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Modes for chromatographic purification of immunoglobulin G (1gG)
from the serum of horses hyperimmunized with rabies antigen

Immunoglobulin G (1gG) plays a key role in the body’s immune response, its high specificity to antigens and
effectiveness in neutralizing pathogens make it a valuable tool in medical and scientific research. Horses are a
source of significant amounts of IgG, but their purification to a level suitable for clinical or scientific use re-
quires specialized methods. Development of chromatographic purification modes for immunoglobulin
G (1gG) from the serum of horses hyperimmunized with rabies antigen will allow standardizing the technolo-
gy in accordance with international quality and safety standards for the production and control of
immunobiological medicines, vaccines and diagnostic test systems. Development of step-by-step modes and
procedures for chromatographic purification of the serum of horses hyperimmunized with rabies antigen from
the CVS-11 strain, with an assessment of the efficiency of the purification technology, protein yield and puri-
ty. The study used serological methods for obtaining and preparing serum from hyperimmunized horses, as
well as biotechnological methods of gel filtration, ion exchange chromatography and subsequent electropho-
resis. The practical significance of the study may allow developing technologies for obtaining
immunobiological preparations based on immunoglobulins, and can be used in the fields of medicine, bio-
technology and scientific research that require the use of highly purified immunoglobulins. According to the
presented purification technology, immunoglobulins weighing 150 kDa were obtained, which under reducing
conditions are divided into 2 light chains (28 kDa) and 2 heavy chains (55 kDa).

Keywords: immunoglobulin, purification technology, chromatography, rabies, serum, rabies antigen,
hyperimmunization, antibodies.

Introduction

Rabies virus (RABV) belongs to phylogroup | of the genus Lyssavirus of the family Rhabdoviridae of
the order Mononegavirales [1]. It is a zoonotic virus that is almost ubiquitous worldwide in various reservoir
animals, including domestic and wild dogs and bats. Despite considerable efforts, most countries face serious
difficulties in controlling RABV [2, 3], and in fact the virus has only been eradicated in a few developed
countries by mass vaccination of wild and domestic dogs [4].

Today, about 3 billion people live at risk of contracting rabies from bites of infected animals, mainly in
Asia and Africa, where half of the victims are children under 15 years of age [5, 6]. Nevertheless, 19-50 mil-
lion people receive post-exposure prophylaxis (PEP) each year.

Following a bite from a potentially infected animal, immediate administration of three doses of vaccine
within the first week and one dose of rabies immunoglobulin (RIG) is recommended to kill the virus before it
enters the nervous system [7, 8].

After the onset of rabies symptoms, the mortality rate reaches almost 100 %. It has been reported that
about 59 000 people die from rabies each year worldwide, most of them in developing countries [9].

Although inactivated RABYV vaccines are safe, the immunogenicity of inactivated vaccines is relatively
lower than that of live attenuated vaccines [10, 11]. For post-exposure prophylaxis, four to five vaccinations
of inactivated vaccine are required to achieve sufficient protection, resulting in a relatively long period and
high immunization cost. Thus, there is still a need to improve the efficacy of other methods against rabies.

The rabies virus spreads within the wound itself before entering the motor nerve and infecting the cen-
tral nervous system [12]. Vaccine-induced active immunity develops approximately 7-10 days after the first
dose of vaccine; administration of antirabies immunoglobulin provides passive immunity to protect the pa-
tient during this hiatus. In cases with a detectable site of exposure, such as a bite, wound washing and infil-
tration with antirabic immunoglobulin are critical for local neutralization of the viral inoculum [13]. Cases of
fatal failure of PCP treatment often result from deviating from recommendations with inadequate or missed
wound infiltration with antirabic immunoglobulin [14, 15].
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Purification of equine IgG is challenging because the product must be thoroughly purified in large
enough quantities in an economical manner. Any clinically used antibody must be pure, as contaminating
serum proteins can cause various adverse reactions. Horse 1gG is widely used in developing countries where
the cost of the product can be a major limiting factor [16].

