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This article describes the physical technology for obtaining surface antigens with protective properties
from Bordetella pertussis microbial cells in the absence of additional use of chemical and synthetic
substances. The mechanical destruction of cell membranes of microorganisms was carried out under
mild conditions using low power low-frequency ultrasound, it allowed not to damage the protective
bioactive substances. Ultracentrifugation of microbial ultrasound desintegrates and the subsequent
gel — chromatographic separation allowed to obtain a protective antigen with the molecular weight
of ~ 8.1 kDa and significantly enhance its specific weight from (62.5+£9.1%) to (86.2+4.6%) (P<0.05).
The study of toxicity in the test of the mice weight changes showed the presence of pathogenicity
factors in the entire antigenic complex and in the fractionated component with the weight of ~ 3.0 kDa.
And the purified native antigen with the weight of ~ 8.1 kDa in the calculated dose (160 mg) did not
contain toxic compounds. The antigen with the molecular weight of ~ 8.1 kDa showed no histamine-
sensitizing and dermonecrotic properties. While studying immunogenicity of the fraction with the
weight of ~ 8.1 kDa a strong direct correlation was found between increase of vaccination antigen
doses and the corresponding increase of the immunity intensity of vaccinated animals. It indicates the
specificity of the results obtained and the protective activity of this fraction. The percentage of survived
mice vaccinated by the native antigen with the molecular weight of ~ 8.1 kDa 1.9 times exceeded the

percentage of animals vaccinated by the standard industry sample of pertussis vaccine.

Nowadays commercial drugs of acellular pertussis
vaccines manufactured by various countries (Japan, France,
UK, etc.) are usually obtained using chemical methods
that have significant drawbacks: difficult set-up because
of the necessity to carry out multistage operations of
isolation and purification of bacteria cell structures, and
the chemical structure of the isolated antigens can change
under the influence of reagents.

Physical methods of antigens obtaining are considered
as possible alternative technologies. They are attractive,
first of all, by the fact that their implementation is achieved
under standard conditions and avoids the need to re-
move extracting agents from the isolated composite
structures of pathogenic bacteria. This opens the pros-
pect of obtaining permanent components with a high
protective activity. Ultrasound disintegration plays the
major role in the mechanical destruction of the micro-
organism cell walls for extracting protective bioactive
substances; it also allows to break microbial cells while
keeping their intercellular content [5].

The aim is to create the technology for obtaining
surface antigens with protective properties from pertus-
sis pathogen microbial cells by ultrasound in the ab-
sence of additional use of chemical and synthetic sub-
stances.

Materials and Methods

Isolation of native pertussis antigens was carried out
from the production strain of Bordetella pertussis No.267
provided by “Biolik” CJSC (now “Pharmstandard — Bio-
lik” JSC) by the physical method. Destruction of micro-

bial cells was performed by low-frequency ultrasound,
followed by ultracentrifugation of desintegrates, filtra-
tion, concentration and fractionation of the antigenic
complex by gel-chromatography (the equipment of the
company LKB, Sweden).

The degree of disintegration of B. perertussis cells
was controlled by the following parameters: decrease
of the optical density of the microbial suspension was
measured by Densi-La-Meter, and the total protein con-
centration was measured by Lowry (a set by “Simko LTD”,
Lviv) [6].

The biochemical analysis of the antigenic drugs ob-
tained from pertussis pathogen microbial cells was carried
out at the Department of Biochemistry of the Kharkiv
National Medical University. In the filtrate the amount
of total protein was determined by Lowry method. Then
precipitation and hydrolysis of protein were performed.
In the hydrolysate the content of carbohydrate com-
pounds, lipids and nucleic acids was determined.

