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For scientists who work in

the Yersiniafield, when you mention Bob,
you are talking about Bob Brubaker. He
spent his entire academic career working
mostly with Yersinia pestis, the agent of
plague. He remembered many resear-
chers of the past and their contributions
to the field, and he was a very tough re-
viewer of the manuscripts, as he always
demanded references to the original
work. Because of him, many significant
research studies of the previous genera-
tions of scientists have not been forgot-
ten, and we should be grateful to him for
that and follow this example. Needless
to say that he significantly contributed
to the training of new generations of

scientists as a mentor of numerous Ph.D. students and
postdoctoral fellows during his tenure at Michigan State
University (MSU), where he held a faculty position for

a few decades.

He graduated from the Quaker Friends School in
Wilmington, Delaware, and then received his B.A. de-

Korma cpenu yueHwix, paboraro-
IIKUX B 00JIaCTU MCCIIeNOBaHus Yersinia,
Bbl ynomuHaeTe boOa, Bce TOHUMAIOT,
yTo peub uner o bobe bpyodeiikepe.
[TouTn BCIO CBOKO aKaJeMHUYECKYI Ka-
pPbEPY OH IOCBSATUI U3Y4YEHUIO Yersinia
pestis, Bo30ynuTenss yyMbl. OH MOMHUI
MHOTHX HCCIe/loBaTeel MpolIoro u
WX BKJAJ B 3Ty OOJNIacTb W OBLI OYCHB
KECTKUM PEICH3EHTOM PYKOIHUCEH, Mo-
CKOJIBKY Bcerjia TpeOOoBall CChlIaThCs Ha
OpUTHHaJbHBIC paboThl. brarogaps emy
MHOTHE 3HAUMMbBIC HCCIICIOBAHUS IPe-
JBIIYIIUX TIOKOJCHHH yUEHBIX HE ObUIN
3a0BITBI, ¥ MBI JTOJDKHBI OBITH TIPH3HA-
TENBHBI EMY 33 3TO M CJIEe0BaTh STOMY
npumepy. M3muiiHe TOBOPHUTH, YTO OH

BHEC 3HAYUTEIbHBIN BKJIaJ B IMOATOTOBKY HOBBLIX ITOKO-
JICHUM YUCHBIX B KaUC€CTB€ HACTaBHUKAa MHOTI'OYUCIICH-
HBIX aCIIMPaHTOB M MOCTAOKTOPAHTOB BO BpPEMS CBOCH

paboTel B MUYMTaHCKOM TOCYIapCTBEHHOM YHHBEPCH-
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tete (MSU), rae 3aHMMAI JOJDKHOCTB TIPETIoiaBaress B
TEUEHHE HECKOIBbKUX JECATUIICTHIL.
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gree from the University of Delaware in 1956. After his
time in the military, he received a Master’s degree from
George Washington University in 1959, followed by
a Ph.D. degree from the University of Chicago in 1966.

He began his scientific journey when little molecu-
lar tools were available, which scientists enjoy today,
so the experiments were lengthy and relied on an inter-
pretation of phenotypes. On the other hand, studying
the behavior of Yersinia spp. under different conditions
could reveal unexpected characteristics, which were not
obvious to today’s scientists relying a lot on studying
the genetic makeup of the pathogen. Nevertheless, at the
end of his scientific career, he had a chance to combine
the “old school” science with the modern approaches,
when he participated in the interpretation of the whole-
genome sequencing, which was done for the first time for
Y. pseudotuberculosis [1]. Direct comparison of a single
genome of Y. pestis CO92, known at that time with the
plague microbe progenitor, Y. pseudotuberculosis al-
lowed researchers to confirm many phenotypes known
for plague researchers, some of which were originally de-
scribed by Bob Brubaker. Using the modern definitions,
he was an expert in the field, which is called nutritional
virulence nowadays, studying how pathogens evolved to
adapt to efficiently utilize host nutrients. This allows the
pathogen not only to compete with the host for resour-
ces, but potentially change its regulatory network for the
expression of virulence factors and biological pathways
directly by the nutrient preferences or their metabolites.
This might be particularly important for Y. pestis, which
alternates its life cycle between two nutritionally rich
environments in the flea midgut and the mammalian
host. The results of such adaptation were an accumu-
lation of the pseudogenes during the specialization of
Y pestis as a highly lethal pathogen. The appearance of
most of such pseudogenes was a result of the depletion
of the non-essential functions which were not used any-
more during the conversion of the saprophytic lifestyle
of Y. pseudotuberculosis to a mainly two-niche Y. pestis
pathogen. Nevertheless, some pseudogenes were likely
evolved to strengthen the impairment of certain path-
ways to optimize the pathogen survival in the host and
ensure the increase of virulence. Generally, it should be
a balance between the virulence and host resistance to
the infection; otherwise, the pathogen quickly kills the
host, preventing the further spread of the microbe. As
emphasized by Bob Brubaker, this rule does not apply
to Y. pestis as infected fleas can find a new host after the
death of the firstly infected animal. It is in the interest of
Y. pestis to promote a high bacteremia that will ease the
colonization of fleas after the blood meal is taken. This
promotes Y. pestis to maintain its high virulence sta-
tus, and even enhance it, as it might be needed to infect
a more resistant host to cause a high bacteremia there
as well. All these thoughts we beautifully articulated in
his excellent review [2]. In conclusion, inactivation of
certain regulatory and biological pathways in Y. pestis in
comparison with Y. pseudotuberculosis, including even
virulence factors (host cell invasin Inv impairment is
a good example), by insertion of IS element, indel, or
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P.P. bpyGeiikep oxonumn mkony «Jlpy3msi KBake-
poB» B YWIMHHTTOHE, mTar /lenaBap, a 3aTeM MOIyqIni
cTerneHb OakanaBpa B YauBepcutere [enasiapa B 1956 T
[Tocne ciyxObl B apMUU MOTYYMI CTEIICHh MarkucTpa B
Yuusepcuretre J[xopmxa Bammunarrona B 1959 r, a3a-
TEeM CTeleHb JOoKTopa ¢minocopun B YNKarckoM yHH-
Bepcurete B 1966 1.

