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DEVELOPMENT OF CULTIVATION TECHNOLOGY
FOR THE ESCHERICHIA COLI RECOMBINANT
STRAIN PRODUCING ARGININE DEIMINASE

OF MYCOPLASMA HOMINIS

The Escherichia coli recombinant strain producing arginine deiminase of Mycoplasma hominis has been designed.
Storage conditions that provide stabilization of most productive clones of the producer were found. Terms for cultivation of
the arginine deiminase producer using bioreactors of different volume were optimized. Highly purified samples of arginine
deiminase were obtained and their long-term storage conditions were selected.

Key words: arginine deiminase, producer, bacteria Escherichia coli, Mycoplasma hominis.

The normal mammalian cells can synthesize
L-arginine from citrulline in reactions catalyzed
by arginine succinate synthase and arginine suc-
cinate lyase. However, in some types of tumor
cells of humans and animals, these enzymes are
not expressed [ 1, 2], so the presence of L-arginine
in the blood is a necessary condition for their
growth. It is known that for tumor cells of me-
lanoma, hepatocarcinoma, certain types of sarco-
ma and others the arginine deficit induces their
death as a result of apoptosis [1, 3, and 4]. The
enzymes driving the arginine degradation may cau-
se a significant decrease in its level in the blood-
stream and inhibit the growth of human cancer
cells [4]. One of these enzymes is arginine deimi-
nase (ADI) (EC3.5.3.6) which catalyzes the reac-
tion of L-arginine hydrolysis into L-citrulline
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and ammonia. The ADI antitumor effectiveness
has been proved in vitro and in vivo [5]. Also, the
ADI has been established to be a suppressant of
human immunodeficiency virus (HIV) replicati-
on [6]. The authors of [7] reported that ADI is
about 100 times more effective as inhibitor of
lymphatic leukemia cell proliferation in compari-
son with L-asparaginase used in clinical oncology.

For a long time, ADI high immunogenicity was
an obstacle for its application. However, the en-
zyme covalent modification with the help of acti-
vated polyethylene glycol allowed the researchers
to overcome this obstacle [8]. An ADI dosage of
20—640 a.u./m? has been established not to cause
serious side effects and not to be toxic to the hu-
man body, in general. The leading cancer hospitals
around the world have been conducting clinical
trials of cancer enzyme therapy using ADI and got
a significant therapeutic effect [9, 10]. However,
very high price of enzyme drugs prevents wide use
of ADI in oncological practice.
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The methods for obtaining recombinant ADI
from E. coli bacteria were described [11] and pat-
ented [12]. However, these methods provide for
culturing the bacteria using rich LB medium, with
enzyme expression being induced using a relati-
vely expensive reagent, the isopropyl-p-thioga-
lactoside (IPTG). Therefore, an objective was to
develop methods for culturing producers and in-
ducing ADI synthesis, which would make the en-
zyme production cheaper.

MATERIALS AND METHODS

For obtaining a recombinant producer strain a
pre-designed plasmid (derivative of pET32 vector
which contains ADI optimized gene M. hominis) was
injected into the cells of Escherichia coli BL-21 strain
[11,13]. Transformants were selected in LB rich me-
dium (1.5 % bacterial peptone, 0.5% yeast extract,
1% NaCl; pH = 7) containing ampicillin (100 pg/
ml) and agar (2 %). The recombinant bacteria were
grown at a temperature of 28—37 °C in LB rich me-
dium of the following mineral composition (g/1):
Na,HPO, — 7.1; KH,PO, — 6.8; NH,Cl — 2.7;
Na,SO, — 0.71; MgSO x7H,0 — 0.45; glycerol —
12.5; glucose — 0.5; lactose (expression inducer) —
0.1; pantothenic acid — 0.002; thiamine — 0.002;
pyridoxine — 0.002; and biotin — 0.002 [14].

The microelements were added in the follow-
ing amount (g/1): FeClL,x6H,0 — 12.6; CaCl, —
2.2; MnCl, — 2.0; ZnSO xH,0 — 2.9; CoCl, — 0.5;
CuClx2H,0 — 0.5; NiCl, — 0.26; Na,MoO, —
2.3; H,BO, — 0.12;and Na,SO, — 0.34 [15]; pH of
the medium was controlled and additionally ti-
trated up to 7.2.

