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PreEace

Microsporogenesis begins with the division of a diploid sporophytic cell, giving rlSe

to the tapetal initial and the sporogenous initial (pollen mother cell)･ The sporogenous

cell undergo meiosIS, glVlng rise to a tetrad of haploid cells, that are released as free

microspores by the action of enzyme produced by the tapetum layer of the anther. These

uninucleate microspores undergo an asymmetric mitotic division, resulting ln a pOllen

grain contalnlng tWO Cells, a larger vegetative cell and a smaller generative cell tbat is

enclosed within the vegetative cell and finishes when pollen grain is released from the

anther･ All these processes involve a complex program of spatially and temporally

regulated genes in the anther. It was estimated tbat about 25,000 diverse genes are

expressed in the tobacco anther, and approximately lO,000 of these genes encode

mRNA species that are anther speci丘c (Koltunow et al･, 1990)･ Studying the abundance

and the presence of anther speci丘c mRNA at various stages of anther development has

provided valuable information on the temporal and spatial expression of anther genes

(Koltunow et al･, 1990, Hihara et al･, 1996, 01de血of et al･, 1996)･ Anther development

can be divided into two general phases･ During phase I, the morphology of tbe anther is

established, cell and tissue differentiation occur and microspore mother. cells undergo

meiosis to generate tetrads of microspores･ During phase II, pollen grains and spem

cells di飴rentiate and tissue degeneration, dehiscence, and pollen grain release occur.

Recently, uslng ArabidopsIS SyStem, genetic approach for the isolation of genes

involved in microsporogenesis has been conducted successfully･ Ybung et al･, reported

the SPOROCnELESS (SPL) gene, also known as the NOZZLE gene (Schiefthaler et al. ,

1999), that is essential for sporogenesis in both male and female organs in Arabidopsis

(Young et al･, 1999)･ spl mutation blocks the differentiation of primary sporogenous

ce11s into microsporocytes and anther wall formation･ The SPL gene encodes a nuclear

protein related to MADS box transcription factor･ SPL expression is restricted to

sporogenous cells and microsporocytes in anthers and to megasporocytes in tbe ovules･

From these findings, they suggested that development of anther walls and the tapetum
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and microsporocyte formation are tightly coupled and SPL gene product likely functions

as a transcriptional regulator involved in early germline specification･

AIso several genes that a飴ct meiosis have been identi丘ed. These indude

Arabidopsis steri1e mutants defective in chromosome pairing and segregation: (asyl)

mutant, defective in meiotic synapsis (Caryl et al･, 2000), diJl/qnl mutant, a

homologue of the yeast REC8/RAD21 cohesin gene (Bai et al･, 1999) and dmcl mutant,

defective in bivalent stabilization and chromosome segregation (Couteau et al･, 1999)･

One of the most effective approaches for understanding the molecular mechanisms

involved in microsporogenesis is to isolate and characterize genes that are expressed

specifically in meiocytes. Previously, 18 meiosis-associated cDNAs were isolated from

microsporocytes of a monocotyledonous plant lily (Lilium longiPorum) and their

corresponding genes designated as LIM genes (Kobayashi et al･, 1994)･Among the gene

products, LIM15 that takes part in meiosis-specific homologous chromosome

recombination has been well characterized (Kobayashi et al･, 1993; Terasawa et al.,

1995)･ However, it has been shown that genes that are expressed in somatic cells play an

important role in meiotic progression･ For example, a meiotic recombination checkpoint

was recently reported to be contro11ed by mitotic checkpoint genes in yeast (Lydall et al･,

1996)･Although, the studies of speciflC geneS PrOVided much importantknowledge,

these results suggest tbat it is also important to s山dy genes expressed in somatic cells

for the elucidation of the processesinvolved in microsporogenesis･

Ran血m d)NA sequenclng Can be used to isolate many functional genes, wbich are

expressed in a particular tissue or under a speci丘c environmental condition. Recently, a

large number of cDNA clones were identified by random sequenclng from plants

including maize (Keith et al･, 1993), Arabidopsis thaliana (H6fte et al., 1993;

Newman et al･, 1994), Brassica napus (Park et al･, 1993) and rice (Uchimiya et al.,

1992; Sasaki et al･, 1994)･

In order to identify genes expressed at microsporogenesIS, random sequenclng WaS

carried out uslng a lily cDNA library made from zygotene stage microsporocytes･ To

avoid redundancy of cDNA clones and to obtain novel sequence information efEiciently,

a simple and versatile uself-hybridizationn strategy was developed and single-run DNA
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sequence data were obtained from 418 cDNA clones･ Deduced amino acid sequences of

171 cDNA clones, which comprised 41% of the selected cDNA clones, showed

slgnificant similarity to amino acid sequences registered in the database･ These included

cDNA sequences for previously identified meiosis-associated genes･ However, 59% of

the selected clones showed no slgnificant homology toknown gene products･

Interestingly, compared with the previously described random sequenclng PrOjects, the

ratio of cDNAs encoding novel protein was relatively high and some of the predicted

amino acid sequence encoded by the cDNA exhibited interesting features (Morohashi et

al･,2000)･

My ma]or purpose of thisthesis work is to identify and characterize novel

components that may be involved in microsporogenesis or meiosis in plants｡ In this

work, Ⅰ血ose丘ve d)NA dones that contain putative nudear localization signal(s) and

conducted a series of studies for the characterization of novel proteins that may be

involved in nuclear or血romosomal events during microsporogenesis in lily･



Part 1. hitial characterization of novel geAeS from L. to伽microsporocyte
cDNA追brary

btroduction

Gene expression is a multistep process involving chromatin remodeling,

transcription, RNA processlng, RNA export and translation. The sequestering of genetic

material in the nucleus by eukaryotic cells provides a powerful mechanism for the

regulation of gene expression through the selective translocation of proteins between the

nucleus and -cytoplasm･ The best-characterized mechanismfor translocation across the

nuclear envelope is protein import, which depends on the dassical nuclear localization

signal (NLS). Meiosis is characterized by two nuclear divisionsfo1lowing a single

round of DNA replication･ Thus, the dynamics of nuclearfunction and chromosome

structure and behavior are markedly difEerent than that observed during mitosis･

Al血ough it is known that the nudear behavior during microsporogenesis or meiosis is

unlque, factors and genes involved in the nudear event are not necessadly dear･

In the aim to better understanding meiosis and me血anisms involved in meiotic

nudear events in plants, I examined several genes expressed during microsporogenesis

identified by self hybridization strategy from a cDNA library of zygotene stage

microsporocytes in L. longiPorum (Morohashi et al･, 2000)･ In this section l conducted

studies of fbur cDNAs encoding novel gene product with deduced amino acid

sequences containing a cluster of basic amino acid residues that may constitute a

nudear localization slgnal･ Tbe developmental stage and tissue spec泊c expression

patterns of tbese genes sbow that they are predominandy or speci丘cally expressed

during microsporogenesis･ I also inves也gated intracellular localization of血ese genes by

transient assay in onion epidermal ce11s using greenfluorescent protein (GFP) tag･



Materials aAd methods

Plant naterials

L. longiPorum cv. Hinomoto was used in this studyてFlower buds were categorized

according to their length and determination of developmental stage was carried out

cytologically as previously described (Erickson, 1948)･ Anthers were dissected加m

buds, frozen in liquid nitrogen and kept at -80oC･ Developing microsporocytes were

extruded血om corresponding buds, pooled and washed in White's medium to remove

sporophytic contamination and kept at -20oC･All samples were frozen in liquid nitrogen

and kept at -80oC･

RNA isolation, 5'RACE aAd RTIPCR

Tbtal RNA was isolated血om yarious tissues and anthers of corresponding stages by

using RNeasy kit (Q仏GEN), and treated with RNase free DNase･ 5'RACE was carried

out with l･O pg of zygotene to pachytene stage anther total RNA by uslng SMART

RACE cDNA amplification kit (Clontech)･ Primers used for each clone were: M333R

(5 '-GGACGGAGAGGCAAGAArCAG-3 '), M355R (5 '-AACACÅrCGGTCArCTGT

GC-3 '), M404R (5 '-GCATTCCCCGCATAACACCAAC4-3'), M404R2 (5'-CAGCCT

GCATC TGCArCACCTGT｣3'), M411R (5'-ACACTCACACArCCTACTCGC-3'),

M4 1 1 R2 (5 '- GTTCACCCACATGATCCACCTGT-3 ') ･

For RT-PCR following primers were used: M333F (5 '-GACATCAACCCCACArG

TTGAr-3')M355F (5'-AGAGATGGACTCTGCT GCTAGG-3'), M355R, M404F (5'-

GTGGAGGArGAGAGGAGGGAGA-3'), M404R, M411F (5 '-ACTAAAGGAIACA

CCACAGC-3'), M411R, EFlαF (5'-GAGGCAGACTGTTGCTGTCGG-3') and

EFlαR (5 '-AGCAGACTGAAATGAAGArGC-3')･ PCR conditions were 94oC, 30 sec;

