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For optimal production of recombinant human interleukin-2 (IL-2) in E. coli the effect of
fermentation conditions on cell growth, IL-2 production, and stability of recombinant cells were in-
vestigated. Among the complex nutrients tested in this work, yeast extract, peptone and corn steep li-
quor were found to be effective for recombinant cell growth. The recombinant cells were maintained
stably under repression condition (30°C), but the stability of recombinant cells were drastically
reduced upon induction of IL-2 expression (42°C) even under the selection pressure. Addition of an-
tibiotics to the culture medium resulted in the cell growth inhibition without significant improvement
in recombinant stability. When the expression of IL-2 gene was induced at different growth phases,
highest IL-2 production was achieved by the induction of IL-2 at the middle-exponential growth
phase. It was found that the production of IL-2 significantly inhibited the cell growth and the ex-

pression of other genes in the plasmid.

Interleukin-2 (IL-2) is an inducible lymphokine
produced by T cells upon antigenic or mitogenic
stimulation. Two distinct effector cell function, T
cell cytotoxicity and natural killer activity, have
been shown to be enhanced by IL-2. These actions
establish the rationale for using IL-2 in the treat-
ment of immunodeficient patients (1,2). Therefore,
the human IL-2 is an attractive product for biote-
chnological research, and recently human IL-2
cDNA has been successfully cloned and expressed
in E. coli at Genetic Engineering Center, KAIST
3,4).

While many reports on the cloning and expres-
sion of recombinant DNA (rDNA) have been publ-
ished, studies on the fermentation process of
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recombinant cells are extremely limited. For suc-
cessful development of rDNA gene products,
however, not only rDNA technology but also bio-
process engineering technology is required.
Although many had underestimated the importance
of bioprocess technology during the early period of
biotechnological development, it is now widely
recognized the importance of biotechnology pro-
cess engineering and the scarcity of related
knowledge base.

In recombinant fermentation, basically the same
process variables that are used in the traditional
fermentation processes have to be considered.
These include parameters related to media design
and optimization, fermentor operation, and the
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state and control variables involved in the recombi-
nant fermentation processes(5). When the recombi-
nant fermentation process is to be optimized,
however, both the microbiological process variables
and fermentation process variables should be care-
fully studied and evaluated since both variables are
highly interactive(5). In order to maximize gene
product productivity, therefore, fermentation pro-
cess variables have to be optimized depending on
the characteristics of a given recombinant strain.
In view of this background, we have made an ef-
fort on the establishment of optimal fermenta-
tion conditions for the production of recombinant
human IL-2 in E. coli. In this study, the effect of
medium composition on cell growth and 1L-2 pro-
duction, the stability of recombinant cells with and
without selection pressure, and the determination
of optimal induction time have been investigated.

Materials and Methods

Recombinant plasmids

Plasmid pNK-2 was construted by inserting the
coding sequence of native human IL-2 into the
BamHI site of pASI vector, as described elsewhere
(3). Plasmid pNKM-21, which was obtained
through a site-specific mutagenesis of plasmid
pNK-2, produces IL-2 mutein in which the cysteine
residue at amino acid 125 of native IL-2 has been
replaced with serine.

Plasmids pILBR and pILBT were derived from
pNK-2 in order to introduce Tc” gene. Details of
construction methods are described elsewhere (4).
Restriction maps of the recombinant plasmids used
in this study are shown in Fig. 1.

Escherichia coli M5248 (A bio 275 ¢I 857 A H1)
was used as a host strain, which contains the cI 857
gene on its chromosome. Expression of recombi-
nant human IL-2 is under control of the P, pro-
moter of bacteriophage lambda.

Culture medium and fermentation

Luria (LB) medium, composed of 10g yeast ex-
tract, 10g tryptone, and 10g NaCl per liter, was us-
ed for seed culture of recombinant cells. Fermenta-
tion (F) medium contains per liter: 50g glucose, 10g
NH,Cl, 1.2g sodium citrate, 1.0g MgCl,-6H,0,
3.0g K;HPO,, 0.4g K,SO,, 15mg FeCl,-6H,0, and
10m/ of trace element solution (3uM MoOs3, 400 M
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Fig. 1. Physical maps of the recombinant plasmids used
in.this study.

