
vi 

TGF-b expression to inhibit dauer-larva formation in C. elegans. 

15:15  S [76] A. Oishi, M. Takeuchi, T. Ishihara, I. Katsura: Analysis of class 2 flr genes, which control the 
growth rate of class 1 flr mutants. 

15:26  F [77] M. Koga, R. Zwaal, K. Guan, L. Avery, Y. Ohshima: A deletion mutant of mek-1 (a MKK7 
homolog in C. elegans) is hypersensitive to heavy metal ions and to starvation. 

15:41  S [78] Y. Kimura, K. Eto, H. Tokumitsu: CaM-K-mediated signal cascade is conserved in some 
neurons of C. elegans in vivo. 

15:52  F [79] T. Hirotsu, Y. Iino: The Ras-MAPK signal transduction pathway plays multiple roles in 
chemotaxis to odorants. 

 
16:07 Closing Remarks 
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15: Overall Morphology of the C. elegans  Neural Circuit 
K. Omata(1), K. Oshio(2), S. Morita(3), Y. Osana(1), K. Oka(1), K. Kawamura(1) 
(1) Keio University, (2) Kinki University, (3) Shizuoka University 

To study the overall structure of the C. elegans  neural circuit, we have carried out cluster analyses on the 
basis of the neuronal-connectivity database constructed by Oshio et al. . The analyses regard on the 
connectional multiplicities of the chemical synapses and gap junctions, and the circuit is subjected to 
thresholds for the multiplicities. With decreasing the thresholds, the number of connections is increased, and 
the size of the largest neuronal cluster increases gradually until a prominent growth occurs, indicating that 
the natural circuit without thresholds is a `supercritical network'. The critical point provides an index for the 
determination of an appropriate threshold from which the simplified backbone circuit is derived. We find 
that there are roughly four indepenent streams in the circuit. Each stream has indivisual functions such as 
mechanical sensation, chemotaxis, thermotaxis and so forth, and the neurons controlling these functions are 
specified in the backbone structures. We suggest that the collective properties of the neurons play essential 
roles for the circuit activity, and the global backbone circuit derived from our analyses explore the 
possibilities for future experimental studies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
16: Study of Excitatory and Inhibitory Synaptic Connections in Neural Circuit for 

Touch-induced and Tap Responses  
Sohei GOMI(1), Yuishi Iwasaki(2), Yuko Osana(3) 
(1) Iwate Univ. (2) Ibaraki Univ. (3) Keio Univ. 

In order to predict the signs (excitatory or inhibitory) of connections between neurons, numerical studies 
are performed on the neural circuit of C.elegans for the touch-induced and the tap response. 

Neurons are modeled simply as McCulloch-Pitts neurons. Among all possible ways of assigning the 
signs for each connection, we select out the networks which satisfy the correct neural input-output relations 
of both touch-induced and tap responses.Experimental knowledge on the effects of laser ablation of neurons 
are also used as conditions for the selection of the networks. 

By examining the average structure of the remained (selected) networks, some of the signs of connections 
in the networks may be unambiguously predicted. 

These results are compared to the results of the study which use the process of learning for producing the 
neural networks with correct input-output relations. 
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17: The SWI/SNF complex is required for asymmetric cell division in C. elegans 
Hitoshi Sawa(1), Hiroko Kouike(2) and Hideyuki Okano(2) 
Division of Neuroanatomy, Osaka University Graduate School of Medicine, (1) PRESTO, JST (2) 
CREST, JST 

In C. elegans, the polarities of many cells undergoing asymmetric divisions are regulated by LIN-44/Wnt 
and LIN-17/Frizzled. To identify more genes required for asymmetric division, we are screening for mutants 
affecting the asymmetric division of the T cell in the tail that is regulated by lin-17 and lin-44. We have so far 
identified 17 new mutants corresponding to 13 different genes. Lineage analyses have shown that the T cell 
division can be symmetric in mutants of at least 7 of the genes (psa-1 through psa-7). Using 
temperature-sensitiveness of the psa-1 and psa-4 mutant, we found that these genes are required during the 
mitosis of the T cell. We have cloned psa-1 and psa-4 to found that they encode homologs of SWI3 and SWI2 of 
yeast, respectively. These proteins are known to be components of the complex called SWI/SNF. The complex 
can remodel chromatin structure by destabilizing histone-DNA interaction. These results suggest that the 
chromatin structure is altered by the SWI/SNF complex in one of the daughter cells during the T cell division. 
In budding yeast, the SWI/SNF complex is required for the asymmetric expression of HO endonuclease in 
the mother but not in the daughter cell. HO catalyzes switching of the mating types in the mother cell. 
Therefore, our findings demonstrate that at least some aspects of the mechanisms of asymmetric cell division 
are conserved between yeast and a multicellular organism. 
 
 
 
 
 
 
 
 
 
 
 
 
18: PSA-7 is involved in Ras and Wnt signaling pathways in C. elegans 

Akinori Yoda(1), Hiroko Kouike(1, 2), Hideyuki Okano(1, 2) and Hitoshi Sawa(1, 3)  
(1)Osaka Univ. (2)CREST, JST (3)PRESTO, JST 

 
It has been shown that vulva is induced to form by activating Ras signaling pathway. psa-7 mutants 

exhibit a multivulva (Muv) phenotype, suggesting that psa-7 negatively regulates this pathway. Although 
mutations in lin-3(lf), let-23(lf), let-60(dn) and mpk-1(lf) result in a vulvaless (Vul) phenotype, we observed that 
double mutants containing psa-7 and mutation of any of these genes exhibited Muv phenotype. This result 
shows that psa-7 acts downstream of Ras signaling pathway. It has been reported that transcriptional 
regulators; LIN-1, SUR-2 and LIN-35 regulate vulval induction. We observed that loss-of-function mutants of 
these transcriptional regulators enhanced the Muv phenotype of psa-7. The strong genetic interactions of 
PSA-7 and these transcriptional regulators indicate that PSA-7 may play important roles in vulval signaling 
pathway by regulating transcription of vulval specific genes.  

In psa-7 mutants, normally asymmetric T cell division becomes symmetric. It has been reported that 
lin-44/wnt and lin-17/frizzled regulate asymmetric T cell division. But the genes that act downstream of lin-17 
remain to be identified. On the analogy of genetic roles of psa-7 in Ras signaling pathway, PSA-7 may also 
function as a transcriptional regulator in Wnt signaling pathway. We are currently trying to rescue the 
phenotype of psa-7 by injecting cosmids from the corresponding region of the physical map. 
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19: Two alternative transcripts of mig-6 affect different aspects of Caenorhabditis 
elegans distal tip cell migration  
Takehiro Kawano and Joseph G. Culotti 
Samuel Lunenfeld Research Institute of Mount Sinai Hospital 

Cell migrations play important roles during development and organogenesis. Distal tip cells (DTCs) are 
the leader cells of the somatic gonads of C. elegans hermaphrodites. These cells travel very long distances 
during development. They first migrate from the ventral center of the animal longitudinally along the ventral 
muscle bands at late L2 stage, then migrate ventral to dorsal along the epidermis, then migrate retrogradely 
along the dorsal muscle band. This migration path determines the U-shaped form of the gonads. Several 
mutants that have been studied showed migration defect of DTCs. DTC migration can be perturbed in 
various aspects, such as ventral to dorsal guidance by the netrin cue system (UNC-5, UNC-6, and UNC-40) 
and, degradation and remodeling of extracellular matrix by the metalloprotease (GON-1).  

In a genetic screen for novel components mediating DTC migration, we obtained several 
non-complementing alleles, ev701sd, ev702sd, and ev706sd, that show a semi-dominant, dorsal migration 
defect, resulting in ventral reflex of the DTCs, similar to that observed in the unc-5, -6, -40 mutants. All the 
alleles showed a greater than 80 % penetrance of the posterior DTC migration defect as heterozygotes. 
Interestingly, homozygotes of the mutant show various patterns of supernumerary turns of the gonad, 
suggesting a disruption of both the longitudinal and circumferential migration of the DTCs. The linker cell of 
the homozygote male also makes supernumerary turns and often fails to reach the tail. The mutant animals 
are not Unc and no abnormal axon trajectories have been observed. Homozygotes give a small brood size and 
lay dead eggs. Since homozygous progeny from heterozygote parents grow fairly well, this lethality may be 
maternally rescued.  

The gene was mapped very close to mig-6 LGV. Previous studies showed mig-6 affects longitudinal 
migration but not dorsal migration. Germ line transformation rescue experiments showed that ev701 and 
mig-6 are at the same locus. Thus, ev701 defines a new class of mig-6 alleles. We suggest that two different 
transcripts from a single gene may be involved in different aspects of DTC migration. The gene encodes a 
novel protein, predicted to regulate proteolysis.  
 
 
 
20: The mig-23 gene required for DTC migration encodes a novel member of the 

apylase family in C. elegans 
Maho Suzuki1, Kiyoji Nishiwaki2, Naoki Hisamoto1, Kunihiro Matsumoto1 
1Dept. of Biological Science, Faculty of Science, Nagoya Univ. 2PRESTO, JST and Fundamental 
Research Labs., NEC Corporation. 

The U-shaped structure of C.elegans gonad arms is formed by migration of the gonadal distal tip cells 
(DTCs) over the body wall basement membrane. DTCs initially move along the ventral muscles, turn dorsally, 
and migrate on the lateral hypodermal cells. They turn again over the dorsal muscles and migrate along them. 
We isolated the mig-23 mutation altering DTC migration. In mig-23 mutants, the DTC migration along the 
ventral body wall muscles is normal but the DTCs cannot migrate to dorsal direction. 

We cloned the mig-23 gene by transposon-tagged method and found that it encodes a novel member of 
the apyrase family. The MIG-23 protein contains two transmembrane domains and five apylase-conserved 
regions (ACR). Apyrases are known as enzymes that hydrolyze both di- and triphosphate nucleotides. 
MIG-23 is most similar to the mammalian golgi-UDPase which is involved in protein glycosylation. To 
address where MIG-23 is expressed, we constructed a translational fusion between mig-23 and GFP. GFP 
fluorescence was observed specifically in CAN neurons. These results suggest that the MIG-23 apyrase may 
function in CAN neurons to glycosylate protein(s), which may regulate DTC migration. 
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21: MIG-17, an ADAM family metalloprotease controls cell migration in C. elegans 
Kiyoji Nishiwaki(1), Naoki Hisamoto(2), Kimika Maki(2), Miho Tanaka-Hino(2), Kunihiro 
Matsumoto(2) 
(1)PRESTO, Japan Science and Technology Corporation and Fundamental Research Labs., NEC 
Corporation, (2)Dept. of Molecular Biology, Graduate School of Science, Nagoya Univ. and CREST, 
Japan Science and Thechnology Corporation. 

C. elegans gonad arms are U-shaped and formed by directional migration of the gonadal distal tip cells 
(DTCs) over the body wall basement membrane. We have isolated mutants whose DTCs meander after the 
first turn. The DTCs in mig-17 mutants migrate erratically on the body wall or are detached from it and 
migrate along the gonad or intestine. mig-17 is not required for migration per se, but rather influences the 
route of migration. mig-17 encodes a secretory metalloprotease of the ADAM family. MIG-17::GFP was 
functional and localized on the surfaces of gonad and body wall muscles. Deletion of the signal sequence 
resulted in accumulation of MIG-17::GFP within the muscle cells but not in the gonadal cells, suggesting that 
it is produced in the muscle cells. Tissue specific promoter analysis indicates that MIG-17 is secreted from the 
body wall muscle cells and becomes localized on the surface of the gonad. Deletion of the disintegrin-like 
domain abolished MIG-17::GFP localization on the gonad, suggesting that MIG-17 binds to the gonadal 
basement membrane via this domain and that there is a specific receptor expressed on the gonad. The MIG-17 
metalloprotease may function in the gonadal basement membrane to remodel its components, and this 
remodeling may ensure the attachment of DTCs to the body wall and therefore the migration along 
directional cues. 
 
 
 
 
 
 
 
 
22: A faciogenital dysplasia gene homologue regulates the formation of organ 

structure in C. elegans 
Norio Suzuki(1), Matthew Buechner(2), Kiyoji Nishiwaki(3), David H. Hall(4), Naoki 
Hisamoto(1) and Kunihiro Matsumoto(1) 
(1) Dept. of Mol. Bio., Grad. school of Science, Nagoya Univ. and CREST, (2) Dept. of Mol. 
Biosciences, Univ. of Kansas, (3) PRESTO and Fund. Res. Lab., NEC, and (4) Dept. of Neurosience, 
Albert Einstein College of Medicine 

The molecular controls governing the formation of organ structure in the development are less 
understood. The Caenorhabditis elegans excretory system, like the renal organs of other animals, is believed to 
regulate osmoregulation and water elimination1. The excretory cell extends tubular processes, called canals, 
along the basolateral surface of the epidermis. Mutations in the exc-5 gene cause tubulocystic defects in the 
excretory canal.  

Here we report that exc-5 encodes a protein homologous to guanine nucleotide exchange factors (GEFs). 
EXC-5 contains, in order, a Dbl/Plecstrin homology (DH/PH) domain, a cysteine-rich FYVE domain and a 
second PH element. This motif architecture is similar to that of FGD1 (ref. 2), which is responsible for 
faciogenital dysplasia or Aarskog-Scott syndrome. Ultrastructural results suggest that exc-5 is required for the 
proper placement of cytoskeleton at the apical epithelial surface. Furthermore, EXC-5 associates with KEL-2, a 
protein similar to the actin-associated protein Drosophila Kelch3,4. We speculate that EXC-5 controls 
structural organization of the excretory canal by linking between the actin cytoskeleton and a Rho family 
GTPase.  

References:  

1. Nelson, F. K., Albert, T. S. & Riddle, D. L. Fine structure of the Caenorhabditis elegans secretory-excretory 
system. J. Ultrastruct. Res. 82, 156-171 (1983)  

2. Broeks, A., Janssen, H. W., Calafat, J. & Plasterk, R. K. A P-glycoprotein protects Caenor ha bditis elegans 
against natural toxins. EMBO J. 14, 1858-1866 (1995)  
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3. Pasteris, N. G. et al. Isolation and characterization of the faciogenital dysplasia (Aarskog-scott syndrome) 
gene: a putative Rho/Rac guanine nucleotide exchange factor. Cell 79, 669-678 (1994) 

4. Chitwood, M. B. & Chitwood, B. G. The excretory system. In Introduction to Nematology:(eds. Chitwood, B. G. 
& Chitwood, M. B.; University Park Press, Baltimore) 126-135 (1974) 
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23: Regulation of the expression of mab-21:a candidate Hox target gene 
Rie Matsui(1), Toshiharu Morimitsu(1), Daihachiro Tomotsune(2) and Takahashi Naoki 
(1) NAIST (2) Univ. of Osaka 

The Hox genes determine cell fates along the anterior-posterior body axis of many organisms. Hox gene 
products are believed to be transcription factors that regulate expression of target genes. We identified 
several candidate Hox gene targets by immunopurification of DNA sequences bound to a Hox protein in 
native chromatin (1). Recently, we isolated a mouse orthologue of C. elegans mab-21 as a candidate target of 
HoxC4.  

