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Introduction

The number of promising viral targets and classes of compounds with substantial antiherpetic
properties considerably increased during the last decade. However, no new effective and low-
toxicity clinical drugs against both wild-type viruses and drug-resistant strains have appeared.
This situation makes the search for new antiherpetic drugs and their new targets a high prior-
ity task. Aim. To study the effect of fluorinated N-alkylthioamides on the herpes simplex virus-1
(HSV-1). Methods. The influence of these compounds on the multiplicity and infectivity of
HSV-1 was determined by the MTT-assay, virucidal assay, adsorption and penetration assays,
PCR and infectious virus yield reduction assay. Results. The 10S-23 and 10S-24 compounds
prevented the adsorption and penetration of HSV-1 into cells by up to 26%. HSV-1 DNA
replication was moderately inhibited by the 10S-24 compound (up to 39 %). The 10S-23 and
10S-24 compounds in concentrations of 100 — 33 pg/ml reduced HSV-1 virus production by
70-99% and >99%, respectively. Conclusion. The 10S-24 compound may be used as a
therapeutic agent to reduce the penetration, replication and translation of HSV-1.
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the drugs do not save the patient from the recur-
rent character of the disease, and their prolonged

The character of diseases caused by Alphaher-
pesviruses has changed over the last decade.
The severity of disease and the frequency of
acyclovir resistance increased with an increase
in the number of immunocompromised patients.
Most modern drugs for the treatment of her-
petic infections are based on the use of modified
nucleosides or their prodrugs [1]. Noteworthy,

administration can cause the emergence of re-
sistant virus strains. Moreover, to date, none of
the currently approved antiviral drugs has been
able to eliminate an established latent infection
[2, 3]. Many of the newer experimental agents
target the essential processes unique to herpes-
virus replication and, therefore, are potentially
highly selective [4].
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Due to synthetic accessibility and high
chemical and biological stability, the fluorine
containing compounds are popular building-
blocks from the standpoint of medicinal che-
mistry. Because of similarity in size to hydro-
gen, it has been shown that microorganisms or
enzymes often do not recognize the difference
between a natural substrate and its analogue
wherein a C — H bond of the substrate is re-
placed with a C — F bond. This observation is
a basis of what is regarded as the “mimic ef-
fect” of fluorine for hydrogen. This strongly
suggests that not only single fluorine displace-
ment but also various fluorine-substitution
patterns in the substrate analogues or inhibitors
could be adapted to biological systems in a
molecular — recognition mode similar to that
of the natural substrates [5]. The presence of
a fluorine atom in the molecule influences the
chemical, physical and biological properties
of compounds. A fluorine atom is involved in
many biochemical reactions as activator and
inhibitor of enzymes, of the metabolism and
thyroid hormone, the synthesis of nucleic ac-
ids, proteins and lipids. Thus, fluorinated ana-
logs of biological molecules are useful tools
to study and modify the function of biological
systems. It is known that the insertion of fluo-
rine atoms in the molecule of biologically
active compounds can affect not only their
pharmacokinetic properties, but also the allo-
cation in the tissues, path and metabolic rate
of the fluorine analogue and the pharmacody-
namics and toxicology [6, 7]. All these factors
play a key role in the creation of the drugs
based on nucleoside and non-nucleoside ana-
logues and cause a considerable interest to the
medicinal chemistry of fluorine compo-
unds [8, 9]
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In the present study, the effect of new fluori-
nated derivatives of amino acids on the herpes
simplex virus-1 (HSV-1) multiplicity was studied.

Materials and Methods

Virus and cells

The Syrian hamster kidney fibroblasts
(BHK-21) and the strain US of herpes simplex
virus type 1 (HSV-1/US) were used in this
study. The cells and virus were cultured ac-
cording to standard methods.

Tested substances

The general characteristics of the fluorinated
derivatives of amino acids (fluorinated N-alkyl-
thioamides) were shown by Pikun et a/ [10]. The
compounds are classified according to the type
of amino acid, its configurations, the number of
fluorine atoms and the position of the fluorine
substitution (2°, 3°, or both) (Fig. 1).

Cellular toxicity

Cellular toxicity of compounds was tested in
vitro according to a cell viability assay previ-
ously reported [11]. Monolayers of BHK
21 cells in 96-multiwell plates were incubated
with the compounds in concentration of 1000 —
15.6 pg/ml for 48 h, then 20 pl of a 5 mg/ml
solution of MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide,
Sigma) were added to the medium. The plates
were read using an automatic plate reader
Multiskan FC (Thermo Scientific, USA) at
538 nm test wavelength.