55oC, 30 sec and 72oC, 1 min; 20 cycles. PCR products were separated on l･2% agarose

gel, transferred to Hybond-N+ membrane (Amersham)･ Labeling and hybridization were

carried out according to manufacturer's proto001 (Gene lmages AlkPbos Direct labeling

and血ybridization system, Amersbam) and detected with chemiluminescent detection

reagent cDP-StarTM (Amersham). Hybridization was carried out overnight at 55oC･



Construction of GFPfusioA and particle bo血bardment

pBlueScript/M333, pBlueScriptM355, pBlueScriptM404 were excised by PstI-

blunt/KpnI, pBlueScriptM411 was digested by SacI-blunt/Kpnl and the isolated

fragments were inserted into BgmI-blunt/Kpnl site of 221-EGFP-CI vector･ Onion

epidermal ce11s were bombardedwith l･6 tLM gold particles coated with each construct

or 221-EGFP-Cl as a control using PDS-1000/He particle delivery system (BioRad)･

Samples were kept at room temperature for 8 hours and GFP localization was visualized

uslng a f山orescent microscope and then images were captured by 3CCD camera device

(Hamamatsu Pbotonics) ･

Res dts

Sequence analysis of M333? M355? M404 aAd M411 cDNA clones

Thefull length cDNA sequence was obtained by 5'-RACE uslng mRNAsobtained

from the whole anther at meiotic prophase･

The M333 cDNA (Fig. 1) encodes a predicted protein of 663 amino acids･ The N-

terminal half (amino acid residues 71 to 330) of tbe predicted protein shows strong

homology to catalytic domain of the serine/threonine protein kinases･ Database searches

revealed high homology to a tobacco NPKl (AuCleus- and phragmoplast- localized

protein _kinase l), which regulates lateral expansion of the cell plate at cytokinesis

(Nishibama et al･, 2001)･ They share 48% identity and 60% similarity over entire length

wi也most conseⅣed region within kinase domain (Fig･ 2)･ Thus, M333 cDNA was

named LINPKL for LJlium longiPorum仝旺Kl王ike protein･ AIso significant homology

was found with putative protein kinases from ArabidopsIS and rice.

The M355 cDNA is 1201 bp in length with an open reading frame encoding 308

amino acids that shows slgnificant homology to a putative protein predicted by the

genomic sequences ofArabidopsis and rice (Fig･ 3)･ Because of the low abundance of

the M355 transcripts, I could not identify the exact size of the mRNA by RNA gel blot

analysis.Although its 5 '-noncoding reg10n Of M355 mRNA did not contain in-frame
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ACGCGGGGAT TCAGACCCAT TGAGATGCAG GACATCTTCG GCTCCGTCCG CCGTTCCCTT TCCCTCCGCC CAACCACTGC

艮　Q D I F G S V R R S　工・　S I・R P　℡　℡　A

CGGCGACGCT GCCGTCGGCA CCTCCTCCGG CAGCATAGCC GACCGGATCG GATCTCGCCT CAGAAAATCG CGGGTGGGGC

G D A A V G　℡　S S G S I且　D R I G S R I－　R X S R V G I－

TCGGCCTAGG GTTAGGGC℡C CACCCCAAAC TCCACTCCCC GCCATCCCCA ATCGCTGTCG CCCACCCGAT TCGCTGGCGC

G I．G I．．G L　打　P E L E S P p S　■p I．A V　且　Elp I R‾　V R

AAAGGGGAGC TCATCGGCTG TGGTGCCTTC GGTCATGTCT ATATGGGCCT GAATCTCGAC TCCGGCGAGC TCCTCGCCGT

CAAACAGGTG ATGATTGGAA GCAGCGATGC TTCG且AGGCG AAAGCCAGAG ATCACATAC℡GGAGCTAGAG GAAGAAATTA

T・Q■　v Y■・T　仁　宍・賃・n A F；T A・T A T7　n TT T．Tr　甘　T・零　下　鷲　T　‾7r

AGCT℡TTGAA CAACCTTTCT CATCCCAATA TCGTTAGGTA CTTGGGGACA GCGAGGGAGG AAGATACCTT GAACATCCTG

も．耳　甘．＿．¶1S　甘　P　甘Ⅰ　V R T‾　L G　℡　A R E■　E・D　ワ・1■ⅣⅠ・・1二

CTGGAGTTTG TAACCGGTCG GATCGATATC ATCACTGCTC GGGAAATTCG GGTCTTTCCC GGAGGCGGTA ATAAGAATGG

L E F V T G R I D I I T A R E I R＿　V F P G G G N X N G

且ワACAAACAA C叩C℡GC℡GG GC門GGAAて旭℡C℡CワAC且且C且AGA℡C且℡GC ACAGAGAワA℡ワ且AGGGGGCG且且CA門CⅢG

＿Y．－R O　も．1■1－・G l富　Y・1T N RI・班　H　－R DI R G　且　罰・Ⅰ■も　V

TGA℡AACAAG GTGCATAAGC TGCGACTCGG AAGCATCTAA GCAAGTTGCC CAGTTGGCA凰CTATACCAGC TGCCAAGTCA

□　　　　　　　　C D E A S X V A A T I p A A X S

ATGAAAGGTA CTCCATATTG G且TGGCACCA GAAGTTATTG TTCAGAGTGG ACATAGCTTC TCTGCTGATA TATGGAGTGT

川　　　　　　　口　　　W　班　A‡，　苫　Ⅴ　ⅠV S G F S A D I W S V

TGGTTGTACT GTCATTGAGA TGGCTACTGG CAAACCTCCC TGGAGCCAGC AATACCAAGA GGTTGCTGCT CTATTCCATG

G A　℡　G X p　□　　W S Y E V　Å　A I－　F　甘　Ⅴ

℡CGGGACAAC且AAG℡CACA℡CCACCC且門C CAGAA℡凹凹GワC叩C℡G且G GCC且AGG且叩門C凹℡℡G且A且℡GC門GCAワ

G　℡■℡・R・S■　甘▲　P P I P　苫　T L・S■　S】…　且・Ⅹ　D F l■．も　Ⅹ　C I・F・

AGGGAACCGA AC℡CGAGGGC AACAGC℡GC℡G椚コ門ACワGC凰GCAワCCC℡℡℡GでワACワGGG GA℡ワ且℡C且GG且でCCACAワCG

R E P　Ⅳ　　S R A　ワ　A A D　も　L F P F V　℡　G D Y Q D p H R

ACワCC朗コ℡GC℡C叩CAGC℡GワGAAACCA℡C AGGAAAC且ワG C叩CCGAC且ワCAAG且℡CGGA CA且且且ACでCG CCC℡CGAT℡凰

1　ヱ　C S S A V X p S G　Ⅳ　班　も　p　ワ　S R S D X N S p S I　班

℡G℡G℡GAAGG C℡C且GACAⅢ即AGAm且℡G AAÅC℡GCA且A CでGC℡CAAC℡GCA℡AC℡CワG AG且且GC門且G G且CC且且AAC℡

C E G S D I V D Y E　℡　且　N C S　ワ　A Y　5　E R I R　℡　R　℡

A℡GつコGGC且GA AGAG℡ACGAG℡A凹GA℡A℡GでG℡CⅢワGGG AワGAC且A℡GA℡GACA℡GウTG℡CAGワ℡CG且つコG ACAAワG且℡GA

班　W Q X S　℡　S I D　班　C I・W D D N D D H C Q F D D　Ⅳ　D D

TTTTCCTGTA GTTGGACCAA GTTTTAATCC AATGTCTGAT CCCTTAGACG ACTGGACATC TAAGTTTGAT GCTAGTCCAG

F P V V G p　5　F　甘　P　班　S D p　乙　D D W　℡　S R F D　Å　S p　苫

AGCAAAGAAC CAACTCTCAG AATTTTGGTG AATCGACTGG GGA凰GTCAAA GATG且CTTC凰GACTCCCCTG TGAGCCAGCG

Q R T N S Q N F G E S T G E V R D D F R L P C E P A

GCCGAAGGCG GC℡GlTGAAG℡CAC℡GAGAC℡AAAA℡ワAG且G CC℡℡CCワGCAワGAAAAGGCC G℡ワGAワC℡且A GGAAGCワGCA

A E G G C E V　℡　E　つコ　　Ⅹ　I R A f■　1　E　＿E R A V D I－　R X I Q

AACACCAC℡且つ丁℡℡GAG℡℡CでACAACACCl！℡GA且ワACCA凰C G且門G℡C且℡Gワ℡A門GCウコGCで門A℡GCAAG GAAA且℡GCでA

