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Bac te rio phages from fam ily Podoviridae are char ac ter is tic
by their short tails. Bacteriophage P68 is dsDNA vi rus in -
fect ing Staph y lo coc cus aureus. To pen e trate in the host
cell, the phage tail is equipped with pro teins that cleave a
pore in the bac te rial cell wall and cell mem brane. Sub se -
quently, the phage ge nome is ejected into the host cell
where the rep li ca tion pro cess takes place. How ever, there
is lim ited in for ma tion about the na tive struc ture and cell
pen e tra tion mech a nism of Podoviridae phages in fect ing
gram-pos i tive bac te ria. 
 Here we pres ent in situ cryo-EM struc ture of the full
capsid and tail at res o lu tions of 3.3 C and 3.9 C re spec -
tively. The atomic model re veals unique in ter con nec tions
be tween phage struc tural pro teins, and struc tural dif fer -
ences be tween full and empty par ti cle show pro teins in -
volved in mem brane pen e tra tion. We found two novel
pro teins (Arstotzka pro tein and Acne pro tein) in capsid,
which have not been ob served be fore. Struc tural anal y sis
of the Arstotzka pro tein sug gests its par tic i pa tion in
dsDNA and capsid sta bi li za tion, while struc tural and se -

quen tial anal y sis of the Acne pro tein has shown its in volve -
ment in re cep tor bind ing. Na tive struc ture of the tail
re vealed 72 cop ies of a unique struc tural pro tein form ing
dodecameric ring po si tioned be tween por tal and dsDNA,
which is not pres ent in the elec tron den sity map of the
empty par ti cle. Se quence anal y sis and elec tron mi cros copy 
shows that this pro tein might be re leased be fore dsDNA
and pen e trate the bac te rial cell mem brane. Fur ther more,
we found out that the struc ture of re cep tor bind ing pro tein
(RBP) from P68 solved at 2.0 C res o lu tion by X-ray crys -
tal log ra phy is sim i lar to RBP from fam ily Siphoviridae. 
 Here we pres ent a func tion of dif fer ent struc tural pro -
teins of P68, and show how na tive par ti cle of
bacte rio phage P68 is as sem bled. These find ings dem on -
strate that there is more than one mech a nism of the cell
mem brane pen e tra tion in the fam ily Podoviridae, and that
the re cep tor bind ing mech a nisms are con served among dif -
fer ent fam i lies of bac te rio phages in fect ing gram-pos i tive
bac te ria.
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Kash mir bee vi rus (KBV) in fects many spe cies of in sect
pollinators, in clud ing ag ri cul tur ally in dis pens able hon -
ey bees Apis Mellifera and Apis Cerana. KBV rep li cates
faster and can be more le thal than other vi ruses of hon ey -
bees, such as sacbrood bee vi rus, de formed wing vi rus and
black queen cell vi rus. How ever, KBV can also per sist in
seem ingly healthy in sects for a long time as an un ap par ent
in fec tion. Like the other mem bers of fam ily Dicitroviridae, 
non-en vel oped KBV virions con tain pos i tive sense sin gle
stranded RNA ge nome, coated with capsid, which is com -
posed of three ma jor capsid pro teins VP1, VP2, VP3, and
mi nor pro tein VP4. KBV is part of the acute bee pa ral y sis – 
Kash mir bee – Is raeli bee pa ral y sis vi rus clus ter of re lated
vi ruses that are to gether world wide dis trib uted. De spite of

the over all ge nome se quence iden tity of IAPV and KBV of
76% and amino ac ids se quence iden tity of the capsid pro -
teins of 75%, the vi ruses cause dif fer ent symp toms and
have dis tinct struc tural prop er ties. Here we re port the struc -
ture of KBV virion de ter mined to the res o lu tion of 2.9 C
us ing cryo-elec tron mi cros copy. We show, that VP4 pro -

tein of KBV has two a-he lixes at its C-ter mi nus. These he -
li ces may in crease the sta bil ity of the KBV capsid rel a tive
to the one of IAPV. We also show that VP3 pro tein forms a

b-strand on its N-ter mi nus. Five of these strands form a
beta-an nu lus around five fold axis of the vi rus capsid. This
fea ture has not been ob served be fore in any vi rus from the
fam ily Dicistroviridae.
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Microtubule As so ci ated Pro teins (MAP) play a key role in
reg u la tion of microtubule (MT) dy nam ics. Prod ucts of two
genes, MAPT and MAP2, are ex pressed in nerve cells in
mul ti ple isoforms gen er ated by al ter na tive splic ing. The
for mer gene en codes pro tein Tau, which is as so ci ated with
neurodegenerative pro cesses ac com pa ny ing the Alz hei -
mer’s dis ease, and has there fore at tracted great at ten tion in
the past few de cades. Microtubule as so ci ated pro tein 2c
(MAP2c), the short est, 467-res i due, 49 kDa isoform of the
lat ter gene, is in volved in neuronal de vel op ment and is less
char ac ter ized than its homologue Tau.