Antiviral Assay

We used a modification of an MTT-assay
developed for screening anti-HSV compo-
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unds [12]. 50 pl of virus suspension (a mul-
tiplicity of infection (MOI) of 0.5 and 0.05)
were added to BHK 21 cells. In 2 h, an un-
absorbed virus was aspirated and 200 pl of
serial three-fold drug-containing medium
were added to each well, and incubated at
37°C and 5% CO, for 2 days. The percent of
protection was calculated by the following
formula:

(OD exp.) — (OD virus control)
(OD cell control) — (OD virus control)
where (OD exp.), (OD virus control), (OD cell
control) indicate the absorbencies of the tested

sample, the virus control and the cell control,
respectively.

x 100%

Plaque reduction assay

The BHK 21 cells monolayer was infected
with 0.02 MOI of HSV-1 in the absence or
presence of the substances. After 2 h of adsorp-

HCF,CF, (10S-24)

Fig. 1. Structure of compounds and
scheme of their synthesis

tion, the cell monolayer was covered with
overlay medium. The infected cell monolayer
was fixed and stained with 1% Crystal Violet
in 20% ethanol. The antiviral activity of sub-
stances was determined by the following for-
mula [13]:

number of
P.erc.er.zt.age —1- plaque (tested) 1% 100%
inhibition number of

plaque (control)

Virucidal assay

100 uL of 2X compounds in a supportive me-
dium (66, 22 and 7.4 ng/ml) were mixed with
100 pL of 2X HSV-1 in microfuge tubes and
incubated at 37°C for 30 min and 2 h. Then,
50 pL of each mixture were added to a separate
well on a 96-well plate containing BHK
21 cells. The plates were incubated at 37°C
and 5% CO, for 2 h. The cells were washed
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with PBS (pH=7.4) and 200 pl of overlay
medium were added [14, 15]. The MOI of
HSV-1 after dilution was 0.03. Plaques were
counted as described above.

Attachment assay

The attachment assay described by De Logu
et al. [16, 17] was used in this study with a
minor modification. Briefly, BHK 21 cell
monolayer was pre-chilled at 4°C for 1 h and
then infected with 0.03 MOI HSV-1 in the
absence or presence of serial dilution com-
pounds. After 3 h of incubation at 4°C, the cell
monolayer was washed with PBS three times
and overlaid with medium containing 0.06%
agarose. Plaques were counted as described
above.

Viral Penetration Assay

The assay of HSV-1 penetration into BHK 21
cells was performed according to the pub-
lished procedures, with minor modifications
[18]. A BHK 21 cell monolayer was pre-
chilled at 4°C for 1 h, infected with 0.3 MOI
HSV-1 and incubated at 4°C for further 3 h
to allow the attachment of HSV-1. After in-
cubation, 25 pL of 2% concentration of com-
pounds were added. Infected cell monolayer
was then incubated at 37°C to maximize the
penetration of viruses. In 10 min, the in-
fected cell monolayer was treated with PBS
at pH 3 for 1 min to inactivate non-penetrat-
ed virus. PBS at pH 11 was then immedi-
ately added to neutralize acidic PBS. The
neutral PBS was removed and the cell mono-
layer was covered with overlay medium. After
further 48 h incubation, the cell monolayer
was fixed and stained. Plaques were counted
as described above.
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Real-time PCR analyses

Real-time PCR was utilized to derive the total
number of viral genomes within the lysate.
Lysates were collected at 48 h p.i., and 200 pL
of each suspension were used for the extraction
of viral DNA. Viral DNA was extracted using
innuPREPVirus DNA Kit (Analityk Jena AC,
Germany) according to the manufacturer’s
instructions. PCR tests were performed with
“AmpliSens®HSV-screen-FL» (AmpliSens,
Russia) according to the manufacturer’s rec-
ommendations. The Thermocycler gTOW-
ER 2.2 (Analytic Jena, Germany) was used.

Infectious virus yield reduction assay

Monolayer of BHK 21 cells was infected by
adsorption of HSV-1 at a MOI of 0.02 and 0.2
for 2 h at 37°C and 5% CO,. The compounds
in concentrations ranging between 100 and
3.7 ng/ml were added immediately after ad-
sorption. In 48h after virus inoculation, the
cells in culture medium were lysed by freezing
and thawing (three times). Ten-fold serial dilu-
tions of HSV-1 and virus-treated extracts of
HSV-1 were prepared prior to the infection.
The number of plaque-forming units was de-
termined and a decrease of virus titer was
calculated [19]:

Percentage inhibition

=(1-T 1009
of virus reproduction ( /C) > 100%

where T is the compounds-treated viral titers
and C is the control viral titers.