Classical protocols for the isolation and purification of IgG antibodies often did not result in a high de-
gree of purity. Currently, chromatographic methods are used to purify proteins to a high degree. The separa-
tion and extraction of proteins by chromatographic methods are influenced by factors such as buffer type and
pH, gradient length, mobile phase flow rate, ionic strength, and protein characterization. Selecting the ideal
conditions for protein purification involves controlling and varying these parameters.

In the present study, we evaluated the efficacy of anion-exchange and exclusion separation as a single-
step method or combined protocol for purification of antirabic IgG from equine serum. We also investigated
ammonium sulfate precipitation and n-hexane delipidation of serum prior to chromatographic separation
with respect to the final purity of polyclonal antibodies. Based on these results, we propose a strategy for
purification of polyclonal anti-rabies 1gG antibodies from horse serum by high-resolution ion-exchange
chromatography.

Studies of anti-rabies immunoglobulin (RIG) have revealed differences in antibody titers, with the neu-
tralization test in mice showing higher levels than the rapid fluorescence focus inhibition test [17]. This dis-
crepancy affects the efficacy of anti-rabies immunoglobulin in post-exposure treatment with rabies vaccine.
Studies in dogs have shown that the immunoglobulin response to rabies virus immunization is characterized
by an initial increase in IgM and a subsequent increase in 1gG [18]. In search of alternatives to human and
equine antirabic immunoglobulin, rabbit antirabic immunoglobulin was developed and found to be safe and
effective for post-exposure prophylaxis. Hyperimmunization has been identified as a method of inducing
desired antibody titers against rabies in potential plasma donors [19].

Antirabies immunoglobulin, especially human antirabies immunoglobulin (HRIG), has been shown to
be safe and effective in pediatric patients with suspected exposure to the virus [20]. However, there are sig-
nificant gaps in the market availability of rabies biologics including immunoglobulins in India, which may
hinder the prevention and elimination of rabies in humans [21]. The development of monoclonal antibodies
for rabies post-exposure prophylaxis is a promising area, with the first anti-rabies monoclonal antibody re-
cently receiving regulatory approval in India [22]. It is important to note that the diagnosis of rabies in pa-
tients who have recently received intravenous immunoglobulin (IVIG) may be difficult because these pa-
tients may have serum RLNA despite not having been vaccinated against rabies [23].

Experimental

The studies were performed in the laboratory “Virology” of Research and Production Enterprise “Anti-
gen” LLP in the period from July 2023 to March 2024.

Strain

Strain CVS-11 (Anses, France) is a fixed strain of rabies virus used in laboratory and production re-
search. It was isolated in 1931 from the brain of an infected dog in New York City. The CVS-11 strain is
adapted to growth in cell cultures and is widely used for rabies virus research and vaccine development.

Horses are producers

Producing horses were hyperimmunized with increasing doses of inactivated rabies virus CVS-11 strain
antigen, ranging from a concentration of 3.0-3.5 Ig TDC /cms,’, to a concentration of 6.0-6.5 Ig TDC /cms,’.

Assembly of hyperimmunized serum

Hyperimmunized serum was prepared in the conventional manner, clarified by centrifugation (1000 g,
15 min) and diluted 1:1 with sodium phosphate buffer at pH 7.2 before preparation. The presence of polyclo-
nal antibodies (pAb) against rabies virus was serologically confirmed by AGID radial immunodiffusion or
ELISA.

Ammonium sulfate precipitation

The precipitation was carried out at +4 °C. To 100 ml of serum, 50 ml of saturated ammonium sulfate
solution was added. The next day, this material was centrifuged (10,000 g for 20 minutes) and washed twice
with 50 % saturated ammonium sulfate solution. The precipitate was dissolved in distilled water. To remove
salts and low molecular weight compounds, serum was dialyzed against 0.05MNaP++0.015 M NaCl buffer
20 times the sample volume with agitation, at 4 °C in a Spectra Por dialysis bag (Spectrum Laboratories),
with a molecular weight capacity of 12-14 kDa. The precipitate solution was mixed with an equal volume of
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n-hexane and centrifuged (20000 g, 40 °C for 30 min) to remove lipids. The final solution was filtered
through a Millipore filter (0.22 um) and the clear supernatant was loaded onto the column.

