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OOHOtL U3 AKMYATbHBIX 3a0a4 COBPEMEHHOU UMMYHOOUOMEXHOLO2UU A8IAeMCcsl paspadomka u eneopeHue 3¢-
hexmueHoll BaKyuHbl NPOMUE 2eMOPUILHOL UHGeKyul, 8030youmenem komopotil seisiemces 6akmepus Haemophilus
influenzae mun b (Hib). Ocnosnvim oeticmsyiowum eewgecmeom saxyunvt npomues Hib-undexyuu sersnemes xancyno-
Hblil nonucaxapuod nonupubosuipudbumongocpam (IIPPD), komopwiii gvloensiom u3 KyromypaisHou dcuokocmu H.
influenzae mun b. Basicnvim mexnonoeuueckum smanom nonyuenus I[1PD sgnsemcs KyIbmuupo8anue wmamma-npo-
OVYEeHma 6 YCIo8UAX, NO36OAOUUX NOLYYUNb MAKCUMATbHOE KOIUYEeCmB0 yeneo2o npooykma. Ha dannuiil momenm
NAAHUPYemcst no060p ONMUMAaibHbIX Ycaosull Kyivmusuposanus wmavma H. influenzae mun b B-7884, usonuposan-
HO20 U udeHmuguyuposantozo paree compyornukamu @I'YVII «Cankm-IlemepOypeckuil HayyHO-UCCIE008aMENbCKULL
UHCIMUMYmM 8AKYUH U CbIBOPOMOK U npeonpusmue no npouseoocmey daxmeputinvix npenapamos» @MbA Poccuu.
ILleny Oanmnoti pabomvl — 0000WUMb U NPOAHATUIUPOBATNL OAHHLIE TUMEPAMYPbl OMHOCUMENbHO 0CODeHHOCmell
kynomusuposarus wmammog H. influenzae mun b, a maxorce svioenenus ocnosuvix paxmopos, enusrowux Ha 6UOCUH-
me3 [IP®. Mamepuanwst u memoowl. B npoyecce noobopa mamepuana 0 HANUCAHUSL 0O30PHOLL CIAMbU UCHONIb30-
sanu 6azvl oannvix Google Patents, Science Research Portal, Google Scholar, ScienceDirect, CiteSeer, Publications,
Researchindex, Ingenta, PubMed, KEGG u dp. Pesynomamsl u oocyscoenue. B pesyiomame ananuza numepanty-
Dbl ObLIU 8bIOENIEHbl OCHOBHbIE (Yakmopbl, eruawue Ha duocunmes [IPD: npupooa u KoHYeHmMpayus UCMOYHUKO8
yenepooa u azoma 6 cOCmase NUMmameibHol cpedvl, KoHyenmpayus axmopos pocma (HUKOMUaMUOAOeHUHOUH)-
KIe0muo, eemMuH, GUMAMUHbL), OONOTHUMETbHOE GHeceHue noonumxu, peeyiayus pH ¢ npoyecce Kynbmuguposanus,
ckopocmo nepemewuganusi. O6obujeHvl danHvle no wmammam-npooyyeumam IP®@ u ycrosusm ux Kynibmusupo-
8aHUA, A MAKICe KOMUYeCMEY CUHme3uposarnno2o IIP®, komopoe cyuwecmeeHHo 3asucum u om QU3UOTOSUYECKUX
B03MOANCHOCHIEU OUONOSUUECKO20 A2eHMA, U OM (AKMOPOs, GIUAIOWUX HA PecyIayulo Memabonusma. 3aKayeHnue.
Pezynomamur danroil pabomut 6y0ym yuumuleamvcs npu nPo8eoeHuUl UCCi1ed08anull No ONMUMUZAYUL YCILOGULL KYTb-
musupoganust wmamma H. influenzae mun b B-7884.

Knroueswie crosa: Haemophilus influenzae mun b, cemopunonas ungexyus, kynomusuposanue, numamenshule
cpeovl, nonupubosurpudbumongocgham
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One of the up-to-date challenges of modern immunobiotechnology is the development and introduction of an
effective vaccine against the infection caused by the bacterium Haemophilus influenza, type b (Hib). The main active
substance of the vaccine against Hib infection is the capsular polysaccharide polyribosylribitol phosphate (PRP),
which is isolated from the fermentation broth of H. influenzae type b. An important technological step in obtaining
PRP is the cultivation of the producer strain under conditions that allow obtaining the maximum amount of the target
product. At the moment, it is planned to select the optimal conditions for cultivation of H. influenzae type b B-7884,
which had been earlier isolated and identified by the employees of FSUE ““Saint-Petersburg scientific research insti-
tute of vaccines and serums and the enterprise for the production of bacterial preparations” of FMBA, Russia. The
analysis of literature data concerning the cultivation of H. influenzae type b was made in order to identify the main
factors influencing the biosynthesis of PRP. The aim of the investigation is to analyze and summarize the literature
data on the cultivation peculiarities of haemophilus influenzae of b-type strains. Materials and methods. In the pro-
cess of selecting the material for writing this review article. The databases of Google Patents, Science Research Por-
tal, Google Scholar, ScienceDirect, CiteSeer Publications Researchindex, Ingenta, PubMed, KEGG, etc. were used.
Results and discussion. As a result of the literature analysis, the main factors influencing the PRP biosynthesis were
identified: the nature and concentration of carbon and nitrogen sources in the growth medium, the concentration of
growth factors (nicotinamide adenine dinucleotide, hemin, vitamins), additional feed, pH adjustment during cultiva-
tion, stirring speed. The data of PRP-producing strains and the conditions of their cultivation have been summarized,
as well as the amount of synthesized PRP, which essentially depends on both the physiological capabilities of the
biological agent and the factors effecting the regulation of metabolism. Conclusion. The results of this work will be
taken into account in carrying out the researches for optimization of H. influenzae type b B-7884 strain cultivation

conditions.

Keywords: Haemophilus influenzae type b, hemopbhilic infection, cultivation, growth mediums, polyribosylribitol

phosphate

Beenenne. OmHOM W3 OCHOBHBIX MPUYHH 3a00-
JIEBAEMOCTH M CMEPTHOCTH JIeTeH MJIaJIero Bo3pac-
Ta OT ITHEBMOHMH W MEHHUHTUTA SIBISICTCS OakTepusi
Haemophilus influenzae tum b (Hib) [1-5]. Cunraercs,
YTO €OMHCTBCHHBIN 3((EKTHBHBIN CIIOCOO MPEeAOTBpa-
nieHns nHQeKni, Be3biBaeMbIx Hib (remModuibHOM HH-
(exrun), — BakuuHaus [6-11].

B cocraB BakIMHBI IPOTUB reMOPHUIBHON HHPEKIUH
BXOJUT KalCYJIbHBIA MOJHCcCaXapua NoIupudo3uipuou-
tondocdar (ITPD), cunresupyemsrit H. influenzae tun b
B 3HAUUTENBHBIX KOJMYECTBAX ITPU POCTE Ha JKHUJIKUX ITH-
TarenpHbIX cpenax [12]. 3BecTHO, UTO OMHUM U3 HanbO-
Jiee BaXKHBIX 3TAIOB IPH IPOU3BOJCTBE BAKIIUH SIBIISICTCS
KyJIBTHBUPOBAaHUE NPOAYIIEHTA B ONTHMAIIBHBIX YCIIOBH-
SIX, 9TO MO3BOJISIET MOJTYYUTh MAaKCUMAJIbHBINH BBIXO/] 11e-
JICBOTO TIPOAYKTA C MUHUMAIIbHBIMHU 3aTPaTaMHu.

Pannee corpymaukamu ®OI'YII «Cankr-IletepOypr-
CKUH HAay4YHO-MCCIICJOBATEILCKUI WHCTHTYT BaKLUH
U CBIBOPOTOK M TPEINPHSATHE 0 MPOU3BOJACTBY OakTe-
puiinbix npenaparoB» ®MBA Poccun Ob1 mM3ommpo-
BaH ImTaMM wuaeHTHGuIpoBanHbii kak H. influenzae
tun b. IIpoBeneHo JeMOHNPOBaHNE TAHHOTO IITAMMA B
TocynapcTBEHHOM KOJUICKIIMM MATOT€HHBIX MHKpPOOpra-

HU3MOB M KJIeTOuHBIX KynbTyp «I'’KIIM — OGonenck»
OenepanbHOTO OIOMKETHOTO yupexaeHus Haykn «lo-
CYJapCTBEHHBI HAyYHBIH LEHTP NPHUKJIAJAHOW MHUKpPO-
6uonorun u 6uorexuonorum» (OPBYH I'HIJ TIMB) nox
Homepom B-7884 mist meseit HaMOHAIBHON MATEHTHOMN
nporeaypst [13], B pesysibrare KOTOpoi ObLT MONyUYESH
nateHT Ha u3obpetenue [14]. lonoOpaHbl ycnoBus mo-
JMy4eHHUs U OoTpabOTaHBl METONMKH KOHTpois InaBHOM
n Paboueif moceBHOI KynbsTypsl. Ha cremyromem stame
IUTAHUPYETCSl TOA00p ONTHMAJIBLHOTO KOMITOHEHTHOTO
COCTaBa UJKOM IIUTATEIbHON CPEllbl, a TAKXKE YCIOBUN
KyJIETUBHpOBaHMs mtamMma B-7884 nns nonyuenus mak-
CHUMaJBHOTO KOJIMYECTBA KallCyJbHOTO TOJIMCaxapHaa
nonupubosunpudutonpocoara (ITPD).

Heab manHO# pabOThI — 00OOIIUTE U TIPOAHATU3H-
poBaTh JaHHBIC JUTEPATYpbl OTHOCHUTEIBHO OCOOCHHO-
cTeil kynsruBupoBanus mrammoB H. influenzae tum b.

Marepuasnsl u MeToabl. B niporiecce nogbopa mare-
puana Ui HanucaHWs 0030pPHON CTAaThH HCIIOIB30BAN
0a3el nanubIx Google Patents, Science Research Portal,
Google Scholar, ScienceDirect, CiteSeer, Publications,
Researchindex, Ingenta, PubMed, KEGG u ap. Ilouck
cTareii MPOBOMIIN 0 KITt04eBbIM ciioBam «Haemophilus
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influenzae type b», «PRP», «cultivation», «culture
medium», «fermenter».

Pe3yabrarsl u 06cy:xaenne. [logbop onTUMAaIbHBIX
YCIIOBUH KyJIBTHBUPOBAHMS, B IIEPBYIO OUepe/lb, CBSI3aH
¢ (U3NOIOTHYCCKUMH OCOOCHHOCTSMH TIPOAYIICHTA U
3aKOHOMEPHOCTSIMH CHHTE3a IIeJICBOr0 MPOAYyKTa. YUH-
TBIBAsl, 4YTO TOAMPpUOO3MIpuOUTONdOChHAT SBISIETCS
KarcynbpHeIM TonucaxapuaoM H. influenzae tum b, Bo-
IIPOCHI, CBSI3aHHBIE C €r0 OMOCHHTE30M B 3aBUCHMOCTH
oT (ha3sl pocTa MPOIYLEHTA, BBIICICHUEM B IMTATEINb-
HYIO Cpey, BIUSHHEM IMPEIIICCTBEHHUKOB ONOCHHTE3A,
3aBHCHMOCTBIO 00pa30BaHMS MOJTUCAXapuaa OT CKOPO-
CTH HAKOTUICHHUS GromMacchl 0060 uHTEepecHsI [15].

Tak, eme B 70-X rogax mpoIuwioro Beka ObLIO yCTa-
HOBJIEHO, 4TO cuHTe3 [IPD y mectu uccienryembix
mrrammoB H. influenzae tumn b npoucxoaut ogHOBpEeMeH-
HO C POCTOM KYNIBTYphI M MaKCHMAalIbHBI YPOBECHb Ha-
KOIUICHHUS IIEJICBOTO NPOAYKTa HAOIIOmaeTCs B paHHEH
CTaIMoHapHo# (asze pocta [16].

