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ABSTRACT: fn order lo increase the produciivity of kman interfewkin-2 (JL-2) a5 & model
profein in the recombinant EcoliBL2] (DE3), the effect of magnesivm acetale and manganese
acetare wer stedied based on full factorial desien experiments sapresium acetale and manganeie
acetate and their interaction exhibited an increaving effect on IL-2 expression level upto 235.24%,
T6.80% and 23 30%, respectively, in comparison ro 10, 76%% for the standard M9 mediumias ol
defined medium in figh cell denity cultwrs) Mognesivm aoetate wor the most gffective salt
Chher experiments were perforored fo investigare the affect of mapresnon and acetars lons
separately. Reswlis revealed thar MY medivm with 1.5 times of magnesium ion concemration

reswlred in the highest expression fevel
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INTRODUCTION

Human interleukin=2 has been known as a therapeutic
agent in the treatment of cancer and as a promoter
in profiferation of antiturnoral lmphocyies [1].

The effect of morganic compounds, especially
mognesium (Mg) and manganese (Mn) salis, has been
known in cnzymatic reaction in different cells [2-8].
Mn improves the growth rate through enhancement
of amine acid and farty acid metabolisms [2]. In conversion
of ADP 1o ATP and in glycolysis, Mg is a cofactor;
therefore, it affects glucose uptake rate by the cells.
In TCA cycle, My interferes in conversion of isccyvtrate
and soccynyl CoA to  o-Ketoghuarate, Mg hos

an important role in synthesis of valine [9). It is also
neceszary in DNA and RMA polymerization reaction
and is a base for catalyitic reactions of primase £ cofi
This enzyme synthesizes primer of RNA that is the staner
of DMA replication [10, 11]. Mg and Mn acetates,
it a specfic comceniration, enhance the production
of serine alkaline protease,. Acetale anion as a second
carbon source, will enhance the growth mate and
production yield [9].

Acetate plays an important role in recombinant
protein prodoction. Acetate, in concentration slower
than 3L, can be wsed ns @ carbon source (m absenoe of ghicose)
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and can be s inhibitor in concentrations higher than 3g/L [12-14).

To increase the expression of larget gene, during
the induction, it is compulsory to enhance the synthesis
of relasted RNA molecules (messenger, ribosomal
and transfer RNAJ [15, 16], more necessary amino acid
synthesis[6, 17, 18Jconsequently the imcrease of related
enpymes  activities (exp. KEMA  Polymerase, RMNase
P Ribozyme) [10, 11].

The presence of Mg™and Mn® may enhance
the cnzymatic activitics, especially in M9 medium in high
cell density cultures, Due to lack of a complete study
on this subject in the literature, Mg(S0,) and Ml S0y,)
concentrationsin M9 medium were optimized in this
study, and the effect of Mg™ and Mn™, besides the
aneber importam anken (acetate) and their imteraclion
on the enhancement of 1L-2 expression level, was snudsed,

EXPFERIMENTAL SECTION
Microorganiim ond vector system

E coli BL21 (Novagen, UK) was used as the host and
PET2] as the inducible expression vector (Novagen), The
IL-2 gene was inserted in plasmid in genetic laboratory,
faculty of sciences, Tarbiat Modares University, Tehran,
LR. [ran. The host cells were wramiformed using
the calcium chionide procedure [ 19]

Media and solutions

LB (Lurip-Bertani) agor medium and M9 mediom
were wed as plate and shaken-flask cultures of £ cali
strain BL2! ({DE3) [19-25]. M9 medium consisted
of (gLk glucose, 4. Ma.HPO,TH,0, 6 KH,PO,,
3 MgS0.THO, 0.39; NaCl, 0.5 NHCL1. Media
components were sterilized separately and then were
added to distilled water [19].

Cerlefvarion metlvods

Shaken-flasks were incubated at 37°C and 200rpm.
Owvernight-ineubated seed euliure (15 mL, Oy, = 0.7=1)
was added to the flasks containing 150 mL of modified
M9 medium. Harvested culture was indueed at Ol =1
with 1.5ml of Imolar MIPTG solution, Culture pH was
maintained at 7 by addition of 3 Molar NaOH or
1 Molar H, POy solutions,

Amalytical procedures
Cell growth was monitored by optheal density (600 nm)

128

Yegane Sarkandy Sh. e al.

Fol 32 No I, 2003

FTEY (Y
MADwE -
ELLS -
14 kDw &

FLEN ] i

P
B b B :

b F

Fig. I: SDS-PAGE of Mgi0, oprimization experisears
{4 Reowrs after imduction) I- molecnlar weight marker, I- [1-2
bord for expression fn M® mediom (oenderd culture), Jdand
§ wre the IL-2 bondy for expression fn WP medium corfalaing
3, 2 and 1.5 dries af MgS0, concentration, respecively,

measurement of cultures. The expression levels of IL-2
were determined by SDS-PAGE using 15% (wiv)
polyv-acrylamide pgels. The gels  were  siained
with Coomassie Brilliant Blue R250 and them gel
guantifications were done by & gel densilometer,
The biological activity of IL-2  was  measured
by the Lymphocyte Transformation Test (LTT) [20].

