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Phytochromes are a ma jor class of photoreceptors in plants, 
also found in bac te ria and fungi. Bac te rial and
cyanobacterial phytochromes are class-di vided into
red-light (Pr) ab sorb ing ca non i cal and far red-light (Pfr)
ab sorb ing bathy phytochromes. We stud ied both types
from the soil bac te rium Agrobacterium tumefaciens,
termed Agp1 (ca non i cal) and Agp2 (bathy). Phytochromes
are mod u lar pro teins com pris ing the highly con served
N-ter mi nal photosensory core mod ule (PCM) con sist ing of 
PAS, GAF and PHY do main and a vari able C-ter mi nal out -
put mod ule, usu ally a histidine-kinase. 

We ob tained in close col lab o ra tion with the Krauß lab
(Queen Mary) and the Lamparter lab (KIT) a crys tal struc -
ture of Agp1-PCM at 1.8 C res o lu tion [1]. In the struc ture,
we ob serve a di rect in ter ac tion be tween the “tongue” of the
sig nal-trans mit ting PHY do main and the chromo phore.
This un der lines a model that in ca non i cal phytochromes the 
sig nal is com mu ni cated via the PHY-tongue as it un der -

goes struc tural changes from b-sheet to a-he lix upon
light-stim u la tion [3]. In our stud ies we ana lyse the role of
the re ar range ment of the tongue sec ond ary struc ture dur ing 

light-ac ti va tion by in tro duc ing mu ta tions that dis al low he -
lix for ma tion and thereby hin der Pfr-state.  For the bathy
phytochrome Agp2-PCM we re cently solved a crys tal
struc ture in Pfr-state at 2.5 C res o lu tion that shows a head
to head over all or ga ni za tion of a homodimer. The chromo -
phore-pocket shows new fea tures that in crease our un der -
stand ing of the photocycle in bathy phytochromes [2].
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Fig ure 1. PCM of (a) ca non i cal phytochrome Agp1 in the Pr – ground state [1] and (b) bathy phytochrome Agp2 in the Pfr – ground

state [2]. Chromo phore Billiverdin is shown within 2Fo-Fc elec tron den sity map con toured at 1.5s.
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In Arabidopsis multistep phosphorelay path way (MSP),
the sig nal trans fer from sen sor histidine kin ases to cor re -
spond ing re sponse reg u la tors is per formed by
His-phosphotransfer pro teins (AHPs). The pre vi ously re -
ported abil ity of re ceiver do mains of in di vid ual sen sor
histidine kin ases to in ter act with only sub set of AHPs in di -
cates a cer tain level of in ter ac tion spec i fic ity in MSP. Here, 
for the first time in eukaryotic or gan ism, we dem on strate
how the spec i fic ity of MSP sig nal ing is me di ated on mo lec -
u lar level.  Based on the newly solved 3D crys tal struc ture
of AHP2 and mo lec u lar dy nam ics mod el ling com ple -
mented by ex per i men tal ap proaches, we iden ti fied key res -
i dues nec es sary for mo lec u lar rec og ni tion of AHP2 by

re ceiver do main of histidine kinase CKI1 (CKI1RD). The
com par i son of the AHP2-CKI1RD model with re cently pub -
lished crys tal struc ture of the re lated AHP1-AHK5RD com -
plex re vealed small num ber of amino ac ids in both AHPs
and RDs that cause sig nif i cant struc tural dif fer ences be -
tween two com plexes. The im por tance of the iden ti fied res -
i dues for the spec i fic ity of in ter ac tion was ex per i men tally
con firmed by the abil ity of re wired AHP1 to in ter act with
non-cog nate part ner CKI1RD. 

