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Abstract: The influence of different carbon and nitrogen sources on growth of recombinant Escherichia coli and human
interferon-a2b (IFN-02b) production in periplasmic space was studied in shake flask culture. A statistical method based
on Plackett-Burman design was used to screen the main medium components that greatly influenced the performance of
the fermentation process. The optimization of medium was performed using response surface methodology (RSM) where
three critical factors (glucose, yeast extract and peptone) were optimized using central composite design. The highest yield
of periplasmic recombinant human interferon-o2b (PrIFN-02b) (335.8 png/L) was predicted to be obtained in optimized
medium containing 5.47 g/L glucose, 55.24 g/L yeast extract and 42.27 g/L peptone.. The production of IFN-02b in perip-
lasmic space in optimized medium was about 2.5, 11.7 and 124.4 times higher than Terrific broth (TB), Luria-Bertani

(LB), and minimal medium (M9), respectively.
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INTRODUCTION

Escherichia coli is well characterized in terms of molecu-
lar genetics, physiology and expression systems, which
makes it easier to be manipulated and used as host cells sys-
tem [1]. The production of proteins through E. coli has more
advantages than other ways of production. Strategies for
promoting the expression of heterologous protein in perip-
lasmic spaces of E. coli have been intensively studied [2].
The secretion of targeted recombinant proteins via transloca-
tion across the cytoplamic membrane to periplasmic space
has been a potential strategy for proteins production espe-
cially for pharmaceutical products [3]. The expression of
periplasmic protein would overcome the problems of protein
misfolding, insoluble aggregation forming inclusion bodies,
and incorrect N-terminal of mature protein that normally
occurred during cytoplasmic synthesis [4]. In addition, the
periplasmic space also provided a more oxidative and less
protease activity environment compared to cytoplasm [5].

Interferons (IFNs) are glycoproteins involved in antiviral,
antiproliferative, and immunoregulatory process [6]. There
are three major types of human IFN: alpha (leucocytes), beta
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(fibroblasts) and gamma (immune). To variety of different
threats, the diversity of IFN provides different immune re-
sponse. Alpha IFN was found to be effective against chronic
hepatitis B and C [7] as well as autoimmune diseases [8].
The IFN-a2b has been previously expressed in E. coli under
T7 promoter [9, 10] and lipoprotein-lactose promoter [11].
Recently, production of periplasmic recombinant human
interferon-a2b (PrIFN-02b) in Pichia pastoris using different
secretion signals has been reported [12]. Periplasmic proteins
of E. coli were highly resistant to the formation of aggre-
gates which subsequently reduces downstream processing
cost [13].

Commercial media such as Terrific broth (TB), Luria-
Bertani (LB) and minimal media (M9) were normally used
for the expression of IFN-a2b. Similar specific product yield
of IFN-02b was obtained in LB and M9 media, but the yield
was significantly higher in TB medium [14]. In all cases, the
IFN-02b was produced in the form of inclusion bodies. Re-
port on the optimization of media for enhancement of IFN-
02b production in periplasmic space of E. coli is not avail-
able in the literature.

The main objective of the present study was to optimize
the overall productivity of PrIFN-02b using statistical ap-
proach. A screening design of Plackett-Burman was used to
select the significant variables affecting the PrIFN-a2b pro-
duction. The significant variables selected from the screen-
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ing design were then used in the optimization of PrIFN-02b
expression using response surface method.

MATERIALS AND METHODS
The Recombinant Strain

Recombinant bacterium, E. coli strain Rosetta-gami' "
2(DE3), capable of producing IFN-a2b was used in this
study. Rosetta-gami 2(DE3) host strain combines the fea-
tures of Origami and Rosetta, allowing for enhanced disul-
fide bond formation and enhanced expression of eukaryotic
proteins as it contain codons rarely used in E. coli. pET26b-
IFN was prepared by inserting the coding sequence of IFN-
o2b in pET26b (Cat No. 69862-3, Novagen) using PCR
based subcloning strategy. pET26b contains T7/ac promoter
and pelB signal sequence to aid the transfer of IFN-a2b to
periplasmic area. The stock culture of Rosetta-gami 2(DE3)
was grown on LB medium at 37°C until the optical density
(ODyg) of the culture reached the values ranged from 0.4 to
0.6. For cell preservation, glycerol (10%) was added to the
culture in the 1.5 mL microcentrifuge tube and stored at
-80°C.

