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(1) Synthesis of carbocyclic compounds triggered by rhodium(I)-catalyzed addition of
arylboranes to alkynes: There has been a considerable progress in the development of the
rhodium(I)-catalyzed carbon—carbon bond forming reactions using organoboron reagents for the
past few years. On the other hand, the intermediate organorhodium(I) complexes are rarely used
for further carbon—carbon bond formation in spite of their potential usefulness. We envisaged that
the intramolecular trapping of the intermediate species might be feasible if a functional group was
placed at an appropriate position in the molecule. In the first place, the cyclization of 1,6-enynes 1
possessing an allylic ether was examined. When 1,6-enyne 1 was treated with phenylboronic acid
(2) in the presence of [Rh(OH)(cod)]: in dioxane at room temperature, (Z2)-1-(1-phenylethylidene)-
2-vinylcyclopentane 3 was obtained in 72% yield (eq 1). In addition, its asymmetric version using a
chiral phosphine ligand (BINAP) instead of the cod ligand was examined. A high level of asymmetric
induction (97% ee) was observed with the product 3. These results promoted us to assess the reactivity
of other types of functional groups under similar reaction conditions. Nucleophilic addition of an
organorhodium(I) species to ester and cyano groups has been observed in the rhodium(I)-catalyzed
reaction with arylboronic acids (eqs 2 and 3). The results obtained demonstrated that multiple carbon—
carbon bond forming processes for the synthesis of complex carbocyclic compounds can operate with
a catalytic system using rhodium(I).

(2) Synthesis of medium-sized ring compounds via two-carbon-atom ring expansion: The
preparation of medium-sized ring organic compounds has been among the most difficult to achieve
due to a lack of efficient and versatile synthetic methods. Hence, their development remains an
important challenge in organic chemistry. We have recently reported that a cyclopentanol derivative
is synthesized from 5-alkyn-1-one by intramolecular nucleophilic addition of an intermediate
organorhodium(l) species to the ketonic carbonyl group in a 5-exo-trig mode. We next examined the
possibility of an analogous cyclization reaction in a 4-exo-trig mode, although such a four-membered
ring forming process would suffer from developing ring strain. The 4-alkyn-1-one 9 was treated with
phenylboronic acid (2) in the presence of [Rh(OH)(cod)]. in dioxane/H.O (100/1) at room temperature.
The substrate 9 was consumed, and subsequent chromatographic isolation on silica gel afforded not
the expected cyclobutanol derivative 10, but rather the «, S-unsaturated ketone 11 in 69% yield (eq 4).
We envisioned that, if a $-keto ester moiety was installed in a cyclic skeleton, an analogous 1,3-acyl
migration process would expand the ring by two carbons to serve as a synthetic method of medium-
sized ring carbocyclic skeletons. Thus, the cyclic substrates 12 were reacted under similar conditions
and the resulting reaction mixture was successively treated with aq. NH4Cl to promote the retro-aldol
process. As expected, the desired products 14 were produced in yields ranging from 49% to 63%
through phenyl addition and ring expansion (eq 5). In addition, cyclic 1,3-diketones also underwent
analogous ring-expansion reaction.

(3) Rhodium-catalyzed 1,4-addition of organoindium reagents to enones: The transmetalation
between a main-group organometallic reagent and a transition metal catalyst is an important method
to endow the original organometallic reagent with a different character of reactivities toward organic
substrates. Indeed, a number of metal-mediated synthetic reactions involve the transmetalation as a
key elementary step. Recently, the rhodium-catalyzed addition reactions of various organometallic
reagents like organo-boron, -silicon and -tin to unsaturated functionalities have emerged as a new and
useful method for the formation of carbon—carbon bonds under mild conditions. There has been no
report, however, on the use of organoindium reagents as a carbon nucleophile source with rhodium



catalysts. We developed the rhodium-catalyzed 1,4-addition reaction of organoindium reagents to