Results and Discussion

The first stage of the antiviral assay is neces-
sary to determine the concentrations of the
compounds that are not toxic to the cells.
According to the MTT test results, the CCs,
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Table 1. Anti-HSV-1 activity, cell cytotoxic effect and selectivity index of fluorine-containing derivatives of

amino acids for BHK 21cells?

Antiviral activity, ECs* (ng/ml) Cell cytotoxic effect, CCsP, Selectivity index (SI)
Compound moi 0.05 moi 0.5 (ng/ml) moi 0.05 moi 0.5

10S-20 = 2472452 1731.8+36.1 = 7
10S-21 102.9+3.4 125.4+£3.7 510.3+£7.5 4
10S-22 131.3£3.8 175.1+4.4 304.5+£5.8 2
10S-23 47.9+2.3 70.9+2.8 1000.7£20.5 21 14
10S-24 15.4+1.3 35.0£2.0 1004.2+£10.8 67 29
Aciclovir 5.6+0.8 7.7+0.9 1006.0+£14.3 178 129

a— Antiviral activity and cell cytotoxic effect were determined by MTT assay. ® — Values represent the mean + S.D. for three
independent experiments. SI is the ratio of CCs, to ECs,. ECs, the concentration, which corresponded to 50% inhibition of HSV-1
multiplication. CCs, was the concentration that showed 50% cellular cytotoxic effect. —* — no anti-HSV-1 activity.

values of 10S-20, 10S-23 and 10S-24 for BHK
21 cells were 1731.8, 1000.7 and 1004.2 pg/
ml, respectively (Table 1). The compounds
10S-20 in concentration of 1500 pg/ml, 10S-23
and 10S-24 in concentration of 500 pg/ml
exhibited a weak cytotoxic effect, and 96% of
cells survived (data not shown). The com-
pounds 10S-21 and 10S-22 demonstrated CCs,
values equal to 510.3 and 304.5 pg/ml, respec-
tively.

The most perspective compounds in the
concentration range used to assess their activ-
ity did not induce any visible changes in the
BHK 21 cell morphology or density. The de-
rivatives of amino acids exhibited in vitro
anti-HSV-1 activities at different magnitudes
of potency; the ECs, for 5 tested compounds
was in the range of 15 — 247 pg/ml, their in-
hibitory effect on HSV-1 multiplication was
MOI dependent (Table 1). ACV was used as a
reference compound. The 10S-23 and 10S-24
compounds showed potent anti-HSV-1 activ-
ity, their ECs, increased from 47.9 to 70.9 ng/
ml and 15.4 to 35.0 pg/ml, respectively, where-
as MOI increased from 0.05 to 0.5. Other 3

compounds were either mild or weakly active
to suppress the HSV-1 infection, their
ECs, 102 — 247 pg/ml.

The selectivity index (SI) for the anti-
HSV-1 assay was in the range of 2 - 67. SIs of
10S-23 and 10S-24 for MOI 0.05 were 14 and
29, for 0.5 were 21 and 67, respectively. Based
on these results, 10S-23 and 10S-24 were se-
lected for further research on their antiviral
activity and targets of action.

The antiviral effects of compounds against
HSV-1 infection were evaluated by [the]
plaque reduction assay. The results revealed
that both 10S-23 and 10S-24 inhibit HSV-1
and their plaque formation in a dose-dependent
manner (Fig. 2).

10S-24 at concentrations of 33 — 150 pg/ml
inhibited the HSV-1 plaque formation by 70 —
95 %, whereas 10S-23 significantly inhibited
the plaque formation at higher concentrations
(100 and 150 pg/ml).

Herpes virus reproduction is characterized
by a complex sequence of different steps at
which antiviral agents might interfere. The
need for additional anti-herpetic drugs, the
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mechanisms of action of which differ from that
of ACV, remains a high priority in the antiviral
drug research today. For example, polyamino-
acid-based derivatives, such as poly-L-lysine
and poly-L-arginine, appear to act primarily
by inhibiting early stages of virus replication,
prevent HSV-1 binding to cellular receptors
and consequently internalization of the virus
into the cells [2, 20].