KarncynpHblil monucaxapuj CHHTE3UpPYETCS 3K30-
TeHHO, €r0 OCBOOOKICHHE B KYJIBTYPAIBHYIO YKHUIKOCTh
MIPOUCXOIUT Yepe3 HECKOIBKO YacOB IOCIE OKOHYAHUS
ouocuHTe3a. [Ipu 3TOM CKOpOCTH OCBOOOKICHHS TIO-
JMcaxapuia B OKCIIOHEHIMANbHOW (aze pocra HMHAU-
BUAyajbHa U KaxJaoro mramma. Beigenenue [1PO B
MUTATEIbHYI0 CpPely MPOUCXOIMIO CaMOIIPOM3BOIIBHO,
oJIHaKo aBTOPHI [16] moguepKUBarOT, YTO Uil YCKOPEHHS
JTAHHOTO TIPOIIecca W YBEIWYCHUS KOTUIECTBA CHHTE3H-
POBaHHOTO TIOJIUCAXapH/a LEeJIeCO00Pa3HbIM SIBIISIETCS
HarpeBaHue Win 00paboTka GMOMaCChl yIBTPa3BYKOM.

Jpyroit HHTEpECHBIH MOAXO0A MO YBEIUYEHUIO KOJIU-
YeCcTBa OTHEIIEMOTO IOMcaxapuaa OMUCAH B MATCHTE
[17]. ABTOpBHI MPEMTIOKMIN TIO 3aBEPIICHHUIO (epMEH-
TalUU CHIDKATh TEMIeparypy 10 KOMHATHOH W BBIIEp-
JKMBaTh B TAKUX YCJOBHUSIX KYJIBTYPaJbHYIO YKHUAKOCTb.
Iloka3zaHo, 4TO KOJMYECTBO CHUHTE3UpoBaHHOrO [IPD
yepes 12 4 kynapTHBUpOBaHus cocTaBsuio 330 MKr/mi, a
BEIICP)KUBAHHE ITPH KOMHATHOM TeMITEpaType HECKOIBKO
4yacoB nocie 16 4 KyJIbTHBHPOBAHMS MTO3BOJISUIO YBEIH-
YUTh ypoBeHb aHTHreHa 10 480 mMxr/mit. MicenenoBarenu
oOpalaloT BHUMaHHE Ha HEOOXOIMMOCTh Hadajia OX-
JIK/ICHHS B OTIPEJICIICHHOE BPEMsI: paHbIIIEe — BO3MOYKHBI
MIOTEPH IO TOJINCAXAPH/TY, TTO3KE — MOXKET ITPOUCXOAUTD
JIM3KC KIIETOK W IOTIOHUTEbHAS KoHTaMuHanms [17].

HccrnenoBarenn Takke OTMEYAIOT, YTO WHTCHCU(H-
Kalus OMOCHHTE3a IEJICBOTO TPOAYKTa BO3MOXKHA Kak
HEIIOCPE/ICTBEHHO 3a CYET YBEIWYEHHs YPOBHsS OHO-
Macchl (HanpuMep, P BHECCHHH MCTOYHUKOB YIICBO-
JIOB WJIM YBEJMUYCHUS adpalliK), TaK U [PU yBEIHMICHUH
OMOCHHTETHYECKON CIIOCOOHOCTH mTamMMa. Hampumep,
Oyhepusanus nUTAaTEIBHON Cpeasl MPUBOAMIA K YUIH-
HEHHIO CTAllMOHAPHOTO POCTa MPOIYLEHTA C MOCIeIy-
IOLIMM yBEJIMYEHHEM KOJIMYECTBA CHHTE3MPOBAHHOIO
[TP® [16].

VYdeHsle Takke M3yJYalu BIUSHHUE TPEAIICCTBEHHH-
KOB OMOCHHTE3a Ha 00pa30oBaHME KaIlCYITHHOTO TOJHCa-
xapuna mpu pocte H. influenzae tunm b Ha cpene, conep-
Kaled TUApOSU3aT Ka3enHa W JPOXOIKEBOM DKCTPAKT.
[Noka3zaHo, 4T0 MaKCUMaNbHbIH ypoBeHb [IPD (63-65 Mkr
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nento3bl [TP®/mi) wabmronamu npu mobasiennn 0,1%
pu6o3er win 0,5% niroko3bl, TOraa Kak Oe3 mpeniie-
CTBCHHHUKOB OH ObUI B 6,3-6,5 pa3za Hmxke. HTEepecHO,
4yT0 noOaBlIeHUE PHOUTONIA HE BIMAIO Ha OHMOCHHTE3
LIENEBOr0 MPOAYKTa. ABTOPBI OOBSCHSIOT JAHHOE $IB-
JIeHHE TpoOJIeMaMy TPAHCIIOPTa U aKTUBALUK JTAHHOTO
C.-criupra B kietke [16].

B 60-70-x romax XX cToNeTHs] yUSHBIMU CTalM aK-
THUBHO MPEJIArarhCsi CHHTETUYECKUE CPEbl JJIsl KYJib-
tuBupoBanust mrammoB H. influenzae. Tlepsoie cunTe-
THYECKUE U TIONYCHHTETUYCCKUE MUTATEIbHbBIC CPEJIb,
HCIIONIb3yeMble JUIS BbIACICHHUS M HOIACPIKAHUSI POCTa
H. influenzae, umenu odeHb CIOKHBINA, MHOTOKOMIIO-
HCHTHBIH COCTaB, BKIJIFOYas MHOKECTBO aAMHUHOKHCIIOT,
BUTAMUHOB, (h)aKTOPBI POCTA, HEOpraHudeckue conu. Ha-
npumep, cpena Herriott [18] comepsxana 30 komrmoHeH-
ToB. B nmpyroii pabore [19] nmpeanokeHa CHHTETHYECCKAS
MUTaTeNIbHAS Cpelia, cocTosmas u3 29 KOMIIOHCHTOB.

B Toe BpeMsi IPOBOANIIHCH SKCIIEPUMEHTBHI 110 YIIPO-
mienuio ee cocrasa. Tak, Klein R.D. ¢ coasr. Obu10 mpes-
JIOKeHo JiBe Moaudukaiwu cpespl Herriott u konudecTBo
KOMIIOHEHTOB yike CHIDKeHO 10 13—14 mozummii [20].

YuutsiBas MeTaboIaecKre 0COOCHHOCTH
H. influenzae tun b, eme B 80-x rogax mpomworo cro-
JIETUSI WCCIEOBATEId CTAlM YAEIATh 3HAYMTEIHLHOE
BHUMaHUE BIUsHUIO reMuna (hakrop X) 1 HUKOTHHAMU-
naneaunanaykiaeoruna (HAJ, dpakrop V) Ha pocT Kyiib-
TYpBI, a B JajbHeleM i Ha 6nocuuTes [TPO [21].

OTHOCHUTENTPHO HCCIICIOBaHUM, MPOBOAMMBIX Ha
CEeTOMHSANIHUNA JIeHb, CPEIH HUX MOKHO BBIJICIUTH He-
CKOJIBKO HAIPABJICHHI: TIOUCK HauOOJIee MPOIYKTHBHBIX
[ITAMMOB, MMOJ00P ONTUMABHBIX YCIOBUN KYJIBTUBHPO-
BaHU, a Takxke u3ydeHne omocuntesa [IPD Ha anprep-
HATHBHBIX cperax 0e3 KOMIOHEHTOB KHBOTHOTO TIPOHC-
XOXKJICHHS.

B crarbe [22] onmcano usydenue d6uocuntesa [1PD
mateio mrammamu H. influenzae tumn b, uzonuposanus-
MU OT OOJBHBIX JIeTell ¥ ycIoBHO HazBaHHbIMU H. inf. 1,
H. inf. 2, H. inf. 3, ATF1 (ATCC 35540) u ATF2 (ATCC
10210). TTokazano, uto MakcuManbHbIi cuaTe3 [TPD (192
MKT/MIT) U KoHIeHTpanus knetok (3,3:10UKOE/Min) cpe-
JIM U3yYCHHBIX IITAMMOB ObLIH XapaKTepHbI ISl [IITaMMa
ATF2 ipu pocte Ha GC OynboHe ¢ (akTopaMu pocTa.

[Moxoxue uccneqoBaHus ObLITH MPOBEACHBI IS APY-
rux cemu mrTammoB [23]. M3yuanu mramMMmbl, BBIICICH-
ubie oT 6ompHbBIX Aeteit (Hib(1), Hib(2), Hib(3), Hib(4b),
Hib(7b)), a Taxke mramMMbl U3 aMepHKaHCKO#l KOJICK-
uuu ATCC 35540 (Hib(5s)) u ATCC 10210 (Hib(6s)).
WHTepecHO, YTO B JIAHHOM Cllydae MaKCHUMasbHasi KOH-
LEHTPAIHSI KIETOK HAOMIIOIalIach JUIsl YeThIPEX IITaMMOB
Ha cpejie cepaeuno-mosrosoro Oynsona (BHI) ¢ nob6as-
Kamu (paktopoB pocta u cocrasisiua 10 KOE/Mi. [Tpu
9TOM HAWOOIbIIAs KOHLCHTPALHUsS CHHTE3UPOBAHHOTO
moncaxapuna Obuia xapakrepHa it mramma ATCC
35540 (Hib(5s)) u cocrasisna 321 mxr/mi [23].

PaznuuHble COCOOBI KYJIBTUBHUPOBAHUS TAKKE MO-
T'YT BIMATH HA BBIXOJ KallCyITbHOTO Monucaxapuia. Tak,
Opazuibckue ydensie [24] uccienoBain 0COOEHHOCTH
pocra u cunreza [IP® mrammom GB 3291 npu nepu-
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OZIMYCCKOM (epMeHTanK B TeueHue 24 u (Bapuant 1),
npu hepMeHTAIMH ¢ MOAMUTKOI mtoko30it (5 r/m) Ha
9 4 (BapuaHT 2) U npu HepMEHTAIMH C 3aMCHOM IMHTa-
TeNbHOU cpenbl yepes 12 4 KynbTUBHPOBaHHs (BapHaHT
3). Iloka3zaHo, 4TO NpH KCIOJIb30BaHMU BapraHTa 1 KOH-
nienTpanust [TPO cocrarmsuta 140 Mxr/miT, a HAKOTUTCHHE
LIEJICBOTO0 MPOAYKTA OBLIO CONPSIKEHO C POCTOM KYJib-
Typsl. KylIsTHBHpOBaHHE C MOANUTKON HE MO3BOJIMIO
YBEIMYHUTH KOHIICHTPALMIO 1I€JI€BOTO MPOJIYKTA B CBSI3H
C TEeM, YTO JOTOJHUTEIFHO BHECEHHAs DIIFOKO3a INpaK-
TUYECKH He TOTpedsuiack KyiapTypoit. Mcmons3oBanne
TPEThEro crocoda KyJIsTHBUPOBAHUS ITO3BOIMIIO YBEIIH-
YUTh TPOMYKTUBHOCTE 110 87 Mr [TP®/r 6uomaccel mpu
BTOpOH (hepMEeHTAIMU TIOCIJIE 3aMEHBI ITUTATEIBHON cpe-
JIbl, TOTJIa KaK MU [EPBOM BapHaHTE KyIGTHBUPOBAHHS
oHa coctasisuia 67 mr [TP®/r 6uomaccel. OTMETHM, YTO
caMa KOHLIGHTpALMs [TOJIUCcCaxapuia MPaKTHIEeCKH HE OT-
JIMYajgach B 3aBHCUMOCTH OT BBIOPaHHOTO criocoda (ep-
MeHTanuu (oTHOCHTEbHAs Bapuanus 0-17%) u Obuia
Ha ypoBHe 132-155 wmkr/mi. Hcmone3yst moaxombl K
MaTeMaTHYecKOMy OIMCAHHIO Mpolecca (pepMeHTAaLHH,
npeuiokeHHbie Koro-Acait u Jlyeneken-IIupert, aBTopbt
TIOATBEPAMIN CBOE IPEANOJIOKCHUE, YTO HAKOIUICHUE
L[EJICBOTO MTPOYKTa HANPSIMYIO CBSI3aHO C HAKOIICHUEM
Ouomaccer [24].

