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Abstract. The recombinant Omp19 protein of Brucella spp. is considered as a promising antigen
for the development of diagnostic test systems and immunobiological preparations. However, obtaining its
soluble form remains a significant challenge. The aim of this study was to optimize the dialysis conditions
for the recombinant Omp19 protein following purification by ion-exchange chromatography.

Dialysis was performed sequentially in several buffer systems with varying compositions of salts
and stabilizing components. Dialysis efficiency and protein solubility were assessed using the SDS-PAGE
method, with analysis of the supernatant and pellet fractions under various storage temperature conditions.
The results showed that when buffers 1-4 were used, the recombinant protein predominantly converted to
an insoluble form and was detected in the pellet. To increase the protein’s solubility, the concentration of
L-arginine in the dialysis buffer was optimized. It was found that using a buffer containing 880 mM L-
arginine ensured that the protein remained in the soluble fraction and prevented the formation of a visible
pellet.

Based on these results, we recommend using 880 mM L-arginine to stabilize the recombinant
Omp19 protein during purification and storage, which is of practical importance for the further use of this
protein in diagnostics and biotechnology research.
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Introduction

Brucellosis remains one of the most significant zoonotic infections and has a substantial impact on
animal and public health in endemic regions. In the Republic of Kazakhstan, the disease continues to be
reported in livestock, highlighting the need to improve laboratory diagnosis and develop highly specific
serological assays [1,2]. National studies have documented the circulation of Brucella abortus and
Brucella melitensis in different regions of Kazakhstan, underscoring the importance of pathogen
surveillance and molecular genetic characterization [3]. In this context, recombinant antigens are
particularly valuable because they may improve the sensitivity and specificity of diagnostic methods
compared with conventional serological tests.

Outer membrane proteins (Omp) of Brucella spp., including Omp19, Omp25, and Omp31, are
important immunodominant antigens. Ompl9 is an approximately 19kDa lipoprotein that is highly
conserved and capable of inducing a humoral immune response [4]. Studies by Kazakh researchers have
shown that recombinant Omp antigens can substantially improve the diagnostic performance of enzyme-
linked immunosorbent assays compared with conventional methods [5].

Heterologous expression of recombinant proteins in Escherichia coli frequently results in the
formation of insoluble aggregates and inclusion bodies, necessitating multistep purification that includes
solubilization, ion-exchange chromatography, and subsequent renaturation of proteins. In the Laboratory of
Molecular Biology and Genetic Engineering at RIBSP, LLP, imidazole-containing buffer systems and
detergents are widely used to increase the recovery of the target protein in soluble form [6].

One of the most effective renaturation methods is stepwise dialysis with sequential changes in
buffer systems, which allows for the gradual removal of denaturing agents and the stabilization of the
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protein’s native conformation. Particular attention is paid to the addition of L-arginine, which, according to
several studies, reduces the aggregation of intermediate protein forms and increases the yield of the soluble
fraction [7].

Despite the existence of research on recombinant Brucella spp. antigens, including studies
conducted in Kazakhstan (S. Seifullin Kazakh Agrotechnical Research University and the RIBSP), the
conditions for effective renaturation of Ompl9 remain insufficiently optimized, which limits the
production of a stable, functional preparation.

Therefore, this study aimed to evaluate the efficiency of stepwise dialysis of recombinant Omp19
from Brucella spp. in various buffer systems and to analyze the distribution of the protein between soluble
and insoluble fractions using the SDS-PAGE method.

Materials and methods. The subject of this study is the recombinant Omp19 protein, purified by
ion-exchange chromatography, at the “Molecular Biology and Genetic Engineering” laboratory of the
RIBSP LLP.

The purification by ion-exchange chromatography of the recombinant Ompl9 protein from
Brucella spp. included the following steps: equilibration, washing, and elution using various
concentrations of buffer solutions containing imidazole and 1% Triton X-100. The total protein
concentration in the sample, as determined by the Lowry method, was 95 pg/mL.

