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Figure 1. NO generation by Nir and NO
decomposition by NOR

Figure 2. Structure of Nir-NOR Complex
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Figure 5. (a) Optical layout of X-ray diffraction and visible absorption measurement system. (b) Absorption
spectral change of oxidized cytochrome ¢ oxidase under X-ray irradiation.
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Post-transcriptional regulator Hfq binds catalase HPI | :
Crystal structure of the complex
Koji Yonekura, Masahiro Watanabe, Yuko KageyamanikiHirata, Masaki Yamamoto and
Saori Maki-Yonekura

RIKEN SPring-8 Center

The post-transcriptional regulator Hfg plays a kele in the survival of bacteria under stress. A
small non-coding RNA (sRNA) DsrA is required foarislation of the stationary phase sigma factor RpoS
which is the central regulator of the general stresponse [1]. Hfq facilitates efficient tranglatof rpoS
MRNA, which encodes RpoS. Hfq helps in the functwf other specific proteins involved in RNA
processing, indicating its versatility in the cellHowever, structural information regarding itseirictions
with partners is missing.

HPII is one of two catalases i coli and its mMRNA is transcribed by an RNA polymeras®énzyme
containing RpoS, which in turn is under positiventtol of small non-coding RNAs and of the RNA
chaperone Hfg. This sigma factor is known to hapeonounced effect on the expression of HPII [2].

We obtained crystals of Hfg and HPII complexes froetl lysates following attempts to overexpress a
foreign membrane protein [3]. The overexpressionbably increased stress, and likely promoted
expression of catalase HPIl from tkatE gene through RpoS. We identified the crystal eotst as Hfq
and catalase HPIl by peptide mass finger printiPglt) MALDI-TOF analysis. EM observation showed
large complexes with ring-like structure (Fig. Which corresponded to Hfg and HPIl complexes ingam
solution. This observation supports the view twahplex formation takes place prior to crystalliaat/3].

Fig. 1. Typical electron micrographs of complexes
of endogenous Hfg and HPII i&. coli, prepared
with negative staining. Some ring-like structures

with dimensions of 70 - 80 A are indicated with

arrows. The scale bar represents 100 A.

We solved the crystal structure of the Hfgq and laataHPII complex at 2.85 A resolution by X-ray
crystallography [3]. Diffraction data from the stgls were collected on a micro-focus beam line B{3
of SPring-8 at a wavelength of 1 A. X-ray diffiact from whole crystals showed high diffuse
backgrounds and blurred diffraction spots. A fezlbeam with a dimension of 1.6 x i@ gave excellent
patterns.

The crystal structure reveals that a Hfg hexameaddeach subunit of a HPII tetramer (Fig. 2). Each
subunit of the Hfg hexamer exhibits a unique bigdmode with HPIl.  The hexamer of Hfq interacts itsa
distal surface. The proximal and distal surfageskaown to specifically bind different sSRNAs, and
binding of HPII could affect Hfq function. Hfg-HPtomplexation has no effect on catalase HPII
activity. The complexation would suggest a negafeedback system that down-regulates mRNA



translation by a stress-response protein itselfnrmmany products of the gene accumulate in the
cell.

Fig. 2. Crystal structure of the Hfg and catalase HPIlinptex. (a) The crystal packing of the
complex composed of Hfg hexamers in cyan and HRihmers in violet. All the four bound Hfq
hexamers are displayed for the HPII tetramer atémer, whereas only two hexamers are displayed fo
each surrounding HPII tetramer for clarityb) Structure of one HPII tetramer with four bound Hfqg
hexamers showing interaction through their distialexces. Subunits of one Hfg hexamer are displayed
in cyan and green. Numbers 2 - 5 indicate the mitbbumber in the Hfq hexamer as in Fig. 14. One
molecule of the HPII tetramer is displayed in tre(Cterminal lobe) and in magenta (the other par

A space-filling model in blue represents heme. e®thodels are in grey.
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Electron crystallography of thin 3D protein crystals
Koji Yonekurd and Chikashi Toyoshima

!Biostructural Mechanism Laboratory, RIKEN SPrinG-&nter,
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Membrane proteins or macromolecular complexes a@ftemtiny and thin crystals that are smaller than
a fewum and thinner than 0.Am. Such samples are generally difficult to be preg enough for many
crystallization trials and to grow to crystals abie for X-ray crystallography even with synchrotro
radiation. Tiny and thin crystals, however, somes diffract electrons to more than ~ 2 A resohtio
because the scattering power of light atoms foctedas is more than ~100,000 times higher than fitrat
X-rays are scattered by electrons aroumng, whereas electrons are scattered by Coulomb

X-rays.
Hence it is possible to obsexxperimental charge distributions of moleculesictv

potential of atoms.
will unravel the working mechanisms of biologicalno-machines in more detail.

N
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Fig. 1. Schemes for recording electron diffraction pattdrom a 3D crystal.



A 3D crystal gives discrete diffraction spots ihthk directions, and only a limited number of fdrt
diffraction spots are recorded on a still diffractipattern (left, Fig. 1). Crystals have to beated or
oscillated to integrate diffraction spots mechalhcdright, Fig. 1). It is a challenge for electro
microscopy to control rotation of the specimen stpgecisely and to process diffraction data fromn th
crystals. We have been developing a new techndlodylfill electron crystallography of thin 3D pn
crystals.

We have succeeded in obtaining the first 3D Coulpatiential maps of G&ATPase and catalase thin
3D crystals at 3.4 A and 3.2 A resolution, respetyi C&*-ATPase is an integral membrane protein and
transports Cd against the concentration gradient by hydrolyZAi@. Catalase is a heme-binding protein
and decomposes toxic,®, into H,O and Q. Atomic scattering factors of ions and neutrainas for
electrons show distinct values over spatial fregiemn Indeed, the Coulomb potential maps resolve
charged states of amino-acid residues around tHfé-b@mjing sites in the transmembrane region of
Cd*-ATPase and around the heme binding site of catalahe results clearly demonstrate that electron
crystallography has great potential over X-ray,altgannot give such information.
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