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Hecmomps na muposyro npakmuxy, 6 Poccutickoti @edepayuu UMMYHU3AYUA NPOMUE 2eMODUNbHOU UHDeryuU
NnpPOBOOUMCS MOIBKO Y Oemell U3 epYnn puckd, Ymo Modxcem Oblmb C6A3aHO ¢ OMCYMCMBUeM NPouU3Bo0Cmea OaHHOU
saxyunvl 8 PO. [losmomy paspabomka mexvonrozuu nonyierus noaupubosurpuoumongocama (IIPD, oeticmsyio-
wee seugecmso Hib-eaxyunet) ocmaemca axmyanvnou. Panee compyonuxamu @I'VII CIIoHUHUBC ®MBA Poccuu
ovL1 8vi0enen u uoenmugpuyuposan wmamvm Haemophilus influenzae SPB mun b B-7884, nodobpanwet yciosusa ezo
KVIbIMUBUPOBAHUSA U Nep8UutHo2o svioenerus IIPD u3 kynemypansvrou scuokocmu. Llens padbomot — uzyuenue 603modc-
HOCMU UCKTIOYEHUs cmaouu yeHmpugyauposanus 01a omoenenus ouomaccol H. influenzae SPB mun b B-7884 nepeo
oceemiieHueM Ha KacKkaoe GuibmposaibHbIX OUCKO8, d MaKice paspabomia nociedyrouux 3manos evioenenus [IPD
U3 NOIYYEHHO20 NPOMENCYMOUH020 npooykma. Mamepuanst u memoowt. Bvioenenue ITPD u3 uHakmueupo8aHHou
KVIbmMypanvHotl scudkocmu wmamma B-7884 nposoounu npu nomowu yenmpughyeuposanus, purempayuu, ocasxcoe-
HUS, 20MO2EHU3AYUY, IKCIMPAKYUY npu pasnuunslx ycrosusx. Konyenmpayuio IIP® 6 npomedcymouHslx npooykmax
onpeoenanu OpYuHOI08bIM MemoOoM, NOOIUHHOCTb — NPU NOMOWU peakyuu 1amekc-azenomunayuu. Pesynomamaot u
obcysmcoenue. Ilooobpana onmumanbHas cxema vloeNeHUs U OYUCIKU AKMUBHOU apmayesmuyeckoli cyocmanyuu
TIP®D, sxnrouarowas urbmpayuro uepes Kackao enyounuvix gurompos Zeta plus LP 60 (0,3—0,6 mxm) u Zeta plus LP
90 (0,1-0,3 mxm), Konyenmpuposanue u OUAPUILMPAYUIO HA YIbMPADUTLIMPAYUOHHBIX KACCEMAaX ¢ HOMUHATbHBIM
omceuenuem no monexyuaprou macce 30 k/la, ocasxcoenue 10% pacmeopom yemunmpumemunammonus opomuoa (5%
no 06vemy) ¢ nocnedyroujeli 2omo2enusayuell nomy4eHHo2o ocaoka (6 npucymemeuu 12,5% smanona om ob6vema KoH-
yenmpama) u skcmpaxyueii (32,5% smanona), hunompayuio uepes enyounnvie punompul Zeta Plus SP 30 u yzonvuvie
Gunempul Zeta Plus Carbon R53, a maxoice ocascoenue 1,0% (no oovemy) 4,0 M pacmeopom nampus xaopuoa u
3amoposky npu —(20+£2)°C. 3axnrwuenue. Ilonyuennvie pe3ynvmamosl CMAHYmM 0CHOBOU O OalbHelulell Hapabomku
cybcmanyuu noaucaxapuoa u no360AM NPUCMYRUMb K C1e0VIOWeMy Smany papadomxi mexHoi02uu 6aKyuHvl npo-
mue Haemophilus influenzae mun b — konvioeayuu c benkom-nocumenem.

Knrwouesvie cnosa: Haemophilus influenzae mun b, axmusnas gapmvayesmuyeckas cyocmanyus, nOIupubo3uIpu-
oumonghocgham, yemunmpumemuramMmonus opomuo, 21yOUuHHAA Gurbmpayis, KOHYeHMpUposauue U OUADUILMPayusl
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Despite the world practice, in the Russian Federation immunization against hemophilic infection is carried out
only for the children from risk groups, which may be due to the lack of production of this vaccine in the Russian
Federation. Therefore, the development of technology for the preparation of polyribosylribitol phosphate (PRP, the
active substance of the Hib vaccine) remains relevant. Earlier, the employees of the federal state unitary enterprise
“Saint-Petersburg scientific research institute of vaccines and serums and the enterprise for the production of bacteri-
al preparations” of Federal medical and biologic agency of Russia isolated and identified the strain of Haemophilus
influenzae SPB type b B-7884. The conditions for cultivation of the strain B-7884 and primary isolation of PRP from
the culture liquid were arranged. The aim of the work was to study the possibility of excluding the centrifugation stage

for separating H. influenzae SPB type b B-7884 biomass before clarification on the cascade of filter discs, and the
development of subsequent stages of PRP isolation from the obtained intermediate product. Materials and methods.
PRP isolation from an inactivated culture liquid of strain B-7884 was carried out by centrifugation, filtration, pre-
cipitation, homogenization, extraction under various conditions. The concentration of PRP in the intermediate prod-
ucts was determined by the orcinol method, the identity was determined by the latex agglutination test. Results and
discussion. The optimal scheme for isolation and purification of the active pharmaceutical ingredient PRP, including
filtration through the cascade of deep filters Zeta plus LP 60 (0.3—0.6 um) and Zeta plus LP 90 (0.1-0.3 um), con-
centration and diafiltration on ultrafiltration cassettes with nominal molecular weight cut-off of 30 kDa, precipitation
with 10% cetyltrimethylammonium bromide solution (5% v/v), with subsequent homogenization of the obtained pre-
cipitate (in the presence of 12.5% of ethanol from the concentrate volume) and extraction (32.5% ethanol), filtration
through depth filters Zeta Plus SP 30 and carbon filters Zeta Plus Carbon R53, and precipitation by 1.0% (v/v) 4.0 M
sodium chloride solution and freezing at —(20 + 2)°C, was developed. Conclusion. The obtained results will become
the basis for the further development of the polysaccharide substance and allow us to proceed to the next stage in the

development of the vaccine against Haemophilus influenzae type b — conjugation with the carrier protein.
Keywords: Haemophilus influenzae type b, active pharmaceutical ingredient, polyribosylribitol phosphate, cetyl-
trimethylammonium bromide, deep filtration, concentration and diafiltration

BBEJIEHME. Ilo nannsiM BcemupHOW opraHu-
3allUU 3PaBOOXPAHEHUs HAa CErOMHSIIHUN JI€Hb OKO-
10 190 cTpaH B Mupe BKJIIOYHMIM B HaIlMOHAJIbHBIE Ka-
JCHAApH BaKIHWHALWIO TOPTHB TeMO(MUIBHOHN MaNOUYKH
(Haemophilus influenzae tan b, Hib), KoTopast BBI3bIBaET
TsDKenble (pOpMBI THEBMOHMM M MEHUHTHUTA Y JIeTeH B
Bo3pacTe 110 S set [1-7].

B Poccuiickoit ®eneparin BakunHanus mpotus Hib
siBIsieTCsl HeoOs3arenbHOM [8—10]. BaxHbIM (akTopoM,
C/IEPXKHMBAIOIUM ITOBCEMECTHOE BHEApEHNE XUO-BaKIIU-
HBI, SIBJSIETCS] OTCYTCTBHE JIOKAJIBHOTO KPYITHOMACIITA0-
HOTO MPOU3BOJCTBA JJaHHOI'O Ipenapara Ha TEPPUTOPUU
P®. IToatomy pa3paboTka W yCOBEpIICHCTBOBAHHE TEX-
HOJIOTUH IIPON3BOACTBA CyOCTaHIINU MOINPHUO03UITIPUOH-
tondocdara (ITPD) — karcynpHOTO TMONMHMCaxapuaa Oax-
tepun H. influenzae tTnn b u NelCTBYIONIETO BEleCTBa
BaKI[MHBI — 0C000 aKTyasbHa.