P.P. BpyOeiikep Hauan CBOW HAy4HBIH MyTh, KOTJa
JOCTYITHO OBIJIO JTUILIB HEOOJBIIOE KOITMYECTBO TEX MOJIE-
KYJSIPHBIX HHCTPYMEHTOB, KOTOPBIMH TOJIb3YIOTCS yue-
HBIE CETOJHS, TOITOMY IKCIIEPUMEHTHI OBUIN JITTHTEIb-
HBIMU M OCHOBBIBIUCH HA HHTEPIIPETAIINN ()CHOTHUTIOB.
C pyroii CTOpOHBI, U3yUEHUE NOBENECHUs Yersinia spp.
B Pa3HBIX YCJIOBHSAX MOIJIO BBISIBUTH HEOXKUJIAHHBIC Xa-
PaKTEPUCTHKH, KOTOPbIE HE OBLIM OB OYEBUIHBIMH JIJIS
COBPEMEHHBIX YYEHBIX, BO MHOT'OM IIOJIATAIOLIMXCS HA
W3y4YeHHE TeHETHYECKOTO COCTaBa rmaroreHa. Tem He Me-
Hee B KOHIIe HAYYHOH Kapbephl Y HETo IMOSBUIIACH BO3-
MOYKHOCTb 00BETUHUTH HAYKY «CTapOil IIKOJIBI) C COBpe-
MEHHBIMHU ITOJIXOJ]JaMH, KOTJIa OH Y4acTBOBAJI B WHTEP-
MpeTaluu JTAHHBIX MOJTHOTCHOMHOTO CEKBEHHPOBaHUS,
BIIEpBbIe TpoBefieHHOTO s Y. pseudotuberculosis [1].
[IpssMoe cpaBHEHHE ENWHCTBEHHOTO HM3BECTHOTO B TO
BpeMsi reHoMa Y. pestis CO92 ¢ mpenniecTBEeHHUKOM
gyMHOTO MuKpoba — Y. pseudotuberculosis 103BOIHN-
7m0 000CHOBaTh MHOTHE HW3BECTHBIC HCCIIEA0BATEISIM
qyMbI ()EHOTHITBI, HEKOTOPBIE U3 KOTOPBIX ObLTH MEPBO-
HauanbHO onucaHbl PobOeprom bpyoOeiikepom. ['oBops
COBPEMEHHBIM SI3BIKOM, OH OBLI DKCIIEPTOM B 00JIaCTH,
KOTOpasi B HACTOSIIEE BPEMsI HA3bIBACTCS «ITHIICBOW»
BUPYJIEHTHOCTBIO, M3ydas, KaK ITaTOT€HBI DBOJIIOIHO-
HUPOBAJIH, YTOOBI aJanTUpOBaTbcsi K AP(HEKTUBHOMY
WCIIOJIb30BAHUIO MUTATEIBHBIX BEIIECTB XO03iMHA. DTO
MO3BOJISICT TATOT€HY HE TOJIBKO KOHKYPHPOBATh C X035~
HOM 32 PecypcChbl, HO M MOTEHIMAIbHO M3MEHSTh CBOIO
PETYIATOPHYIO CETh JUIsi SKCIPECCHH (PaKTOPOB BUPY-
JICHTHOCTH W OMOJIOTUYECKUX MyTeH HEIOCPEICTBEHHO
yepe3 MPEeNroYTeHUs MUTATEIbHBIX BEIIECTB WM HX
MeTabO0JIUTOB. DTO MOXKET OBITh OCOOCHHO BaXKHO JIJIS
Y. pestis, U3HEHHBIN LUK KOTOPOTO uepeayeT aBe 00-
raTble MUTATEIbHBIMU BEIIECTBAMHU CPENbl — CPEITHIOI0
KHIIKY OJIOXH M OPTaHW3M XO3SIMHA-MJICKOITUTAOIIETO.
Pe3ynbratoM Takoil ajantauuMyd CTalo0 HAaKOILJICHUE
TICEBIOT€HOB BO BPEMsI ABOJIOIUH Y. pestis KaKk BHICOKO-
JeTanbHOro matoreHa. [losBiieHre OONBITMHCTBA TAKHX
TMICEBIOTCHOB CTAJI0 PE3yJbTAaTOM MOTEPH 3HAYCHUS He-
CYIIECTBEHHBIX (DYHKIIMH, KOTOPBIC OOJIbIIE HE HCITOJb-
30BaJIUCh B TPOIIECcCE TIEPEXoaa OT canmpoPUTHOTO 00-
pasza xu3HH Y. pseudotuberculosis X CyiecTBOBaHHIO
B JIBYX HUIIAX y maroreHa Y. pestis. Tem He MeHee He-
KOTOpPbIC TICEBAOTEHBI, BEPOSTHO, SBOIIOLHMOHUPOBAIN
B HAaIlpaBJICHUHU YCHJICHUSI HAPYIIEHHsS OINpPEeNICHHBIX
MmyTed B LEJISX ONTHMH3AIMM BbDKMBAHUS MMATOrCHA B
XO35TMHE M 00ECTICeYCHUS MOBBIINICHHUS BUPYICHTHOCTH.
Kak mpaBwmito, 1omkeH coOIronaThest Oamane MeKITy BHU-
PYJIEHTHOCTBIO M YCTOWYMBOCTBIO XO35IHA K MH(EKIINH;
B IIPOTUBHOM ClTy4ae IaToreH ObICTpO yOUBaeT XO351Ha,
npeAoTBpalias JanbHelinee pacnpocTpaHeHHe MUKPO-
0a. Kak nomuepkusan P.P. bpyGelikep, 310 npaBuiio He
pacmpocTpansieTcs Ha Y. pestis, TIOCKOJBKY WHMOUIIN-
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a frameshift single base mutation was the likely way of
the enhancement of the virulence of Y. pestis. Will the
opposite be true, and restoration of the lost function can
lead to a reduction in the virulence of Y. pestis? There is
at least one instance of such restoration of lost function,
when the defective /pxL gene of Y. pestis was comple-
mented by the /pxL gene from Escherichia coli, resul-
ting in the production of potent TLR4-activating hexa-
acylated LPS and consequent reduction in virulence [3].
Nevertheless, this was not about nutritional virulence,
but rather about exploiting the immunomodulatory pro-
perties of Y. pestis. Bob Brubaker proposed a list of the
metabolic lesions, candidates for restoration, which may
reduce the virulence of Y. pestis [2]. To test his hypothe-
ses, further work is necessary. The only thing to remem-
ber is that a restoration of a single defective gene in the
pathway may not be enough to return the lost function,
as other genes in this and adjacent pathways may accu-
mulate further mutations due to non-usage. The example
is the restoration of glycerol utilization in Y. pestis strains
of the Orientalis biovars, where two genes had to be re-
paired to provide the glycerol-positive phenotype [4].