In C. elegans, mutations in mab-21 result in loss of the ray6 morphology and fusion this ray with ray4. This 
mutant phenotype is similar to that of the egl-5 (Hox). It is implicated that mab-21 acts in the same pathway as 
egl-5 in specification of ray morphology by genetic analysis (2). These results suggest that mab-21 gene is a 
candidate target of Hox gene products. The expression pattern of mab-21 has been studied using GFP reporter 
gene fusion. The last fifth exon of mab-21 was fused in frame with GFP (using Andy Fire vector pPD. 95.75) 
and 3.2Kb of 5 ﾕ flanking sequence was included. mab-21::gfp expression is first seen in the hypodermal cells in 
pre-comma stage. In adult animals, mab-21::gfp is expressed in the hypodermal cells, neurons, head muscles 
and ray6. We identified the elements necessary and sufficient for mab-21 gene expression using deletion 
constructs. The deletion analysis indicated that a 450bp region upstream of the transcription start site is 
sufficient for hypodermal cell expression. A 300bp region in the fourth intron of the mab-21 is necessary for 
neuron expression and a 450bp region in the intron of the mab-21 is necessary for ray 6 expression. We are 
currently testing whether egl-5 can drive ectopic expression from a reporter construct containing ray6 control 
element.   

(1). Tomotsune et al., (1993) Nature 365: 69-72  (2). Chow et al., (1994) Development 120: 2579-2593 
 
 
 
 
 
 
 
24: Identification of genes for temperature sensing by reverse genetics approach 

Hitoshi Inada(1), Hidetoshi Komatsu(1), Ikue Mori(1,2) 
(1) Div. Biol. Sci., Grad. School Sci., Nagoya Univ., Nagoya 464-8602, Japan and (2) PRESTO, JST 

Temperature is one of the most important environmental stimuli for organisms. However, the molecular 
mechanisms of temperature sensing are unclear in multicellular organisms, except Caenorhabditis elegans. C. 
elegans has a pair of thermosensory neurons (AFD) for temperature sensing, and several genes required for 
the response to temperature (called thermotaxis) have been identified in C. elegans. tax-2 and tax-4, which are 
required for normal thermotaxis, encode subunits of cyclic nucleotide gated cation channel and are expressed 
in many amphid sensory neurons including AFD. TAX-2/TAX-4 cation cannel shows higher affinity to cGMP 
than cAMP, suggesting that cGMP acts as a major second messenger of signal transduction in temperature 
sensing by AFD. In C. elegans, there seem to be at least 33 guanylyl cyclase (gcy) genes encoding the enzymes 
required to synthesize cGMP (1). Two of such genes, gcy-8 and gcy-12, are found to be expressed in AFD. The 
expression of gcy-8/gfp fusion is observed specifically in AFD, and the expression of gcy-12/gfp fusion is 
observed in many neurons and several amphid sensory neuron including AFD and AWC. We have 
attempted to make animals knocked out for these gcy genes by TMP/UV method. We have obtained a gcy-12 
knockout strain, gcy-12(nj10), in which about 2.2 kb region containing transmembrane domain, kinese 
homology domain, and large part of catalytic domain was deleted. The gcy-12(nj10) animal shows almost 
normal thermotaxis, but exhibits abnormality in chemotaxis to isoamyl alcohol. Normal thermotaxis in 
gcy-12(nj10) might be resulted from gene compensation, because another gene, gcy-8, is also expressed in AFD. 
We are currently making gcy-8 knockout animal.  

(1) Yu et al. (1997) Proc. Natl. Acad. Sci. USA, 94: 3384-3387. 
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25: Isolation of mutants defective in AFD thermosensory neuron development 
Hiroyuki Sasakura(1), Hitoshi Inada(1), Ikue Mori(2) 
(1)Lab. of Mol. Neurobiol., Div. of Biol. Sci.,Nagoya Univ. (2)Lab. of Mol. Neurobiol., Div. of Biol. 
Sci.,Nagoya Univ. , PRESTO, JST 

The AFD sensory neurons play a critical role in thermosensation. Like other sensory neurons, AFD 
neurons extend dendrites to the tip of the head and project axons to the nerve ring where synaptic 
connections with other neurons occur. The sensory ending structure in AFD has a characteristic shape. All the 
head sensory neurons except AFD have conspicuous ciliated structures, whereas AFD neurons have a 
degenerated cilium and elaborated microvillus-like structure at the sensory ending. How are these AFD 
neurons with complex sensory ending structure generated durning development? To answer this question, 
we have screened mutants that are defective in AFD development. We co-introduced AFD specific marker 
H13::GFPand AIY specific marker ttx-3::GFPto NL917(mut-7)strain. AIY neurons are downstream 
interneurons that are also critical for thermotactic behavior. We have screened 450,000 mut-7animals and 
found over a dozen mutants that are categorized into the following groups. 

Group1-nj11: In nj11,ectopic GFP expression is observed in ASI chemosensory neurons. Neuronal cell 
fate may be changed in this mutant. 

Group2-nj12and other two mutants: Axon extensions are defective in these mutants. After entering the 
nerve ring, pre-mature termination of axons occurs within the ring. Movement of nj12is normal, but other 
two mutants show UNC phenotype. 

Group3-nj13and other eight mutants: Cell body position of AFD is abnormal in these mutants. Although 
the normal position of AFD cell body is posterior to the nerve ring, AFD cell bodies are mislocalized anterior 
to the nerve ring. 

We are now characterizing phenotype of these mutants and cloning genes by transposon display method. 
In this screening, we additionally isolated two alleles of tax-4and one allele of tax-2that were detected through 
down-regulation of AFD specific marker H13::GFP. tax-2and tax-4encode subunits of cyclic nucleotide-gated 
channel, and are essential for thermosensation in AFD. These results are consistent with our previous 
observation that tax-2and tax-4activities are required for proper expression of H13::GFP(Sasakura et al, l999, 
INWM).  

We thank T. Ishihara for H13::GFP, O. Hobert for ttx-3::GFP, L. Henri, S. Wicks and R. Plasterk for 
mut-7strain and advice on transposon display method. 
 
26: Calcineurin encoded by tax-6 gene functions in sensory neurons 

Atsushi Kuhara(1), Hitoshi Inada(1), Isao Katsura(2), Ikue Mori (1) 
(1) Nagoya University and PRESTO, JST, (2) National Institute of Genetics  

Recent molecular advances revealed that calcineurin, calcium/calmodulin-dependent phosphatase, is 
involved in a variety of calcium signaling cascades. Despite abundant expression in mammalian brain, 
however, neuronal function of calcineurin is not well established. Here we provide the functional evidence to 
suggest that calcineurin A subunit encoded by Caenorhabditis elegans tax-6 gene is important for calcium 
signaling during sensation of environmental stimuli. Strikingly, TAX-6 calcineurin is mainly expressed in 
sensory neurons. The expression of tax-6 cDNA only in AFD thermosensory neurons of tax-6 mutants rescued 
AFD-mediated defective thermotaxis, but did not rescue ASE gustatory neuron-mediated defective 
chemotaxis. Thus, tax-6 functions cell-autonomously in the thermosensory neurons. The tax-6 mutation leads 
to a thermophilic phenotype, whereas killing AFD and expressing constitutively activated TAX-6 in AFD 
both result in cryophilic or athermotactic phenotype. Consistent with the possibility that the loss of tax-6 
function causes hyper-activation of sensory neurons, tax-6 mutants were found to show hypersensitive 
osmotic avoidance mediated by the ASH polymodal sensory neurons. These results suggest that TAX-6 
calcineurin acts as a negative regulator that controls level of neuronal activity.  
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27: Genetic analysis of thermotaxis-defective mutants isolated by a unique 
screening method 
Masatoshi Okumura, Yoshifumi Okochi and Ikue Mori 
Nagoya University and PRESTO, JST 

The molecular mechanism of thermosensation is poorly elucidated in any animal, despite its biological 
importance. We believe that analysis of thermotaxis in C. elegans will help identify molecular components 
used in thermosensation, temperature learning and memory. As previously reported, we conducted a unique 
screen for isolating thermotaxis-defective mutants, which is based on the interaction between daf-c (ts) 
mutations and ttx mutations (1). 

By screening 6,000 genomes, twenty mutants were isolated at least. Of these, ttx-6 (nj8) and nj7 mutations 
cause cryophilic (cold-seeking) phenotype, ttx-4 (nj1, nj3) mutations cause thermophilic (heat-seeking) 
phenotype, and ttx-5 (nj2, nj6), nj9, nj11 and nj12 mutations cause athermotactic 
(non-temperature-responsive) phenotype. nj1, nj2, nj3, nj9, nj11 and nj12 mutations were also found to cause 
abnormal chemotactic responses to NaCl. nj9, nj11 and nj12 mutations appeared to be allelic to tax-4 mutation. 
So far, we are focusing on genetic analysis of ttx-4, ttx-5 and ttx-6 mutants (see abstract by Okochi et al., for 
analysis of ttx-4 and ttx-5). The ttx-6 (nj8) mutant shows strong cryophilic phenotype and hyperactive 
locomotion when it is grown and maintained at any temperature between 15 and 25-degree. To characterize 
molecular nature of ttx-6, we are trying to clone the gene. By linkage analysis and three factor crosses, ttx-6 
(nj8) mapped to the chromosome I and to the region between unc-13 and lin-11. ttx-6 did not complement the 
deficiencies nDf24 and nDf29. We are now conducting three factor crosses using other genetic markers to 
further narrow down the ttx-6 region. We will then attempt to rescue the ttx-6 (nj8) phenotype with the 
respective cosmid. 

(1) Okochi et al., 1998, The Worm Breeder's Gazette 15 No.4, 27. 
 
 
 
 
 
 
28: Cloning and genetic analysis of novel thermotaxis genes, ttx-4 and ttx-5 

Yoshifumi Okochi(1), Masatoshi Okumura(1), Kotaro Kimura(1) and Ikue Mori(1,2)  
Nagoya University(1) and PREST, JST(2) 

One of our major goals is to identify molecular components involved in thermotaxis to a preferred 
temperature. Toward this end, we have tried to isolate many thermotaxis-defective mutants using a unique 
method that utilized the interaction between daf-c and ttx mutations (see abstract by Okumura et al.). From 
these screens, new thermotaxis-defective mutants, ttx-4(nj1, nj3) and ttx-5(nj2, nj6), were isolated that show 
thermophilic and athermotactic phenotype, respectively. Both ttx-4 and ttx-5 mutants also show abnormal 
chemotactic responses to NaCl and odorants. To identify genes responsible for these abnormal behaviors, we 
characterized ttx-4 and ttx-5 mutations. 

By linkage analysis, ttx-4 was found to map to the chromosome V . Three factor mappings suggested that 
ttx-4 maps to the regions between sma-1 and vab-8. For identification of cosmid that rescued the ttx-4 defects, 
we constructed several transgenic lines carrying single kinds of cosmids that map to the ttx-4 region. The 
transformed lines transgenic with cosmid C38F2 were found to rescue ttx-4 defects. C38F2 covers almost the 
same genomic region as F57F5. We PCR-amplified F57F5.4 region that encodes adducin, but the transformed 
lines transgenic with this PCR product did not rescue ttx-4 defects. We then constructed a subclone 
containing F57F5.5 that encodes protein kinase C (kin-13) and the 4kb region upstream of F57F5.5. The 
transformed lines trangenic with this subclone rescued ttx-4 defects, suggesting that ttx-4 gene encodes 
protein kinase C. At present, we are in the process of determining mutation sites of ttx-4 alleles. 

By linkage analysis, ttx-5(nj2) was found to map to the chromosome III. Three factor mappings suggested 
that ttx-5 (nj2) maps to the regions between unc-32 and emb-9 and was found to be near the lin-12 mutation. 
We are currently injecting several cosmids of the ttx-5 region into ttx-5 mutants in order to identify molecular 
nature of ttx-5 gene. 
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29: Withdrawn. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
30: Behavioral analysis of thermotaxis in C. elegans. 

Yohko Yamada and Yasumi Ohshima 
Div. Biol., Facul. Sci., Kyushu Univ. Grad. Sch. 

Thermotaxis of C. elegans has been described as the behavior in which worms migrate towards a 
cultivation temperature while they avoid a starvation temperature. However tests for the behavior seem to 
have some problems; for instance, effects of worm motility were not carefully considered or the temperature 
range that worms prefer was not certainly defined. These might mislead our understanding of the 
mechanisms of thermotaxis. 

In the present study we improved assay methods and re-examined the distribution of worms on a linear 
temperature gradient. Movement of individual worms was also analysed. The results showed that wild type 
worms that had been cultured with food distributed in a region which spanned more than several degrees 
and within the region they migrated in both directions of a gradient without clear preference for the growth 
temperature. The warm and cold limits of the distribution were modulated by growth temperatures. When 
starved worms were tested, the limits of the distribution were again altered depending on the temperature 
and the duration of starvation but avoidance of the starvation temperature was not observed. We will talk 
about the behaviors of thermotactic mutants as well. 
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31: Durations of Locomotion of Wild Type and GABAergic Mutants of C.elegans 
Ryuzo Shingai and Katsunori Hoshi 
Department of Welfare Engineering, Faculty of Engineering, Iwate University, Morioka 020-8551 
JAPAN 

We studied durations of locomotion of wild-type nematodes (N2) and the GABAergic mutants unc25 
and unc47 which moved on the surface of agarose plates. We identified forward movement, backward 
movement, resting and turns by watching images on video and computer displays. Forward movement 
lasted longer and rests were briefer without, than with bacteria. Frequency distributions except for backward 
movement fitted a sum of two exponential functions. The durations of resting in these mutants were much 
longer than in the N2 strain, especially in the absence of bacteria. The turn frequency of unc47 nematodes in 
the absence of bacteria had a higher short component than that of the wild type N2 and unc25 nematodes. 
These results show that the quantitative measurement reveals behavioral differences between the mutants 
and those induced by different external environments.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
32: The defecation gene aex-1 may regulate a retrograde signaling pathway at 

neuromuscular junctions.  
Motomichi Doi and Kouichi Iwasaki  
National Institute of Bioscience and Human-Technology 

Communication between pre- and postsynaptic cells is crucial for synaptic transmission regulation. In 
one regulatory mechanism, retrograde signaling, signals from postsynaptic cells control synaptic connectivity 
and transmission of presynaptic cells. Although there is evidence that retrograde signaling occurs at 
neuromuscular junctions in C. elegans 1), its mechanism is unknown. Here we report that the defecation gene 
aex-1 may be a regulatory component of C. elegans retrograde signaling.  

aex-1 mutants show phenotypes similar to those in aex-3 mutants, which were consistent with 
presynaptic defects. These phenotypes include defecation defects, reduced male mating, and resistance to the 
acetylcholinesterase inhibitor aldicarb. Based on these observations we initially hypothesized that aex-1 
encodes a component which functions at presynaptic terminals.  