enones in aqueous media, together with its extension to an asymmetric version. The enone 15 was
treated with diphenylindium hydroxide (16) in the presence of [Rh(OH)(cod)]. in THF/H20 (12/1) at
room temperature to afford the 1,4-addition product 17 in 82% yield (eq 6).
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(1) Structural Diversities of Active Site in Clinical Azole Bound Forms between Sterol
14 a-demethylases (CYP51) from Human and Mycobacterium tuberculosis: To gain insights into the
molecular basis of the design for the selective azole anti-fungals, we compared the binding properties
of azole-based inhibitors for cytochrome P450 sterol 14 @-demethylase (CYP51) from human
(HuCYP51) and Mycobacterium tuberculosis (MtCYP51). Spectroscopic titration of azoles to the
CYP51s revealed that HuCYPS1 has higher affinity for ketoconazole (KET), an azole derivative that
has long lipophilic groups, than MtCYP51, but the affinity for fluconazole (FLU), which is a member
of the anti-fungal armamentarium, was lower in HuCYP51. The affinity for 4-phenylimidazole
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(4-PhIm) to MtCYP51 was quite low compared with that to HuCYP51. In the resonance Raman
spectra for HuCYP51, the FLU binding induced only minor spectral changes, whereas the prominent
high frequency shift of the bending mode of the heme vinyl group was detected in the KET- or
4-Phlm-bound forms. On the other hand, the bending mode of the heme propionate group for the FLU-
bound form of MtCYP51 was shifted to high frequency as found for the KET-bound form, but that for
4-Phlm was shifted to low frequency. The EPR spectra for 4-Phlm-bound MtCYP51 and FLU-bound
HuCYP51 gave multiple g values, showing heterogeneous binding of the azoles, whereas the single g«
and g, values were observed for other azole-bound forms. Together with the alignment of the amino
acid sequence, these spectroscopic differences suggest that the region between the B' and C helices,
particularly the hydrophobicity of the C helix, in CYP51s plays primary roles in determining strength
of interactions with azoles; this differentiates the binding specificity of azoles to CYP51s.

(2) Involvement of Heme Regulatory Motif in Heme-Mediated Ubiquitination and Degradation
of IRP2: Iron regulatory protein 2 (IRP2), a regulator of iron metabolism, is modulated by
ubiquitination and degradation. We have shown that IRP2 degradation is triggered by heme-mediated
oxidation. We report here that not only Cys201, an invariant residue in the heme regulatory motif
(HRM), but also His204 is critical for IRP2 degradation. Spectroscopic studies revealed that Cys201
binds ferric heme, whereas His204 is a ferrous heme binding site, indicating the involvement of these
residues in sensing the redox state of the heme iron and in generating the oxidative modification.
Moreover, the HRM in IRP2 has been suggested to play a critical role in its recognition by the HOIL-1
ubiquitin ligase. Although HRMs are known to sense heme concentration by simply binding to heme,
the HRM in IRP2 specifically contributes to its oxidative modification, its recognition by the ligase,
and its sensing of iron concentration after iron is integrated into heme.
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TLEHN, ZTDIHBH2EBHHEIZRON > T HDMN LY FF > &4 (ubiquitin-associating :
UBA) K XA > &t FF MEMEHTETF — 7 (ubiquitin-interacting motif : UIM) Td %, 4 iE
Jar7YV—AhSSat7 1=y FOFFOUIM &t F HR23B D LU FF 2 kf K A A > (ubiquitin-
like domain: UbL) O G RO VARG MHNTIZH] EHi T, BEREDsk2p @ UBA R AA &b+
FrOEERDERP TONKMEEE, ZELKY
KIENMR I & > TREL 2. EEKF D UBA K X
AE3ERDaNY v 7 A (al3) &N afER
NW=TN5750, al-a2OI—7, a3 ® C K
HAWLEFFF DBy — b EOBKE NNy F &
MEEHT 2 TaLFFraedifil Cwdl L
Moz, £/ UBA FAA D AFF = 342 Dl
EAFINENLEFF OO 44004 Y
VRIREMNSIRBHUKMER Ty MZIEZ VAR, E
EHOANRZNERIZEFF DTV > 47 DESH