Toxicity of the antigen substances studied was eva-
luated according to the WHO recommendations and “Ana-
lytical documentation for the pertussis suspension” us-
ing the following tests:

1) the test of weight changes in mice with calcula-
tion of the absolute and relative increase of the body
weight [1, 7-8];

2) the test on the presence of the dermonecrotic
effect determined by intradermal introduction of the
drugs studied to guinea pigs weighing 300 g and rabbits
weighing 2 kg in the dose of 0.2 ml. The end result of
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Fig. The specific weight of fractions with a different molecular weight by low-frequency ultrasound.
A - in the absence of additional ultracentrifugation of microbial disintegrates.

the experiment was assessed in 96 hours by the pres-
ence or absence of necrosis at the injection site [1];

3) the histamine-sensitizing test of purified antigens
with calculation of HSD (the histamine-sensitizing dose)
and HSD; (the estimated dose sensitizing 50% of the
animals) indices [1, 7-8].

Immunogenicity of the antigenic drugs under re-
search was studied according to the WHO recommen-
dations in intracerebral infection of animals with a viru-
lent pertussis culture (strain No.18323) [7].

Experiments on animals were conducted in compli-
ance with the requirements of the Directive of the Euro-
pean Parliament “On the protection of animals used for
scientific purposes” (2010/63/EU), in accordance with
the Declaration of Helsinki of the World Medical Asso-
ciation (WMA), recommendations of the code of ethics
(1985) in the section “International Guiding Principles
For Biomedical Research Involving Animals” and the
Law of Ukraine “On protection of animals from cruel
treatment” No.3447-1V (2006).

All experiments were repeated 3-4 times. Statistical
processing of the experimental results was performed
using the programme packages Excel 2003 and “Bio-
stat-4”. To characterize the reliability of the results ob-
tained the parametric criteria were used with determi-
nation of the mean value (M) and its standard deviation
(£m). To assess the reliability of differences between
figures of the control and experimental groups the Stu-
dent t-test correlation method was used [2-3].

Results and Discussion

The treatment of the B.pertussis microbial mass
when using low-frequency ultrasound was 7 hours since
exactly this exposure was considered to be enough to
provide a significant result of disintegration of pertus-
sis pathogen microbial cells: within the first 6 hours
disintegration of the industrial strain did not occur, but
longer treatment (8 hours) allowed to statistically unre-
liable increase the number of the isolated intracellular
complexes.

Chromatographic fractionation of the disintegrated
pertussis pathogen microbial mass allowed to isolate both
high- and low-molecular complexes, among which an-
tigens with the molecular weights of ~ 8.1 kDa domi-

B — after ultracentrifugation of microbial disintegrates.

nated, and high-molecular antigens with the molecular
weights over 1.000 kDa were present in small amount
(Fig.).

Purification of the desintegrate by ultracentrifuga-
tion significantly affect the ratio of the isolated fractions.
The fraction specific weight of ~ 8.1 kDa increased by
1.4 times (from 62.5+9.1 to 86.24+4.6, P<0.05), and the
total percentage of fractions with the lower molecular
weight reduced by 3.3 times, i.e. the ratio of fractions
(=1000 kDa, ~ 8.1 kDa, <3.0 kDa) before ultracentrifu-
gation in relation to decrease of the molecular weight
was 1:9.5:4.7, and after it — 1:20:2.2.

The chemical structure of the desintegrate, super-
natant after centrifugation of the samples, as well as the
corresponding samples of antigenic fractions with the
molecular weights over 1000 kDa, ~ 8.1 kDa, ~ 3.0 kDa
are represented as mixtures where proteins dominate;
carbohydrates and lipids are found in much lower con-
centrations, and nucleic acids are present only in the
hundredths parts of microgram. The antigenic fraction
with the molecular weight of ~ 8.1 kDa contains 85%
of protein, 7.9% of carbohydrates and 7.1% of lipids.
Ultracentrifugation of the desintegrate affects their ra-
tio in the faction. Thus, antigens with the molecular
weight of ~ 8.1 kDa obtained by ultracentrifugation
contained 1.3 times less carbohydrates and 7.5 times
less nucleic acids. When comparing indicators of sepa-
rate purified components some differences were found:
in the fraction with the weight of ~ 8.1 kDa there were
more protein structures (1.8 times), as well as lipids and
carbohydrates (1.6-1.8 times) than in a high-molecular
antigen with the weight of more than 1000 kDa.