Another area where Bob Brubaker contributed sig-
nificantly was the study of the phenomenon of low-cal-
cium response. The shift of temperature from ambient
26 °C to the host 37 °C in a Ca?" deficient media results
in a fast cessation of the growth of Y. pestis (growth
restriction, bacteriostasis) accompanied by a massive
secretion of the virulence proteins Yops and V-antigen
(LcrV) encoded by the type 3 secretion system (T3SS)
of the virulence plasmid pCD1. The addition of Ca*" in
the medium allows a full-scale growth with the repres-
sion of the Yop proteins production. The importance of
this in vitro phenomenon comes from the fact that the
calcium-enriched blood permits vegetative growth of
Y. pestis important for the high-level bacteremia in the
flea transmission cycle. In the organs, Y. pestis grows
primarily within necrotic focal lesions similar to the
intracellular fluid of the host cell cytoplasm (low cal-
cium). The Brubaker’s work showed that the restriction
of growth and Yop production could be separated, and
he created the synthetic media, which he called “based
case scenario (BCS)” that allowed a full-scale growth
of Y. pestis in calcium-deficient medium at 37 °C while
producing Yops. The BSC media contained K" and
L-aspartate but lacked Ca?" and Na", efficiently preven-
ting a sodium toxicity that he attributed to the restriction
growth phenomenon. The BCS medium was very use-
ful in the study of temporal whole-genome transcription
analysis upon the temperature transition from 26 °C to
37 °C, as Y. pestis continued both proliferation and gene
expression, including T3SS [5]. The complete story of
the investigation of the low calcium response under dif-
ferent physiological conditions and the mechanisms un-
derlying this phenomenon was described in detail in his
review [6].

The study of how the mammalian host responds to
Y. pestis invasion was the major interest of Bob Brubaker,
where he pioneered the studies leading to the discovery
of immunosuppression of proinflammatory cytokines
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pOBaHHbIE OJIOXM MOTYT HalTH HOBOI'O XO3sIMHA IIOCIIE
CMEpTH NEPBOHAYATILHO HHPHLIUPOBAHHOTO KUBOTHOTO.
st Y. pestis Ba)XHO BbI3BaTh BBICOKYIO OaKTEPUEMHIO,
C TEM YTOOBbI OOECIIEUUTh KOJIOHM3AILUI0 OJIOXU IIOCIE
npreMa KpoBSHOM MUIIH. DTO CIOCOOCTBYET TOMY, YTO
Y pestis coxpaHsieT CBOW CTaTyC BBICOKOM BUPYJIEHT-
HOCTH U JaXKE YCWJIMBAET €€, IOCKOJIBbKY OHA MOXET
noTpedoBaThCsl Al 3apaKeHUs: Oosiee PEe3UCTEHTHOIO
XO35IMHA, YTOOBI BBI3BATh U Y HETO BBICOKYIO OaKTepHe-
MUI0. Bce 9TH MBICTH NPeKpacHO U3JI0KEHbI B €ro Mmpe-
BOCXOZHOM 0030pe [2].