IFELKFZMEREMN TS 2RI T — R %
Fig. 1 Structure of the UBA domain of BF. NS UBA RAL LD AFFH = 342 A

yeast Dsk2p (red) in complex with x5 - zaag - ety e (3 & et 3 2 & V¥ o
ubiquitin (blue)
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TAEEDAEFF Mz T, K8 U 7DOR) AL FF M h7Tur7)—LIl L35
CAREERREE LS DIZHL T, K3V 7R L EFF o AbiF 7z Al < E o & MR I
DNA (EE°HIED A L ASE R EIZHET S, ZHUEKA8 U7 E K3 UV 7DRY L F
FUBEMRRLEREEE/FOEERB TS, TNHORY L LFF U HOBERT TOEXHE
EERTT 57012, BAZFRFEOY 722y NHRERMEREFR SN/ KIS V> 7 & K63 Y
YIDLERIEFTFU ABEKIEFFUOEAEML, NMR 2o TH 7=y MHHENEH
DM 21T o 12, &I Pickart 5 OBAFL -, U FF o BEIKE A K E (L& %
FIFH U - B E Lz R A L 72,

b2y 7 MEENEE ZEMANEC X DM P 51, KV 7D 28AELEFFIE2D00
BTy "B —MEATBAEWIMHAEERHL TWa Z a2 RTRENESNT, —T7. K63
Vo OD28EACFFUNY Ty MIDOIEHREMHEERZIZE A ERTRN T &N -5
Tzo FAIFE7SHERIZKAS U 7, KO3 VY VD4 BRI FF L1 EHEIEFHO Y 712y
FDfbEY 7 NMEENEIZ X BN S E6 N, IS OEEERIEX, K48V D 2 Bk
VXTI, 48R FFo ClE—E0Y 72y MIMEEHZRO>DIZHL T, K63 U2
D2EEILFFV, 4BEKICFF L EY 7Ty MUMHEERZIZEA EH VBB TRE
ROWEEEESOZ &2/ d, ZMNE Fushman 512 X5t & —HRT LR TH 5.,

(3) SUMO b & 2T - 7= AL BEDILFHEE

SUMO (Small ubiquitin-like modifier) &, 2 EFF > & X <P BEERIKIC X - THIIEMEH
Ho) Y UvEEMH -7 I VBREAYRTF FEGEERT 52 & TAIKL ’E%ﬂkﬁfﬁ? %E
TAT7AT7—=TAESETH S, SUMO 1bid 7z Al < E SR IZIERIFRT I AIE < Ea)ﬁ
WA D%, EEHIE, 7o F o mBEhlE, NEERIER. DNA EE 7 @fﬁiﬂ@ﬁ% (2B
545,

SUMO{b & Z 57 AE<EDVEDTHSF I DNA Z U 3 F —+ (thymine DNA
glycosylase) (&, T-G, U-G I AT v FEENEZFEODNANSL F IV, U IV IVEEEZYVELS
B E DO DNABELAEKE TH D, CORELAFTSERIEENMI VRSN TTES
DNA E ORI HES T A2 D, LAL SUMOMLIZ X > TDNA 75T 5 2 &N
bh-oTi,

FAIESUMO LIz X B5F I DNAZY a5 —ED DNA DS DFEiEEZIHS Mz T 572
HIZ SUMO-1{bsn7zF I DNAZ Y ay 7 —
P sy GRE 112-339) D4t EEEE REL

Foo O NLHEN S, SUMOMLIZ k- T, F T‘?Pi it 4
a:’ f‘, :

@@L
.ﬁ.

IYDNAZ YAy 7 —COBREE R A1 29
SUMO-1 IZIF R ELEEEIZ R0 T & NS ekl ;
SNfz, —J7. SUMO (LI IiTf O 2k 307330 7 A == ~
DI IIHEZNR B LR EINT,
SUMO-1{b&h/7F I DNA 7Y ay 7 —H
RGEI DA E A EIZ DNA L OfEEET IV E
ERL 72 & 2 A, SUMO (RIZF 5 AR E 2 L
RSN BB 317329 IZHFTET 5\ U v 7 A Structure of the central region of thymine
737, DNA EVAEEZEIL 952 EARKSE  DNA glycosylase conjugated to SUMO-1
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Nz, 2OZEMD SUMO LIz Ko TEHR SN VEBEZLizXY, FIDNAZ YOy 55—
T DNA DS RBET 5 & VIR EIRIB TS ENTE T,

Structural biochemistry of modifier proteins
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Now he has been a professor in Graduate School of Engineering, Kyoto University (2005-). He has been devoted in structural
biology and biochemistry.