When growing the producer strain clones in
the LB rich medium the ADI gene expression was
induced using a generally accepted method (with
the help of IPTG); in the mineral medium the cells
were induced by lactose [ 14, 15].

The cell biomass was measured by turbidity me-
thod at a wavelength of 600 nm. The cells were
pelleted at 6000 g during 20 minutes; the cell paste
was stored at a temperature of —20 °C.

The ADI activity was determined by the amount
of citrulline formed during the reaction as de-

scribed previously [11, 16]. The unit of activity is
the amount of enzyme that makes 1 pmol of L-cit-
rulline of 1 pmol of L-arginine for 1 minute. To
estimate the ADI content the cells with 0.1—1 ml
of culture were pelleted for 5 minutes at 7000 g in
1.5 ml polypropylene tubes. The cells were washed
with twice distilled water, pelleted again and re-
suspended in 0.4 ml of 12.5% trichloroacetic acid.
The samples were incubated at T= -20 °C for
0.5—2 hours and centrifuged at 12 000 g for 5—7
minutes at T = 4 °C. The precipitate was washed
twice with 0.5 ml of cold 80% acetone. The su-
pernatant was poured off; the precipitate was dri-
ed and added with 10 ml of water and in 10—15
minutes with 5 ml of 0.1% NaOH. The mixture
was kept for 10—15 minutes more, periodically
shaken and added with 15 pml of 2-fold buffer for
application (120 mmol Tris-HCI, pH = 6.8; 4%
SDS, 20% glycerol, 0.02% bromphenol blue, 2.5%
B-mercaptoethanol). The samples were boiled in
water bath for 8—10 minutes, cooled to room te-
mperature, pelleted (at 12 000 g for 1 minute) and
used for electrophoresis or stored at T = -70 °C.
The proteins were separated by electrophoresis
in 10 % polyacrylamide gels by conventional method.
Having been treated with dye (Coomassie Brilli-
ant Blue R250) the gels were scanned and meas-
ured with the use of density meter. The ADI con-
tent was calculated on the basis of data obtained.
The enzyme was extracted as described earlier
[16]. The protein concentration was determined
by Lowry technique. The statistical analysis of re-
sults was performed using standard methods. All
experiments were repeated three times with three
parallel values of reproducibility in each version.

RESULTS AND DISCUSSION
Getting a Producer Strain

The ADI encoding gene, M. hominis, was am-
plified, modified, and cloned as described in [16].
The designed plasmid pET3d-ADI containing M.
hominis ADI optimized gene controlled by T7
promoter was introduced into E. coli BL-21 cells
using electroporation. The transformants were
selected on a medium with ampicillin. Thus, ADI
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Fig. 1. Effect of arginine and glucose in the medium for selection and storage of producer clones on further ADI production
in the mineral medium: A) analysis of production by ADI clones obtained in media with different admixtures (samples 7—5:
independent clones (transformants) obtained and stored on standard LB medium with ampicillin; samples 6—70: independ-
ent clones (transformants) obtained on standard LB medium with ampicillin containing 0.2% arginine; samples 717—175: in-
dependent clones (transformants) obtained on standard LB medium with ampicillin containing 0.2% glucose; samples 76—
20: independent clones (transformants) obtained on standard LB medium with ampicillin containing 0.2% arginine and 0.2%
glucose); B) Analysis of ADI production by clones obtained in standard LB medium with ampicillin containing 0.2% ar-
ginine and 0.5% glucose (samples 1 and 3: independent clones (transformants) that were stored for 7 days at T = 5 °C; sam-
ples 2 and 4: the same independent clones (transformants) that were kept for 50 days at T =5 °C)

producer colonies were obtained. Under condi-
tions of IPTG induction they could accumulate
enzyme in insoluble form as microbodies.

It should be noted that TPTG is quite expensive
(10 g costs about 90 euros; induction of 1 liter of
culture costs about 1 euro) which significantly in-
creases the cost of ADI production. Since the cost
of rich medium used in this case is also quite high,
it has been decided to study possibilities of using a
cheaper mineral medium in which natural sugar,
lactose, can be a cheap inductor [14, 15].