Inoculum Preparation

The inoculum was prepared by using 2% of stock culture
into 50 mL TB medium supplemented with 30 mg/L ka-
namycin and 34 mg/L chloramphenicol. The culture was
grown at 37°C with a constant shaking at 250 rpm for 16 h.

Fermentation

To start the fermentation, 8% (v/v) of inoculum was in-
oculated into 250 mL baffled shake flasks containing 50 mL
of the sterilized medium. The flasks were incubated at 37°C
in an incubator shaker, agitated at 250 rpm. The cultures
were induced with 1 mM IPTG after 4 h of cultivation and
the temperature was switched to 30°C. Samples were with-
drawn at time intervals after the induction for analysis.

Medium Composition and Experimental Design

Three types of basal medium (TB, LB and M9) were
tested for the growth of E. coli and production of PrIFN-02b.
TB consists of tryptone (12 g/L), yeast extract (24 g/L),
KH,PO,4 (2.31 g/L), K,HPO, (12.54 g/L) and glycerol (4.0
g/L). LB consists of glucose (0.4 g/L), tryptone (10.0 g/L),
yeast extract (5.0 g/L) and NaCl (10.0 g/L). On the other
hand, the M9 consists of glucose (20 g/L), Na,HPO, (12.5
g/L), KH,PO, (3 g/L) NaCl (0.5 g/L), ammonium sulphate
(1.0 g/L); 1 M magnesium sulphate (2 g/L) and CaCl, (0.1
g/L).

Optimization study was performed based on the modified
composition of TB with some additional factors. The com-
position of the medium was varied according to the needs of
each experiment. In the preliminary experiments, evaluation
of various essential variables was carried out. Effects of car-
bon and nitrogen sources were investigated with multifactor
experimental design (change-one-factor-at-a-time) approach.
It was applied by the variation of a single factor while other
factors were kept constant. Plackett-Burman experimental
design was used for initial screening of the important me-
dium components with respect to their main effects. Seven
numerical variables (glucose, glycerol, yeast extract,
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peptone, magnesium sulphate, NaCl and initial pH) were
selected and conducted in twelve experimental runs for the
screening process in one block (Table 4). The remainders
were used as dummy factors for estimating errors.

A full factorial central composite design (CCD) was ap-
plied in the second stage to further optimize the significant
variables selected by Plackett-Burman. In the CCD, the three
factors (glucose, yeast extract and peptone) selected were
tested in twenty experiments. The range of carbon and nitro-
gen sources concentrations used in this study was 3 to 10 g/L
and 20 to 60 g/L, respectively. They were incorporated in the
basal media and the effect of these nutrients on PrIFN-a2b
production by E. coli was determined. The medium constitu-
ents that yield the maximum production of PrIFN-a2b were
identified.

Analytical Methods

During the fermentations, 10 mL of culture samples were
withdrawn at time intervals for analysis. Cell concentration
was quantified by optical density (OD) and dry cell weight
(DCW). The OD of the culture sample was measured by
UV/VIS spectrophotometer (Lambda 25, PerkinElmer) at
600 nm. For dry cell weight determination, 5 mL of sample
was vacuum filtered and the supernatant was discarded. The
cell pellet on the 0.2 um cellulose nitrate filter paper was
dried overnight in an oven at 90°C until a constant weight
was obtained. The relationship between dry cell weight and
ODygp was observed as 0.278 g DCW/L/ODgy.

Another 5 mL of the culture sample was centrifuged at
8,000 x g for 10 min at 4°C. The supernatant was collected
for glucose and glycerol content determination while the cell
pellet was used for the extraction and determination of
PrIFN-a2b. The pellet was re-suspended in 5 mL solution
containing 20% sucrose, 33 mM Tris, and 5 mM EDTA at
pH 8. The mixture was incubated at 30°C with shaking for 5
min to enhance osmotic shock. It was then centrifuged at
8,000 x g for 10 min at 4°C and the supernatant was dis-
carded. The shrunk cells were rapidly re-suspended in ice-
cold distilled water (5 mL) and incubated with shaking for
15 min. The mixture was then centrifuged at 8,000 x g for 10
min at 4°C and the supernatant was collected for the deter-
mination of PrIFN-o2b.

