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STRUCTURAL AND FUNCTIONAL ANALYSIS OF PHYTOCHROME
PHOTORECEPTORS
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Francisco Velazquez Escobar’, Franz J. Bartl?, Soshichiro Nagano®, Norbert Krauf®,
Tilman Lamparters, Peter Hildebrandt3, and Patrick Scheerer”

"Group X-ray Crystallography & Signal Transduction,
2Group Spectroscopy, Institute for Medical Physics and Biophysics,
Charité - University Medicine, Chariteplatz 1, D-10117 Berlin, Germany
3Institute of Chemistry, Technische Universitét Berlin, Sekr. PC14, D-10623 Berlin, Germany
“Queen Mary University of London, School of Biological and Chemical Sciences, London E1 4NS, U.K.
®Karisruhe Institute of Technology (KIT), Botanical Institute, Kaiserstr. 2, D-76131 Karlsruhe, Germany.
patrick.scheerer@charite.de

Phytochromes are a major class of photoreceptors in plants,
also found in bacteria and fungi. Bacterial and
cyanobacterial phytochromes are class-divided into
red-light (Pr) absorbing canonical and far red-light (Pfr)
absorbing bathy phytochromes. We studied both types
from the soil bacterium Agrobacterium tumefaciens,
termed Agp1 (canonical) and Agp2 (bathy). Phytochromes
are modular proteins comprising the highly conserved
N-terminal photosensory core module (PCM) consisting of
PAS, GAF and PHY domain and a variable C-terminal out-
put module, usually a histidine-kinase.

We obtained in close collaboration with the Krauf3 lab
(Queen Mary) and the Lamparter lab (KIT) a crystal struc-
ture of Agp1-PCM at 1.8 A resolution [1]. In the structure,
we observe a direct interaction between the “tongue” of the
signal-transmitting PHY domain and the chromophore.
This underlines a model that in canonical phytochromes the
signal is communicated via the PHY-tongue as it under-
goes structural changes from [B-sheet to a-helix upon
light-stimulation [3]. In our studies we analyse the role of
the rearrangement of the tongue secondary structure during

light-activation by introducing mutations that disallow he-
lix formation and thereby hinder Pfr-state. For the bathy
phytochrome Agp2-PCM we recently solved a crystal
structure in Pfr-state at 2.5 A resolution that shows a head
to head overall organization of a homodimer. The chromo-
phore-pocket shows new features that increase our under-
standing of the photocycle in bathy phytochromes [2].

1. Nagano, S., Scheerer, P, Zubow, K., Inomata, K.,
Lamparter, T., KrauB}, N., Crystal structure of the
photosensory module of the prototypical phtochrome
Agpl, in preparation.

2. Qureshi, B.M., Schmidt, A., Szczepek, M., Piwowarski,
P., Velazquez Escobar, F., Bartl, F.J., KrauB3, N.,
Lamparter, T., Hildebrandt, P., Scheerer, P. Crystal struc-
ture of the photosensory module of the bathy phtochrome
Agp2, in preparation.

3. Takala, H., Bjorling, A., Berntsson, O., Lehtivuori, H.,
Niebling, S., Hoernke, M., Kosheleva, 1., Henning, R.,
Menzel, A., Thalainen, J.H., Westenhoff S., Signal amplifi-
cation and transduction in phytochrome photosensors. Na-
ture (2014) 509 (7499), 245-.
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Figure 1. PCM of (a) canonical phytochrome Agpl in the Pr — ground state [1] and (b) bathy phytochrome Agp2 in the Pfr — ground

state [2]. Chromophore Billiverdin is shown within 2Fo-Fc electron density map contoured at 1.5G.
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STRUCTURAL ASPECTS OF THE SPECIFICITY WITHIN THE MULTISTEP
PHOSPHORELAY SIGNALING IN PLANTS
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In Arabidopsis multistep phosphorelay pathway (MSP),
the signal transfer from sensor histidine kinases to corre-
sponding response regulators is performed by
His-phosphotransfer proteins (AHPs). The previously re-
ported ability of receiver domains of individual sensor
histidine kinases to interact with only subset of AHPs indi-
cates a certain level of interaction specificity in MSP. Here,
for the first time in eukaryotic organism, we demonstrate
how the specificity of MSP signaling is mediated on molec-
ular level. Based on the newly solved 3D crystal structure
of AHP2 and molecular dynamics modelling comple-
mented by experimental approaches, we identified key res-
idues necessary for molecular recognition of AHP2 by