Panee corpygaukamu OI'YIT CIIGHUMBC ®MBA
Poccun ObUT BBIZIENICH W WAGHTU(GHUINPOBAH IITaMM H.
influenzae SPB tun b, nenonupoBanuslii B [ocynap-
CTBEHHOM KOJIJIEKIIMM MAaTOTEHHBIX MHUKPOOPIaHU3MOB
n knerounsix kynstyp @BYH T'HIIIMB nox Homepom
B-7884 [11, 12]. I[TomoOpaHb! ycI0BUS CHHTE3a KaIICyIlb-
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Horo nonucaxapuaa [TP® mrammom B-7884 [13], a Tak-
)K€ MPOBEJCHBI MpeABapUTEIbHBIE Pa0OTHI IO MOAO0pPY
ONITUMAJILHOH CHUCTEMBI (DHUIIBTpAliU Ul OCBETIICHHS
IIPOMEKYTOYHOTO MPOAYKTa B MPOLECCE BBIACICHUS
[1P® [14].

HOEJb PABOTbBI — usydeHune BO3MOXHOCTH HC-
KITFOYCHUS! CTaJMN LEHTPH(YTHPOBaHUS IS OTACICHUS
6uomaccsl H. influenzae SPB tun b B-7884 nepen ocser-
JICHHEM Ha KacKasie (UIBTPOBAIBHBIX JIMCKOB, a TaKKe
pa3paboTka MOCIeAYIOMHX dTarnoB BeiaencHus [1PD u3
IOJTYYEHHOTO TPOMEXYTOUHOTO IPOAYKTA.

MATEPUAJIBI U METOJBbI. KynsrusupoBanue
H. influenzae SPB Tun b B-7884 mpoBomunu B moiry-
CHUHTETHUYECKOM >KUJKOW muTarensHoi cpexe [12, 13] B
koibax Ha melikep-uakyoatope CERTOMAT IS (mpo-
n3BoAMTENS «Sartorius») npu temneparype (35+2)°C u
(150+10) o6/mMuH Ha mpotsbkeHun 15—17 4 o momyde-
HUSI KyJIBTypaJIbHOM KHUIKOCTH C ONTHYECKOH IUIOTHO-
CTBIO IIpH JuiMHE BOJHBL 590 HM He meHee 1,2. B kaue-
CTBE ITOCEBHOTO MaTepralla NCIOJIb30BAIN KYIbTYpy H.
influenzae SPB tun b B-7884, Bolpamennyo Ha nuTa-
TENBHOM cpelie aHAJIOTMYHOTO COCTaBa JI0 CEepEIUHBI
9KCIIOHEHINAIBHOH (a3pl pocra. OObEM BHOCHMOIO
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noceBHoro marepuaia — 10% (o oovemy). [ist nHaKTH-
BaIMU MOIYYSHHYIO KYJIbTYPaJIbHYIO JKHJIKOCTh B KOJIOAX
nojBepraau HarpeBaHuio 10 (55+5)°C u BeIIEpKUBAIU
(15+3) muHYT O3 mepeMelIMBaHus Ha BOMSHOW OaHe
(mpoussonutens «GFLy). Ilocne mHakTHBanuu ycra-
HaBJIMBaJIM TeMneparypy Ha yposHe (8+2)°C. Kontponb
Ipoliecca MHaKTUBALMY ITPOBOMIIN ITyTEM MPSIMOTO TI0-
CeBa Ha CEJIEKTHBHYIO IMUTATEIHLHYIO CPeIly M MHKYOaluu
B npucyrctBun 5% CO, npu Temneparype (35+£2)°C (s
CO,-unkybarope Sanyo MCO-15AC) Ha npoTsKEHHH
48 4. [lo wcTeyeHUIO BpeMEHN WHKYyOallMy Ha 4Yamikax
JIOJDKHBI OTCYTCTBOBAaTh KOJIOHHH, XapakTepHble i H.
influenzae Tin b. YacTh MonyuyeHHOW MHAKTHBUPOBAH-
HOW KyJBTYphl HalpaB/sUIM Ha LEHTpU(YrHpoBaHUE
mpu (4500+200) 06/mMuH u Temneparype (5+3)°C (ueH-
tpudyra Beckman coulter Avanti J-E) ans otnenenus
OroMacchl ¢ rmocieayromieil puabTpaneil yepes Kackaj
¢unpTpoBanbHBIX qUCKOB Zeta plus LP 60 (0,3—0,6 Mk,
npousBoaurens «3M Purification») u Zeta plus LP 90
(0,1-0,3 mxm, npousBoautesb «3M Purification») ¢ mo-
Moipio Hacoca «Watson-Marlow 323E». B HekoTopbIx
BapuaHTax (GpIBTpaIHKIO Yepe3 Kacka]l (GUIBTPOB POBO-
JIMJIH Cpa3y TOCJIe MHAKTUBAINH KYJIBTYPBI.
[TonyueHHBIE TPOMEKYTOUHBIH TMPOIYKT TIOJBEP-
rainy KoHueHTpuposauuio (B 10 pa3) u auaduisrpanun
(pa3baBinieHrE BOJOM /Il HHBEKITUI B COOTHOIICHUH 1:1
C MOCJIEYIOIUM KOHIIEHTPHPOBAHHUEM JI0 TTEPBOHAYAITb-
HOro o0beMa) Ha YCTaHOBKE TAHTCHI[MAJIILHOW YNbTpa-
¢unprparun Vivaflow 200 (mpou3BoauTes «Sartoriusy)
C HOMUHAJIbHBIM OTCEUCHHEM I10 MOJIEKYJSIPHOM Macce
30 u 100 x/la (B 3aBucuMoOcTH OT BapuanTa). [lonucaxa-
PHII M3 KOHLEHTpaTa BBLACISUIN ITyTeM ocaxaeHus 10%
pactBopoM 1eTuiTpuMeTmiiammonus opomuaa (LITAB)
B konmuectBe 5% (mo odbemy). JlobaBneHue pactBopa
HTAB mpoBoauiu MpHU MOCTOSHHOM IE€pPEeMEUIMBAHUU
ripu (150450) 06/mMuH Ha MaruuTHO# Memmanke ES-6120 ¢
MOZI0TPEBOM (TIPOM3BOANTENH «IKOXUM») TIPH TEMIIEepa-
type (543)°C, nanee cMech OCTaBIISUIN [IPU TEMITEpaType
(5£3)°C Ha 12-16 yacoB 1o BhImajcHus ocanka. [lomy-
4yeHHbIH ocanok [TP® cobupanu nenrpudyrupoBannem
B TeueHrne 30 MUHYT NPH CKOPOCTH BpAIICHUSI POTOpa
(4500+200) o6/mMuH m Temneparype (5+3)°C. U3 uen-
TpUQYKHBIX CTAKAaHOB 0CaJIOK M3BJICKAIH B EMKOCTb JIJIsI
TOMOTEHHU3AIMHU C TIOMOIILIO METAJUTHUECKOH JIOTTATOYKH
(mmarens). LleHTprdyxkHbIE CTakaHbl OINOIACKUBAIH
OXJIQK/ICHHBIM STHJIOBBIM CITUPTOM KOHIIEHTpAalUK HE
MeHee 96% U cIUBaM B eMKOCTh JJIsl TOMOTEHHU3ALUU C
ocazkoM. Ob1ee 100aBICHHOE KOJIIMYECTBO CITUPTA ITH-
soBoro coctapisuio 7,5-20,0% oT o0beMa KOHIICHTpATa,
MOJTYYEHHOTO Ha dTare KOHIEHTPUPOBAHUS U TUa(UIIb-
TpanuH. [lanee 0caj ok TOMOTeHU3UPOBAIIHN ITPH TIOMOIIH
romorennzaropa RW 16 basic (nmponzBogurens «IKA»)
NP CKOPOCTHU BpaIleHUsI JiomacTu npudopa (6000+£500)
0o0/Mun mpu (5+3)°C 10 TONHOTO €ro PacTBOPCHUS.
Okcrpakuuto [TPD mpoBoauiIM CIUPTOM ITUIOBBIM C
KOHIIeHTpanmeil He MeHee 96%. OOmee noOaBieHHOE
KOJIMYECTBO CIUPTa 3TUIOBOro coctaBmio 25,0-40,0%
0T 00beMa MPOMEKYTOYHOTO MPOJTYKTA, TIOJyYEHHOTO Ha
9Tare KOHIIEHTpUpoBaHus u tuaduisTpanuu. [locne no-