℡　P　も　F E F Y N　℡　も　封　℡　N D C　耳　Ⅴ　Ⅰ　且　A I－　C X　苫　Ⅳ　A　℡

CAAATAATTC AA且TCTATTT CCCAA且ATCA ATCAATCACC AAGCAAGATG GTAACTCGAA TGACATCAAC CCCACATGTT

村　村　S　好　も　F p X I　Ⅳ　Q S P S E　班　Ⅴ　℡　R　九　ワ　S　ココ　p H V

GA℡GTTGTGA A℡AAAAGAAG CACCGGAAGT TCAAGCCCGC TAGTTTCTAC TTGTGACCTC GATAACAATA GAGTTTTGA

D V V　Ⅳ　　Ⅹ　R S　　℡　G S S S P　工．　V S　℡　　C D I－　　D N　Ⅳ　R V l X

AGAGATACTT TCTCCACGCC TTAATGAGAG TGAAGGATTA CGTCAAGGTC ATCAGC℡AGA ACCAAACGTT GCAAGTGTGT

E II．　S P R I．　N E S E G L R Q G　8　　Q L E P N V A S V S

CでGGC℡GCGA CAG℡GCG且GC門Cウ規℡GAGA GGCAGAAGAA G℡GGGAAGAG GAG門GG且つコC AAGAGC叩GC　ワAGA℡ワA且GA

G C D S A S▲　F Y E R Q X K W E E E L D Q E L A R L R

GAAGAAAGGC GCCAATCAGG TCTAGGTATG且且ATCTCCAG CTCTTTTTGG GAACCGA且AG AGACATCGTT CTAGATTTGA

E E R R O S．G I－　G　皿　　Ⅹ　S P A I－　F G　¶　R R R E R S R F D

TTCCCCAGCC AAATGACTAC TGAAGACTTG ACAGATTCAT ATATGTATAC AATTTTTGTA GCCCAGGCGA TGCATGGAGA

S　王I A X　★

TGATTCAGTA TTCCAAGCAA GCAACGGAAG ATCTTCGAAA ATTGGTTAGT TCGTTTCGTG ATTCTGATTC TTGCCTCTCC

G℡CCCTGAAA TCTAAGCTTG TATCATTTTG AGGAGTGACG CATAACTATT TGACATGACG ATAGAGATAT TCCAAGTTCG

AGCCATGCTG TGCAATATTC GAGAGATTCA TTAATGCCGA GACAGTTTTG CTGCATATTA TCCACTTTGT CGGATTCACT

℡AGA℡且且且GG C℡℡℡CACA℡G　℡AACAAGCワG ACCA℡CÅGG℡　ÅでC℡GGAA凰G AAAAAA℡GC℡　ÅA℡ワGG℡ワGG mCAGCC℡且ワ

ACGGCA且且℡G AAAA且AAAAA AAAAA且A且AÅ
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entire length･ Sequences00汀eSpOnding to protein kinase domain are underlined･
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GGTTAGATTC GTCTCCTCTC CGCCTCTAAC AGCTCACAGC TCGATCGAGA TGGTCGGAAA

MVGN

cGAGGGGATA CTGGAGTTTC CCAGGCGATT AGCAGCCGGA ACGTCTTCGC CGCTCTCGAT

RGDTGVSQAI

AGAAGAAGAG GTCAGACAAG GAGAAGTGCA

KRRSDREXCR

CGCGCCCCTC ACCGTCAAAT CCTGGGCCGA

API.TVXSWAD

GCGCCGCCG℡ CAGCG℡GGGG ℡G℡GCC℡GAG

APPSAWGVPE

AAAGTGCAAG TGAAGATGAA GGTCTTGATG

SASEDEGIJDE

ACTCGAGGTT CCTGCCCCAG CTGAGCCTGA

I.EVPAPAEPD

GAAAGGCAAC TCTCGAAAAA GGAGCTGAAG

ERQLSRRELR

T℡GGAATGGC AGCTGAAGAT AACCAAGCTG

G班AAEDNQAA

SSRN

AGG℡CAAGGA

VRE

℡G℡CGAAGAC

V E D

CAGAAGAAGA

QRRS

AACC℡GA℡GA

P D D

℡G℡GAAGAAA

VRR

AAAAAGGAG℡

RXEL

CAAAGC且AAA

RQN

V F A

GG且ACCGGC且

E P A

GACGACGACG

D D D D

GCAAGGAGGT

R E V

TGAGGCTGTT

EAV

CC℡CCCG℡CC

PPVP

TGGCAGAATT

A E L

℡GGG且CCÅCA

GTT

A L D

CCGCACG℡G℡

P H V F

ATGACTACTA

D Y Y

CCCTGTTGCT

P V A

GA℡GAACAAG

DEQA

C℡℡CGG℡GCC

S V P

AGAAGCTCTT

E A L

GGTGTTGGCG

GVGE

GGAGGAGCAT AGTGGAGCGA ATGAGAAAAA GGAGAATGTT CCAGTGGAGA GCAAAACATC

EEESGA甘EXR王NVPVESRTS

AAGGCGAAAA AGGAGAAACT GTCCAAGGAG GCTAAAGATT CTAATGAACA TCCGAACGGC

RARX五RLSXEARDSNEEPNG

ATGCAGGTAC TAGTGCAGAG GTGACCGCTC GTCCAGTTGA TATGAAAGAG CGGCTGAAGA

AGTSAEV℡ARPVDMKERLRX

AACGAAGAAG AAATCTAGCA AAGAGATGGA CTCTGCTGCT AGGGCTGCCG CGGTGGAGGC

TRRRSSXEHDSAARAAAVEA

CGGGAGCCG℡ 7 0

GSR 7

ACCC℡CAAGA 140

TLRR 31

TCTGGGCGCC 210

WAP 54

TGCTACCACC 280

ATT 77

A℡AGAGGAGG 3 5 0

IEEEIOI

CTGACCATCA 420

DHQ 124

CAAAGATACA 4 9 0

RD℡ 147

TTAACTGAGC 5 6 0

I.TEL 171

AGGAGAAACT 63 0

ERL 194

A且AAAAGAAG 7 0 0

RXX 217

AATGGTGCCG 770

NGAD241

AGATGGCTTC 840

比AS 264

AGCTGCCAGG 910

AAR 2B7

AGTGCAAAGC TGGCCGC℡GC GAAGAAAAAA GAGAAGAGTC ATTACAATCA ACAGCCAATG CGGTAGGCTG

sAKI.AAARRR王RSHYNQQP斑R★

cTGTTGCTAT CTGTGGCTGG CTCATG℡℡GG GACATCGGTG CTAAATAGTG AGGAAAATAT CTTCTTTTAT

TGGTTGAATG GGAAATAAAC TGAGTTGTCG CACAGATGAC CGATGTGTTC TGTGTGGTAC TAGTT℡TTCC

TTAGTCTTGT CAATGCCT℡G CATGAÅTGTG TAGAAGATAC ATGTGACCAT GGTTTTCTTA AAAAAAAAAA

AAA且ÅAAAAA A

Fig･ 3. M355 d)NA and deduced amino acid sequence･ Putative NLSs are underlined･
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stop codons, high similarity to Arabidopsis homologue suggests that the M355 d)NA

encodes a full-length protein･ Secondary structure prediction revealed that it contains a

coiled00il region (153-184 aa residues)･

The M404 cDNA is l138 bp in length with an open reading frame encoding 219

amino adds that sbows no similarity to previously reported proteins deposited in the

database (Fig. 4)･ Like M355, we could not confirmthe size of M404 mRNA by RNA

gel blot analysis, but the presence of stop codons in all three ORFs suggests that tbe

cDNA encodes a full-length protein･

The M411 cDNA encodes a predicted protein of 540 amino acids (Fig. 5)･ The

putative gene product of M411 cDNA showed high homology to ArabidopsIS putative

protein･ No slgnificant homology was found between M411 and previouslyknown

proteins, however, searches forfunctional motifs revealed sequence similarity to the

conserved region of a SPC97/SPC98 protein family (Knop et alり1997), which are

spindle pole body components血at fom a complex with gamma-tubulin (Fig･ 6)･ A

putative slgnal peptide sequence is also present at N-terminus of the protein･

In addition, searches for functional motifswithin the amino acid sequence revealed

血e presence of dusters of basic amino acid residues that may constitute nuclear

localization slgnals fbr all fbur dones.

Expression analysis of LNPL, M355, M404 aAd M411 mRNA

The expression pattern of each gene was examined with respect to temporal

accumulation during microsporogenesis as well as tissue speci丘city･ Because l could not

detect any discrete band by RNA gel blot analysis, I exploited RT-PCR for the detection

of mRNAs (Fig･ 7)･ For M355 and M411, corresponding transcripts were detected in

antbers of all stages of microsporogenesis and mature pollen･ Although hig血er

expression levels are detectable血om whole anther and PMC samples, the M355 and

M411 mRNA are also detected from somatic tissues including callus, leaf, stem and root.

Therefore, the tissue specificity of M355 and M411 mRNA accumulation does not

appear to be tightly regulated at the level of transcription. On tbe other hand, LINPL and