At the initial stage, the fermentation was carried
out in flasks. A suspension of cells grown in LB rich
medium with ampicillin up to A, = 1.0-2.5 was
inoculated to mineral medium containing 0.4% so-
lution of glycerol up to an optical density of A, =
= 0.3; 50 ml culture was incubated in 250 ml flasks
on a shaker (200 rev./min at 7= 30 °C) during 36—
40 hours at T= 30 °C. Lactose was added up to con-
centration of 0.05; 0.1 and 0.5 g/1. These experiments
showed that given the cost of reagents, lactose con-
centration of 0.1 g/l is optimal for auto-inductive
ADI production (the data are not presented). The
level of induction of ADI synthesis in the case of
mineral medium with lactose (auto-induction) was
slightly lower (by 10—20%) as compared with 20—
25% of the total protein in the case of IPTG induc-
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tion. However, the number of cells from the mineral
medium was significantly greater than that of from
the LB rich medium. It is obvious that the protein
expression auto-induction method proposed earlier
can be used as a basis, but the maximum and stable
ADI production can be achieved only after the se-
lection of optimal expression conditions.

To achieve a higher output of targeted heter-
ologous protein it is necessary to stabilize highly
effective producer strain clones and to study the
effect of glycerol concentration in the medium, as
well as the effect of aeration, time, and tempera-
ture of cultivation.

Stabilization of Producer Strain
Based on ADI Induced Synthesis

When storing producer strain in LB agar medium
during seven days at T = 4 °C the majority of clones
induced by lactose showed a significant decline in
ADI production (Fig. 1, A). In cell-free producer ex-
tracts stored under these conditions there was re-
ported the ADI activity that could be caused by ba-
sal gene expression. As a result, this could lead to a
decrease in the concentration of available arginine
and to decreased viability of highly clones.

It was assumed that the addition of arginine or
glucose which reduces the basal level of cloned
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Fig. 2. Analysis of ADI production for various density of ino-
culation of producer strain cells in mineral medium: 7) A
=0.01;2)A,,=0.1;3)A,,=03
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gene expression to the clone cultivation and stor-
age medium would make it possible to raise the
stability of highly productive clones and to main-
tain high effectiveness of ADI synthesis auto-in-
duction. It was found that the addition of arginine
to the medium provided better storage of highly
productive clones, but only some clones had a high
level of stabilization. In most cases (70—80% of
clones tested) this effect was not pronounced
enough (Fig. 1, A), while the addition of glucose
led to the fact that the vast majority (80—90% of
the tested clones) retained the ability to induce
ADI synthesis during seven days of storage at
these conditions (Fig. 1, A). However, during the
further storage of clones within 2—3 weeks the
level of ADI synthesis induction decreased (data
are not showed). When storing highly produc-
tive clones in a medium with 0.2% arginine and
0.2% glucose the level of ADI synthesis was es-
tablished to be a slightly higher as compared with
the clones kept only with glucose (Fig. 1, A).
However, during the further storage, as in the
previous cases, the level of ADI synthesis induction
decreased (data are not showed). This problem was
solved by increasing the concentration of glucose in
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Fig. 3. Effect of glycerol concentration on producer biomass yield (A) and on induction of ADI synthesis (B)
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the medium for up to 0.5%. In LB rich medium with
ampicillin, 0.2% arginine, and 0.5% glucose, the
clones stored at T = 4 °C during 50 days have been
established to be capable of doing effective auto-in-
duction of ADI synthesis (Fig. 1, B).

Optimization of Periodic Cultivation
and Induction of ADI Synthesis

Under the above conditions of culturing the pro-
ducer, the effect of temperature on the level of tar-
geted protein expression has been studied as well.

The deviation from the optimal temperature
(32 °C) by 4—5 °C has been found to lead to a
decrease in production of targeted protein by 20-
25% (data are not presented). It has been estab-
lished that as concentration of main carbon source
(glycerol) increases the producer grows better.
The experiments showed that concentration of
glycerol increased from 0.75 to 1.25% it was pos-
sible to get 1.2—1.3 times more cells without re-
ducing ADI production (Fig. 2). The further in-
crease in concentration of glycerol did not yield
positive results.

It should be noted that in these experiments
the maximum ADI output was observed in 30—
35 hours of cultivation, whereas that of biomass
was reported in 38—46 hours after the start.

