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ABSTRACT

Lipoxygenase enzymes in eukaryotes play a significant role in the healing process. Based on recent studies,
epidermal lipoxygenase enzyme extracted from amphibious is more effective in the healing process in comparison
with human lipoxygenase. By the potential future significant effect in wound healing and tissue engineering,
recombinant lipoxygenase axolotls (LOXe) production in E. coli was mentioned in this research. Clinical trial
studies require sufficient amount of recombinant protein to generate. High level recombinant membrane protein
LOXe over expresion in E. coli can be achieved by optimization of fermentation parameters such as induction
conditions and culture medium. In this study, E. coli BL21 DE3 [pET21a-LOXe] (constructed by this research
group) was used for enhanced r-LOX production. Production improvement was done in two stages: first evaluation
of induction temperature, inducer concentration and medium culture effects on recombinant protein production in
three levels by L9 array Taguchi experiment design approach, second optimization of carbon source amount and
induction time in three levels by full factorial experiment deign in bioreactor, in turn. Experiments were done two
times and responses (the amount of production of r-LOX) evaluated with design expert software. The obtained first
step optimized conditions were induction temperature of 28 °C, inducer concentration 0.05 mg/l and TB medium
culture. Optimized recombinant protein production and final dry cell weight under optimized conditions (glucose
concentration of 10 g/l and induction time of ODgy=5) were 18.8 and 3.54 g/l, respectively. The obtained values are
of the highest amounts cell density and recombinant membrane proteins that has been reported up to now. The
obtained high cell density cultivation in batch mode may be due to individual properties of LOXe and its effect on
host cell growth rate.
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INTRODUCTION

Lipoxygenases (LOXs, EC 1.13.11.12) are a familynoh-heme iron containing dioxygenases that catathe
regio- and stereo-specific oxidation of polyunsated lipids containing pentadiene systems and medanjugated
hydroperoxide products. LOXs are found in plantsimals, fungi and at least two bacterial specig@]1Enzyme
Structure lipoxygenase proteins have a single mgiide chain with a molecular mass of 75-80 kDanimals and
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94-104 kDa in plants. The proteins have a N-terhfidaarrel domain and a larger catalytic domain cotg a
single atom of non-heme iron [1] [3]. In eukarygtékis enzyme converts arachidonic acid to a warist
inflammatory mediators. This inflammatory mediapdatlys an important role in the healing process.eRestudies
have shown that the epidermal lipoxygenase enzytracted from an amphibious (Ambystoma mexicanusn) i
more effective in the healing process in comparigoth human lipoxygenase. This membrane protein das
molecular weight of 71.6 KDa and composed of 623nanacid residues with N-teminal PLAT domain and C-
terminal lipoxygenase activity domain. [4] [5].

E. coli is one of the most a widespread prokaryotic hmstdcombinant protein expressidh.coli can grow fast on
simple and inexpensive culture media. It has welbvin molecular genetics and cellular physiologyd ats
implementation is easy [6] [7] [8]. Intracellulaver expression of recombinant proteinEncoli result in insoluble
protein aggregates formation as inclusion bodiescoRbinant protein expression as IB protects priofhaen
protease and simplify recombinant protein purif@waf9] [7]. In the case of intracellular expressiof recombinant
protein, productivity enhanced with the increasifidinal cell density and the specific yield of oesbinant protein
(i.e. the amount of product formed per time uri)][ Therefore, optimization of these culture caiodis results in
increase of productivity. Although the heterologgusteins production irkE. coli expression system have been
established well but optimal scheme can vary fahedarget protein. In the most cases optimized itiomd for
recombinant protein production is different fronogk for cell growth. Culture conditions, inducticonditions and
culture media have a dramatic effect on proteinresgion yield [11]. Expression of recombinant proienpose
metabolic burden on host cell which can decreass Giell concentration that result in lower prodkitg[12] [13].
Therefore, Growth rate of recombinant bacteriaelates inversely with the recombinant protein patidun rates.
The conditions that result in decrease the rateratein expression, such as induction at low tewrtpee and low
inducer concentration, decrease metabolic burdehost cell and increase obtained biomass concemtrabo.
Therefore, induction at low temperature and lowuirel concentration may result in increase of tapgetein
production [14] [15]. This metabolic burden resiutisstarvation of some nutrients include amino scitierefore
using rich complex media can decrease nutrientaian and improve recombinant protein productiyité].