14
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TGCAGTGCTG CAAGACTGCT TCAGAGTCCA GACTCGAGTC

℡CGCCGGCAC　℡CCAA℡GAAG CGCAAAAAAで　GGACCGGAGウコ

CCTCCCTCCT CTCATCGGGC GCCCTCTCCA AGCTCCGCTC

CCGCGTCAAC GCCCTCCACC ACCTCCGCGA CCCCGACTCC

℡CCG℡CAAGA　℡CCAGAAC且℡　GCGCCACCAG　℡且CC℡℡GGCG

此　　R　ヱ　Q Y　も　G V

CCCCワ℡CCGC CGCCGCCGAC　℡℡CGACココGGG ACG且CGGCG℡

P S A A A D F D W D D G V

GCAGGTCTTC GGCGATCTCG ACCTCGATCC CGATCTCGAT

Q V F G D L D L D P D L D

GÅAACでGAGG　且GGAGACGCG GÅ℡GCでGGCG　凰GG且GGGでG℡

丑　℡　E E E　℡　R　　班　乙　A R R V L

GGGTGAGGGA GGAGGAGGAG GAGGATTGGG CGAGGGACTG

V R　丑　　苫　E　玉：　E D W A R D W

GCTATCCTCA TCCCCTCCCG

ACGAAGA且っコC C且CCC℡CA℡℡

CCGでGAGAAA AAG鷲℡℡C℡CC

℡℡CCCC℡℡CC　℡C℡GG℡CCウ？G

℡GAAGCAAAA AAでCC℡CCGC

X Q R I L R

CAA℡A℡C℡GG CCCAAC℡℡CC

Ⅳ　I W p N F I一

CCGCCGG℡GA

ACCGA且℡AC℡

CC且℡CGCCGA

GCGCGACG℡C

CCCTCTTCCT

p S S S

℡CC℡Cココ且CAA

乙　Y R

TCTGACGATG AGGATGAGGA ATTGGGGGTG

S D D E D E　王：　も　G V

℡GGAGCAGGG GGAGG凰GGCG GCGAGGAGGA

E Q G E E A　　且　R R R

GCGGCGGAGG GAGCGGG且GA CGGCGG℡GGA

R R R E R E　℡　　A V E

GG且っコGAGAGG AGGG且G且GG℡　GGAGGAGGAG GGAGGAGAGG AGGGAGGAGG AGGAGA℡GGA G℡GGAGGGAG

D E R　　＝　R W R R R E E R R E E E E H E叩　W R　五

AGGA℡GC℡GG　℡G且℡GCÅGA℡　GGAGCA℡GAG AAACAGG℡GA　℡GC且GA℡GCA GGCココGAGG℡G　ワG℡CAAGG℡C

R　班　も　Ⅴ　　班　Q　班　　E　Ⅱ　E X Q V　巌　　Q　出　Q A E V．C Q G Q

AGATGCAGAT AGCGGGGATA CTCGCACGGC TGGCGTGCCA GTTTTTCGGG GCCGGGGCTG GCGGGGGTGA

班　Q I A G I　五　A R I－　　A C　く！　F f－　G A G A G G G D

TGGGGGGATG CCGAGCCAGG TTCTGCAAGG TTTGCAGCAG GAGCAGGAGC ATTCACCGGG AAGCTTGGTG

G G H P S Q V L Q G L Q Q E Q E E S P G S L V

GGGGATGATG GGAAGAATGG AGCTCATTCA AGTGAGCACT ATCTCTAGAA TCACTGTAAG TTTGTGTCTC

G D D G R N G A H S S E　Ⅱ　Y I．　★

ATCTAACTTT ATCTTGTTTA GAATCTTGTA CGGCATAGAA ATGTCTGAAT GCTTGGATTT TCAATGATGA

ATCAATTTGA ACATCTGAAA TAAGATAATT GTTGGTGTTA TGCGGGGAAT GCAAATTATA TAGTTATTTC

Fig・4・M404cDNAanddeducedaminoacidsequence．T加oputativeNu論areunderlined．
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更､)ヽ-

GCAGTTGGTT AACATGTATC GAGATGAGTT GCCGTATCAT TTGATAGGAG TAATGATTGC ACTCCTTGTG 70

ATATTGGAGA ATATTTCGTG TCACAATCTG GCTATGAGTC AACTAACCAA AGACTTGAAG TGGAAGTTAA 140

cTCTCCAAAA TCCGATGACA GACAACCAAG ACACAATGAT TCAAATGTAA AGCCAACAAG TCATGTAGAT 210

cGTTCGCGGA TAATGGGCGC GTTGACCTTG TCTGAGGTAT TTTTGATTTC CTTGTTGGGT TTAATAGGTG 280

IGD 20

ATGGCAGTCA TATATA℡CAG TACT℡CAAGA TGTCCTCACC TCCAATCTCT

GSHIYQYFX出SSPPIS

GTGTACTGAT TCAGCTAAGG AAACTGGTGG GACTACACAG ACCCCATTGA

CTDSAXETGGTTQTPLT

AAGTTCTTAG CAGATACCAT ATTGGGGAAG ACAAATGTGG ACATTATGAA

RFLADTILGRTNVDI斑K

CAAATAGGGA CTCAGATTCT GTTGACTTAA AAGAAATGGA AGACACTGCA

NRDSDSVDI.REMEDTA

GGAAGATAGC CGTGCTGAGA ATATACTAGA GACGAGTCTC ATTAGAAGTT

EDSRAENILETSLIRSS

GTTACTGTAT CCAGGGAACT ACTTGAAAAG AACATATCTT GTTGGAATGA

vTVSRELLERNISCWNE

TCCGCCTTCC TCCACTAAAT GATGGAAAT℡ TACGAGAGGC AATTTTTGGG

RLPPLNDGNLREAIFG

TTTGTTGAAC TACAAAACAG CTCC℡GGATA TAATGGAACA GACTATAT℡T

I.LNYRTAPGYNGTDYIF

CTAGAACATC TTCGAGTAGA AGATAACACA AAAACCTTGG AAAAATTGTA

I.EEI.RVEDNTKTLERLY

CAGGTTTTCA GGATAATGTA CCTATGTCAG AGTTTC℡TCC TTTCCAGAAA

GFQDNVPHSEFLPFQK

AATCCTTTGC TGGATTGATA ATATCAAACT AAAGGATACA CCACAGCCTG

ILCWIDNIRLXDTPQPA

CTTGCTTTTT ATATTAAAAA ACAGGTGGAT CA℡GTGGGTG AACATATTTT

LAFYIRX

GGAAATTGAT GGACGAACTT

RL凹DEL

CTTCCTGGCA GTTATTTTTG

FLAVIFE

GTGTTACAGG AATCCATCAG

VLQESIR

℡CGCCA且GCA且AA℡GAA℡℡C

ARQNEF

QVD

GG℡G℡G℡℡AC

GVLH

AGAAGC℡GGA

R IJ D

AAACTCTGCT

Ⅳ 5 A

GACGACGAGG

D D E A

H V G E

ATGCTGTTTA

AVY

TAAGGGAGAA

RGE

GATGTACTTC

D V L L

CAAATACAAC

N T T

H I I-

TTTACTGGGC

L L G

TCCTGGGATG

S W D D

TAAGTGCCCC

SAP

CAGCAATGTT

S N V

GCAATTTCTT GGAA℡TGA℡G CCC℡℡GA℡TT GATGAAATTC AC℡TACAAAG

QFLGIDALDLHXFTYRV

ATCGCCAATA TGGAAGCACT AAAGAAGTAT AATCAGGTCA TGGGCTTCTT

IANHEAL抑封OV■世IqFL
AATTTGTTCT TGACAAAGCT CGGAGGTGGA TGTGGAAGAG CAAAAGCAGT

FVI.DRARRWMWXSKSS

TCACCTGCTA GTGGAACAGA AGCTCCTCCA CTTTGTTGAT GCATTTCATC

HLIJVEQRLIJZ]FVDAFBQ

TTTCACAGTG CGTGGCTTGA ACTCTGCACA GGCATGGCGT CAGCAAGCTC

FESAWLEI.CTGHASASS

TTCATGAGGC CTACCTTTTG TCTATTCAGC GCCAGTGCTT TGTGGCTCCC

HEAYLLSIQRQCFVAP

AGCCAGTTTG ATGAATGCAT TGCCTTTCTA CTAAGAATCC TGTCTTTCAA

ASLMNALPFY*

CTCATTTGGC TGATTTGGTG ACCAGAATCA ACTACAACTA CTTCTACATG

GACTGTCCCA AGCTTTGAAG CTGCAGCTAA ACGTCGACCG ATACTTTAGA

AAATTCAAAG CGAGTAGGA℡ GTGTGAGTGT TGTGCCTGTT TGTGTCCCGT

且且AA且A且AA

CGAC℡ACAC且

RL ZI X

CTTCCGGCAA

S G N

AGATGTTTCT

DVS

GAACA℡CA℡A

E H H N

CTTGCCTTGG

C工l G

ACTCAACATA

L N I

AAAAATTGTT

RNCW

TTGGTTTTCA

GFQ

TCCGTTTCCA

P F P

且A℡AGCACCC

N S ℡ L

AAATTGTCAT 3 5 0

IV出43

CATCTGGTTC 420

IWF 66

GTTAAATGTG 4 9 0

VECA 90

ACCCTAAATT 5 6 0

P K I. 113

AAACCCTGTT 630

NPV 136

TCTAGTAATT 700

SSNF 160

GGAG℡℡CAGA 770

S S D 183

ATTTAATGAA 8 4 0

FNE 206

ACTATTCTTC 910

TILP 230

TTGCCTCAAG 980

ASR 253

CAA℡℡A℡C且℡ CCAGGAA℡GC IO50

III QEC 276

GTTGAAGCTG ATGAGTGACT l120

I.XI.凹SDW 300

TCAGGTGACC TACTGCAGCA l190

SGDLLQH 323

ACGAGTTTGA A℡TGAATACT 1260

EFE LNT 346

GGATTCTTTG GTTGTATCGG 1330

DSI一VVSV 370

ACTCCCCGCA AAATTCAAAA 1400

TPRRIQR 393

TTCCGTGGCC TCTTGACCTT 1470

PWP LDL 413

ATTGAAGGTC AAGCGTGCAA 1540

LXVXRAR 436

ACGGGACACA GTTATAAGCA 1610

TGHSYRH 460

AATATGTCAT GGATAGGGTA 1680

YVH DRV 483

CCTTGATGAG GTCATTGAAG 1750

LDEVIEV 506

GACAAGCTGT GGGCCTTGAT 1820

DELWALI 530

GCTCAATGTG GGGCACTTTC 1890

540

TCTAGCAGTG GCAACTTGCT 1960

TATTACCTTT CTGGGGGCGT 2030

ACG℡CAC℡GA ℡GAAAAAAAA 2100

2109

Fig. 5･ M411 cDNA and deduced amino acid sequence. N-terminus slgnal peptide is double underlined

and bipartite NLS is underlined.
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X411 : 280

5pc97_Spc98: 290

X411 ; 330

声pc97_Spc争8: 340

X411 : 380:AF℡

印c97_Spc98: 390:D-

H411 ; 430:H6

5pc97_5pcﾀ8: 438:FR
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Fig. 6. Sequence comparison of the M411 to the to conserved domain present in Spc97/Spc98 family

y-tubulin00mplex proteins･ Identical and similar residues are boxed in black and gray, respectively･

M404 mRNA expression shows a discrete tissue- and stage-specific expression pattern･

Asshown in Fig･ 7, M404 mRNA accumulates at high levels during early stages of

microsporogenesi岳･ LINPL mRNA expression is restricted to PMC and anther･Although

low levels of mRNA accumulation can be detected from somatic tissues, a PMC-

speciBc expression is also evidentfor M404･ These results indicate that the LINPL and

M404 gene expression is associatedwith male meiosis and is predominantly expressed

inPMC.

