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Aim. To develop a method for isolation and purification of recombinant human interleukin-7
from bacterial inclusion bodies. Methods. Protein synthesis via fermentation, densitometry,
refolding method of gel filtration, two-stage chromatographic purification of the protein.
Results. The inclusion bodies obtained via fermentation in E.coli cells contained recombinant
human interleukin-7, which was solubilized at 22°C for 1 hour in the following buffer solution:
7M of guanidine hydrochloride, 100mM of Tris-HCI, 0.1 % Tween-20 and 50mM of dithiothrei-
tol. Renaturation was conducted by replacing the buffer on column XK26 / 40 (GE Healthcare)
with Sephadex G-25 fine equilibrated Clark-Labs solution containing L-arginine hydrochloride
and tween-20. Subsequent purification of rIL-7 on the gel filtration column was performed in
two stages: at the first stage, purification of rIL-7 was performed on a column packed with 20
ml of Q sepharose, at the second stage, the rIL-7 fraction purified on Q sepharose was purified
on SP sepharose. Elution of rIL-7 was performed using double-stage gradient NaCL (0.2 and
0.7M) in a buffer 0.05 M of KH,PO,/NaOH with pH 6.0; 0.1 M of L-arginine; 0.1 % Tween-80.
Conclusions. The amount of the target protein after all the proposed stages of purification was
10 % with the purity ratio about 95 %, which is sufficient for further development of the

various pharmaceutical forms.

Keywords: interleukin-7, inclusion bodies, refolding, gel filtration, renaturation.

Introduction

Interleukin-7 (IL-7) was first extracted more homeostasis [1, 2]. Nowadays numerous lab-
than 30 years ago. It is a central cytokine of oratories in many countries perform the re-
the immune system taking part in modulation search of IL-7 as the means of regeneration
of the T and B-cells development and T cell of the immune system in the conditions of
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immunodeficiency of various origin. IL-7 was
proven to manifest the therapeutic activity in
case of various diseases, such as solid tumors,
immunologic diseases, bacterial and virus
infection [3, 4]. Considering the prospects of
application of human IL-7 for therapeutic
purposes it is of vital importance to develop
a technology for extracting biologically active
protein IL-7.

Human IL-7 is a single-chain glycoprotein,
the aminoacidic sequence of which corre-
sponds to a molecular weight of 17.4 kDa, but
due to glycosylation the active form has a
molecular weight of 25 kDa. The molecule of
IL-7 contains four a-helices (A, B, C, D),
which are spatially organized with disulfide
junctions, and one mini-helix. Hydrophobic
core of IL-7 is constructed with amino acids
Leu 16, Met 17, Ile 20, Leu 23, Leu 24 (helix
A), Phe 55, Leu 56, Ala 59, Leu 63, Phe 66
(helix B), Leu 79, Val 82, Thr 86, Leu 89, Thr
93 (helix C), Leu 128, Leu 131, Leu 135, Ile
138 and Trp 142 (helix D) [5].

The aminoacidic sequence of IL-7 contains
6 residuals of cysteine able to form intramo-
lecular disulfide bonds. The first bond connects
the chain N-end and helix C Cys 1-4 (Cys-2-
Cys-92); the second one is formed between the
loop AB and the beginning of helix D Cys 3-6
(Cys 47-Cys 141). The third disulfide bond is
between the loop AB and the lower part of the
helix D Cys 2-5 (Cys 34-Cys 129) The mol-
ecule also has 3 sites of N-glycosylation in the
positions Asn 95, Asn 116 and Asn 141 [6, 7].

In order to extract IL-7 at industrial scale
the most appropriate approach may be the
recombinant producer-associated method of
obtaining the cytokine [8]. When obtaining
recombinant proteins for therapeutic purposes,

it is important to isolate the target product with
a high degree of purity and stability.

In the literature the use of various recom-
binant expression systems, such as Escherichia
coli [9], yeast Pichia pastoris [10], baculovirus
system [11] and CHO cells [12], is described.
However, in terms of technical and economic
efficiency, the most optimal today is the tech-
nology of obtaining IL-7 using recombinant
E.coli cells [5].

The main disadvantage of using E.coli is
accumulation of the recombinant human IL-7
in the form of aggregates, the so-called inclu-
sion bodies, the protein of which is insoluble
and thus requires renaturation in vitro; this
results in additional time losses in terms of
purification process [13—15]. There is also a
risk of contaminating the extracted material
with the cellular components and E.coli ge-
netic material. Therefore, the aim of the work
was to develop a method for isolation and
purification of recombinant human interleu-
kin-7 from bacterial inclusion bodies.