receiver domain of histidine kinase CKI1 (CKlIlgp). The
comparison of the AHP2-CKI1yp model with recently pub-
lished crystal structure of the related AHP1-AHKS5gp com-
plex revealed small number of amino acids in both AHPs
and RDs that cause significant structural differences be-
tween two complexes. The importance of the identified res-
idues for the specificity of interaction was experimentally
confirmed by the ability of rewired AHP1 to interact with
non-cognate partner CKIlgp.

Supported by CZ.1.05/1.1.00/02.0068, ME CR ME09016,
GACR 521/09/1699 and P305/11/0756, CZ.1.05/2.1.00/
01.0024 and by the AS CR AV0Z60870520.
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TOWARDS THE STRUCTURE OF THE IMPORTIN § -

IMPORTIN 7 COMPLEX

Martje Kunz

Department of Molecular Structural Biology, Georg-August University Géttingen
mweidma1@gwdg.de

One of the most crucial transport systems in the cell is the
nucleocytoplasmic transport. This machinery assures the
import and export of ribosomal proteins, transcription fac-
tors and RNAs among others. To manage such a versatile
process several transport receptors mediate the import and
export. Most of these transport receptors belong to the
Importin B superfamily. For the members of this
superfamily it is very characteristic that the single transport
receptor binds its substrate directly via a specific transport
signal and guide it through the nuclear pore complex
(NPC). The most established member is the Importin 3
(ImpP). It was crystallized with different substrates [1,2]
and is well understood. Unlike the typical binding event
Impp is known to be able to form a heterodimer with
Importin 7 (Imp7), another member of the B superfamily.
This heterodimer mediates the transport of histone HI
through the NPC. Both transport receptors interact with
each other and the substrate. Until now this is the only
known case where a binding like this takes place [3,4]. Be-
cause of the unknown mode of interaction between Imp7

l
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and Impp we are highly interested in the structure of Imp7,
the Imp7-Impf heterodimer and the complex with bound
histone. So far all crystallization trials were unsuccessful.
Nevertheless we are trying to address this question by com-
plementary methods. With the help of SAXS-, ITC- and
cross-link-experiments we attempt to get insight into the
structure and dynamics of this unique and complex binding
event.

1. G. Cingolani, C. Petosa, K. Weis, C. W. Miiller, Nature,
399, (1999), 221-229.

2. S.J. Lee, Y. Matsuura, S. M. Liu, M. Stewart, Nature, 435,
(2005), 693-696.

3. S.Jakel, W. Albig, U. Kutay, F. R. Bischoff, K.
Schwamborn, D. Doenecke, D. Gorlich, 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.

5. A. V. Sorokin, E. R. Kim, L. P. Ovchinnikiov, Biochemis-
try (Mosc.), 72 (13), (2007), 1439-1457.

RanGDP| [RanGTP) NE 3
NES \

chromatin anGT

\5’ NLS NLS-sub
-substrate
%: e=hES NES NES-substrate
* E]m karyopherin-o
IE. importin-p1
exportin CAS
@mmd exportin-p
(GAP) RanGAP1
(GAPD RanGAP1Y
=@ rRanGEF
RanBP1
( RanBP2
[ RanBP3
[] Nup62/NTF2
" ' Mog1p
lRanGTPl‘/ J \ <> Tpr
® energy

RanGTP

/@4/\

Figure 1. Scheme of nuclear transport [5].
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TOWARDS THE STRUCTURE OF HCMV pUL50/53