WHTepecHbIMH SBISIOTCS JAbHEHIINE HCCIIeI0Ba-
HUS JIJAHHBIX YYCHBIX, KOTOPbIE YCTAaHOBIIIN CIIEAYIOIINE
3akoHOMepHOCTH cuHTe3a [IPD mrrammom H. influenzae
tut b GB 3291 u cMomM B 3HAYMTENBHOW CTEIICHH
YBEJIIMYUTh €ro MpOnyKTUBHOCTH [25]. Ha OumocuuTe3
ToJIMcaxapy/ia OKa3blBaeT 3HAUUTEIBHOE BIMSHHUE PEry-
msaust pH: nmonnep:kanue pH Ha HelTpanbHOM ypOBHE
(7,240,2) mosBossieT yBennuuth Bxon [1P®. Tak, ¢ pe-
rymsmuei pH 1 BEIXOIOM Ha CTallMOHApHYIO ¢a3y pocTta
CHUHTE3 aHTUTeHA MPOJOJKAJICS U YBEJINYMBAJICS, B OT-
JM4Me oT BapuaHTa 0e3 peryisiuuu pH, roe yBennuenue
KOJIMYECTBA aHTHIeHA HAOJNIONAIM TOJBKO B SKCIOHEH-
uanbHO# (ase pocta. [lomnuTky B Bue DIIOK03b! (Ipu
peryasiinn pH) KiIeTkr OBICTPO KaTaboIM3UPOBAIH C
OJTHOBPEMEHHBIM CHHTE30M OHOMacchl U aHTUreHa. [Ipu
BBIXOJIE KYJIBTYpBI Ha CTal[HOHApHYIO (ha3y pocra rnorpe-
GJ1eHNEe ITIOKO3BI 3aMe/ISUIOCh, HO CHHTE3 ITOJIHCaxapH-
Jla aKTHBHO TIponosnKaicst. [Ipu 5ToM rmociie JoCTHKeHUS
cTaronapHoii ¢assr pocra (10 9) moanmHUTKa HAIPAMYTO
KOHBEPTHPOBaIach B Mojucaxapuia (IIpu yCIOBHH pe-
rymsiimi pH). Kpome Toro, GbuTo TMOKasaHo, 4YTO TPH
Hacbienun kuciopoaom 30% c xouTposem pH konu-
YEeCTBO CHHTE3MPOBAHHOTO MOJMcCaxapHujia COCTaBIISIIO
943,3 mxr/mit, uto 066110 Ha 124 % BIIIIe IO CPABHEHHIO
C TPaJHMIMOHHBIM CHHTE30M IIPH HEU3MEHHOH adpauuu
(420,8 mxr/min). Iognepskanue nmapuaaIbHOTO JABICHUS
u pH Ha ompeneneHHOM ypOBHE NPUBOAWIO K YUTHHE-
HUIO HKCIIOHEHIMAIIBHOM M cTannoHapHOH (a3 pocra u
COOTBETCTBCHHO K yBeNWYCHUIO 0Opa3oBanus [IPD. As-
TOPBI IPEATIONATAOT, YTO peryisiius pH n noxnepxanue
a’palMy Ha ONPEIEICHHOM YPOBHE TaKKe MOJIOKUTEIIb-
HO BIIMSIET Ha DKCIIPECCHIO TeHOB, OTBEYAIOIINX 32 CHH-
Te3 KarcylIbHOro nonucaxapua [25].

CoBpeMeHHbIE MHPOBBIC TEHJCHIMH TPEOYyIOT OT

OMOTEXHOIOTOB Pa3pabOTKH HOBBIX TMOAXOIOB K TOMI-
0opy MUTATENBHOM Cpebl A KyJbTHBHPOBAHHUS MPO-
JIYLEHTOB, OCOOCHHO TeX, KOTOpbIe ISl CBOCH HKU3-
HEJICATEIBHOCTH TPEOYIOT KOMIIOHEHTBI JKMBOTHOTO
HNPOUCXOKACHHUS. KTAKHMMHUKPOOPraHU3MaM OTHOCHTCSH
H. influenzae tum b, mmst KyTETHBHPOBAHMS KOTOPOTO Ya-
CTO HCTIOIB3YIOT CPEMIbl C KUBOTHBIMH KOMITOHEHTAMH,
HATpUMEp, CEPACYHO-MO3TOBOI OYIIbOH, IIOKOTATHBIN
arap ¢ KpOBBIO, MEMTOHBI KMBOTHOTO IPOHCXOXKICHUSL.
Kpowme Toro, ¢axropom pocra H. influenzae tum b sigms-
ercsi reM [26, 27], KoTOpbIii B BHIE, HATPUMED, PACTBOPA
TeMHHa XJIOpUAa, 00s3aTeIbHO BHOCAT B NMUTATEJIBHYIO
cpeny. [ToaTomMy Bce yarie y4eHble YACTSIOT BHUMAaHHE
noxdopy anbTepHATUBHBIX MHUTATEIBHBIX CPE HA OCHO-
BE PACTHTEIbHBIX KOMIIOHCHTOB, HAIIPUMED, IEHTOHOB.
Taxk, 60JIBLINHCTBO COBPEMEHHBIX NTATCHTOB, KACAFOLINX-
ca ouocunTesa [IP® H. influenzae tum b, mocesamens:
moxdopy ONMTHMAIBHOTO COCTABa MMEHHO TaKHWX THTa-
TEIBHBIX CPE/I.

B narente [28] npuBoauTcs uHbOpMALUS O KOM-
MOHEHTHOMY COCTaBY ITUTAaTEIBLHON CPelibl, COIepIKaIICH
HEOPTaHWYECKHE COJIH, TIIFOKO3Y, JAPONCKEBON IKCTPAKT,
HEKOTOpble aMUHOKUCIIOTHI, reMuH 1 HA /I, a Taxoke nen-
TOH PaCTUTEIBHOTO MPOUCXOKICHHUS. YCTAHOBICHO, Y4TO
npu BeipanuBanuu mramma H. influenzae tun b CS 68
Ha JTAHHOI MUTAaTeNbHOH cpelie KOJIMYECTBO MOoJHcaxa-
puna, coopannoro ¢ 700 1 KyJIbTypalbHON JKHAKOCTH,
cocrasisuio 70-80 .

B pabore [29] ommcana momuduIpoBaHHAS CoOe-
BO-TICMITOHOBAS CPEa C JPOXKIKEBBIM IKCTPAKTOM U OTI-
TUMHU3UPOBAHHOM KOHIEeHTpamuedl remuna (30 mr/n) u
HAJ (15 wmr/m), ucnonb3oBaHHE KOTOPOW B YCIOBHSX
NPUHYIUTEILHON adpaluyl U KoHTpouis pH npuBoamino k
yBennueHuro cuaresa ITP® no 980 mMkr/mil.

IMomumo mombopa ONTUMATBLHOTO COCTaBa IMHTa-
TENBHOU Cpe/ibl yueHble 0c000e BHUMAHHE YICISIIOT Ce-
JICKIUH ¥ TOJNYYCHHIO BBICOKOAKTUBHBIX MPOAYLCHTOB
[MP®. Tak, B narente [30] aBTOpHI OMNKCANIN reTEPOreH-
uyto nonyssiaio H.influenzae ceporuma b, xotopas co-
JEpKUT MHKAICYIUPOBAHHBIE U HEMHKAIICYITUPOBaHHbBIE
6akrepun. [Tokazano, uro nmocne 18-24 v xynsruBrpoBa-
HHS Ha CEJICKTUBHBIX TBEP/IBIX MUTATENIBHBIX CPEIax pas-
THYaIn Oelble U cepble KOJIOHHH, KOTOPBIE 3HAYUTEIHEHO
OTIMYAJIMCh MO MPOTYKTUBHOCTHU. Tak, Oenble KOJOHUH
cuHTe3upoBaiu B 3-5 pas dosbire [TPD 1o cpaBHEHHIO C
KOJIOHHSIMH CEPOTO IIBETA U UX MPOAYKTHBHOCTH COXpa-
HSTACh HA MPOTSHKEHUHU 4-X reHepanuid. st ceneKkTus-
HOTO BBIJICJICHHS BEICOKOIIPOIYKTHBHBIX OCNBIX KOJOHHUH
ObLJIa IpeUIoKeHa CHHTETHYECKas TBEpAas IUTaTeIbHAs
cpena, copepKallasl paCTUTENbHBIN ENTOH, APOKKEBOU
9KCTPAKT, HEOPTAHUYECKHE COJIH, YIICBOMBI, (HaKTOPHI
pocTa. YueHble MPEANONIOKHUITH, YTO KIETKH, 00pasyo-
mue Oenbie KOJOHUH, COACPKAT KaKk MUHHMYM JIBa JIO-
Kyca, OTBEYAIOLIMX 3a CHHTE3 LieieBoro antureHa [30].

LItamMM ¢ MogoOHBIME I'€HETHYECKUMHU XapaKTepH-
CTHKaMH WCTIOIb30BaIM aBTOPBI Apyroro mareHTta [31].
OHM ¥WCCIEeOBATM HHKANCYIUPOBAHHBINA mTamm  H.
influenzae tun b, coneprxkaruii kKak MUHEMYM JIBE KOIIMU
nokyca (pasmep mexay 17 u 18 k/la) B reneTndyeckom
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KOJIe, KOTOPBIC TPYIIUPYIOT BMECTE TEHBI, OTBEUAOIIHE
32 CHHTE3 M HKCIIPECCHIO IMOJMCAXapUIHON KarlCybl.
Hcnonb30BaHue MPEAIOKEHHON B MATCHTE XMMHYECKOi
Cpebl MO3BOJIMIIO TIOTYYUTh cTaOMIbHBIH mTamm B 20
reHepalusixX. YYeHble MPOBEIN 3HAYUTEIBHYIO paboTy
110 W3YYCHHIO BIUSHUS KOMIIOHCHTHOTO COCTaBa IUTa-
TeJbHOM cpeabl Ha OuocuHTe3 [TPD, a Tarkke Mo mom-
60py KOMIIOHEHTOB HEKHBOTHOTO MPOUCXOXKICHHS ISt
ee cocrapa [31]. [Ipu monbope MUTATENBEHOMH CpPeIbl HC-
CJICIOBATEIM MCKIIIOYaM U3 ee cocTaBa OCNKH, 4YTO, 110
UX MHCHUIO, 3HAYUTEIEHO 00JIer4aeT OYUCTKY LeJIeBOTO
MPOAYKTa M HUCKIIOYAET HUCIIOIb30BAaHHUE ITEHOTaCUTEIs.
YCTaHOBIICHO, YTO [UTS KYJBTUBHPOBAHHS HCCIICIYEMOTO
[ITaMMa B ITUTATebHON Cpefie 0JKeH MPHCYTCTBOBATD
PsLI AaMUHOKHCIIOT, IPH 3TOM ITOKa3aHa BO3MOXKHOCTB pe-
TYJIALIUK OMOCHHTE3a oIcaxapy/a KOHIICHTpalueit ac-
MaparvHOBOM KHCIIOTHI, acraparnta W mryTamuHa [31].
KoHIieHTpaIusi JaHHBIX aMHHOKHCIIOT ObUIa BbIOpaHa
TaKUM 00pa3oM, YTOOBI HATPABUTH METAOONN3M KIICTKH
Ha IMPOU3BOJACTBO KAICYJAbHOTO mMonucaxapuna. Kpome
TOro, B mareHrte [31] onucaHo MONOKUTENEHOE BIHSHHIE
Ha MPOAYKLHIO LEJIEBOro NPOAYKTa Psija BUTAMUHOB B
COCTaBE MUTATEIILHON CPEJIbl.