Intrace11ularlocalizatioA Of LWL, M355, M404 and M411 proteins taggedwitb

GFP

Because amino acid sequences of fbur proteins indicated the presence of clusters of

basic amino acid residues that may constitute NLS, I tested血e nudear localizing

activity byfusing GFP and expressed in plant cells･ Plasmid vectors expresslng GFP

fusion proteins were constructed by fusing GFP at the amino terminus of each protein･

Plasmids were introduced into onion epidermal cells by microprqjectile bombardment

and expressed under control of the CaMV 35S promoter･ A plasmid construct that

expressed GFP alone, designated 221-EGFP-Cl, was used as a control･ As shown in Fig･

8,且uorescent microscoplC ObseⅣation of GFP signals revealed that GFP::M355 and
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LINPL

Fig. 7. RT-PCR analysis for mRNA accumu)ation pattern of LINPL, M355, M404 and M4111 Reverse

transcrlptlOn WaS COnductedwith･0･5 L⊥g tOtal RNA from anthers of indicated developmenta] stages and

different tissues. PCR wasperformed with specific prlmerS for each clone･ EFl【l WaS uSed as contro]･ The

PCR products were separated on a l･2% agarose gel, transferred to ny)on membrane, and probed with

cDNA fragments corTeSPOnding to each of the amplified products･ YA, young anther;Lep, leptotene

stage; Zyg, zygotene stage; Pac, pachytene stage; D/D, dip】olene-diakinesis stages; Tet, tetrads; YP,

young poIIen; MP, mature pollen; Ca, callus; WA, whole anther; PMC, ponen mother cell;Le, 1eaf; St,

stem and Ro, root.
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Fig. 8. lntracel]ular localization of GFP::LINPL GFP::M355, GFP::M404 and GFP::M411 fusion

proteins. Onion epidermal cells transiently expressing (A) GFP: :LINPL, (C) GFP: :M355, (E) GFP::M404,

(G) GFP::M411. and (I) GFP a)one (2211EGFPICI plasmid). GFP )ocalization is visua]ized by

fluorescent microscopy 8 hours after bonlbardment, (B), (D), (F), (H), (J) are DAPI st且ining of each panel

on the left, Scale bar, 100 pm,
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GFP::M404fusion proteins are targeted to the nucleus, whereas GFP::LINPL and

GFP::M411 fusion proteins are localized in the nucleus and also in the cytoplasm (Fig･

8). These results indicate that M355 and M404 proteins are localized to the nucleus

when fused to GFP.

DisctISSion

M333, M355, M404 and M411 clones were identified as cDNA clones from L･

longiPorum zygotene stage cDNA library without any selection for speci丘c expression･

M333 cDNA encodes LINPL, a putative protein kinase of 663 amino acids･ The

deduced sequence is closely related to a member of MAPK kinase kinase encoded by

NPKl from tobacco･ NPKI protein accumulates in the equatorial reg10n Of the tobacco

phragmoplast, suggesting lnVOlvement in fbmation of tbe cell plate･ It was shown that

the NPKl regulates lateral expansion of the cell plate at cytokinesis (Nishihama et al･,

2001). Because RNA gel blot analysis of LINPL showed meiosis speciflC eXPreSSion

and based on the similarity to NPKl gene, it is possible that LINPL also function in the

cell plate fbmation at cytokinesis during meiosis･

Database searcbes of M411 deduced amino acid sequence revealed no bomology

except putative protein in Arabidopsis･ Some low degree of similarity was found with y-

tubulin complex proteins (GCP)･ The y-tubulin complex is necessary for microtubule

nucleation at the centrosome. M411 shows 47% similarity and 23% identity over 280

amino acid residues with GSP5 from human and mouse (Murphy et al･, 2001)･ This

reglOn also corresponds to the part of the conserved domain in Spc97/Spc98 family

proteins･ Members of this family are spindle pole body components such as Spc97 and

Spc98 in the yeast thatform a complex with y-tubulin･Although the similarity is low, it

is possible that M411 might function in the y-tubulin complex structure and function in

L. longiPorum dpring microsporogenesis･

The predicted amino acid sequence of M355 exhibited signi缶cant similarity to

previously reported putative plant gene products from ArabidopsIS and rice whose

functions are unknown. On the other hand, M404 shares no homology to previously

20



described proteins deposited in database･ The results of RT-PCR analysis show that the

M355 and M404 mRNAsare preferentially expressed during prophase l of

microsporogenesis･ M355 mRNA can be detected at high levels throughout tbe

progression of microsporogenesis while M404 mRNA accumulation is more specific to

PMCs at early stages･ These results suggest that tbe M404 is involved in early meiotic

events during microsporogenesis･ On血e other hand, because low levels of mRNA

accumulation are also obseⅣed in vegetative tissues, it is possible that both genes are

also expressed in vegetative tissue and involved in cellular events other then

microsporogenesis or meiosis･ Together with the fact that the GFP::M355 and

GFP::M404 fusion proteins localize to the nucleus, data obtained in this study suggest

that M355 and M404 are nudear proteins that may play a role in meiotic progression or

microsporogenesis･ Since血e mechanisms of nuclear protein transport during the

process of meiosis may be different from those of mitotic cells, it may be necessary to

test NLS activity of M355 and M404 in a cell undergoing meiosis･ However, because of

our inability to express high levels of GFP fusion proteins enough to be visualized by

fhorescent microscopy, I could not carry out GFP-tag experiments usmg meiotic cells･

On the other band, the presence of typical NLSs of meiosis-associated proteins suggests

that the NLS sequence capable of mediating nudear transport in mitotic cells is also

active in the meiotic nudear transport system･

Because nuclear events during meiosis are unlque, it is possible that speci丘cally

expressed genes such as LIM genes (Kobayashi et al･, 1994) are involved in nuclear or

chromosomal events during meiosis. Previous studies on LIM genes suggested that the

LIM15 protein that shows similarity to an E･ coli DNA recombination protein, RecA, is

involved in meiosis and plays an important role in meiotic progression (Kobayashi et al･,

1993; Terasawa et al., 1995).Also, we have identified the nuclear localizing activity of

LLM5 and LIM13 gene products both of which harbor NLS and accumulate specifica11y

during microsporogenesis (Ogata et al･, 1999)･ Since uM5 and LIM13 show no

homology to previously described amino acid sequences deposited in the database, it is

speculated that tbey might be involved in the nudear event unlque tO lily

microsporogenesis･ Similarly, because no homology was discovered by the database
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searches of the M404 amino acid sequence, available evidence suggests the possibility

that the M404 protein is unlque tO lily and that it is involved in events speci丘c to lily
●

microsporogenesis or meiosis･ On the o血er hand,血e presence of putative homologous

genes in ArabidopsIS and rice indicates血at the M355 is a member of a ubiquitous

protein that may play a role in microsporogenesis･

The LIM genes have been identified as lily meiosis-specific genes specifically

expressed during prophase l of microsporogenesis (Kobayashi et al･, 1994)･ The most

critical difference in the gene expression pattern of LINPL, M355, M404 and M411

compared to previously described LLM genes is the expression of mRNA in the young

anther stage･ Because LIM cDNAswere selected from zygotene stage cDNA by

subtracting cDNAsfrom young anther, a certain portion of cDNAs for mei9Sis-

associated genes, including LINPL, M355, M404 and M4111 WOuld have been lost

during the process of the cDNA selection･ Therefore, some of the meiosis-associated

genes involved in early stages of meiosis or microsporogenesis would not be identi缶ed

by the strategy exploited for the isolation of LIM genes･ I consider it necessary to carry

out large-scale sequenclng Without the subtraction processfor the identifying novel

meiosis associated genes･
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part 2. Characterization ofmicrosporogenesis･associated nudeolarprotein I･IRpJ2･

htroductioA

M532 cDNA was identified from microsporocyte cDNA library as one of the weak

signal dones (Morohasbi at al., 2000)･ A地ough several cDNA dones exhibit similar

characters, I chose to work on M532for further characterization of the protein because

of its relatively high expression levels during microsporogenesis that may allow further

studies at protein levels･ Initial sequence homology search indicated that the M532 may

be a member of an evolutionarily conseⅣed protein, wbose yeast homologue is required

for ribosome biogenesis: in pre-rRNA processlng and assembly and localizes to the

nudeolus.