Like any protein characterization, the first stepproduction of a large amount of purified protelut the
recombinant production oflrOX protein in bacterial expression system hasymdtbeen reported. Therefore, the
aim of this study is improvement ofLIOX production in shake flask and bioreactor byraducing optimized
induction conditions which leads to decrease ofaimetic burden on host cell and consequently ovessgon of +
LOX in E. coli. Eventually, effect of overexpression loke gene orE. coli cell growth kinetics was evaluated as
probable growth factor.

EXPERIMENTAL SECTION

Host and cell culture

E. coli BL21 (DE3) (Novagen, Inc.), which contained pET2fducible expression vector, and carried ke
synthetic gene, that constructed and confirmechisyresearch group, was used as host cell. Transfbcells using
the calcium chloride procedure were cultured orid-uBertani agar (LB) contains 10g Yeast extraad,Pepton and
10 g NaCl per liter. All media supplemented witlD30g/l ampicillin.

In order to cultivation of the recombindatcoli, it was removed from —70 °C freezer and grown78C3for 24 h on
LB agar plates. One colony from LB plate was transfd into culture media (according to each expeninand

incubated at 37 °C and 200 rpm on a rotary shakeubiator as seed culture. The batch culture watedtay

inoculation of seed culture into broth in shakeskl@r bioreactor. After obtaining the appropriat®gg (according

to the each experiment), the gene expression vhagdéa by IPTG. LB, TB (24 g Yeast extract, 12 gtBep4 g

glycerol, 12.54 g KKPQ, and 2.31 g KHPQ, per liter) and 32YT (8 g pepton, 32 Yeast extiau 5 g NaCl per
liter) medium were used to evaluation of mediunretgffect on4+L.OX production in shake flask.

A batch culture bench scale bioreactor was injtiathgoing by adding 100 ml of seed culture into I3bkoreactor
with working volume of 1.5 | containing optimizedexdia (achieved in shake flask) comprising 0.1%feath and
100 pg/l ampicilin. pH was sustained at seven layatidition of 1M HCI or 1M NaOH solution. Dissolvedygen
was controlled at 30-40% (v/v) of air saturationdrjusting both inlet air and agitation rate. Foaas controlled
by the addition of silicon-anti-foaming reagent.ll@alture was induced by the addition of IPTG themperature
diminished to optimized induction temperature amegiin shake flask section.

33



Shagh Bandani et al J. Chem. Pharm. Res,, 2015, 7(8):32-38

Analytical procedure

Cell growth was monitored by measuring culture iditip at 600 nm and dry cell weight [9]. The exmies of r-
LOX was analyzed by Coomassie brilliant blue-stdiB®S-PAGE with 12.5% polyacrylamide and quantifigda
gel densitometer. Total soluble protein was anayrneBradford's method [17].

Optimization of induction condition and culture media type

| At first, for expression enlargement oL ©X in E. coil BL21 (DES3), the effects of induction conditionsdan
medium type were optimized in 250 ml shake flagiffect of inducer concentration (in three levelsOdd5, 0.10
and 0.15 mM of IPTG), temperature of induction (28,and 32C) and medium type (LB, TB and 32YT) were
investigated by Taguchi method hrray (table 1). Design expert software was usedihalysis the responses. It
should be mentioned that any trial Taguchi desigs duplicated and the presented results are thage/between
2 replications.

Afterward, optimized glucose concentration and twhénduction (ORy)) were determined in 3.5 | bioreactor with
working volume of 1.5 I. It must be mentioned tbatained optimized condition in shake flask wasliagpin this
section. Effect of these parameters at three ldgilsose concentration: 5, 10 and 20 g/l; inductime (OQyg) 1,

5 and 10) were investigated with full factorial imed.

L iopxygenase assay

Assay were carried out as reported previously witime modifications [18]. Enzyme activity was detieed
spectrophotometrically by monitoring the increagetlie absorbance at 234nm (Perkin Elmer 552a UV/VIS
Spectrophotometer, Germany) due to the transfoomadif linoleic acid to hydroperoxydienes. Assaysreve
performed in 1ml quartz curvet in a total assayuma of 1000 pl. 5 pl of Crude Recombinant LOXe 4% @l of
assay buffer (0.1 M potassium phosphate buffer7pH) were added to cuvet. The enzymatic reactias iwitiated
by adding 50 pl of linoleic acid solution (2 mM skosolution) to a final concentration of 100 uM awds
terminated after 5 min at room temperature.