When culturing the highly productive clones
the pH level was controlled. As pH downed below
6.0 a significant decline in ADI production was re-
ported. It should be noted also that increase in
aeration by escalating intensity of mixing (250
rev./min) led to an increase in the output of tar-
geted protein, with subsequent growth in frequen-
cy of mixing having no effect on the ADI output
(data are not showed). For the purpose of scaling
and simplification of technology for getting ADI
we have studied the enzyme production using the
cells together with medium (without precipita-
tion) and different densities of inoculation in min-
eral medium (A, = 0.01—0.3) (see Fig. 3).

The results showed that the volume of inocu-
lum can be reduced down to 0.3—0.5% of the vol-
ume of fermentation without a decrease in ADI
output, with the cells not having to be separated
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Fig. 5. Electrophoregram of cell-free ADI producer extracts

obtained by Enzyme, PJSC: 1; 6 — inoculate; 2 — 12 hour of

fermentation; 3 — 14" hour of fermentation; 4 — 16™ hour of

fermentation; 5 — the same cells were kept before extraction

at T= 15 °C for 5—6 hours (ADI position is indicated with
arrow)
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Fig. 6. Electrophoregram of ADI samples before and after

purification: 7 — total protein of producer induced cells; 2 —

ADI sample after purification; 3 —markers of molecular mass
chromatography

from the previous medium. This greatly improves
the sterility of manipulation and facilitates the
scaling of fermentation process.

As a result of the optimization of medium and
conditions of culturing the producer strain an in-
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Fig. 7. Dynamics of activity of ADI sample during its storage
at T=4°C: @ — with 1 M NaCl added; ® — without NaCl

creased cell biomass yield (12—14 g/1) and a high
level of ADI expression (about 25% of total pro-
tein) have been obtained. Given the cost of rea-
gents, the cost of 1 liter of used mineral medium
with lactose is assumed to be 3 times less than that
of LB medium with IPTG inducer. The results ob-
tained at these stages were used as a framework for
the scaling of producer biomass growth.

Optimization of Conditions
for Culturing the ADI Producer Strain
in Bioreactors

At the next stage of research we tested the se-
lected conditions by cultivating producer strain
in laboratory fermenter having a volume of 1 liter.
The volume of medium in the fermenter was 0.6
liters. The initial concentration of cells (inocula-
tion) was Ay, = 0.01. The cultivation tempera-
ture was 32 °C, the frequency of mixing was 600
rev./min., and the concentration of glycerol ac-
counted for 1.25%.

Under the above conditions, the optimal aera-
tion rate was 0.7 1 /min. The results of one of stand-
ard experiments are showed in Fig. 4. One can see
that glucose was completely utilized at the begin-
ning of the exponential growth phase (Fig. 4, B).
The use of fermenter allowed the researchers to
achieve a greater producer biomass yield, as well as
a higher growth rate in comparison with flasks
(Fig. 4, A). As a result, the stationary phase was

Science and Innovation. V. 10, no. 4, 2014



Research and Technical Innovative Projects of the National Academy of Sciences of Ukraine

reached after 17—19 hours of incubation. Maxi-
mum ADI production was observed with this pe-
riod of growth (Fig. 4, D). Transition of culture to
the stationary phase coincided with a significant
decrease in concentration of available amine nitro-
gen in the medium (Fig. 4, B).

Scaling of ADI
Producer Growth in Industrial
Environments

The process was scaled further on the equip-
ment of Enzyme, PJSC (Ladyzhin, Vinnytsia Ob-
last). The capacity for growth and ADI induced
synthesis was checked during the growth in bio-
reactor having a volume of 100 liters. The initial
volume of medium was 70 liters.

The conditions of growing in the 100-liter bio-
reactor were similar to the conditions of fermen-
tation in 1-liter bioreactor at the laboratory. The
duration of fermentation was 16—20 hours (Fig.
5). As one can see from the figure, the maximum
level of ADI production was observed on the 16"
hour of incubation. This time corresponded to
the beginning of transition of culture to the sta-
tionary phase. The grown cells were pelleted and
frozen. In further experiments, the micro-bodies
of inclusions containing ADI were received from
these cells; the micro-bodies were solubilized, de-
natured and renatured as described in [16]. The
received ADI samples were purified by the ion
exchange chromatography on Q-sepharose and
the hydrophobic chromatography on phenylse-
pharose as described in [16]. The enzyme sample
was concentrated by ultrafiltration on membrane
VIVASPIN TURBO-15-10000 (Sartorius) and
stored at T=4 °C.