Chromotographic procedures

Gel filtration was performed on XK 26/100 Sephacryl S-200 HR columns (GE Healthcare, Sweden).
The column was equilibrated with five volumes of 0.05 M Na-phosphate buffer + 0.015 M NaCl, adjusted to
pH 7.0. Samples were subjected to chromatography at flow rates of 0.8 mL/min. Molecular mass calibration
curves were constructed to determine the molecular mass of all sample components.

lon-exchange chromotography procedure

lon-exchange chromatography was performed on an XK 16*40 anion-exchange column, DEAE
Sephacel, (GE Healthcare, Sweden) with starting buffer A, 20 mMNaP+(pH 7.0) and elution buffer B, 1 M
NaCl. The gradient was generated for 20 minutes at a flow rate of 1.2 mL/min. Sample loading was 5 mL of
sample after injection using a 0.1-2.0 mL sample loop. The appearance of protein in the fractions was moni-
tored using a spectrophotometer by measuring the OD at 280 nm. 100 ul of each fraction was precipitated
with ethanol and analyzed by SDS-PAGE.

Electrophoresis

The purity of the different IgG preparations was verified by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) of recovered and unrecovered samples. The total concentration of polyacryla-
mide in the separating gel was 8 or 12 %. Coomassie brilliant blue R-250 was used to visualize protein
bands. Low molecular weight marker from Thermo scientific (Vilnius, Lithuania) was used as a standard.

Results and Discussion

Ammonium sulfate precipitation.

Equine hyperimmune serum against rabies was used as the study material. A preliminary experiment
was conducted to study the efficiency of IgG precipitation by different concentrations of ammonium sulfate,
ethanol and isopropanol (Fig. 1).
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Figure 1. Electrophoregram comparing the precipitation of 1gG from hyperimmune serum by different methods.
1 — Precipitate after precipitation with Ammonium Sulfate (40 % saturated), 2 — Precipitate after precipitation
with Ammonium Sulfate (50 % saturated), 3 — Precipitate after precipitation with Isopropanol (1:1),

4 — Precipitate after precipitation with 96 % Ethanol (2:1), 5 — Standard molecular weight marker.

The corresponding molecular mass of each band is indicated in kDa.

Analysis of the protein by SDS-PAGE under reducing conditions showed that the basis for separation is
preferential precipitation of IgG at high concentrations of ammonium sulfate. At lower salt concentrations in
this range, the precipitate consists mainly of IgG, but a significant amount of antibody still remains in solu-
tion and hence the recovery rate is very low. On the other hand, at higher salt concentrations the recovery of
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IgG is very high but also precipitates a significant amount of impurities, primarily serum albumin, which
results in very low purity and requires further purification [24] Also from the SDS-PAGE results it can be
analyzed that precipitation with isopropanol and 96 % ethanol can be used for the primary precipitation and
concentration of immunoglobulins.

Gel-filtration chromotography procedure

In the first stage of the experiments, horse serum containing IgG against rabies virus was loaded onto a
chromatograph column. Prior to chromatography, ammonium sulfate precipitation and n-hexane delipidation
were used as a general purification step.

Gel filtration chromatography on a 26/70 Sephacryl S-200 HR XC column was used to obtain high pu-
rity 1gG fractions. The column was loaded with 5 ml of post-dialysis serum and the best performance was
achieved at a flow rate of 0.8 ml/min. This step allowed the separation of immunoglobulin with a molecular
weight (MW) of 150,000 kDa from most of the albumin fraction and other serum proteins. The chromato-
gram plot of the primary purified 1gG fraction on the Sephacryl S-200 NR column is shown in Figure 2.
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Figure 2. Chromatogram of anti-rabies 1gG obtained on a 26/70 Sephacryl S-200 NR XC column