B 3akmtoueHue ciieyeT OTMETHTh, YTO MHAKTHBA-
LS ONPEAETICHHBIX PEryISTOPHBIX U OMOJIOTHYECKUX
nyteily Y. pestis mo cpaBHeHuto ¢ Y. pseudotuberculosis,
BKJIIOUasi Jaxke (DakToOpsl BHPYJIECHTHOCTH (XOPOIIUM
NPUMEPOM SIBJISIETCSl HapyLIeHWEe HHBa3KuHa [nv), myrem
BCTaBKU [S-ameMeHTa, MHAEN-MyTalUd WIH MYyTaluu
CO CIBUTOM paMKH CUUTHIBAHHS OJIHOTO OCHOBaHUS
OblJla BEPOSTHBIM CITOCOOOM YCWIJICHHS BHUPYJIEHTHO-
ctu Y. pestis. byner nu BepHbIM OOpaTHOE, U MOXKET
JIM TPUBECTH BOCCTaHOBJICHHE YTpaueHHOW (yHKIMM
K CHWXCHHUIO BHUpYJIEHTHOCTU Y. pestis? CyiecTByeT
[0 KpaliHEell Mepe OJUH IpPUMEP TaKOr0 BOCCTaHOB-
JICHHUsT yTpadeHHOW (YHKIMH, Korna Jie()eKTHBIH TeH
IpxL Y. pestis Obl1 KOMIUIECMEHTHPOBAH TeHOM [pxL w3
Escherichia coli, aTo mpuBeno Kk 00pa30BaHUIO MOIITHO-
ro aktuBupyromero TLR4 rekcaannnuposansoro JIIIC
U TIOCJIEAYIOLIEMY CHUKEHMIO BUpYyJIeHTHOCTH [3]. Tem
HE MEHee peyb IIIa He O ITHIEBOH» BUPYJICHTHOCTH,
a, cKkopee, 00 UCIIOJIb30BaHHH HMMYHOMOJIYTHPYIOIIHX
cBOHCTB Y. pestis. P.P. bpyOeiikep mpemiokuin CIHCOK
MeTa0OJIMYECKUX MOBPEXKICHUM, KaHAWAATOB Ha BOC-
CTaHOBJICHUE, KOTOPbIE MOTYT CHU3UTH BUPYJICHTHOCTh
Y pestis [2]. Ins npoBepku ero rumore3 HeoOXOoauMMa
nanpHemas padora. EqMHCTBEHHOE, YTO CleAyeT MOM-
HUTh, — 3TO TO, YTO BOCCTAHOBIICHHE OJHOTO JieeKT-
HOTO T'eHa B MeTa0O0JIMYECKOM IIyTH MOXKET ObITh HEO-
CTaTOYHBIM [UIS BO3BPALICHUs yTpadyeHHOW (DyHKUHMH,
MOCKOJIBKY PYTHE TE€HBI B TOM U CMEKHBIX IyTIX MO-
TyT HakKariuBaTh JaJbHEHIINE MyTalUd U3-32 UX He-
ucnonb3oBanus. [IpuMepom sBiIsieTCsl BOCCTaHOBJICHUE
YTHIM3AIMH [JIHIEPUHA B IITaMMax Y. pestis OMOBapoB
Orientalis, Tae 1Ba reHa NOJDKHBI ObITH BOCCTaHOBIIE-
HBI JUTsl IPOSIBIICHUSI IIULEPUH-TIOJIOKHUTEIBHOTO (heHO-
tumna [4].

Hpyroii obnacteio, B koTopyto Pobept bpyOetikep
BHEC 3HAYMTENILHBIA BKJaJ, ObLJIO M3ydeHHE (eHOMe-
Ha peaklMM Ha HU3KUM ypoBeHb Kaiublud. V3mMeHeHue
TEeMIEpaTypbl OT OKpyxkaromei cpensl (26 °C) mo op-
rann3Ma xo3suHa (37 °C) B cpene ¢ aedunutom Ca*
NPUBOAMT K OBICTPOMY TpEKpalleHuto pocrta Y. pestis
(orpannyenue pocta, OaKTepHOCTa3), COMPOBOXKAAIO-
HIeMyCsl MACCUBHOM CeKperyell OeIKOB BUPYJICHTHOCTH
Yops u V-anturena (LcrV), komupyeMbIx cucTeMoi ce-
kperu 3-ro tuma (T3SS) mmasMuasl BUPYIEHTHOCTH
pCD1. JJo6asnenue Ca** B cpeay obecrneunBaeT MoHO-
MacITaOHBII POCT ¢ TOAABICHUEM NPOAYKLIUH OCIKOB
Yop. BaxnocTts 5TOr0 HabmromaeMoro in vitro Qeno-
MeHa OOYCJIOBJIGHA TEM, YTO OOOTall[cHHAs KaJlbIIUEM
KpOBb 00€CTICUNBACT BETETATUBHBIA POCT Y. pestis, He-
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at the initial stage of plague infection. Moreover, simul-
taneously priming the mice with [FN-gamma and TNF-
alpha before infection with Y. pestis resulted in an animal
survival [7]. The effect of immunosuppression depended
on the functionality of the T3SS and secretion of LcrV,
which was in good correspondence with Brubaker’s pre-
vious observation that the expression of LcrV promoted
plague infection by preventing the formation of protec-
tive granulomas [8]. Later, it was shown in his lab that
injection of pure recombinant LcrV suppressed TNF-
alpha and IFN-gamma in mice and promoted survival of
avirulent pCD1 plasmid-free Y. pestis, as well as heter-
ologous bacteria, such as Salmonella and Listeria mono-
cytogenes; the infection with the latter was lethal [9].
The effect of innate immunity early in Y. pestis infec-
tion was attributed to the induction of IL-10 by LerV
[10, 11]. In line with the investigation of immunomodu-
latory properties of LcrV, it is necessary to refer to a sort
of forgotten Brubaker’s paper on suppression of mouse
skin allograft rejection by recombinant LcrV. This was
a good example of repurposing a major virulence factor
of pathogenic bacteria for something potentially useful
for the treatment of certain conditions [12].