H;BO;, 10 uM CuSO,, and 80 uM MnCl,, 80 .M
ZnS0O,). F medium supplemented with 1.0g yeast
extract was designated as FYE 1 medium. Antibio-
tics such as ampicillin and tetracycline were added
to the medium when required. Glucose and other
medium components were sterilized separately at
121°C for 15 min and the initial pH of media was
adjusted to 7.0 with 4N NaOH.

Jar fermentation of recombinant cells was car-
ried out in a 5/ fermentor (Shin-Young Engineering
Co.) equipped with an DO analyzer and a pH con-
troller. One-hundred m/ of seed culture cultivated
at 30°C for 16 hrs in shake flasks was transferred
into a fermentor containing 1.9/ of culture medium.
Air flow rate and agitation speed were 1.5 vvm and
400 rpm, respectively.

The pH was controlled automatically at 7.0 with
4N NaOH. For IL-2 induction, the culture
temperature was shifted from 30°C to 42°C at ap-
propriate culture time. Fermentation in a jar
fermentor was carried out in a fedbatch mode ope-
ration; when the concentration of glucose in the

medium was reduced to about 10g//, 30g glucose
and 1.5g K;HPO, was added intermitantly.

Analytical methods

Glucose concentration was determined by DNS
method (6). Cell growth was monitored by measur-
ing optical density (O.D.) of culture broth at 540
nm with a spectrophotometer (Spectronic 20 Baush
&Lomb). Dry cell weight and the viability of recom-
binant cells were determined as described else-
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where(4). Protein assay was followed by Lowry
method(7).

Stability of recombinant cells was expressed as
the ratio of plasmid-harboring cells to total recom-
binant cells and determined by replica-plating
method. Colony isolates grown in LB agar plate
were tooth-picked into LB agar plate containing an-
tibiotics (ampicillin, tetracycline or ampicillin plus
tetracycline). After incubating for two days at
30°C, the fraction of plasmid-harboring cells was
determined by counting the number of antibiotics-
resistant cells.

Ampicillin concentration was determined by
bioassay method using Micrococcus luteus 9341 as
a test organism. The activity of g -lactamase during
cultivation of recombinant cells was measured by
the iodine-titration method (9).

The content of IL-2 was determined by SDS-
polyacrylamide gel electrophoresis (SDS-PAGE)
according to the method of Laemmli (8). SDS-
PAGE was carried out using 14% polyacrylamide
gel. Protein band corresponding to IL-2 (M.W.
14.4Kd) was identified from SDS-PAGE of purifi-
ed IL-2 and marker proteins of known size.
Purification method of IL-2 and details of SDS-
PAGE are described elsewhere (10). The fraction of
IL-2 to total intracellular protein was determined
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by scanning of SDS-PAGE gels using a densito-
meter (Sebia, France).

Results and Discussion

Effect of fermentation medium

The optimization of fermentation medium is one
of the most important tasks in the production of
recombinant gene products. Fermentation medium
for recombinant cells should provide the precusors
and energies required not only for the host-cell
metabolism but also the production of gene pro-
duct.

The effect of various complex media on cell
growth and IL-2 production was first examined in
shake-flask culture using a recombinant strain E.
coli M5248/pNK-2. Complex media such as yeast
extract, malt extract, beef extract, bacto-peptone,
casamino acid, casein, and corn steep liquor were
added to F medium, which has been optimized pre-
viously for high-cell density culture of non-
recombinant E. coli cells (11), and effective com-
plex medium components were screened. Among
the complex nutrients tested, yeast extract, pep-
tone, and corn steep liquor were found to be very
effective for IL-2 production, and therefore the ef-
fect of nutrient concentration was further examin-