S. Walzer, C. Egerer-Sieber, K. Hohl, M. Sevvana, Y. Muller

FAU Erlangen-Nirnberg, Division of Biotechnology, Henkestr. 91, 91052 Erlangen, Germany
yves.muller@fau.de

The Human Cytomegalovirus (HCMV) is a ubiquitous
pathogen with global infection rates between 60 and 100%
of the adult population. While infection is generally
asymptomatic in immunocompetent adults, congenitally
infected children as well as immunocompromised and
immunosuppressed adults suffer from various, potentially
lethal symptoms. HCMV replicates and encapsidates its
genome inside the host cell‘s nucleus, thereby becoming
too big to exit the nucleus via nuclear pore complexes; in-
stead, the virus relies on a complex process involving viral
effector proteins as well as host cell factors, resulting in
budding through the inner nuclear membrane [1].

To destabilize the nuclear lamina and facilitate bud-
ding, a nuclear egress complex (NEC) is recruited by viral
proteins pUL50 and pULS53 to the inner nuclear membrane
[2]; The lamina is locally depleted by lamin phospho-
rylation via viral protein kinase pUL97 and cellular protein
kinase PKC, also part of the NEC [3; Fig. 1]. The aim of
this project is to analyze the interactions of the NEC com-

ponents on an atomistic scale using X-ray crystallography,
beginning with the pUL50/53 complex.

1. V. Sanchez & D. H. Spector, Science, 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. Clemens Steegborn and
Dr. Michael Weyand (University of Bayreuth, Department
of Biochemistry) for their help with testing SeMet-derived
and heavy-atom-soaked crystals, and also the user support
team of BESSY Il beamline 14.1 and PETRA Il beamline
P14 for their help with data collection. We also thank Prof.
Dr. Manfred Marschall and Dr. Jens Milbradt (FAU
Erlangen-Niirnberg, Institute for Clinical and Molecular
Virology) for the ongoing collaboration on this project.
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Figure 1. Model of nuclear lamina depletion in HCMV-infected cells [4]. ONM: outer nuclear membrane; INM: inner

nuclear membrane.
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TOWARDS DECIPHERING THE STRUCTURE OF THE SiiAB COMPLEX FROM
SALMONELLA ENTERICA, AN INTEGRAL MEMBRANE PROTEIN COMPLEX

P. Kirchweger, S. Weiler, C. Egerer-Sieber and Y. Muller

Lehrstuhl fiir Biotechnik, Department Biologie, Universitat Erlangen-Niirnberg, Henkestr. 91, 91052 Erlangen
Yves.Muller@fau.de

Salmonella enterica is an important food-borne pathogen
with the ability to cause diseases ranging from diarrhoea
and intestinal inflammation to typhoid fever, a life-threat-
ening systemic condition. Salmonella is an invasive and
facultative intracellular pathogen. Recently it has been
shown that a type I secretion system (T1SS) in Salmonella
is necessary for invasion of polarized epithelial cells. This
TISS is encoded by the Sal/monella pathogenic island 4
(SPI4) and consists of the genetic information of the
SiiAB-complex, an outer membrane pore (SiiC), a
periplasmatic adaptor protein (SiiD), a giant nonfimbral
adhesin (SiiE) and the inner membrane ATP-binding cas-
sette (SiiF) [1]. The function of the SiiAB-complex is not
well understood. The detectable low sequence homology
of SiiAB to MotAB suggests that SiiAB forms a proton
channel through the inner membrane [2]. Although it is not
known how SiiAB contributes to the T1SS, SiiAB has been
shown to be required for the secretion of the adhesin SiiE
[1].

Therefore it is our goal to get further insight into the
structure and function of the SiiAB integral membrane
complex. This would lead not only to additional informa-
tion of Salmonella invasion but would also provide first ex-
perimental insights into the structure and function MotAB
and homologous torque motors. So far, we succeeded in
solving the structure of the C-terminal domain of SiiA (un-
published results) and in producing the SiiAB-complex in
low amounts.