When studying reactogenicity of the entire unfrac-
tionated antigen complex in the test of weight changes
in mice with calculation of absolute and relative in-
crease in the body mass there was the death of mice
within 3 days of observation. It can indicate the pres-
ence of pathogenicity factors in this complex drug. After
vaccination of laboratory animals with antigenic frac-
tions with the molecular weight of ~ 8.1 kDa in the
calculated dose (160 mcg) the increase in mice weight
was (66.6+4.2) % of the weight increase of animals in
the control group, i.e. within the requirements of nor-
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mative documents for vaccine drugs [1]. The study of
toxicity of the compound with the molecular mass of ~
3.0 kDa showed that this fraction significantly inhibi-
ted the animal mass growth. It is assumed that during frac-
tionation of the entire antigenic complex its toxic com-
pounds remain in the low-molecular fractions (~ 3.0 kDa).

When studying the dermonecrotic activity of the frac-
tion with the molecular weight of ~ 8.1 kDa, in the dose
being 1.7 times higher than the calculated one the necrotic
skin injuries of animals were not observed. It indicates the
absence of the dermonecrotic factor in the given drug.

According to the WHO recommendations the his-
tamine-sensitizing test reflects reactogenicity of acel-
lular vaccines most accurately [7-8]. To compare the
results the corpuscular pertussis vaccine (produced by
“Biolik” CJSC) was used. As a control ISS-5 (the in-
dustry standard sample: pertussis vaccine calibrated by
L.A.Tarasevich's DISC according to the international
standard) and saline solution (placebo) were used. The
histamine-sensitizing of antigens with the molecular
weight of ~ 8.1 kDa in the vaccinated dose contain-
ing 160 mcg of protein showed no sensitizing effect in
mice: the average HSD index values were 16.7 times
less 0.5 (control value of HSD index corresponding to
the low-toxic level). These fractions showed a signifi-
cantly lower histamine-sensitizing activity compared to
other antigens and a corpuscular pertussis vaccine.

The methodical peculiarity of the study of immuno-
genic properties of antigenic fractions is introduction of
the virulent culture of Bordetella pertussis No.18323 in
the infected dose 0f 476.2 LDy, and increase of the number
of mice in each experimental group from 16 to 20 ac-
cording to the recommendations [4]. As a control ISSS-
42-28-89-01 P (the industry standard sample) was used.

According to the results of studying immunogenici-
ty of the fraction with the molecular weight of ~ 8.1 kDa it

has been found that increase of the antigen dose leads to
increase of the immunity intensity of the vaccinated ani-
mals. Thus, mice vaccination with the specified fraction
in amounts of 25 mcg/dose, 18 mcg/dose and 12 mcg/dose
causes the protective effect in (71.7+5.8)%, (26.7+£5.7)%
and (18.3£5.0)% cases, respectively (p — the rank corre-
lation coefficient — 1). A strong direct correlation indi-
cates the specificity of the results obtained and the pro-
tective activity of the faction specified. The percentage
of survived mice vaccinated by the native antigen with
the molecular weight of ~ 8.1 kDa 1.9 times exceeded
the percentage of animals vaccinated by the standard
industry sample of pertussis vaccine.

CONCLUSIONS

1. Disintegration of B.pertussis microbial cells when
using low power low-frequency ultrasound has allowed
identifying native chemically unmodified biologically-
active substances. By chromatographic separation of the
disintegrate the protective antigen with the molecular
weight of ~ 8.1 kDa has been obtained in a dominant
amount of (62.5+£9.1%), and an additional ultracentri-
fugation has increased its specific weight by 1.4 times
(86.2+4.6%), P<0.05.

2. The purified fraction with the weight of ~ 8.1 kDa
has no toxic, dermonecrotic and histamine-sensitizing
properties.

3. The antigenic component with the molecular weight
of ~ 8.1 kDa in the dose of 25.0 mcg provides the sur-
vival of mice after their infection with virulent culture
of Bordetella pertussis No.18323 in (71.7+5.8) % cas-
es. It proves its protective properties.