To determine a stage of the HSV-1 infection
inhibited by the derivatives of L-phenylalanine,

the control).

the virus and cell were treated with the com-
pounds at various times before and after the
HSV-1 infections. The fluorinated derivatives
of amino acids have been reported to possess
a variety of biological activities, including
antiviral, antimicrobial, antitumor, antioxidant,
enzyme-inhibiting, etc. [5, 9]. For antiviral
activity, it is believed that the inhibitory effect
is caused by binding of the derivatives of ami-
no acids to the protein coat of the virus and/or
the host cell membrane. The virus adsorption

Table 2. Dependence of anti-HSV-1 activity of fluorine-containing derivatives of L-phenylalanine on

treatment schedule

) Compounds present:
Cor(lfg;g?)non 30 min. before adsorption 2 h before adsorption During adsorption During penetration
% inhibition
33 2.91+0.57 24.02+1.63 21.24+1.54 18.54+1.43
10S-23 11 2.94+0.57 2.01+0.47 0 12.36x1.17
3.7 2.96+0.58 0 0 0
33 0 8.84+1.03 6.18+0.87 25.92+1.70
10S-24 11 0 6.95+0.92 4.08+0.67 2.57+£0.53
3.7 0 4.91+0.77 2.03+0.48 0

Each point represents the mean + S.D. for three independent experiments. Significant difference between tested sample and

control (P < 0.05).
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and eventual virus penetration are arrested.
The compounds affected the virus penetration
process possibly through detaching the virus
already bound to the cell, perhaps by the dis-
turbance of viral glycoproteins [1].

Table 2 shows that different inhibitory ef-
fects were observed when the compounds were
added 30 min and 2 h before adsorption, dur-
ing virus adsorption and penetration.

The 10S-24 compound had no significant
direct virucidal effect on HSV-1 even at the
concentration of 33 ug/ml or lower, whereas
10S-23 reduced the HSV-1 infectivity by 24%
when added to virus 2 h before adsorption.

The results indicate that the 10S-23 and
10S-24 compounds at higher concentrations
showed a reducing effect on the viral adsorp-
tion and penetration (Table. 2). It was found
that 10S-23 in concentrations of 33 pg/ml
reduced the HSV-1 attachment to cells by 21%.
Our studies revealed that 10S-23 and 10S-24
in concentration of 33 pg/ml were able to
prevent the penetration of HSV-1 into cells by
18.5 and 25.9 %, respectively.

Based on previously reported findings, as
well as on our data, and in view of the chem-
ical nature of compounds, we hypothesized
that 10S-23 and 10S-24 might prevent the
formation of a full and infectivity virus prog-
eny. Phenylalanine residues are aromatic and
hydrophobic amino acids known to be in-
volved in protein-protein interactions and to
play an important role in the virus assembly
and a critical regulatory function in the infec-
tious virus production [21]. The antiviral activ-
ity assessed via real-time PCR and infectious
virus yield reduction assay demonstrated the
inhibitory effect of these compounds at the late
stage of the virus reproduction.

As shown in Fig. 3, in the presence of 10S-
24 in high concentrations, the HSV-1 DNA
replication was moderately inhibited and the
viral DNA copy number reduced to 73 and
61% of the number of viral control, for MOI
0.02 and 0.2, respectively. 10S-23 irrespective
of the multiplicity of infection of the virus
could not fundamentally suppress DNA syn-
thesis of HSV-1 in the BHK-21 cells, DNA
replication of virus decreased by 5 — 18% only.

The compounds were added to a cell at the
end of the virus adsorption period (2 h after
infection), a significant delay in the growth
of HSV-1 was observed, and a much lower
yield of infectious virus was also obtained
(Table. 3).

It was found that at the concentration of
100 — 33pg/ml, the compound 10S-24 regard-
less of multiplicity of infection considerably
reduces (by >99%) the titer of virus obtained
de novo, whereas for all analyzed concentra-
tions of the compound 10S-23 a decrease of
virus titer by 83 — 98% and 68 — 99% was
observed for MOI 0.2 and 0.02, respectively.