Ubiquitin and SUMO (small ubiquitin-like modifier) are modifier proteins, which are involved in
a wide variety of cellular events. Ubiquitination signals are often recognized by downstream effecter
proteins, which have one or more ubiquitin interaction motifs. Of these motifs, UBA (ubiquitin-
associating) domain and UIM (ubiquitin-interacting motif) are most frequently found. We have
determined solution structures of the UBA of yeast Dsk2p in complex with ubiquitin, by means of
NMR spectroscopy.

The higher order structures of Lys 48- and Lys 63-linked di- and tetra-ubiquitin chains are
analyzed by solution NMR spectroscopy. The results of chemical shift perturbation and cross
saturation experiments suggest that the subunits of Lys 48-linked diubiquitin interact with each other
to some extent, whereas those of Lys 63-linked diubiquitin have few non-covalent contact.

Crystal structure of the central region, residues 112-339, of human thymine DNA glycosylase
conjugated to SUMO-1 has been determined. The structure shows the presence of a helix that form
a protrusion form the protein surface. This protrusion presumably interfere its binding to DNA, as
deduced from a model building.
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Artificial 6-zinc finger peptides with various linkers: The Cys2His2-type zinc finger protein is

an attractive motif for design of artificial transcription factors with desired target sequences because
of its characteristic DNA binding properties: (1) recognition of overlapped 4 bp per one motif, (2)
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tandemly connected modular structure, and (3) binding to non-palindrome sequences. By randomizing
amino acid residues on the a-helix important for DNA recognition, a number of successful zinc finger
peptides have been selected to bind to the specific DNA sequence and to control gene expression.
Additionally, 6-zinc finger peptides in which two 3-zinc finger domains are connected with the
consensus linker, have been shown to bind to the expected long sequence containing continuous two
target sites for the original 3-zinc finger peptides. The DNA binding domain of human transcription
factor Sp1 includes 3-zinc finger motifs (Sp1ZF3) and binds to the double strand DNA (5’ - GGG
GCG GGGC-3") sequence called “GC-box” . We have created Sp1ZF6 by connecting two Sp1ZF3s
with consensus linker (TGEKP) and shown its DNA binding ability to two continuous GC-box
sequences (2GC(0)). On the other hand, the states of target DNA structure should be important as
well as the target sequence toward the artificial gene regulation. We aim to control the DNA binding
characteristics of zinc finger peptides by changing its linker region to various amino acid sequences.
To create a peptide that could distinguish the separated target sequences from the continuous ones,
we introduced a bulky and cationic polyarginine linker between two Spl1ZF3 units. The peptide,
Sp1ZF6(Arg)8, was suggested to bind to only the separated target sequences by gel mobility shift
assays and DNasel footprinting assays. On the other hand, Sp1ZF6(Gly)10, which has a flexible and
neutral polyglycine linker, binds to both separated and continuous two target sequences. The results
indicate that the simple polyarginine linker gives the 6-zinc finger peptide DNA binding selectivity
to the separated target sequences. Finally, we created a zinc finger-type endonuclease by introducing
a cerium binding peptide sequence as a linker between fingers 2 & 3 of the Spl zinc finger domain
(Sp1(zf23)) and fingers 4 & 5 of the GLI zinc finger domain (GLI(zf45)). The 4-zinc finger peptide,
Sp1(P1)GLI, was demonstrated to bind to a cerium ion and cleave DNA in the sequence specific
manner. Our results provide helpful information for the linker design of future zinc finger peptides
targeting various DNA states in addition to the sequence specific recognition.

We also aim at design and synthesis of artificial functional peptides and development of novel
intracellular delivery systems toward elucidation and control of cellular functions.
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ERESEL o, MR AIZ X0 pyrF BIZF 2 RRINC KK S 872 KU216 ¥k (A pyrF) % 5-7
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> EMRBILT pE B /RE S 7 KWI128 #%: (A pyrF, A trpE:.pyrF) ZEE L 7z (Fig. 2), 512
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T MIX D pyrF BERDHBETE, X — AW —HAHMARETH -7z, TOFHRICL D 2 FH
DIEIRT — N — pyrF B XU 6pE #FHFTE 515F KUWIL £k (A pprF, A trpE) 21ERL 7z,

Complete genome analysis and multiple gene disruption system
of a hyperthermophilic archaeon

Tadayuki Imanaka

Born in 1945. He received his Ph.D. degree from Osaka University. He was an assistant professor (1970-1981), an associate
professor (1981-1989) and a professor (1989-1996) at the Department of Fermentation Technology, Faculty of Engineering,
Osaka University. He was also a postdoctoral fellow at MIT, USA (1973-1974). Now he has been a professor at the
Department of Synthetic Chemistry and Biological Chemistry, Graduate School of Engineering, Kyoto University (1996-).