To determine the molecular function of AEX-1, we cloned and characterized aex-1. aex-1 encodes a novel 
protein of 1027 amino acids whose C-terminus is similar to the second C2 domain of the mouse protein 
Munc-13-4 and the human protein BAP-3. Using GFP fusion constructs we unexpectedly found that aex-1 was 
expressed primarily in body wall muscles. Furthermore, aex-1 expression driven by the muscle-specific unc-54 
promoter conferred hypersensitivity to aldicarb but did not change sensitivity to the acetylcholine agonist 
levamisole. This suggests that AEX-1 affects presynaptic activities at neuromuscular junctions.  

To investigate whether AEX-1 regulates retrograde signaling, we generated egl-30(gf);aex-1 double 
mutants and tested whether or not hyperexcitation of ventral cord motor neurons suppresses the 
aldicarb-resistance phenotype of aex-1 mutants. egl-30(gf) expression in ventral cord motor neurons confers 
hypersentivity to aldicarb2). Our prediction was that if aex-1 functions downstream of ventral cord motor 
neurons then the egl-30(gf) mutation would not suppress the aex-1 phenotype. However, the egl-30(gf) 
mutation could suppress the aldicarb-resistance phenotype of aex-1 mutants, suggesting that aex-1 acts 
upstream of the egl-30(gf) mutation. This observation is consistent with the hypothesis that AEX-1 regulates 
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retrograde signaling at neuromuscular junctions.  

1) Zhao, H. and Nonet, M. L. Development 127 1253-1266 (2000)  

2) Lackner, M.R. et al., Neuron 24 335-346 (1999) 
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33: A novel protein functions as a bridge between the GEX-2/GEX-3 complex and 
intermediate filaments in C. elegans. 
Katsuhisa Kasuya(1), Makiko Inoue(1), Daisuke Tsuboi(1), Hiroshi Qadota(1), Kozo 
Kaibuchi(1) 
(1) Nara Institute of Science and Technology 

Tissue morphogenesis is indispensable for living functions of multicellular organisms. We have 
previously reported that loss-of-function of gex-2 (Ce-Sra-1) or gex-3 (Ce-HEM-2) leads to 100% embryonic 
lethality with abnormal tissue morphogenesis and that these molecules are colocalized at the cell-cell contact 
sites of all tissue cells throughout embryogenesis (K. Kasuya et al., M. Soto et al., 12th international C. elegans 
meeting). Immunoprecipitation assay and a two-hybrid system revealed that GEX-2 and GEX-3 physically 
interact. These results suggest that GEX-2 and GEX-3 probably form a novel protein complex in vivo. 

GEX-2 and GEX-3 proteins have no significant functional domain. To clarify the molecular mechanisms 
of GEX-2/GEX-3 functions in tissue morphogenesis, we screened physically and functionally interacting 
molecules. At first, by a two-hybrid screening, we isolated 29 positive clones that included 6 genes. Next, we 
performed RNAi of 6 genes. Among them, disruption of W07B3.2 resulted in 100% lethal embryos, some of 
which showed exploder phenotype of hypodermis and others arrested at the comma-stage. Although both 
phenotypes were weaker than the Gex phenotype, the disorganization of molecular markers of muscle and 
intestine was also observed in W07B3.2(RNAi) embryos. The GEX-2/GEX-3-like localization pattern of 
W07B3.2 and the binding of W07B3.2 to GEX-2 and GEX-3 in the immunoprecipitation assay suggested that 
W07B3.2 functionally related to GEX-2 and GEX-3. 

W07B3.2 gene product has a repeated structure which is weakly homologous to trichohyalin and raises 
the possibility to interact with intermediate filaments (IFs). To examine whether W07B3.2 interacts with C. 
elegans IFs, we performed two-hybrid binding assay. As a result, some IFs interacted with W07B3.2. 
Co-localization of GEX-2, GEX-3, and W07B3.2 with some IFs suggested that these molecules form a large 
complex. RNAi of gex-2, gex-3, and W07B3.2 eventually caused disorganization of the IF structure. Taken 
together, we propose a model that W07B3.2 serves as a bridge between GEX-2/GEX-3 complex and 
intermediate filaments, and that the large complex essentially functions in tissue morphogenesis in C. elegans. 
 
 
34: Identification of interacting molecules with GEX-3 that is required for tissue 

formation in C. elegans.  
Daisuke Tsuboi(1), Katsuhisa Kasuya(1), Hiroshi Qadota(1) and Kozo Kaibuchi(1). 
(1)Division of Signal Transduction, Nara Institute of Science and Technology 

Multicellular organisms, including mammals, insects and nematodes, have characteristics of dynamic 
and coordinate cell migration during development. We are interested in the organized cell migration required 
for tissue morphogenesis. We identified GEX-3 as a molecule that is involved in cell migration. gex-3 mutant 
embryos by RNAi fail to complete cell sheet morphogenesis called 'ventral enclose', resulting in a 100% 
embryonic lethal phenotype. These data strongly suggest that GEX-3 is essential for cell migration. GEX-3 is 
conserved from nematodes to mammals, but shares no domain that suggests molecular functions. To examine 
how GEX-3 is engaged in morphogenesis, we established the functional and systematic screening in vivo. We 
first identified interacting molecules with GEX-3 by yeast two-hybrid system (First screening). Next, we 
examined the phenotype of possible null mutant embryos by RNAi to evaluate whether the interacting 
molecules are involved in the function of GEX-3 (Second screening). 

Here we reported the identification of interacting molecules with GEX-3 functionally. We obtained 30 
positive clones on screening of 1.72 x 106 clones by yeast two-hybrid system. Among 30 positive clones, RNAi 
of 6 clones showed the lethal phenotype during morphogenesis. We also determined the interaction region of 
GEX-3 with GEX-3 interacting molecules. GEX-3 are interacted with many GEX-3 interactors at the 
C-terminal region. This suggests that GEX-3 has a functional region at C-terminus. Furthermore, with regard 
to 6 mutants by RNAi that show the lethal phenotype, we observed the morphology of hypodermis using the 
jam-1::GFP reporter, which is localized to boundaries of hypodermal cells to examine the alignment of 
hypodermis. This observation showed that 6 null mutants by RNAi are disorganized hypodermis, however 
the pharynx is unaffected. Taken together, these results suggest that GEX-3 function with many interacting 
molecules for regulating the tissue formation including hypodermis. To examine the involvement between 
GEX-3 and GEX-3 interactors precisely, we have just sought to isolate the gex-3 deletion mutant to prove the 
genetic interaction between GEX-3 and GEX-3 interactors.  
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35: Characterization of a deficiency mutant that produces abnormally large cell 
corpses in late embryogenesis.  
Miwa Furuya(1), Asako Sugimoto(1,2), J.H.Rothman(3), Masayuki Yamamoto(1) 
(1)Department of Biophysics and Biochemistry, Graduate school of Science, University of Tokyo 
(2)PRESTO, JST. (3)University of Calfornia-Santa Barbara 

Programmed cell death (PCD/ apoptosis) is a common cell fate in the development of multicellular 
organisms. To understand this process further, we screened for regions of C. elegans genome required 
zygotically for normal PCD, using a collection of chromosomal deficiency mutants which collectively deletes 
~80% of the genome. From this screen, we found that a deficiency mutant tDf6 exhibited abnormally large 
corpses in the late embryogenesis. In addition, 4D recording analysis revealed that tDf6 embryos produced 
fewer corpses than the wild-type. In the ced-3 ; tDf6 double mutant, neither normal nor large corpse was 
observed, suggesting that the large corpses in tDf6 were produced by the ced-3 - dependent PCD pathway. To 
identify the gene responsible for these defects, we narrowed down the genomic region by examining the PCD 
phenotype of chromosomal deficiencies overlapping with tDf6. We then performed RNAi experiments for the 
ORFs in the narrowed region, and identified an ORF whose RNAi phenocopies tDf6. Some of the 
RNAi-treated embryos in which maternal expression of the ORF was likely to be inhibited, arrested with 
multinucleate blastomeres. 4D recording revealed that these embryos were defective in the late step of 
cytokinesis during early embryonic divisions. The cleavage furrow ingressed to a deep position, but it 
regressed after the daughter nuclei were separated. After the regression of the cleavage furrow, daughter 
nuclei started another round of the mitotic cycle but failed to complete cytokinesis again. This cycle was 
repeated multiple times. The ORF appeared to encode a GTPase-activating protein (GAP) for Rho-like 
GTPases, which was homologous to human MgcRacGAP, mouse band25, Drosophila Rotund. Rho family 
small G proteins are known to be responsible for the actin reorganization of cytoskelton during cytokinesis. 
From these results, we suspect that the large corpses in tDf6 are likely to be caused by the death of 
multinucleate cells generated by the cytokinetic defect in late embryogenesis. 
 
 
 
 
 
36: CLC-1, a homologue of vertebrate claudin, is present at cell-cell junction of 

pharynx and has some barrier function 
Akira Asano(1), Kimiko Asano(1), Mikio Furuse(2), Hiroyuki Sasaki(3), and Shoichiro 
Tsukita(1,2) 
(1)Tsukita Cell Axis Project, ERATO, Kyoto Research Park, Kyoto 600-8813 (2)Department of Cell 
Biology, Faculty of Medicine, Kyoto University, Kyoto (3)KAN Research Institute, Kyoto Research 
Park, Kyoto 600-8815  

Several homologues of claudin, major integral protein of tight junction, were found in the genomic 
database of C. elegans. Among them, CLC-1 (formerly claudin-CE1) was studied first. It is a 182 amino acid 
protein with four transmembrane domains. CLC-1::GFP is localized cell-cell junctions between myoepithelial 
cells of pharynx. CLC-1::DsRed was co-expressed with JAM-1::GFP in pharynx of SU93 strain which is stably 
expressing GFP tagged JAM-1 at cell-cell junctions, although expression of the former was not detected in 
hypodermal cells. Incubation of the worms in a solution containing TRITC-dextran (MW=10,000) showed that 
this molecule can go into gullet and gut as incubation progresses, but no penetration of the molecule into 
tissues was observed. RNAi experiments with full length CLC-1 cDNA showed that this barrier for the high 
molecular weight dye was damaged by RNAi, and penetration of the dye into pharynx and some other 
tissues were observed.  
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37: The concept and strategy of C. elegans glycome project 
Jun Hirabayashi, Yoichiro Arata and Ken-ichi Kasai  
Department of Biological Chemistry, Faculty of Pharmaceutical Sciences, Teikyo University 

Glycans play a central role as potential mediators in complex cell societies. This is in particular 
emphasized when considering the fact that all living organisms consist of cells covered with diverse glycans, 
of which structures are known to vary depending on cell types and states. Therefore, glycans are regarded as 
the third bio-informative macromolecules to be elucidated next to the genome and proteome. In this context, 
importance of understanding the concept of 'glycome', which means the whole set of glycans produced by 
individual organisms, has recently been described along with the basic strategy proposed for the glycome 
project (Hirabayashi and Kasai, Trends Glycosci. Glycotechnol. 12, 1-5, 2000; 
http://www.gak.co.jp/TIGG/63PDF/GF.pdf). The essence of the project includes the followings: 1) 
glycopeptides are targeted for linkage to appropriate genome databases, 2) C. elegans is used as the first model 
organism of which whole sequence is known, 3) four essential attributes are adopted to characterize each 
glycopeptide: i.e., i) cosmid identification number (ID) revealed by peptide sequencing, ii) molecular weight 
(Mr) measured by MALDI-TOF MS analysis, iii) retentions (R's) of pyridylaminated (PA) oligosaccharides by 
2-D mapping, and iv) dissociation constants (Kd's) of PA-oligosaccharides for a set of lectins by recently 
reinforced frontal affinity chromatography (Hirabayashi et al., J. Chromatogr. A, in press). Thus, the obtained 
ID, Mr, R's and Kd's construct the glycome database, which will be open as the previous genome and 
proteome databases. For the project to proceed the 'glyco-catch' method is introduced (Hirabayashi et al., 
Electrophoresis, in press). 
 
 
 
 
 
 
 
 
 

 
38: Carbohydrate Antigens Expressed in Transdifferentiating Jellyfish 

(Podocoryne carnea) are Present in the Nematode Caenorhabditis elegans 
Souhei Mizuguchi(1), Kazuko H. Nomura(1), Tetsuro Takaki(1), Yoshio Hirabayashi(2), 
Volker Schmid(3) and Kazuya Nomura(1) 
(1)PRESTO and Kyushu University Graduate School, Fukuoka, Japan (2)Riken Brain Science 
Institute, Wako, Japan (3) Zoological Institute, Univ. Basel, Basel, Switzerland 

Glycoconjugates are present mainly on the outside frontier layer of cells, and their roles in cell-cell 
interaction and cell-environment interaction have been well documented. To examine the precise roles of 
these frontier glycoconjugates in development and morphogenesis, we are studying various 
anti-carbohydrate antibodies that can induce drastic physiological effects in developing organisms. 
Monoclonal antibody A19 is one of the antibodies, and it was raised against extracellular matrix components 
of a Mediterranean jellyfish Podocoryne carnea. The antibody recognizes undefined carbohydrate epitopes and 
it induces transdifferentiation of once differentiated striated muscle cells of the jellyfish into various other 
differentiated cell types including neuronal cells and smooth muscle cells. To understand the molecular 
mechanism of the transdifferentiation phenomenon, we studied the possible carbohydrate structure 
recognized with the antibody and tried to identify A19 active glycoconjugates of various organisms. The 
epitopes were found on low molecular weight glycoproteins (of similar size) in various organisms including 
the jellyfish, Medaka fish, Xenopus laevis, chicken, mouse and human.  

To analyze functions of the A19 active carbohydrates in multicellular organisms, it should be helpful to 
find homologous A19 active molecules in the nematode C. elegans. In this study, we describe the possible 
structure of A19 active carbohydrates, and report the first identification of A19 active protein molecules in the 
worm. We also discuss the possible roles of the carbohydrate antigens in development and morphogenesis.  

