO,; NaNO; KNO;

Yeast extract(0.5%) 20.00 30.00 33.75 29.25
Tryptone(0.5%) 13.25 17.25 2125 18.75
Polypeptone(05%) 1125 1625 1625 1975
Yeast extract(0.25%) +

tryptone(0.25%) 3000 2950 3100 2925
Yeast extract(0.25%) +

polypeptone(0.25%) 2435 2500 2725 2250
Tryptone(0.25%) +

polypeptone(0.25%) 17.50 19.00 1970  15.30

Table 7. Effect of concentrations of nitrogen sources
on the biopolymer production

Yeast extract Biopolymer(g/)
(w/w) NaNOs(w/v%)
0 0.1 0.3 0.5
0.10 2.50 7.50 2.50 2.50
0.25 10.50 17.50 11.75 10.00
0.50 20.00 32.50 19.00 18.25
0.75 30.60 39.25 3175 29.75
1.00 30.00 3725 31.25 26.25

0.75%-NaNO; 0.1%% A2 242 ik

BELEA QAo vlAE 4E Ro19Re 9%
AbH 2 H3= Table 83 7t}
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AR ikl tha & BFE Wl o] MgSO,
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233 zZtastdch
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Table 8. Effect of inorganic salts on the biopolymer
production and cell growth

Table 10. Values of regression coefficients calculated
for the biopolymer production

Inorganic sources Biopolymer Growth Regression  Standard T-value  Stationary points
(W/v%) (g/D coefficient error

None 30 + BetaD  41.290 0.774 53.314**
MgSO,- 7H;0 4445 + + Betal 14.217 0.401 35.469**  Xol 1.122(15.16)
NaCl 42.50 + + Beta2 —0.536 0401 1.336 Xo2 0.663(34.64)
K,HPO, 40.75 + Beta3 2162 0401 5.394**  Xo3 1.002(10.50)
KH,PO4 39.00 + Betall —0.720  0.343 2.098**
MnS0,-5H,0 20.25 + + Betal2 0.761  0.567 1.343
CaCl; 37.00 -+ Betal3 —0.146  0.567 0.258
FeS0,-7H;0 34.50 + Beta22 —6.235 0343  18.165**

Beta23 1.099  0.567 1.938*

Beta33 —0.704  0.343 2.050*

Table 9. Least-square estimation of dependent variab-
les

No YD) YE(D YR(D
1 18.59 19.50 —0.9119
2 47.58 46.71 0.8744
3 15.01 14.71 0.2994
4 24.30 21.92 2.3794
5 43.58 44.96 - 1.3794
6 49.24 4854 0.7006
7 21.65 21.52 0.1256
8 53.10 51.19 1.9119
9 66.29 66.84 —0.5583

10 9.53 9.98 —0.4463

11 15.30 15.28 0.0212

12 16.40 17.42 —1.0213

13 40.74 42.80 —2.0588

14 35.21 34.15 1.0587

15 41.04 4129 -0.2500

16 41.04 41.29 —0.2500

17 41.04 41.29 —0.2500

18 41.04 41.29 —0.2500

Y(I) : Experimental results of biopolymer concentration
(g/D), YE(I) : Estimated values of biopolymer concentra-
tion(g/l) by least-square method, YR(I) : Residue of bio-
polymer

F sl whgeep ¥

Ao C/Nu), 2= % pHE S51W
AETEA Jeks FEUFR she] A
Abe] A LS ub3 FHEAMH 93y
Z3sbelen], 2 HAaE Tahle 9~11 % Fig 6, 7¢l

Table 9+= JH=tgE < YEE=} GAareke] A& Y
(D)o 2RE FHiatsWel oste]l YEnEA QAitke
2AZHYE(D)) & 73tz Y1) ¢ YE(I) o] #a2 4k&8

ZAstoln, FAgke] A= 66.84 g/lodrt.
W] ol atg e} Table 99 333 o] &3t

Coefficient of determination=0.9976
Y:==41.290+ 14.217X,+ 2.612X5—0.720X > — 1.009X,* — 0.704
XB?K

Table 11. ANOVA table for the biopolymer produc-
tion

Factor Square Degree Square Fo
sum of freedom mean

Regression  4239.23 9 471.025 183.24**

Error 20.56 8 2571

Total 4259.79 17

**Significance at p>0.99

v} 784S g Aske Table 1054 7Eom ol 4
B 5 9wt o] 23ke] HAANE SRS o F
o] Aol 9ldar 0.99769] thE3I|HAFE A& 7 Uk
o)% Mlew vee ohg At gk

Y=41.290+ 14.217X,+ 2.612X;, — 0.720X,* — 6.235X,* +
1.009X.X; — 0.70X*

= iy
Aot AatE @102 sted o] Ao FEHg Wk
g SHHyY 9ds FJES ZAHEA(ANOVA:
Analysis of Variance)?] Z3}o]c}

o} A3 A (REGRE) o) Al 382 4239.23, %k}
(RES1) &) A|#3he 205602 995%2) A#Ade el
wiedet.

T §5ES AXste ARE9) Fvalue® g
ZHp>0.99) & viello] FLHael SR Akt
A FHolde & 4 e upebd felix] 22 23}
sHAle] 2 Wl Alolole foAel & o T
st

9} AlS n)Estel AL e A YA /Nl
15.16, 5 34.62C ¥ pH9.509] el 4] dojzlon, o]
of B aEG PaAeFe 6684 g/lE FAHFAUC

g C/Nule} 2xo] Wslel o HEEA A4



Fig. 6. Contour plot of C/N ratio (X1) versus tempera-
ture (X2) for biopolymer
Y1=66.84, Y2=64.06, Y3=61.27, Y4="5849, Y5=55.70,
Y6=52.92, Y7=50.13, Y8=47.35
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Fig. 7. Contour plot of C/N ratio (X1) versus pH (X3)
for biopolymer

Y1=66.84, Y2=64.06, Y3=61.27, Y4=58.49, Y5=55.70,
Y6=52.92, Y7=50.13, Y8=47.35
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