0aBJIeHHs pacCCYNTAHHOTO 00BEMa CIIMPTa STHIIOBOTO T10-
JIy4eHHYI0 cMech B TeueHue (13+1) 4 nepemermBanyu Ha
MarHUTHOM MeIlajike MpH BpalleHWd MarHUTHOTO 3Jie-
MEHTa CO CKOpPOCThIO (275+25) 00/MHH ITpU KOMHATHOM
temreparype. [locne OkOHUaHMS SKCTPAKIUHU TPHUCTY-
MaJid K OTJEJICHUIO 0Cajka HEeHTPH(YTrHPOBaHUEM TIPH
cKkopocTH BpaiieHus poropa (4500+200) oO/MuH mpu
temreparype (5+3)°C B reuenne 0,5-1,0 u. [TorryueHHbII
CyIepHaTaHT (QUIIBTPOBAIIN Yepe3 ITyOWHHBIE (HIIBTPHI
Zeta Plus SP 30 (mpousBomutens «3M Purification») u
yrojibHbie QuiasTpsl Zeta Plus Carbon R53 (mpowussonu-
tenb «3M Purification») u Seitz AKS2 (npousBonutens
«Pally), mocne dero ompenensuii ONTHYECKYIO IUIOT-
HOCTb MOJy4eHHOTO (uiibTpara (MpH JUIMHE BOJIHBI 275
HM). K monydennomy ¢unsrpary mpodasisuta 0,5-5,0%
(o oobemy) 4,0 M pacTBOpa HaTpus XJIOpUA, COICP-
XKHUMO€ OyTBUIM OCTOPOJKHO BCTPSXHMBAIM BPYYHYIO H
ocrasisuin nipu Temneparype (5+£3)°C na (13+1) yac B
XOJIOJIHOM koMHare. OCaJoK OTHCNSIH HECHTPUPYTUPO-
BaHHeM B TeueHHe 30 MHUHYT NPH CKOPOCTH BpAICHUS
poropa (4500+£200) o6/muH u Temmeparype (5+3)°C.
CynepHaTaHT CJIMBaJIH, 0CaJI0K COOMPAIIH B CTEKJISTHHBIC
(yIaKOHBI ¥ 3aMOPaKUBAIH B HU3KOTEMIEPATYPHOM XO-
nopmnearke UF V 500 (npoumsBoautens «Binder») npu
Temneparype -(20+2)°C.

Omnpernenenne KOHIEHTpaUK pUOO3bI U TOJIUPH-
6o3mnpuduTonocdara B MpoOMEKyTOYHBIX TPOAYKTAX
IIPOBOJIMITY OPIIMHOJIOBBIM METO/IOM, KaK OIIMCAHO paHee
[15]. OnTrueckyto MIOTHOCTH B MPOMEXKYTOUHBIX MPO-
JYKTax ONpeelsuln CIeKTPOo(GOTOMETPHYECKH NIPH JUTH-
He BonHBI 275 1 590 HM (cniektpodoromerp HITACHI
U-2900).

ITonrBepkieHue MONIMHHOCTU MOIXy4YyeHHOro IIP®
MIPOBOJIMIIM TIPH MOMOIIN JIATEKC-arVIIOTHHAIIMN C HC-
MOJIb30BaHHEM KoMMepueckoro Habopa Wellcogen™ H.
influenzae b Z1.21/R30858801. Peakmuto rmpoBoauiu co-
IJTaCHO PYKOBOJICTBY 110 DKCILTyaTallly pearcHra.

Jlist peanuzaii METPOJIOTHYECKOTO 00eCIeYeHuUs
Hay4YHO-HCCIIE/IOBATEILCKOM PabOThl UCIIOIb30BAIN W3-
MEpUTEIbHOE 000pYy/JI0BaHUE W MPHOOPHI C JAEHCTBYIO-
LIMMU cepTH(UKaTaMH MOBEPKH.

Bce u3MepeHus: IpOBOAMIM MHHUMYM B TpeX IIO-
BTOpHOCTSIX. CTaTUCTHUECKYI0 00pabOTKy pe3ylbTaToB
npoBoauiu coracHo I'® XIII OPC.1.1.0013.15 «Cra-
TUCTHYECKast 00pabOTKa Pe3ysIbTaTOB XUMHUYECKOTO IKC-
NepuMeHTay». PacueTr rpaHUYHBIX 3HAYCHUH JOBEPHUTEIb-
HOTO MHTEpBaJia MPOBOIWIN N0 Kpurepuio CThroeHTa
(ypoensb 3naunmoctu p=0,05) B mporpamme Excel.

PE3VJIBTATBI U OBCYXKIAEHMUE. /55 oueHku
BO3MOYKHOCTH HCKITIOUEHHUSI CTaIMU IEHTPU(YTUpoBa-
HUSI TIPU OT/IENEHHH OMOMAacChl W3 MHAKTHBUPOBAHHOM
KyJabTypasibHOU skunkoctu H. influenzae SPB tum b
B-7884 omnpenensnu xoHuentpanuto [IPO B mpomexy-
TOYHBIX TMPOAYKTaX JI0 NEHTPUDYTUPOBAHUS W/MIH TITy-
OMHHOH (PMIIBTpaLIUK U TTOCTIE.

[TokazaHo, 4TO OTEPH 11O KOIMYECTBEHHOMY COJIEp-
YKaHUIO MoJIMcaxapuia rnocjie GUIbTPAUK Yepe3 Kackasl
¢GuIBTpOB 0€3 CTaguM LEHTPU(YTUPOBAHMS TPAKTHYC-
CKH HE OTIMYAJIHMCh OT TAKOBBIX C IPEIBAPUTEIIHHBIM
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ocaxkieHneM OakrepualnbHOM Maccwl (Tabm. 1). Orme-
THM, YTO ONTHYECKas IUIOTHOCTh CyNepHaTaHTa 1 (Quiib-
TpaTa OTIMYajach HE3HAYUTEIHHO W OblUIa B Ipejenax
0,2-0,4, uro cBuaeTENbCTBYET 00 d(PPEKTUBHOM yriase-
HUM OMoMacchl TyOMHHOW (HUIBTpAlel Ha KapTOHHBIX
¢unsTpax naxke 6e3 cTajny MPeABAPUTEIHLHOTO IIEHTPH-
¢dyrupoBanus. Bo3MOXXHOCTh UCKITIOUSHHUS CTAJIUH 1ICH-
TpuYTrupoBaHUs st OTJEICHUS] OMOMACChl MOXXHO 00b-
SICHUTB TEM, YTO JUIs (QUIIBTpAINY MCIIOJIB3YETCs KacKa,|
¢unsTpoB ¢ pazmepom nop 0,3-0,6 mxm u 0,1-0,3 MM

(HOMUHAJIBHBIA CTEPWIIM3YIOMINI (QUIIBTP), TOTHOCTHIO
o0ecrieunBalOINi  3aJepKKy OaKTepHaIbHOW Macchl.
Kpome Toro, 4yTh Gojiee HU3KKE 3HAUCHUS ONTHUECKOM
IUIOTHOCTH MOTYT OBITH CBSI3aHBI C OCBETIISIONINMHU
CBOMCTBaMHM KapTOHA MPU DIyOHHHOM (HUIBTPAIINH, YETr0
Henb3sl 10OUThCs eHTpudyrupoBanueM. Vckirodenue
CTaAuH UEHTPHU(YTUPOBAHHUS MO3BOJUT COKPATUTh Ma-
TepUaJbHbIE W BPEMEHHBIC 3aTpaThl HA MPOHM3BOJCTBO
CyOCTaHIMH, TOBBICUB TEXHUKO-OKOHOMHYECKHE MOKa3a-
TEJW Ha JAHHOW CTa/INH.