R弛osome biogenesis is a complex and tightly regulated process･ T血e complexity of

ribosome biogenesis glVeS rise to many steps and opportunities where regulation could

take place･ The regulation of pre-rRNA synthesis is a ma]or control point in ribosome

biogenesis･Although the steps and mechanisms involved in processlng Pre-rRNA have

been extensively investigated, the overall regulation of and coordination between the

processlng and assembly of pre-ribosomal partides is not well understood･ Many of血e

steps in ribosome biogenesis have been elucidated by studies in S･ cereviciae, and most

of the ribonucleoproteinancL PrOtein factors required for these steps are conserved
l

throughout evolution (Ⅵnema and TblleⅣey, 1999)･

Nucleolus is the site for ribosome biogenesis. In addition to being a site dedicated

for ribosome biogenesis, a new studies define mitotic and meiotic roles for the

nucleolus in cell cyde control and gene regulation acbng as a sequestering compartment

for regulatory complexes (San-Segundo and Roeder, 1999, Shou et al･, 1999)･

In this part, I show that M532, named LIRpf2 for Lilium longiPorum Rpf2, is a

nuclea〟nucleolar protein bighly expressed during microsporogenesis･ In order to obtain

information for protein functions, I conducted yeast two hybrid screenlng and identified

a novel lily zinc finger protein, as an interacting protein with LIRpf2･
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MatedalsandMd血ods

椚antma鹿rials

L．long掛）rumSamPleswerepreparedsameasdescribedinPartl・

5，RACEandNorthernanalysis

For5，RACEtotalRNAfrom anther ofpaChytene stage wasisolateduslng a

RNeasykit（QIAGEN），andtreatedwithRNasefreeDNase・5’RACEwascarriedout

withO．5tLgOftotalRNAbyusing5，RACEsystem（GIBCOB鱒L）withLIRpf2specific

primersGSPl（5，－MGTAGArCCTCC－3’），GSP2（5’－CCACCAAGTCCÅrCGAG

GGTCC－3，）andGSP3（5，－GTCGGAGAGCACAGTGCGTGAAG－3’）・

ForRNAgelblottotalRNAsftomanthersofcorrespondingstagesandtissueswere

isolatedaccordingtotheAIAPrinenicarboxylicAcid）method（Kuhlemeieretal・

1988）．20pgtotalRNAwasseparatedonl％agarosegelcontaining18％formaldehyde

andlxMOPS・Afterelectrophoresis，theRNAwastranSferredtoHybond－N＋membranes

（Amersham）andcrosslinked・LabelingofLIRpf2cDNAandhybridizationwerecarried

outasdescribedinPartl・Hybridizationwascarriedoutovernightat550C・

ForAtRpf2cDNA3，and5，RACEthefbllowingprimerswereused：AtM532／1（5’－

GGTTGAAACTGGGAAGAAGACG－3’），MDBl（5’－CTCrGTAArGACGGAACTC

mc－3，），MDB2（5，－CTTrGTrCCTrCÅrGAGGTGC－3’），NMDB2（5’一CGCCCGCA

AGGAmnAAAGTTC－3，）・RNAgelblotfbrAtRpf2was carriedout asdescribed

above．

PrcparationofantibodyandⅥ厄sternblot

TheC－terminusportionoftheLIRpf2（aminoacids179－312）wasclonedintopET1

30b expressionvector（Novagen）・TheconstruCtWaStranSfbrmedintoE・COliBL21

（DE3）p匝SS・TheHis－tagfusionproteinwaspreparedandpuri丘edaccordingtothe

manufacturer，sprotocol（PETsystemmanual，Novagen）・PurifiedrecombinantPrOtein

was usedto raisemouse polydonalantibody・For the preparation oftotalprotein

extracts，SamPleswerepowderedinliquidnitrogen，homogenizedin2ⅩSDSsample
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buffer (0･1 M TrisIHCl, pH 6･8, 1･8% SDS, 18% (w/v) glycerol, 9% (w/v) β-

mercaptoethanol)･ The homogenate was then boiled払r 5 min, centr血ged to remove

insoluble materials and supematants were kept atﾆ70oC･ The amount of protein was
●

estimated by Bradford's method uslng Bio-Rad protein assay kit･ Proteinextracts were

separated on lO% SDS-PAGE and electroblotted onto PVDF membrane (Millipore)･

The membrane was blocked in TBST bufEer containing 5% dry milk, washed 3 times

with TBST buffer and then incubated overnight with LIRpf2 antibody (1 : 1000) in TBST

buffer containing l% dry milk. The membrane was then washed three times for lO min,

incubated for 40 min in secondary antibody, anti-mouse lgG conjugated with alkaline

p血osphatase (1:3000) in TBST00ntaining l% dry milk･ The bound antibody was

visualized by uslng lmmune-1ite II chemiluminescent protein detection system

(BioRad)･

ConstructioA Of皿uorescentfusion proteiAS and partide bonbardment

The NcoI-blunt/Sall digested fragment of LIRpf2 was inserted into 221-EGFP-CI

vector, which was digestedwith XhoI-blunt/SalI. Onion epidermal cells were

bombardedwith l･6 l▲M gold particles coated with 2い･g EGFP::LIRpf2 uslng PDS-

1000me particle delivery system･ For colocalization experiment, NcoI-blunt/BamHI

digested LRZ cDNA was fused to 221-Redl-CI vector digested with BgaI-

blunt/BamHI･ 2 LAg Of each GFP::LIRpf2 and RFP::LRZ were bombarded into onion

epidermal cells･ The samples were kept overnight at room temperature and血e GFP and

RFP were visualized as described in part one.

Cell &actioAation experiment

L･ longiPorum zygotene stage microspores were used to prepare nuclear and cytosol

fractions･ Zygotene microsporocytes from about 50 buds were washed three times with

buffer B (20 mM Tris-HCl (pH 7･5), 10% glycerol, 0･2 mM ethyleneglycol bis (2-

aminoethyl ether) tetraacetic acid, 0.1 mM phenylsulfonylfluoride, 0.5 mM

dithiothreitol, 0･3 M sucrose and lO mM MgCl2) and homogenized in 4 ml buffer B

with a glass bomogenizer at lOOO rpm･ The cell suspension was centrifuged at 4000 g

for lO min at 4oC and the supematant was used as cytosol fraction･ The pellet was
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F　シ・　　　　　　　　　　　　　1∴

－　√と㌻＿＊轟弾鞭漣拓ふ

washedtwotimesandresusp・endedinlmlbufferB，0Verlaidonto30％percollinbuffer

B，Centrifugedat1500gfbrlOminat40C，WaShedtwotimesandresuspendedinbufEer’

BwithoutsucroseandMgCl2・TheresultantCellsuspensionwasusedasnudearffaction・

TheamOuntOfloadednuclearandcytosoIproteinextractswereequilibratedtothe

numberofftactionatedcells・Thesampleswere separatedon15％SDS－PAGEand

immunOStained as described above・Anti－uRpf2polydonalantibody，anti－uMlO

polyclonalantibody（取kase et al・，unPublished）andanti－histone H2Bantibody

（generousgiftfromProf・恥naka，ⅦkohamaCityUniversity）wereusedatdilution

l：1000．

hnmu皿0lo臆a偵0皿

Lilyzygotenestagemicrosporocyteswerefixedin3％paraformaldehydeinlxPBS

fbr40min．Af［erseveralwashesin PBS，microsporocytesincubatedin cellwall

digestingsolution（1％MacerozymeR－10，0・1％PectolyaseY・23，0・1％Zym01yasein

O．3％sucrose）fbrlOmin・Thensampleswereblockedwith3％BSAinlxPBSfbrone

hourandincubatedwithanti－IRpf2andpreimmuneserumdilutedl：100inO・1％BSA

inPBS．Primaryantibodyinc血ationswereconductedovemightat40C・Thefluorescein

isothiocyanate（再TC）1abeledgoatanti－mOuSeIgG（Biosource）serumdilutedl：100

wasusedasasecondaryantibodyandincubatedfbronehouratroomtemperature・The

preparationswerecounterstainedwith1匹g／miDAPI・FITCandDAPI加orescences

wereviewedunderUVandbluelightirradiationuslngafluorescencemicroscope。

1ねasttwo・hybridscreenaTldquaJltitatiYeaSSay

Y己asttwo－hybridscreenlngPrOCedurewascamiedoutasdescribedinMatdmaker

libraryconstructionandscreeningkit（Clonte血）・TheC－terminalregionofuRpf2

（aminoacids139－312）wasfusedtoDNAbindingdomainvectorandusedasabaitfor

screeningacDNAlibrarypreparedfromL・longg70rumPaChytenestageanther・Ⅵast

cellswereplatedonselectivemedialackinghistidine，1eucineandtryptophanand

incubated at300C fbr7days．His＋colomies were assayed fbr quantitativeβ－

galactosidaseactivitybyluminescentβ－galactosidasereportersystem3（Clontedl）・
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GenomicDNAisolatioAaAdDNAgdblotanabrsis・