The first peak containing the target immunoglobulin fraction was analyzed by SDS-PAGE (Fig. 3).
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Figure 3. SDS-PAGE of immunoglobulins obtained by gel filtration chromatography.
1,2,3,4,6,7,8- immunoglobulin fractions obtained by gel filtration chromatography, 5- Standard molecular
weight marker. The corresponding molecular mass of each band is indicated in kDa.
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From the results of SDS-PAGE under reducing conditions, it can be seen that the chromatographic frac-
tion of the first peak contains not only IgG but also traces of other serum proteins. The target fractions con-
taining 1gG were further purified by ion exchange chromatography.

lon exchange chromatography procedure

The second step of purification of anti-rabies IgG consisted of anion-exchange chromatography on an
XK 16*40 column, DEAE Sephacel, GE Healthcare. This column was used for secondary purification of the
IgG peak obtained from the gel filtration column. The best results were obtained when protein elution was
performed with 20 mM sodium-phosphate buffer at pH starting at 8.5 and ending at 7.5, using a linear salt
gradient from 0 to 1 M NaCl concentration for 20 min at a flow rate of 1.2 mL/min. The resulting chromato-
gram was shown in Figure 4. The elution profile gave at least two major peaks. The first peak in the chroma-
togram is the fraction of positively charged IgG that did not bind to the positively charged sorbent. The se-
cond major peak is the remaining serum proteins firmly bound to the sorbent and then eluted at high salt
concentration. Thus, we were able to purify the anti-rabies 1gG from the remaining serum proteins. The puri-
ty verification of the obtained IgG is shown in Figure 5.

Figure 5. SDS-PAGE of immunoglobulins obtained by ion exchange chromatography.
1- Standard molecular mass marker. The corresponding molecular mass of each band is indicated in kDa.
2,3,4,6,-fractions of immunoglobulins obtained by ion exchange chromatography
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The purity of immunoglobulin purified on the ion exchanger can be seen by SDS-PAGE under reducing
conditions. IgG with a molecular mass of 150 kDa. Under reducing conditions, separated into 2 light chains
(28kDa) and 2 heavy chains (55kDa).

Conclusion

According to the results obtained, chromatographic purification is a modern and effective method for
obtaining highly purified anti-rabies immunoglobulins. According to the presented purification technology,
immunoglobulins with the mass of 150 kDa were obtained, which are separated into 2 light chains (28 kDa)
and 2 heavy chains (55 kDa) under reducing conditions. The development of domestic technology for purifi-
cation of immunoglobulins will make it possible to obtain not only antirabicimmunobiologic preparations,
but also preparations against other infectious diseases. The findings of the study emphasize the importance of
proper selection and optimization of 1gG purification methods to ensure high purity and product yield. These
results have practical implications for the production of 1gG-based drugs, which are widely used in medical
practice, including for the prevention and treatment of rabies as well as other infections. Further research in
this area may contribute to the improvement of production technologies and the quality of immunoglobulins.
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PabukajbIK aHTUTEHMEeH TMNEePUMMYHAAIFAH JKbUIKbLIAPIBIH CAPbICYbIHAH
G (IgG) uMMYHOIJIO0Y TMHAI XpOMATOrPaUsJIBIK Ta3apTy pe:kumMaepi