Schmid et al. Microsc Res Tech 44,254-268(1999) 
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39: LEC-7-11 form a novel galectin subfamily of metal-mediated cross-linkers in C. 
elegans 
Kou Hayama, Jun Hirabayashi and Ken-ichi Kasai 
Department of Biological Chemistry, Faculty of Pharmaceutical Sciences, Teikyo University 

Galectins are widely distributed, soluble, galactose-binding lectins, of which activity is independent on 
metal ions. As a result of the genome project of C. elegans, occurrence of more than 10 galectin genes (lec-1-11) 
including previously identified ones (32-kDa and 16-kDa galectins renamed as lec-1 and lec-6, respectively) 
was revealed. Among them, proteins LEC-7-11 encoded by lec-7-11 show distinctive features which are 
hardly applied to the previous galectins from vertebrate origins: i ) they show significantly higher amino acid 
sequence homologies (> 40 % identities), ii ) they have a redundant C-terminal tail (38-80 amino acids), iii ) 
they have apparently higher His contents (7-14 %). Notably, most His residues are localized on 3 loop regions 
between beta-strands F2-S3, S4-S5 and S6-F3. In case of LEC-11, HHHRHHH box is also found in the C-tail 
region. To elucidate sugar-binding abilities of LEC-7-11 and significance of these clustered His residues, 
recombinant lectins were produced in E. coli, and their abilities to bind to asialofetuin-agarose and 
metal-chelate affinity columns were examined systematically. As a result, i ) the lectin function was related to 
the numbers of substituted amino acids which are involved in the carbohydrate binding of mammalian 
galectins (i.e., His, Asn, Arg, Val, Asn, Trp, Glu and Arg). In this context, LEC-10 is the strongest galectin, 
followed by LEC-8, 11, 9 and 7 in that order. lec-7 was considered to be a psuedegene. ii ) All of these C. elegans 
galectins bound to a metal-chelate affinity column to varied extents, which were apparently correlated to the 
number of the clustered His residues on the 3 loops described above. In conclusion, LEC-7-11 galectins form a 
novel type of galectin subfamily, of which function is possibly a result of molecular evolution in this 
free-living soil organism. 
 
 
 
 
 
 
 
 
40: Immune defense of worms: Analysis of intron/exon boundary positions in 128 

C-type lectin-like genes 
Masami Yoshii1, Hong Zhang1,2, Kazuo Masaki1, and Yusuke Kato1 
Laboratory of Metabolism, National Institute of Sericultural and Entomological Science, Tsukuba, 
Ibaraki, Japan1, and Department of Pediatrics, University of Tsukuba, Ibaraki, Japan2 

The mechanism of non-self recognition has not been well understood in invertebrates which lacks highly 
diverged immunoglobulins and related receptors generated by gene recombination. In some animals, e.g., 
arthropods and vertebrates, C-type lectins are identified as a receptor to recognize non-self molecules. In this 
study, we retrieved 126 C-type lectin-like genes from the C. elegans  genome sequence database. These 
candidates were classified into 9 families by sequence homology and intron/exon boundary positions. Some 
of the intron positions in the carbohydrate recognition domain (CRD) in C. elegans were common to those of 
the vertebrates. Because some C-type lectin-like genes contain introns unique in the mannose receptor (type 
VI C-type lectin in vertebrates) which recognize non-self carbohydrate chains, we speculate that C-type 
lectins might also contribute to the non-self recognition in C. elegans. Moreover, multiple ancestral CRD genes, 
prior to the divergence of the ancestors of vertebrates and nematodes, were suggested by comparison of 
intron/exon boundary analysis between vertebrates and C. elegans. 
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41: Immune defense of worms: Antimicrobial peptide genes, abf-1 and abf-2, form 
a "opportunistic" operon 
Yusuke Kato 
Laboratory of Metabolism, National Institute of Sericultural and Entomological Science, Tsukuba, 
Ibaraki, Japan 

abf-1 and abf-2 encode ASABF-type antimicrobial peptides. In this study, we explored the transcriptional 
properties of these genes. abf-1 and abf-2 are adjacently located in tandem and in the same direction. Because 
the distance between the poly(A) additional site of abf-1 and the SL1 acceptor site of abf-2 was only 78 bp, 
abf-1 and abf-2 were predicted to form an operon. A polycistronic precursor RNA encoding both ORFs of abf-1 
and abf-2 despite loss of the abf-1 intron was detected by RT-PCR, suggesting that abf-1 and abf-2 actually form 
an operon. In contrast, the 5’ ends of the abf-1 and abf-2 transcripts, determined by 5’ RACE, were detected 
at a more proximal position than the SL1-acceptor site. The TATA-box was found at the appropriate position 
in each gene, suggesting that these could be produced as the transcripts of single genes. As a conclusion, abf-1 
and abf-2 could be expressed in two separated way, i.e., (1) synchronous expression as an operon, and (2) 
independent expression as multiple single genes. We thank Prof. Thomas Blumenthal (University of 
Colorado Health Science Center) for his technical suggestions and helpful discussion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
42: Immune defense of worms: In vitro antimicrobial properties of recombinant 

ASABF-type antimicrobial peptides isolated from Caenorhabditis elegans and 
Ascaris suum 
Hong Zhang1,3,, Shigenobu Yoshida1, Tomoyasu Aizawa2, Ritsuko Murakami1, Masato 
Suzuki2, Nozomu Koganezawa2, Atsushi Matsuura2, Mitsuhiro Miyazawa1, Keiichi 
Kawano2,4, Katsutoshi Nitta2, and Yusuke Kato1 
National Institute of Sericultural and Entomological Science, Tsukuba, Japan1; and Graduate School 
of Science, Hokkaido University, Sapporo, Japan2, Department of Pediatrics, University of Tsukuba, 
Ibaraki, Japan3, and Faculty of Pharmaceutical Sciences, Toyama Medical and Pharmaceutical 
University, Toyama, Japan4 

Although invertebrate model animals are thought to be useful for studying innate immunity, the 
immune defense of C. elegans still remains unclear. Previously, we suggested that ASABF-type antimicrobial 
peptides, CS alpha beta-type antimicrobial peptides containing four intramolecular disulfide bridges, should 
contribute to the immune defense in worms. To date, six members of the ASABF-type antimicrobial peptides 
have been identified, i.e., ABF-1 and 2 in C. elegans, and ASABF-alpha, beta, gamma, and delta in A. suum. In 
this study, a recombinant ABF-2 and ASABF-alpha were produced using a yeast expression system, and their 
antimicrobial activity was characterized in detail. The recombinant ASABF-alpha was effective against all 
tested Gram+ bacteria (7/7, 50% bactericidal or microbicidal concentration (BC50) = 0.01-0.7 nM except for 
Leuconostoc mesentreroides), part of the Gram- bacteria (8/14, BC50 > 70 nM), and part of the yeasts (3/9, 
BC50 > 10 nM). Hemolytic activity against human erythrocytes was almost negligible. Less than a 1-min 
contact was enough to kill Staphylococcus aureus ATCC6538P. The bactericidal activity against S. aureus was 
inhibited by salts. The antimicrobial property of the recombinant ABF-2 was similar to that of ASABF-alpha. 
These results suggest that ASABF-type antimicrobial peptides should contribute to worm immunity against 
various prokaryotic and eucaryotic microbes. 
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43: Immune defense of worms: CD36/class B scavenger receptor-like genes in C. 
elegans 
Kazuo Masaki and Yusuke Kato 
Laboratory of Metabolism, National Institute of Sericultural and Entomological Science, Tsukuba, 
Ibaraki, Japan 

Immunity is often classified into adaptive and innate immunity. T- and B-cell-based adaptive immunity 
is thought to be specific for higher vertebrates. In contrast, innate immunity, such as phagocytosis or the 
production of antimicrobial peptides, is observed in a wide variety of animals. Although the mechanism of 
non-self recognition in innate immunity has not been well understood, some pattern recognition receptors 
(PRRs) are strong candidates. The PRRs are postulated to have a broad specificity, because they can recognize 
a number of different ligands as long as the ligands share a common molecular pattern (such as bacterial 
lipopolysacchaide or teichoic acids, mannans in yeast cell walls, etc). One such PRR candidate is the 
scavenger receptor (SR). SRs are classified into several structurally distinct groups. The C. elegans genome 
sequence data base was searched to find SR-related genes. Three of the genes encoding class B SR/CD36 
homologs were identified. Tentatively, we call these genes as csr-1, 2, and 3 (�C�D36 / class B �s�cavenger 
�r�eceptor). The full-length cDNAs for these genes were cloned. The gfp reporter constructs containing the 
3.5 kb upstream region of these genes were constructed. CSR-1::GFP was detected exclusively in the intestines 
through all developmental stages including dauer. CSR-2::GFP was detected not only in the intestines, but 
also the pharynx, excretory cells, valva, and tail. CSR-3 was observed in the valva, anus, tail, body walls, and 
some pharyngeal neurons. These results suggest that all csr genes were expressed in the boundary of the 
internal/external space. Because the CD36/class B scavenger receptor binds various lipids, we speculate that 
CSRs may contribute to lipid transfer and/or recognition of non-self molecules in the external space. The 
functional analysis of CSRs using RNAi is now in progress. 
 
 
 
 
 
 
44: PAF-acetylhydrolase type II is essential for hypodermal cell epithelialization in 

C. elegans  
Takao Inoue1, Junken Aoki1, Keizo Inoue1, Asako Sugimoto2, Masayuki Yamamoto2, 
Masafumi Tsujimoto3, Hiroyuki Arai1 
1 Dept. of Health Chem., Grad. Sch. of Pharm. Sci., Univ. of Tokyo, 2 Dept. of Biophys. Biochem., 
Grad. Sch. of Sci., Univ. of Tokyo, 3 Laboratory of Cellular Biochemistry, RIKEN 

PAF-acetylhydrolase (PAF-AH), which hydrolyzes the acetyl group, is distributed widely in tissues and 
plasma. In mammals, tissue cytosol contains two types of PAF-AH, type I and type II. Type II PAF-AH 
(PAF-AH (II)) is a 40-kDa monomeric enzyme and N-myristoylated at the N-terminus. Since PAF-AH (II) 
effectively hydrolyzes oxidized phospholipids as well as PAF, it is suggested that PAF-AH (II) functions to 
protect cells against oxidative stress by removing oxidized phospholipids. In this study, we discovered two 
PAF-AH (II) genes from C. elegans  and disrupted those genes to elucidate the biological function in this 
organism. Amino acid sequences of two PAF-AH (II) paf-1 and paf-2 exhibited 70% identity with each other 
and 35% identity with mammalian PAF-AH (II)s. Both paf-1 and paf-2 concerved a Gly-X-Ser-X-Gly catalytic 
center and the N-myristoylation sequence. As mammalian PAF-AH (II), C elegans  PAF-AH (II)s expressed in 
E. coli  hydrolyzed PAF and oxidized phospholipid but not phospholipids with long acyl chains. Then we 
made knockout C. elegans  and analyzed their phenotypes. paf-2 (-/-) was lethal at the embryonic stage, 
whereas paf-1 (-/-) grew normally. paf-2 (-/-) embryo was examined using a scanning electron microscope and 
immuno-staining. paf-2 (-/-) embryo had a profound defect in the formation of epitherial cells, especially in 
hypodermal cells possibly because of very low expression level of a certain adhesion molecule at this stage. 
We also examined the expression of paf-2 by injecting paf-2-GFP fusion gene in wild type. paf-2 was expressed 
in the epithelial cells and in gut at high levels during embryogenesis. At adult stage paf-2 was expressed in the 
phrynx, vulva and intestine. These data demonstrate that PAF-AH (II) plays an important role in the 
formation of epithelial cells and suggest that oxidative stress against cell membranes is increased during 
epithelialization. 
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45: Targeted disruption of C.elegans lis-1, a causative gene for human type I 
lissencephaly  
Hiroyuki KOIZUMI(1), Yuko MARUBASHI(1), Junken AOKI(1), Keizo INOUE(1), Asako 
SUGIMOTO(2), Masayuki YAMAMOTO(2), Hiroyuki ARAI(1) 
(1)Dept. of Health Chem., Grad. Sch. of Pharma. Sci., Univ. of Tokyo, (2)Dept. of Biophys. Biochem., 
Grad. Sch. of Sci., Univ. of Tokyo 

Type I lissencephaly (Miller-Dieker syndrome and isolated lissencephaly sequence) is the human brain 
malformation caused by defective neuronal migration during embryogenesis. LIS1, a causative gene for type I 
lissencephaly encodes a 45 kDa protein containing G beta-like 7 WD repeats. LIS1 protein was also identified 
as a non-catalytic subunit (beta) of platelet-activating factor acetylhydrolase type I (PAF-AH (I)) from 
mammals. PAF-AH(I) forms G-protein like complex consisting of two mutually homologous catalytic 
subunits (alpha1 and alpha2) and a non-catalytic beta subunit, and hydrolyses PAF or PAF like 
phospholipids, suggesting an involvement of certain phospholipid(s) in neuronal migration in mammals. In 
an evolutional aspect, the LIS1 gene are ubiquitous and have been identified even in the lower eukaryote, 
yeast, fungi and Drosophila, but the genes for the catalytic subunits of PAF-AH(I) have been identified only in 
Drosophila. This indicates that the catalytic subunits of PAF-AH(I) have a role in modulating the LIS1/beta 
function in higher organisms. As other lower organisms, C.elegans possesses LIS1 gene (lis-1) but not the gene 
for the catalytic subunits. To understand the function of the lis-1, we used a reverse genetic strategy to isolate 
deletion alleles of the lis-1 locus in C. elegans. The C.elegans LIS1 protein showed about 60% identity in amino 
acid sequence to the human LIS1/beta. Although lis-1 heterozygous was fertile and indistinguishable from 
wild-type in the appearance, lis-1 homozygous was lethal at the comma stage of embryo. 
Immunofluorescence study using hypodermal cell specific monoclonal antibody, MH27, revealed abnormal 
morphology, decreased number of hypodermal cells and failure of body enclosure, possibly resulting from 
abnormal cell division. The results suggested a pivotal role of LIS1 in the cell division of dynamically 
migrating hypodermal cells during C.elegans embryogenesis. 
 
 
 

 
46: Requirement of V-ATPase for embryogenesis in C. elegans 

Toshihiko Oka (1) and Masamitsu Futai (1) 
(1) ISIR, Osaka University, CREST of the Japan Science and Technology Corporation 

Vacuolar-type ATPase (V-ATPase) is a proton pump localized in intracellular compartments to acidify 
their lumen. So far, five vha genes (vha-1 ~ vha-4, and vha-11) encoding V-ATPase subunits have been found 
in C. elegans. They are predominantly expressed in an H-shaped excretory cell contributing to the excretory 
system in adult worms. Although all vha genes are highly expressed in embryonic stages, their functions are 
unknown. Immunofluorescence analysis indicated that VHA-11, the C subunit of V-ATPase, was localized in 
dot-like structures around the nuclei of early embryonic cells, and was also detected in embryonic intestinal 
cells after comma stage. Vital staining with acridine orange showed that the intestinal cells had acidic 
compartments generated by V-ATPase, consistent with the intracellular localization of VHA-11.  