GenomicDNAwasisolatedfromwholeplantusingCTABmethod（Rogersetal・，

1988）．3．OLlgOfgenomicDNAwasdigestedwithEcoRI，PsiIandXbaI・TheDNA

fragmentswereseparatedonl％agarosegel，blottedfbrtwohoursinO・4NNaOHto

Hybond－N・membrane・The hbeling and hybridization was carried out same as

describedinNorthemblotanalysis・Hybridizationwascarriedoutovernightat550C・

ConstruCtionoftransg血icplantsexpressIAgantisenseA仇侶32・

Fu11lengthAtLIRpf2cDNAwasinsertedinantisenseorientationintopBI121vector

andtransfbrmedbyagrobacteriummediatedtransfbrmationuslngthefloraldipmethod

（Cloughetal．，1998）・nanSgenicplantswereselectedonMSmediumcontaining30

t＾g／mlkanamycinand250pg／mlcarbenicillin・Aftertwoweeks，reSistantseedlings

weretransferredtosoilandgrowningrowthdhambersunderlongdaycondition16

hourslightand8hoursdarkat220C・

Resu址s

AnalysisofM532proteinsequeACe

M532d）NAwasidentifiedfromL．long卿rumzygotene stagemicrosporocyte

cDNAlibrarybyselfhybridizationstrategy・Fu111engthofM532wasobtainedby5，－

RACEanditis1284bpinlengthwithanopenreadingframeencoding312aminoacids

（Fi亭・9）・Thecalculatedmolecularmassoftheencodedproteinis35・4kDawitha

predictedpIoflO・DatabasesearchesofthepredictedM532aminoacidsequences

showednostronghomologytoknownproteins・However，aSlgnificanthomologywas

fbundwithaproteinfamilyconsistsofevolutionarilyconservedproteinsfromyeastto

human・Thehighesthomologywas永）undwithriceandarabidopsishomologueswith

69％and62％identity，reSPeCtively．Rpf2せibosomeproductionfactor），isarecently

describedyeastessentialgeneandshares54％similarityand31％identitywithM532
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CCTGAAGCAA

GGC℡CCG且CA

CC℡CGCGGCG

ACAAGGTGCA

QGA

ACTTATTCTC

L I L

TCACTTGAAA

E L K

TGAAAGTGGT

E S G

TG℡GTTTGGT

V F G

TCATCATGTC

E H V

TTCGTACGAG

S Y E

TGAAGGCTTT

E G F

℡AGAGGACAG

RGQ

AGCCATATCC

A工S

GACAAATATT

T封工

TCGTCATCGC

R II R

AGC℡AAGAAG

A R K

CATTCCAGAC

I P D

GGAGCGACGT

E R R

CTCCAAGTGA

S R ☆

TTGGTGTTCT

GTATATACTT

CTTTTAAAAA

G℡AAAACCC℡

Å℡C℡GGCGAC

GCGATCCCAC

AGGGCTCTTG

RALE

CATGGTACCA

HGTX

AG且GA℡AGCG

RDSA

GGGGAAACAC

GETR

TCTCATTCCA

S H S R

TACGATCTCG

YDI一V

AAGAAGATAG

X R I A

GAGGGTGCCG

EGAÅ

G℡CG℡GGAAA

VVE甘

TCGACTACCG

STTV

CCGAGAA℡GG

PR拭ｴ

CTCCCTAATG

IJ P N D

AGCCGCCGC℡

CGGAGAAGGC

AAGCTTTAAC

AAAAGCGTGC

XRA

AGACCAGCAA

T S N

CCATAAAGTA

I R Y

GTCTGGAATT

L E F

且GAAGAGACC

K R P

TGGAAGTCGG

EVG

CACCAAAGAT

P K I

CAGAAC℡AAA

E L X

ATTTAAACCT

L N IJ

TATTCTTCAC

F F T

AGTTAGTGGA

L V E

ACAGCTTAAA

S L K

ATGAAAAACG･ TTAACAAGGA

MXNV

CAACAGGTTG

QQVG

GATGCGAAGA

D A R N

TGCCTTTGTT

GCTTCAGCTT

CGTAGCTGAT

AAAA且AAAA且

N X D

GAGGGATGGC

G H A

ACACTCGGAA

T R X

GTCTTATCTG

TGGGATATCC

AATTCCTTAT

AAAA

CCCCAACGAG

GGTTCAGACC

AATGATGAAA

出比Ⅹ

TCCTAAACTT

P K L

TGTATTGAAT

V L N

CÅCCAAGAAG

T X X

TTTCTCCCTA

F S I-

CGAAAACCTT

E N L

GGTTGAGAAA

V E X

CGG且℡CAAAA

G S R

GCACTTGAAG

H L R

CGCTGGGATA

A G I

GCACTGTGCT

H C A

且G℡℡GGACCC

V 6 P

GAAAGAGGCA

X E A

℡GCAG℡GAA且

A V X

TTTGTCGAAG

L S K

GGGGGATCAA

GDQ

GTGCTGTAAT

AATCTAAGTG

ATTTTATCAT

CACCGGGCCG

TCCGTTCTGC

GTAAAGACTC

VXTP

GTTGAAAATT

VENF

ACCATCTTAA

T I L T

AATGAAAATA

N E N =

AAGAATGACT

KNDC

GTTCTTGGGA

V L G R

TTCAAACCTA

F K P H

CCTTTCTTTG

P F F A

GAAGTGTTGC

E V IJ I.

GATCGAGTTT

DRVF

CTCCGACTTA

L R IJ K

TCGATGGACT

S拭DL

A℡GAAAAC℡G

H X T V

GGAGAAG℡AG

GEVG

GATGTTAAAG

D V X G

TTGAAGAAGA

L R X R

TCGACTAGAC

TTCCTCTATA

CCA且GACAAA

K T R

TCAAGAAGAC

60

120

180

10

240

ⅩⅩ℡ 30

CTCAAATTTA 300

QIY 50

TCAATCCTTT 360

NPF 70

GCAGTCTTTT 420

SLF 90

GGATGTATGA 4 80

比YD llO

TGGAGTCATT 540

ESF 130

CTTT℡ATAGG 600

FIG 150

TTGATCTCTT 660

D IJ F 170

TTGTATGCAC 720

vc℡ 1ﾀO

AAAGA℡CAGG 7 80

RSG 210

TGGTGGTTCG 840

VVR 230

TCTCTCACCA 900

SⅡQ 250

GGAGGATCTA 960

R=Y 270

GAC℡GAAGAG IO20

LRR 290

GAAGGACGGT IO80

RTV 310

GTGTTGTAGG CTATACTGGT l140

312

AACTAATCAA TTACAGTGAA 1200

cccTTTAGAA GGTTTTTCTT 1260

1284

Fig･ 9. Nucleotide and deduced amino acid sequence of M532 gene･ Putative NLSs are underlined･

putative o70-1ike RNA binding motif is written in bold letters･
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Fig・10・LIRpf2is a member ofa conserved gene family・Sequence comparlSOn OfuRpf2with

homologousproteinsfromO．sativaRpf2鱒AB32971），AihalianaRpf2岬ABO2781），M muscuhLS

Rpf2鱒AA95117），HsLPietLSRpf2＠AB14983），CelegansRpf2（AAF60765），D・melanogasterRpf2

（A邸55514），S・PmbeRpf2（CAB54156），andSIceTWiciaeRpf2（JW60765）・Putadveo70－hkeRNA

bindingmotifisunderlined・Identicalandsimilarresiduesareboxedinblackandgray・reSpeCtively・
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: L. longiflorz)m Rpf2

: 0.satiya Rpf2

: A.thaliana Rpf2

: H.musculus Rpf2

: H.sapﾕenS Rpf2

: S.pombe Rpf2

; C.elegans Rpf2

: S.cerevisiae Rpf2

: D.melanogaster Rpf2

S.cerevisiae Rpfl

S.cerevisiae lnp4

S.cerevisiae BrxI

S.cerevisiae Ssfl

Fig･ 11･ SequerlCe COmParisons of the o70-1ike domains･ LIRpf2 and family members, and S･ cerevisiae

homologs of other four conserved proteins that possess o70-1ike domains are shown aligned･ GenBank

a∝ession numbers are S. cerevisiae Rpfl (AAB68926), S･ cel-'siae IMP4 (AAB95949), S･ cerevisiae

Brxl (CjW9087), and S･ cerevisiae Ssfl (AAB68379)･

over the entire length (Zuniga et al･, 1999; Wehner et al･, 2002)･ The Rpf2 protein is a

member of lmp4 superfamily that possesses a common RNA binding motif and required

for ribosome biogenesis (Wehner et al., 2002)･ This o70-1ike RNA binding motif also is

well00nseⅣed in M532 sequence (Fig. 11). Based on the sequence bomology to yeast

Rpf2, M532 clone was named as LIRpf2 for Lilium longiPorum Rpf2･ Sequence

analysis revealed potential nuclear localization signals at positions 229 (RRHR) and 305

(KRR)･

Tissue speci丘city aAd temporal expression of LRp毘dtI血g aAther development

The expression levels of LIRpj2 gene in various tissues and anthers at different

developmental stages were inves也gated･ The results of RNA gel blot analysis indicated
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Fig･ 121 Expression of LIRpf2 mRNA in different tissues (A) and during anther development (B)･ 20 llg

of total RNA of indicated tissues and anthers at different developmental stages were separated on

denaturlng agarOSe ge] and hybridized with alkaline phosphatase labeled M532 cDNA as a probe.