(1) Complete genome analysis of a hyperthermophilic archaeon: The genus Thermococcus,
comprised of sulfur-reducing hyperthermophilic archaea, belongs to the order Thermococcales along
with the closely related genus Pyrococcus. The members of Thermococcus are ubiquitously present
in natural high temperature environments, and are therefore considered to play a major role in the
ecology and metabolic activity of microbial consortia within hot-water ecosystems. To obtain insight
into this important genus, the complete 2,088,737-base genome of Thermococcus kodakaraensis
strain KOD1 was determined and annotated. A total of 2,306 open reading frames (ORFs) have been
identified, among which half (1,165 ORFs) are annotatable whereas the functions of 41% (936 ORFs)
cannot be predicted from the primary structures (Fig. 1).

(2) Multiple gene disruption system of a hyperthermophilic archaeon: We have also recently
developed a gene disruption system for . kodakaraensis by utilizing a pyrF-deficient mutant KU25 as
a host strain and the pyrF’ gene as a selectable marker. To achieve multiple genetic manipulations for
more advanced functional analyses of genes in vivo, a new host strain KU216 (A pyrF) was constructed
by specific and almost complete deletion of endogenous pyrF through homologous recombination
(Fig. 2). Secondly, a new host-marker combination of a trpE deletant KW128 (A pyrF, AtrpE::pyrF)
and #rpE gene was developed (Fig. 2). The system made it possible to isolate transformants through
a more simple selection procedure as well as to deduce the transformation efficiency, overcoming
practical disadvantages of the first system. Furthermore, repeated utilization of the counterselectable
pyrF marker was established through its excision by pop-out recombination. Both endogenous
and exogenous sequences could be applied as tandem repeats flanking the marker pyrF for pop-
out recombination. A double deletion mutant KUW1 (A pyrF, AtrpE), constructed with the pop-out
strategy, was demonstrated to be a useful host for the dual markers, pyrF and #rpE. The transformation
systems developed here now provide the means for extensive genetic studies in hyperthermophilic
archaea.
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Fig. 3 Illustration of protein display on its mRNA
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Manipulation and technology of protein translation

Yasuhiro Aoyama

Born in 1945. He received his Ph.D degree from Kyoto University. He was a research associate in Kyushu University
(1974-1981), an associate professor in Nagaoka University of Technology (1981-1988), and professor there (1988-1995).
He then moved to Kyushu University as professor in the Institute for Fundamental Research of Organic Chemistry (1995-2001)
and moved again to Kyoto University, where he is now professor (2001-) in the Department of Synthetic Chemistry and
Biological Chemistry, Graduate School of Engineering. He received the Divisional Award of the Chemical Society of Japan,
the Fluka Prize, and the Daily Niigata Cultural Award. He served as Chairman in the 2nd Gordon Research Conference
on the Structure and Property of Organic Compounds as well as in the 11th International Synposium on Supramolecular
Chemistry. He used to work on reaction mechanisms, bioorganic/bioinorganic chemistry, molecular recognition and
structural organic chemistry, crystal engineering, solid catalysis, and glycoengineering and his current research activity is
directed to biorecognics and chemical biology.

(1) Gene sensing using riboregulator: Recent reports show that protein translation can be on/off
regulated with short RNAs. Prokaryotic protein translation starts with binding of ribosome on the
ribosome binding site (RBS, shown in red) of the mRNA. The RBS in the rpoS mRNA is blocked due
to the hairpin structure of the mRNA and hence translation is in the off state (Fig. 1). The translation
is switched-on when DsrA RNA, a riboregulator, binds to the mRNA to open the hairpin. With this
bio-process in mind, we designed a molecular beacon-type riboregulator (Fig. 2). When target (an
HIV-related ODN in this case) binds to the yellow-colored loop domain of the probe, the otherwise
hairpin-blocked RBS is opened to start translation of the reporter gene (luciferase in this case). In this
way, the target can be detected. This sensing method is doubly amplifiable and is cell-friendly since it
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utilizes the natural translation system in combination with mRNA-coding DNA and hence ideal for the
gene sensing of living cells.