Materials and Methods

The main research material was recombinant
human IL-7 (LLC “UA” “PRO-PHARMA”,
Kyiv). It was obtained using the technology of
recombinant DNA in expression system, based
on E. coli BL21(DE3) producer and plasmid
vector pACYC184 [16].

The protein synthesis was performed via
fermentation of producer in the induction en-
vironment of the following composition
(per 1 1): peptone — 17 g, yeast extract —
10 g, MgSO,x7H,0 — 5 g, (NH,),SO, solu-
tion 0.5 M — 50 ml, IM KH,PO, — 50 ml,
IM Na,HPO, — 50 ml, solution 5052 (10 %
lactose, 25 % glycerol, 2.5 % glucose) —
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20 ml, 10 % solution of D-maltose — 50 ml,
NaHCO; — 5 g and chloramphenicol at
37.5 °C with the orbital rotation speed of
160 rpm. It lasted for 14-18 hours and then the
cells were deposited via centrifugation at
4000 rpm for 15 min.

In order to purify rIL-7, the cells were de-
stroyed by biochemical method with the addi-
tion of DNase. For the vextraction and purifi-
cation of inclusion bodies we used consecutive
washing in buffer solutions of following com-
position:

Buffer A: 50 mm TRIS-HCI, pH 8.0, 5 mM
EDTA, 100 mM NaCl, 1mg/ml of lysozyme
(lysozyme is added to the solution right before
the application);

Buffer B: 20 mM TRIS-HCI, pH 7.0, 1 mM
EDTA, 0.1 % Triton X-100;

Buffer C: 20 mM TRIS-HCI, pH 8.0, 0.14M
NaCl;

Buffer D: 20 mM TRIS-HCI, pH 8.0, 0.3 %
sodium deoxycholate.

Solubilization of inclusion bodies was per-
formed in a buffer solution with adding the
chaotropic agents of the following composition:
7M of guanidine hydrochloride, 100 mM of
Tris-HCI, 0.1 % Tween-20 and 50mM of dithio-
threitol, pH=5.0. The dissolution was performed
considering the following ratio: for 1.2—1.5 mg
of IL-7 we used 2 ml of buffer (the amount of
protein in the obtained inclusion bodies batch
before solubilzation is defined using densitom-
etry of polyacrylamide gel electrophoresis in
the presence of sodium dodecyl sulfate
(SDS-PAGE)). This solution was then resus-
pended and incubated at 22 °C for 1-1.5 hours
in an impeller (2 rpm). Upon the incubation, the
obtained solution was centrifuged at 13.2 thou-
sand rpm for 15 minutes [17, 18].
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Resulting supernatant was used for further
renaturation of the target protein. The super-
natant, obtained upon the solubilization, was
placed on a column XK26/40 (GE, Healthcare),
filled with sorbent Sephadex G-25 fine. Prior
to this the sorbent was balanced with 5 por-
tions of Clark-Labs solution ((50 ml 0.1 M
KH,PO, (3.6 g/1) + 13.9 ml 0.1M NaOH,
pH 6.0), containing 0.1 M L-arginine HCL and
0.1 % Tween-80 [19].

2 ml of the supernatant from the previous
stage of solubilization were applied on a co-
lumn, the supernatant containing 1.2—1.5 ml
of target protein. The volume of column efflu-
ent varied from 4.5 to 5.1 ml. The obtained
effluent was centrifuged at 13.2 thousand rpm
for 15 minutes, the deposits were removed.
After centrifugation the supernatant was col-
lected and transferred for further purification.
Purification of recombinant IL-7 was per-
formed in two stages with application of sep-
harose DEAE (weak anion exchanger) at the
first stage, and sepharose SP (strong cation
exchanger) at the second one.

In order to preserve disulfide bonds, oxy-
dation-reduction pair of glutatione (oxidized/
reduced) was added to the renaturating mixture
until the final concentration 1mM. It was in-
cubated at +4 °C for 30 minutes [20, 21].

The solutions used for chromatographic
purification of rIL-7 were filtered through
0.22 pum membrane filter (“Milipore”) and
decontaminated with vacuum pump [22].

The fraction of recombinant IL-7, which
was flown through DEAE sepharose, was fur-
ther used for purification on SP sepharose.