Burrows & Bacon described in 1958 that the im-
munization with the crude preparation of LerV from
Y. pestis protected against plague [13]. However, the la-
ter discovery of massive synthesis of Yop proteins under
conditions used for the induction of LerV at that prepa-
ration doubted the LcrV protective properties, attribu-
ting the protection to the Yop contamination. Moreover,
in 1991, two well-known laboratories reported that LerV
is a regulatory protein of the low calcium response,
further questioning the protective potential of LcrV
[14, 15]. Nevertheless, thereafter using highly pure re-
combinant LerV, Brubaker’s lab for the first time provi-
ded a formal proof that LerV can provide both passive
and active protection against challenge with Y. pestis.
The immunization with the LcrV restored the innate im-
mune response to Y. pestis infection and led to the for-
mation of protective granulomas [9, 16]. Since that time,
the LerV became a principal component of plague sub-
unit vaccines, proving alone a high level of protection in
different animal models when used as a purified protein,
expressed in different carrier platforms, encapsulated
in the particles, and recently in mRNA vaccines. Bob
Brubaker, with colleagues, was awarded the U.S. patent
in 1994 for the use of LcrV in the plague vaccine issued
via the MSU.

R. Brubaker was one of the first to study, back in
1969, the relationship between the ability of Pasteurella
pestis cells to absorb exogenous hemin on solid syn-
thetic media at a temperature of 26 °C and sensitivity to
bacteriocin-pesticin [17]. The predecessors — S. Jackson
and T.W. Burrows (1956) showed the pigmentation of
Pasteurella pestis on a defined medium containing hae-
min [18]. The term ‘pigmentation’ referred to the abi-
lity to absorb certain small planar molecules, especially
hemin, by colonies of the plague pathogen growing on
the surface of agar. Non-pigmented (Pgm™) mutants lost
virulence, but iron injection restored complete viru-
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00XOIMMBIH IS BEICOKOTO YPOBHSI OaKTEpHEeMUH B IIU-
KJIe TPAHCMHCCHU ¢ ydacTreM 070x. B opranax Y. pestis
pacTeT B OCHOBHOM B OYarax HEKpo3a, IJIe TaK ke, KaK
B IIMTOIUIa3ME KIIETKH XO35IMHA, COACpKaHUE KabLUs
HAXOJUTCS Ha HU3KOM ypoBHe. Pabora bpyOeiikepa
MoKasaja, 4TO OIpaHHYCHHE POCTa M MPOLYKIHsS YOp
MOTYT OBITh Pa3/eNIeHbl, © OH CO37aJl CHHTETHYECKYIO
cpemy, KOTopyro Ha3Ball «0a30BbIM ciieHapueM (BCS)y,
o0ecreunBaroIIyIo NoJTHOMACIITaOHBINA pocT Y. pestis B
cpene ¢ aeduuutom Kanbiwms mpu 37 °C ¢ oOpa3oBaHu-
eM Yops. Cpena BSC conepxxana K* u L-acmaprar, HO
He cozepxaina Ca* u Na*, uto addexkTrBHO TpeoTBpa-
[IAJI0 TOKCHYHOCTh HATpHs, KOTOPYIO OH CBS3BIBAJN C
¢deHomeHOM orpanmueHus pocta. Cpena BCS okazanach
OYCHb MOJIE3HON MPH HM3yYCHHH BPEMEHHOTO aHalln3a
TPAHCKPHIIMKA BCETrO0 I€HOMa NpH Nepexoje TeMIepa-
Typbl 0T 26 10 37 °C, mOoCKONBKY Y. pestis IpomonKaia
Kak nposmepanuio, Tak ¥ 3KCIPECCHIO TEHOB, BKITIOUAs
T3SS [5]. IlomHas UCTOPHUS UCCIIETOBAHUS PEAKIIUN Ha
HU3KHI YPOBEHb KAIBIUSA B PA3IHMYHBIX (PU3UOJIOTHYE-
CKUX YCJIOBHUSIX M MEXaHU3MOB, JIEXKAIMX B OCHOBE 3TO-
TO SIBJICHUS, IOIPOOHO ornucaHa B ero o03ope [6].