RNA interference could efficiently silence vha-11 gene expression: introduction of vha-11 double-strand 
RNA led to embryonic lethality. Worms injected with the vha-11 double-strand RNA produced embryos that 
became lethal. The development of embryos was arrested at various stages. However, their numbers 
gradually decreased and the worms eventually became sterile due to the failure of ovulation. Similar results 
were obtained for RNA interference of other subuinit genes. These results suggest that V-ATPases, and thus 
inside-acidic organelles, are required for ovulation and embryogenesis. 
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47: SPK-1, a C. elegans SR protein kinase homologue, is essential for 
embryogenesis and required for germline development. 
Hidehito Kuroyanagi (1), Tomomi Kimura (1), Kazuhiro Wada (1), Naoki Hisamoto (2), 
Kunihiro Matsumoto (2) and Masatoshi Hagiwara (1) 
(1) Tokyo Medical and Dental Univ. (2) Nagoya Univ. 

SR protein kinases (SRPKs) and their substrates, the serine/arginine-rich pre-mRNA splicing factors are 
key components of splicing machinery, and well conserved across phyla. These factors in metazoa have been 
well characterized through biochemical experiments, however, their physiological functions in multicellular 
organisms are still unclear. Here, we cloned a C. elegans SR protein kinase homologue, SPK-1, and one of its 
substrate, CeSF2. SPK-1 binds directly to and phosphorylates RS domain of CeSF2 in vitro. In situ 
hybridization analysis of adult hermaphrodite showed that both spk-1 and CeSF2 are predominantly 
expressed in gonads. Double-stranded RNA interference (RNAi) revealed that SPK-1 and CeSF2 play 
essential roles in the embryonic stage and that SPK-1 is also required for germline development of both 
hermaphrodites and males in C. elegans. We will also show that RNAi by soaking L1 larvae is also feasible for 
studying function of genes required for germline development. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
48: C. elegans homologue of protein phosphatase 4 is required in 

spermatogenesis 
Eisuke Sumiyoshi, Asako Sugimoto, Masayuki Yamamoto  
Dept. Biophys. Biochem., Grad. Schl. Sci., Univ. Tokyo, Japan 

Protein phosphatase 4 (PP4) is a ser/thr protein phosphatase, which is known to localize to centrosomes. 
Analysis using a fly mutant implicated that PP4 is required for the nucleation of microtubules during mitosis. 
However, its function in other organisms is not yet understood. In C.elegans, two possible homologues of PP4, 
namely Y75B8A.30 and Y49E10.3, have been identified by the genome project. Here we report 
characterization of Y75B8A.30. 

To understand the function of Y75B8A.30, we performed RNAi for it. Although the penetrance varied 
among injections, RNAi for Y75B8A.30 at the highest efficiency caused 25% embryonic lethality at F1 and 
nearly 100% embryonic lethality at F2.  

Y75B8A.30 (RNAi) F2 embryos showed a multi polar spindle with two male pronuclei at 1-cell stage. We 
suspected that an extra male pronucleus might result from a defect in spermatogenesis. To confirm this, we 
examined the spermatogenesis of the F1 progeny. Observation with Nomarski optics and with DAPI staining 
revealed that F1 spermatids often contained multiple nuclei. We also found that the nuclei of secondary 
spermatocytes of F1 worms were not properly separated, indicating that Y75B8A.30 is required for proper 
chromosome segregation in sperm meiosis. To see whether the multi polar spindle is a result of the defect in 
sperm, F1 males were crossed to rde-1 hermaphrodites, which is resistant to RNAi. 5/16 of cross progeny 
showed multi polar spindles at 1-cell stage, indicating that multi polar spindles are indeed caused by the 
defect of sperm at least in part. Thus, we conclude that PP4 is required for the segregation of chromosomes 
and centrosomes during spermatogenesis.  

To see whether Y75B8A.30 function is required in embryogenesis, we crossed Y75B8A.30 (RNAi) F1 
hermaphrodites with wild type male. Although wild type sperm were supplied in this cross, many cross 
progenies died during embryogenesis, showing that Y75B8A.30 is required for embryogenesis. To know the 
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possible role of Y75B8A.30 in mitosis, we stained F2 embryos with anti-tubulin antibody and DAPI. Some 
fraction of 1-cell embryos had condensed chromosomes at the metaphase plate, with microtubules 
mislocalized around the nucleus, suggesting that Y75B8A.30 may be involved in the organization of 
microtubules during mitosis. 
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49: Analysis of nucleosome assembly factors, cia-1 and -2, in differentiation and 
proliferation during oogenesis and embryogenesis. 
Shun Ishiwa(1), Takahiko Chimura(1), and Masami Horikoshi(1,2) 
(1)Laboratory of Developmental Biology, Institute of Molecular and Cellular Biosciences, The 
University of Tokyo,  (2)Horikoshi Gene Selector Project, Exploratory Research for Advanced 
Technology (ERATO), Japan Science and Technology Corporation(JST) 

A eukaryotic genome is packaged into a nucleoprotein complex known as chromatin. Structural changes 
in chromatin play essential roles in regulating eukaryotic gene expression. Histone chaperones are key 
components for alternation of chromatin as they stimulate assembly or disassembly of histone-DNA 
complexes (called nucleosomes), fundamental units of chromatin. Recently, we have reported that human 
CIA (CCG1-interacting factor A) is a novel histone chaperone which is most highly conserved among all the 
histone chaperones reported to date (1). Importantly, the genome of C. elegans and those of other multicellular 
organisms contain more than two putative genes for CIA, while the yeast genome contains one. Therefore, we 
expect that CIA family members play critical roles in developmental stage-specific alternation of chromatin 
structure in multicellular organisms.  

Using C. elegans as a model, we performed RNA interference experiment to investigate the in vivo 
biological functions of CIA family members and the underlying mechanisms through which they control 
transcription, cell growth, and differentiation. We found that two CIA-related genes, referred to as cia-1 and 
cia-2, have functionally redundant but distinct roles in promoting germ cell differentiation and 
embryogenesis. Different degree of embryonic lethality was caused by inactivation of each of the two family 
members, and in situ hybridization experiment indicated that both of them are expressed selectively in the 
gonad. Our findings suggest a model in which CIA-1 and CIA-2 regulate transcription of specific genes 
responsible for cell proliferation, by changing conformation of the chromatin structure. 

(1) Munakata, T., Adachi, N., Yokoyama, N., Kuzuhara, T., and Horikoshi, M., Genes Cells 5, 221-233 (2000). 

 

 

 
 
50: Molecular cloning and expression pattern of C. elegans phospholipase D 

Shigeru Nakashima(1), Naoki Hisamoto(2), Yoshiko Banno(1), Kunihiro Matsumoto(2) and 
Yoshinori Nozawa(3) 
(1)Department of Biochemistry, Gifu University School of Medicine, (2)Division of Biological Science, 
Graduate School of Science, Nagoya University and (3)Department of Environmental Cell Responses, 
Gifu International Institute of Biotechnology 

Phospholipase D (PLD) hydrolyzes phospholipids, especially phosphatidylcholine (PC) to phosphatidic 
acid (PA) and choline. PA acts as a second messenger and can be converted to other messenger molecules, 
such as 1,2-diacylglycerol and lysophosphatidic acid. In lipid-mediated signal transducing enzymes, cDNAs 
encoding protein kinase Cs, phospholipases A2 and C have been demonstrated in Caenorhabditis elegans. 
Although PLD cDNAs have been cloned from a wide variety organisms from bacteria to mammalians, C. 
elegans PLD cDNA has not been yet isolated. We have recently isolated the gene encoding C. elegans PLD 
(PLD-1). The isolated cDNA encodes a 1,427 amino acid protein which contains four conserved regions 
defined by the primary structures of bacterial, plant, yeast and mammalian PLDs. Furthermore, HKD motifs 
(HxKxxxxD) in regions II and IV, which are critical for PLD activity, are completely conserved. The 
corresponding genomic sequence was covered by the cosmid clone C04G6. Comparison of the sequences 
between C04G6 and the cloned cDNA revealed that PLD gene has 18 exons and that the transcription unit is 
7.8 kb. An extensive screening of the complete C. elegans genome by the BLAST algorithm has revealed that 
PLD-1 is the sole member of the PLD family which contains four conserved regions including two catalytic 
HKD motifs. The protein expressed in COS-7 cells catalyzed transphosphatidylation reaction to generate 
phosphatidylbutanol (PBut) in the presence of 0.3% butanol. It also released [3H]choline from 
[3H]phosphatidylcholine, indicating that expressed protein exhibited PLD activity. This PLD activity was 
dependent on phosphatidylinositol 4,5-bisphosphate and weakly stimulated by ADP-ribosylation factor. 
However, it was strongly inhibited by oleic acid. These properties are similar to those of mammalian PLD2. 
To determine where pld-1 is expressed, we constructed a translational fusion between pld-1 and the green 
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fluorescent protein (GFP) to generate pld-1::GFP. This construct contains about 4.7 kb pld-1 promoter regions 
in addition to first 668 amino acids. PLD-1 was expressed in pharyngeal muscles and most of neurons. Weak 
expression was also observed in epithelial cells, body-wall muscles, and excretory canal. 
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51: A possible candidate of the DAF-2 ligands: structure, expression, and 
physiological functions 
Tsuyoshi Kawano(1), Youhei Ito(1), Kyoko Takuwa(2), Masaji Ishiguro(2), Terumi 
Nakajima(2) and Yasuo Kimura(1) 
(1) Tottori Univ., (2) Suntory Institute for Bioorganic Research 

The DAF-2 protein, a C. elegans homolog of an insulin/IGF-1 receptor, is involved in dauer formation, fat 
metabolism, and a long life span (1). In the previous meeting, we reported two distinct genes encoding 
insulin/IGF-1-like peptides designated Ceinsulin-1 and Ceinsulin-2 (2). In this meeting, we will make a short 
talk of the Ceinsulin-1 regarding its structure, expression, and physiological functions. 

The precursor protein of Ceinsulin-1 consists of 95 amino acid residues and seems to include a signal 
peptides, B and A chains, and a so-call C peptide that could be removed out through post-translational 
proteolysis like the preproinsulin. First, to detect the mature peptide, a polyclonal antibody against the 
putative B chain was prepared and used for analyzing C. elegans protein by Western blotting. The result 
showed that the mature Ceinsulin-1 should consist of one polypeptide like IGFs. However, the predicted 
tertiary structure of Ceinsulin-1 was more similar to the crystal structure of insulin than that of IGF-1, 
suggesting that the Ceinsulin-1 should be a hybrid molecule of insulin and IGF-1. 

Next, we analyzed expression pattern of the peptide at several developmental stages using RT-PCR and 
Western blotting. Interestingly, the transcriptional and translational patterns were not always coincident with 
each other, suggesting that the peptide biosynthesis could be regulated post-transcriptionally with some 
degrees. Details will be shown in the meeting. 

Finally, an RNA-i experiment was carried out to elicit physiological functions of the Ceinsulin-1. The 
RNAi led to reduction of the corresponding transcript and an extended life span. The inhibition of the 
Ceinsulin-1 biosynthesis exhibited no drastic effects on entry into and recovery from the dauer stage. Now, 
the effect on fat accumulation is examined. Anyhow, other insulin/IGF-1 peptides may be involved in the 
dauer formation and fat metabolism. 

References 

1. Kimura, K.D., et al. (1997) Science 227, 942-946. 

2. Kawano, T., et al. (1999) Peptide Science 1998: M. Kondo (Ed.) pp117-120. 

 
 
52: Regulatory region of HSP90 gene in C. elegans 

Youji Fukunaga(1),Yasunori Yamaguchi(1),Yo Tabuse(2),Johji Miwa(2)  
(1)Univ.Fukuyama,(2)NEC, 

HSP90 mRNA were detected only in the ovary of C. elegans adult at 16 degrees and in the whole body 
after heat shock treatment. The amount of HSP90 mRNA after heat shock was increased about 35 times than 
that at 16 degrees measured by Gene Amp 5700. To clarify the regulatory mechanism of HSP90 gene 
expression, we constructed several hybrid DNAs of 5’ upstream region of HSP90 gene and GFP gene. The 
hydrid DNA were injected into the ovary of adult C. elegans. A descendant showed the expression of GFP 
observed in pharynx, ovary and muscle at 16degrees and whole body after heat shock treatment. 
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53: The role of Cyt-1 in mitochondrial function and metabolism in C. elegans 
Nanami Senoo-Matsuda, Kayo Yasuda, Tomoichi Ookubo, Michio Tsuda and Naoaki Ishii 
Tokai University School of Medicine 

The mev-1 (kn1) mutant of C. elegans is hypersensitive to oxygen. Recently, we have shown that mev-1 
encodes a subunit of the enzyme succinate CoQ oxidoreductase cytochrome b (Cyt-1), which is a component 
of complex II of the mitochondrial electron transport chain. We have also shown that Cyt-1 plays a key role in 
the regulation of aging in C. elegans. To further elucidate the effects of the Cyt-1 mutation on oxygen 
hypersensitivity, we examined mitochondria morphology, the defense system against oxidative stress and 
the changes in energy metabolism in mev-1 mutants. Electron microscopy revealed that, in young adult, mev-1 
mitochondria had morphological abnormalities, particularly at high oxygen concentrations. The level of 
reduced glutathione (GSH) as a low molecular weight antioxidant was significantly decreased in mev-1 
mutants. The function of the complex II is limited to electron transport but remains the conversion from 
succinate to fumarate in TCA cycle. We found that ATP production was reduced and lactate/pyruvate (L/P) 
ratio was increased in mev-1 mutants. These results suggest that Cyt-1 has critical roles in the defense system 
against oxidative stress which is concerned with energy metabolism. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
54: Adaptive response extends the life span through signaling to DAF-16 in 

Caenorhabditis elegans  
Sumino Yanase(1, 2), James Cypser(3), Thomas E. Johnson(3), Naoaki Ishii(1)  
(1) Tokai University, School of Medicine, (2) Kanagawa Prefectural College of Nursing & Medical 
Technology, (3) Institute for Behavioral Genetics, University of Colorado at Boulder  