IIpu 3aMeHe JKUBOTHBIX KOMIIOHEHTOB IIUTaTEIbHOU
Cpenbl Ha anbTepPHATHBHBIC BCTACT BOIMPOC HCTOYHHKA
remuna juist H. influenzae tun b, anst koroporo gaxHbIi
mopUPHH ABIAETCS He3aMEHUMBIM (pakTopoM pocTa. B
marenTe [31] mpemTokeHo 3aMEHUTh TEMUH KUBOTHOTO
MPOUCXOXKICHHS HA THHATPUCBYIO COJb MPOTOMOPPUpPH-
Ha WM CUHTETHYecKuil npotonopdupun IX B KoHIEH-
tpamusix 0,25 u 2,0 mr/.

WHTepecHbIi MOAXOA K YBEIUYCHUIO CHHTE3a OHo-
Macchl WIH IIEJIEBOTO MPOAYKTa MOXKHO HCIIOIB30BaTh,
[PUMEHsISI CMECH CyOCTPaToB /TSl KYJIBTHBHPOBaHuS [32,
33]. IMokasaHo, 4TO MITAMM, ONKUCAHHBIH B mareHTe [31],
CMOCOOCH PACHICIUISITh TIIOKO3Y, (PYKTO3Y, TajakTo3y,
DIULEPUH, KCHIT03y, pubo3y, QyKo3y, CHaJOByH KHCIIO-
TY W JIAKTaT, a TAKKe JUIS ero KyJIbTUBHPOBAHHS MOKHO
HCIIONB30BATh JBa U OoJiee HCTOYHNKA YIIIepo/ia, KaK Ha-
npumep, moko3y (12-16 r/n) u sakrar (0,5-10 /). TTo
HallleMy MHEHHIO, U3y4eHHe JJAHHOTO BOIpoca 1 paboTa
B JIAHHOM HAaIpaBJICHHU MOXKET ObITh NEPCIEKTHBHOM.

Kpome Toro, BayKHbIM IOKa3aTesIeM, BIHAIOIIM Ha
OMOCHHTE3 LIENIEBOr0 MPOIYKTa, SBISCTCS COOTHOIICHUE
yraepo/a3or B nuTarelabHoi cpene [34, 35]. Tak, B ma-
tente [31] momuepkuBaeTCs, YTO COOTHOIIIEHHUE MENTOHA
U IPOXKIKEBOTO IKCTPAKTa TOIKHO OBITH OONiee UITH paB-
HO 1, a comepxanue o6urero azora — 6omnee 0,8 r/i.

B pabote aBroper [36] u3yuyanu BiAHMSHHE KOHIICH-
TPALMU JIEKCTPO3BI U APO}OGKEBOIO SKCTPAKTA HA CHHTE3
ITP® H. influenzae tum b ATCC No. 10211. TIpoBoau-
1 MOAM(HKAIMIO JBYX MUTATENBHBIX CPEI: CPEb, CO-
JieprKalleil B KaueCTBE OCHOBHBIX KOMIOHEHTOB COCBBIi
HENTOH U JpoxokeBoit sxetpakt (MP), a Takxke cpensl, B
COCTaB KOTOPOH BXOJWJI KA3UTOH U JPOXIKEBOM HKCTPAKT
(CY) [37]. Moaubukanus 3aKioyanach B U3MEHEHHH
KOHIICHTPAIIMK JIEKCTPO3bl M IPOXKIKEBOTO IKCTPAKTA
B npenenax 0-10 u 0-7,5 r/n cooTBeTcTBEeHHO. DKCIIe-
PUMEHTBI TI0 TOAOOPY ONTHUMAIBHOW KOHIICHTPALMU
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HCTOYHHUKA YINIEposa M a30Ta MPOBOAMIHN B Koiabax Op-
JieHMerepa, conepxkanux mo 1,0 1 nurareabHOR cpes
COOTBETCTBYIOILIETO BapuaHTa, Ha MIEHKep-uHKyOarope
npu 200 o6/muH, Temneparype 37°C Ha TPOTSHKCHUH
15 4. Ycra"oBiaeHO, YTO MakCcUMaibHBIN cuHaTe3 [IPD
(453-511 mr/i) HaGITFOTAIH TIPY KOHIICHTPAITHH JEKCTPO-
3BI M IPOKIKEBOTO SKCTpakTa 2,5 1 6 1/71 COOTBETCTBEHHO
npu KyasTuBHpoBanuu Ha cpene MP. Tlpu xynsruBmpo-
BaHMU ITaMMa B MomuduiupoBannoii cpege MP ¢ no-
JIOOpaHHOW ONTHMAaJbHON KOHIEHTpaUeH JAPOXIKEBOIO
9KCTpaKTa M TIIFOKO3HI B (hepmeHTepe oobemom 50 1 BBI-
XOJI IoJicaxapuja cocraBui 524 mr/i.

Takum 00pa3om, Npu MoA0OpPE ONTUMAIBHOTO CO-
cTaBa MUTATEIBHOW CPEAbl JUIsl KyJIBTHBUPOBAHUS IIPO-
JyLeHTa 00s13aTeJIbHO HEOOXOMMO YUUTHIBaTh COOTHO-
menne C/N.

OnyOMMKOBaHO HECKOJIBKO PAdOT, TMOCBSIIEHHBIX
ONMTHMHU3AIMH yCinoBuil kyapTuBupoBanus H. influenzae
THI D TPH OMOIIM MATEMATHYECKUX METO/IOB TUIAHHUPO-
Banus [38]. Tak, MHIUICKHE YYCHbIC MOAOUPATH ONTH-
MaJlbHBII COCTAaB MUTATEIBHON Cpelbl Ul MOTyYCHUs
I[MTP® ¢ mpumenenwem tana I[lmakerr-Bypmana [39].
YCTaHOBIICHO, YTO MAaKCHMAJIbHBIH CHHTE3 KallCyJIbHOTO
nonucaxapuaa (183 MKkr/mi) wccaeayeMbIM MITAMMOM
HaOJII0/1a)IN Ha TTOJOOPaHHON Cpe/ie CIIETYIONIETo cocTa-
Ba (r/n): myTamMaTHasi KHCIOTa — 2, IPOXIKEBOI IKCTPAKT
— 15, nuctenn — 0,008, gexcrpoza — 7,5, HAJI — 0,008,
remun — 0,02, NaCl - 4, NH,CI - 0,85, Na,HPO, — 4,5,
KCI-0,11, MgSO, 7H,0 - 0,6.

Jlpyrue aBTOpBI MCHOJIB30BAIN LEHTPAJIbHBIH KOM-
MO3UIIMOHHBIN TUITaH U METOOJIOTHIO ITOBEPXHOCTH OT-
KJIMKa JUIS TOA00pa ONTHMANbHBIA 3HAYCHUH BHEIIHHX
¢bakropoB (Temmeparypa, pH, CKOpOCTh mepeMemnmnBa-
HUS), BIUSIOIINX HA KOJHMYCCTBO OOpasyroreicst ouo-
maccel H. influenzae tum b ATCC 10211 [40]. Ycranos-
JICHO, 9To TIpHu TeMmmeparype 35°C, nepememnBanuu 250
06/mun u pH 8,5 ypoBeHb Cyxoii GHOMACChI COCTABIISI
5471 mr/n.

PesysnbraThl 10 yCOBEPIICHCTBOBAHMIO TEXHOJIO-
run noiydeHus [IP®, a Taxxke ee MacmTabUPOBAHHUIO
mpencTaBaeHsl B padorax [41, 42]. ABTOPBI B MUIIOTHBIX
MaciTabax (2 J1 mUTaTesIbHOW Cpeibl) MOAH(DULUPOBATH
cpely Ha OCHOBE Ka3aMHHOBBIX KHCIIOT U JIPOXIKEBOTO
9KCTPAKTa, H3MEHSSI KOHLICHTPALIMIO [ITIOKO3BI, JIPOKIKe-
BOro skcrpakra, remuaa 1 HA/JI B ee cocrase. Kynprusu-
pOBaHKE Ha Cpejie ¢ ONTUMAJIBHO MOI00PaHHBIM COCTa-
BOM KOMITOHEHTOB TIO3BOJIMJIO YBEJIMUYHUTH BbIXOA [IPD
10 1050 mxr/mut, Toraa Kak mpu MaciiTabHpOBAaHUHU 10
50 m u moxnepxannu pH Ha ypoBHE 7,5 1 mapuuaIbHOTO
nasienust kuciaopona — 30 % monyyeHHast KOHIEHTPAIHsT
nosrcaxapuaa cocrasuia 1160 Mxr/mir.

PoccuiickuMu  ydeHbIMHM IIPEIJIOKEHO HECKOJIBKO
BapHaHTOB MHTATEIBHBIX CPeN Ul KyIbTHBHPOBAHUSI
H. influenzae tun b. Tak, B marenrte, npuHaIKAIIEM
PocToBCKOMY Hay4HO-HCCIIEHIOBATEIILCKOMY HWHCTHTYTY
MHKpOOHoIOrHH 1 apasutonoruu [43], omrcana qocta-
TOYHO IPOCTasi UTAaTeNIbHasl Cpe/ia Ha OCHOBE Ka3zaMu-
HOBBIX KUCIIOT. JI[pyrue aBTOpHI 32 OCHOBY Opalii cpeny
Klein ¢ no6asnenriem HAJl u remuHa (CHHTeTHYECKas
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cperma) W OMONHUTEIBHBIM BHECCHHEM Ka3eHHOBOTO
MEMTOHA U TIIFOKO3bI (MONMyCHHTEeTHYeCKas cpena) [44].
YCTaHOBICHO, YTO NPOAYKTHBHOCTH mTamMma 326 Ha
CHHTETHYECKO# cpene cocranmsiia 90—150 mrr/mit, Torma
Kak Ha noiaycuHTeTndeckoil — 80—-130 mkr/mi. CunreTH-
YECKYIO U MOJTYCHHTETHUCCKYFO TIUTATEIBbHYIO cpeny (Ha
OCHOBE aMHHOIICTITH/A) /IS KyJTbTHBHPOBAHHS IITaM-
Mma 267 (Mech Nel) mcronb3oBanu ¥ aBTOPHI IaT€HTa
[45], mpunamiexamero HayduHo-uccClien0BaTENBCKOMY
HMHCTUTYTY BakLMH U CbIBOPOTOK UM. M.M. MeunukoBa.
B npyrom marente [46] omucaH cocTaB MHTATENBHOM
cpemst st KynsruBuposanus H. influenzae tum b, mpe-
HUMYIIECTBOM KOTOPOH SIBISICTCSI €€ HU3Kas CTOUMOCTb.
B cocraB nurarensHON cpenpl BXOAUT 11 koMIOHEHTOB
(8 r/n: NaCl - 5,8; MgCl, - 0,2; CaCl,-0,022; KH,PO, —
2,720; K,HPO, - 3,480; nmokosa — 5,000; remun - 0,01;
HAJI — 0,004; manTtotenar kambitus — 0,004; tnamun —
0,004 mu; amunonentua — 300 M), a ee MPUTOTOBJIEHHE
BkitoyaeT 8 sranoB. [1oapoOHO OCOOEHHOCTH KyJBTH-
suposanust H. influenzae tun b Ha monycuHTeTHUCCKHX
M CHHTETHYECKHMX CPEelax OMHCAHBI B CTATHAX JAHHOTO
aBTOpCcKOro KoiektuBa [47, 48], a 3aKOHOMEpPHOCTH
CHHTE3a TMoJicaxapyuaa 1 OHOMAcChl Ha 3THX Cpelax B
3aBHCHMOCTH OT KOHIICHTpaIruu (haKTOpoB pocta — B
pa6ore [49]. YcraHOBIEHO, YTO YBEIMUEHHE KOHIIEHTPA-
uuu remuHa 1 HAJ] mpuBOMIIO K YBETHUEHUIO KOJUYe-
CTBa OHOMACCHI, OTHAKO KOJMYECTBO CHHTE3UPOBAHHOTO
[IP® cHmxanocs.