All fractions obtained as a result of chro-
matographic purification of rIL-7 were col-
lected and analyzed by gel electrophoresis
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under denaturing conditions in 12 % polyacryl-
amide gel along with using spectrophotometer
NanoDrop.

The obtained rIL-7 was monitored for bio-
logical activity by a validated technique using
human peripheral blood mononuclear cells
(PBMCs) [4, 8]. The method of testing human
rIL-7 biological activity is based on its ability
to cause T-lymphocyte proliferation. Prolife-
ration activity is assessed by the method using
3-(4,5-dimethylthiazole-2-yl)-2,5-biphenyl
tetrazolium bromide (MTT test) [23].

After isolation, the mononuclear cells were
resuspended in RPMI medium containing
10 % fetal calf serum and 50 uM B-ME.
Resuspension was performed at the rate of
2 million cells per 1 ml of medium. To these
we added phytohemagglutinin (PHA) to a final
concentration of 20 pg/ml and incubated at
37 °C in a CO, incubator (5 % CO, concentra-
tion) for three days. Precipitated at 1000 rpm
for 10 min at 4 °C and twice washed the cells
with RPMI medium without calf serum and
B-ME were resuspended in the previous me-
dium at a rate of 1x103 per 50 ul and trans-
ferred to 2 96-well tissue culture template (GE
Healthcare, UK) 50 ul per well. Then we added
to one of the tablets control IL-7 (rhIL-7,
“PeproTech”, USA) in concentrations of
250 pg/ml, 500 pg/ml, 1 ng/ml, 2 ng/ml, 2 ng/
ml, 4 ng/ml, 5 ng/ml, 6 ng/ml, 7 ng/ml, 8 ng/
ml, 9 ng/ml, 10 ng/ml. The rhIL-7 obtained by
us in concentrations of 2, 5, 10, 15, 20, 25, 30,
35, 40, 50, 100 and 200 ng/ml was added to
another plate. The cells were incubated under
the previous conditions for 3 days.

After incubation, 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazole bromide (MTT)
was added to the final concentration of 0.5 pg/

ml and incubated for 4 hours under the same
conditions. Then 100 pl of dimethyl sulfoxide
(DMSO) was added to dissolve the formazan
crystals formed during the reaction and incu-
bated for 10-15 minutes. After incubation, the
absorption measurements were performed on
a spectrophotometer at a wavelength of
570 nm [24].

Results and Discussion

As a result of fermentation, we obtained the
target protein in a form of intracellular aggre-
gations (inclusion bodies).

Extraction and purification of inclusion bod-
ies from rIL-7 were conducted according to
the aforementioned method. At the same time,
we selected the samples for polyacrylamide
gel electrophoresis in the presence of sodium
dodecyl sulphate to control every stage
(Fig. 1). The amount of target protein in the
obtained inclusion bodies was 30-35 % of the
total amount of protein in E.coli cells. The
obtained inclusion bodies contained on average
0.7 mg/ml of rIL-7 with reference to E.coli
stock culture.

Solubilization of inclusion bodies, in which
the recombinant protein is in aggregated, inac-
tive form, was conducted in media with high
concentration of chaotropic agent guanidine
HCI, Tween-80 detergent and reducing agent
dithiothreitol, which provides the possibility to
leave a substantial amount of impurities in non-
dissolved state thus facilitating further purifica-
tion. In order to remove metal ions, which in-
duce undesirable oxidation of thiol groups of
the protein, we added chelant EDTA to the
solybilizing buffer. The buffer for dissolving
of inclusion bodies contains 7M of guanidine
hydrochloride, 100mM of Tris-HCI, 0.1 %
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Tween-20 and 50mM of dithiothrietol, pH=5.0.
We incubated and rotated it at 22 °C for 1 hour.
After incubation, the obtained solution of inclu-
sion bodies was centrifuged at 13.2 thousand
rpm for 15 minutes. Supernatant was collected
for further renaturation and purification.

The supernatant, obtained upon the inclu-
sion bodies solubilization, was placed on a
column XK26/40 (GE, Healthcare), filled with
Sephadex G-25 fine (100 ml). Before, the sor-
bent was balanced with 5 portions of Clark-
Labs solution. 10 ml of the supernatant from
the previous stage were applied on a column,
the supernatant containing 7.5—8 ml of the
target protein. The application and all proce-
dures of chromatographic fractionation and

IL-7
17.4k Ja
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further centrifugation were conducted at 20—
22 °C. The speed of the protein solution ap-
pication and supplying the eluating buffer was
15 ml/m. The volume of column effluent var-
ied from 20 to 25 ml. The obtained effluent
was filtered through MF Membrane Filters
(pore size 0.45 pm), and then through filter
with pore size 0.22 um. After filtration we
added 1 mM of oxidized and reduced gluta-
tione into preparations in order to increase the
efficiency of renaturation, and then proceeded
with purification.