The quantity of PrIFN-02b was determined using Fully
Automated Surface Plasma Resonance Detection System
(BIAcore 3000, GE HealthCare) according to the method
described by Ramanan et al. [15].

The acetic acid concentration of the sample was analyzed
using reverse-phase high performance liquid chromatogra-
phy (RP-HPLC). RP-HPLC analysis was performed on a
shodex SH-1011 column (7 pm, 8 mm x 300 mm) which
connected with shodex SH-G guard column (7 pm, 6 x 50
mm). Solvent was 5 mM sulphuric acid and the flow rate
was 0.8 mL/min. Detection was performed at 210 nm with
automatic data processing using Empower software for data
acquisition and analysis.

Glycerol was determined enzymatically using free glyc-
erol reagent (Cat No. F6428, Sigma). All analyses were con-
ducted in triplicates.
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RESULTS AND DISCUSSION
Selection of Basal Medium

The effect of using three different types of basal medium
(TB, LB and M9) on growth of E. coli and production of
PrIFN-a2b is shown in Table 1. The highest growth of E.
coli (9.32 g/L) and production of PrIFN-02b (134.7 pg/L)
was obtained in TB. A great reduction in the production of
PrIFN-a2b was observed in fermentation using LB though
growth was slightly inhibited. Both growth and PrIFN-a2b
production was greatly inhibited in fermentation using a M9
medium.

The final PrIFN-a2b concentration obtained in fermenta-
tion using TB was about 4.7-fold and 50-fold higher than
those obtained in LB (28.6 pg/L) and M9 (2.7 pg/L), respec-
tively. On the other hand, the specific yield of PrIFN-a2b
production by E. coli in fermentation using TB was about
15-fold and 3.5-fold higher than those obtained in fermenta-
tion using M9 and LB, respectively. This result suggests that
the production of PrIFN-a2b was not linearly related to
growth of E. coli. In term of volumetric productivity, the
value obtained for fermentation using TB (16.8 ng/L/h) was
also substantially higher than those obtained in LB (3.6
png/L/h) and M9 (0.3 pg/L/h).

Increase in growth of E. coli and PrIFN-02b production
in TB may be related to high content of total nitrogen (156
mM) contributed by yeast extract (24 g/L) and tryptone (12
g/L). Total nitrogen in LB was only 70 mM, contributed
from 12 g/L yeast extract and 10 g/L peptone. M9 (37.3
mM) only contained basic nutrients for the growth of E. coli,
thus growth and PrIFN-02b was greatly reduced. Since the
use of TB enhanced growth of E. coli and PrIFN-a2b pro-
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duction, this medium was selected for subsequent use in the
statistical optimization for further improvement of the fer-
mentation process.

Effect of Carbon Source on Growth of E. coli and PrIFN-
a2b Production

Table 2 shows that growth of E. coli was the highest in
fermentation using glucose (0.27 g/L), followed by glycerol
(0.16 g/L) and sucrose (0.07 g/L). Similarly, production of
PrIFN-02b was also the highest in glucose (14.9 ug/L), fol-
lowed by glycerol (5.2 ng/L) and sucrose (2.3 pg/L). This
result suggests that production of PrIFN-a2b was very much
related to cell concentration. However, the relationship was
not linear. For example, PrIFN-a2b concentration in fermen-
tation using glucose was about 65 % higher than that ob-
tained in glycerol, but the specific yield was only 41 %
higher. This means that the expression of PrIFN-a2b by cells
grown in glucose was lower compared to cells grown in
glycerol.