MAP2c con sists of sev eral struc tural and func tional re -
gions. The N-ter mi nal do main con tains two im por tant
parts: The N-ter mi nal re gion with a high con tent of neg a -
tively charged amino ac ids and the proline-rich re gion. The 
for mer seg ment con tains a pro posed bind ing site for ste -
roids, while the lat ter one in ter acts with SH3 do main of
plectin [1] which act as a cytolinker and reg u lates actin dy -
nam ics. The sec ond im por tant part of MAP2c is a
highly-con served C-ter mi nal do main that binds to MTs.
Our goal was to char ac ter ize the MAP2c in ter ac tions, make 
a com par i son to Tau, and de duce the func tional dif fer ences 
be tween MAP2c and Tau.

Iden ti fi ca tion of struc tural mo tifs re spon si ble for spe -
cific func tions of MAP2c and Tau is com pli cated by the
fact that MAP2c and Tau be long to the class of in trin si cally 
dis or dered pro teins (IDPs) lack ing a unique struc ture and
ex ist in mul ti ple, quickly interconverting con for ma tions.

Given the dis or dered na ture of IDPs, NMR is a key ex per i -
men tal method for study ing IDPs. We used high-res o lu tion 
NMR tech niques and small an gle X-ray scat ter ing to ac -
quire atomic-res o lu tion data re flect ing struc tural and dy -
namic fea tures of MAP2c [2]. The re sults al lowed us to
cor re late struc tural fea tures and dy nam ics of MAP2c with
its known and pro posed bind ing and phosphorylation sites,
and to directly compare MAP2c with Tau. 

We ob tained a de tailed de scrip tion of the tran sient sec -
ond ary and ter tiary struc ture of MAP2c. We also iden ti fied
intramolecular con tacts, caused by elec tro static in ter ac -
tions, with a great im pact on dy nam ics of MAP2c. And
most im por tantly, we re vealed dif fer ences in phospho -
rylation of Tau and MAP2c, with im por tant con se quences
for in ter ac tions of these pro teins. 

This work was sup ported by the pro gram VES17
INTER-EXCELLENCE, subprogram INTER-COST.
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The world wide pop u la tion of west ern hon ey bee (Apis
mellifera), the most eco nom i cally im por tant pollinator, is
un der pres sure from hab i tat loss, en vi ron men tal stress and
dis eases. Vi ruses from the fam ily Iflaviridae cause le thal

dis eases in hon ey bees and other wild pollinators such as
bum ble bees (Bombus sp.). Two most im por tant hon ey bee
vi ruses from this fam ily are de formed wing vi rus (DWV)
and slow bee pa ral y sis vi rus (SBPV).
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Here we pres ent the virion struc tures of DWV and
SBPV de ter mined by cryo-elec tron mi cros copy and X-ray
crys tal log ra phy. Capsid pro teins VP3 of both of the vi ruses 
have C-ter mi nal ex ten sion that fold into glob u lar pro trud -
ing (P)-do mains ex posed at the virion sur faces. Sim i lar do -
mains have not been pre vi ously ob served in other vi ruses
from the or der Picornavirales. The P-do main con tains con -
served Asp-His-Ser cat a lytic triad. These res i dues may
par tic i pate in re cep tor bind ing or pro vide the pro te ase,
lipase, or esterase ac tiv ity re quired for the en try of the vi rus 
into the host cell. Fur ther more, nu cleo tides from the DWV
RNA ge nome in ter act with the capsid pro tein res i dues.
Amino ac ids in volved in the RNA bind ing are con served

among hon ey bee iflaviruses, sug gest ing a pu ta tive role of
the genome in stabilizing the virion or facilitating capsid
assembly.