Further purification of rIL-7 on a column
for gel filtration was double-staged and was
conducted with application of Q sepharose for
the first stage, and SP sepharose for the second
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Fig. 1. Electropherogram of protein fractions obtained during isolation and purification of inclusion bodies:

1,2 — 5 and 2.5 pl of E.coli stock culture.

3 and 4 — 5 and 2.5 pl of cells resuspended in Buffers A and B;

5 and 6 — 5 and 2.5 pl of supernatant after IB depositing;

7 and 8 — 5 and 2.5 pl of inclusion bodies resuspended in Buffer C;

9 and 10 — 5 and 2.5 pl of supernatant after depositing;

11 and 12 — 5 and 2.5 ul of inclusion bodies resuspended in Buffer D;

13 and 14 — 5 and 2.5 pl of supernatant after depositing;

15 and 16 — 5 and 2.5 pl of inclusion bodies resuspended in deionised water;

17 and 18 — 5 and 2.5 mcl of supernatant after depositing;

19,20 and 21 — 0.5, 1, and 2 plg of marker protein FGF-1 (MW 17,0 kDa);
22,23 and 24 — 5, 2.5, and 1 pll (in reference to stock culture) of purified inclusion bodies.
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one. During the first stage of rIL-7purification
20 ml of Q sepharose were put into a column
[18]. The fraction of recombinant IL-7, which
was flown through Q sepharose, was further
purified on SP sepharose. Elution of rIL-7 was
performed using double-stage gradient NaCl
(0.2 and 0.7 M) in a buffer 0.05 M of KH,PO,/
NaOH with pH 6.0; 0.1 M of L-arginine; 0.1 %
Tween-80, Fig. 2).

All fractions obtained as a result of chro-
matographic purification of rIL-7 were col-
lected and analyzed in 12 % polyacrylamide
gel (SDS-PAGE) with spectrophotometer
NanoDrop. The output of target protein during
all stages of purification was 10 %. The purity
of preparation was approximately 95 % (fig. 3).
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Fig. 2. Profile of rIL-7 elution during chromatographic
purification on Q and SP sepharose:

1 — unbound fraction, flown through Q and SP sepha-
rose; 2 — fraction, eluated with 0.2M NaCl; 3 — fraction
eluated with 0.7M NaClL

Full line stands for optical density; dot line — for polar-
ity inversion of NaCl

We tested the biological activity of the
obtained rIL-7 on human PBMC in comparison
with the solution of recombinant human inter-
leukin-7 (Peprotech, Cat.N. 200-07).

The growth curves were constructed for
each individual experiment. To construct the
cell culture growth curves along the abscissa
axis, the decimal logarithm of IL-7 concentra-
tion was plotted, and along the ordinate axis,
the absorption ratio of the control samples to
the absorption of the experimental samples was
plotted. Three such experiments were per-
formed. The growth curves, which are con-
structed from the arithmetic means of these
experiments, are represented in fig. 4. On each
curve a rectilinear region characterized by

23 NP =3

|

Fig. 3. Electrophoregram of fractions during purification
of rIL-7 on Q and SP sepharose:

1 — rIL-7 fraction after renaturation;

2 — rIL-7 fraction after purification on Q and SP sepha-
rose;

3 — unbound fraction;

M — MW markers (250, 130, 100, 70, 55, 25, 15 kDa)
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Fig. 4. Verification of specificity of
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exponential growth of cultured cells in re-
sponse to the action of IL-7 was determined.
The midpoint, from which the projection on
the abscissa axis determines half the effective
dose (Effective dose, ED50), was measured at
this site.

As a result, we acquired the following ED50
values for commercial rIL-7 and obtained by
us — 2 ng/ml and 5 ng/ml, respectively. This
gives us a reason to believe that the obtained
rIL-7 has an appropriate biological activity.

