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Research subject: The use of genetic engineering tools to produce
industrial strains, especially from non-model microorganisms such as
cyanobacteria, is always subject to limitations.

Research approach: In this research, a system-oriented method was
used to design a culture medium instead of strain designing and its
ability to increase ethanol production by Synechocystis sp. PCC 6803
was experimentally evaluated. In this method, compounds are added
to the medium to regulate the activity of target enzymes not for the
purpose of being consumed by the cells, and thus, the designed culture
medium eliminates the intracellular constraints on the production.
A metabolic model was used to determine the minimum level of
ethanol production and to identify genes that increase or decrease
of their expression increase this minimum level. Then, regulators of
the enzyme expressed by the target genes were extracted from the
Brenda database and their effect on the production was evaluated
experimentally and design of experiment was performed to optimize
the concentration of the selected compounds.

Main results: Among the compounds identified, two inhibitors
(salicylic acid and mercuric chloride) and one activator (pyruvate)
were selected to be added to the medium and their concentration was
optimized using the central composite design method. The proposed
regulatory medium increased the production of ethanol from 352
to 1116 mg/], indicating the effectiveness of the added regulatory
compounds on the cyanobacteria metabolism. The proposed system-
oriented method can be used to design medium culture for other
important bio-products such as recombinant proteins.
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Figure 1. Regulatory medium design using a systemic approach for Synechocystis sp. PCC 6803.
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Figure 2. Calibration curve of GC to measure ethanol concentration at A) high and B) low level.
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Figure 4. Ethanol production and growth in an additive-free medium.
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Table 1. Additives identified by Brenda and target genes.

Row Compound Targetgene ECnumber Concentration Predicted
(mmol/1) effect
Pyruvate pta 2.3.1.8 5 Activator
Sodium nif] 1.2.7.1 30 Inhibitor
chloride
3 Mercury cfxE 5.1.3.1 0.1 Inhibitor
chloride (II)
4 Copper hoxH 1.12.1.2 0.2 Inhibitor
chloride (1II)
ndhB
ndhA
ndhl
ndhG
. ndhE
5 f;llg;‘:g; hoxF 1.6.5.3 50 Inhibitor
hoxU
hoxY
ndhH
ndhC
ndh]
ndhB
ndhA
ndhl
ndhG
6 salieyle E‘i:lf 1.6.5.3 0.5 Inhibitor
hoxU
hoxY
ndhH
ndhC
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Table 2. Ethanol production and growth in the presence of activators and inhibitors.

Compound Concentration Predicted Produced 0D730
(mmol/1) effect ethanol (mg/1)

No additive - - 327+3 9.32+0.21

Pyruvate 5 Activator 485 = 50 8.56+0.2

Sodium 30 Inhibitor 3619 8.3+£0.22

chloride

Mercury 0.1 Inhibitor 622 + 69 8.05+0.39

chloride (II)

Copper 0.2 Inhibitor 309+8 9.22 £0.27

chloride (II)

Calcium 50 Inhibitor 311+11 8.88 +0.39

chloride

Salicylicacid 0.5 Inhibitor 550+ 3 8.43+0.17
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Table 3. Additive used in the design of experiments and their concentration range.

) Concentration interval (mmol/1)
L Predicted
Compound Abbbreviation EC number -
effect Low level High level
Pyruvate A Activator 2.3.1.8 0 10
Mercury B Inhibitor 5.1.3.1 0 0.1
chloride (II)
Salicylic acid C Inhibitor 1.6.5.3 0 1
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Table 4. Results of the proposed experiments by the central composite design with two control
experiments without any additives.

Concentration (mmol/1) Produced .
— Biomass

Row Pyruvate Mercury Salicylic ethanol oD
chloride (II) acid (mg/1) 730
1 2 0.04 0.2 605 8.56
2 8 0.04 0.2 654 8.45
3 2 0.16 0.2 660 8.93
4 8 0.16 0.2 1012 8.14
5 2 0.04 0.8 632 8.56
6 8 0.04 0.8 629 8.64
7 2 0.16 0.8 658 8.27
8 8 0.16 0.8 1032 8.04
9 0 0.1 0.5 430 9.21
10 10 0.1 0.5 752 8.73
11 5 0 0.5 470 8.78
12 5 0.2 0.5 975 8.31
13 5 0.1 0 723 8.67
14 5 0.1 745 8.75
15 5 0.1 0.5 947 8.86
16 5 0.1 0.5 971 9.01
17 5 0.1 0.5 932 8.79
18 5 0.1 0.5 955 8.65
19 5 0.1 0.5 932 8.77
20 5 0.1 0.5 929 8.87
21 0 0 342 9.52
22 0 335 9.38

2 s—bse Jobl oy cond ili8l el Loy
5 Lo oml Gt G0 = (Sl Jae ol
ol 0 s L ol o 1y La T slaons sk

S e
b 8l LV cgllas a0 L (g5l

Silools o 1) o dei i sgus lgie a sy B as
sbe ailge b5l sl (ANOVA) il g Jlos
F-value b Jos & Jgo> s-b o s oolaul g Ll
sl Sl e p-value <-/-0 Slaie g ADIYY Jolse
FUL SV YN S A A Y PO S K POy B Yl g e

oy = (o (oiien (69, Slb Siagl (sl ah) o (AR (oole aldlad G F



w95 g S 5y S

ol ly Jalo asgs sus ail ) s cne sloc,be & Jsi
Table 5. The ANOVA results.

Variable F-value P-Value Comment

Model 85.32 0.0001 Significant

A: Pyruvate 58.32 0.0001 Significant
Mercury chloride (II) :B 225.36 0.0001 Significant
Salicylic acid :C 5.19 0.0436 Significant

AB 93.3 0.0001 Significant

BC 5.19 0.0437 Significant

A? 202.56 0.0001 Significant

B? 51.83 0.0001 Significant

c? 90.94 0.0001 Significant
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Table 6. Optimal concentration of additives suggested by the statistical model (unit: mmol/D).

Pyruvate

Mercury chloride (II)

Salicylic acid

8 0.19

0.52
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Table 7. Results of validation test proposed by the statistical model. The predicted maximum ethanol
production by statistical model is 1116 mg/1.

Sample number

Produced ethanol (mg/1)

gl s W N

1074
1143
1129
1159
1094
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