Thermotolerance, UV resistance and resistance to reactive oxygen species (ROS) are closely connected 
with life span and aging in Caenorhabditis elegans. Short-term or lower dose exposure to heat shock, UV and 
ROS produce an adaptive response to oxidative stress. This adaptive response extends life span, presumably 
by decreasing the rate of aging. In this study, we found that life span in C. elegans was extended in conjunction 
with the adaptive response attributable to short-term exposure to high-concentrations of oxygen or heat 
shock. This extension depended on the developmental stage of the animals as well as the period of exposure 
to high-concentration oxygen. Moreover, different extensions of life span attributable to the adaptive 
response were observed for particular long-lived C. elegans mutants. Since the degree of the adaptive response 
is reflected in life expectancy, we attempted to identify genes critical to the adaptive response. One class of 
candidate genes is the hsp16 gene family, which encodes 16 kDa small heat shock proteins (sHSPs). 
Expression of the hsp16-1 and hsp16-48 genes was rapidly and clearly increased under the same conditions of 
oxygen exposure that increased life span via the adaptive response. The expression of these hsp16 genes 
differed between a short-lived strain and a long-lived strain. The expression of hsp16-1 was always strong in 
the short-lived mev-1 mutant, but was weak in the long-lived age-1 mutant. In addition, we found that the 
adaptive response was weaker and life expectancy was decreased in daf-16 mutant animals. This suggests that 
the relative intensity of adaptive response reflects resistance to oxidative stress, as expressed by the DAF-16 
transcription factor. If the antioxidant genetic defense system is up regulated as part of the adaptive response, 
then the adaptive response should also be expected to increase life expectancy. 
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55: PGL-1, 2, and 3, a Family of P-granule-associated Proteins, Interact and 
Function Redundantly in C. elegans Germline Development 
Ichiro Kawasaki (1) (2), Anahita Amiri (2), Yuan Fan (2), Takeshi Karashima (3), Yuji Kohara 
(1), and Susan Strome (2) 
(1) Natl. Inst. of Genetics, (2) Indiana Univ. USA, (3) Univ. of Tokyo  

P granules are distinctive ribonucleoprotein complexes observed in the cytoplasm of germ cells at all 
stages of development (with the exception of sperm). By molecular genetic analysis of a mutant defective in 
antibody staining of P granules, we identified PGL-1 as being a protein component of P granules. PGL-1, a 
novel protein, is associated with P granules at all stages of development. The presence of an RNA-binding 
motif, an RGG box, at its C-terminus predicts that PGL-1 is an RNA-binding component of P granules. pgl-1 
mutants contain defective P granules, which lack several P-granule epitopes, and are sterile, with both a 
maternal and a zygotic component to the sterility. Sterility is the result of defects in proliferation and 
gametogenesis. Interestingly, the sterility caused by null alleles of pgl-1 is highly sensitive to temperature, 
suggesting either that PGL-1 functions as a molecular chaperone whose function is required at elevated 
temperature, or that other partially redundant proteins function with PGL-1 and at low temperature are 
sufficient for fertility. 

Using a yeast two-hybrid screen for proteins that interact with PGL-1, we identified PGL-1 itself and two 
related proteins, which are termed PGL-2 and PGL-3. PGL-2 has 36% identity with PGL-1 in its N-terminal 
300 amino acids. PGL-3 has 60% identity with PGL-1 in its entire amino acid sequence and also contains an 
RGG box at its C-terminus. In wild-type worms, PGL-3 is associated with P granules at most stages of 
development like PGL-1, but interestingly, PGL-2 is associated with P granules only at postembryonic 
development. And, in pgl-1 mutant worms, PGL-2 and PGL-3 remain associated with P granules despite their 
probable protein-protein interaction with PGL-1 demonstrated from co-IP experiments. To address whether 
PGL-2 and/or PGL-3 function redundantly with PGL-1, first, we isolated pgl-3 deletion mutant, bn104, and 
found that pgl-1; pgl-3(bn104) double mutant worms show significantly enhanced (but not 100%) sterility at 
low temperature, compared to either single mutant alone. Our findings suggest that at least PGL-3 interacts 
and functions redundantly with PGL-1 in P granules during C. elegans germline development. We are 
currently investigating whether PGL-2 also participates with PGL-1 and PGL-3 in insuring fertility. 

 
 
56: Studies on protein kinases involved in gametogenasis 

Akiyuki Mori, Takako Takanami, Hideyuki Takahashi and Atsushi Higashitani 
Tohoku Univ. 

Protein kinases are well known to play important roles, such as cell-cycle controls, apoptosis and stress 
responses. A lot of genes containing protein kinase domain are identified in the genome of C. elegans. 
However, the biological functions of their majority are still unknown. In order to isolate novel kinases 
involved in meiosis and gametogenasis, at first, we selected about 100 putative kinase genes in the genome. 
Their expression level were examined by RT-PCR reaction with total RNA from young adult and L2 larval 
hermaphrodite. After that, some genes whose expression levels obviously increased in young adults were 
investigated by the RNA interference method. As a result, we found that T08D2.7 is required for 
gametogenesis. In this presentation, we will discuss the results of functions of some protein kinases. 
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57: Hyper-resistance of meiotic cells to radiation due to a strong expression of a 
single recA-like gene in Caenorhabditis elegans. 
Takako Takanami, Akiyuki Mori, Hideyuki Takahashi and Atsushi Higashitani 
Tohoku Univ. 

Sensitivity of meiotic cells to DNA damaging agents is little known. We found that the meiotic pachytene 
nuclei in the gonad were hyper-resistant to x-ray irradiation, whereas the early embryonic cells after 
fertilization were not as resistant in C. elegans. The Ce-rdh-1 gene (C. elegans RAD51, DMC1 (LIM15), homolog 
1: Ce-rad-51), which is essential for the process of meiosis, was the only bacterial recA-like gene in the 
nematode genome, and was strongly expressed in the meiotic cells. Following silencing of the Ce-rdh-1 gene 
with an RNA interference method, the meiotic cells became more sensitive to x-ray irradiation than the early 
embryonic cells. These results indicate that meiotic cells are hyper-resistant to extragenic DNA strand breaks 
due to the high level of expression of the enzyme(s) involved in meiotic homologous recombination. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
58: DAZ-1, a C. elegans  homolog of DAZ (Deleted in Azoospermia), localizes to 

cytoplasm of the mitotic germ cells 
R Maruyama, T Karashima, A Sugimoto, M Yamamoto 
Department of Biophysics & Biochemistry, Graduate School of Science, University of Tokyo 

The DAZ  family genes encode RNA-binding proteins and are involved in germ cell development in a 
variety of organisms. Human DAZ  ( Deleted in Azoospermia ) is present on the Y chromosome and is essential 
for spermatogenesis. Drosophila boule  is required for the entry to meiosis during spermatogenesis, and is 
expressed only in males. Mice deficient in Dazla , a mouse homolog of DAZ , are sterile in both sexes, 
exhibiting defects in germ cell development and survival. In contrast, Xdazl , a Xenopus  homolog of DAZ , is 
essential for early differentiation of primordial germ cells (PGCs) and their migration through endoderm. 

To understand the function of DAZ  family proteins, we characterized the C. elegans  homolog of DAZ , 
daz-1 . The hermaphrodite daz-1  null mutant was completely sterile due to arrest of oogenesis at the late 
pachytene stage of meiosis I. However, spermatogenesis was normal in both daz-1  males and 
hermaphrodites.  

We produced affinity-purified polyclonal antibodies against DAZ-1 protein. In immunoblot analysis, the 
antibodies recognized a single band of the expected size in the N2 adult extract, but no band in the daz-1  
adult extract. Using these antibodies, we examined expression and localization of DAZ-1 protein. DAZ-1 was 
observed only in the cytoplasm of germ line cells, starting from L2 through adulthood. The DAZ-1 signal was 
intense in the distal region of a gonadal arm, where germ cells undergo mitosis. The entry to meiosis was 
accompanied by a decrease of DAZ-1 expression. This mitotic expression of DAZ-1 is puzzling, because 
phenotypes of the daz-1  mutant have suggested that DAZ-1 is required for the progression through the 
pachytene stage in oogenesis. One possible explanation is that, DAZ-1 may regulate an essential function for 
meiosis pre-meiotically. 
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59: Analysis of large body size mutants. 
Yoshiya Nakano and Yasumi Ohshima 
Division of Biology, Faculty of Sciences, Kyushu University Graduate School, Hakozaki, Fukuoka 
812-8581 

In order to analyze the mechanisms for body size determination, at least ten larger size mutants were 
isolated after EMS mutagenesis. Some of them had up to twice as much volume as that of the wild type in 
adults.  

Four larger size mutants, FK16(ks16;daf-6), FK204(ks60), FK205(ks61) and FK206(ks62) were back crossed 
two or three times with N2. The original and back crossed mutants were examined as to their body size and 
other phenotypes. There are at least two types of growth curve in these large size mutants. For g-6(ks61), the 
volume of the mutant is larger than that of N2 by 50~100% at all points, including larval developmental 
stages. In contrast, the difference in volume between the mutant and wild type begins to be apparent after 
becoming adults for g-3(ks60) and g-8(ks62). 

Major organs of the large mutants seem to be larger than those of the wild type roughly in proportion to 
the body size. The nuclei of the intestine, the largest organ, were counted as a measure of the cell number, and 
the results suggest that cell size but not cell number is increased in the intestine of the large mutants. Males of 
the four large size mutants occasionally have additional rays in the region anterior to ray1. All the four large 
size mutants seem to have elongated lifespan. Especially, g-3(ks60) had 92% longer mean life span than 
wildtype (23 vs 12 days) and 195 % longer maximum life span (56 vs 19 days). The back crossed mutants were 
also subjected to STS genetic mapping. The four mutations for enlarged body size are distributed on two 
linkage groups (g-3(ks60) and g-6(ks61) on LGIII, gig-1(ks16) and g-8(ks62) on LGIV). Further mapping will be 
done for cloning of the corresponding genes. We are also trying to isolate more large size mutants. 
 
 
 
 
 
 
 
60: Identification of genes regulating body length in the DBL-1 pathway by 

differential hybridization of arrayed cDNAs  
Kiyokazu Morita(1), Makoto Mochii(1), Yukiko Sugihara(1), Satoru Yoshida(1), Yo Suzuki(2), 
William B. Wood(2), Yuji Kohara(3) and Naoto Ueno(1)  
(1)Division of Morphogenesis, Department of Developmental Biology, National Institute for Basic 
Biology, Okazaki 444-8585, JAPAN; (2)Department of Molecular, Cellular and Developmental Biology, 
University of Colorado, Boulder, USA; (3)National Institute of Genetics, Mishima 411-8540, JAPAN  

dbl-1 has been shown to regulate C. elegans body length and male tail ray patterning 1, 2). To identify 
downstream target genes of DBL-1 signaling, we screened arrayed cDNAs using differential hybridization 
(HDF) analysis. C. elegans cDNAs representing 7,584 independent genes were arrayed on a nylon membrane 
at a high density and hybridized with 33P-labeled DNA probes synthesized from mRNAs, which were 
isolated from L3-stage worms. We compared signals from dbl-1(-) worms with those from N2 worms3), 
dbl-1(++) worms that carry multiple copies of a dbl-1 genomic fragment, or dbl-1(-); HSP::dbl-1 worms that 
express DBL-1 protein upon heat shock. Many genes positively or negatively regulated by the dbl-1 signal 
were identified. dsRNAi experiments were performed with all the clones identified. Several clones caused 
Sma or Lon phenotypes by dsRNAi. These results demonstrate that analysis with arrayed cDNA combined 
with dsRNAi gene inactivation is a powerful approach to identify genes that are directly or indirectly 
regulated by an extracellular signal. 

1)K. Morita et al., (1999) Development 126, 1337-1347  

2)Y. Suzuki et al., (1999) Development 126, 241-250  

3)M. Mochii et al., (1999) Proc. Natl. Acad. Sci. USA 96, 15020-15025 
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61: Regional specificity of DBL-1 signaling in the regulation of C.elegans body 
length. 
Satoru Yoshida, Kiyokazu Morita, Makoto Mochii and Naoto Ueno 
Department of Developmental Biology, National Institute for Basic Biology 

TGF-b signaling pathways are conserved in diverse animal species from the nematode to vertebrates. 
These pathways are known to regulate many aspects of cellular functions. The Sma pathway, one of the 
TGF-b signaling pathways in C.elegans, regulates body length and male tail pattern formation. In our previous 
work, we have reported that DBL-1 is the ligand of the Sma pathway.  

We are currently interested in the mechanism of body length regulation by DBL-1 and, in particular, in 
the regional specificity of DBL-1 signaling. A dbl-1:: gfp reporter gene is expressed in neurons in the amphids 
and the ventral nerve cord (VNC). In an upstream sequence analysis of dbl-1, it is suggested that a 5' upstream 
region required for the rescue of a dbl-1 mutant is also required for the expression of dbl-1 in the VNC neurons, 
but not in other nerons. While dbl-1:: gfp is expressed in neurons, it has been reported that SMA-6, the type I 
receptor in the Sma pathway, is expressed in the pharyngeal muscle and the intestine. To determine which 
tissue the target of DBL-1 is in regulating body length, we are attempting to rescue a sma-6 mutant using 
sma-6 driven by various tissue-specific promoters. We will also analyze the sma-6 5' sequence to uncover 
elements required for the expression of sma-6 in the identified target tissue. 
 
 
 
 
 
 
 
 
 
 
 
 
62: cdl-1 encodes a stem-loop binding protein (SLBP) homologue and may be 

essntial for core histone expression.  
Yuki Kodama (1), Asako Sugimoto (1), Joel Rothman (2), Masayuki Yamamoto (1) 
(1) Univ. of Tokyo, (2) Univ. of California-Santa Barbara 

cdl-1 (cell death lethal) mutants show several embryonic defects: 1) delay in appearance of cell corpses 
and accumulation of cell corpses in late embryogenesis, 2) defects in elongation, 3) failure in attachment of the 
pharynx to the buccal cavity. To understand the cdl-1 function, we cloned the cdl-1 gene. By transformation 
assay, we found that a cosmid T19E10 could rescue the cdl-1 phenotypes. RNAi for ORFs on T19E10 revealed 
that some of R06F6.1(RNAi) F1s showed cdl-1-like phenotype, although most of them arrested at the early 
embryonic stage. We sequenced the corresponding coding region from cdl-1 mutants and identified 
mutations in two alleles, thus concluding that R06F6.1 is the cdl-1 gene. 

cdl-1 encodes a member of the stem-loop binding protein(SLBP) family, which binds to the 3'-stem-loop 
of core histone mRNAs. It has been described that metazoan core histone mRNAs have a stem-loop structure 
instead of a poly-A sequence, and SLBPs have been implicated in post-transcriptional regulation of core 
histone mRNAs. In C. elegans, most core histone genes contain a conserved stem-loop sequence in their 
3'-UTR sequence. We confirmed the interaction between R06F6.1 protein and the stem-loop structure by yeast 
three-hybrid system. This result suggests that R06F6.1 may also function in the post-transcriptional 
regulation of core histones. 

