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Medium Optimization by Response Surface Method for
Transgenic Synechococcus sp. PCC 7002 with Mouse
Metallothionein-I Gene
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Abstract: To implement high cell density cultivation of transgenic Synechococcus sp. PCC 7002 with mouse metal-
lothionein-I gene, and its applications in heavy metal wastewater, we optimized the medium components. We used response
surface method, a useful tool for multi-factor process optimization, through a three- step experiment design: full factor design,
the steepest climbing and central composite design. The selected three factors were NaHCO;, NaNOs, and initial pH. The op-
timized medium contained 1.696 g/L NaHCO; and 8.57 g/L NaNOs3, at initial pH 8.57. The optimized medium was validated in
2-L and 20-L air lift photo-bioreactor, respectively. The maximum cell concentration reached 4.16 g/L for 2-L bioreactor, and
3.12 g/L for 20-L bioreactor.
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Table 1 Variables and its levels of the 2° FFD
Code level
Variables X;
-1 0 +1
X, (NaHCO;, g/L) 2 6 10
X, (NaNOs, g/L) 4 7 10
X; (pH) 7.5 8.3 9.1

Xi=(X=6)/4  Xo=(Xi=7)/3  Xs=(Xs—8.3)/0.8

2} 2, 3
%2 PREFEHRRBER
Table 2 2’ FFD and the results
’ Response ¥
Run X X, X3
Observed Predicted
1 -1 -1 -1 3.261 3.466
2 +1 -1 -1 1.025 1.163
3 -1 +1 -1 7.349 7.488
4 +1 +1 -1 1.859 2.064
> 5 -1 -1 +1 6.265 6.404
> 6 +1 -1 +1 1.785 1.990
7 -1 +1 +1 8.235 8.440
8 +1 +1 +1 0.767 0.905
9 0 0 0 4.462 3.990
10 0 0 0 4.053 3.990
11 0 0 0 4.398 3.990
12 0 0 0 4.143 3.990
13 0 0 0 4.268 3.990
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®3 P2EFERERNEASH 4 ,
Table 3 Results of the FFD regression analysis 3
) Asymptotic 95%
Parameter  Estimate Asii’im]lg;;’;lrc Confidence Interval
Lower Upper 2.1.3 (Central Composite Design,
Intercept 3.990 0.097 3.752 4.228 CCD)
Xi -2.459 0.124 -2.763 -2.156
2
X 0.734 0.124 0.431 1.038
NaHCO3(X]) NaNO3(X2)
X; 0.445 0.124 0.141 0.748
X5X, ~0.780 0.124 ~1.084 0477 PH(X;), >
Xi*X; -0.528 0.124 -0.831 -0.224 N ) . .
XX 0.496 0.124 0.800  —0.193 x5 PHROASRITEATESHOEEZEHIME KR

Table 5 Variables and its levels of the CCD

R squared = 1-Residual SS / Corrected SS = 0.988

Variables X, Code level
: -1.682 -1 0 +1 +1.682
Y =3.990-2.459.X, +0.734.X, +0.445X; —0.780X, X, H(NaHCO;, g) - 0318 1020 3.0 3.682
0,528, X, —0.496.X, X, X,(NaNOs, g/L) 6318 7.0 8.0 9.0  9.682
Xs(pH) 766 80 85 9.0 934
’ Xi=(X,-2) Xo=(X-8) X3=(X3-8.5)/0.5
0.988, o=0.01 ,
2’ 6
, , NaHCO;(X))
MT 6 YHLASRITRERER
’ Table 6 Experiment design and results of the 2’ full factor CCD
R NaNO;(X3) pH (X3), Response Y
Run X X X3
Observed Predicted
2.1.2 1 1 1 1 6.039 6.292
2 1 1 -1 6.045 6.292
, 3 1 -1 1 6.559 6.498
’ 4 1 -1 -1 6.456 6.866
’ 5 -1 1 1 8.162 7.376
’ 6 -1 1 -1 8.132 7.376
7 -1 -1 1 7.651 6.944
8 -1 -1 -1 7.024 7.184
. 9 -1.682 0 0 6.625 6.882
10 +1.682 0 0 4.884 4.241
4 11 0 -1.682 0 8.850 8.917
12 0 +1.682 0 8.825 8.917
4 BRRABERZBAR SR O s I BI
Table 4 Experiment design of the ascent and 14 0 0 +1.682 8.902 8.917
corresponding responses 15 0 0 0 8.794 8.917
R e wen e s D
1 6.0 7.0 8.3 4.265 18 0 0 0 8.980 8.917
2 4.0 7.45 8.37 6.875 19 0 0 0 8.789 8.917
3 2.0 7.90 8.45 8.523 20 0 0 0 8.845 8.917
4 1.0 8.12 8.48 7.548
)
4 , 3 , 7
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Y =8.917-0.644.X, +0.047.X, +0.055X; —0.319.X, X,
—0.070.X, X, —0.088X, X, —1.270X7 —0.179.X7
—0.157X7

®17 2CHOEETREITHEEFSH
Table 7 Results of the regression analysis of the CCD

Asymptotic 95%

Parameter  Estimate %i}émg;?;lc Confidence Interval
Lower Upper

Intercept 8.917 0.188 8.497 9.336
Xi —-0.644 0.125 -0.923 -0.366
X> 0.047 0.125 —-0.231 0.326
X; 0.055 0.125 -0.223 0.334
Xi*X, -0.319 0.163 —0.683 0.045
Xi*X3 —-0.070 0.163 —0.434 0.294
X* X3 —-0.088 0.163 -0.452 0.276
X’ -1.270 0.122 -1.540 -0.998
X2 -0.179 0.122 —-0.450 0.092
X3 -0.157 0.122 -0.428 0.114

R squared = 1-Residual SS / Corrected SS = 0.934

>

0.934, a=0.01 )
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Fig. 1 Surface response plot of NaNO; and pH to 0D
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Fig. 4 Growth behavior of MT transgenic Synechococcus

sp. PCC 7002 in 2 liter ALR
with 1% CO; under optimum condition
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Fig. 5 Growth behavior of MT transgenic Synechococcus

sp. PCC 7002 in 20 liter ALR with 1% CO,
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