B Tabnure 1 060011eHbI JaHHBIE 110 YCIOBUSAM KYITb-
THUBHUPOBaHMs pasnuunbix mrammos H. influenzae tum b

1 TIpe/ICTaBJIEHB KONWYECTBEHHBIE ITOKa3aTeIn Mo Omo-
cunresy [1P®.

Kax BuIHO W3 AaHHBIX, TPUBEJACHHBIX B Tabnwmie 1,
s 6uocunTesa [TP® mrammamu H. influenzae tum b
HCTIONB3YIOTCS Pa3IMUHBIC IT0 COCTaBY, B OCHOBHOM IIO-
JyCHHTETHYECKHE NHUTaTeNbHbIe cpensl. B pesymbrare
ONTHMU3AINH WX COCTaBa M MAacCIITaOMpPOBAaHUS TEXHO-
JIOTHYECKOTO 3Tama KyJIbTMBUPOBAHUS Ha (pepMeHTarm-
OHHOE 000pyI0BaHME MTOKa3zaTeny cuaTe3a [IPD nis He-
KOTOPBIX IMTaMMOB ObuTH yBenuueHsl 10 1000 mkr/mit.
OTMeTHM, 4TO B OTEYECTBEHHBIX JOCTYIHBIX HAM UCTOY-
HUKaX JUTEePaTypsl MaKCUMaJIbHbIC OKa3aTeIn CHHTE3a
ITP® cocramsior 130-150 Mxr/mot.

3akiioueHue. AHaMM3 JUTEPATypHBIX JaHHBIX I10-
KazaJ, 4To MoAOOp ONTHMAIBHOTO COCTaBa MUTATEFHOM
cpenbl (KOHIIEHTpaIWsl yIepoaa, a3ota (WX COOTHOIIe-
HEE), PAKTOPOB POCTA) M CAMHX YCIIOBHI KYJIBTHBHPOBA-
HUst (HEOOXOIMMOCTE BHECEHHSI OAMUTKH, pH) mo3BossieT
JOCTHYh MAKCUMAIBHOTO OMOCHHTE3a KaICYABHOTO MONH-
caxapuaa nomupudoswipuouTondocdara H. influenzae
T b U cokpartuTh BpeMs KYIBTHBHPOBAHHUS KaK TEXHO-
Joruueckoro dtama mnpousBoacTBa [IPD. Kpome Toro,
00s13aTeTPHO  HEOOXOAMMO YYHUTHIBATH SKOHOMHYECKYIO
COCTABIISIONIYIO TEXHOJOTWYECKOro Tmporiecca. Pesyms-
TaThl JIAHHOW PabOThl OyAyT YUHTHIBATHCS TIPH TPOBEIC-
HUH 3KCTIEPUMEHTANBHBIX padoT MO Mog0opy MHUTaTeNb-
HOW Cpenpl W YCIOBHH KyIbTHBHPOBAaHHUS MmTamMma H.
influenzae v b B-7884 kak npu pa3paboTke TEXHOIOTHH
B J1a0OpaTOPHBIX YCIOBUSAX, TaK U TIPH €€ MacITabupoBa-
HUH TIPU OTBITHO-MPOMBIIUICHHOM TIPOU3BOJICTBE.

Taonuya 1 — Cunmes IP® ¢ 3asucumocmu om yciosuii Kynomueuposanus wmammos H. influenzae mun b

Hponyi- Ccpur-
IITamm [TurarenbHas cpena Crnioco0 KyJ6THBUPOBAHUSL | THBHOCTB, <a
MK/ M
Mad CepredaHo-M03roBoii OyIs0H He yxasaHo 726 [16]
U TPUIITHKA30-COEBasi OCHOBHAS Cpe/ia
Coesbiii ieniton — 10,0 1, quanu3ar apoxikeBoro Ba%EEZ;HTg pe obbemom 13 JE’
skcrpakra - 5,0 1, K,HPO, - 2,51, Na,HPO, - | P e THTaTeILHON
13,1 1, NaH_PO, — 3,3 1, mmroxo3a — 5,0 r, remun Cpezbl — 7,4 1, CKOPOCTS rie-
GB 3291 — 2 —4 ST . pemernuBanus — 100-600 06/ 155,0 [24]
xmopua — 10,0 mr, HAJT — 10,0 wmr, o
MmuH, 37°C, CKOPOCTh MOIAYU
JUCTUILTUpOBaHHas Boja — 10 1 1. [lonnepixanue
BO3ayxa — 2 n/muH. Peryns-
pH Ha yposne 7,5 npu nomomu 5,0 1 NaOH
uust pH He npoBoguiacey
B depmenTepe o6pemMom
13 71, paboumnii o0ObeM mH-
Coessrit ienitoH — 10,0 1, muanu3at apox:keBoro J;;eg::ﬁ;pfﬁz;;;;
skerpakta — 5,0 1, K.HPO, — 2,51, Na HPO, — p p i
2 4 2 4 —100-600 06/muH, 37°C,
13,1, NaH_PO, — 3,3 1, mmroko3a — 5,0 1, remun
GB 3291 2 T4 CKOPOCTB TI0J[au¥ BO3yXa — 943,3 [25]
xmopuna — 30,0 mr, HAT — 15,0 mr, auctummmpo-
0,25 o6bema Bo3myxa/o0beM
BaHHas Boga — 10 1 n1. [Togneprxanue pH Ha ypoB- TATENLHON COOLL B Ml
He 7,2 npu nomomu 5,0 M NaOH pei '
HACBIICHHOCTh BO3/yXOM Ha
ypoBHe 30%, monnep:kanue
pH na ypoBHe 7,2
ATCC Cepreuno-M03roBoii OyiboH ¢ qobaBkamu 1% | B konbax Ha kavaiike B Teue-
35540 | pactBopa remorio6uHa u 1% pactBopa Isovitalex | vue 24 4 npu 37°C B mpucyt- | 321,0 [23]
(Hib(55)) | (comepsxut HAJI, BATaMHHBI 1 MHKPOSJICMECHTHI) crBue 5-10% CO,
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IIpooonsicenue mabauywvr 1

Iramm

[MuratenbHas cpena

Crnoco0 KyJbTHBHPOBAHUS

IIponyxk-
TUBHOCTD,
MKI/MI

Ccpui-
Ka

ATF2
(ATCC
10210)

[TaHKpeaTHdecKuii THAPOIN3AT KazenHa — 7,5 T,
MENITHYECKUH TIepeBap )KUBOTHOW TKaHW — 7,5 T,
KyKypy3Hblii kpaxman — 1,0 r, KHPO, - 4,0,
KH,PO,-1,0r, NaCl - 5,0 1, rmoxo3a— 5,0,
Bo/a — J10 1 J1, TOTIOJHHUTEIBHO JO0OABICHBI TEMUH —
10 mr/mot m IsovitaleX, comepaxarmii 0,01/mn HAJT

B koy10ax Ha Kavayke B Teue-
nue 24 4 pu 37°C B npucyt-
creue 5-10 % CO,, pH 7,5

192,0

[22]

Mad

Kazamunossie kuciotsl — 1 %, quanusar apoxoke-
Boro skctpakta — 0,5 %, NaCl u narpuii-pocdar-
HBIH Oydep cornmacHo npormcu. J{o6aBku B BUE
MTOATOTOBJICHHOH JIOIIAIMHON KPOBH B KOJIHYE-
cre 1/1000 u 11l HAJI B konuuectBe 1 MKr/mi

He ykazano

133,0
(o menro-
3e [1PD)

[16]

He yxa-
3aHO

I'myramunoBas kuciora — 2,0 r, ApOXkIKEBOI IKCT-
pakt — 15,0 1, ucrenn — 0,008 r, nexCrpo3a —
7,51, HAJI — 0,008 1, remun — 0,02 1, NaCl -
4,0, NH,ClI-0,851, Na,HPO, - 4,51, KCI -
0,11, MgSO, 7H,0-0,6 1, Boma— 0 1 11

depmenTtep 00beMoM 6 1

180,0-
183,0

[39]

AT760705

L-tmyramuHoBas kuciora — 1,3 1, NazH PO 4-2H20
-2,51, KCI-0,091, NaCl - 6,0, NH,Cl - 1,25
1, ApoxokeBoit akeTpakT — 10 1, uerenn — 0,015 1,
MgSO4-7HZO — 0,6 1, mexctposza — 5,0 1, remuH —
0,005, HAJT-0,002 1, BOma — o 1 1t

®depmenTep padounm oobe-
MoM 40 11, CKOpOCTh a3panuu
— 5 1/MuH, HACBIIIEHHOCTh
BO31yx0oM Ha ypoBHe 30%,
CKOPOCTbH ITePEMECIITHBAHUS —
300-700 o6/muH, pH 7,0

480,0

[17]

T'erepo-
reHHast
OIS
st
(orOu-
paiu
MPOIYK-
THUBHBIC
Gembre
KOJIOHUH)

3-HAJT - 5,0 mr, nporonopdupus IX — 1,0 mr,
mroko3a — 20,0 1, aposokeBoit sxcTpakT — 5,0 T,
rOpOXOBBIii enToH — 7,42 1, nakrar Harpus B 60%
BOZHOM pactBope — 1,49 mu1, nucTuH —

0,07 r, rpunrodan — 0,02 r, Na,HPO,-12H,0 -
31,14 r, NaH,PO,-2H,0 - 2,03 r, MgSO,-7H,0 -
0,4r, CaCl,-2H,0-0,02r, (NH,),SO, - 1T,
Boma—mo 1

®Depmentep oobeMoM 1 i1, mpu
(37+1) °C, nepemernmpanue,

nasnenue 0,1 6ap, pO, — 30%,
CKOPOCTb TI0/[auH BO3AyXa —
0,25 o6pema Bo3myxa/oobemM
MUTATEIBHON CPEBl B MUH

719,0-
904,0

[30]

ATCC10211

Kazamunossle kucnotsl — 10,0 r/i1, quanuszar
JPOOKEBOTO IKCTpakTa — 2,5 /11, TroKo3a —
6,0 /1, 0,1 M uarpwuit hocdarusiii Oydep,
pH 7,6. lononauTensHo Ha 1 1 nmutarenbHON
cpeanl Baocwn 0,015 r HAJ u 0,03 r remuna

B xos6ax (00beM KyIbTypalib-
HOH RUAKOCTH — 2 1), IpH
36,5 °C, 250 06/muH, ¢ moxa-
MUTKOW PacTBOPOM TITFOKO3bI
U IPOXOKEBOTO IKCTPAKTa

1050,0

B ¢depmenTepe oobemom 50
1, ipu temreparype 36,5°C;
CKOPOCTB ITOAaYH BO3TyXa
- 0,6-0,8 o6wema Bo3IyXa/
00bEM MHUTATETHHOMN CPeIIBI
B MHUH, IIepEeMEIIUBaHHE —
400-900 o6/muH, pH — 7,3,
HACBIIICHHOCTH BO3IyXOM Ha
yposae 30 %, ¢ moAnuTKoM
PacTBOPOM IIIIOKO3BI U JPOXK-
JKEBOTO DKCTPAKTA

1160,0

[42]

Cpena, coneprkarias NaZHPO n NaHZPO y
K,HPO,, HAJI, remuH, coesblil IIeNToH,
JPOXOKEBOM KCTpakT — 2,5 r/i1, nekcrposa — 6 r/n