Sup ported by CZ.1.05/1.1.00/02.0068, ME ÈR ME09016,
GAÈR 521/09/1699 and P305/11/0756, CZ.1.05/2.1.00/
01.0024 and by the AS ÈR AV0Z60870520.
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One of the most cru cial trans port sys tems in the cell is the
nucleocytoplasmic trans port. This ma chin ery as sures the
im port and ex port of ri bo somal pro teins, tran scrip tion fac -
tors and RNAs among oth ers. To man age such a ver sa tile
pro cess sev eral trans port re cep tors me di ate the im port and
ex port. Most of these trans port re cep tors be long to the

Importin b superfamily. For the mem bers of this
superfamily it is very char ac ter is tic that the sin gle trans port 
re cep tor binds its sub strate di rectly via a spe cific trans port
sig nal and guide it through the nu clear pore com plex

(NPC). The most es tab lished mem ber is the Importin b

(Impb). It was crys tal lized with dif fer ent sub strates [1,2]
and is well un der stood. Un like the typ i cal bind ing event

Impb is known to be able to form a heterodimer with

Importin 7 (Imp7), an other mem ber of the b superfamily.
This heterodimer me di ates the trans port of histone H1
through the NPC. Both trans port re cep tors in ter act with
each other and the sub strate. Un til now this is the only
known case where a bind ing like this takes place [3,4]. Be -
cause of the un known mode of in ter ac tion be tween Imp7

and Impb we are highly in ter ested in the struc ture of Imp7,

the Imp7-Impb heterodimer and the com plex with bound
histone. So far all crys tal li za tion tri als were un suc cess ful.
Nev er the less we are try ing to ad dress this ques tion by com -
ple men tary meth ods. With the help of SAXS-, ITC- and
cross-link-ex per i ments we at tempt to get in sight into the
struc ture and dy nam ics of this unique and com plex bind ing 
event.

1. G. Cingolani, C. Petosa, K. Weis, C. W. Müller, Na ture,
399, (1999), 221-229.

2. S. J. Lee, Y. Matsuura, S. M. Liu, M. Stew art, Na ture, 435, 
(2005), 693-696.

3. S. Jäkel, W. Albig, U. Kutay, F. R. Bis choff, K.
Schwamborn, D. Doenecke, D. Görlich, EMBO J., 18 (9),
(1999), 2411-2423.

4. D. Wohlwend, A. Strasser, A. Dickmanns, D. Doenecke, R. 
Ficner, J Biol Chem., 282 (14), (2007), 10707-10719.
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try (Mosc.), 72 (13), (2007), 1439-1457.
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Fig ure 1. Scheme of nu clear trans port [5].
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The Hu man Cytomegalovirus (HCMV) is a ubiq ui tous
patho gen with global in fec tion rates be tween 60 and 100%
of the adult pop u la tion. While in fec tion is gen er ally
asymp tom atic in immunocompetent adults, con gen i tally
in fected chil dren as well as immunocompromised and
immunosuppressed adults suf fer from var i ous, po ten tially
le thal symp toms. HCMV rep li cates and encapsidates its
ge nome inside the host cell‘s nu cleus, thereby be com ing
too big to exit the nu cleus via nu clear pore com plexes; in -
stead, the vi rus re lies on a com plex pro cess in volv ing vi ral
effector pro teins as well as host cell fac tors, re sult ing in
bud ding through the in ner nu clear mem brane [1].

To destabilize the nu clear lamina and fa cil i tate bud -
ding, a nu clear egress com plex (NEC) is re cruited by vi ral
pro teins pUL50 and pUL53 to the in ner nu clear mem brane
[2]; The lamina is lo cally de pleted by lamin phospho -
rylation via vi ral pro tein kinase pUL97 and cel lu lar pro tein
kinase PKC, also part of the NEC [3; Fig. 1]. The aim of
this pro ject is to an a lyze the in ter ac tions of the NEC com -

po nents on an atomistic scale us ing X-ray crys tal log ra phy,
be gin ning with the pUL50/53 com plex. 