G (IgG) uMMyHOTTIOOYITHH aF3aHbIH UMMYHIBIK PEAKIMSCHIH/A ICHIYIII PO aTKapabl, OHbIH AaHTUTCHEPTe
JKOFaphl EPEKINEINIri jKoHe MaToreHi OelTapanTaHIbIpyAaFbl THIMALTIT OHbI MEAMIMHANBIK YKOHE FhUTBIMU
3epTTeyiepae KyHIbl Kypaira aifHanaeipanbl. JKeuikel nponayuentrepi IgG exsyip MemmepiHiH ke3i 60BN
TaObUIaIbI, OipaK OJapabl KIIMHUKAJIBIK HEMece FRUTBIMH KOJIaHyFa yKapaMIsl JCHrelre NeiiH Ta3apTy YIIiH
apHaiibl 9icTep KakeT. PabHKaNbIK aHTUTCHMEH THIIEPUMMYHIAIFaH KbUIKbUIApAbiH capbicybiHan G (1gG)
MMMYHOTJIOOYIIMH XpOMAaTOTpaHsUIbIK Ta3apTy PeRKUMAEPIH 93ipiiey HMMYHOOUOJIOTHSIIBIK IIpenapaTTapIsl,
BaKI[MHATAP/IBI JKOHE JUATHOCTUKAIBIK TECT-KYHeNIepai oHIipy >koHe OakpUIay camachIMEeH KayilcCi3IiriHig
XaJBIKapalblK CTaHAApTTapblHA COMKEC TEeXHOJIOTHSHBI CTaHAapTTayFa MyMKinaik 6epemi. CVS-11 mramsl-
HaH paOWKanblK AaHTHIeH MEH THUIePUMMYHJIAIFAH  KbUIKBUIAPABIH CapBICYBIH XPOMAaTOTPagHsIIbIK
Ta3apTyIbIH Ke3eHIIK PeXXUMIepi MEH NpoleaypalapbiH a3ipiey, Ta3apTy TeXHOJOTHSICHIHBIH THIMALIIrIHE,
aKybI3[IbIH  IIBIFBIMIBUIBIFBIHA ~ JKOHE  Ta3alblK  JOpeKeciHe  Oaramay  Kyprisiimi.  3eprreyae
THIEPHIMMYHH3ANMSUIaHFaH JKBUIKBUIAP/IBIH CaphICYIAphIH aly MEH JaWbIHIAYABIH CEpOJIOTHSUIIBIK OmicTepi,
COHIali-aKk TeNbIi Cy3y, HOH aiMacy XxpomarorpaQuschl >KoHE OJaH KeiiHri snekTpodopesin
OMOTEXHOJOTHSIIBIK dAiCTepi KOMIAHBUIABL 3ePTTEYIiH MPAKTUKAIBIK MaHBI3IBUIBIFE IMMYHOTJIOOYIHHACP-
Te HEri3/IeNTeH UMMYHOOUOJIOTHSIIBIK MperapaTTapAbl aly TEXHOJIOTHSUIAPBIH JaMBITyFa MYMKIHIIK Oepeni
’KOHE JKOFapbl Ta3apThUIFAaH MMMYHOIIIOOYJIMHACP/I MaliAanaHy bl Taaar eTeTiH MEeAUIMHA, OMOTEXHOJIOTHs
JKOQHE FBUIBIMH 3€PTTEYJICPp cCaslajlapblHAa KOJAaHBUTYbI MYMKiH. ¥ ChIHBLIFaH Tas3apTy TEXHOJIOI'MsACBIHA
colikec canmarbl 150 x/la MMMyHOrIOOYNUHIED aJbIHABL, OJap KaJNblHA KEJTipy >KaraailblHAa 2 JKeHin
Tizoekke (28 k/la) xxoHe 2 aywIp Tizoekke (55 k/{a) Oemineni.

Kinm coe30ep: IMMyHOTIIOOYIINH, Ta3apTy TEXHOJOTHUSACHL, XpoMaTorpadus, KYTHIPY, Capbicy, paOUKaIIBIK aH-
THUT'eH, THIIEPIMMYHHU3aNNs, aHTHICHETep.