Acetic acid accumulation in glucose (0.169 g/L) was sub-
stantially higher than in glycerol (0.098 g/L) and sucrose
(0.1 g/L) medium. High concentration of acetic acid which
co-produced by E. coli in glucose medium was assumed to
repress the growth of E. coli. Glycerol can be used to in-
crease the solubility and activity of recombinant proteins
[16], and the use of low concentration of glucose may reduce
inhibition to growth of E. coli due to acetate accumulation.
Thus, the use of glucose and glycerol as a mixed carbon
source may enhance the production of PrIFN-a2b by E. coli
and this aspect was considered in the screening using Plack-
ett-Burman.

Table 1. Effect of Three Types of Basal Medium and Optimized Medium on Growth of E. coli and Production of PrIFN-a2b
Media Final cell Con- Total Total N C/N Final PrIFN-a2b Specific Fermentation Volumetric
centration C (mM) Ratio Concentration Yield Time (h) Productivity (ng/L/h)
(g/L) (mM) (ng/L) (ng/g of Cell)
Terrific broth 9.32 (0.515) 13 156 0.08 134.7 (0.653) 14.5 8 16.8
Minimal medium 2.84 (0.159) 2.67 37.3 0.07 2.7 (0.223) 1.0 8 0.3
Luria-Bertani 6.86 (0.354) 13 70 0.19 28.6 (1.112) 4.2 8 3.6
Optimized
pHmize 9.89 (0.635) 508 470 108 | 329.2(13.937) 333 8 412
medium

The results of final cell concentration and final PrIFN-a2b are the average of duplicate experiments. The value in bracket is the standard deviation. Specific yield and volumetric
productivity are calculated with the average values. Fermentation time is the time taken from inoculation to reach a maximum concentration of PrIFN-a2b.

Table 2. Effect of Three Different Types of Carbon Sources on Growth of E. coli and Production of PrIFN-a2b.
Carbon Final Cell Final PrIFN-a2b Specific Yield Fermentation Volumetric Final Acetic Acid
Source Concentration (g/L) Concentration (ug/L) (ng/g of Cell) Time (h) Productivity (ug/L/h) | Concentration (g/L)
Glucose 0.27 (0.056) 14.9 (3.578) 55.2 8 1.9 0.169
Glycerol 0.16 (0.054) 5.2(2.539) 3255 8 0.7 0.098
Sucrose 0.07 (0.044) 2.3(0.239) 329 8 0.3 0.100

The quantity of each carbon source used was 10 g/L. Ammonium sulfate (10 g/L) was used as a nitrogen source for all the experiments. The results of final cell concentration and
final PrIFN-02b are the average of duplicate experiments. The value in bracket is the standard deviation. Specific yield and volumetric productivity are calculated with the average
values. Fermentation time is the time taken from inoculation to reach a maximum concentration of PrTFN-02b.
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Effect of Nitrogen Source on Growth of E. coli and
Production of PrIFN-a2b

The effect of different nitrogen sources on growth of E.
coli and production of PrIFN-02b is shown in Table 3. The
highest cell concentration (0.64 g/L) was obtained when
yeast extract was used as the sole nitrogen source followed
by peptone (0.48 g/L), casamino acid (0.39 g/L) and ammo-
nium sulphate (0.32 g/L). Similar trend was also observed in
the production of PrIFN-02b where the PrIFN-a2b was the
highest in yeast extract (20.8 pg/L), followed by peptone
(3.8 pg/L), casamino acid (0.8 pg/L) and ammonium sul-
phate (0.1 pg/L).

Yeast extract is more effective for improving cell yields
and overall recombinant protein expression compared to
many other amino acid and complex protein supplements
such as peptone and casamino acids. Yeast extract contains a
mixture of growth factors and cofactors such as cAMP, vi-
tamins and trace elements, which greatly enhanced growth of
E. coli. In cAMP/PKA signaling pathway, cAMP binds to
two sites on each regulatory subunit in cAMP-dependent
protein kinase (PKA). Binding of four cAMP molecules re-
leases two free and active catalytic subunits, which may
phosphorylate serine and threonine residues on target pro-
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teins, resulting in the transcription [17, 18]. Therefore, the
transcriptional process could be enhanced in the presence of
cAMP supplied by yeast extract, which subsequently in-
creased the production of PrIFN-a2b.