Table 1. Effects of Medium Composition on IL-2 Producton®

Additional Nutrient Relative

Basal Cell Conc. IL-2 total
Medium Medium Concentration (OD) content IL-2

Component (%) production
level
F — - 1.3 20.2 1.0
F Yeast 2.0g/l 2.6 194 1.9
F extract 5.0 g/l 3.1 16.4 1.9
F (YE) 10.0 g/l 4.0 15.4 2.3
F Corn steep 2.0 mi/! 1.6 16.8 1.0
F liquor 5.0 mil 2.2 17.8 1.5
F (CSL) 10.0 m¥/! 3.3 19.0 2.4
F Peptone 2.0 g/l 2.2 19.9 1.7
F (PT) 5.0 g/l 3.0 20.4 2.3
F 10.0 g/l 34 20.7 2.7
LB Glucose 5.0 g/l 2.8 20.9 2.2

(a) Interleukin-2 production was induced for 3 hrs by shifting the culture temperature to 42 °C after 4 hr cultivation of re-

combinant cells at 30°C in shake flasks.
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ed.

As shown in Table 1, higher cell growth was
achieved as the concentration of complex nutrients
was increased while the intracellular IL-2 content
was not significantly affected. Since total IL-2 pro-
duction is determined by both recominant cell con-
centration in the fermentor and the IL-2 content in
the cell when considered on the basis of culture
volume, the productivity of IL-2 was found to be
enhanced with increasing the concentration of com-
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Fig. 2. Effect of culture medium on (A) cell growth, (B)
recombinant stability and (C) total IL-2 production in.a
jar fermentor, (®) FYE1 medium. (O) LB medium.
Arrows in (A) indicate the induction time.
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plex nutrients.

When the recombinant cells are cultivated in a
large-scale, less expensive medium is requirecl and
thus lower concentration of complex medium com-
ponents would be desirable. In order to compare
the efficiency of less nutritious medium with that of
rich medium in the production of IL-2, recombi-
nant cells were cultivated in a jar fermentor using
LB medium (10g// yeast extract, 10g// tryptone)
and FYEI medium (F medium supplementec with
1.0g/1 of yeast extract). As shown in Fig. 2, the rate
of cell growth in LB medium was faster than that in
FYE1 medium. But the maximum cell conc:ntra-
tion and the intracellular IL-2 content were almost
the same in both cases. Since total IL-2 production
level in FYE] medium was not significantly dif-
ferent from that observed in LB medium (Fig. 2),
less expensive FYE] medium was chosen as produc-
tion medium of IL-2. It should be mentioned,
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Fig. 3. Effect of selection pressure on stability and cell
growth. (O) no selection pressure; (@) in the presence
of ampicillin (100mg/),

Arrows indicate the induction time.
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however, that the productivity of IL-2 is higher in
LB medium than in FYE]I medium.

Stability of recombinant cell

Among a number of methods employed for
stable maintenance of recombinant cells(5), an-
tibiotics are widely used to prevent the growth of
the plasmid-free cells because of thier convenience.

With a recombinant cell E. coli M5248/pNK-2,
which carries an ampicillin-resistance gene in the
plasmids, the recombinant stability during in-
oculum preparation stage was examined with and
without addition of ampicillin to the culture
medium. In the presence of 50 mg// of ampicillin
more than 95% of recombinant cells showed am-
picillin resistancies after cultivation of 15 hr in
shake flasks. In the absencee of selection pressure,
however, the stability of recombinant cells was
about 75%.

In order to further examine the effect of selec-
tion pressure on the stability of recombinant cells
under IL-2 production condition, E. coli M5248/
pNK-2 was cultivated in FYEl medium with and
without addition of ampicillin (100 mg/J). For IL-2
induction, in this experiment, culture temperature
was shifted to 42°C after cultivation of recom-
binant cells at 30°C. As shown in Fig. 3, the
plasmids were rapidly lost upon induction of IL-2
even in the presence of ampicillin. (Ampicillin was
hardly detected in the culture broth after logarith-
mic growth phase, which implies that the degrada-
tion by A -lactamase encoded in the plasmid is
significant). Fig. 3 also indicates that ampicillin
adversely affects the growth of recombinant cells.