Tabnuya 1 — Bauanue ucknoueHus cmaouu yeHmpugyzuposanus nepeo Kackaonou unsmpayuei
Ha nomepu no [IP®

. | IloTepu no KOHIEHTpaLUU
Cepust mpomMexyTouHoro npoaykra | Llentpudyruposanue nepes puiibrpanueii IPD. %
, /0
Ja (KouTpon) 10,4+0,7
011217/ Her 11,0+0,9
Ja (KouTpon) 8,0+0,9
021217/ Her 9,8+1,0
Ja (KouTpomn) 9,0+0,9
031217/ Her 8,0+0,9

B narenre [16] onucana moxoxkasi cxema OTnese-
HUsI OMOMACCHI C MOCIEIYIOINM OCBETIIEHHEM, OJIHAKO
JUIst GUIBTPAlK UCTIONB3YIOTCS MoJble BojokHa. [Ipe-
HMMYIIECTBOM HCIIOIb3YEMbIX HaMH KapTOHHBIX (DUiIb-
TPOBAJIBHBIX JMCKOB sIBIIIETCS 3(P()EKTHBHOE yAajeHUe
B3BELICHHBIX YaCTHIL 32 CYET KaK NIyOMHHOTO Xapakrepa
(GUIBTpALMK, TaK M JIEKTPOKUHETHYECKOH aacopOuuH.
Torna kak Quubrpanust yepes IMojble BOJIOKHA MOXET
IIPUBECTHU K YBEIMYECHUIO ITOTEPh 3a CYET OOJIbIIEH I10-
1I[a/I1 TOBEPXHOCTH, KOHTAKTUPYIOILIEH C MPOAYKTOM.

OmHUM W3 OCHOBHBIX 3TanoB BbiaeieHus [1PD,
COIVIACHO JIaHHBIM JIUTEPaTyphl, SIBJISETCS OCaXKICHHE
LIEJIEBOTO MOJIUCaxapuaa pacTBOPOM KaTHOHHOTO JeTep-
rerta L{TADB [17-20]. MexaHnu3mbl B3aUMOAEHCTBUSA T10-
nmcaxapunoB u LITAB noapoGHo n3ydyeHsl U onucaHbl B
nuteparype [21-24]. CornacHo [24], ocaxeHue mpouc-
XOIUT nocie foctuxenus pacrsopa LITAB kputuueckoit
KOHIICHTPAIMK MHLEIUIO00pa30BaHus ¥ HEHTpaau3aluu
CBOOOJTHOTO 3apsijia ITOJMAHUOHHOIO MOoJMcaxapuia c
MOCJIEAYIOIUM 00pa30BaHUEM arperaroB, BBITAIAI0NINX
B OCaJIOK.

MBI IpeAnoaokKUiId, 4To I ONTHMHU3ALUKN dTana
OCAXJICHHS 1IeJIECO00pa3sHo (QUIIBTPAT MPEABAPUTEIHHO
CKOHIIEHTPUPOBAaTh, YTO MO3BOJIUT YMEHBIINUTh 3aTPaThl
Ha peareHThl U YIPOCTHT Iporecc. Jis aToro BeIOpanu
METOJ| TaHTCHIMAIBHOH YIBTpaQHUIBTPALMY, KOTOPBIH
KpOME KOHLIEHTPHPOBAHUSI MO3BOJSIET HM30aBUTHCS OT
OaytactHbIX BewiecTB. [Ipu BBIOOpE mopora oTcedeHus
MeMOpaH ucxoauiu u3 Toro, uyro [IP® sBnsiercs: BbIcO-
KOMOJICKYJIIPHBIM  TIOJIUCAXapUAOM C MOJEKYJISIPHOI
Maccol mo pasHbIM HcToyHHKaM oT 450 mo 1200 x/la
[25, 26], a mpuMecH, PUCYTCTBYIOIME B (uibTpare —
HU3KOMOJIEKYJIIPHbIE OCTATKU MUTATEIbHON Cpe/ibl, Kile-
TOYHBIE CTPYKTYpPbI, HUMEIOIIUE MOJIEKYISIPHYIO Maccy
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no 30 x/la. Hanpumep, MonexynspHas Macca JHIOINO-
Jucaxapua, KOTOpblii MOXeT MpUAaBaTh NPOAYKTY MH-
porenHoctb, cocrabisier 10-20 xa [27]. [Tostomy st
KOHIIGHTPUPOBaHUS M IHaQUIBTPALMK HCIIOIb30BAIIH
kaccetsl ¢ moporoM otceuenus 30 u 100 x/la. bonbimii
IIOPOT OTCEYEHUsI HE 1IeJIeco00pa3eH, T.K. BO3MOXKHBI MO-
TepH 110 LEJIEBOMY MPOIYKTY, HAXOASIIHECS B PACTBOPE B
BH/JIE OJIUTOCAXapUA0B U KOPOTKUX MOJIHCAXAPUIOB.

YcTaHOBIIEHO, YTO TPH HCIOJIB30BAHUM MeMOpa-
Hbl ¢ noporoM orcedeHust 30 kJla KOHLEHTpalus Mo-
Jcaxapua B MOJIyYeHHOM MPOMEXYTOUHOM IPOIYKTE
Obuta BbILe HA 16-22%, YyeM 1ocie KOHIEHTPUPOBAHHS
n quadmisrpanun Ha MmemoOpane 100 x/la (puc. 1). Mbr
npearnoiaraem, 4ro Kyiasrypa H. influenzae SPB tum b
B-7884 cunresupyer IIP® ¢ pa3nuuHbIM KOJIMYECTBOM
3BEHbEB B MOJHMCAXAPUAHON LENOYKe, U TOTEPH NpHU
KOHIIGHTPUPOBAaHUHU U IraduiIbTpanuy yepe3 MeMopany
100 x/la MOryT OBITH CBSI3aHBI C yAaJeHUEM U3 IpOMe-
JKYTOYHOTO MPOIYKTA MOJIHCAXAPUIOB C MOJEKYJISIPHOI
maccoit okosio 100 k/la. Kpome Toro, corsiacHO TaHHBIM
JIUTEepaTypbl HU3KOMOJIEKYJIspHbIe nojaucaxapuasl [1PD
(50 u 100 x/la), a Taxke omurocaxapuist (10 x/la) mo-
CJie KOHBIOTAIMH C OEJIKOM HOCUTEJIEM IIPOSIBIISIIOT OoJiee
BBICOKYI0 UIMMYHOI€HHOCTb 10 CPABHEHHUIO C KOHBIOTa-
TOM, B COCTaB KOTOPOTO BXOAUT HATHUBHBII BEICOKOMOJIE-
kysipHblid [TPD (450-600 x/1a) [26].

B pab6ote [16] anst ynsTpaduiIbTpali UCIIOIb30Ba-
1 MeMOpaHy ¢ roporom otcedenus S50 k/la. YuursiBasi,
YTO MEMOpaHbl MMEIOT HEOJHOPOJIHYIO IMOPHCTOCTh H
BO3MOJKEH «IPOCKOK» MOJIEKYJ ¢ OOoJbIIel MOJIEKYIsp-
HOM Maccoif, 4yeM NMOpor OTCeueHHs, M0 HalleMy MHe-
HUIO, UCIIOJIb30BAHUE YIBTPAQUIBTPAIIMOHHON KaCCEThI
50 xJla MOXeT Take MPUBECTH K MOTEePSIM 110 HU3KOMO-
JIEKYJIIPHBIM MOJIUCaXapuaaM.
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Pucynox 1 — Konyenmpayusn nonupuoosunpuoumongpochama (INP®) ¢ konyenmpame 6 3aeucumocmu
Om nOPO2a OMceUeHUuss MEMOPAHDL HA IMane KOHYEHmMpuposanus u ouaguivmpayuu (011 mpex cepuii)

Ha cnemyromem otame oTpabaThIBAIM TIPOIIECC
ocaxxaenus [IP® 10% pacteopom LITAD Ha Tpex cepusix
KoHIeHTpara. [Tokazano, 4To mocie q00aBIeHHS pacTBO-
pa JeTepreHTa U OTACICHHUS 0caka MOoIrcaxapua IeH-
TpudyrupoBanueM konmdectBo [IP® B cymeprHartanTte
cocraBmwio 0,004—0,010 MKr/mi, 9TO CBHAETEIBCTBYET
0 TIPAKTHYECKHU TIOJHOM OCQKJICHHH IEIIEBOTO MPOIYK-
Ta. B nurepartype ommcaHbl TEXHOJIOTHH, B KOTOPBIX IS
ocaxnenus: [1P® Taxxke ucnonszyercst pacrsop LITAB
[18], B HEKOTOpPBHIX BapHaHTax C JOOABICHHEM JIOTOJN-
HUTENbHBIX BElIECTB, HapuMmep, 30% pacTBopa uenura
[17]. B pabote [28] yka3piBaeTCs MOTONHUTEIBHAS 00-
paboTKa MPOMEKYTOUYHOTO TPOAYKTA JICITHBIM PAaCcTBO-
poM cMmecHu dTaHoNa 1 MeTarona (95,22% u 4,78% coot-
BETCTBCHHO) W THIPOKCHI amatutoM. [IpenmmymecTBom
HCTIONB3YeMOTO B JTaHHOH padoTe crocoba BEIIEICHUSI
[NP® sBnsieTcs ero OMHOCTAIMIHOCTE 0€3 TPUMEHEHUS