To examine the early embryonic phenotypes in cdl-1(RNAi) embryos, we observed them by DAPI 
stiaining and Nomarski optics. In these embryos, chromosomes were less condensed during mitosis, 
cytokinesis occured before completion of the nuclear division, and nuclear fragments existed in some 
blastmeres. These observations suggest that the chromatin structure, especially its condensation, might be 
defective in cdl-1(RNAi) embryos. We then performed RNAi with core histone genes, the probable targets of 
CDL-1. Most RNAi embryos showed early arrest phenotype similar to cdl-1(RNAi) embryos, which supports 
the hypothesis that CDL-1 regulates the expression of core histones. We are currently trying to examine 
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whether the original cdl-1 phenotypes are also caused by the defect of core histone expression. 
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63: lgg-1 , a novel gene related to GABARAP and GATE-16 is necessary for 
embryogenesis  
Noriko Okazaki, Yasuhiko Masuho, Yoshishige Kimura 
Helix Research Institute, Inc. 

In mammals, LC3, GABARAP and GATE-16 consist a structural family that has structural homologs in 
yeast and C. elegans. The general features of this family are not well understood, however this family seem to 
be involved in the vesicle transport in neuronal events. LC3 was identified as neuronal MAP light chain 3. 
GABARAP is identified as gamma 2-subunits of GABA-A receptor associated protein. GATE-16 is known to 
be an essential factor for intra-Golgi transport. The yeast ortholog (Aut7p/Apg8) of these genes is essential 
for autophagy that is the vesicular transport pathways for bulk degradation. 

C. elegans is a good organism to evaluate neuronal events, however, nothing has been reported about this 
family. In this study we reported the feature of C. elegans homologs of this family. By a survey of C. elengas 
genome, we found two homologs: lgg-1 and lgg-2 (LC3, GABARAP and GATE-16 family). lgg-1 is a structural 
ortholog of GABARAP and GATE-16. On the other hand, lgg-2 shows high similarity to LC3. We tried RNAi 
analyses for the both genes and found that lgg-1 is necessary for development. Most of the embryos that 
treated with lgg-1 dsRNA died during embryogenesis or L1 larva. On the other hand, we could not found any 
effects in worms treated with lgg-2 dsRNA. Next, we examined the expression of the lgg-1::gfp fusion reporter 
gene. lgg-1::gfp was expressed in the most embryonic cells, however, in later stages, the expression was 
restricted in the muscles, such as trunk muscles, and some of vulval muscles and so on. 
 
 
 
 
 
 
 
 
 
 
 
64: The vab-22 gene is required for axis control in embryonic morphogenesis 

Akiko Serizawa, Naoki Hisamoto, Kunihiro Matsumoto  
Division of Biological Science, Graduate School of Science, Nagoya University, Chikusa-ku, Nagoya 
464-8602, JAPAN,  

C. elegans morphogenesis is a complex process requiring numerous short-range migrations, 
rearrangements, and concerted cell movements. Several existing C. elegans mutants disrupt essential 
morphogenic events since they result in severe body deformities, classically described as a 
vab(variable-abnormal) phenotype. We have isolated novel vab-22 mutants. The vab-22 mutation is genetically 
mapped between unc-79 and unc-32 on LGIII. The body morphology in vab-22 is variably abnormal between 
the posterior end of pharynx and vulva. Ventral and dorsal nerve cord morphologies, in addition to alae and 
muscle morphologies, are also abnormal in this region. The vab-22(km6) mutant often exhibits abnormal 
morphogenesis during embryonic development and displays embryonic lethality. We examined the 
morphology of hypodermis in vab-22 embryos by using jam-1::GFP. At the beginning of morphogenesis, the 
morphology of vab-22 embryos seems to be normal. But, at 1.5-fold stage, they often twist and rotate laterally. 
These results suggest that vab-22 has a role to regulate the direction of dorsal-ventral axis in embryonic 
morphogenesis. 
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65: An analysis of plexin genes of C. elegans 
Takashi Fujii(1), Fumi Nakao(1), Eiji Kodama(1), Fumikazu Suto(1), Hajime Fujisawa(1)(2) 
and Shin Takagi(1)  
(1)Nagoya Univ. (2)CREST  

Plexin is a family of transmembrane proteins the extracellular segment of which has three repeats of a 
cysteine-rich domain similar to the domain found in the c-Met proto-oncogene protein product. Recent 
studies in Drosophila and mice also showed that plexins act as a receptor for semaphorins, a group of 
proteins originally identified as chemorepulsive molecules on growing axons. 

In order to analyze further the function of plexin, we have been studying on it in C. elegans. By the BLAST 
search, we have identified two plexin genes in C. elegans genome, which we tentatively named cep-1and cep-2. 
cep-1is on cosmid K04B12 and cep-2 on YAC Y55F3. The sequence analysis of cDNAs revealed that cep-1and 
cep-2 consist of 16 exons and 24 exons, respectively. The amino acid sequences of CEP-1 and CEP-2 share 
about 20% to 30% homology with vertebrate plexins. An expression analysis by using GFP showed that 
cep-1appears to be expressed in the nervous system. Using a reverse genetic approach, we are now trying to 
analyze the function of C. elegans plexins in vivo. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
66: ven-1encodes a novel secreted protein required for nerve attachment to the 

body wall in Caenorhabditis elegans  
Go Shioi(1,2), Hajime Fujisawa(1,2) and Shin Takagi(1) 
(1)Div. Bio. Sci., Grad. Sch. of Sci., Nagoya Univ., (2)CREST 

Using a pan-neuronal GFP marker, we screened mutants with severely disorganized ventral nerve cords. 
We have identified and characterized 21 mutations. 15 mutations were alleles of four previously identified 
genes, and 6 mutations were alleles of three new genes that we named ven(ventral nerve cord abnormal).  

In ven-1mutants, the ventral nerve cord was defasciculated and misrouted on the lateral body, and was 
sometimes detached from the body wall and floating free. Similar defects were sometimes observed in the 
dorsal cord. The Ven phenotype was observed in embryos, and mutant worms not exhibiting the Ven 
phenotype in L1 larvae remained normal at later stages. This indicates that the ven-1gene is required during 
the embryonic or early larval development. ven-1mutants also had defects in the body wall muscle 
(Mua/Mup), in the excretory cell (Exc) and in the hypodermal cells. Thus, all tissues affected in ven-1mutants 
are in contact with both the basal lamina and the hypodermis.  

ven-1was mapped on LGV between sma-1and unc-76. We cloned ven-1and found that ven-1encodes a 
protein of 86 amino acid residues with a signal peptide. VEN-1 bears no homology to other proteins reported 
previously. Forced expression of the ven-1gene either in neurons, in the muscles or in the hypodermis could 
rescue both the Ven and the Mua/Mup phenotypes in ven-1mutants. Together with the phenotypes of 
ven-1mutants, these results suggest that VEN-1 is secreted and may act in the basal lamina and/or on the 
hypodermis 
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67: Functional analysis of PKN-1, an effector of Rho GTPase, in C. elegans muscle 
Hiroshi Qadota(1) and Kozo Kaibuchi(1)  
(1) Division of Signal Transduction, Nara Institute of Science and Technology 

The Rho family GTPases (Rho, Rac, Cdc42) are involved in the regulation of actin reorganization, cell 
polarity, cell growth, and cell-cell adhesion. The Rho family GTPases have two interconvertible forms; the 
GTP-bound active and GDP-bound inactive forms. The GTP-bound form of Rho family GTPases interacts 
with their specific effectors. The GTP-bound form of RhoA binds preferentially to Protein Kinase N (PKN), 
Rho-kinase (also called ROK), myosin binding subunit of myosin phosphatase (MBS). Besides proceeding of 
functional analysis of Rho-kinase and MBS, the physiological functions of PKN remain to be clarified. 

Here we attempted to examine physiological functions of PKN using C. elegans as a genetic model system. 
Previously, we reported the identification of the C. elegans homologue of PKN, PKN-1, and its expression in 
the muscle cells (Qadota, et al., 12 th C. elegans meeting). To investigate effects of activated PKN-1, we 
expressed PKN-1 under the control of heat shock promoter. Overexpression of a catalytic domain of PKN-1 
caused abnormal, loopy, movement of worms. Since the heat shock promoter can drive the expression of the 
downstream gene in all tissues, we next determined the tissues in which the catalytic domain of PKN-1 
functions by two methods. First, mosaic analysis revealed that the expression of the catalytic domain of 
PKN-1 in neurons is dispensable for loopy movement and that the expression in all body wall muscle cells is 
required for loopy movement. Second, the expression of the catalytic domain of PKN-1 under the control of 
the body wall muscle specific promoter caused slightly loopy movement. These results suggest that the 
activation of PKN-1 in the muscle cells affects balance between contraction and relaxation in the C. elegans 
body wall muscle. Now we have a plan to examine a response of transgenic worms expressing the catalytic 
domain of PKN-1 to drugs to inhibit muscle excitation and will discuss the function of PKN-1 in the muscle 
cells from pharmacological results. 
 
 
 
 
 
 
68: Novel proteins interacting with the ryanodine receptor in C. elegans 

Yasuji Sakube(1), Tomoyo Hamada(2) and Hiroaki Kagawa(2) 
(1) Department of BIology, Faculty of Science, Okayama Univ., (2) Graduate school of Natural 
Science and Technology, Okayama Univ. 

Ryanodine receptor is a calcium release channel that is essential to trigger muscle contraction. Possible 
binding sites of modulators such as calcium and calmodulin, and phosphorylation sites are located in the 
cytoplasmic region, but little is known about the molecular mechanism connecting modulators and the 
function of ryanodine receptor. The C. elegans ryanodine receptor (CeRyR) is encoded by unc-68 and consists 
of 5,071 amino acid residues having 40% identity with those of other animals. One of the unc-68 mutation, 
kh30, caused an amino acid substitution of Ser1,444 to Asn at a possible phosphorylation site by PKC. To 
understand the molecular details controlling ryanodine receptor, we carried out yeast two-hybrid screening. 
Using the kh30 region of CeRyR as a bait, a C. elegans homolog of radixin (CeRadixin) was isolated. By 
introducing the kh30 mutation into the bait plasmid, the interaction with CeRadixin was completely vanished. 
It is likely that the physical interaction between the kh30 region of CeRyR and CeRadixin may be associated 
with the phosphorylation of Ser1,444 residue in CeRyR. Currently, we are checking the in vitro interaction by 
overlay assay and characterizing the function of CeRadixin. Screening of other site is also presented. 
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69: Isolation and pharmacological analysis of C. elegans unc-68 suppressors 
Ryota Adachi and Hiroaki Kagawa 
Graduate school of Natural Science and Technology, Okayama Univ. 

The C. elegans ryanodine receptor gene unc-68 encodes 5,071 amino acid residues. Mutation sites of this 
gene are the termination by the frame-shift in exon 22 (e540), the termination at Trp153 to stop (x14) and Tc1 
induced deletion (r1161), respectively. Only one missense unc-68(kh30) is isolated as a ketamine-response 
abnormal (Kra) showing convulsions with intermittent paralysis in 30 mM ketamine, an anesthetic for clinical 
use. The unc-68(kh30) animal produced a full-sized protein having an amino acid substitution at Ser1,444 to 
Asn which is a putative phosphorylation site of protein kinase C. 

To investigate the molecules interacting with the ryanodine receptor, we tried to isolate suppressor 
animals of unc-68. Two mutant animals unc-68(kh30) and unc-68(e540) were treated with 50 mM EMS. F2 
progeny of kh30 animals were screened with 30 mM ketamine, and that of e540 animals were screened with 
the motility in liquid medium, respectively. Some paralyzed animals in ketamine like as that of the wild-type 
were isolated as kh30 suppressors. One of them, kh52, was mapped on X chromosome after observing 
responses against chemicals caffeine, ouabain and ryanodine. On the other hand, some animals showing 
recovered motility were isolated as e540 suppressors, and one of them, kh64, was mapped on chromosome II. 
These results will be useful to identify the function of biochemically isolated molecules. 
 
 
 
 
 
 
 
 
 
 
 
 
 
70: Fourth tropomyosin isoform ofC. elegans expresses in the pharynx and gut 

and is essential for development 
Akwasi Anyanful, Yasuji Sakube, Hiroaki Kagawa 
Graduate School of Science and Technology, Okayama University, Okayama 700-8530, Japan 

The single tropomyosin gene of Caenorhabditis elegans spans 13 kilobases and encodes three isoforms by 
alternative splicing. To identify the functional region and tissue expression of the genome of a fourth isoform, 
we employed Rapid Amplification of cDNA Ends and microinjection with lacZ fusion plasmid techniques. 
We elucidated CeTMIV, a 256 amino acid isoform generated by different alternative splicing and similar to 
CeTMIII. The tmy::lacZ fusion gene with 3.3kb upstream promoter region and 1.1kb CeTMIV specific exons 
expressed in the pharynx and posterior gut. Further deletion of upstream region located the primary 
promoter region to 846bp upstream the initial codon. We also show within the fusion gene the presence of the 
myo-2 enhancer like sequences needed for pharynx expression. Despite expression in the gut we were unable 
to show within the upstream sequence the two GATA factors of the elt-2 gene required for gut expression. 
Finally to demonstrate that tropomyosin is essential for survival, we inactivated the gene by RNA-mediated 
interference and the worms arrested early in development before the comma-bean stage. These results 
complete the study of the four tropomyosin isoforms and illustrates the complexities of the tissue specific 
differences unique to tropomyosins. The results also show and confirm the necessity of tropomyosin 
requirement for assembling body wall and pharynx muscles in C. elegans. 
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71: Molecular Assembly and Mutation Rescue of Paramyosin-GFPs in C. elegans 
Daisuke Yamamoto, Koji Monse and Hiroaki Kagawa  
Grad. School of Natural Sci.and Technol., Okayama Univ., Okayama 700-8530 Japan 

Paramyosin is a core protein of thick filament in invertebrate muscle. In C. elegans, many paramyosin 
mutations are in C-terminal region of the molecule. Thus this region may play an important role in assembly 
by the interaction of charged residues. To study more details on paramyosin assembly, we made transgenic 
animals with paramyosin GFP fusion proteins (PM-GFPs; GFP tagged N-terminal, middle, C-terminal of 
paramyosin). PM-GFPs assembled into thick filament and rescued the paramyosin null mutation, 
unc-15(e1214). In contrast, deletion construct of PM-GFP couldn't form the thick filament both in N2 and 
mutant animals. We also compared quantity of native paramyosin and PM-GFPs on western analysis by 
using paramyosin and GFP antibodies. These results suggest that overproduced PM-GFPs disrupted filament 
assembly and impaired locomotion of the worms. Now we are trying to construct unc-15(e73) and 
unc-15(e1402) transgenic animals. This study will allow us to conclude how thick filament is organized by 
molecular assembly of paramyosin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
72: Isolation of Transcriptional Factors Regulating the Expression of Body-wall 