Preparation of Dialysis Buffers. All solutions were prepared in deionized water using analytical-
grade reagents. After the components were added, the solutions were thoroughly mixed until all substances
had completely dissolved.

Buffer 1 (20 mM Tris-HCI, 300 mM NaCl, and 1 mM ethylenediaminetetraacetic acid [EDTA]), to
prepare 1 L of buffer, 20 mL of 1 M Tris-HCI, 60 mL of 5 M NaCl, and 2 mL of EDTA solution were
added to a volumetric flask. The volume was adjusted to 1 L with deionized water, and the solution was
thoroughly mixed.

Buffer 2 (1 M L-arginine, 300 mM NaCl, 8 mM Na:HPO., and 2 mM NaH:POs).

A total of 60 mL of 5 M NaCl, 8 mL of 1 M Na:HPO4, and 2 mL of 1 M NaH2PO4 were added to a
volumetric flask. Next, 210.7 g of L-arginine was added and mixed until completely dissolved. The volume
was adjusted to 1 L with deionized water.

Buffer 3 (phosphate-salt buffer), to prepare 2 L of buffer, 2.88 g of Na:HPO4, 0.61 g of KH2POs,
17.5 g of NaCl, and 0.4 g of KCIl were dissolved in deionized water. After all components had dissolved,
the volume was adjusted to 2 L.

Buffer 4 (20 mM PBS), to prepare 2 L of solution, 5.68 g of Na:HPO., 0.48 g of KH2PO4, 16 g of
NaCl, and 0.4 g of KCI were dissolved in deionized water. After all components had dissolved, the volume
was adjusted to 2 L with purified water.

Buffer 5 (55 mM Tris-HCI, 20 mM NacCl, 0.88 mM KCIl, and 880 mM L-arginine), the required
amounts of each component were dissolved in deionized water, and the solution was brought to the
calculated final volume. This buffer was used to stabilize the protein after dialysis.

Preparation of 2% buffer for SDS-PAGE samples. To prepare 20 mL of 2x sample buffer, 2.5 mL
of 4x Tris-HCI/SDS buffer (pH 6.8), 5 mL of glycerol, 0.32 g of SDS, and 2 mg of bromophenol blue were
combined. The volume was adjusted to 20 mL with deionized water, and the solution was mixed until all
components had completely dissolved. Immediately before use, 50 pL of B-mercaptoethanol was added to
950 uL of the prepared buffer. The buffer was stored at room temperature for no longer than one year.

Dialysis Procedure. For dialysis, 3-mL aliquots of purified recombinant Omp19 from Brucella spp.
were loaded into dialysis cassettes. The cassettes were sequentially placed in five buffer solutions (buffers
1, 2, 3, 4, and 5), each with a volume of 500 mL. The flasks containing the buffers were placed on
magnetic stirrers and incubated at 4 °C. After 2 h, each buffer was replaced with the next freshly prepared
solution, and dialysis was continued for 16 h at 4 °C with constant stirring. Sequential buffer exchange was
performed to gradually remove denaturing components and promote refolding of the recombinant protein
[8].

After dialysis, the protein samples were removed from the cassettes and transferred to sterile
microcentrifuge tubes. The samples were centrifuged at the maximum available speed for 30 min. The
supernatants were carefully transferred to new sterile tubes. Each pellet was resuspended in 1.5 mL of
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deionized water and then mixed with 1.5 mL of 2x sample buffer. A 20-uL aliquot of each sample was
collected for subsequent SDS-PAGE analysis [9].

Polyacrylamide Gel Casting. For electrophoretic analysis, two glass or plastic cassettes for casting
10 x 10 x 1 mm mini-gels were prepared. Freshly prepared resolving-gel solution was immediately
transferred into the cassettes with a Pasteur pipette to a height of approximately 8 cm. The gel surface was
carefully overlaid with approximately 1 cm of deionized water to prevent contact with atmospheric oxygen
and ensure uniform polymerization. The resolving gel was polymerized at room temperature for 30—60
min. Completion of polymerization was indicated by the appearance of a distinct boundary between the
water layer and the gel surface. After polymerization, the water was removed and the gel surface was
rinsed with 1x Tris-HCI/SDS buffer (pH 8.8). The concentrating gel solution was then prepared and added
until the space above the resolving gel was completely filled. Combs were inserted to form wells, and the
stacking gel was allowed to polymerize at room temperature for 30—45 min until completely solidified
[10].