JIOTIOJTHUTENBHBIX BEIIECTB, MPUMECHBIE OCTAaTKH KO-
TOPBIX TPEOYIOT YOaJCHWs] Ha TMOCIEAYIOMINX CTaIHsIX
OYUCTKH TIpoayKTa. ABTOpHl paboter [19] ornmemenue
ocajka, ocaxaeHHoro LITAB, npoBoguin npyu noMomu
¢unsTpany Yepes3 rryonHabsle GUIbTphl. Vcmons3osa-
HUE NEHTPU(YTHPOBaHMS IS NAHHOM WENH SBISETCS
Gornee MpUEMIIEMBIM B CBSI3H € OOJBIICH TEXHOIOTHIHO-
CTBIO 3Tara cOopa 0casika 1 COOTBETCTBEHHO MEHBIINMHU
TIOTEPSIMH.

Ha cnemyromem srtare mpoBOAWIN TOAOOp ONTH-
MaJIbHOM KOHIIEHTPALMK 3TaHOJAa JJIsI TOMOTEHH3AINH
u skcrpakuuu [IP® M3 mpoMekyTouHOro MPOAYKTa,
nonydyeHHoro nocie ocaxaenust LHTAB. ITpu sTom kon-
LEHTPALNIO 3TaHOJA JUISl SKCTPAKIMN OCTABIISUIN HEW3-
MEHHOM, TOTJ]a KaKk TOMOTEHHM3aluIo MPOBOAWIN C JO-
OamyleHneM 3TaHoNa B KonmuectBe 7,5-20,0% ot oObeMa
KOHIIeHTpara (Tadi. 2).

Tabnuua 2 — Brusanue KoHyenmpayuu Ymanond, 000a61eHH020 HA CMAOUU 20MO2EHUZAUU,
Ha Konuuecmeo Ikcmpazuposannozo INPD

Konnuectso go6asneHHoro KoHueHTpauma MP®D (Mr/m) B NpOMEXKYyTOUHOM NPOAYKTE Cepum
3TaHoNa, % 011217/3 021217/3 031217/3
7,5 1,00£0,12 0,90+0,15 0,92+0,14
10,0 1,2440,14 1,2240,10 1,1240,16
12,5 1,80%0,09 1,74+0,07 1,78+0,10
15,0 1,72%0,10 1,90+0,20 1,60%0,09
17,5 1,74+0,14 1,70+0,09 1,80+0,12
20,0 1,62+0,10 1,70+0,12 1,50+0,08

Ipumeuanue. Onpedenenue IIP® nposodunu nocie sxkcmpakyuu noaucaxapuoa smarnonom 6 konuvecmese 30,0%

om obvema KOHYyenmpama
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VYcTaHOBIEHO, YTO MaKCHMajJbHOE KOJIMYECTBO
skcrparupyemoro IMP® (1,6—1,8 mr/mi) Habmromamu
Npu 100aBJICHUU 3TaHOJA B KomuuyectBe 12,5-17,5%.
C TOYKHM 3peHUs] IKOHOMUYECKON 1eIecO00pa3HOCTH,
B Tmocieayonieid padore ncnonszoBanu 12,5% srano-
na.

MBI TIpEeIONIOKIIN, YTO YMEHBIINTh MOTEPH BbI-
JIETSIEMOTO  TIoJIMCcaxapruaa BO3MOXHO ITyTeM Iojdopa
OINITUMAJIHOTO KOJIMYECTBA ATAHOJA HA CTAJMU SKCTpPaK-
uun. JlelcTBUTENbHO, yBEIMYEHHE 00beMa dTaHoia J10

Konnenrpamus IP®, mr/mvun

0 =

0412117/ 05121

32,5% MO3BOJWIIO YBEIMYUTh KOJIMYECTBO DKCTpArupye-
Mmoro [TP® na 20-22% (puc. 2).

Y4uuTBIBasl, YTO MOJYYCHHBIA CYIEPHATAHT IOCIC
yAalieHusT 0cajika IICHTPU(YTUpOBaHUEM OBLI TEMHOTO
LBETA M COJCP)KAI HE3HAYMTEILHOE KOJIMYECTBO HEO-
CaXKJICHHBIX YACTHII, MbI TIPEATIOIOKIIIHN, YTO OCBCTIUTh
JAHHBIA TTPOMEKYTOUHBIH MPOMYKT BO3MOXKHO IPH TO-
MOIIU YTOJNBHBIX (DUIBTPOB C MPEIABAPUTEIBHON (HITb-
Tpammed uepe3 MIYOMHHBIA (WIBTP C TUAMETPOM IOp
okoJ1o 0,4 MKM.

8250
8300
8325
B350
40,0

713

061217/3
Cepus 3KCTPAKTA

Pucynok 2 — Bauanue Konyenmpayuu s3manoind, Ucnoib3yemozo 0 IKCmpaKyuu
nonupubozunpuodumongpocpama (IIPD), na konuuecmeo evl0e1eHHO20 noaucaxapuoa (01 mpex cepuii)

B Tabmune 3 npuBeneHs! qaHHbIe 10 TIoTepsim [TPD
nocie (UIBTPALMKM Yepe3 yroyibHbie (QUIBTPBI JIBYX
MIPOM3BOIUTEINEH, a TaKkKe O KOJIMYECTBY IUKIIOB, He-
O0OXOMUMBIX ISl JTOCTHIKEHUS ONTHYECKONW IUIOTHOCTH
¢unsTpara Menee 0,15 (mpm mmHE BOIHBI 275 HM).
VYcTaHOBIEHO, YTO MEHBIIEE KOMMYECTBO IMKIIOB IS

OCBETIICHHUS MTOTPEOOBATIOCH MTPH UCTIONB30BAHUN KapOo-
HoBoro ¢unbeTpa Seitz AKS2 (Pall), onnako morepu [TPO
ObuTH BBIIIE, YeM mociie (uisTpanuu 4depes Zeta Plus
Carbon R53 (3M Purification). [TosTomy B mampHelem
IUIsL OTPAOOTKH TEXHOJIOTHH PEKOMEH/IOBAHO HCIIONB30-
BaTh pusTpel Zeta Plus Carbon R53.

Tabnuya 3 — Oceemaenue nPoOMeHCYmoun020 npoOyKma nocjie IKCMmpaKyuu nymem uiompayuu uepes Kapoo-
Hogble hunbmpul paziuunvIX pupm-npouszeooumeneit

Kap6oHoBbI# puibTp

Cepust unsTpata Zeta Plus Carbop R53 Seitz AKS2
(3M Purification) (Pall)
ITotepun, % Koi-Bo 1imkiioB [orepu, % Koi-Bo 1imkiioB
011217/®/Y 6,2+1,0 6 11,0+0,9 5
021217/®/Y 5,0£0,9 6 8,6=1,1 5
031217/®/Y 5,2+1,0 6 10,0+0,9 5
Ha crnenyromieM stame NpOBOAMIM BBIACJICHHE Ja Harpusi pasHoro odovema (1-5 %, mo oObemy,

[MTP® mytem ocaxzaenus 4,0 M pacTBopoM XJIOpH-
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Tabi. 4).
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Tabnuya 4 — Bauanue konyenmpayuu 4,0 M pacmeopa xnopuoa Hampus Ha KOJIUYECH B0
0CaXCOeHH020 noAUCAXaApUOa

KonuuecTso n06aBmennoro 4,0 M Conepsxanne pr0o3sl (%) B IPOMEXYTOUHOM IPOAYKTE CEPHA