Conclusions

IL-7 has a potential therapeutic field of ap-
plication for regeneration of lymphocytes dur-
ing various immunodepressive states (chemo-
therapy, irradiation, AIDS, transplantation of
bone marrow). Nowadays various labs all over
the world conduct clinical studies using cly-
colized rIL-7 as an immunorestorative factor
for treating cancer, lymphocytopenia, and
chronic virus infections. These potential ways
of rIL-7 usage require big amounts of highly
purified protein.
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and non-stimulated cells (OD(exp)/
OD(ref). (M = m; n = 3; p < 0.05).
Plot —m— conforms to the reference
sample, and plot—4— conforms to the
test sample.
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Synthesis of eukaryotic proteins in prokary-
otic systems, especially in E.coli, is a fast and
cost-effective method of large-scale production
of recombinant proteins. However, the restric-
tions of prokaryotic systems for some post-
translation modification in connection with the
presence of endotoxin in Gram-negative bac-
teria are the main flaws of this system.
Moreover, the formation of inclusion bodies
requires an additional stage of refolding, which
is a bottleneck in technology and may lead to
low rates of restoration.

The suggested fermentative processing of
cells with the view of breaking the cell wall
provides the possibility to conduct lysis in
mild conditions, which is very important dur-
ing obtaining recombinant proteins. Further
addition of DNAase to destroy cellular DNA,
and application of consecutive washing in a
series of buffers, containing detergents such
as EDTA, Triton X-100 and sodium deoxy-
cholate, allow substantial improvement of
further dissolution of inclusion bodies and
purification.
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Dissolution of inclusion bodies is conduct-
ed at high concentration of guanidine HCL,
tween-80, and dithiothreitol, thus the majority
of impurities stay undissolved. In order to
remove metal ions, which induce undesirable
oxidation of thiol groups of protein we added
chelant EDTA to the solubilizing buffer.

Renaturation was performed via gel filtra-
tion, which does not result in substantial dilu-
tion of protein, this being an important aspect
of obtaining recombinant protein. During gel
filtration we used a buffer solution, containing
arginine amino acids, tween-20 detergent, and
phosphate anions. These reagents do not influ-
ence the refolding speed, but substantially
reduce the probability of development of com-
pounds, taking part in destabilizing intermo-
lecular and hydrophobic interactions. During
the next stage we added the oxidation-reduc-
tion pair of low-molecular tiols to the obtained
protein for efficient formation of disulphide
bonds i.e. for renaturation.

The method of purification of a target prod-
uct, presented in the article, is based on the
application of double-stage purification pro-
cess with usage of Q sepharose as the first
stage, and SP sepharose as the second one.
This allows the extraction of recombinant hu-
man [L-7 with the purity ratio about 95 %,
which is acceptable for biological substances.
For the development of pharmaceutical forms,
an additional purification step will be com-
pleted to obtain the protein purity of 98 % and
above.
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BuaineHHsl Ta 04MCTKA PeKOMOIHAHTHOIO
iHTepJIeliKiny-7 JIIOAUHU

T. M. JIyuenko, B.B. MoTpoHeHKO

Merta. Po3poOuty MeTo BUAIIEHHS Ta OYMIIIEHHS PEKOM-
OiHaHTHOTO HTEPIIEHKIHY-7 JIONMHH 3 OAKTepIHHNX TiIeUb
BrifoueHHs. MeToau. CrHTe3 O1IKa IIIIXoM (epMeHTa-
11ii, JEHCUTOMETPUPYBaHHS, PEHATYPAIlisl METOIOM TeITb-
(unbrpanii, ABoeTarHa XpomarorpagiyHa o4MCcTKa OlIKa.
Pesyaprarn. OTprMani nuisxoMm epMenTarii B KIITHHAX
E.coli Tinpug-BKIIIOYCHHS, IO MICTATh PEKOMOIHAHTHHIN
IHTepJICHKIH-7 JIFOAUHHU COJIOOLTI3yBanu B Oydepi Ha-
CTYHHOTO cKjiaxy: 7M ryaHiamH rigpoxiopun, 100MM
Tpic-HCI, 0,1 % TBin-20 Ta 50MM gitioTpieTomy mpo-
TsiroMm 1 oz nipu temrneparypi 22°C. Penarypauito mnpo-
BOIMIIM 3aMmiHOIO Oydepy Ha koioHui XK26/40 (GE
Healthcare) i3 Sephadex G-25 fine BpiBHOBaXkeHil po3-
yriHoM Kiapka-JlaGca, sikuit mictiB L-apriHid rigpoxiio-
pun ta tBiH-20. Hactymy craniro ounmienns plJI-7 npo-
BOJWJIM Y [IBA €TaIlX: Ha MEPIIOMY €Tarli JUIsl TPOBEACHHS
ounctku plJI-7 B kosoHKy ynaxoBysaiu 20 mi Q cedapo-
3u. ®paxuiro plJI-7, ounmeny Ha Q cedaposi ounmanm
Ha SP cedaposi. Emomnito plJI-7 mpoBoaniM JBOXCTYTIiH-
yactum rpagieatom NaCl (0,2 i 0,7 M) B 6ydepi 0,05 M
KH,PO,/NaOH pH 6,0; 0,1 M L-aprininy, 0,1 % Tsin-80.
BucHoBku. Buxin 1minboBoro Oinka Imicist BCiX 3arpomno-
HOBAHHUX €TaIliB OYMCTKH cTaHoBUB 10 %, uncTora Onm3e-
k0 95 %, 1110 103BOJIsIE HOTO BUKOPUCTAHHS JUIS TOJAIIBILIOL
PO3pOOKH pi3HOMAHITHUX (hapMaIleBTHYHUX (HOPM.
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KnamodoBi cJoBa: iHTepieiKiH-7, TUTBIIS-BKJIFOUCHHS,
pedonnuHr, reb-(DiIBTpalis, peHaTypartis.