Sample Preparation. The samples were mixed with 2x sample buffer at a 1:1 ratio (v/v). Pellet
samples were first resuspended in 1x sample buffer to obtain a homogeneous suspension. The prepared
samples were heated in a boiling water bath or heating block at 95 °C for 5—10 min to denature the proteins
and reduce disulfide bonds. The samples were then cooled to room temperature and used for SDS-PAGE
analysis [10].

Electrophoresis. After polymerization of the stacking gel, the comb was removed and the wells
were rinsed with 1x running buffer. The cassettes were installed in a vertical electrophoresis chamber,
which was then filled with running buffer. The prepared samples and a molecular-weight marker were
loaded into the wells. Electrophoresis was performed at 130 V for 90-100 min, with protein migration
monitored using the bromophenol blue dye front [10].

Protein Detection. After electrophoresis, the gel was removed from the cassette and the stacking gel
was discarded. Proteins were visualized by staining with Coomassie Brilliant Blue G-250; alternatively, the
gel was used for subsequent Western blot analysis. Before staining, the gel was washed three times with
distilled water for 10 min per wash and then incubated in staining solution for at least 2 h with constant
agitation. Excess stain was removed by washing with distilled water until distinct protein bands became
visible [11].

Results. Dialysis efficiency for recombinant Omp19 from Brucella spp. was evaluated by SDS-
PAGE. Samples obtained at different stages of dialysis against four sequential buffers were separated into
supernatant (S) and pellet (P) fractions and analyzed after exposure to different temperature conditions (37
°C, room temperature [RT], —20 °C, and —70 °C). A standard protein ladder was used as the molecular-
weight marker (Figure 1A-D).
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Figure 1. Dialysis efficiency of the recombinant Omp19 protein from Brucella spp. in various buffer systems.

A — Dialysis in buffer 1: 1 — pellet (+37), 2 —n.d. (+37), 3 — marker, 4 — pellet (RT), 5 — supernatant (RT), 6 — pellet (-20), 7 — supernatant (-
20), 8 —pellet (-70), 9 — supernatant (-70);

B — Dialysis in Buffer 2: 1 — supernatant (+37), 2 — marker, 3 — pellet (+37), 4 — supernatant (RT), 5 — pellet (RT), 6 — supernatant (-20), 7 —
pellet (-20), 8 — supernatant (-70), 9 — pellet (-70);

C — dialysis in buffer 3: 1 — marker, 2 — pellet (+37), 3 — supernatant (+37), 4 — pellet (RT), 5 — supernatant (RT), 6 — pellet (-20), 7 —
supernatant (-20), 8 — pellet (-70), 9 — supernatant (-70).

D — dialysis in buffer 4: 1 — marker, 2 — supernatant (RT), 3 — supernatant (+37), 4 — supernatant (-20), 5 — supernatant (-70), 6 — pellet (RT), 7
—pellet (+37), 8 — pellet (-20), 9 — pellet (-70).

In buffer 1 (Figure 1A), the protein was detected predominantly in the pellet fraction under all
temperature conditions, whereas little or no protein was detected in the supernatant. A similar pattern was
observed in buffer 2 (Figure 1B): most of the protein was present in the pellet, while only small amounts
were detected in the supernatant under selected conditions.

In buffer 3 (Figure 1C) the protein was predominantly present in the pellet regardless of the
incubation temperature, indicating low solubility under these dialysis conditions. In buffer 4 (Figure 1D),
the protein also remained predominantly associated with the pellet under all conditions examined.

Overall, the electrophoretic results (Figure 1A—D) showed that recombinant Omp19 predominantly
transitioned to an insoluble form during dialysis against the tested buffer systems and was recovered in the
pellet. These findings indicate that the initial refolding conditions were insufficient and that the buffer
composition required optimization to improve protein solubility.