Thus, the highly purified ADI samples with a
specific activity of 30—34 U/mg (Fig. 6) have
been obtained. These properties correspond to the
best examples described in the literature [8, 10,
11, and 12]. The enzyme yield did not exceed
35—40% of the total activity obtained at the sta-
ge of renaturation. The ADI samples were stored
at T =4 °C, in 20 mmol of potassium-sodium phos-
phate buffer with 1 mol of NaCl.
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As described earlier, the enzyme is stable under
these conditions. As NaCl was removed from the bu-
ffer the enzymatic activity was lost rapidly (Fig. 7).

CONCLUSIONS

Highly productive clones of recombinant E. coli
strain which produces ADI have been obtained.
The designed producer has been showed not to
lose the capacity for ADI overexpression during
storage for 50 days at T = 4 °C in LB medium
with 0.2% arginine and 0.5% glucose. The min-
eral environment and conditions for enzyme ex-
pression induction using a cheap inductor, lac-
tose, have been optimized. An increased producer
strain biomass yield (12—14 g/1) and high level
of ADI expression (about 20—25% of total pro-
tein) has been obtained.

The conditions for culturing producer strain in
bioreactors of various volumes have been opti-
mized. Highly purified long-storage ADI prepa-
rations which preserve their enzymatic activities
have been obtained and presented.
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PASPABOTKA TEXHOJIOTNI
KYJNBIMBUPOBAHWA PEKOMBMHAHTHOTO
IITAMMA-TIPOAYUEHTA ESCHERICHIA COLI
C IEJIBIO ITOIYYEHWA APTUHMHE3VIMYHASbDI
MYCOPLASMA HOMINIS

CKOHCTPYMPOBAaH PEKOMOMHAHTHBINA MITAMM KUIIEYHOU
nanouyku Escherichia coli, npoayuupyionmmii apruHuHAE31-
muHasy Gakrepuii Mycoplasma hominis. TlogobpaHbl ycio-
BUSL U CTAOMJIM3AINKE  BBICOKOTIPOIYKTUBHBIX KJIOHOB
mraMMa-pojynenTa pepmenta. [IpoBeieHo ONTUMU3AIIIO
YCJIOBUHU KyJIBTUBUPOBAHUS HITAMMa-TIPOAYIIEHTa B GHOpe-
aKTOpax pasinyHoro obbema. I1osyueHbl BHICOKOOUYUIIEH-
Hble TIPenapaTbl aprUHUHAE3MMUHA3bL 1 TIOJ0OPAHbI YCJIO0-
BUSI UX [UIUTENTHHOTO XPAHEHHSI.

Knwouesvie c106a: apruHUHIE3MMUHA3A, INTAMM-TIPOJLY-
uent, 6akrepuu Escherichia coli, Mycoplasma hominis.

JL.P. @aropa, FO.P. Fopeyvkuii, FO.B. ITunsiea,
H.B. Mapmumiox, B.B. Ckopoxood, A.A. Cubipnuii

PO3POBKA TEXHOJIOTII KYJIBTUBYBAHHS
PEKOMBIHAHTHOTI'O HITAMY-ITPOAYIEHTA
ESCHERICHIA COLI 3 METOIO OTPUIMAHHA
APTIHIHAESIMIHA3SU MYCOPLASMA HOMINIS

CKOHCTpPYii0BaHO PEKOMOIHAHTHUI INTaM KMLIKOBOI T1a-
smuku Escherichia coli, mo npoaykye apriningesiminasy
Gakrepiit Mycoplasma hominis. ITinibparo ymoBu jist cTa-
6isrizallii BUCOKONPOAYKTUBHUX KJIOHIB IITaMy-TIPOAYIIEHTa
(epmenta. IIpoBeneno onTumisaililo yMOB KyJIbTHUBYBaHHS
ITaMy-IpojyIieHTa B 6iopeakTopax pisaoro o6’emy. OTpu-
MaHO BHCOKOOYHIIEHI TIperapaTy apriHiHae3iMiHA3W Ta -
AiGPaHO YMOBH X JIOBrOTPUBAJIOTO 30epiranHs.

Kntouosi crnoea: aprininiesimMinasa, mramM-mpojayIeHT,
6akrepii Escherichia coli, Mycoplasma hominis.
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