It is worth to note that PrIFN-a2b production was greatly
reduced in fermentation using ammonium sulphate, though
substantially high growth was observed. The inhibitory ef-
fect of ammonium was observed on the production of
azadirachtin by Azadirachta indica [19]. Similarly, produc-
tion of saponin and polysaccharide by Panax quinquefolium
was also inhibited by the presence of ammonium [20].

Since higher growth of E. coli was obtained when yeast
extract and peptone was used as the sole nitrogen source, the
possibility of using them as a mixed nitrogen source was
tested in Plackett-Burman design.

Screening of Medium Constituents Using Plackett—
Burman Experimental Design

Table 4 shows the result of experiment using Plackett-
Burman design for PrIFN-02b production by E. coli. Analy-
sis of variance through factorial model (data not shown)
suggested that glucose (A), yeast extract (C) and peptone (D)
were the most significant factors that greatly influenced the

Table 3. Effect of Different Types of Nitrogen Sources on Growth of E. coli and Production of PrIFN-o2b.
Nitrogen Source Final Cell Final PrIFN-02b Specific Yield Time (h) Volumetric
Concentration (g/L) Concentration (ng/L) (ng/g of Cell) Productivity (ng/L/h)
Yeast extract 0.64 (0.025) 20.8 (3.664) 3255 8 2.6
Peptone 0.48 (0.056) 3.8(0.827) 7.9 8 0.5
Casamino acid 0.39 (0.047) 0.8 (0.236) 2.1 8 0.1
Ammonium sulphate 0.32 (0.015) 0.1 (0.075) 0.3 8 <0.1

Each nitrogen source supplied the same amount of total N (10%). Glucose (10 g/L) was used as a carbon source for all the experiments. The results of final cell concentration and
final PrIFN-a2b are the average of duplicate experiments. The value in bracket is the standard deviation. Specific yield and volumetric productivity are calculated with the average
values. Fermentation time is the time taken from inoculation to reach a maximum concentration of PrIFN-a2b.

Table 4
tion by E. coli

Plackett-Burman Screening Design for Seven Variables and Predicted Responses for Improvement of PrIFN-a2b Produc-

Std | A:glucose B:glycerol C:yeast D:peptone E:MgSO0, F:NaCl G:Initial pH* | PrIFN-a2b DCW
extract

(g/L) (g/L) (g/L) (g/L) (g/L) (g/L) (ng/L) (g/L)
1 15 5 50 10 1 1 8 17.8 5.56
2 15 20 10 50 1 1 6 24.0 3.01
3 5 20 50 10 10 1 6 87.0 3.30
4 15 5 50 50 1 10 6 20.6 3.64
5 15 20 10 50 10 1 8 20.39 4.85
6 15 20 50 10 10 10 6 16.9 2.90
7 5 20 50 50 1 10 8 310.6 9.59
8 5 5 50 50 10 1 8 295.0 8.19
9 5 5 10 50 10 10 6 40.0 3.19
10 15 5 10 10 10 10 8 7.2 3.37
11 5 20 10 10 1 10 8 114.0 2.55
12 5 5 10 10 1 1 6 11.9 2.10

*Initial pH refers to the pH of potassium buffer added to the sterile medium.
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production of PrIFN-a2b by E. coli whereas glycerol, mag-
nesium sulphate, pH and sodium chloride did not show sig-
nificant effects on production of PrIFN-a2b.

Results from experiment using Plackett-Burman design
also shows that growth of E. coli and production of PrIFN-
a2b were repressed when concentration of glucose was high
(15 g/L). On the other hand, growth of E. coli and production
of PrIFN-a2b was significantly enhanced at low glucose
concentrations (5 g/L). Highest PrIFN-02b production was
obtained from two runs among the twelve experiments, Run
7 (310.6 pg/L) and Run 8 (295.0 pg/L), where a combination
of low glucose concentration (5 g/L), high concentration (50
g/L) of yeast extract and peptone, while initial pH was set as
8. Under non-optimal condition where glucose concentration
was high (15 g/L), change in pH did not largely affect the
production of PrIFN-a2b. In low glucose concentration (5
g/L), change in pH had a greater effect on PrIFN-a2b pro-
duction. In short, result from this experiment indicates that
the combination and interaction of various factors have dif-
ferent effects on growth of E. coli and PrIFN-02b produc-
tion.