Since ampicillin could not prevent the formation
of plasmid-free cells effectively under expression
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conditions, we further examine the efficiency of
tetracycline as selective pressure using recombinant
plasmids pILBR and pILBT. The addition of tetra-
cycline, however, significantly reduced the cell
growth with marginal improvement in recombinant
stability (Table 2). Total IL-2 production of pILBR
and pILBT was lower than that of pNK-2 (data not
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Fig. 4. Effect of induction time on .cell growth and total .
IL-2 production. (a) early induction; (®) middle induc-
tion; (@) late induction.

Arrows indicate the induction time.

Table 2. Effect of Selection Pressure on Cell Growth and Stability of Recombinant Cells@

Culture In the absence of In the presence of
Plasmids Time selection pressure selection pressure®
(hr) cell conc. (0.D) Stability (%) cell conc. (0.D) Stability (%)

0 0.06 99 0.06 99
pILBR 4 1.58 84 0.30 94
10 2.98 Q 0.38 16
0 0.06 96 0.06 96
pILBT 4 1.85 92 0.73 96
10 3.15 23 1.25 36

(Z) Cultur‘e temperature was shifted to 42 °C after cultivation of recombinant cells at 30 ° for 4 hr in shake flasks.
(%) Selection pressure: 15 ug/m! tetracycline (pILBR) or 15 ug/m! tetracycline + 50 ug/ml ampicillin (pILBT)
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shown) because of the severe growth inhibition by
tetracycline.

Effect of induction time

Determination of an optimal induction time is
important in optimizing the recombinant fermenta-
tion process. Since the plasmids are rapidly lost
during the IL-2 production phase as mentioned
earlier, induction of IL-2 gene expression should be
done after cultivation of recombinant cells for an
appropriate period under repressed state.
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Fig. 5. Effect of IL-2 production. on. the growth and
viability of recombinant cells.

E. coli M5248/pNKM-21 was cultivated either at cons-
tant temperature (30 °C) without induction () or with a
temperature shift (30 °C-> 42 °C) at the time indicated by
arrows (e®).
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To examine the effect of induction time on cell
growth and IL-2 production, the logarithmic
growth phase was subdivided into early-, middle-,
and late- logarithmic phase based on the growth
curve of recombinant cells at 30°C, and the expres-
sion of IL-2 gene was induced at three different
growth states. Experimental results shown in Fig. 4
indicate that total IL-2 production level (determin-
ed from protein concentration and IL-2 content) is
highest when IL-2 production is induced at the
middle-logarithmic growth phase.

Recently Botterman et al. (12) have shown that
the induction of gene expression during the
logarithmic phase for production of the EcoRI re-
striction enzyme resulted in five-fold increase in
productivity as compared to that of late induction.
Our experimental results shown in Fig. 4 are consi-
tent with there observations.

Effect of IL-2 production on cell growth and ;3-lac-
tamase activity

In general, the growth rate of recombinants is
adversely affected by the expression of rDNA
which causes stress on the metabolism of the host
organism(5). Exceptions to this general rule have
also been found. In the case of T4 DNA ligase pro-
duction, for example, a slight increase in growth
rate was observed after the gene is expressed
through a temperature shift (13).

To examine the effect of IL-2 production on cell
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Fig. 6. Effect of IL-2 induction on cell growth, recombi-

nant stability and g -lactamase activity.

Induction time was shown as a broken line.



Vol. 16, No. 4

growth, optical density of culture broth and the
viability of recombinant cells were measured during
cultivation of E. coli M5248/pNKM-21. As shwon
in Fig. 5, induction of IL-2 expression severely in-
hibited the growth of recombinant cells. The de-
crease in cell viability during IL-2 production phase
was even more profound as compared with the cells
grown under repressed state throughout the fer-
mentation period. Overproduction of IL-2 also af-
fects the expression of other genes in the plasmid.
Fig. 6 shows that the activities of g -lactamase in
plasmid pNKM-21 are significantly decreased upon
induction of IL-2. It was also observed that the
degree of inhibition of @ -lactamase synthesis is
higher as IL-2 production levels are increased (data
noet shown).
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