To optimize the dialysis conditions for recombinant Omp19 from Brucella spp., the effect of L-
arginine concentration on protein stability was examined. Dialysis was initially performed using 1 M L-
arginine. However, protein precipitation was observed at this concentration, indicating reduced solubility
and stability. The L-arginine concentration was therefore reduced to 880 mM (buffer 5). The results are
shown in Figure 2.
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Figure 2. Dialysis results with optimized buffer composition.
Lane 1, marker; lane 2, supernatant; lane 3, pellet; lane 4, supernatant after filtration.

As shown in Figure 2, recombinant Omp19 remained soluble and did not form a visible pellet
during dialysis in the presence of 880 mM L-arginine. Therefore, 880 mM L-arginine was selected as the
optimal concentration for subsequent purification and storage of recombinant Omp19.

Discussion. The results demonstrated that the efficiency of recombinant Omp19 dialysis depended
strongly on the composition of the dialysis buffer. Electrophoretic analysis of samples dialyzed in buffers
1-4 showed that the protein was localized predominantly in the pellet fraction regardless of storage
temperature. This distribution indicates protein aggregation and conversion to an insoluble state.

Aggregation is a major challenge in the recovery of recombinant proteins after removal of
denaturing agents [12]. Current evidence indicates that the propensity of a protein to aggregate is
determined by both its primary structure and environmental conditions, including ionic strength, pH, and
buffer composition [13].

The observed behavior may be associated with structural features of Omp19. Omp19 has previously
been characterized as an outer membrane lipoprotein of Brucella spp. containing hydrophobic regions that
mediate interactions with membrane structures [14]. After removal of denaturants, these regions may
promote intermolecular interactions and subsequent protein precipitation. Similar difficulties in obtaining
soluble Omp19 have been reported in studies involving recombinant expression in Escherichia coli
[15,16].

To improve recombinant-protein solubility, the concentration of L-arginine was optimized. Arginine
is currently regarded as one of the most effective stabilizing additives used during protein refolding. It can
suppress protein—protein interactions, reduce hydrophobic aggregation, and help maintain protein solubility
during purification and storage [17]. A recent review likewise identified arginine as a widely used additive
for recombinant-protein refolding because of its ability to increase solubility and prevent aggregate
formation [17].

In the present study, 1 M L-arginine did not fully stabilize Omp19, as a proportion of the protein
continued to pellet. When the arginine concentration was reduced to 880 mM, the protein remained in the
soluble fraction and no visible pellet formed. Electrophoretic analysis confirmed that the target protein was
recovered predominantly in the supernatant after dialysis. This result is consistent with the concentration-
dependent effects of arginine, which are governed by the balance of its interactions with the protein surface
and solvent molecules [17,18].

The 880 mM concentration likely provided more favorable conditions for stabilizing Omp19 after
removal of denaturing agents. Arginine can shield hydrophobic regions of protein molecules and inhibit
intermolecular contacts that lead to aggregation [17,18]. This mechanism may explain the greater solubility
of Omp19 in the optimized buffer compared with the previously tested dialysis conditions.

Taken together, the results indicate that the standard buffer systems tested did not support efficient
refolding of recombinant Omp19 from Brucella spp., whereas a buffer containing 880 mM L-arginine
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substantially improved protein solubility and stability. These findings are relevant to the further
purification, storage, and use of recombinant Omp19 as a diagnostic antigen or vaccine component. Future
studies should additionally assess the immunoreactivity and structural integrity of the protein following
optimized dialysis.

Conclusions. The result of this research shows that standard buffer systems used in the dialysis of
the recombinant Brucella spp. Omp19 protein do not always ensure that it remains in a soluble form, which
leads to the formation of a pellet and a decrease in the yield of the target protein. It has been shown that
optimizing the composition of the dialysis buffer by using 880 mM L-arginine helps maintain the solubility
and stability of the protein.