B kon6ax (006beM KynbTy-
paspHO# xuaKocTH — 1 1),
npu 37°C, 200 06/Mun

453,0-
511,0

B depmenTtepe oobemom 50 1

524,0

[36]
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[Ipomyxk-
Cchut-
Itamm [MuraresnbHas cpeaa Crioco0 KyJbTHBUPOBAHUSL | THBHOCTb, @
MK/ M
60 % mnakrar Harpust — 1,5 mu/i, K,HPO, -
300 mr/n, KH,PO, - 300 mr/n, MgSO,-7H20 -
368 mr/n, Na,HPO,-12H20 — 28620 mr/,
NaH,PO4-2H,0 - 1870 mr/x, L-aprusus — B depmerepe 1000 11, mpu
87 mr/n, L-amanun — 134 mr/n, L-acnaparus — 5
temmeparype (32+1)°C,
198 mr/n, L-nmu3un — 140 mr/n, L-moyramud —
Karncy- pH (6,7+0,2) (noBenenue
: 220 mr/n, L-ructumun — 78 mr/i, L-tpunrodan 25
BJ;:EEIP'I — 200 mr/n, L-Banun — 115 mr/n, L-n3oneiinun — ' F}:/Ipaf)iizp(:;d H%Tpm{
I 130 mr/n, L-nefiumn — 130 mr/n, L-tuposun — Hoe H)II:ZI/IBa 11/11 H’ap i)BHe
" | 180 wmr/in, L-dpenunananua — 165 mr/n, L-tipctun uep a yp
cozepika- 70% myTeM KacKaJHOTO
i KAk — 61 mr/n, L-actiaparuHoBast KUCJI0Ta — HAMEHEHIS CKODOCTH
t 1065 wmr/in, L-rayramunoBast kuciora — 1471 mr/, P 865,0 [31]
MUHAMYM nepemenmBanus (ot 100 g0
mupuaokcua HCl — 4 mr/n, puGodnasun —
2 xoruu 230 06/MuH), yBeIMYEHHEM
0,2 mr/n, Tmamuna HC — 4 mr/i1, 6uotnn — 4 mr/,
JIOKyca B . aspanuu (ot 70
eneTH- KaJIbIHii manToreHar — 4,5 mr/n, yparu — 0 150 m/am), cKopocTH
qeCKOM 70 mr/n, runokcantun — 20 mr/n, FeSO,x7H,0 — noiOKa 0. o010 ’0 508 -
c o | 25 wrfn, ZnSO,X7H,0 - 20 mrfn, CoClx6H,0 | "0 2@ M0 S NI
A — 1, MnSO,xH,0 = 5 mr/x, CaCl,x2H,0 — P 5
BHOCHJIM [IEHOTACHUTEIb
13 mr/n, koneunoe pH — 7,2+0,1 (4% pactsop Biospumex)
(mosenenwne 10 u pactBopom KOH) p p P
JIONOMHUTENEHO BHOCHIIU: TIIOK03a — 512,8 1/,
pacteop HAJI, nporonopdupun — 0,25 /i,
AMMOHHH THIAPOKCHT — 5 Mit/n
L-mryramuHoBas kucnora — 1,5 r/in, cyabdar
ammonwus — 1,25 r/n, Hatpuii pocdar aBy3ame-
MICHHBINA JBYBOIHBIH (NaZHPO 4><2H20) —11,0 r/x,
Hatpuil pocdar oJHO3aMEIICHHBIH TBYBOIHBII
CS 68 (NaH,PO,x2H,0) - 3,3 r/n, nposokesoit skctpakt | [pu remneparype 37°C, pH 100,0- 28]
— 5 r/n, kanmit xnopun (KCI) — 100,0 mr/n, Ha- | mojepkuBaiu Ha yposae 7,0 115,0
tpuit xopug (NaCl) — 6 r/n, sKCTpakT pacTuTeNb-
noro nernrona — 10 r/i, HAJI — 3,0 mr/i, remun
cunrernueckuil — 5,0 mr/i, mrokosa — 5,0 /1,
L-uucrenn — 100 mr/n
JIpoxoKeBO# SKCTPaKT — 5 /11, Ka3aMHHOBBIE KHC-
JIOTBI — 22,5 T/71, 1ByXOCHOBHBIN (ochar HATpHst B depmenrepe 40 1, JlarHbIe
Eagan — 14,4 t/n, nexcrposa — 5,59 r/n, remun — 16-18 1 He nipuBe- | [50]
20 1, ammonust ruapoxcus (30%) — 0,1534 wmu, JIEHBI
1% HA - 0,6 M
Bynbon kazamunHOBBIX KucaoT — 10,0 r/i, niroko3a
. | JlaHHbIe
B 423 — 5,0 r/n, quanu3aT pOXKIKEBOrO IKCTPAKTA — B armocdepe, HACHIIIEHHON e npuse- | [43]
2,0 /i, remun — 0,001 r/i, HAJ] — 0,008 /11, CO,, B Teuenne 8-10 4 GI})II)I
sutamuH B,, — 0,0005 r/n, pH 7,2-7,4 A
Cpena Klein ¢ pakropamu pocra (remun, HAJT) Pepuentep Mapku “AHKYM’i 90,0~
326 B YCJIOBHSIX [TPUHYIUTEILHON 150,0 [44]
Cpena Klein ¢ pakropamu pocra (remun, HAJT), | aspauun npu 37°C npu mo- 80,0-
ka3enHoBbIU nentod — 20 r/1, nirokosza — 2 v/ CTOSIHHOM I1€pEMEILNBAHUN 130,0
ITpu 37°C Ha mytTene npu
267 200 06/mun. ITocne noctrxke-
(Mech IMonycunTeTnyeckast (Ha OCHOBE AMUHOTICNITHIA) | HUSI KYJIBTYPOH CTallHOHAD- 50,0- [45]
Nol) 1 CHHTETHYCCKasl MTaTeIbHAS Cpeia HOU (a3bl pocTa HHKYOAIHIO 100,0
- MIPOIOJIKAIM B TCUCHHE 6
4acoB
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Introduction. One of the main causes of morbidi-
ty and mortality of young children from pneumonia and
meningitis is bacteria Haemophilus influenzae type b
(Hib) [1-5]. It is believed that the only one effective way
to prevent the infections caused by Hib is vaccination
[6-11].

The composition of the vaccine against the infection
caused by H. influenzae type b includes capsular polysac-
charide polyribosylribitol phosphate (PRP), synthesized
by H. influenzae type b in significant quantities during
the growth on liquid growth mediums [12]. It is known
that one of the most important steps in the production
of vaccines is cultivation of the producer under optimal
conditions, which allows obtaining the maximum yield
of the target product with minimal costs.

Previously the employees of the FSUE “Saint-Pe-
tersburg scientific research institute of vaccines and se-
rums and the enterprise for the production of bacterial
preparations” of FMBA, Russia had isolated a strain
identified as H. influenzae type b. This strain had been
deposited under the registration number B-7884 in the
National collection of pathogenic microorganisms and
cell cultures «<GKMP-Obolensks for the purposes of the
national patent proceeding [13] as a result of which a pat-
ent for the invention was obtained [14]. The conditions
for obtaining of Master and Working cell bank had been
selected as well as the methods for controlling had been
worked out. At the next step, it is planned to select the
optimal component composition of the liquid growth me-
dium, as well as the conditions for cultivation of B-7884
strain to obtain the maximum amount of the capsular
polysaccharide polyribosylribitol phosphate (PRP).

The aim of the investigation is to analyze and sum-
marize the literature data on the cultivation peculiarities
of haemophilus influenzae of b-type strains.

Materials and methods. In the process of selecting
the material for writing a review article, we used the da-
tabases Google Patents, Science Research Portal, Goo-
gle Scholar, ScienceDirect, CiteSeer, Publications, Re-
searchindex, Ingenta, PubMed, KEGG, etc. The search
of articles was conducted by the following keywords:
«Haemophilus influenzae type b», «<PRP», «cultivation»,
«culture mediumy», «fermenter.

Results and discussion. The selection of optimal
conditions for cultivation is primarily associated with
the physiological characteristics of the producer and the
ways of synthesis of the target product.

Considering the fact that polyribosylribitol phos-
phate is a capsular polysaccharide of H. influenzae type
b, the issues associated with its biosynthesis depending
on the growth phase of the producer, release into the
growth medium, the influence of biosynthetic precursors,
the dependence of the formation of the polysaccharide
on the rate of biomass accumulation are especially inter-
esting [15].

Thus, back in the 70s of the previous century it was
found out that the synthesis of PRP in six of the investi-
gated H. influenzae type b strains occurred simultaneous-
ly with the growth of culture and the maximum level of
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accumulation of the target product was observed in the
early stationary growth phase [16].

Capsular polysaccharide is synthesized exogenous-
ly, its release into the fermentation broth occurs a few
hours after the end of biosynthesis. The rate of release
of the polysaccharide in the exponential growth phase is
individual for each strain. The release of PRP into the
fermentation broth occurred spontaneously, but the au-
thors of the work [16] emphasize that it is advisable to
heat or treat the biomass by ultrasound for speeding up
the release of the polysaccharide and increase the amount
of synthesized PRP.

Another interesting approach to increasing the amount
of a detachable polysaccharide is described in the patent
[17]. The authors proposed to lower the temperature to
room temperature after the fermentation and hold the fer-
mentation broth in such conditions. It was shown that the
amount of synthesized PRP was 330 pg/ml after 12 h of
cultivation, and keeping at room temperature for several
hours after 16 h of cultivation allowed to increase the an-
tigen level to 480 pg/ml. The researchers focus their at-
tention on the necessity to start cooling at a certain time:
earlier — losses on polysaccharide are possible, and later
on cell lysis and additional contamination may occur [17].

The researchers also note that the intensification of
the target product biosynthesis is possible either directly
by increasing the level of biomass (for example, by in-
troducing sources of carbohydrates or increasing the aer-
ation) or by increasing the biosynthetic capacity of the
strain. For example, buffering of the growth medium led
to increasing elongation of the producer stationary phase
with a subsequent increase in the amount of synthesized
PRP [16].

The scientists also studied the effect of precursors
of biosynthesis on capsular polysaccharide formation
during H. influenzae type b growth on the medium con-
taining casein digest and yeast extract. It was shown that
the maximum level of PRP (63-65 pg pentose PRP/ml)
was observed with the addition of 0.1% ribose or 0.5%
glucose, whereas without precursors it was 6.3-6.5 times
lower. It is interesting, but adding ribitol did not influ-
ence the target product biosynthesis. The authors explain
this phenomenon by the problems of transport and acti-
vation of this C_-alcohol in the cell [16].

In the 60—70s of the 20th century, the scientists began
to actively propose synthetic medium for the cultivation
of H. influenzae strains. The first synthetic and semi-syn-
thetic growth mediums, used for isolation and keeping
the growth of H. influenzae, had a very complex, mul-
ticomponent composition, including many amino acids,
vitamins, growth factors, inorganic salts. For example,
the Herriott medium [18] contained 30 components. In
another work [19], a synthetic growth medium consisting
of 29 components was proposed.

At the same time, experiments were carried out to
simplify its composition. Thus, R.D. Klein with co-au-
thors proposed two modifications of the Herriott medium
and the number of the components was reduced up to
13-14 positions [20].
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In the 80s of the previous century, taking into ac-
count the metabolic characteristics of H. influenzae type
b, the researchers began to pay considerable attention to
the influence of hemin (factor X) and nicotinamide ade-
nine dinucleotide (NAD, factor V) on the growth of cul-
ture, and further on the biosynthesis of PRP [21].

Concerning the studies conducted today, several ar-
eas can be identified among them: searching for the most
productive strains, selecting optimal conditions for culti-
vation, and studying the PRP biosynthesis in alternative
medium without components of animal origin.

In one of the articles [22] the study of PRP biosyn-
thesis by five strains of H. influenzae type b, isolated
from diseased children and conditionally named H. inf.
1, H. inf. 2, H. inf. 3, ATF1 (ATCC 35540) and ATF2
(ATCC 10210) is described. It was shown that the maxi-
mum PRP synthesis (192 pg/ml) and the cell concentra-
tion (3.3 x 10 CFU/ml) among the studied strains were
characteristic for ATF2 strain during the growth on GC
broth with the growth factors.