NaCl, % 011217/0 021217/0 031217/0
0,5 12,0+0,9 14,0+0,9 12,2+1,0
1,0 22,0+0,9 23,2+1,0 21,8+1,0
2,0 15,2+1,0 15,0+0,9 14,4+0,7
3,0 11,041,2 10,6+1,1 10,4+0,7
4,0 8,0£1,2 7,2+0,6 8,0+£0,9
5,0 5,0£0,9 5,8+1,0 6,0+0,9

Ipumeuanue. Onpedenenue codepacanusi pubosst npoeodunu 6 0,5 2 ocaoka nocie 0caxcoenust pacmeopom Xio-
puoa HampusL ¢ NOCAEOVIOWUM OmOeneHUemM 0CaoKa YeHmpugysuposanuem

[TokazaHo, 4TO MakCUMaJbHOE KOJMYECTBO MOJIHCA-
xapua (OTpeIesIsIi 0 COepKaHuI0 prd03bl, 22—-23%)
ocaxkmanock npu nobasnenun 1,0% (mo odbemy) pac-
TBOpa Harpusi xyopuna. [Ipu yBeqMueHUH KOJIMYeCTBA
JI00aBJIEHHOTO PAacTBOPA COJIM KOJIMYECTBO TTOJIYYEHHOTO
ocajiKa yBEIMYHMBAJIOCh, OIHAKO COZepKaHue pruOO3bl B
HeM ObLJIO HU3KOE, YTO MOYKHO OOBSICHUTH BBINAJICHUEM

A

B 0CAJIOK 3HAYUTEIHHOTO KOJTMYECTBA XJIOPHIA HATPUS U
ymeHbleHus j1onu [TPO B Hem.

Jlanee momydeHHBIH ocanoK mocie ocaxaenus 4,0
M pactBopom Hatpust xyopuna (1%, mo odbemy) 3amo-
pakuBasu mpu temneparype —(20+2)°C. Ilpu momomntn
PEaKINy JTaTeKC-arTIOTHHAIINY TIOATBEPIKACHA TTOTHH-
HOCTP MOJTYYEHHOTO TPOAyKTa (pHC. 3).

b

Pucynox 3 — Iloomeepicoenue nodnunnocmu nojayuennoil akmuenoul hapmayesmuyueckou cyocmanyuu IIP®.
A — obpaszey; b — konmpony (nonoxcumenvhasn peakyus 1amexc-a2210munayun)

ITonyuyeHHbIN TPOAYKT MOXKET UCIOJIb30BATHCS B Ka-
YeCcTBE aKTUBHOM (hapMaleBTHUECKOW CyOCTaHLUH MPH
IIPOU3BOACTBE  KOHBIOTMPOBAHHOM  IOJIMCAXAPUAHOU
BakiMHbl. OTMETHM, YTO B JIUTEpAType MNpeiaraercs
JMO(GUILHOE/BaKyyMHOE BBICYIIMBAaHHE MOJYyYSHHOTO
ocanka [16, 19, 28], yTo MOXeT yBEIMYUTH CPOK Xpa-
HeHusi cyOcTranimu. M3yueHnto JanHoro Borpoca OyayT
HOCBSIILIEHBI HAIK J[alIbHEHIIINE UCCIICIOBAHUSL.

3AKJIIOYEHHME. B pesynsrare npoBeaeHHOI pa-
00ThI ObLTa MOIOOpPaHA TEXHOJOTMYCCKAs LEMOYKa ISt
BBIJICJICHUS] M OYMCTKHU TIOJIMCAXapua MOoJMpUO03HIpH-
ourondocdara, UCMOIB3yEeMOro B Ka4eCTBE aKTHBHOM
(apmarieBTHUECKOH CyOCTaHIIMM TIpH  TPOU3BOJICTBE
MOHO- 1 KOMOWHHMPOBAHHBIX BAKLIUH ITPOTUB IreMO(pHUIIb-
HOHM MH(EKINH.

[TonyueHHbIE pe3yNnbTaThl CTAHYT OCHOBOM JIJISI JAJTb-
Helmeit HapaOboTKu CyOCTaHIINH MOIHCaXapH/Ia U O3B0~
JISIT MPUCTYNUTD K CIIEAYIONIEMY dTaly pa3paboTKH Tex-
HOJIOTUH BakUMHBI IPOTUB Haemophilus influenzae tan
b-xoHBIOTaINN ¢ OEITKOM-HOCHUTEIEM.

BJIATOOJAPHOCTM. ABTOpcKHil KOJJIEKTUB BbI-
pakaeT OJ1arofapHOCTh MEPBOMY 3aMECTHTEIIO JAUPEKTO-
pa CII6HNMBC EBrymienko AHaTONMIO DayapIoBHIY U
coBetHuky qupekropa CIIGHUMBC IlerpoBckomy Cra-
HHUcIaBy BuktopoBudy 3a obecrieueHne KOHCYIBTalllOH-
HOH TOJIEP)KKH CO CHENUATINCTAMH, 3aHUMAIOIIUMUCS
pa3pabOTKOI TEXHOJIOTHH MONYYEHHs MOJUCAXapHIHBIX
BaKIIMH HA MUPOBOM YpPOBHE.
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INTRODUCTION. According to the data of
World Health Organization, about 190 countries in the
world have included in the national calendars vaccina-
tion against Haemophilus influenzae type b (Hib), which
causes severe forms of pneumonia and meningitis in chil-
dren under 5 years of age [1-7].

In the Russian Federation, vaccination against Hib
is optional [8—10]. An important factor restraining main-
streaming of the Hib vaccine is the lack of local large-
scale production of this product on the territory of the
Russian Federation. Therefore, the development and im-
provement of the technology for the production of the
polyribosylribitol phosphatesubstance (PRP) — capsular
polysaccharide of the bacterium H. influenzae type b and
the active ingredient of the vaccine — is particularly rel-
evant.

Earlier, the employees of the federal state unitary en-
terprise “Saint-Petersburg scientific research institute of
vaccines and serums and the enterprise for the production
of bacterial preparations” of Federal medical and biolog-
ic agency of Russia isolated and identified the strain H.
of influenzae SPB type b, deposited in the National col-
lection of pathogenic microorganisms and cell cultures
of FBIS SRCAMB under the number of B-7884 [11, 12].
The conditions for synthesis of capsular polysaccharide
PRP by strain B-7884 were arranged. [13], and prelim-
inary work on the arrangement of the optimal filtration
system for clarifying of the intermediate production in
the process of PRP isolation was carried out [14].

THE AIM OF THE WORK was to study the possi-
bility of excluding the centrifugation stage for separating
H. influenzae SPB type b B-7884 biomass before clarifi-
cation on the cascade of filter discs, and the development
of subsequent stages of PRP isolation from the obtained
intermediate product.

MATERIALS AND METHODS. The cultivation
of H. influenzae SPB type b B-7884 was carried out in a
semisynthetic liquid culture medium [12, 13] in flasks on
the shaker incubator CERTOMAT IS (manufacturer “Sar-
torius”) at the temperature (35 £ 2)°C and (150 £+ 10) rpm
for 15—17 hours to obtain the culture liquid with the opti-
cal density not less than 1.2at the wavelength of 590 nm.
The H. influenzae SPB type b B-7884 culture, grown on a
growth medium with similar composition to the middle of
the exponential growth phase, was used as the seed. The
volume of the inserted seed was 10% (v/v). For inactiva-
tion, the obtained culture liquid in the flasks was heated up
to (55£5)°C and held (15+3) minutes without stirring the
water bath (manufacturer “GFL”).After the inactivation,
the temperature was set at the level of (8+2)°C. The inac-
tivation was monitored by direct seeding on the selective
culture medium and incubation in the presence of 5% CO,
at the temperature of 35+2°C (in the Sanyo MCO-15AC
CO, incubator) for 48 hours. After the end of incubation
time, the colonies typical for H. influenzae type b should
not be present on the plates. Some portion of the inactivat-
ed culture was sent to the centrifugation at (4.500+200)
rpm and (5+3)°C (centrifuge Beckman coulter Avanti JE)
to separate the biomass with subsequent filtration through
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a cascade of filter disks Zeta plus LP 60 (0.3—0.6 pm, man-
ufacturer “3M Purification”) and Zeta plus LP 90 (0.1-0.3
um, manufacturer “3M Purification”) using the pump
“Watson-Marlow 323E”. In some cases, filtration through
the cascade of filters was carried out right after the inacti-
vation of the culture.