Interestingly, the anti-HSV activity of
10S-21, 10S-23 and 10S-24, containing
L-phenylalanine, was greater in comparison
to 10S-20 and 10S-22, which contain other
amino acids in the molecules. However, only
sodium salts of L-phenylalanine demonstra-
ted potent anti-viral activity. Noteworthy, the
low virus-inhibitory action of 10S-23 com-
pared with 10S-24 can be attributed to the
absence of a tetrafluoropropanethioyl group
in the structure. This suggests that the anti-
HSV activity of this group of the compounds
depends not only on amino acid but also on
the number of the fluorine atoms in the mo-
lecule.
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Fig. 3. Effect of sodium salts of L-phe-
nylalanine on HSV-1 DNA synthesis

For the DNA synthesis assay, BHK-21
cells were treated with 10S-23 and 10S-
24 compounds and ACV (3.4 — 33ug/
ml) after HSV-1 adsorption (MOI of
0.02 and 0.2), at 48 h p.i.,, the infected

< 100
= 80
2
]
g 60
E
g 40
S
E 20
&

0

34 . 11
Concentration of compounds, pug/ml
T kv (moi 0.2) T kv (moi 0.02) ® 10523 (moi 0.2) 10824 (moi 0.2)

¥ 10823 (moi 0.02) # 10524 (moi 0.02) A ACY (moi 0.2)

Conclusion

Taken together, our results showed that 10S-
23 and 10S-24 in non-toxic concentrations
possess the anti-HSV activity, which is real-
ized via multiple mechanisms. The compound
10S-23 reduces the viral adsorption, penetra-
tion and yield of virus particles. The com-
pound 10S-24 blocks the viral penetration
into cells, inhibits the viral DNA replication
and infectivity of viral progeny, which is
probably caused by decreasing protein syn-

. cultures were harvested and extracted
3 viral DNA. Real-time PCR was con-
ducted. Data represents the mean+S.D.
of three independent experiments with
virus control (100%). p<0.05.

B ACV (moi 0.02)

thesis or capsid assembly. Taking into account
the promising antiherpetic activity of sodium
salts of L-phenylalanine herein reported, fur-
ther investigation is needed to explore the
antiviral mechanism of these compounds in
detail.
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Table 3. Effect of fluorinated sodium salts of L-phenylalanine on HSV-1 infectivity

Concentration of HSV-1 at moi 0.02 HSV-1 at moi 0.2
compound, (pg/ml) Virus titer PFU/ml % of inhibition Virus titer PFU/ml % of inhibition

100 4,0 x105 70,87 8,0 x10° 98,03
50 2,7 x104 98,06 11,0 x10° 97,31

10S-23 33 1,4 x104 99,00 6,7 x10° 83,45
11 1,6 x10° 88,35 6,9 x10° 83,05
3,4 4,4 x10° 67,96 6,9 x10° 83,05
100 1,3 x103 99,90 8,0 x10* 99,80
50 1,2 x104 99,13 6,7 x10* 99,84

10S-24 33 6,7 x103 99,51 1,7 x10* 99,57
11 1,1 x10* 99,22 9,2 x103 97,73
3,4 1,2 x105 91,46 2,5 x106 93,76

Control of virus 1,4x10° 4,1x107 -
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Bnuue ¢ropoannx N-ankinrioamiais
Ha penpoaykuir BIIT-1

JI. O. Binsasceka, FO. B. ITanbkiBChbKa,
O. 1O. INosnaut, H. B. Ilikys, 1O. I'. lllepmonoBu,
C. JI. 3aropomus

[IpoTsiroM 0CTaHHBOTO ACCSTIIIITTS 30UTBIIINIACS KUTBKICTh
MIEPCTICKTUBHUX BIPYCHHX MIIIICHEH 1 KJIaciB CTIONYK i3 3Ha-
YHUMH MPOTHIEPIIETHYHUMH BIIaCTUBOCTAMH. OHAK, 111e
He 3’ SIBIJINCS HOBI €(PeKTHBHI HU3bKOTOKCHUYHI TIPEerapary,
sKi Oyni O aKTHBHI SK TPOTH BIPYCiB JUKOTO THITY, TaK 1
MPOTH Pe3NCTEeHTHHX mramiB. Meta. JlocmianTy BIvB
(hropoBMiCHHX N-aJIKiITIOAMIiB HA PEIPOMYKIIIFO BipyCy
nipoctoro reprecy-1 (BIII-1). MeTomu. 3 BUKOPHCTaHHIM
MTT-ananizy [TJIP Ta meTomy pemyKuii KiTbKOCTi OIISIIOK
JIOCIIDKYBAJIH BIPYJTILIUTHY Hif0 CIIONYK Ta iXHii BIUIMB HA
a7copOIIifo, IPOHUKHEHHS BipyCy, PEILTIKAIIIO BipyCHOI
JHK Ta indexuiiini Tutpu. Pesynbrarn. IlokaszaHo, 1o
cnonyku 10S-23 Ta 10S-24 Ha 26% 3amobiramm agcopOrrii
Ta iponukHeHHI0 BIII-1 B kmituan. Cnonmyka 10S-24 no
39 % npurnHivyBana perutikaiiiro BI1I'-1. BcranormneHo, 1110
nipu koHIeHTparii 33—100 mxr/mir 10S-23 Ta 10S-24 301-
JKYIOTb TUTP BIPYCY, CHHTE30BaHOTO de novo, Ha 70-99 %
Ta > 99% BianosigHo. BucHoBok. OTprMaHi 1aHi CBiq4aTh
TIPO TIEPCIIEKTUBHICTh BUKOpUCTaHHS criomykn 10S-24 sk
TEPaneBTUYHOTO 3ac0o0y /TSl 3HIKEHHs TpoHuKHeHHsT BIIT -
1 70 KiTiTHH, FOT0 perutiKarii Ta TpaHCIsIIil.