Similar studies were conducted for the other seven
strains [23]. The strains isolated from sick children (Hib
(1), Hib (2), Hib (3), Hib (4b), Hib (7b)) and the strains
from the American collection ATCC 35540 (Hib (5s))
and ATCC 10210 (Hib (6s)) were studied.

It is interesting that in this case the maximum cell
concentration (10** CFU/ml) was observed for four
strains on brain-heart infusion medium (BHI) supple-
mented with growth factors. The highest concentration
of the synthesized polysaccharide (321 pg/ml) was char-
acteristic for the strain ATCC 35540 (Hib (5s)) [23].

Different cultivation ways can also influence the
yield of the capsular polysaccharide. Thus, Brazilian sci-
entists [24] studied the features of growth and synthesis
of PRP by strain GB 3291 during periodic fermentation
for 24 h (option 1), during fermentation with feed of glu-
cose (5 g/l) for 9 h (option 2) and during fermentation
with replacing the growth medium after 12 hours of cul-
tivation (option 3). It was shown that while using option
1, the concentration of PRP was 140 pg/ml and the ac-
cumulation of the target product was associated with the
growth of the culture. Cultivation with the feed did not
allow increasing the concentration of the target product
due to the fact that additionally introduced glucose was
practically not consumed by the culture. Using the third
cultivation option allowed increasing the productivity
to 87 mg of PRP/g of biomass in the second fermenta-
tion after replacement of the growth medium, whereas
in the first option of cultivation it was 67 mg of PRP/g
of biomass. It should be noted that the concentration of
the polysaccharide itself did not differ substantially de-
pending on the chosen fermentation way (at the relative
variation of-0-17%) and was at the level of 132-155 pg/ml.
Using the approaches to the mathematical description of
the fermentation process proposed by Kono-Asai and Lu-
edeken-Piret, the authors confirmed their assumption that
the accumulation of the target product is directly related
to the concentration of biomass [24].

The further studies by these scientists who estab-

lished the following patterns of PPP synthesis by the
strain H. influenzae type b GB 3291 and were able to
substantially increase its productivity are also interesting
[25]. The biosynthesis of the polysaccharide is signifi-
cantly influenced by pH regulation: maintaining the pH
at a neutral level (7.2 + 0.2) allows increasing the yield
of PRP. Thus, the synthesis of the antigen continued and
increased with pH regulation and attainment to the sta-
tionary growth phase, in contrast to the variant without
pH regulation, where the increase of antigen amount
was observed only in the exponential growth phase.
The cells rapidly catabolized feed in the form of glucose
(with pH adjustment) with the simultaneous synthesis
of biomass and antigen. When the culture reached the
stationary growth phase, glucose consumption slowed
down, but the synthesis of the polysaccharide was ac-
tively continued. At the same time, after reaching the
stationary growth phase (10 h), the feed was directly
converted into a polysaccharide (under the condition of
pH regulation). In addition, it was shown that the amount
of synthesized polysaccharide was 943.3 ug/ml when
the oxygen saturation was 30% with pH control. The
amount of synthesized polysaccharide was 124% high-
er than the traditional synthesis with unchanged aeration
(420.8 ug/ml). Maintaining the partial pressure and pH
at a certain level led to an elongation of the exponential
and stationary growth phases and, correspondingly, to an
increase of PRP formation. The authors suggest that pH
regulation and the maintenance of aeration at a certain
level also positively influence the expression of genes
which are responsible for the synthesis of the capsular
polysaccharide [25].

Modern world trends require that biotechnologists
should develop new approaches to the selection of a
growth medium for the cultivation of producers, espe-
cially those that require components of animal origin for
their activity. H. influenzae type b also relates to such
microorganisms, for the cultivation of which media with
animal components are often used (e.g. brain-heart in-
fusion medium, chocolate agar with blood, peptones of
the animal origin). In addition, gem is the growth factor
of H. influenzae type b [26, 27], which is necessarily in-
troduced into the growth medium in the form of a solu-
tion of hemin chloride. Therefore, increasingly frequent-
ly scientists pay attention to the selection of alternative
growth medium based on plant components, for example,
peptones. Thus, most of the modern patents relating to
the biosynthesis of PRP of H. influenzae type b are de-
voted to the selection of the optimal composition of such
growth medium.

The information about the component composition
of the growth medium containing inorganic salts, glu-
cose, yeast extract, some amino acids, hemin and NAD,
as well as peptone of plant origin is provided in patent
[28]. It was found out that the amount of polysaccharide
collected from 700 liters of culture liquid was 70-80 g
when a strain H. influenzae type b CS 68 was grown on
this growth medium.

A modified soybean-peptone medium with a yeast
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extract and an optimized concentration of hemin (30 mg/l)
and NAD (15 mg/l) was described in one of the works
[29]. The synthesis of PRP increased up to 980 pg/ml un-
der conditions of forced aeration and pH control.

In addition to screening the optimal composition of
the growth medium, scientists pay special attention to the
selection and receiving of highly active PRP producers.
Thus, in the patent [30] the authors described a hetero-
geneous population of H. influenzae serotype b, which
contains encapsulated and noncapsulated bacteria. It was
shown that white and gray colonies, significantly differ-
ent in productivity, were distinguished after 18-24 h of
cultivation on selective solid nutrient media. Thus, white
colonies synthesized 3-5 times more PRP compared to
gray colonies and their productivity persisted for 4 gen-
erations. A synthetic solid nutrient medium containing
plant peptone, yeast extract, inorganic salts, carbohy-
drates, growth factors, was proposed for the selective
isolation of highly productive white colonies. S The sci-
entists suggested that the cells forming white colonies
contained at least two locuses, which were responsible
for the synthesis of the target antigen [30].

The authors of another patent [31] used a strain with
similar genetic characteristics. They examined the encap-
sulated strain H. influenzae type b, containing at least two
copies of the locus (the size between 17 and 18 kDa) in
the genetic code that group together the genes responsi-
ble for the synthesis and expression of the polysaccha-
ride capsule. Using the chemical medium proposed in
the patent made it possible to obtain a stable strain in
20 generations. The scientists conducted significant work
studying the influence of the constituent composition of
the growth medium on the PRP biosynthesis, as well as
on the selection of components of non-animal origin for
its composition [31]. During the selection of a growth
medium, the researchers excluded proteins from its com-
position, which, in their opinion, greatly facilitates the
purification of the target product and eliminates using of
an antifoam agent. It has been established that a range of
amino acids must be present in the growth medium for
the cultivation of the studding strain, while the possibili-
ty of regulation of the polysaccharide biosynthesis by the
concentration of aspartic acid, asparagine and glutamine
was shown [31]. The concentration of these amino acids
was chosen in such a way as to direct the metabolism of
the cell to the production of the capsular polysaccharide.
In addition, the positive effect of a range of vitamins in
the growth medium on the production of the target prod-
uct is described in patent [31].

During the replacement of animal components in the
growth medium for an alternative, the question arises
of the source of the hemin for H. influenzae type b, for
which this porphyrin is an indispensable growth factor.
The replacement of animal-based hemin on disodium
salt of protoporphyrin or synthetic protoporphyrin IX at
concentrations of 0.25 and 2.0 mg/l is proposed in the
patent [31].

Using mixtures of substrates for cultivation is an in-
teresting approach to increasing the synthesis of biomass
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or the target product [32, 33]. It has been shown that the
strain described in the patent [31] is capable to catabolize
glucose, fructose, galactose, glycerol, xylose, ribose, fu-
cose, sialic acid and lactate, and two or more carbon sourc-
es, such as glucose (12—16 g/l) and lactate (0.5-10 g/l), can
be used for its cultivation. In our opinion, the study of this
issue and work in this direction can be promising.

In addition, an important factor influencing the bio-
synthesis of the target product is the carbon/nitrogen ra-
tio in the growth medium [34, 35]. Thus, it is emphasized
in the patent [31] that the ratio of peptone and yeast ex-
tract should be more or equal to 1, and the content of total
nitrogen — more than 0.8 g/l.

The authors of the work [36] studied the effect of
dextrose and yeast extract concentration on the PRP
synthesis of H. influenzae type b ATCC No. 10211. Two
growth mediums were modified: the medium containing
soy peptone and yeast extract (MP) as the main compo-
nents, as well as the medium containing the casitone and
yeast extract (CY) [37]. The modification consisted of a
variation in the concentration of dextrose and yeast ex-
tract in the range 0-10 and 0-7.5 g/l, respectively. Ex-
periments on the selection of the optimal concentration
of the carbon and nitrogen source were carried out in Er-
lenmeyer flasks containing 1.0 L of the growth medium
of the corresponding variant on a shaker incubator at 200
rpm at 37°C for 15 h. It was found out that the maximum
PRP synthesis (453-511 mg/l) was observed at the con-
centration of dextrose and yeast extract 2.5 and 6 g/I, re-
spectively, during the cultivation on MP medium. When
the strain was cultured on a modified MP medium with a
selected optimal concentration of yeast extract and glu-
cose in a 50 | fermenter, the yield of the polysaccharide
was 524 mg/l. Thus, it is necessary to take into account
the C/N ratio when choosing the optimal composition of
the growth medium for the cultivation of the producer.

The optimization of conditions for cultivation of H.
influenzae type b using mathematical methods of plan-
ning was published in several articles [38]. Thus, Indian
scientists selected the optimal composition of the growth
medium for obtaining PRP using Pluckett-Burman’s plan
[39]. It was found out that the maximum synthesis of the
capsular polysaccharide (183 pg/ml) by the test strain
was observed on a selected medium of the following
composition (g/l): glutamate acid — 2, yeast extract — 15,
cysteine — 0.008, dextrose — 7.5, NAD — 0,008, hemin
- 0.02, NaCl - 4, NH,CI - 0.85, Na,HPO, — 4.5, KCI -
0.11, MgSO, 7H,0 - 0.6. Some other authors used the
central compositional plan and the methodology of the
response surface to select the optimal values of external
factors (temperature, pH, stirring speed) affecting the
amount of generated biomass H. influenzae type b ATCC
10211 [40]. It was found out that at the temperature 35°C,
a stirring 250 rpm and pH 8.5, the level of dry biomass
was 5471 mg/l.

The results of improving the technology of obtain-
ing PRP, as well as its scaling are presented in works
[41, 42]. On a pilot scale (2 | of growth medium) the
authors modified the medium based on casamino acids
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and yeast extract, changing the concentration of glu-
cose, yeast extract, hemin and NAD in its composition.
Cultivation on a medium with an optimally selected
composition of components allowed increasing the
yield of PRP up to 1050 pg/ml, whereas when scaling
to 50 I, maintaining the pH at 7.5 and partial pressure
of oxygen 30%, the resulting polysaccharide concentra-
tion was 1160 pg/ml.

Russian scientists have proposed several variants
of nutrient media for the cultivation of H. influenzae
type b. Thus, in the patent belonging to Rostov Sci-
entific Research Institute of Microbiology and Para-
sitology [43], a fairly simple growth medium based
on casamino acids is described. Other authors took
Klein’s medium with the addition of NAD and he-
min (synthetic medium) and insertion of casein pep-
tone and glucose (semisynthetic medium) as a basis
[44]. It was found out that the productivity of strain
326 on a synthetic and semisynthetic medium was
90-150 pg/ml and 80-130 pg/ml, respectively. Syn-
thetic and semisynthetic growth medium (based on
aminopeptide) for the cultivation of strain 267 (Mech
No. 1) was also used by the authors of the patent [45]
belonging to Mechnikov Research Institute for Vac-
cines and Sera. Another patent [46] describes the
composition of a growth medium for cultivating H.
influenzae type b which advantage is its low cost. The
composition of the growth medium includes 11 com-
ponents (in g/I: NaCl - 5.8; MgCl, - 0.2; CaCl -0.022;
KH,PO, - 2.720; K,HPO, — 3.480; glucose — 5.000;
hemin — 0.01; NAD - 0.004; calcium pantothenate —
0.004; thiamine — 0.004 ml; aminopeptide — 300 ml),
and its preparation includes 8 stages. The details of the
cultivation of H. influenzae type b on semisynthetic
and synthetic medium are described in the articles of
this author’s collective [47, 48], and the regularities in

the synthesis of polysaccharide and biomass in these
media, depending on the concentration of growth fac-
tors, are given in the work [49]. It was found out that
increasing the concentration of hemin and NAD led to
increasing the amount of biomass, but the amount of
synthesized PRP was reduced.