N3ydenue Toro, Kak MJICKOIUTAIOUIMN X035IMH pea-
THpYET Ha BTOpKeHHE Y. pestis, ObLII0O OCHOBHBIM MHTE-
pecom Pobepra bpyoetikepa. O ObLT THOHEPOM B HCCIIC-
JTIOBaHUSAX, IPUBEIIINX K OTKPBITHIO IMMYHOCYTIPECCHU
MPOBOCHAINTEIBHBIX HUTOKMHOB Ha HAYaJIbHOM CTaauu
3apakeHUs1 YyMoil. bosiee Toro, OfHOBPEMEHHOE BBEJIE-
uue mpimam [IFN-ramma u TNF-anbsga nepen 3apakenu-
eM Y. pestis IpUBOAMIIO K BBIKMBAHUIO JKUBOTHBIX [7].
O¢ddext nMmyHOCYIpeccruu 3aBUCeN OT (GYHKIINOHAIb-
Hoctu T3SS u cekpeuun LcrV, uto Xopomo coOoTBET-
CTBOB&JIO NpeablaylieMy HaOmroaenuto bpyOeiikepa o
TOM, 4TO dKcnpeccus LerV cnocoOcTBoBaNa 3apaskeHNI0
qyMOH, TIpeoTBpaiias o0pa3oBaHUe 3aIUTHBIX IPaHy-
nem [8]. Ilo3nnee B ero iaboparopun OBLIO MOKAa3aHO,
YTO HWHBEKIUS YHUCTOro pekoMmOmHaHTHOTO LCrV mo-
nmasisa neficteue TNF-anbda u [FN-ramma y Mbimei
U crocoOCTBOBaja BBDKMBAHUIO aBUPYJICHTHBIX, CBO-
oonubix ot miasmuasl pCD1 Y. pestis, a Takxe reTepo-
JIOTUYHBIX OakTepuil, Takux kak Salmonella n Listeria
monocytogenes; 3apakeHHe MOCIETHIMH OBIJIO JIeTalb-
HbBIM [9]. D ekt BpoxkIeHHOTO UMMYHHTETA HA paHHEH
CTaJINA 3apakeHus Y. pestis ObLI TPUMTUCAH UHIYKIIUU
IL-10 c momomsio LerV [10, 11]. B Bonpoce uccienosa-
HUSI UMMYHOMOJYJIHPYIOIINX CBOMCTB LerV Heodxoau-
MO COCJIaThCsl Ha OTYACTH 3a0BITYIO CTaThio bpyoOeiikepa
O TIOZIABJICHUU OTTOPIKEHHS AJIOTPAHCIIAHTATa KOXKH
y MBIIIeH pekoMOMHAHTHBEIM LerV. DT1o ObUT XOpommnid
MIpUMEep MHOTO MCIIOJIb30BaHUSI OCHOBHOTO (hakTopa BU-
PYJCHTHOCTH TATOT€HHBIX OaKTepHid Il 4ero-To Io-
TEHIMATBHO TOJIC3HOTO JJIsl JIUEHHS ONpEeICHHBIX
cocrostHu# [12].

T.W. Burrows u G.A. Bacon onucanu B 1958 r.,, uto
MMMYyHU3aLus cbIpbIM npenaparom LerV us Y. pestis 3a-
umiaet ot uymsl [ 13]. OgHako no3nHee OTKPhITHE Mac-
CHBHOTO CHMHTE3a 0EJKOB YOp B YCIIOBHSX, UCIIOJIB3Ye-
MBbIX JiJIs MHAYKUKMK LerV B aTom npenapare, HoCTaBUIIO
10J1 COMHEHHME 3allluTHbhle cBoicTBa LcrV, mpunucan
3amTy KoHTaMuHauu Yop. bomee toro, B 1991 . nBe
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lence of Pgm™ mutants in mice infected through periphe-
ral routes (Jackson, Burrows, 1956) [19]. Interestingly,
Pgm™ mutants exhibited complete virulence in normal
mice when administered intravenously [20].

R. Brubaker found the mutation rate from Pgm" to
Pgm™ to be 10 per generation and suggested that this
event also leads to loss of the pesticin receptor. Brubaker
concluded that the correlation between pesticin sensiti-
vity and the Pgm*/Pgm™ phenotype indicates a close rela-
tionship between these traits. It was later established that
the genetic determination of those factors is linked to
the chromosomal region of pigmentation (pgm region).
The hms (hemin storage locus) locus is responsible for
the ability to absorb hemin on the surface of Y. pestis
cells, and the psn gene of the pesticin receptor, which
is also a receptor for the siderophore yersiniabactin Ybt
and is part of the high pathogenicity island (HPI), is re-
sponsible for sensitivity to pesticin. It was established
that the 102 kb pgm region can be completely lost as
a result of reciprocal recombination between the two
copies of the IS100 element flanking this region [21].
This leads to complete avirulence of the cells, loss of
the ability to adsorb hemin on the cell surface, to form
aplague block in the flea midgut and a simultaneous loss
of pesticin receptor biosynthesis and loss of sensitivity
to pesticin. Long before this, Bob Brubaker showed that
the pigmentation and pesticin absorption site are not
necessarily identical as there are Pgm* strains that are
not sensitive to pesticin. Brubaker and other researchers
obtained rare mutants, Pgm*Pst" and Pgm Pst® [22, 23],
which were used to study the structural and functional
organization of the pgm region. In 1989, D.J. Sikkema
and R.R. Brubaker found that Pgm™~ mutants unable to
grow on iron-deficient medium lacked detectable levels
of six iron-repressible peptides expressed by the parental
Pgm~ strain [22]. In 1996, study involving Bob Brubaker
showed the existence of another, 26 °C temperature-de-
pendent iron uptake system [24]. Together with Russian
scientists, Brubaker studied the expression of one of the
most important virulence factors of the plague patho-
gen — the plasminogen activator in Y. pseudotuberculosis
and E. coli [25].