KamouoBi cuaoBa: Bipyc mpocroro reprecy, ¢TopoBaHi
N-ankinrioamiJii, NPOTHBIPyCHA aKTHBHICTb.
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Binsinue propupoBaHHbIX /V-aJIKHUITHOAMHUI0B
Ha penpoaykuuio BIIT'-1

JI. A. bensagckas, FO. b. IlanbkoBCKas,
O. 10. IloBuuua, H. B. ITukyn, 1O. I. llepmonoBuy,
C. . 3aroponssist

B Teuenun nocneqHero AecATUIETHS YBEINUYMIOCH KOJIU-
YECTBO TMEPCIEKTUBHBIX BUPYCHBIX MUIIICHEH M KIIACCOB
COEMHEHHH CO 3HAYUTENBbHBIMU POTHUBOT€PIIETHUCCKHU-
Mu cBoiicTBamMu. OJTHAKO ellle He MOSBIIIMCH HOBBIE d(¢-
(hexTHBHBIC M HU3KOTOKCUYHBIE TIPerapaTsl KOTOPHIC aK-
THUBHBI KaK TIPOTUB BUPYCOB JTUKOTO THUTIA, TaK U MPOTHB
pe3uctenTHbIX mTamMmoB. Ieab. MccnenoBars BrusiHIE
(hropconepkanwx N-alKHITHOAMHUIOB Ha PETIPOILYKITHIO
BHpyca MpocToro reprieca mepBoro tuma (BIIT-1).
Metoabl. C ucnonp3zoBanuem MTT-ananuza, TP u
MeTO/a PeIyKINH KOTMYeCcTBa OJISIIIOK MPOBOIUIIN UCCITe-
JIOBaHUE BHUPYJIUIUIHOCTA U ACUCTBHUS COCIMHEHHUN Ha
a/1IcOpOIHIO, IPOHUKHOBEHHE, PEIUTHKAILINIO M HH(EKIN-
OHHBbIE TUTPBI Bupyca. Pedynbrarsel. [lokazaHo, Ha 4TO
coemuuenust 10S-23 n 10S-24 na 26 % npenoTBpaiiaiu
ancopoumto u nporukHoBenue BIIT-1 B kiretku. Coemu-
sHerane 10S-24 ctoco6Ho 110 39 % MOmaBIATh PETUTUKALIIIO
BIIT-1. YcTaHoBieHO, YTO MPH KOHIIEHTparuu 33—
100 mxr/mn 10S-23 u 10S-24 cHmxanmm TUTp BUpyca,
CHHTE3UPOBAHHOTO de novo, Ha 70-99 % u > 99 %, coor-
BeTCTBeHHO. BriBon. [lomydeHHble qaHHBIE CBUJICTENb-
CTBYIOT O NIEPCHEKTUBHOCTHU UCTIOJIB30BAHUS COCAUHEHHUS
10S-24 B Ka4ecTBE TEPAIEBTHUECKOTO CPEICTBA ISl CHU-
skeHust npoHukHOBeHMs BIII-1 B kineTkw, ero permkanuu
U TPaHCISILUH.

KiarodeBble €J0Ba: BUPYyC IPOCTOrO repreca, Gpro-
pHUpoBaHHbIC N-aJKHITHOAMH/IBI, IPOTHBOBUPYCHAS aK-
THBHOCTb.
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