Optimization Using Response Surface Method

Based on the preliminary study using Plackett-Burman,
three variables (glucose, yeast extract and peptone concen-
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trations) were selected and their exact optimal values were
determined using RSM. Central Composite Design (CCD)
was used to study the interaction of significant variables and
their optimal values. In CCD, glycerol was set at 10 mL/L
while the pH was adjusted with 0.1M potassium buffer of pH
7, respectively. Glycerol was chosen to be constant due to
the beneficial contribution in producing PrIFN-a2b. From
the previous Plackett-Burman experiment, it was found that
E. coli consumed 4 to 5 mL/L glycerol during the batch fer-
mentation for PrIFN-a2b production.

Table 5 shows the experimental matrix for the three sig-
nificant variables selected with the results of experimental
and predicted response of PrIFN-02b production by E. coli.
The predicted PrIFN-a2b production achieved the maximum
value of 318.1 pg/L when glucose, peptone and yeast extract
concentrations were simultaneously increased to 6.5 g/L,
40 g/L and 40 g/L, respectively. Reduced PrIFN-02b produc-
tion (153.0 pg/L) was obtained at the highest glucose con-
centration tested, indicating that the production was re-
pressed at high glucose concentration. Inhibition of PrIFN-
a2b production was also observed at the highest concentra-
tion of yeast extract and peptone tested in this study (73.6
g/L). However, peptone gave greater inhibition compared to
yeast extract.

Table 5. Full Factorial Central Composite Design (CCD) Matrix for the Three Significant Variables and Experimental and
Predicted PrIFN-a2b Production by E. coli
Std A:Glucose B:Yeast Extract C:Peptone PrIFN-02b (ug/L)
(g/L) (g/L) (g/L) Experimental Predicted

1 3 20 20 78.3 66.4
2 10 20 20 149.3 117.6
3 3 60 20 228.4 163.6
4 10 60 20 189.3 181.3
5 3 20 60 259.4 214.0
6 10 20 60 93.9 105.3
7 3 60 60 334.2 3124
8 10 60 60 211.6 170.2
9 0.614 40 40 185.6 2453
10 12.386 40 40 153.0 168.8
11 6.5 6.364 40 119.2 139.6
12 6.5 73.636 40 220.8 275.9
13 6.5 40 6.364 9.5 52.9
14 6.5 40 73.636 135.6 167.7
15 6.5 40 40 329.2 318.1
16 6.5 40 40 314.0 318.1
17 6.5 40 40 319.4 318.1
18 6.5 40 40 319.1 318.1
19 6.5 40 40 316.5 318.1
20 6.5 40 40 323.7 318.1
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Fig. (1). Response surface 3D contour plots for effect of three main variables on PrIFN-02b (PrIFN) production as (A) glucose and yeast
extract concentrations; (B) glucose and peptone concentrations; and (C) yeast extract and peptone concentrations. When the effect of two
variables was plotted, the other factor was set at middle level point. Y-axis is PrIFN-02b.

The response surface curve was plotted to determine the
interaction and optimum values of the variables for PrIFN-
o2b (Fig. 1). The range of glucose concentration for maxi-
mum production of PrIFN-02b was between 3 g/L to 6 g/L
while the range of yeast extract and peptone for maximum
production of PrIFN-02b was between 45 g/L to 55 g/L. The
interaction between glucose and peptone is more significant
compared to other two interactions as shown in the £ values
(Table 6). The predicted model equation as shown below is
observed to be reliable as the F-test analysis = 9.03.

Y = 1= %A + 5B + 4C - (5AZ - 15B? - 17C? - 15AB - 15AC + 110BC

where Y is PrIFN-02b concentration; ¥, is constant values; A
is glucose concentration; B is yeast extract concentration and
C is peptone concentration.