RESULTS AND DISCUSSIONS
Optimization of MgS50, in M9 medium

At first,sulphate salt of Mg™was used 1o verify the
sabe effect of Mg™", not the scetale onion, on the IL-2
expression level. MgS0Oy; concentration was changed
in 4 levels as 1. 1.5, 2 and 3 times of the original
concentration in M9 medium. Fig. | shows the results of
IL-2 expressionGel densilometry analysis on ihe pgel
showed that 1L-2 expression percents in lanes 2 1o 5 were
10 T5%, 12.56%, 17.67%6and 19.61%, respectively, Then,
opimum concentration of M50, was found 1o be
1.5 times of its concenration in M? mediem.

These experiments revealed that M50, concentration
in M9 mediam plays a erucial role in recombinant protein
production, which 5 pol optimum  for  maximal
recoenbimant  protein producticn [ 19-25].  Oydisusi
concentration of Mg"" affects enrymes’ activity especially
in RNA polymerase activity and consequently changes
expressbon level to maximum attainable expression bevel
in cubiure conditions.

Effects of Ma{AC); and Mg(AC); on IL-2 expression level
MO mediem does not have any of Mn sahs, but
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in many of high cell density cultures Iml of a trace clement
solution containing Mn was added to cultures [19-25]
The trace element #tock solution contained 2gf. of
MrCl 4H;0 [19-23], which is equivalent 1w0l].73 g/l
Mn{AC); or 0.973 gL Mn50, on molar basis,

In order to investigate the effect of acelalte salts
of Mg™ and Mn™, by maintaining these cations molar
concentrations in the medism, Mg(AC): and Mna{AC),
were wsed instead of MgS0, and M5S0y salis, respectively.
A full factorial experimental design was used for
2 variables in 2 levels (with or without cach a celate salt).

Fig. 2 shows the effect of Mp(AC) and Mn{AC); on
IL-2 expression level in full factorial design experiments
in comparisen with standard culture{d4%),

Gel densibmetry analysis on the above gel showed
that IL-2 expression percents i fanes | to 4 were
23500, 16800, 16.08%, and 25.24%, respectively,
in comparison fo the standard culture in the 10.75% (lane 6)
These results revealed that the presence of MnSO0y
in culture scan rise expression level to 16.08% and
Me(AC) w 16.80%, By mamtaining equal Mn molar
concentration in these two cubtures, difference between
capression bevels can be related to the effect of acetate
in comparison with sulphate anion. Culture contdining
MglAC), had the best IL-2 expression level{lane 4),
however presence of MplAC): in addition with Mn{AC);
decreased the 1L-2 %{lane 1) It means that interaction of
these two salts lowered the IL-2 expression level or had
inhibition on MglAC), efficiency. Then, Mn{AC):
increased expression level, but Mg(AC): was the most
effective salt in enhancement of 1L-2 expression.,

The function of acetare in the TL-2 % enlrancenrent

By maintaining equal Mg molar concenirations,
Mp{AC): enriched culture had better [L-2 %6(25.24%)
than MgS50; enriched cubure [1961%). Therefore,
AL hos positive effect on [L-2 expression level, probably
due to providing an extra carbon soures, To have a betier
insight on the role of acetate ion, with mamisining Mg
modar concemration in  optimum  amount, different
amaunts of Mp{AC) and MgS0, were added 1o flasks
| to 5 {optimum concentration of MgS0,; was 1.5 times of
s concentration in M9 cubure), These flasks contained
M9 medium and 0.5 umes of M®s Mg molar
concentration in different mixtures as below;
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Fig. 2 SDS-PAGE of full foctorial design experiments
id howrs after fadiverionl, FL-2 bord frow cullure containing
= MglAC); and MrfAC]y 2- MufdC)y 2 MrSl, & MgAC),
5. Malecular weight marker, - MpS0 Setandard culirre).

Table I: The 1L-2 expression level in acetate role experiment.
s ]
[ k] J

Flask1: a half MgS0, and the other Mg{AC),. Flask2:
Me(AC). Flask3: MgS0, and additional glocose (0.014g)
equal 1o acetate carbon-mole in flask 2. Flask 4; Mg3Q,,
Flask 5: Standard culture (contained just M9).

(F‘l.u.h:ru.ulu’ I i k] 4

L IL-1%% mn FERY 28.35 %14

-2 expression  lewel, in all of the flasks was
investigated. Table | presents the IL-2 expression level.
In Table 1, [L-2% is 19.16%, 28.35%, 28.99% and 20.72%
in samples of flasks 4 1o 1, respectively. By addition of
acctate concentration in flasksl to 2, IL-2% increased.
The equality of 1L-2% in samples of fasks 3 and 2 means
that cells can use acetate as well as glucose as a carbon source.

CONCLUSIONS

Presence of MnS0y in M9 defined medium raised
IL-2 expression level from 10.76% to 16.08% in comparison
with standard culture. The requirement of recombinant
E.coli 1o more Mg is not dependent on [1-2 a5 a model
protein, since large similar of itkes exist in recombinant
profein expression in £ coli, Therefore, Mg optimization
can be useful in enhancement of expression level of all
recombinant proteins in £ coli hosts.
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