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whose charge-trans fer ab sorp tion bands are in dic a tive of a
weakly co va lent in ter ac tion. Since the halides in ter act with

the p-face of the arene in a sim i lar man ner as does wa ter
with tryptophan in pro teins and deoxyribose with
nucleobases in nu cleic ac ids (see fig ure be low), on may ask 
to which ex tent charge trans fer, ev i dently op er at ing in the
ha lide-arene com plexes, con trib utes to the bind ing of the

lp-p in ter ac tions in the biopolymers. Ask ing more gen er -
ally: What are the en ergy com po nents sta bi liz ing

lone-pair-p in ter ac tions and how does their bal ance de pend 

on the mo lec u lar prop er ties of the in ter act ing partners? Do
force-field calculations portray such interactions properly?

The talk will at tempt to pro vide the an swer.
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STRUCTURAL INSIGHTS AND IN VITRO RECONSTITUTION OF MEMBRANE
TARGETING AND ACTIVATION OF HUMAN PI4KB BY THE ACBD3 PROTEIN
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Phos pha tid yl inositol 4-kinase beta (PI4KB) is one of four
hu man PI4K en zymes that gen er ate phos pha tid yl inositol
4-phos phate (PI4P), a mi nor but es sen tial reg u la tory lipid
found in all eukaryotic cells. To con vert their lipid sub -
strates, PI4Ks must be re cruited to the cor rect mem brane
com part ment. PI4KB is crit i cal for the main te nance of the
Golgi and trans Golgi net work (TGN) PI4P pools, how -
ever, the ac tual tar get ing mech a nism of PI4KB to the Golgi 
and TGN mem branes is un known. Here, we pres ent an

NMR struc ture of the com plex of PI4KB and its in ter act ing 
part ner, Golgi adap tor pro tein acyl-coenzyme A bind ing
do main con tain ing pro tein 3 (ACBD3). We show that
ACBD3 is ca pa ble of re cruit ing PI4KB to mem branes both
in vi tro and in vivo, and that mem brane re cruit ment of
PI4KB by ACBD3 in creases its en zy matic ac tiv ity and that
the ACBD3:PI4KB com plex for ma tion is es sen tial for
proper func tion of the Golgi.

Left: lp-p in ter ac tion sta bi liz ing Z-DNA [1].  Mid dle: lp-p in ter ac tion sug gested to op er ate be tween a con served wa ter mol e cule and

tryptophan W48 in the Engrailed homeodomain and its mu tants [2]. Right: lp-p in ter ac tion ob served in the X-ray struc ture of the
charge-trans fer com plex be tween Br- and TCP [3]. 
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THE INS AND OUTS OF MEMBRANE-IMMERSED CATALYSIS: STRUCTURE,
MECHANISM AND INHIBITION OF RHOMBOID INTRAMEMBRANE PROTEASES
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Intramembrane pro teas es con trol the fate of many in te gral
mem brane pro teins, reg u late a num ber of sig nal ing pro -
cesses, are key for main tain ing ho meo sta sis, and their
dysregulation is as so ci ated with patho log i cal states. De -
spite their bi o log i cal im por tance, the mech a nism of mem -
brane-im mersed ca tal y sis, the ba sis of their sub strate
spec i fic ity and tools for their se lec tive in hi bi tion are mostly 
lack ing. The main struc tural and mech a nis tic mod els for
in ves ti gat ing intramembrane pro te ol y sis are the serine
intramembrane pro teas es of the rhom boid fam ily. Rhom -
boids are evolutionarily wide spread and reg u late growth
fac tor se cre tion, biogenesis of mi to chon drial pro teins and
mi to chon drial dy nam ics, in va sion of the ma laria par a site
and mem brane pro tein qual ity con trol. Be yond be ing

model intramembrane pro teas es, rhom boids are in creas -
ingly be ing ex plored as po ten tial drug tar gets, but se lec tive
and po tent rhom boid in hib i tors are not avail able.

We in ves ti gate rhom boid pro te ase mech a nism, spec i -
fic ity and sub strate-en zyme in ter ac tions us ing enzymology 
and X-ray crys tal log ra phy (Zoll et al EMBO J 2014) with
the aim to un der stand the cat a lytic events along the whole
re ac tion co or di nate struc tur ally. Based on this, we have de -
vel oped novel mech a nism-based co va lent re vers ible in hib -
i tors of rhom boid pro teas es that are spe cific and have high
af fin ity. We dem on strate the mode of bind ing of these
com pounds by co-crys tal struc tures with a rhom boid pro te -
ase, and we pro vide a gen eral mod u lar plat form for the de -
sign of isoform-spe cific in hib i tors.
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LARGE MOTIONS THE PROTRUDING DOMAIN IN A NATIVE IFLAVIRUS
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Iflaviruses are non-en vel oped sin gle-stranded RNA vi -
ruses, which in fect var i ous in sects in clud ing eco nom i cally
im por tant ag ri cul tural pollinators hon ey bees and bum ble -
bees. Stud ies of the life cy cle and pathogenesis of
iflaviruses are im peded by the lack of a hon ey bee cell cul -
tures. Here, we pres ent two crys tal struc tures of an iflavirus 
Slow Bee Pa ral y sis Vi rus (SBPV) pu ri fied from a nat u ral
source, solved at 3.4  and 2.6C res o lu tions. We found that
the C-ter mi nus of a capsid pro tein VP3 forms a pro trud ing
do main (P-do main) lo cated on the virion sur face. The