(2) Genotype-phenotype coupling: A general problem in attempted protein display on the mRNA via
ribosome is the presence of the ribosome tunnel. The 3’-terminus of the protein synthesized stays in
the tunnel, which is ~ 1.5 nm-wide and ~ 10 nm-long. We need an appropriate spacer as an anchor to
be buried in the tunnel to squeeze the protein therefrom. In the conventional ribosome display are used
artificial mRNAs with stop codon deleted and a spacer (blue domain in Fig. 3) added. We discovered a
new technique, read-through ribosome display, for display of full-length protein using natural mRNAs.

(3) Sense codon suppression: In ribosomal protein translation, amino acid is first activated in the
form of aminoacyl AMP, lonked to tRNA by the action of aminoacyl-tRNA synthetase (RS), and
transported to the ribosome. Sulfamoyl adenosine derivative (SA) of amino acid (e.g. phenylalanine)
is a potent inhibitor of RS, and in its presence the incorporation of the amino acid (phenylalanine, Phe)
is completely inhibited. When the tRNA for Phe chemically misacylated with an unnatural amino acid,
e.g., naphthylalanine (Nap) is provided as a suppressor in the presence of Phe-SA, we could introduce
the unnatural Nap in the position of natural Phe efficiently.
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Fig. 1 A proposed model for the deprotonation of Fig. 2 Active site structure of the
Schiff base by a thiol compound. L-cysteine-SCL complex.

(2) [2Fe-2S] BUSKTRE YV 7 R 2 — %o —2 T A7+ 7L 57 2 —E DR

MEIZSER VAL D OLERHHAZELSBETEL, I THYTO 74 T7I2X0EEF
L— MU THDIADRRTIE, #->707 7 OMBAANODEDIAARE, ZRIZHELSEK-> 70
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THTENMETHEILLDETEHHRY - T 7+ 7 BENICEBTTAIEIIL5ET5
MEENDH LN, HHMIAHTH S, KEFE O FhF &> 707 7 O—FE Tdh % ferrioxamine
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BY, BENS TV RALRTOVERBRIFEET 52 LR SNz (Fig. 3B) .

Fig. 3 Overall structure (A) and the [2Fe-2S] site structure (B) of FhuF.

Properties and construction of chalcogenic functional materials
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(1) Discrimination between selenium and sulfur by an enzyme

Selenium, a sulfur analog, is an essential trace element of mammals. The concentration of
selenium in cells is much lower than that of sulfur. Therefore, the discrimination between selenium
and sulfur is an important process for normal selenium/sulfur metabolism. However, little is known
about selenium-specific enzyme and initial steps of selenoprotein biosynthesis. Selenocysteine
lyase (SCL) decomposes L-selenocysteine into selenium and L-alanine. The enzyme does not act
on L-cysteine. Because the discrimination between selenium and sulfur by the enzyme is a key step
in selenoprotein biosynthesis, we investigated the substrate recognition mechanism of the enzyme.
UV/vis spectrum of SCL incubated with L-selenocysteine showed an absorption maximum at 416
nm. On the other hand, SCL incubated with L-cysteine exhibited an increase in the absorbance at
350 nm with a concomitant decrease in the absorbance at 416 nm. Incubation of the enzyme with
other thiol-containing compounds, 2-mercaptoethanol, 2-mercaptopropionic acid, and p-cysteine also
resulted in the spectrum change similar to that observed for the incubation with L-cysteine. The results
suggest that the deprotonation of the PLP-Lys internal aldimine of SCL by thiol group of L-cysteine
is responsible for the spectrum change. This was supported by our X-ray crystallographic analysis of
SCL complexed with L-cysteine.