RESULT AND DISCUSSION

Recombinant membrane protein productiorkircoli as host cell has been thoroughly investigatecaemt years
but it must be mentioned that optimum condition rbaydifferent for each protein and expression systesctor
and host cell). There are several parameters fidadtion temperature, inducer concentration, indactime and
culture media which have dramatic effect on recarabi protein yield.

Production enhancement in shake flask: r-LOXe expression confirmation by SDS-PAGE gel elggitoresis irE.

coli was indicated in figure 1. Results eE®Xe optimization in shake flask were presentedaisie 1. Statistical

analysis of Taguchi design of experiments was shioviable 2. Recombinant protein production andlfiry cell

weight in optimized conditions were 1.84 g/l and88g DCWI/I, respectively. Figure 2 shows the mdfaat plots
| of temperature after induction, inducer concentratind media type oRLlOXe production.

| It was found (Figure 2a) that TB medium is mordahle for overexpression ofltOXe in E. coli. Overexpression
of recombinant protein impose metabolic burden osttctells which lead to decrease of cell growtle.raiB
medium with high amount of pepton and yeast exttactpensate amino acid shortage during recombjraein
overexpression period and result in decrease odlmoét burden on host cell. Furthermore, TB mediontains
phosphate buffer which maintains the pH of the medat constant level in shake flask. Therefore, Mm&dlium

| with higher ratio of yeast extract to peptone isrensuitable for overexpression e£©Xe in E. coli. In the other
hands, lower content of pepton in TB medium in cargon with 32YT leads to increase growth rate el
maintenance of cells in stationary phase. The pjdstidg of batch culture of recombinahkt coli in flask is
impossible, therefore phosphate buffer has importae in control of pH culture. For these reasdrB is the best

| media for FLOXe overexpression in shake flask.
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Figure 1: SDS PAGE analysis of lipoxygenase expression in recombinant E. coli. Lane 1 and 2 show Molecular weight marker and
sample before induction, lane 3 to 6 show r-L OXe expression 1 to 4 hours after induction, respectively

Based on the results presented in table 1, optirtexmperature and inducer concentration wer€ 2&d 0.05 mM,
respectively. High rate of recombinant protein prctébn impose more metabolic burden on host celtsdecrease
specific growth rate of bacteria. The combinatioh lawer temperature during induction and low induce
concentration lead to decrease of recombinant ipprgie@duction rate and metabolic burden on hodt 88T G is
high cost inducer with some toxic effects on haddt therefore; using lower concentration of IPTGs lewonomic
effect on large scale recombinant protein prodactimcess and increase process productivity. Resulicate that
lowest amount of IPTG was suitable for efficienpmssion of LOXe and had a lower toxic effect on host cells.
For this reason high expression df@Xe and higher cell concentration were obtainedosyamount of IPTG.
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Figure 1. The main effect plots of each parameter in Taguchi design, (A) inducer concentration (B) temperature after induction and (C)
medium type at different levels

Table 1. Obtained results from Taguchi design (Lo array) of batch culture optimization of r-LOXe at threelevels

| Experiment Temperature after Inducer concentratior) Media Dry cell r-LOXe Total FLOXe
number Induction {C) (mM) type weight (g) expression (%) production (g/l)
1 24 0.05 LB 4.82 ul 1.2
2 24 0.10 TB 5.05 37 1.18
3 24 0.15 32YT 1.77 31% 0.33
4 28 0.05 B 6.64 44 1.84
5 28 0.1 32YT 4.01 43 0.84
6 28 0.15 LB 2.37 36 0.46
7 32 0.05 32YT 4.87 42 .97
8 32 0.1 LB 2.93 37 0.59
9 32 0.15 B 3.94 46% 1.06
Table 2: Statistical analysisof r-L OXe production optimization by L ¢ array Taguchi design in threelevels
Analysis of variance table [Classical sum of squares - Type ]
Sum of Mean F p-value
Source Squares of Square Value Prob > F
Model 164 6 027 21.25 0.0456 significant
A-A 0.067 2 0.034 261 0.2772
E-B .87 2 043 3362 0.0259
-G .71 2 .36 2752 0.0351
Residual 0.025 2 0.013
Cor Total 1.67 i