The obtained intermediate product was subjected to
concentration (10 times) and diafiltration (dilution with
water for injection at a ratio of 1:1 with subsequent con-
centration to the original volume) on a facility for tan-
gential ultrafiltration Vivaflow 200 (manufacturer “Sar-
torius”) with nominal molecular weight cut-off of 30 and
100 kDa (depending on the variant). The polysaccha-
ride from the concentrate was isolated by precipitation
with a 10% cetyltrimethylammonium bromide (CTAB)
solution in the amount of 5% (v/v). The addition of the
CTAB solution was carried out with constant stirring at
(150+50) rpm with a magnetic stirring device ES-6120
with heated (manufacturer “Ekohim™) at the temperature
of (5£3)°C, then the mixture was left at the temperature
of (5£3)°C for 12—16 hours until precipitation occurred.
The obtained precipitate of PRP was collected by cen-
trifugation for 30 minutes at the rotor speed (4500+200)
rpm and the temperature of (5£3)°C. The precipitate was
removed from the centrifuge beaker to the homogeni-
zation vessel by a metal spatula. The centrifuge beaker
were was rinsed with chilled ethanol with concentration
not less than 96%, and poured into the vessel for ho-
mogenization with precipitate. The total added amount
of ethanol was 7.5-20.0% of the volume of the concen-
trate obtained in the concentration and diafiltration step.
Further, the precipitate was homogenized using a RW 16
basic homogenizer (manufacturer “IKA”) at the blade
speed of the instrument (6000+500) rpm at (543)°C until
the precipitate was completely dissolved. Extraction of
PRP was carried out with ethanol with concentration not
less than 96%. The total added amount of ethanol was
25.0-40.0% of the volume of the concentrate obtained
in the concentration and diafiltration step. After adding
the calculated volume of ethanol, the obtained mixture
was agitated for 13+1 h on a magnetic stirrer when a
magnetic element was rotated at the speed (275£25) rpm
at the room temperature. After the extraction had been
finished, the precipitate was separated by centrifugation
at the rotor speed (4500+£200) rpm, at the temperature
of (5£3)°C, for 0.5-1.0 h.The obtained supernatant was
filtered through deep filters of Zeta Plus SP 30 (3M Pu-
rification) and carbon filters of Zeta Plus Carbon R53
(manufacturer*3M Purification”) and Seitz AKS2 (man-
ufacturer*Pall”), afterwards the optical density of the
resulting filtrate was determined (at the wavelength of
275 nm). 0.5-5.0% (v/v) of 4.0 M sodium chloride solu-
tion was added to the filtrate, the contents of the bottle
were gently shaken by hand and left at the temperature of
(5£3)°C for (13£1) h in a cold room.The precipitate was
separated by centrifugation for 30 minutes at the rotor
speed (4500+200) rpm and the temperature of (5+3)°C.
The supernatant was drained, the precipitate collected in
glass vials and frozen in a low temperature refrigerator



Pharmacy & Pharmacology V. 6 N 1, 2018

DOI:10.19163/2307-9266-2018-6-1-47-62

UF V 500 (manufactured “Binder”) at the temperature
of ((20+2)°C.

The determination of the concentration of ribose and
polyribosylribitol phosphate in the intermediate products
was performed by the orcinol method as described above
[15]. The optical density in the intermediate products was
determined spectrophotometrically at the wavelength of
275 and 590 nm (spectrophotometer HITACHIU-2900).

The confirmation of the identity of the obtained PRP
was carried out by latex agglutination using a commercial
kit Wellcogen™ H. influenzae b ZL21/R30858801. The
reaction was carried out according to the reagent manual.

To implement the metrological support of the re-
search, measuring equipment and instruments with valid
verification certificates were used.

All the measurements were made in at least three
replicates. Statistical processing of the results was car-
ried out according to SPh XIII GPA.1.1.0013.15 “Statis-
tical processing of the results of a chemical experiment”.
The calculation of the boundary values of the confidence
interval was carried out according to the Student’s test
(the level of significance p = 0.05) in the Excel program.

RESULTS AND DISCUSSION. In order to assess
the possibility of excluding the centrifugation stage in
separating the biomass from the inactivated culture liquid

of H. influenzae SPB type b B-7884, the concentration of
PRP in the intermediate products was determined before
and after centrifugation and/or depth filtration.

It was shown that the losses by quantitative contents
of the polysaccharide after filtration through the cascade
of filters without the centrifugation stage did not differ
from those with preliminary precipitation of the bacterial
mass (Table 1). It should be noted that the optical density
of the supernatant and the filtrate were not significantly
different and within the range of 0.2—0.4, which indicates
effective removal of biomass by deep filtration on card-
board filters even without the stage of preliminary cen-
trifugation.

The possibility of excluding the stage of centrifuga-
tion for the separation of biomass can be explained by
using the cascade of filters with a pore size of 0.3-0.6
um and 0.1-0.3 um (a nominal sterilizing filter) for filtra-
tion, which completely ensures the retention of bacterial
mass. In addition, slightly lower values of optical density
can be associated with clarifying properties of cardboard
during deep filtration, which cannot be achieved by cen-
trifugation. Exclusion of the stage of centrifugation will
reduce the material and time costs for the production of
the substance, increasing the technical and economic in-
dicators at this stage.

Table 1 — Effect of exclusion of the centrifugation stage before cascade filtration on PRP losses

Intermediate product batch Centrifugation before filtration Losses in PRP concentration,%
.4=+0.
ori217 No 1505
.0=0.
021217/F E‘;S (Control) gg i(l).z
.0=0.
031217/F E‘;S (Control) z’g ig’g

A similar scheme for separation of biomass followed
by clarification is described in the patent [16], but for
filtration hollow fibers are used. The advantage of the
cardboard filter discs, used by us, is the effective remov-
al of suspended particles due to both the deep nature of
filtration and electrokinetic adsorption, whereas filtration
through hollow fibers can lead to increased losses due to
a larger surface area contacting with the product.

One of the main stages in the separation of PRP ac-
cording to literature data is the precipitation of the target
polysaccharide with a solution of the cationic detergent
CTAB [17-20]. The mechanisms of interaction of poly-
saccharides and CTAB are studied and described in liter-
ature in detail [21-24]. According to [24], precipitation
occurs after reaching the CTAB solution in a critical mi-
celle concentration and neutralizing the free charge of the
polyanionic polysaccharide, with subsequent formation
of precipitated aggregates.

We supposed that in order to optimize the deposi-
tion stage, it is expedient to pre-concentrate the filtrate,
which will allow reducing the costs of reagents and sim-
plify the process. For this purpose, a method of tangential
ultrafiltration has been chosen which allows getting out
of ballast substances in addition to concentrating. During

the selection of the cut off threshold of membranes we
based on the fact that PRP is a high molecular weight
polysaccharide with a molecular mass from 450 to 1,200
kDa (in different sources) [25, 26], while the impurities
present in the filtrate are low molecular weight residues
of the growth medium, the cell structures having a mo-
lecular weight up to 30 kDa. For example, the molecular
weight of the lipopolysaccharide, which can impart pyro-
genicity of the product, is 10-20 kDa [27]. Therefore, for
concentration and diafiltration the cassettes with a cut-
off threshold of 30 and 100 kDa were used. The larger
cut-off threshold is not advisable, because of losses on
the target product, found in the solution in the form of
oligosaccharides and short polysaccharides.

It was found out that the concentration of polysac-
charide in the resulting intermediate product after using a
membrane with a cut-off threshold of 30 kDa was higher
by 16-22% than after the concentration and diafiltration
on a 100 kDa membrane (fig. 1). We assume that the H. in-
fluenzae SPB type b B-7884 culture synthesizes PRP with
a different number of units in the polysaccharide chain,
and losses during concentration and diafiltration through
a 100 kDa membrane can be associated with the removal
of polysaccharides from the intermediate product with a

55



(Dapmaueemuuecxaﬂ MExXHOI02UA U OUOMEXHON02UA
Pharmaceutical Technology and Biotechnology

Dapmayus u papmaronoeus T. 6 Ne 1, 2018

molecular weight about 100 kDa. In addition, according
to the literature data, the low molecular weight polysac-
charides PRP (50 and 100 kDa) as well as oligosaccha-

rides (10 kDa) after conjugation with carrier protein show
a higher immunogenicity than the conjugates that include
native high molecular weight PRP (450-600 kDa) [26].