1. V. Sanchez & D. H. Spector, Sci ence, 297(5582),
(2002),778-9.

2. C. Buser, P. Walther, T. Mertens, D. Michel, J Virol.,
81(6), (2007), 3042-8.

3. J. Milbradt, S. Auerochs, H. Sticht, M. Marschall, 
J. Gen Virol., 90(Pt 3), (2009), 579-90.

4. J. Milbradt, R. Webel, S. Auerochs, H. Sticht, M.
Marschall, J. Biol Chem., 285(18), (2011), 13979-89.

We would like to thank Prof. Dr. Clem ens Steegborn and
Dr. Mi chael Weyand (Uni ver sity of Bay reuth, De part ment
of Bio chem is try) for their help with test ing SeMet-de rived
and heavy-atom-soaked crys tals, and also the user sup port
team of BESSY II beamline 14.1 and PETRA III beamline
P14 for their help with data col lec tion. We also thank Prof.
Dr. Manfred Marschall and Dr. Jens Milbradt (FAU
Erlangen-Nürnberg, In sti tute for Clin i cal and Mo lec u lar
Vi rol ogy) for the on go ing col lab o ra tion on this pro ject.

Fig ure 1. Model of nu clear lamina de ple tion in HCMV-in fected cells [4].  ONM: outer nu clear mem brane; INM: in ner
nu clear mem brane.
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Sal mo nella enterica is an im por tant food-borne patho gen
with the abil ity to cause dis eases rang ing from di ar rhoea
and in tes ti nal in flam ma tion to ty phoid fe ver, a life-threat -
en ing sys temic con di tion. Sal mo nella is an in va sive and
fac ul ta tive intracellular patho gen. Re cently it has been
shown that a type I se cre tion sys tem (T1SS) in Sal mo nella
is nec es sary for in va sion of po lar ized ep i the lial cells. This
T1SS is en coded by the Sal mo nella patho genic is land 4
(SPI4) and con sists of the ge netic in for ma tion of the
SiiAB-com plex, an outer mem brane pore (SiiC), a
periplasmatic adap tor pro tein (SiiD), a gi ant nonfimbral
adhesin (SiiE) and the in ner mem brane ATP-bind ing cas -
sette (SiiF) [1]. The func tion of the SiiAB-com plex is not
well un der stood. The de tect able low se quence homology
of SiiAB to MotAB sug gests that SiiAB forms a pro ton
chan nel through the in ner mem brane [2]. Al though it is not
known how SiiAB con trib utes to the T1SS, SiiAB has been 
shown to be re quired for the se cre tion of the adhesin SiiE
[1]. 

There fore it is our goal to get fur ther in sight into the
struc ture and func tion of the SiiAB in te gral mem brane
com plex. This would lead not only to ad di tional in for ma -
tion of Sal mo nella in va sion but would also pro vide first ex -
per i men tal in sights into the struc ture and func tion MotAB
and ho mol o gous torque mo tors. So far, we suc ceeded in
solv ing the struc ture of the C-ter mi nal do main of SiiA (un -
pub lished re sults) and in pro duc ing the SiiAB-complex in
low amounts. 

In or der to pu rify SiiAB us ing flu o res cence-as sisted
size ex clu sion chro ma tog ra phy (FSEC) [3], we de signed a

SiiAB-GFP-8xHis fu sion con struct, as well as point mu ta -
tions to in ac ti vate the chan nel. Here, I will pres ent the
struc ture of the C-ter mi nal do main of SiiA and some pre -
lim i nary re sults from the pu ri fi ca tion of the in te gral mem -
brane protein complex SiiAB using FSEC. 

1. Gerlach, R. G., D. Jäckel, B. Stecher, C. Wag ner, A.
Lupas, W.-D. Hardt and M. Hensel (2007). "Sal mo nella
Patho ge nic ity Is land 4 en codes a gi ant non-fim bri al
adhesin and the cog nate type 1 se cre tion sys tem." Cel lu lar
Mi cro bi ol ogy 9(7): 1834-1850.

