
Saturday, March 22, Ses sion VII

L27

IN SITU VISUALIZATION OF THE BORDETELLA FILAMENTOUS HEMAGGLUTININ
BY CRYO-ELECTRON TOMOGRAPHY

Ab dul Samad1, Petra Kasparova1, Jiri Novacek3 , Dominik Pinkas2, Jana Kamanova1, 

Pe ter Sebo1, Ladislav Bumba1 

1In sti tute of Mi cro bi ol ogy, Czech Acad emy of Sci ences, Videnska 1083, Prague, 142 00, Czech Re pub lic.
2In sti tute of Mo lec u lar Ge net ics, Czech Acad emy of Sci ences, Videnska 1083, Prague, 

142 00, Czech Re pub lic
3CEITEC Masaryk Uni ver sity, Kamenice 753/5, 625 00 Brno, Czech Re pub lic.

Bordetella per tus sis, the caus ative agent of whoop ing
cough, re lies on the sur face adhesin fil a men tous hemag -
glutinin (FhaB) for ad her ence and col o ni za tion of re spi ra -
tory tract cells. FhaB is ini tially trans lated as a 360-kDa
pre cur sor and later re leased into the ex ter nal en vi ron ment
as a ‘ma ture’ 220-kDa pro tein; how ever, its struc tural
prop er ties re main poorly un der stood. Here, we de scribe
two ap proaches for the prep a ra tion and char ac ter iza tion of
bac te rial minicells de rived from B. per tus sis and B.
bronchiseptica. These minicells were gen er ated by de let -
ing the minD gene and in tro duc ing the A126V sub sti tu tion

in the mreB gene in the bac te rial chro mo some, as well as by 
overexpressing FtsZQ genes un der the con trol of
the pBAD pro moter. Minicells were col lected from cul tures 
of the mu tant Bordetella strains us ing dif fer en tial and gra -
di ent centrifugation. Pu ri fied minicells were used for in
situ vi su al iza tion of the FhaB mol e cule via cryo-elec tron
to mog ra phy. Tomo grams re vealed that the FhaB mol e cule
forms a ~35-nm long fil a ment pro trud ing from the
minicells sur face. These find ings high light the po ten tial of
minicells as a pow er ful tool for struc tural in ves ti ga tions
of Bordetella vir u lence fac tors in situ.
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The anoxygenic phototrophic bac te rium Gemmatimonas
phototrophica pre fers growth at lower-light in ten si ties. It
has evolved a unique type of photosynthetic com plex that
con sists of a type-2 re ac tion cen tre sur rounded by two rings 
of light har vest ing an tenna with each giv ing rise to a dis -
tinct near in fra red absorbance band. A closely re lated spe -
cies Gemmatimonas groenlandica grows better at
higher-light in ten si ties and con tains the same pho to syn the -
sis gene clus ter, yet its photosynthetic com plex has a no ta -
bly dif fer ent near in fra red ab sorp tion spec trum with only
one large ab sorp tion band. In or der to un der stand the or i gin 
of this dif fer ence, the struc ture of the photosynthetic com -
plex from this spe cies was de ter mined by the cryo genic
elec tron mi cros copy. The anal y sis re vealed that it also con -

tains two rings but that the outer an tenna ring ab sorp tion is
red-shifted. The shift was caused by ro ta tion of a
tryptophan res i due side chain to form a H-bond with
bacteriochlorophyll and in creased the strength of the
intra-dimer exciton cou pling. In ad di tion, the outer an tenna 
ring lacks monomeric bacteriochlorophylls. This loss re -
duced the op ti cal an tenna cross-sec tion in Gemmatimonas
groenlandica, but the H-bond in creased the prob a bil ity of
exciton ex change among the com plexes (con nec tiv ity).
There fore, these evo lu tion ary changes have changed the
higher-light op ti mised com plex pres ent in Gemmatimonas
groenlandica into a com plex that has al lowed Gemma -
timonas phototrophica to grow well un der lower-light in -
ten si ties.
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Enteroviruses en ter cells by re cep tor-me di ated endo cyto -
sis. How ever, it is not fully un der stood how enteroviruses
re lease their genomes and how enterovirus par ti cles or
RNA genomes cross the endosome mem brane into the cy -
to plasm. We used cryo-elec tron mi cros copy to vi su al ize
enterovirus par ti cles in the pro cess of ge nome re lease. The
exit of the RNA re sults in a loss of one, two, or three ad ja -
cent capsid-pro tein pentamers from a par ti cle. The open ing 
in the capsid, which is more than 120 C in di am e ter, en -
ables the re lease of the ge nome with out the need to un wind
its pu ta tive dou ble-stranded RNA seg ments. We used
cryo-elec tron to mog ra phy of in fected cells to show that
endosomes con tain ing enteroviruses de form, rup ture, and
re lease vi rus par ti cles into the cy to plasm. Block ing
endosome acid i fi ca tion with bafilomycin A1 re duced the

num ber of par ti cles that re leased their genomes but did not
pre vent them from reach ing the cy to plasm. In hib it ing
post-endocytic mem brane re mod el ing with wiskostatin
pro moted abor tive enterovirus ge nome re lease in
endosomes. Our re sults show that cel lu lar mem brane re -
mod el ing dis rupts enterovirus-con tain ing endosomes and
thus re leases the vi rus par ti cles into the cy to plasm to ini ti -
ate in fec tion. The cells also con tained empty capsids lack -
ing pentamers of capsid pro teins. Since the stud ied
enteroviruses em ploy dif fer ent re cep tors for cell en try but
are de liv ered into the cy to plasm by cell-me di ated
endosome dis rup tion, it is likely that most, if not all entero -
viruses, and prob a bly nu mer ous other vi ruses from the
fam ily Picornaviridae, can uti lize capsid open ing and
endosome rup ture to in fect cells.
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