A.b. Hypmyxamberona, JK.M. baranosa, I'.A. basuasi, E.A. KprikOaes,
2.K. buranosa, H.H. Axmercaasikos, [I.C. Amankenai

Pexunmbl xpomaTorpaguyeckoii ounctkn ummyHoro00yanna G (IgG)

U3 CHIBOPOTKH JIOMIAeil THIIEPUMMYHU3HPOBAHHBIX PA0HYEeCKUM AaHTUT€HOM

Mmmynornobymua G (IgG) urpaer ximodeByio poib B IMMYHHOM OTBETe opraHu3Ma. Ero Beicokas creru-
(uIHOCTH K aHTHUTEHaM M () (HEKTUBHOCTh B HEHTPAIM3AI[MH ATOT€HOB JIENIAIOT €r0 IIEHHBIM HHCTPYMEHTOM
B MEAMIMHCKHAX U HayYHBIX HCCIIeOBaHMX. Jlomany IpOayeHTs! SBISIFOTCS HCTOYHUKOM 3HAUUTEIFHOTO
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konudecTsa IgG, HO X OYMCTKA A0 YPOBHS, MPUTOJHOTO AN KIMHHYECKOTO MM HAYYHOTO MCIOIb30BaHUs,
TpeOyeT CrenuaIn3upOBaHHBIX MeTOA0B. OTpaboTKa pEeKUMOB XpOMaTOrpaduyecKoil OUUCTKH HUMMYHOTLJIO-
Oymuaa G (IgG) U3 CHIBOPOTKH JoLIafel, THIEPUMMYHU3UPOBAHHBIX PAaOWYECKUM AHTHTCHOM, MO3BOJIUT
CTaHJIapTHU3UPOBATH TEXHOJOTHIO B COOTBETCTBUH C MEX/IyHApOJHBIMU CTAaHJapTaMU KadecTBa M OE30I1acHO-
CTH TIPOHM3BOJICTBA U KOHTPOJS MMMYHOOHOJIOTHMYECKHX IIPEerapaToB, BAKIMH M JUATHOCTHYECKUX TECT-
cucteM. [IpoBeneHa oTpaboTka MOATAITHBIX PEKUMOB U HMPOLENYP XPOMATOrpaIecKoil OYUCTKU CHIBOPOT-
KU JIomIaznel, TUIepiMMyHH3UPOBAHHBIX paOMdecKuM aHTUreHoM m3 mramma CVS-11, ¢ omenkoi s¢dex-
THUBHOCTH TEXHOJIOTUH OYUCTKH, BBIXOJa OEJIKa U CTETNeHb YHCTOTHL. B HccnenoBaHuN IPHUMEHSIINCH CEPOIIO-
THYECKHE METO/bI TIOyIEHHSI U TIOATOTOBKH CHIBOPOTOK THNIEPUMMYHH3UPOBAHHBIX JIOIIAJAEH, a TaKkxke O1o-
TEXHOJIOTUYECKHE METOJbI Tellb-(PpuiIbTpaliy, HOHOOOMEHHOH XpoMaTorpaguu U MOCIEAYIOUIEro 3IEKTPO-
¢opesa. [IpakTuyeckas 3HAYNMOCTb MCCIIEIOBAHUSA MOXKET IO3BOJIUTH Pa3BUTh TEXHOJOIMH MOJIYYCHHUS HM-
MYHOOHOJIOTHYIECKHX IPENapaToB Ha OCHOBE MMMYHOTIIOOYJIMHOB M MOKET OBITh IIPUMEHEHa B 00JIacTsIX Me-
JUIVHBI, OMOTEXHOJIOTHH M HAyYHBIX HNCCIENOBAHHUH, TPEOYIOINX HCIIOIb30BAHMS BHICOKOOUYHMIIEHHEIX UM-
MyHOTIIO0YTHHOB. COTIIACHO NMPEACTABICHHON TEXHOJIOTHH OYMCTKH, HOIydeHb HIMMYHOTIIOO yJIMHBI Maccoi
150 x/la, koTOpBIE B BOCCTaHABIMBAIOIINX YCIOBHAX pa3lelssioTcs Ha 2 yrerkue nenu (28 k/la) u Ha 2 TsDKe-
neie nenu (55x/1a).

Kniouesvie crosa: MMMyHOTIIOOYNUH, TEXHOJIOTUSI OYHUCTKHU, XpoMaTorpadus, OEmeHCTBO, CHIBOPOTKA, padu-
YECKUH aHTUT€H, THIIEPUMMYHHU3ALs, aHTUTENA.
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