4. Application of physical factors without chemicals
while isolating surface antigens of B. pertussis micro-
bial cells can serve as a benchmark in developing tech-
nologies for obtaining native prototypes of candidate-
vaccines, which are not modified by extractants.
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Ccnocibs OTPUMAHHA HATUBHOI'O MPOTEKTUBHOIO KALLJTKOKOBOIO AHTUTEHY 3A
OOMNMOMOroro HU3bKO4YACTOTHOIO YIIbTPA3BYKOBOIO YMUHHUKA

O.10.IcaeHko

Knroyoei crioea: ynbmpa3seyk; chpakuis; aHmueeH, sakyuHa, iMyHo2eHHicmb, Bordetella pertussis
OnucaHa ¢hizudHa mexHoro2isi 00epXKaHHS MO8EPXHEBUX aHMUZEHI8 3 MPOMEKMUBHUMU &/1acmueocmsi-
MU 3 MIKPOBHUX KIimuH 36yOHUKa Kauwlroka rpu 8iocymHocmi 000amkKo8020 3aCmocCy8aHHS XiMiYHUX
i cuHmemuy4Hux peqyosuH. MexaHiyHe pylHy8aHHS KIimuHHUX 060TOHOK MiKpoopaaHiamy 30ilicHro8a-
nock 8 wadHoMy pexumi 3@ O0MOMO20H HU3LKOYacmomHO20 yibmpa3syKy Marol momyxXHocmi, wo
0038071UIT0 HE MOWKOOUMU NPomeKmuegHi 6iorioeidyHo akmueHi pedosuHU. YibmpaueHmpugyayeaHHs
MIKpOBOHUX yribmpa3gykogux 0e3iHmezpamie ma HacmyrHe eeflb — XxpomamozpaghidyHe po30irneHHs
00380s1UIU OMpuUMamu fMPOMeKMUBHUU aHmMuaeH 3 MOJIEKYIISAPHO Macoro ~ 8,1 k[Ja ma docmosip-
HO 36inbwumu tioeo numomy eazy 3 (62,5+9,1%) do (86,2+4,6%) (P<0,05). Bug4yeHHsI mokcu4Hocmi
8 mecmi 3MiHU Macu Muwel rnoka3arso HasieHicmb chakmopie namo2eHHoOCMi 8 UirioMy aHmuaeHHOMY
Komririekci ma y ¢hpakuioHogaHoMy KoMnoHeHmi 3 macoro ~ 3,0 k[Ja, a oyuweHuli HamusHUl aHmu-
eeH 3 macoro ~ 8,1 k[la 8 pospaxosaHiti 003i (160 MK2) He MiCMU8 MOKCUYHUX CrornyK. AHmMu2eHHUU
KOMMOHeHm 3 MOreKyrnspHow macor ~ 8,1 k[Ja He nposiernsg gicmamiH-ceHcubinizyodux ma dep-
MOHeKpomu4yHux enacmusocmed. pu sus4eHHi iMyHo2eHHocmi ¢hpakuii 3 macoro ~ 8,1 k[]a ecma-
HOBIEHO CUbHUU rPSIMUl KOpenauitHul 38’930K MiX 36irbUWEHHSIM WerneasibHOi 003U aHmuae-
Hy ma 8i0rogiOHUM 3binbWEeHHSIM Harnpy>XeHocmi iMyHimemy y 8aKyUHO8aHUX MeapuH, W0 8Kasye
Ha crieyugidyHicmb odepxaHuX pesyrbmamig ma rnpomeKkmugHy akmueHiCmb 3a3HaqyeHoi ghpakuyil.
Bidcomok muwed, wo 8uxusu, SKUX 8akyuHy8anu HamusHUM aHMU2eHOM 3 MOJIEKYIISIPHOK Macok
~ 8,1 k[Ja nepebinbwue 8i0COMOK meapuH, WerneHuUx aany3e8um cmaHO0apmMHUM 3Pa3KoM Kallsio-
Koeoi' eakyuHu, 8 1,9 pasu.