Re lease of the vi rus ge nome from the capsid is a key
step in in fec tion of a cell. The acidic en vi ron ment, that the
vi rus en coun ter dur ing cell en try, causes dis rup tion of con -
tacts be tween DWV capsid pro teins, which re sults in ex -
pan sion of the vi rus capsid and for ma tion of pores around
icosahedral three fold sym me try axes. This ex pan sion may
re sult in capsid dis in te gra tion or ge nome re lease though the 
chan nels. Un der stand ing the ge nome re lease mech a nism is
a first step for de vel op ment of com pounds able to interupt
this essential step in viral life-cycle.
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In fec tion by sacbrood vi rus (SBV) from the fam ily Iflavi -
ridae is le thal to hon ey bee lar vae and causes the col lapse of
hon ey bee col o nies [1]. De spite the neg a tive ef fect of the vi -
rus on hon ey bee pop u la tions, the struc ture of its virion and
mech a nism of its ge nome de liv ery are un known. Here we
pres ent the crys tal struc ture of SBV virion and show that it
con tains sixty cop ies of a mi nor capsid pro tein (MiCP) at -
tached to the virion sur face. No sim i lar mi nor capsid pro -
teins have been pre vi ously ob served in any of the re lated
picornaviruses. The lo ca tion of the MiCP cod ing se quence
within the SBV ge nome in di cates that MiCP evolved from
a C-ter mi nal ex ten sion of a ma jor capsid pro tein VP3 by
the in tro duc tion of a cleav age site for a vi rus pro te ase.
Other Iflaviruses (de formed wing vi rus and slow bee pa ral -
y sis vi rus) con tain, in stead of MiCP, C-ter mi nal ex ten sions 
of capsid pro tein VP3 [2,3]. These glob u lar C-ter mi nal do -
mains form pro trud ing crown-like struc tures at five-fold
sym me try axes of these vi ruses. In con trast, MiCP is po si -
tioned closer to three-fold axis, sim i larly to the “knob” and
”puff” struc tures in enteroviruses [4,5], ren der ing the
virion sur face of SBV smooth.

The ex po sure of SBV to low pH, which the vi rus prob a -
bly en coun ters dur ing cell en try, in duces the formation of
pores at three fold and five fold sym me try axes of the capsid
that are 7.8 and 12.5 C in di am e ter, re spec tively. This is in
con trast to ver te brate picornaviruses, in which the pores
along two fold icosahedral sym me try axes are gen er ally
con sid ered the most likely sites for ge nome re lease. SBV
virions lack VP4 sub units that fa cil i tate the ge nome de liv -
ery of many re lated dicistro- and picornaviruses [6–8].
How ever, MiCP sub units in duce liposome dis rup tion in vi -
tro, in di cat ing that they are func tional an a logues of VP4
sub units and en able the vi rus ge nome to es cape across the
endosome mem brane into the cell cy to plasm.
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Po tato vi rus X (PVX) is a mem ber of the fam ily Alpha flexi -
viridae in the ge nus Potexvirus. It in fects sev eral sola na -
ceous crops in clud ing po tato (it can cause yield losses of up 
to 15% in some va ri et ies), to mato and to bacco. Symp toms
pro duced by PVX are vari able, de pend ing on the strain and
host plant. In gen eral, plants of ten do not ex hibit symp -
toms, but the vi rus can cause symp toms of mild mot tling,
chlorosis, mo saic or de creased leaf size. It can be me chan i -
cally trans mit ted.

PVX has a monopartite plus-sense sin gle stranded
RNA ((+)ssRNA) of ap prox i mately 6.4 kb (Skryabin et al.,
1988). PVX virions are flex i ble rods 515 nm long and 13.5

nm in di am e ter, con sist ing of ap prox i mately 1350 heli cally 
folded iden ti cal coat pro tein (CP) sub units and vi ral RNA
packed be tween its turns (Tollin and Wilson, 1988).

So far, only low-res o lu tion struc ture of PVX virion has
been de ter mine pro vid ing lim ited in for ma tion about CP-
 CP and CP-RNA in ter ac tions. The aim of this pro ject is (1)
to de ter mine the near-atomic struc ture of Po tato vi rus X
and CP-CP and CP-RNA in ter act ing amino ac ids and (2) to 
de fine the sur face ex posed re gions/loops and test them for
pos si ble tol er ance of in serted pep tides. PVX struc ture and
in ter act ing amino ac ids was an a lyzed using cryo-electron
microscopy.
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Tick-borne en ceph a li tis vi rus (TBEV) causes 13,000 cases
of hu man men in gi tis and en ceph a li tis an nu ally. How ever,
the struc ture of the TBEV virion and its in ter ac tions with
an ti bod ies are un known. Here, we pres ent cryo-EM struc -
tures of the na tive TBEV virion and its com plex with Fab
frag ments of neu tral iz ing an ti body 19/1786. Flavivirus ge -
nome de liv ery de pends on mem brane fu sion that is trig -
gered at low pH. The virion struc ture in di cates that the
re pul sive in ter ac tions of histidine side chains, which be -
come protonated at low pH, may con trib ute to the dis rup -

tion of heterotetramers of the TBEV en ve lope and
mem brane pro teins and in duce de tach ment of the en ve lope
pro tein ectodomains from the vi rus mem brane. The Fab
frag ments bind to 120 out of the 180 en ve lope glyco -
proteins of the TBEV virion. Un like most of the pre vi ously
stud ied flavivirus-neu tral iz ing an ti bod ies, the Fab frag -
ments do not lock the E-pro teins in the na tive-like
arrangement, but interfere with the process of vi rus- in -
duced membrane fusion.

Ó Krystalografická spoleènost

16 Dis cus sions XV  -  Lectures Ma te ri als Struc ture, vol. 25, no. 1 (2018)