The data on the conditions of cultivation of various
strains of H. influenzae type b and quantifies the PRP
biosynthesis are summarized in the table.

As it is seen from the data given in the table, var-
ious mostly semisynthetic growth media, different in
composition, are used for the PRP biosynthesis by H.
influenzae type b strains. As a result of optimization of
their composition and scaling the technological step of
cultivation for fermentation equipment, the synthesis of
PRP for some strains was increased to 1000 ug/ml. It
should be noted that in the domestic literature sources
available to us, the maximum rate of the PRP synthesis
is 130-150 pg/ml.

Conclusion. Analysis of the literature data has
shown that the selection of the optimum growth me-
dium composition (concentration of carbon, nitrogen
(their ratio), growth factors) and the cultivation con-
ditions themselves (necessity of feed addition, pH) al-
lows achieving the maximum biosynthesis of capsular
polysaccharide polyribosylribitol phosphate of H. in-
fluenzae type b and reducing the time of cultivation as
a technological step of PRP production. In addition, it
is necessary to take into account the economic compo-
nent of the technological process. The results of this
work will be taken into account in carrying out exper-
imental work on the selection of the growth medium
and conditions for cultivation of H. influenzae type b
B-7884 strain both in the development of technology
under laboratory conditions and in its scaling in pilot
production.

Table 1 — PRP synthesis, depending on conditions of cultivation of H. influenzae type b strains

Produc- Refer-
Strain Growth medium Cultivation method tivity, ence
pg/ml
Mad Brain heart infusion and trypticase-soybean Not indicated 72.6 [16]
basic medium
GB 3291 | Soy peptone —10.0 g, yeast extract dialysate — | Ina 13 | fermenter, the working | 155.0 | [24]
5.09, K,HPO,-25¢g, Na,HPO,-13.1¢, volume of the growth medium
NaH,PO, - 3.3 g, glucose — 5.0 g, hemin chlo- is 7.4 1, the stirring speed is
ride — 10.0 mg, NAD - 10.0 mg, distilled water | 100-600 rpm, 37°C, and the air
—upto 1 1. Maintain the pH at 7.5 with 5.0 N | supply rate is 2 I/min. Regulation
NaOH of pH was not carried out
GB 3291 | Soy peptone —10.0 g, yeast extract dialysate — | Ina 13 | fermenter, the working | 943.3 | [25]
509, K,HPO,-25¢,NaHPO,-13.1g, | volume of the growth medium is
NaH,PO, -13.1 g, NaH_PO, — 3.3 g, glucose — | 7.4 1, the stirring speed is 100
5.0 g, hemin chloride — 30.0 mg, NAD — 600 rpm, 37°C, the air supply
15.0 mg, distilled water — up to 1 I. Maintain the | rate is 0.25 air volume/volume of
pH at 7.2 with 5.0 M NaOH the growth medium per minute,
the air saturation at the level
30%, maintaining the pH at 7.2
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Table 1 continued

Produc- Refer-
Strain Growth medium Cultivation method tivity, ence
ug/ml
ATCC Brain heart infusion with additives of 1% solu- In the flasks on shaker for 321.0 | [23]
35540 tion of hemoglobin and 1% solution of Isovita- | 24 hours at 37°C in the presence
(Hib(5s)) | lex (contains NAD, vitamins and microelements) of 5-10% CO,
ATF2 Pancreatic digest of casein — 7.5 g, peptic digest In the flasks on shaker for 192.0 | [22]
(ATCC of animal tissue — 7.5 g, corn starch— 1.0 g, |24 hours at 37 °C in the presence
10210) K,HPO,-4.0 g, KH,PO,-1.0g, NaCl-5.0 g, of 5-10% CO,, pH 7.5
glucose — 5.0 g, water — up to 1 I, further added
hemin — 10 mg/ml and IsovitaleX, containing
0.01/ml of NAD
Mad Casamino acids — 1%, yeast extract dialysate Not indicated 133.0 | [16]
— 0.5%, NaCl and sodium phosphate buffer (on pen-
according to the formulation. Additions in the tose of
form of prepared horse blood in the amount of PRP)
1/1000 and Il NAD in the amount of 1 pg/ml
Not indi- Glutamic acid — 2.0 g, yeast extract — 15.0 g, 6 | fermenter 180.0- | [39]
cated cysteine — 0.008 g, dextrose — 7.5 g, NAD - 183.0
0.008 g, hemin - 0.02 g, NaCl - 4.0 g, NH,CI -
0.85¢9, Na,HPO, - 4.5 g, KCI-0.11 g, MgSO,
7H,O-0.6 g, water—upto 11
A760705 L-glutamic acid - 1.3 g, Na,HPO,-2H,0 - Fermenter with a working 480.0 | [17]
2.59, KCI-0.09 g, NaCl - 6.0 g, NH,CI - volume of 40 I, aeration rate of
1.25 g, yeast extract — 10 g, cysteine — 0.015 g, 5 | per min, air saturation
MgSO,-7H,0 - 0.6 g, dextrose — 5.0 g, hemin — of 30%, stirring speed
0.005 g, NAD - 0.002 g, water —upto 1 1 of 300—700 rpm, pH 7.0
Heteroge- 3-NAD - 5.0 mg, protoporphyrin IX - 1.0 1| fermenter, at (37 £ 1)°C, 719.0- | [30]
neous popu- mg, glucose — 20.0 g, yeast extract — 5.0 g, stirring, pressure 0.1 bar, pO,— | 904.0
lation pea peptone — 7.42 g, sodium lactate in 60% | 30%, speed of air supply — 0.25
(the produc- | aqueous solution — 1.49 ml, cystine — 0.07 g, | volume of air/volume of growth
tive white | tryptophan - 0.02 g, Na,HPO,-12H,0 - 31.14 g, medium per min
colonies | NaH,PO,-2H,0 -2.03 g, MgSO,-7H,0 - 0.4 g,
were select- CaCl,-2H,0-0.02 g, (NH,),SO, -1,
ed) water —upto 11
ATCC10211| Casamino acids — 10.0 g/l, yeast extract dialy- | In flasks (volume of fermenta- | 1050.0 | [42]
sate — 2.5 g/l, glucose — 6.0 g/I, 0.1 M sodium | tion broth — 2 1), at 36.5°C, 250
phosphate buffer, pH 7.6. In addition on 1 1 of | rpm, with a feeding solution of
growth medium was added NAD (0.015 g) glucose and yeast extract
and hemin (0.03 g) In 50 | fermenter, at the tempera- | 1160.0
ture of 36.5°C; the air supply
rate is 0.6-0.8 air volume/volume
of the nutrient medium per min-
ute, stirring is 400-900 rpm, pH
is 7.3, the air saturation is 30%,
with a feeding solution of glu-
cose and yeast extract
The medium containing Na,HPO,, NaH,PO,, In flasks (volume of fermenta- | 453.0- | [36]
K,HPO,, NAD, hemin, soy peptone, yeast ex- tion broth — 1 1), at 37°C, 511.0
tract — 2.5 g/l, dextrose — 6 g/l 200 rpm
In a 50 | fermenter 524.0
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Table 1 continued

Strain

Growth medium

Cultivation method

Produc-
tivity,
ug/ml

Refer-
ence

A capsu-
lar strain
containing
at least 2
copies of
the locus in
the genetic
code

60% sodium lactate — 1.5 ml/I, K. HPO, -
300 mg/l, KH,PO, — 300 mg/l, MgSO,-7H20
- 368 mg/l, Na,HPO,-12H,0 - 28620 mg/,
NaH,PO4-2H,0 - 1870 mg/l, L-arginine —
87 mg/l, L-alanine — 134 mg/l, L-asparagine
—198 mg/l, L-lysine — 140 mg/l, L-glutamine —
220 mg/l, L-histidine — 78 mg/I, L-tryptophan
— 200 mg/l, L-valine — 115 mg/l, L-isoleucine
— 130 mg/l, L-leucine — 130 mg/l, L-tyrosine
— 180 mg/l, L-phenylalanine — 165 mg/l, L-cys-
tine — 61 mg/l, L-aspartic acid — 1065 mg/I,
L-glutamic acid — 1471 mg/l, pyridoxine HCI
— 4 mg/l, riboflavin — 0.2 mg/l, thiamine HCI
— 4 mg/l, biotin — 4 mg/l, calcium pantothenate
— 4.5 mg/l, uracil — 70 mg/l, hypoxanthine —
20 mg/l, FeSO,x7H,0 - 2.5 mg/l, ZnSO,x7H,0
- 20 mg/l, CoCl,x6H,0 - 1 mg/l, MnSO,xH,0
-5 mg/l, CaCl,x2H,0 — 13 mg/l, the final pH is
7.2+0.1 (adjusting with 10 N KOH solution)
Additionally added: glucose — 512.8 g/I, solu-
tion of NAD, protoporphyrin — 0.25 g/l, ammo-
nium hydroxide — 5 ml/|

In a 1000 | fermenter, at the
temperature (32£1)°C, pH
(6.7+0.2) (adjusting 2.5 N sodi-
um hydroxide solution), pO, was
maintained at 70% by cascading
the stirring speed (from 100 up
to 230 rpm), aeration increase
(from 70 to 150 I/min), flow rate
O, from 0 to 500 I/min. As nec-
essary, antifoaming agent (4%
Biospumex solution) was added

865.0

[31]

CS 68

L-glutamic acid — 1.5 g/l, ammonium sulfate —
1.25 g/l, Sodium phosphate dibasic dihydrate
(Na,HPO,x2H,0) - 11.0 g/l, Sodium phosphate
monobasic dihydrate (NaH,PO,x2H,0) -
3.3 g/l, yeast extract — 5 g/l, potassium chloride
(KCI) - 100,0 mg/l, sodium chloride (NaCl) —
6 g/l, vegetable peptone extract — 10 g/l, NAD
— 3,0 mg/l, hemin synthetic — 5,0 mg/l, glucose
—5,0 g/l, L-cysteine — 100 mg/I

At 37°C, the pH was maintained
at7.0

100.0-
115.0

(28]

Eagan

Yeast extract — 5 g/l, casamino acids — 22,5 g/I,
dibasic sodium phosphate — 14.4 g/l, dextrose
—5.59 g/I, hemin — 20 g, ammonium hydroxide
(30%) — 0.1534 ml, 1% NAD - 0.6 ml

In a 40 | fermenter, 1618 h

Data
is not
shown

[50]

B 423

Casamino acids broth — 10.0 g/l, glucose —
5.0 g/l, yeast extract dialysate — 2.0 g/I, hemin
—0.001 g/I, NAD - 0.008 g/l, vitamin B , -
0.0005 g/l, pH 7.2-7.4.

In an atmosphere saturated with
CO,, for 8-10h

Data
is not
shown

[43]

326

The Klein medium with growth factors (hemin,
NAD)

The Klein medium with growth factors (hemin,
NAD), casein peptone — 20 g/, glucose — 2 g/l

Fermenter of brand “Ankum”
under conditions of forced
aeration at 37°C, with constant
stirring

90.0-
150.0

80.0-
130.0

[44]

267 (Mech
Nel)

Semisynthetic (based on aminopeptide) and
synthetic growth medium

At 37°C on a juggler at 200 rpm.
The incubation was continued
for 6 hours after the culture
reached a stationary growth
phase

50.0-
100.0

[45]
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