The entire his career, Bob Brubaker was loyal to
Michigan State University, where he started as a young
faculty member, retired, and became Professor Emeritus.
This is what was written at the MSU site in the obitu-
ary: “In memory of Robert ‘Bob’ Brubaker: A legacy of
scientific discovery and mentorship: Bob enjoyed sha-
ring his unique perspectives on both science and life,
which were always enlightening and enriching. His was
a life of consequence, and his memory will forever be
a blessing to all who knew him. Rest in peace, Professor
Brubaker. Your legacy inspires and guides us”. You
can not say better than that. In his honor, the MSU
has established an endowment to be used to support
the Robert R. Brubaker lectureship.
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W3BECTHBIC JTabopaTopuu coodurmm, uto LerV seiser-
CSl PEryISTOPHBIM OEJTKOM OTBETa Ha HU3KUH ypOBEHb
KaJbLUs, YTO elle OOJbIIe MOCTaBUIIO MO BONPOC 3a-
U THBIN moteHuuan LerV [14, 15]. Tem He MeHee BIO-
CJICICTBUM, HCIOJIB3YS BBICOKOOYHMIICHHBIH pPeKoMOu-
HaHTHBIN LcrV, maboparopusi bpyOeiikepa BrepBbie
npenocTaBuiaa GOpPMaNbHOE 10KA3aTeNbCTBO TOIO, YTO
LerV moxker o0ecrnieunBaTh Kak NacCUBHYIO, TaK U aK-
TUBHYIO 3aIIUTY OT 3apaxxeHus Y. pestis. UmmyHu3anus
LerV BoccraHoBuia BpOXKJIEHHBIA MMMYHHBIA OTBET
Ha uH(peKuio Y. pestis u npusena K 00pa3oBaHUIO 3a-
MUTHBIX TpanyaeMm [9, 16]. C tex mop LerV cram ocHOB-
HBbIM KOMIIOHEHTOM CYOBEIMHHMYHBIX BaKLUH IPOTUB
YyMBbl, JOKa3aB BBICOKHI YPOBEHb 3aIIUTHI B PA3THUHBIX
MOZETSIX >KUBOTHBIX NPH HCIOJIB30BAHUM B KauecTBE
OYMIICHHOTO OeNKa, dKCIPECCUPOBAHHOTO HA Pa3iiny-
HBIX IJ1aTOpPMax-HOCUTENSX, UHKATICYTUPOBAHHOTO B
JacTHuIlel, a HemaBHO 1 B MPHK-BakmmHaax. bpybetikep
¢ xoyuteramu nosyuniu B 1994 r. natent CIJA Ha uc-
nosib3oBanue LerV B BakLimHe IPOTUB UyMbl, BBLAAHHBIN
yepe3 MUYHTaHCKUN YHUBEPCHUTET.

P. bpyOeiikep ogHuM U3 niepBbIX eme B 1969 1. uc-
CJIEZIOBAJI CBSA3b MEXKIY CIIOCOOHOCTBIO KIIETOK Y. pestis
abcopOMpoBaTh AK30TCHHBI TEeMHH Ha TUIOTHBIX CHH-
TETUYECKUX cpefax npu Temmeparype 26 °C u 4dyB-
CTBUTEILHOCTBIO K OaKTepHOUWHY-TieCTUIHMHY [17].
[penmectBennukamu — S. Jackson u T.W. Burrows
(1956) — Obula moOKa3aHa CIIOCOOHOCTh K IUTMEHTA-
UM y BO30OyAMTEINs Ha cpenax ¢ remuHoM [18]. Tepmun
«IUTMEHTAIHS» O03Hadall CIOCOOHOCTh aOCOpOMPOBAThH
HEKOTOpbIE Majible INIOCKHE MOJIEKYJbI, OCOOCHHO TIe-
MUH, KOJOHHMSIMHA BO30yIWTENsl 4yMbl, PacTyLIMMH Ha
noBepxHOCTH arapa. becnurmentasie (Pgm™) MyTaHTBI
yTpadrBajil BUPYJIEHTHOCTh, OJHAKO MHBEKIIMS JKeje3a
BOCCTaHAaBIIMBaJIa MTOJTHYIO BUPYJIEHTHOCTh Pgm™ MmyTaH-
TOB JUJIsl MbIIIICH, MHPUIIMPOBAHHBIX MeprdeprIecKUMU
myTssmu [19]. JIroOombITHO, 4TO Pgm™ MyTaHTHI IPOSBU-
JIM TIOJIHYIO BUPYJCHTHOCTh Y HOPMAJIbHBIX MBIILIEH TpH
BBEJICHUH BHYTPUBEHHBIM IyTeM [20].