CNoCcoBb NONYYEHNA HATUBHOIO NMPOTEKTUBHOIO KOKNMKOLWWHOINO AHTUIEHA

C nomMouWwbiO HU3KOYACTOTHOIO YNIbTPA3BYKOBOIO ®AKTOPA

E.FO.UcaeHko

Knrodesnbie criosa: yribmpa3ssyk; hpakyus; aHmuzeH, sakyuHa, UMMyHo2eHHocmb, Bordetella
pertussis

OnucaHa u3uydeckasi mexHos102usl Noy4eHUs: Mo8epPXHOCMHbLIX aHMU2EHO08 C MPOMeKMUBHbIMU
ceolicmeamu U3 MUKPOBHbIX Kriemok 8036yOumeris KOK/rwa rnpu omcymcmeuu O0nMoIHUMEeTbHO20
MPUMEHEeHUSs1 XUMUYECKUX U CUHmemu4eckux eewecms. MexaHuyeckoe paspyweHue KiemoYyHbIX
0607104eK MUKpPOOp2aHU3Ma OCyUecmerisnoch 8 Wadsawem pexumMe ¢ MOMOWbI0 HU3KOYacmomHO20
ynbmpasasyka mMasnaol MowHOCmu, 4mo no3eosusio He rnogpedums npomekmusHblie 6uoIo2u4ecKu
aKkmueHble geujecmsa. YnbmpaueHmpugyaupogaHue MUKPOOHbIX yribmpa3syKosblix 0e3uHmeepa-
moe u rnocnedyroujee 2ernb-xpomMamoepaghuyeckoe pa3desieHue Mo3eosnusio rnoay4yums fMpomeKmus-
HbIU aHmMueeH ¢ MoreKyrnsapHou maccol ~ 8,1 k[]Ja u docmoeepHO ysenu4ume €20 yOesibHbIl 8eC C
(62,5+£9,1%) 0o (86,2+4,6%) (P<0,05). 3ydyeHue mokcu4HOCMu 8 mecme U3MeHEeHUsI Macchl Mblluel
rokasaro Hanu4ue ¢hakmopos namo2eHHOCMU 8 UesIoM aHmMu2eHHOM KOMIIIEKce U 80 (hpakyUuOHU-
posaHHOM KomroHeHme ¢ maccol ~ 3,0 k/a, a o4uweHHbIlU HamueHbIl aHmueaeH ¢ maccol ~ 8,1 k[la
8 pacdyemHol dose (160 mka) He codepxkasl MOKCUYEeCKUX coeQUHeHUl. AHmMuU2eH ¢ MOMneKynspHoU
maccol ~ 8,1 k[Ja He nposiernsan 2ucmamMuH-CeHCUbUIU3UPYroUWUX U OepMOHEKPOMUYECKUX ceolicms.
[pu usy4deHuu umMmyHo2eHHocmu ¢hpakyuu ¢ maccold ~ 8,1 k[]la ycmaHoereHa curibHas rnpsimas Kop-
pensyuUOHHas ces3b Mex0y yeermudyeHuUeM rnpueu8oyHoU 003bl aHmMuU2eHa U coomaeemcmaeyruum
yeenu4yeHuUeM HarnpsekeHHoCmu UMMyHUMema y 8aKUUHUPOBAHHbIX XUBOMHbIX, YMO yKa3bieaem Ha
crneyuguyHOCMb rosyYeHHbIX Pe3ysibmamos U MPOMeKMUBHY akmueHOCMb yKa3aHHOU hpakyuu.
lpoueHm ebiKUBWIUX Mbiuwel, KOmMOpPbIX 8aKUUHUPOBaIU HaMUBHbIM aHMU2eHOM C MOJEKyIsapHOU
maccol ~ 8,1 k[Ja npeabicus MPoUeHm XU80MHbIX, MPUBUMbIX ompacsiesbiM cmaHOapmHbiM 0bpa3s-
UOM KOK/MoWHOU eaKUuHbl, 8 1,9 pasa.



