FOR BASIC BIOLOGY

CENTER FOR BIO-ENVIRONMENTAL SCIENCE

Interim Head: Hideo Mohri

The center is currently managed by NIBB and is scheduled to be includ-
ed in a new center for biosciences which will be jointly managed by NIBB
and two other institutes in Okazaki, IMS and NIPS. The following pro-
jects will be the main focus of the Center: 1) Endocrine disrupters. 2) Oth-
er chemicals affecting the environment. 3) Biomolecular sensors of envi-
ronmental factors. 4) Database of bio-environmental science.
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Professor : Teizo Kitagawa 1.9 ps was observed for CO-photodissociated heme. For
Ni-octaethylporphyrin in benzene, appreciable differences
|. Biomolecular sciense in the rise times of population at vibrationally excited

levels among various modes were observed in the anti-

alloproteins is a current subject of this group. The primary_Stc’lfes %pectra fordt_hetflrst tlfmt\l:/. F?r thte salme lmolecule
technique used for this project is the stationary and time-'N PIPENCINE, coordination of two solvent molecules was

resolved resonance Raman spectroscopy monitored b9bserved in the transient (d,d) excited state. The ps-TR

near IR to UV lasers. The main themes that we want toexperlments were also applied to Zn-porphyrin dimers,

explore are (1) mechanism of oxygen activation by en- for which some evidence for thre-tinteraction in the 5

zymes, (2) mechanism of active proton translocation State_Was obtained. - The UV ns?l'léxperlmen_ts on
and its coupling with electron transfer, (3) coupling MbCO dem_onstrated the presence of a transient open
mechanism of proton- and electron transfers by quinoneJOrm of the ligand pathway.

in photosynthetic reaction center, (4) higher order protein
structures and their dynamics, and (5) reactions of bi-

ological NO. Itoh, S., Bandoh, H., Nagatomo, S., Kitagawa, T. and Fuku-
In category (1), we have examined a variety of terminal  zymi, S. (1999) Aliphatic hydroxylation by a lis(
oxidases, cytochrome P450s, and peroxidases, and also gxo)dinickel(lll) complex.J. Am. Chem. Sod21, 8945-
treated their enzymatic reaction intermediates by using ggag.
the mixed flow transient Raman apparatus and the Rajon 5. Taki, M., Kumei, H., Takayama, S., Nagatomo, S.,
man/absorption simultaneous measurement device. For Kitagawa, T., Sakurada, N., Arakawa, R. and Fukuzumi, S.
(2) the third generation UV resonance Raman (UVRR) (1999) Model complexes of the active form of galactose
spectrometer was constructed and we are going to use it o iqase. Physicochemical properties and reactivity of
the peroxy and ferryl intermediates of cytochrme c oxi- Cu(ll)- and Zn(ll)-phenoxyl radical complexes of the
dase. In (3) we succeeded in observing RR spectra of novel organic cofactorAngew. Chem.Intl. EdB8, 2775-
quinones A and B in bacterial photosynthetic reaction 2776.
centers for the fl_rst time Iast_year, but we focused Our| ase. T.. Varotsis, C.. Shinzawa-ltoh, K., Yoshikawa, S.
attention on tyrosme_ radical this year. For (4) we devel- and Kitagawa, T. (1999) Infrared evidence for, Ggation
e e . e of hoossoie CO of oo Ides
ent temperatures and accompanied deprotonation of a car-

order dlsper_smns of gratings and applied it sqcce_ssfull)_/ to boxyl side chain of proteinl. Am. Chem. Sod21, 1415-
235-nm excited RR spectra of several proteins including 1416

mutant hemoglobins and myoglobins. Nowadays we can . . .
9 yo9 Y Kaminaka, S., Imamura, Y., Shingu, M., Kitagawa, T. and

carry out time-resolved UVRR experiments with nano- Tovoda. T. (1999) Studi ¢ bovi ‘ ) ruct
second resolution to discuss protein dynamics. We have oyo a,. - ( ) Studies of bovine en erovirus structure
by ultraviolet resonance Raman spectroscdpyirol. Met.

succeeded in isolating the spectrunfa#s-Tyr, B35-Tyr

andal140-Tyr of Hb A separately and their changes upon 77,117-123. o

guaternary structure transition. For (5) we purified solu- Kohzuma, T., Inoue, T., YO_Sh'Zak" F., Sasakawa, Y., Ono-

ble guanylate cyclase from bovine lung and observed its 9€ra K., Nagatomo, S., Kitagawa, T., Uzawa, S., Isobe, Y.,
Sugimura, Y., Gotowda, M. and Kai, Y. (1999) The struc-

RR spectra. To understand the implication, we exam- ]

ined Raman spectra of NO adducts of various mutant ture and unusual pH-dependence of plastocyanin from the

Mbs. fern Dryopteris crassirhizomaThe protonation of an ac-
tive-site histidine is hindered lgt interactions.J. Biol.
Chem274, 11817-11823.