P-do main ex hib its a novel fold, which is dif fer ent from that 
seen in any other vi ruses char ac ter ized to date. P-do mains
un dergo large move ments to ward icosahedral five-fold
axis, where they are found in a crown-like ar range ment.
De spite shar ing the same quasi T=3 sym me try with known
in sect picorna-like vi ruses, SBPV ex hib its a unique sur face 
to pol ogy and dif fers in the over all or ga ni za tion of the
capsid. Our find ings pro vide struc tural frame work for fur -
ther in ves ti ga tions of in fec tion mech a nisms em ployed by
the ag ri cul tur ally im por tant class of vi ral patho gens.
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STRUCTURE AND GENOME DELIVERY MECHANISM OF STAPHYLOCOCCUS
AUREUS PHAGE THERAPY AGENT phi812-K1 DETERMINED BY CRYO-ELECTRON

MICROSCOPY
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World wide oc cur rence of multidrug-re sis tant patho genic
bac te ria has in creased in ter est in al ter na tive treat ments in -
clud ing bacteriophage-based ther apy. Bacteriophage
phi812 be longs to ge nus Twort-like vi rus, subfamily
Spounavirinae and can in fect at least 75% of Methi ci lin-
 resitant S. aureus strains (MRSA) and 95% of Methi cil lin-
 sen si tive S. aureus strains. We have em ployed cryo-elec -
tron mi cros copy to de ter mine struc ture and  ge nome de liv -
ery mech a nism for polyvalent staph y lo coc cal backterio -
phage phi812-K1. Phi812-K1 has a 90 nm di am e ter iso -
met ric head and 240 nm long con trac tile tail ended by a
dou ble lay ered base plate. The tail and base plate of the na -
tive phage are dy namic. There fore, a di vide-and-con quer
strat egy was employed to sep a rately de ter mine the
cryo-EM re con struc tions of the in di vid ual phage parts. The 
struc ture of the icosahedral head could be re fined to 5.0 C

res o lu tion and ad di tional sub-av er ag ing within the T=16
icosahedral asym met ric unit al lowed de ter mi na tion of the
ma jor capsid pro tein to 3.8 C res o lu tion. The struc tures of
the na tive tail and base plate were solved to 8 C and 12 C
res o lu tion, re spec tively. In or der to ex am ine the mech a -
nism of the in fec tion pro cess, we de ter mined the struc ture
of the phage in the con tracted state. The phage head is not
al tered af ter the DNA ejec tion. How ever, both the base -
plate and tail un dergo large re or ga ni za tions doc u mented in
their 6 C and 8 C res o lu tion struc tures. Com par i son of the
tail and base plate struc tures in the native and con tracted
con for ma tion al lowed us to de ter mine the changes  ac com -
pa ny ing cell wall rec og ni tion and bind ing which is then
fol lowed by in jec tion of the bacteriophage ge nome into the
host bac te ria. 
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STRUCTURAL STUDY OF TICK-BORNE ENCEPHALITIS VIRUS USING
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Tick-borne en ceph a li tis vi rus (TBEV) is an en vel oped vi -
rus be long ing to the fam ily Flaviviridae. It is mainly trans -
mit ted by ticks and causes se vere dis ease of cen tral ner vous 
sys tem in hu mans. Virion sur face is cov ered by en ve lope
pro teins (E-pro tein), that are to gether with the mem brane
pro teins (M-pro tein) an chored in vi rus lipid bilayer. The
ar range ment of these pro teins in the virion is un known,
there fore, de tailed struc tural study of the vi rus is needed.

We de ter mined struc ture of ma ture TBEV virions
grown in tis sue cul ture and of com plexes of  virions with
Fab frag ments of neu tral iz ing an ti bod ies. Be cause of frag -
ile ness and non-ho mo ge ne ity of the virions, we used
cryo-elec tron mi cros copy to de ter mine the struc tures. The
ob served par ti cles (~50 nm in di am e ter) were suit able for
re con struc tion of the vi rus en ve lope. To ob tain high-res o -
lu tion elec tron den sity maps, sin gle par ti cle re con struc tion

tech niques were em ployed, us ing pro grams from im -
age-pro cess ing pack ages EMAN2, XMIPP, and RELION.
The fi nal re con structed vol ume re vealed struc ture in ac cor -
dance with gen eral struc tural or ga ni za tion of other
flaviviruses in clud ing den gue and West Nile vi ruses. The
re con struc tions of TBEV par ti cles in com plexes with neu -
tral iz ing an ti bod ies showed at tach ment of the an ti bod ies to
spe cific sites on the vi ral sur face.

Fur ther im prove ment of the re con struc tions may pro -
vide elec tron den sity maps of res o lu tions suit able for de
novo model build ing of struc tural pro teins, de tailed struc -
tural stud ies of the vi rus shell and iden ti fi ca tion of vi rus
res i dues con sti tut ing the bind ing site of the neu tral iz ing an -
ti bod ies. These struc tural stud ies may help to get better in -
sight into TBEV par ti cle or ga ni za tion as well as to obtain
therapeutic anti-TBEV antibodies.