Based on these results, buffer 5 is recommended for the further purification, storage, and use of the
recombinant Omp19 protein as a promising antigen for diagnostic and immunobiological studies.
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BRUCELLA SPP. OMP19 PEKOMBUHAHTTbI AKYbI3bIHbIH PEQOJIAUHIT
KATJAWIAPBIH OHTAUJIAHABIPY

Amuiosa I'.C., Yepssikoa O.B. ©, Mcabex A.Y. @, Bonu A.K. @, llIninbi6exosa I'.O. @
Illopaesa K.A. ©
«buoNorusIBIK Kayinci3ik npobiaemManapbiHbIH FeUIBIMU-3epTTeY HHCTUTYTHD JKIIIC, «QazBioPharm»

YITTBIK XOuHr1, [ Bapaeiickmii, Kazakcran Pecriyonukacst

AnHoTauus. Brucella spp. Ompl9 pekoMOMHAHTTBI aKybI3bl AUArHOCTHKAJBIK TECT-KYHenep MeH
UMMYHOOHMOJOTHSJIBIK ~ MperaparTapAbl — o3ipieyre apHaJfaH IEePCIEeKTUBAIBl  aHTUTEH  PETiHAe
KapacThIpbUIaibl. AJlaiiila OHBIH epirill TYpiH alny ©3eKTi MacenenepiAid Oipi Oonbin Kamna Gepemi. Ockl
3epTTEYIiH MaKcaThl MOH alIMacTHIPFBIN XpoMmarorpadus omiciMeH Ta3apTbuiraHHaH kKeiinri Ompl9
PEKOMOMHAHTTHI aKybI3bIHBIH JUAJIN3 KaFAalaapblH OHTaIaHABIPY OOJIIbL.

Juanu3 Ty3map MEH TYpaKTaHIBIPFBIIN KOMIIOHEHTTEPIiH Kypambl opTypiai Oipreme Oydepiik
Kyhenepae Ke3eH-Ke3eHIMeH Kypri3iai. Juanu3aig THIMAUITT MeH aKybI3[bIH €pPITiITIrT 9PTYpPIIl caKTay
TeMIIepaTypajiapblHia YCTIHT1 CYWBIKTHIK TIeH TyHOa dpaknusuiapea Tangaay apkeuisel SDS-PAGE (marpwuii
JOJCIHIICYTb(aThI-MOMUAKPUIAMHIITI Tellb 3ekTpodopesi) omiciMeH OarajaHabl. 3epTTey HOTHXKENIepi
KopceTkeHaen, 1-4 Oydepriep KoMgaHbUIFAH Ke3[e PEKOMOWHAHTTHI aKybl3 HETI31IHEH €pIMEUTIH KyWre
aybIChIN, TYHOA (paKIUsACHIHIA AHBIKTANIBL. AKYBI3ABIH EPITIIITITIH apTTBIPYy MakKcaTblHIA TUATH3IIK
Oyep KypambiHIarbl L-apruHMHHIH KOHLIEHTpauusichl OHTalmaHaelpeliabl. Kypampinga 880 MM L-
apruHuH Oap Oydepai maiinanany akybI3[blH epiriml (Qpakuusaa cakTalyblH KamMTaMachl3 eTil, Ke3re
KOpPIHETIH TYHOAHBIH TY3LIyiHE 5K0J1 OEpMENTIHI aHBIKTAJbI.

AJBIHFAH HOTIDKENEp Ta3apTy JKoHe cakray keseHjaepinge Ompl9 pekoMOMHAHTTBI aKybI3bIH
TypakTanplpy yuiH 880 MM L-aprununai KonjgaHynbl YChIHYFa MYMKIHAIK Oepeni. byn tocin aranran
aKybI3/1bl JUArHOCTHKAJIBIK KOHE OMOTEXHOIOTUAIIBIK 3epTTEYNIepie OJJaH dpl KOJNJaHy YIIiH MPaKTUKATBIK
MaHpI3Fa ue.