Mizutani, Y., Uesugi, Y. and Kitagawa, T. (1999) In-
Picosecond time-resolved resonance Raman (5-TR  tramolecular vibrational energy redistribution and inter-

spectroscopy is a promising technique to investigate ultra- njecular energy transfer in the (d,d) excited state of nick-

fast structural changes of molecules. However, this el octaethylporphyrin]. Chem. PhysL11, 8950-8962.

technigue has not been used as widely as nanosecdnd TRlagai, M., Wajcman, H., Lahary, A., Nakatsukasa, T., Na-

spectroscopy, mainly due to the lack of light source which gatomo, S. and Kitagawa, T. (1999) Quaternary structure

has suitable repetition rates of pulses and wavelength . e tyrosine residues in human hemoglobin: UV

tunability. In order to obtain qualified PRpectra, first resonance Raman studies of mutantsx240, B35, and

we need two independently tunable light sources for B145 tyrosineBiochemistry38, 1243-1251.

pump and probe pulses. Second, the repetition rate Shou'ﬂlagatomo, S., Nagai, M., Tsuneshige, A., Yonetani, T. and
be higher than kilohertz to keep a moderate average laser

power without allowing the photon density of probe pulse
to be too high. We succeeded in developing light sources
for ps-TR spectroscopy having wide tunability and kHz
repetition, and applied them to study fast dynamics of
photo-excited molecules. For carbonmonoxy myoglobin
(MbCO), vibrational relaxation with the time constant of

Elucidation of a structure-function relationship of met-

Publication List:

Il. Fast dynamics of molecules in a solution phase

Kitagawa, T. (1999) UV resonance Raman studies-of
nitrosyl hemoglobin derivatives: Relation between the
al1-B2 subunit interface interactions and the Fe-histidine
bonding ofa heme Biochemistry in press,

Nakashima, S., Taniguchi, S., Okada, T., Osuka, A., Mizu-
tani, Y. and Kitagawa, T. (1999) Evidence fert interac-
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tions in the $state of zinc porphyrin dimers revealed by

picosecond time-resolved resonance Raman spectroscopy.

J. Phys. Chem. A03 9184-9189.

Suga, M., Oku, J., Masuda, H., Takaki, M., Mukai, M. and
Kitagawa, T. (1999) Mechanism of the anionic cyclo-
polymerization of bis(dimethylvinylsilyl)methaneMac-
romolecules32, 1362-1366.

Suzuki, N., Higuchi, T., Urano, Y., Kikuchi, K., Uekusa, H.,
Ohashi, Y., Uchida, T., Kitagawa, T. and Nagano, T.
(1999) Novel iron porphyrin-alkanethiolate complex with
intramolecular NH...S hydrogen bond: Synthesis, spectros-
copy, and reactivityd. Am. Chem. Sot21, 11571-11572.

Tomita, T., Hirota, S., Ogura, T., Olson, J. S. and Kitagawa,
T. (1999) Resonance Raman investigation of Fe-N-O
structure of nitrosylheme in myoglobin and its mutadts.
Phys. Chem.B03 7044-7054.

Wada, A., Ogo, S., Watanabe, Y., Mukai, M., Kitagawa, T.,
Jitsukawa, K., Masuda, H. and Einaga, H. (1999) Synthesis
and characterization of novel alkylperoxo mononuclear
iron(lll) complexes with a tripodal pyridylamine ligand: A
model for peroxo intermediates in reactions catalyzed by
non-heme iron enzymelhorg. Chem38, 3592-3593
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Professor (Adjunct):Minoru Kanehisa (Kyoto University) Associate Professor : Akihiro Hazama
Research Associate : Kensuke Nakahira

Though intermediary metabolism common to most or- Résearch Associate : Takuya Takahashi
ganisms has been deeply investigated so far, variety of o ) ]
species specific pathways in secondary metabolism, This division has just started in August, 1999. The cells
which may work only in specific environmental condi- which constitute our bodies accomadate their environment
tions, are still unclear. The aim of this laboratory is to PY Sensing the conditions surrounding them. The cells use
develop a database system for environmental biology,the special membrane proteins, _such as receptors, chan-
which integrates knowledge about organic compounds,"€!S, and transporters, for sensing not only many sub-
chemical reactions between these compouindsivo stances but also heat, osmolarity, and mechanical stimuli.
enzymes (genes) involved in these reactions, and specie5n® @m of this division is to understand the sensing
whose genomes contain these genes. Through this d4nechanims of such membrane proteins sense and how the
tabase combining with data from transcriptome or pro- ceIIs_ accom(_)_date their environment after sensing the
teome analyses in various environmental conditions, wePutside conditions.
intend to elucidate the principle of interactions between
organisms and environmental chemical compounds to o
predict or design novel interactions. Publications:

Yasui M, Hazama A, Kwon TH, Nielsen S, Guggino WB,
Agre P. Rapid gating and anion permeability of an intra-

Publication list: cellular aquaporin. Nature. 402:184-187, 1999

Goto, S., Nishikoka, T., and Kanehisa, M. (1999) LIGAND Hazama A, Shimizu T, Ando-Akatsuka Y, Hayashi S, Tana-
database for enzymes, compounds, aattions.Nucleic ka S, Maeno E, Okada Y. Swelling-induced, CFTR-
Acids Res27, 377-379. independent ATP release from a human epithelial cell line:

Wackett, L.P., Eliis, L.B.M., Speedie, S.M., Hershberger, lack of correlation with volume-sensitive Cl- channels. J

C.D., Knackmuss, H.-J., Spormann, A.M., Walsh, C.T., Gen Physiol. 114:525-533.1999
Forney, L.J., Punch, W.F., Kazic, T., Kanehisa, M., and Baba H, Akita H, Ishibashi T, Inoue Y, Nakahira K, Ikenaka

Berndt, D.J. (1999) Predicting microbial biodegradation K. Completion of myelin compaction, but not the attach-
pathwaysASM News5, 87-93. ment of oligodendroglial processes triggers K+ channel
clustering. J Neurosci Res. 58:752-764. 1999
Shibata R, Wakazono Y, Nakahira K, Trimmer JS, lkenaka K.
Expression of Kv3.1 and Kv4.2 genes in developing cere-
bellar granule cells. Dev Neurosci. 21:87-93. 1999
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Associate Professor:
Assistant Professor:

Hirokazu Tsukaya, Ph.D.
Gyung-Tae Kim, Ph.D.

Diversity of plant form is mostly attributable to
variation of leaf and morphology of floral organs, which
are modified, leaves. The leaf is the fundamental unit of
the shoot system, which is composed with leaf and stem.
So the leaf is the key organ for a full understanding of
plant morphogenesis. However, the genetic control of
development of these shapes had remained unclear.
Recently, studies of leaf morphogenesis has been in a
turning point, after our successful application of the
techniques of developmental genetics and molecular
genetics to it, using model plants suchAaabidopsis
thaliana (L.) Heynh. Our purpose is to understand
Plants from view point of molecular genetic control of
leaf morphogenesis.

Focusing on mechanisms that govern polarized
growth of leaves in a model plaabidopsis thaliana
we found that the two genes act independently to each
other on the processes of polar growth of leavesAbe
gene regulates width of leaves and ROT3 gene
regulates length of leaves. TWeN gene controls the
width of leaf blades and tHROT3gene controls length.
The AN gene seems to control orientation of cortical
microtubules in leaf cells. Cloning of theN gene re-
vealed that the gene is a member of gene family found
from animal kingdom (Tsukaya et al., in prep). The
ROT3gene was cloned by us in 1998. Transgenic ex-
periments proved that thROT3 gene regulates leaf-
length without affect on leaf-width (Kim et al., 1999).
We are trying to identify molecular function of the
above genes which are essential for leaf morphogenesis.

While ROT3regulates the length of both leaf blades
and petiolesACL2 appears to regulate petiole length
exclusively. Genes for perception of environmental
stimuli such as light and/or phytohormone perception

wt rot3-1 rot3-2
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also affect the petiole length relative to the length of the

leaf blade. Genetic studies suggested that petioles and
leaf blades share some regulatory pathways but petioles
also have their own developmental programs that are
independent of those of leaf blades (Tsukaya and Kim,

submitted).

Apart from polar elongation, we identified the fol-
lowing genes involved in leaf expansion process. The
ASlandAS2genes are needed for proportional growth
of the leaf. Molecular and anatomical analysis of the
as2mutant is now underway, in collaboration with Prof.
Machida, Nagoya University.

On the other hand, we are trying to identify molecu-
lar mechanisms which distinguish developmental path-
way of leaves from that of shoots. For such purposes,
we introduced tropical plants having queer develop-
mental program for leaf morphogenesis, nam@éhjiso-
cheton, Guareaand Monophyllaea as materials for
molecular studies.

In addition, we are interested in roles of such genes
for environmental adaptation. Leaf index, relative
length of leaf to width, is one of the most diverse factor
of leaf shape. For instance, rheophytes are characterized
by narrow leaves, which represent an adaptation to their
habitats. AreAN andROT3genes are involved in regu-
lation of adaptive change of leaf index in natural condi-
tion? Are these genes the responsible for evolution of
rheophytes? So called “Evo/Devo” study of leaf mor-
phogenesis is also one of our research project in NIBB.

Publication List:

Tsukaya, H., Shoda, K., Kim, G.-T. and Uchimiya, H.
(2000) Heteroblasty in Arabidopsis thaliana (L.) Heynh.
Planta210: 536-542.
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Figure: Single gene, tHROT3,controls leaf form (modified from Kim et al., 1999)