2. Wille, T., C. Wag ner, W. Mittelstädt, K. Blank, E.
Sommer, G. Malengo, . . . R. G. Gerlach (2014). "SiiA and
SiiB are novel type I se cre tion sys tem sub units con trol ling
SPI4-me di ated ad he sion of Sal mo nella enterica." Cel lu lar
Mi cro bi ol ogy 16(2): 161-178.

3. Kawate, T. and E. Gouaux (2006). “Flu o res cence-De tec -
tion Size-Ex clu sion Chro ma tog ra phy for Precrystallization
Screen ing of In te gral Mem brane Pro teins.“ Struc ture 14(4): 
673–681.
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duc tion to the FSEC-Method and for pro vid ing the MT56
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mem brane pro tein overexpression. We thank the DFG
(RTG 1962) for fund ing.
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PUSHING THE LIMITS OF EXPERIMENTAL PHASING WITH NEW HPC DETECTORS
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With the re cently in tro duced EIGER, hy brid pho ton
count ing (HPC) en ters a new di men sion of spa tial and tem -
po ral res o lu tion and ex pands the field of X-ray ex per i men -
ta tion. Be sides en abling new ways of do ing X-ray
crys tal log ra phy, con tin u ous read-out with frame rates up to 
3000 Hz and a pixel size of 75 µm open HPC de tec tors to
new tech niques like im ag ing in scan ning con fig u ra tion and 
var i ous time-re solved and high-through put ex per i ments.
EIGER R 1M and 4M are mega-pixel HPC de tec tor for the
lab o ra tory. The ab sence of any de tec tor noise in com bi na -
tion with an im age bit depth of 32 bit and high spa tial res o -
lu tion turn them into versatile platforms for virtually any
laboratory application.

A short out line of the dif fer ences be tween EIGER and
PILATUS3 will high light key as pects of the new de tec tor

tech nol ogy. The main fo cus of the pre sen ta tion will be on
na tive sin gle anom a lous dis per sion with highly re dun dant
low-dose data [1] and data col lected from mul ti ple crys tals
[2]. These novel ap proaches to ex per i men tal phas ing, made 
pos si ble by con certed up grades to ra di a tion sources,
beamline op tics and de tec tor in stru men ta tion, take crys tal -
log ra phy to the next level, be yond the pre vi ous state of the
art set by fine phi slic ing on PILATUS [3].

1. T. Weinert, V. Olieric, S. Waltersperger, E. Panepucci, 
L. Chen, et al., Na ture Meth ods, 12, (2015), 131-133.

2. Q. Liu, Q. Liu, W. A. Hendrickson, Acta Cryst. D69,
(2013), 1314-1332.

3. M. Mueller, M. Wang, C. Schulze-Briese. Acta Cryst. D68, 
(2012), 42-56.
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AUTOMATION IN CRYSTALLIZATION

J. Mueller-Dieckmann
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Formulatrix pro vides au to mated so lu tions for the en tire
crys tal li za tion pro cess, in clud ing pipetting ro bot ics, drop
set ters, imagers and a com pre hen sive soft ware suite to de -
sign and score ex per i ments and man age the en tire data ad -
min is tra tion. 

The re li able de tec tion of pro tein crys tals of fre quently
small sizes (5µm or less) un der dif fi cult con di tions like
pre cip i ta tion and their dis crim i na tion from un wanted crys -

tals, orig i nat ing from precipitants, con sti tutes a se ri ous bot -
tle neck in crys tal log ra phy. To over come this hur dle,
Formulatrix com bines au to mated high res o lu tion im ag ing
with a va ri ety of in no va tive im ag ing tech niques, like UV,
FRAP, SONICC (Sec ond Or der Non lin ear Im ag ing of
Chiral Crystals) and trace fluorescence labeling.

An over view over the dif fer ent im ag ing tech nol o gies
to gether with real-life re sults is pre sented.