The significance of the model was validated with the
predicted optimum values by the applied equation and ex-
perimental PrIFN-a2b production (Fig. 2). It was satisfactory
since the plot was fitted to y = x (R* = 0.8904). The final

predicted optimal values of three variables were calculated
based on equation and the values were found to be: 5.5 g/L
glucose, 55.2 g/L yeast extract and 42.3 g/L peptone. With
these optimum variables, the predicted maximum production
of PrIFN-a2b was 335.8 pg/L. The optimized medium was
then compared with commercial available media (M9, LB
and TB). The experimental data for production of PrIFN-a2b
in optimized media (329.2 pg/L) was 2.5, 11.7 and 124.4
times higher than TB (134.7 ug/L), LB (28.6 pug/L) and M9
(2.7 pg/L), respectively.

Yeast extract was required to enhance growth and acetate
utilization, while peptone improved growth and stabilized
the enzymatic activity. Improved acetate utilization might be
due to the presence of vitamins such as panthothenic acid,
biotin and nicotinic acid which exists in large amount in
yeast extract [21]. Stabilization of enzymatic activity by pep-
tone was due to the supply of auxotrophic amino acids such
as threonine and leucine in the culture [21, 22], which in
turn, produced the desired protein at higher rate.

Table 6. Analysis of Variance (ANOVA) and Coefficient Estimate (CE) by Regression Model for the Optimization of PrIFN-a2b
Production by E. coli in CCD
Source Coefficient Standard Error Sum of Squares DF Mean Square F Value Prob>F
Estimate
Model 318.14 18.31 1.637E+005 9 18185.85 9.03 0.001
A -22.76 12.15 7075.18 1 7075.18 3.51 0.090
B 40.53 12.15 22437.73 1 22437.73 11.14 0.008
C 34.11 12.15 15892.70 1 15892.70 7.89 0.019
A2 -39.28 11.82 22235.72 1 22235.72 11.04 0.008
B2 -39.03 11.82 21950.04 1 21950.04 10.89 0.008
C2 -73.48 11.82 77814.14 1 77814.14 38.62 <0.0001
AB -8.40 15.87 564.10 1 564.10 0.28 0.608
AC -39.99 15.87 12791.92 1 12791.92 6.35 0.030
BC 0.30 15.87 0.73 1 0.73 3.639E-004 0.985
Residual 20149.74 10 2014.97
Pure Error 148.32 5 29.66
Cor Total 1.838E+005 19
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Fig. (2). Plot indicating the predicted values against experimental
values for PrIFN-a2b (PrIFN) production. The linear line depicted
represents y=x.

Time Course of PrIFN-u2b Production by Recombinant
E. coli

The time course of PrIFN-02b production by E. coli is
shown in Fig. (3). The culture was induced after 4 h of culti-
vation at 37°C. After the induction, the temperature was
switched to 30°C to reduce the formation of inclusion bodies.
Exponential growth phase was observed between 4 to 6 h of
fermentation. Growth reached a stationary phase after 12 h,
followed by death phase after 18 h. The PrIFN-02b produc-
tion was started after the induction (4 h), increased drasti-
cally and reached the highest concentration (329.2 pg/L) at 8
h. Substantial decrease in PrIFN-a2b with prolonged fermen-
tation might be due to the degradation of the protein or leak-
age of protein into medium.
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Fig. (3). Growth of E. coli and PrIFN-02b (PrIFN) production in
fermentation using optimized media.

Symbols: (O) Growth of E. coli; (#) PrIFN-02b production.

CONCLUSION

Statistical optimization using RSM was successfully used
to optimize PrIFN-a2b production by E. coli. Plackett-
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Burman design pre-selected the significant factors such as
glucose, yeast extract and peptone. The medium formulation
was further optimized using CCD where the most significant
factors for enhancing production of PrIFN-a2b by E. coli
were identified. The model equation was found adequate to
predict the interactions among the variables and optimum
concentration of the complex medium. The composition of
optimized medium is 5.5 g/L of glucose, 10 mL/L of glyc-
erol, 55.2 g/L of yeast extract, 42.3 g/L of peptone and100
mL/L of 0.1M potassium buffer at pH 7. Production of
PrIFN-02b (329.2 pg/L) using the optimized medium was
2.5, 11.7 and 124.4 times higher than those obtained in fer-
mentation using TB, LB and M9, respectively.
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