P. BpyGeiikep 0OHapyKuJ1, 4TO YACTOTA MyTAIUN OT
Pgm* k Pgm™ cocrapnsier 10 Ha nokosieHue, u pe-
MOJIOXKHJI, YTO 3TO COOBITHE TaK)ke MPUBOIUT K TOTe-
pe pelenropa TecTHIWHA. bpyOeiikep cremarl BBEIBOI
0 TOM, YTO KOPPEJSLHUS MEXAY YyBCTBUTEIBHOCTBIO K
nectTuuuHy U Pgm/Pgm~ ¢peHOTHIIOM CBUACTENBCTBYET
0 TECHOW B3aMMOCBS3M dTHX Npu3HaKoB. [lozxke ObLIO
YCTaHOBJIEHO, YTO TEHEeTH4YecKas JeTepMUHHPOBAH-
HOCTh 3THX (PaKTOPOB CBsi3aHa C XPOMOCOMHOW oOIa-
CTBIO TIUTMEHTAIMK (pgm-o0iacTh). 3a CHOCOOHOCTH
abcopOupoBaTh reMHUH Ha IIOBEPXHOCTHU KIIETOK Y. pestis
orBeuaetr Jokyc Ams (hemin storage locus), a3a 4yB-
CTBUTENBHOCTh K MECTUIMHY — I'€H pelenTopa MnecTu-
[IUHA, KOTOPBIH OJTHOBPEMEHHO SIBIISIETCSA U PELENTOPOM
cunepodopa nepcuHnadbakTHHA Y bt ¥ BXOIUT B COCTaB
octpoBa BbIcokoi marorernoct HPI (high pathogeni-
city island). YcranoBneHo, uTo pgm-0061acTh pazMepomM
B 102 T.I.H. MOXKET IIEIUKOM yTPauHuBaThCs B pe3yibTa-
T€ PELUIPOKHON peKOMOWHALINY TIO IBYM (MIaHKUPYIO-
mmM 3Ty obmacte komusM 1S100-3nemenra [21]. Dto
MIPUBOJUT K TIONHOM aBHPYIEHTHOCTH KJIETOK, IOTepe
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CITOCOOHOCTH amcopOMpPOBaTh TEMHH Ha MOBEPXHOCTH
KIIETOK, O0Opa30BBIBATh YYMHOHW OJIOK B TIPEIKEITYIKE
0JI0XM M K OTHOBPEMEHHOH yTpare OMOCHHTE3a perer-
TOpa MEeCTUIMHA U TIOTEPEe YyBCTBUTEIBHOCTH K MECTH-
nuny. Eme 3amomro 1o storo bpyOetikep mokasan, 4to
CalThl MUTMEHTAIIMN U abcopOIny TeCTUIINHA HEe 00s-
3aTeIbHO WJECHTHYHBI, TIOCKOJBKY CYIIECTBYIOT IITAM-
MBI Pgm®, KOTOpBIE HEUyBCTBHTEIHHBI K IECTHUIIHHY.
P. BpyGelikepoM 1 IpyruMH UCCIEIOBATEISIMU MOTyYe-
HBI pefikue MyTanTel — Pgm*Pst" u Pgm Pst® [22, 23], ko-
TOpBIE OBUTH MCIIONB30BaHBI TSl U3YUCHHUS] CTPYKTYPHO-
($yHKIMOHAIBEHOW OpraHu3anuy pgm-odmactu. B 1989 .
D.J. Sikkema n R.R. Brubaker ycranosumu, uro Pgm-
MYTaHThI, HECIIOCOOHBIE PacTH Ha cpefie ¢ Ne(UIuTOM
JKeJe3a, He MMENM OOHapy>KUBAEMBIX YPOBHEH IIECTH
JKeJIe30-perpecCupyeMbIX MENTHI0B, IKCIIPECCUPYEMBIX
pomutensckum Pgm”™ mrammom [22]. B 1996 1. B pabo-
Te ¢ yaactueM P. bpybelikepa moka3aHo CyIecTBOBaHNE
elle OJJHOM, 3aBucsLIel oT TeMiiepaTypsl 26 °C cucteMbl
norpednenus xenes3a [24]. COBMECTHO ¢ POCCUHCKUMU
yueHbsiMi BpyOelikepoM H3ydeHa SKCIpeccHsi OTHOTO
13 BKHEHIINX (PaKTOPOB BUPYICHTHOCTH BO30YIUTEINS
YyMBI — aKTUBATOpa TJIa3MUHOTeHa B Y. pseudotubercu-
losis m E. coli [25].

Bcro cBoro xapeepy Pobept bpyOeiikep Obi1 Beper
Mu4HraHCKOMY TOCYIapCTBEHHOMY YHHBEPCHUTETY, TTIe
OH HayaJl MOJIOJBIM MperojiaBaTeieM, BbILIIET Ha TICH-
CHIO U CTajJ MOYeTHBIM mpodeccopoM. Bot yurto ObL1o
HanrcaHo Ha caiite MSU B Hekposore: «B nmamsars o
PobGepre «bobe» bpyoeitkepe. Hacnearme HaydHOTO OT-
KPBITUSL U HacTaBHUYecTBa: boO c ymoBoibCTBHEM Jie-
JWICS CBOMMH YHUKAJbHBIMHU B3[JISAaMHU Ha HayKy U
JKU3Hb, KOTOPBIE BCEria ObIIIM POCBETIISIOMNME U 000-
ramaniuMi. B ero xu3Hu ObUIO MHOTO JIOCTHIKCHHUMH,
W aMsiTh O HEM HaBCeTlla OCTaHeTCsl OJaroCiIOBEHHEM
TSI BCeX, KTo ero 3Hai. [lokoiTechk ¢ Mupowm, mpodeccop
BbpybGeiikep. Bare Hacnenue BIOXHOBIISAET U HAIIPABIISET
Hacy. Jlyuie v He ckaxkelb. B ero uects Muunranckuit
YHHUBEPCUTET yupenui GOHA, KOTOPBIK OyIeT UCTIONB30-
BaThCs AJISl TIOAJCPIKKH HACIEIUs JIGKTOPCKOW JeSTelb-
Hoctu Pobepra P. bpyOetikepa.
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