(2) Analysis of Fe-siderophore reductase containing a [2Fe-2S]-type iron-sulfur cluster

Bacteria have developed a variety of mechanism for iron uptake during evolution. One of such
system, uptake of iron by a chelator siderophore, involves an introduction process of Fe-siderophore
into the cell and an iron-release from siderophore. Two models were proposed for the iron release

process: one involves degradation of siderophore, and the other involves a specific reduction of iron in

siderophore. However, little is known about that process. E. coli FhuF is essential for the utilization

of iron chelated to ferrioxamine B, a fungal siderophore. Therefore, FhuF is proposed to be an iron-

siderophore reductase. We solved an X-ray structure of FhuF and found that the protein contains a

[2Fe-2S]-type iron-sulfur cluster. The iron-sulfur cluster is located on the subdomain of the protein,
which is far from the main domain. Thus, the iron-sulfur cluster is probably accessible to the solvent.
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(1) Crystal structure of the sensor protein (T110078) from Thermosynechococcus elongatus
BP-1, containing the BLUF domain for blue-light using FAD: The sensor proteins for blue-
light using the FAD (BLUF) domain belong to the third family of the photoreceptor proteins using a
flavin chromophore, where the other two families are phototropins and cryptochromes. As the first
structure of this BLUF domain, we have determined the crystal structure of the T1l0078 protein from
Thermosynechococcus elongatus BP-1, which contains a BLUF domain bound to FAD, at 2 A resolution.
Five T110078 monomers are located around the non-crystallographic five-fold axis to form a pentamer,
and two pentamers related by two-fold noncrystallographic symmetry form a decameric assembly
(Fig.1). The monomer consists of two domains, the BLUF domain at the N-terminal region and the
C-terminal domain. The overall structure of the BLUF domain consists of a five-stranded mixed
B-sheet with two a-helices running parallel to it. The isoalloxazine ring of FAD is accommodated in
a pocket formed by several highly-conserved amino acid residues in the BLUF domain. Of these, the
three apparent key residues (Asn31, Asn32 and GIn50) were substituted with Ala. Mutant proteins of
N31A and N32A showed a nearly normal 10 nm spectral shift of the flavin upon illumination, while the
Q50A mutant did not exhibit such a shift at all. Based on the crystal structure, we discussed a possible
role of GIn50, which is structurally and functionally linked with the critical Tyr8 (FAD-GIn50-Tyr8
network), with regard to the light-induced spectral shift of the BLUF proteins.

(2) Crystal structure of an extracellular giant hemoglobin of the gutless beard worm Oligobrachia
mashikoi: Mouthless and gutless marine animals, pogonophorans and vestimentiferans obtain their
nutrition solely from their symbiotic chemoautotrophic sulfur-oxidizing bacteria. These animals
have sulfide-binding 400 kDa and/or 3500 kDa hemoglobin (Hb) which transports oxygen and
sulfide simultaneously. The symbiotic bacteria are supplied with sulfide by Hb of the host animal,
and use it to provide carbon compounds. The crystal structure of a 400 kDa Hb from pogonophoran
Oligobrachia mashikoi has been determined at 2.85 A resolution. The structure is hollow-spherical,
composed of a total of 24 globins as a dimer of dodecamer (Fig.2). This dodecameric assemblage would
be a fundamental structural unit of both 400 kDa and 3500 kDa Hbs. The structure of the mercury
derivative used for phasing provides insights into the sulfide-binding mechanism. The mercury
compounds bound to all free Cys residues that have been expected as sulfide-binding sites. Some of
the free Cys residues are surrounded by Phe aromatic rings, and mercury atoms come into contact with
these residues in the derivative structure; it is strongly suggested that sulfur atoms bound to these sites
could be stabilized by aromatic-electrostatic interactions by the surrounding Phe residues.

(3) Crystal structure of atypical cytoplasmic ABC ATPase SufC from Thermus thermophilus
HBS: SufC, a cytoplasmic ABC-ATPase, forms a stable complex with SufB and SufD. The SufBCD
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complex interacts with other Suf proteins in the Fe-S cluster assembly. We have determined the
crystal structure of SufC from Thermus thermophilus HB8 in nucleotide-free and ADP-Mg-bound
states at 1.7 A and 1.9 A resolution, respectively. The structure of SufC consists of two domains: an
ABC « /B domain, which is structurally similar to the typical core fold of ABC ATPase, and an «
helical domain (Fig.3). Compared to other ABC ATPase structures, a novel 310 helix formed at the end
of Walker B motif results in an unusual nucleotide-binding conformation. Furthermore, a significant
displacement occurs at a linker region between two domains. This linker conformation is stabilized by
hydrophobic interaction between conserved residues around the Q loop. These results suggest that the
unusual linker conformation conserved among SufC proteins is probably suitable for interacting with
SufB and SufD.
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