In the other hand metabolic burden on host cell wirease with an increase in temperature dungiyétion and
expression rate. It must be mentioned that decriedsetion temperature result in decrease in méitabarden on

| host cells but it decrease cell growth rate, tamr. tRis reason, induction in lower temperature affen FLOXe
production was less significant than those for of@ameters. Therefore, applying optimized coadgiand using
TB medium increase recombinant protein overexpoesand final cell concentration of bacteria.

Production improvement in the bench scale bioreactor: In the next step, recombinant protein overexpr@ssio
optimization in bioreactor was investigated undetamed optimized condition and suitable mediahake flask.
As overexpression of recombinant protein resuttéaorease of final cell concentration, it’s very om@ant obtaining
optimized induction time and higher cell concenmtratcan be obtained by induction in appropriatel cel
concentration. Therefore, cell culture inductionhigher cell density results in higher final cetincentration and
increase of recombinant protein productivity. Fhistreason, glucose concentration and inductiore timere

| optimized in 3.5 | bioreactor. Result 6£OXe production optimization in bench scale bioteadlustrated in table
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3 and statistical analysis (Table 4) show thatropin induction time was Qfgy=5. As mentioned, overexpression
of heterologous protein impose metabolic burdemast cells and reduce cell growth rate and resulbwer final
cell density and protein productivity. Thereforg@timization of induction time or induction in higheell density
results in increase of final cell density and prttiity. However, accumulation of byproduct in h& induction
time (ODy=10) is more sever and can inhibit recombinantginobverexpression. In the other hand, increasing
glucose concentration as carbon source leads teasing final cell concentration. Results show teiféct of
induction time is more significant than glucose @amtration. Glucose concentration of 20 g/l hasbitdry effect
on host cells and induces production of byprodweetate. In the other hand, accumulation of aceiatenedium
reduce cell growth rate and reduce recombinaneprgroductivity. Optimized recombinant protein gation and
final cell density was 4.11 g/l and 19.7 g DCWdspectively. Statistical analysis indicates thdtigtion time effect
is more severe than those for glucose concentration

Table 3: Results of r-L OXe production optimization in bench scale bioreactor by full factorial design in threelevels

Experiment Glucose concentration Infjl.lijrﬁtéon Dry cell weight r-LOXe expression Total FLOXe production
number (o) @ (%) CID]
(OD600)
5 5 1 12.94 40 2.498
4 5 5 17.38 37 3.21
6 5 10 16.3 33 2.69
7 10 1 14.39 35 2.52
8 10 5 19.7 44 4.11
9 10 10 15.80 38 3.00
2 20 1 12 30 1.80
3 20 5 16.8 40 3.36
1 20 10 14.86 36 2.65

Table4: Statistical analysis of r-L OXe production optimization by full factorial design in threelevels

Term df | Sum of Sguares | Mean Sguare| FValue Prob = F
e A-A 2 040 D20 14884 < 0.0001
e B-B 2 T.os 353 2801.90 < 0.0001
e 4B 4 1.29 0.32 23788 =0.0001
e Lack Of Fit b 0.000
= Pure Error & 0.012  1.356E-003
Rezidualz G 0012 1.356E-003
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Figure 3: Growth kinetics of recombinant E. coli BL21 DE3 [pET 21a-LOXe]. Specific growth rate ( ), Dry cell weight ( A
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CONCLUSION

The optimum induction conditions are the tempegaafter induction of 25(°C), inducer concentratar9.05 mM,
and TB medium was the best media for overexpressianLOX in E. coli in shake flask and optimum glucose
concentration and induction time obtained in bioteawere 10 g/l and Ofa=5, respectively. The improvement of
recombinant production indicates that reducing mgmiaant protein expression rate and using enridigadnedium
can compensate metabolic burden on host cells acredsing product yield. In the other hand, usiighdr
induction time result in induction in higher finegll concentration and increase of recombinantgimgbroduction

| yield. Therefore, using. coli as host and improved induction conditions leasptimized overexpression of r
LOXe.
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