Pa3paGorka MeTona BblleJIeHUSI U OYUCTKHU
PEeKOMOMHAHTHOIO HHTePJIelikiNHA-7 YesioBeKa

T. H. Jlyuenko, B. B. MoTponeHko

Lean. Pa3paborars MeTOI BBIIENIEHUS U OYUCTKH PEKOM-
OMHAHTHOTO MHTEpJIeHKNHA-7 YelioBeKa u3 OaKrepualib-
HBIX Teser BKitoueHrs. Metoabl. CuHTE3 OeKa poBo-
JIAITH TTyTeM (pepMeHTaluy, JEHCUTOMETPUPYBaHHS, pe-
(ONIUHT METOIOM TeNb-(PUIBTPaH, ABYXITAITHASL XPO-
Mmarorpadgudeckass odmncTKa Oenka. Pe3yabTaTsl.
[Tony4ennsle myTeMm (epMeHTanMH B KiIeTKax E.coli
TeJNbIa-BKIIIOYCHNS, COJeprKallle PeKOMOWHAHTHBIN MH-
TEepJICUKNH-7 YeJloBeKa comobummusnpoBaiii B Oydepe
clIenyrouero cocrasa: /M I'yaHUIUH THAPOXJIOPUI,
100 MM Tpuc-HCl, 0,1 % TBur-20 1 50 MM mutnoTpu-
erona TedeHre | 9 mpu temmeparype 22°C. Penaryparmio

MIPOBOAMIM 3aMeHO# Oydepa Ha komorke XK26 / 40 (GE
Healthcare) ¢ Sephadex G-25 fine ypaBHOBeIICHHO# pac-
TtBOopoM Kimapka-Jlabca, conepxaniuii L-apruanH ruapox-
sopun u TBUH-20. Criemytonryro craauio ourctku pAJI-7
MPOBOJIMJIM B JIBa ATAIA: HA IEPBOM 3Tarle JUIsl IPOBEICHUS
ounictku pUJI-7 B konoHKyY ymakoBeBaim 20 mi Q ceda-
po3bl. ®pakipro pWUJI-7, ounieHHyto Ha Q cedapose
ounniaau Ha SP cedapose. Dmouuro pWJI-7 npoBoauiu
neyxcrynerdarsiM rpaareaToM NaCl (0,2 u 0,7 M) B Oy-
¢epe 0,05 M KH,PO4 / NaOH pH 6,0; 0,1 M L-aprununa,
0,1 % Tsuu-80. BeiBoabl. Beixos 1ieiaeBoro Oenka mocie
BCEX NPEMIOKEHHBIX 3TaroB OYHUCTKH coctaBwi 10 %,
YHICTOTA OKOJIO 95 %, 4TO MO3BOJISIET €TI0 MCITOIHL30BAHUE
JUIsl JanbHenIel pa3paboTKH pa3iIMyYHbIX (apMarieBTH-
YeCKUX (opM.

KiamoueBble €J10Ba: UHTEPICHKUH-7, TeIbIIa-BKIIIO-
YeHHs, peOIINHT, TeTb-(DITBTPAIS, PEHATYPAIIHS.
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