In order to purify SiiAB using fluorescence-assisted
size exclusion chromatography (FSEC) [3], we designed a

SiiAB-GFP-8xHis fusion construct, as well as point muta-
tions to inactivate the channel. Here, I will present the
structure of the C-terminal domain of SiiA and some pre-
liminary results from the purification of the integral mem-
brane protein complex SiiAB using FSEC.

1. Gerlach, R. G., D. Jickel, B. Stecher, C. Wagner, A.
Lupas, W.-D. Hardt and M. Hensel (2007). "Salmonella
Pathogenicity Island 4 encodes a giant non-fimbrial
adhesin and the cognate type 1 secretion system." Cellular
Microbiology 9(7): 1834-1850.

2. Wille, T., C. Wagner, W. Mittelstadt, K. Blank, E.
Sommer, G. Malengo, . . . R. G. Gerlach (2014). "SiiA and
SiiB are novel type I secretion system subunits controlling
SPI4-mediated adhesion of Salmonella enterica." Cellular
Microbiology 16(2): 161-178.

3. Kawate, T. and E. Gouaux (2006). “Fluorescence-Detec-
tion Size-Exclusion Chromatography for Precrystallization
Screening of Integral Membrane Proteins.* Structure 14(4):
673-681.

We thank Prof. Michael Hensel, Universitit Osnabriick,
and Roman Gerlach, RKI Wernigerode, for the collabora-
tion and for providing the plasmids. We further thank Prof.
Samuel Wagner, Universitdtsklinikum Tiibingen, for intro-
duction to the FSEC-Method and for providing the MT56
strain, a E.coli BL21(DE3) derived strain with increased
membrane protein overexpression. We thank the DFG
(RTG 1962) for funding.
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PUSHING THE LIMITS OF EXPERIMENTAL PHASING WITH NEW HPC DETECTORS

A. Forster on behalf of DECTRIS Ltd.

DECTRIS Ltd., Neuenhoferstrasse 107, 5400 Baden, Switzerland
andreas.foerster@dectris.com

With the recently introduced EIGER, hybrid photon
counting (HPC) enters a new dimension of spatial and tem-
poral resolution and expands the field of X-ray experimen-
tation. Besides enabling new ways of doing X-ray
crystallography, continuous read-out with frame rates up to
3000 Hz and a pixel size of 75 pum open HPC detectors to
new techniques like imaging in scanning configuration and
various time-resolved and high-throughput experiments.
EIGER R 1M and 4M are mega-pixel HPC detector for the
laboratory. The absence of any detector noise in combina-
tion with an image bit depth of 32 bit and high spatial reso-
lution turn them into versatile platforms for virtually any
laboratory application.

A short outline of the differences between EIGER and
PILATUS3 will highlight key aspects of the new detector

L14

technology. The main focus of the presentation will be on
native single anomalous dispersion with highly redundant
low-dose data [1] and data collected from multiple crystals
[2]. These novel approaches to experimental phasing, made
possible by concerted upgrades to radiation sources,
beamline optics and detector instrumentation, take crystal-
lography to the next level, beyond the previous state of the
art set by fine phi slicing on PILATUS [3].

1. T. Weinert, V. Olieric, S. Waltersperger, E. Panepucci,
L. Chen, et al., Nature Methods, 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.

AUTOMATION IN CRYSTALLIZATION

J. Mueller-Dieckmann

Formulatrix
jochen@formulatrix.com

Formulatrix provides automated solutions for the entire
crystallization process, including pipetting robotics, drop
setters, imagers and a comprehensive software suite to de-
sign and score experiments and manage the entire data ad-
ministration.

The reliable detection of protein crystals of frequently
small sizes (Spm or less) under difficult conditions like
precipitation and their discrimination from unwanted crys-

tals, originating from precipitants, constitutes a serious bot-
tleneck in crystallography. To overcome this hurdle,
Formulatrix combines automated high resolution imaging
with a variety of innovative imaging techniques, like UV,
FRAP, SONICC (Second Order Nonlinear Imaging of
Chiral Crystals) and trace fluorescence labeling.

An overview over the different imaging technologies
together with real-life results is presented.

© Krystalograficka spole¢nost