Tyiiinai cesnep: Brucella spp., Ompl19, pekoMOUHAHTTHI aKybI3, Auanu3, SDS-PAGE.

ONTUMM3ALIUSA YCJIOBUHN PE@OJIUHTA PEKOMBUHAHTHOI'O BEJIKA OMP19
BRUCELLA SPP.

Amunosa I'.C., Uepssikoa O.B. ©, Mcadex A.Y. @, Bonu A.K. @, llIpinbi6exosa I'.0. @
Illopaesa K.A. ®
TOO «HayuHo-uccnenoBaTeNbCKUil HHCTUTYT MPO0JieM OMOIOTHYECKON OE30MacHOCTH,
Hanmonanwsueiii xonauar «QazBioPharmy, I'Bapaetickuii, Peciybnuka Kazaxcran
* g.adilova@biosafety.kz

AnHoTanus. PexomObunanTHeii 6e10k Ompl9 Brucella spp. paccMarpuBaeTcss Kak NepCreKTUBHBIN
aHTUTEH Ul pa3padOTKU AUArHOCTHUYECKUX TECT-CHCTEM M MMMYHOOMOJIOTMYECKHX IpenaparoB, OJHAKO
MOJIYYCHHE €T0 PacTBOPUMOM (POpPMBI OCcTaéTCs akTyaslbHOU 3amaueit. [{enpio HacTOsIIEro ucciaenoBaHus
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SIBIISTIACH ONTUMU3AIMS YCIOBHM Juanm3a pekoMOMHaHTHOro Oenka Ompl9 mociie OYMCTKH METOIOM
MOHHO-0OMEHHOU XpoMarorpaduu.

Jlnanus mpoBOIWIIM TOCIEIOBATEIHHO B HECKONBKUX Oy(hepHBIX CUCTEMax C Pa3IMYHBIM COCTABOM
coJieil U CTaOMIM3UPYIOIIUX KOMIIOHEHTOB. D(PPEKTUBHOCTh JUAIN3a U PACTBOPUMOCTD OelKa OLIEHHUBAIU
metonom JICH-TTAAT (momeuunn cynbhar HaTpus — MOTHAKPUIAMUIHBIN I'ellb) ¢ aHAIM30M HAI0CAT0YHBIX
U 0CaJOYHBIX (PpaKIMil MPHU Pa3IMUHbIX TEMIIEPATYPHBIX PEKHMMaxX XpaHEHHUs. Pe3ynbTarTsl MoKas3aiu, 4To
npu ucnonb3oBaHuu OydepoB 1-4 pekOMOMHAHTHBI OEJNOK MPEUMYIIECTBEHHO MEPEXOIM B
HEpacTBOpUMYI0 (opMmy U oOHapyxkuBayica B ocajake. [[s MOBBIMIEHHS PAacTBOPUMOCTH Oeika OblLia
IpoBe/ieHa ONTHUMM3AlKs KOHLEHTpaluu L-apruHuHa B cCOCTaBe IUANM3HOTO Oydepa. YCTaHOBIEHO, YTO
npumeHnenue Oydepa, coxmepxkamero 880 MM L-apruHumna, oOecredywBano COXpaHEHHE Oelka B
pacTBOpuUMOii (ppakIUK U MPEAOTBpAINaIo 00pa30BaHUE BUIUMOTO OCAIKa.

[TonydeHHble pe3yabTaThl MO3BOJAIOT PEKOMEHJOBATh Hcmojb3oBaHue 880 MM L-aprununa s
crabmnn3anuu pekoMOnHaHTHOTO Oenka Ompl9 Ha 3Tanax OYMCTKH U XPaHEHUSs, YTO UMEET IMPAKTHUECKOe
3HaYeHHWE JJs JajbHeillero mnpuMeHeHUs Oellka B JMAarHOCTHUYECKHMX M OMOTEXHOJIOTUYECKUX
UCCJIEJIOBAHUSAX.

KuroueBsle cinoBa: Brucella spp., Omp19, pexomObunanTHBIN Oenok, auamus, JCH-TTAAT.
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