1800 Membrane cut off:
-
E 1400 —im ghat et
= 1200 _i:i:i:i_\g§ S i . S
g s HEEINN HE NN
€ 1000 —{1H B i—§ FHEHE N\ —
£ it gt \ R
S 800 —H R REHHE NN —
Pl | Em I
Q —IIIIIII\_ I‘I L IIIIIIII
S gt S N S N
2 400 — e i :‘§ 1 R
gt N T N
200 — 4 HEA HEEEN
0 T\ I\ sl
0112117/KD 021217/KD 031217/KD

Concentrate batch

Figure 1 — Concentration of polyribosylribitol phosphate (PRP) in the concentrate, depending
on the cut-off threshold of the membrane during the concentration and diafiltration stage (for three series)

In the work [16], a membrane with a cut-off thresh-
old of 50 kDa was was used for ultrafiltration. Consider-
ing that the membranes have a non-uniform porosity and
a “breakthrough” of molecules with a higher molecular
mass than the cutoff threshold is possible, in our opinion
the use of an ultrafiltration cassette of 50 kDa can also
lead to losses in low-molecular polysaccharides.

At the next stage, the PRP precipitation process was
tried out with the 10% solution of CTAB on three batches
of the concentrate. It was shown that after addition of
the detergent solution and separation of the polysaccha-
ride precipitate by centrifugation, the amount of PRP in
the supernatant was 0.004-0.010 pg/ml, which indicates
that the desired product was almost completely precip-
itated. In the literature there are described technologies
according to which CTAB solution is also used for pre-
cipitation of PRP [18], and in some cases some additional
substances are used, for example, 30% solution of celite
[17]. In one of the works [28] the additional treatment of
the intermediate product with an ice raster of a mixture of
ethanol and methanol (95.22% and 4.78%, respectively)
and hydroxyl apatite is indicated. The advantage of the
PRP separation method used in this work is a one-step
process without using additional substances, the impu-
rity residues of which require removal in the subsequent
stages of the product purification. The authors of anoth-
er work [19] separated the precipitate (precipitated by
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CTAB) by filtration through deep filters. Using the cen-
trifugation for this purpose is more acceptable due to the
higher processability of the stage of precipitate collection
and, accordingly, smaller losses.

In the next stage the optimal ethanol concentration
was selected for homogenization and extraction of PRP
from the intermediate product obtained after CTAB pre-
cipitation. The concentration of ethanol for extraction
was kept unchanged, while homogenization was carried
out with the addition of ethanol in the amount of 7.5-
20.0% of the concentrate volume (Table 2).

It was found out that the maximum amount of ex-
tractable PRP (1.6—1.8 mg/ml) was observed with the
addition of ethanol in the amount of 12.5-17.5%. From
the point of view of economic expediency, 12.5% ethanol
was used in the subsequent work.

We supposed that it is possible to reduce the loss of
the eliminated polysaccharide by selecting the optimum
amount of ethanol at the extraction stage. Indeed, the in-
crease in the volume of ethanol to 32.5% allowed increas-
ing the amount of extracted PRP by 20-22% (Fig. 2).

Considering the fact that the obtained supernatant,
after removing the precipitate by centrifugation, was dark
in color and contained a small amount of unsettled par-
ticles, we assumed that this intermediate product could
be clarified by carbon filters with prefilteration through a
depth filter with a pore diameter about 0.4 pum.
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Table 2 — Effect of the concentration of ethanol added in the homogenization stage, on the amount of extracted PRP

The amount of added Concentration of PRP (mg/ml) in the intermediate product of the batch
ethanol,% 011217/E 021217/E 031217/E
7.5 1.00+0.12 0.90+0.15 0.92+0.14
10.0 1.24+0.14 1.22+0.10 1.124+0.16
12.5 1.80+0.09 1.74+0.07 1.78+0.10
15.0 1.7240.10 1.90+0.20 1.60+0.09
17.5 1.74+0.14 1.70+0.09 1.80+0.12
20.0 1.62+0.10 1.70£0.12 1.50+0.08

Note. The determination of PRP was carried out after extraction of the polysaccharide with ethanol in the amount of 30.0%
of the concentrate volume

2.5
E 2
%n _} % _1_ é —I: % Ethanol, %:
S15 ] = 025.0
g = £x = 530.0
g 1 - = £32.5
S ] o= - 35.0
N = = -
= = = [140.0
E 0,5 — = = -
0 ] =

0412117/E 051217/E 061217/E

Extract batch
Figure 2 — Effect of the concentration of ethanol used for the extraction of polyribosylribitol phosphate (PRP)
on the amount of the isolated polysaccharide (for three batches)

In Table 3 the data on PRPlosses after filtration cles were required for clarification using the carbon filter
through carbon filters of two manufacturers, as well as  Seitz AKS2 (Pall), but the PRP losses were higher than
the number of cycles necessary to achieve the optical after filtration through Zeta Plus Carbon R53 (3M Pu-
density of the filtrate less than 0.15 (at the wavelength  rification). Therefore, Zeta Plus Carbon R53 filters are
of 275 nm) are shown. It was found out that fewer cy- recommended for trying out the technology in the future.

Table 3 — Clarification of the intermediate product after extraction by filtration through carbon filters
of various manufacturers

Carbonfilter
. Zeta Plus Carbon R53 Seitz AKS2
Filtratebatch (3M Purification) (Pall)
Losses, % N of cycles Losses, % N of cycles
011217/F/Y 6.2+1.0 6 11.0+=0.9 5
021217/F/Y 5.0+0.9 6 8.6+1.1 5
031217/F/V 5.2£1.0 6 10.0+0.9 5

In the next stage, PRP was isolated by precipitation with different volume of a 4.0 M sodium chloride solution
(1—5%, v/v, Table 4).
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Table 4 —Effect of 4.0 M sodium chloride solution concentration on the amount of precipitated polysaccharide

The amount of added 4.0 The content of ribose (%) in the intermediate product of the batch
M NacCl, % 011217/0 021217/0 031217/0
0.5 12.0+0.9 14.0+0.9 12.2+1.0
1.0 22.0+£0.9 23.2+1.0 21.8+1.0
2.0 15.2+1.0 15.0+0.9 14.4+0.7
3.0 11.0+1.2 10.6+1.1 10.4+0.7
4.0 8.0+1.2 7.2+0.6 8.0+0.9
5.0 5.0+£0.9 5.8£1.0 6.0=0.9

Note. The ribose contents were determined in 0.5 g of the precipitate after precipitation with sodium chloride
solution with subsequent separation of the precipitate by centrifugation

It was shown that the maximum amount of polysac-
charide (determined by the contents of ribose, 22-23%)
was precipitated by the addition of 1.0% (v/v) of sodium
chloride solution. With increasing the amount of added
salt solution, the amount of the obtained precipitate in-
creased, but the ribose contents in it were low. It can be
explained by the precipitation of a significant amount of

A

sodium chloride and the decrease of the PRP proportion
in it.

Further on, the obtained precipitate after precipita-
tion with 4.0 M sodium chloride solution (1% v/v) was
frozen at the temperature of —(20+2)°C. Using the latex
agglutination test, the identity of the obtained product
was confirmed (Fig. 3).

B

Figure 3 — Confirmation of the identity of the obtained active pharmaceutical ingredient PRP. A — the sample;
B — control (positive reaction of latex agglutination)

The obtained product can be used as an active phar-
maceutical ingredient in the production of a conjugated
polysaccharide vaccine. It should be noted that in the lit-
erature lyophilic/vacuum drying of the obtained precipi-
tate is proposed [16, 19, 28]. It can increase the shelf life
of the substance. Our further research will be devoted to
the study of this problem.

CONCLUSION. As aresult of the work, the tech-
nological chain was worked out in order to isolate and
purify polysaccharide polyribosylribitol phosphate,
used as an active pharmaceutical ingredient in the
manufacture of mono- and combined vaccines against
hemophilic infection. The obtained results will be-
come the basis for the further development of the poly-
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saccharide substance and allow us to proceed to the
next stage in the development of the vaccine against
Haemophilus influenzae type b — conjugation with the
carrier protein.
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