Muscle Genes in C. elegans 
Hiroko Osakada, Tetsuya Bando, and Hiroaki Kagawa 
Graduate School of Natural Science and Technology, Okayama University, Okayama, 700-8530, 
Japan 

The MyoD family has been implicated in the control of vertebrate skeletal myogenesis. However it is not 
yet clear how CeMyoD, C. elegans MyoD homolog, regulates body-wall muscle specific genes expression. We 
have found that 44 base pairs are essential for tissue specific expression of pat-10 (body-wall muscle specific 
troponin C gene) and have homology to 1330 sequence, one of hlh-1 (CeMyoD gene) enhancers. To illuminate 
the regulatory system, we tried to isolate the factors that could bind enhancers lying in transcriptional 
regulatory region of pat-10 and hlh-1. First, lambda phage library was screened by South-Western method. 
However we couldn't obtain any positive clones. Second, to screen yeast library by one-hybrid system, three 
copies of 1330 sequence were inserted into reporter vector that contains a GAL1 minimal promoter fused to a 
HIS3 selectable marker. This reporter vector was co-transformed into yeast with cDNA expression vector 
containing the activation domain of yeast GAL4. By selecting histidine synthetic ability, we are screening 1330 
binding factor. Now we are also screening by the other reporter vector containing 1330 like sequence lying in 
pat-10 and unc-15 regulatory regions. These results will help to understand the mechanism of body-wall 
muscle specific expressions. 
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73: Functionnal analysis of the che-1 gene involved in chemotaxis of C. elegans 
Hiroyuki Nakano, Okiko Uchida, Makoto Koga, and Yasumi Ohshima 
Division of Biology, Faculty of Sciences, Kyushu University graduate school, Fukuoka 812-8581, 
Japan 

che-1 mutants of C. elegans were previously obtained as mutants exhibiting erratic behavior to 
water-soluble attractants such as NaCl.  

che-1 gene was mapped genetically into the region between dpy-14 and bli-4 on the chromosome I. A 
4.7kb genomic DNA fragment was finally identified to rescue the chemotactic defect of che-1 mutant(p696). In 
the 4.7kb fragment, one ORF was predicted to encode a zinc-finger protein similar to the glass gene product, a 
transcription factor required for photoreceptor cell differentiation in Drosophila. Mutation sites for six che-1 
alleles were determined. Three alleles were found to be nonsense mutations at the same position, and the 
remaining three were amino acid substitutions in the zinc-finger domains. Based on these results, we 
concluded that che-1 encodes this zinc-finger protein. Expression of a che-1::gfp translational fusion constructs 
was observed in ASE, a major chemosensory neuron for water-soluble attractants. ASE neurons of che-1 
mutants(e1034, e1035, p674) was reported to be morphologically normal. Expression of promoter::gfp fusion 
constructs for two transmembrane receptors, which is observed in amphid sensory neurons of the wild type, 
was lost in ASE of a che-1 mutant(p679). Furthermore, expressions of gcy-5::gfp, gcy-6::gfp and gcy-7::gfp 
promoter fusion constructs, expressed specifically in ASER or ASEL of the wild type, were also lost in the 
che-1 mutant. 

These results suggest that CHE-1 is a transcription factor required for terminal differentiation of ASE. 
 
 
 
 
 
 
 
 
 
 
74: Effects of L-3, 4-dihydroxyphenylalanine (L-DOPA) on Caenorhabditis elegans 

Behavior, and Isolation and characterization of L-DOPA Response Abnormal 
Mutants  
Yoshio Goshima (1), Shinya Tsukamoto (1), Yukio Sasaki (1), Takeshi Ishihara (2), Ken-ichi 
Ogura (1) and Isao Katsura (2)  
(1) Department of Pharmacology, Yokohama City University School of Medicine, Yokohama 236-0004, 
(2) Structural Biology Center, National Institute of Genetics, Mishima, Shizuoka-ken 411  

We previously proposed that L-3,4-dihydroxyphenylalanine (L-DOPA) is a neurotransmitter and/or a 
neuromodulator in the mammalian central nervous system (CNS). Receptor or transporter molecules of 
L-DOPA, however, have not been determined. In an attempt to understand the molecular events involved in 
the L-DOPA response, we investigated the effect of L-DOPA on C. elegans behavior, and further have isolated 
nine L-DOPA response abnormal (dpa) mutants of C. elegans. The C. elegans Bristol strain N2 on agar plate 
spread with E. coli strain OP50 with L-DOPA added (5 - 20 mM) exhibited characteristic behaviors such as 
back and forward or twist and turn movements. Some aspects of these behaviors appeared to resemble 
osmotic avoidance response. Cultures on NGM plates of EMS (ethyl methanesulfonate)-mutagenized worms 
containing many F1 gravid adults (about 2000) were transferred to new plates. F2 worms were put on NGM 
plate containing L-DOPA 20 mM, which had been seeded with E. coli OP50. Nine mutant worms (dpa), 
which did not exhibit L-DOPA response, were obtained. They exhibited a moderately diminished chemotaxis 
response to Na+ and/or Cl-, and some of them exhibited a diminished response to an odorant 2-butanone. 
We are now characterizing dpa mutants in comparison to several chemotaxis and thermotaxis mutants. 
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75: DAF-11 guanylyl cyclase is required for DAF-7 TGF-b expression to inhibit 
dauer-larva formation in C. elegans 
Mayumi Murakami, Makoto Koga, and Yasumi Ohshima 
Division of Biology, Faculty of Sciences, Kyushu University Graduate School, Hakozaki, Fukuoka 
812-8581, Japan 

In C. elegans larval development , the dauer larva is a lethargic form of a third stage larva (L3) specialized 
for long-term survival and is formed under conditions of overcrowding and limited food. Previous studies 
have shown that the daf-7 gene is required for normal development or inhibition of dauer larva formation, 
and that daf-7 encodes a transforming growth factor-b (TGF-b) superfamily member. In order to study the 
signaling pathway to regulate the daf-7 gene expression, we have screened mutants defective in the daf-7 
promoter::gfp reporter expression. Three mutants were obtained, and one of them was also 
dauer-constitutive (Daf-c) . Genetic complementation test, rescue by a genomic fragment and sequencing 
indicated that the mutation was a new, missense allele of the daf-11 gene. The daf-11 gene is known to encode 
a transmembrane guanylyl cyclase. The Daf-c phenotype of both the new allele ks67 and the typical allele m47 
was suppressed by daf-7 cDNA expression. These results show that DAF-11 transmembrane guanylyl cyclase 
is an upstream component regulating DAF-7 TGF-b expression in the genetic pathway controlling dauer 
formation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
76: Analysis of class 2 flr genes, which control the growth rate of class 1 flr 

mutants.  
Akane OISHI (1), Masaya TAKE-UCHI (2), Takeshi ISHIHARA and Isao KATSURA  
Structural Biology Center, Natl.Inst. Genet. (1) Technical Section (2) present addrress: 
Univ.Coll.London,UK 

flr (fluoride resistant) mutations are classfied into two categories, class 1 and class 2. Class 1 
mutations( flr-1, flr-3 and flr-4) show many phenotypes, such as strong resistance to fluoride ion, slow growth, 
short defecation cycle periods, defects in the defecation expulsion step, synthetic abnormality in dauer 
formation,etc. These genes encode an ion channel of the DEG/ENaC superfamily, a kinase-like molecule, and 
a novel Ser/Thr protein kinase, respectively, which seem to constitute a regulatatory system in the intestine. 
Class 2 mutations(flr-2 and flr-5) confer weak resistance to fluoride ion and suppress the slow-growing 
phenotype and synthetic dauer abnormality (but not the defecation abnormality) of class 1 mutations.  

To elucidate how the class 1 flr regulatory system controls diverse functions, we cloned one of the class 2 
flr genes, which probably act downstream of class 1 genes in the regulately cascade. FLR-2 is a secretory 
protein belonging to the DAN/Gremlin/ Cerberus family (TGF-β antagonists). However, it remains to be 
studied whether FLR-2 antagonizes a soluble signaling molecule like TGF-β or it acts, for instance, by 
binding to a membrane-bound receptor. 

Recently, we found that class 2 mutants show weak response to benzaldehyde, and that flr-2  is expressed 
in a few sensory neurons. We plan to continue the analysis of the class 2 genes to elucidate the molecular 
mechanisms of growth-rate regulation and neural functions. 
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77: A deletion mutant of mek-1 (a MKK7 homolog in C. elegans) is hypersensitive 
to heavy metal ions and to starvation 
Makoto Koga (1), Richard Zwaal (2, 4), Kun-Liang Guan (3), Leon Avery (2) and Yasumi 
Ohshima (1) 
(1) Department of Biology, Graduate School of Sciences, Kyushu University, Fukuoka 812-8581, 
Japan, (2) Department of Biochemistry, University of Texas Southwestern Medical Center, 6000 Harry 
Hines Blvd, Dallas, TX 75390-9148, USA, (3) Department of Biological Chemistry, University of 
Michigan, Ann Arbor, MI 48105, USA, (4) Present address, Devgen N. V., Technologiepark 9, 
Zwijnaarde B-9052, Belgium 

The c-Jun N-terminal kinase (JNK), a member of the mitogen-activated protein kinase (MAPK) family, 
has been shown to be involved in the response to various stresses in cultured cells. However, there is little in 
vivo evidence indicating a role of a JNK pathway in stress response of an organism. We identified the C. 
elegans mek-1 gene, which encodes a 347 amino acid protein highly homologous to mammalian MKK7, an 
activator of JNK. MEK-1 reporter fusion proteins are expressed in pharyngeal muscle, uterus, a portion of 
intestine, and neurons. A mek-1 deletion mutant was isolated and shown to be hypersensitive to copper and 
cadmium ions and to starvation. Also, mek-1 animals that survived under these stresses showed a 
characteristic, striking morphology. A wild type mek-1 transgene rescued the hypersensitivity to the metal 
ions. Double mutants of mek-1 with eat-5, eat-11 or eat-18 mutations, which are characterized by a limited 
feeding defect, showed distinct growth defects under normal conditions. Expression of an activated form of 
MEK-1 in the whole animal or specifically in the pharynx inhibited pharyngeal pumping. These results 
suggest a role of mek-1 stress responses with a focus in pharynx and/or intestine. 
 
 
 
 
 
 
 
 
78: CaM-K-mediated signal cascade is conserved in some neurons of C. elegans 

in vivo 
Yoshishsige Kimura(1), Ko Eto(1) and Hiroshi Tokumitsu(2) 
(1)Helix Research Institute, Inc., (2)Kagawa Medical University 

Ca2+/CaM protein kinases (CaM-K) is kown to have important roles for Ca2+-dependent signal 
transduction. CaM-K-mediated signal cascade consists of the upstream CaM-kinase kinase (CaM-KK) and 
downstream CaM kinase I (CaM-KI) and CaM-kinase IV (CaM-KIV). In addition, a transcription factor 
cAMP-responsive element binding protein (CREB) is activated by phosphorylation with downstream 
CaM-KIV.  

We characterized C. elegans orthologues of CaM-KK (ckk-1) and CaM-KI (cmk-1) and found that 
CaM-KK-CaM-KI-CREB cascade is conserved and operated both in vitro and in transfected cells. CMK-1is 
highly homologous to mammalian CaM-KI and is activated by CKK-1 through phosphorylation of Thr179 in 
a Ca2+ /CaM-dependent manner. An activated CMK-1 can phosphorylate CREB protein and activate its 
transcription activity. 

We constructed ckk::gfp and cmk::gfp fusion genes and analyzed the expression patterns of both genes. A 
ckk-1::gfp reporter was expressed small number of head neruons after L3 stage. On the other hand, 
cmk-1::gfpwas seen in the most of the neurons from embryo to adult. 

To see the localization of activated CREB in vivo, we made a reporter worm that conains 4XCRE::gfp 
fusion gene. GFP expression cannot be seen in normal development but the expression in small number of 
neurons in head and tail can be induced by cAMP soaking. This induction can also occur by the expression of 
constitutively active form of CMK-1. Interestingly, this expression can be seen only after L3 stage and the 
expression was decreased or disappeared in adult. We also found that the constitutively active form of 
CMK-1 induced the malformaion of vulva and Egl phenotype. These results suggest that CaM-KI-CREB 
cascade of C. elegans is also conserved in vivo but it works only in small number of neurons. 
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79: The Ras-MAPK signal transduction pathway plays multiple roles in 
chemotaxis to odorants 
Takaaki Hirotsu and Yuichi Iino  
Molecular Genetics Research Laboratory, The University of Tokyo, Tokyo 113-0033, JAPAN 

We have previously reported that the Ras-MAPK pathway functions in mature olfactory neurons. 
Immunohistochemical study has suggested that the pathway is activated by odorant stimulus. Our further 
analysis indicated that the pathway might have multiple functions in olfaction as described below. 

In the immunofluorescence analysis, the activation of MAPK was induced in the AWB neurons, as well 
as in AWC, by exposure to high concentration (10-2 dilution) of isoamylalcohol for 10 seconds. Interestingly, 
the activation of MAPK in AWC was shut off by longer exposure (for 5min) to 10-2 isoamylalcohol, while the 
activation in AWB was sustained. On the contrary, the staining of activated MAPK was detected in AWC, but 
not in AWB, after application of lower concentration (10-4 dilution) of isoamylalcohol. 

The AWB neurons are known to mediate avoidance of volatile odorants. Our immunofluorescence 
analysis indicated the possibility that high concentration of isoamylalcohol might induce avoidance behavior. 
Indeed, worms show avoidance behavior when large amount of undiluted isoamylalcohol is presented. The 
let-60(gf), lin-45(lf) and mek-2(0) mutants exhibited defects in this behavior. Thus the Ras-MAPK pathway is 
also important for avoidance of odorants. We also observed that the odr-3, tax-2, tax-4 and osm-9 mutants had 
deficits in this avoidance behavior, suggesting that these components known to mediate chemotaxis to 
odorants are also involved in perception of highly concentrated isoamylalcohol. 

When wild-type worms are pre-exposed to isoamylalcohol at 10-4 dilution for 5min, they avoid 
isoamylalcohol at the normally attractive concentration (10-2). This behavioral plasticity is also manifested in 
chemotaxis to benzaldehyde (sensed by AWC), pyrazine (AWA), and trimethylthiazole (AWA & AWC). The 
let-60(lf) , let-60(gf) and mek-2(0) mutants showed defects in this behavior. The Ras-MAPK pathway may also 
play roles in this behavioral plasticity. 