Ethidium bromide stainlng Shows equal amounts of tota] RNA were loaded. Ca, ca]]us; An, anther; PMC,

po)len rrLOther ce]l;Le, leaf; St, stem; Bu, bulb; Ro, root; YA, young anther;Lep, )eptotene stage; Zyg,

2'ygOtene Stage; Pac, pachytene stage; D/D, dip】otene-diakinesis stages; Tet, tetrads; YP, young pollen;

MP, mature pollen.

the presence of LIRpf2 transcrlPtS With a size of approximately l･3 kb in anther, pollen

mother cell and bulb･ Although the highest expression level was obseⅣed in pollen

mother cell and anther, LIRpf2 transcrlpt WaS also detected in tissues examined: callus,

stem and root (Fig･ 12A)･

AnalysIS Of LIRpf2 gene expression during anther development indicated that

LIRpf2 mRNA is present at young anther stage, continued to be expressed throughout

the prophase l of meiosis with a gradual decrease and almost disappears with pollen

maturation (Fig･ 12B)･ These results indicate that LIRpf2 gene is associated with

meiosis and predominantly expressed in anther tissue･
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Fig･ 13･ Immunoblot analysIS Of LIRpf2 protein･ 5 pg protein lysate frommicrosporocytes of indicated

stages c･f development and different tissues was separated on lO% SDSIFAGE arLd detectedwith

polyc]ona] anti-M532 antibody･ The molecular weight size markers are indicated in the lef( in kDa･ Lep,

leptotene stage; Zyg, zygotene stage; Pac, pachytene stage; Dn), diplotene-diakinesis stages; Tet, tetrads;

Le, leaf; St, stern; Ro, root; Pi, pistil; Bu, bulb; Ca, callus

Accumulation pattern of LIRpE2 protein

Tb investigate the LIRpf2 gene product, I exploited the immunologlCal approach

uslng antibodies agalnSt LIRpf2 protein･ A plasmid DNA for the overexpression of

histidine-tagged LIRpf2 protein was introduced into EI COli and induced the expression

by the addition of O･4mM IPTG･ The recombinant protein was purified by Ni2+-NTA

column chromatography and purified fraction was used as an antlgen for anti-LIRpf2

polyclonal antibodies･

The tissue and developmental stage specific expression of LIRpf2 protein was

investlgated by protein gel blot analysIS With using LIRpf2 antibody. The antibody was

raised agalnSt reCOmbinant LIRpf2 protein expressed in E･coli･ Immunoblot analysIS

revealed that the anti-LIRpf2 antibody specifically recognlZeS a prOtein of

approximately 40 kDa from total protein samples of prophase l of meiosis･ No clear
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Fig･ 14･ Intracellular localization of GFP: :LIRpf2 fusion protein. Onion epidemlal cells were bombarded

withGFP::LIRpf2 construct (C and D) and GFP (22l-EGFPICl; A and B). IJOCalization of GFP alone and

GFP::LIRpf2 fusion protein were visualized by fluorescentmicroscopy as shown in A and C. The same

cells stained with DAPl are shown iT) B and D. Larger images ofthe nucleus ofC and D are shown in E

and F. BarsinAandC is lOO pm, andthebarinEis lOﾄIm.

slgmal was obtained from tissues examined includimg leaf, stem, root, plStil, bulb and

callus (Fig･ 13)･ The calculated molecular weight of deduced amino acid of LIRpf2,

35.4 kDa, was close to the size of detected bands.

Intracellulartargeting of the GFP: :LIRpf2fusion protein

ln order to confirm the functionalityof nuclear localization signals present in

LIRpf2 amino acid sequence, translationalfusion of the LIRpf2 to GFP was constructed
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and tested in transient expression assays uslng Onion epidermal cells･ The 221-EGFP-CI

plasmid that expresses GFP alone was used as a control and localized throughout the

cytoplasm and in the nucleus (Fig･ 14A)･ Localization of GFP::LIRpf2 fusion protein

was targeted to the nucleus (Fig･ 14C)･ Furthermore, a specific subnuclear localization

of GFP::LIRpf2 was observed; a high accumulation was detected in the nucleolus (Fig･

14E)･

Immunoblotting of LRpJ2 protein in subcellularfractions ofmicrosporocytes

Further l investigated the intrace11ular localization of LIRpf2 protein during

prophase l of meiosis uslng Cell fractionation experiment･ Microsporocytes from

zygotene stage buds were bomogenized and血actionated nudear and cytoplasmic

protein extracts were analyzed by uslng anti-LIRpf2 polyclonal antibody･ The protein of

the same size in the gel blot analysis was detected o叫y in the nudear fraction (Fig｡ 15,

indicated with arrowhead).Also a band with a higher molecular weight was found in a

cytosolic fraction, which is considered as a nonspecific binding to polyclonal anti-

LIRpf2 antibody (Fig. 15, indicated with asterisk)･ The LIMIO protein that shows high

homology with cytoplasmic small heat shock protein was detected from the cytosolic

fraction whereas the histone H2B signals were detected from nuclear protein extracts･

Immunolocali2:ation of the LIRpJ2 proteiA

To examine the spatial distribution of LIRpf2 protein and to confirmthe intrace11ular

and/or intranuclear localization obtained by transient expression of GFP::11Rpf2 in

onion cells, I conducted immunocytochemical experiment･ Lily zygotene stage

microspoprocytes were treated witb anti-uRpf2 polydonal antibody and then stained

with FITC labeled anti-mouse lgG serum･ In zygotene microsporocytes, LIRpf2 protein

was highly accumulated in the nucleolus faintly stained with DAPI (Fig･ 16 C, D)･ No

immunofluorescence slgnal was observed with samples stained with preimmune serum

(Fig･ 16 A)･
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Fig･ 16･ ImmunoJocalization of LIRpf2 on lilymicrosporocytes･ 1mmunofluorescent images of squashed

zygotene stage microsporocytes using (A) pre-immune serum as a contro] and (C) anti-LIRpf2 antibcdy

and secondary antlbody conjugated to fluorescein isothiocyanate･ (B and D) DAPI staining of (A) and (B)･

Sca)e bar, 50ﾄLm.
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identified LIRpf2 interacting protein is a novel protein with C2H2 type Zn-finger and

NLS, and l named this protein as LRZ (iily畢pf2 interacting茎inc finger protein)･As

shown in the quantitative assay fbr β-galactosidase activity, the interaction of AD: :LRZ

with BD vector only was about the same level with the negative control p53 and Lamin

c, whereas the level was much higher in the interaction of AD:::LRZ and BD::LIRpf2

(Fig. 18). Results also suggested that the LRZ protein is associated weakly with LIRpf2

comparlng tO the positive control interaction of p53 and SV40 proteins･

Next, I investigated the intracellular localization of LIRpf2 and LRZ proteins uslng

two differentfluorescent tagsI GFP:･･LIRpf2 and RFP･･:LRZ fusion proteins were

transiently expressed by cotransformation in onion epidermal ce11s･When introduced

alone RFP::LRZ fusion protein localizes to the nudeus, and wben introduced together

with GFP::LIRpf2, LRZ protein colocalizes with LIRpf2 in the nucleoplasm and

nucleolus (Fig･ 19)･
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Fig･ 17･ Nucleotide and deduced amino acid sequence of LRZ cDNA･ A C2H2 type zinc鮎ger motif is

shown in bold and the Cys and His residues of the zinc finger domain are circ)ed･ Putative NLS is

underlined.
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Fig. 18. LRZ interactswith M532 in a yeast two-hybrid assay･ The β-galactosidase quantitative assay of

p53 and pSV40 (positive control), p53 and pl且minC (negative control), binding domain (BD) only and

AD:LRZ, BD:M532 and AD:LRZ proteins. The β-galactosidase activity was quantified in liquid culture

assay using c'hemiluminescent Galacton-Star reaction mixture as a substrate･ Error bars show SD (n=3)･
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A DAPI

B DAPI

RFP

GFP RFP Merged

Fig・19LLIRpf2andLRZproteirlSlocalizeinthenucleuswhencotransformedinomionepidemlalcells・

（A）IntracellularlocalizationLRZproteinfusedtoredfluorescentproteindsRedl・（B）CoLocalizationof

GFP＝＝LIRpf2andRFP＝＝LRZproteinsLEqualamountOfp】asmidswerebombardedintoonionepidermal

cellsandobservedunderfluorescencemicroscopyafterovernightincubationatroomtemperature・Under

eachphoto，enlargedviewofnucleusisshown・WhenGFPandRFPcolocalize，themergedimageappearS

inyellow・ScalebarsarelOOtLmandlOトImforwholecellandnuclearimagecapture，reSpeCtively・
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clomiAg and characterization of Arabidopsis uRpf2 homologue

Because LIRpf2 sequence showed high homology to a putative ORF predicted by

the ArabidopsIS genOmic sequence, I carried out an isolation and characterization of the

LIRpf2 homologue of Arabidopsis, AtLIRpf2, and cloned a l･2 kb cDNA corresponding

to AtLIRpf21 Predicted amino acid sequence of AtLIRpf2 shows high homology to

LILIRpf2, sharing 77% similarity (Fig･ 9)･ DNA gel blot analysis and search of the

completed sequence of the ArabidopsIS genOme Shows AtLIRpf2 gene exists as a slngle
●

copy gene (Fig. 20). Expression analysis shows that AtLIRpf2 is expressed at high

levels in reproductive organs･ However? unlike lily, AtLIRpf2 expression was also high

in root. In an attempt to reveal possible function of AtLIRpf2 in ArabidopsIS grOWth and

development, I generated transgenic plants expresslng antisense AtLIRpf2･ Afull length

ofAtLIRpf2 cDNA was inserted in antisense orientation in pBI121 vector and expressed

under the control of CaMV 35S promoter･ From the screenlng Of three independent

transfoma血ns l obtained about 50 independent transgenic lines･ From these, six lines

exhibited dwarf phenotype (Fig. 21)･ The growth of these antisense lines was delayed

when compared with wild type･Antisense expression of AtLIRpf2 did not cause any

other visible phenotypic血anges･

DisctLSSion

LIRpf2 cDNA was isolated from zygotene stage microsporocyte cDNA library by

self-hybridization strategy that was efficiently used to isolate many novel meiosis-

associated genes (Morohashi et al･ 2000)･ Tbe results of RNA gel blot analysis indicate

that LIRpf2 mRNA is expressed at prophase l of meiosis, however low level mRNA

accumula血n was also obseⅣed in vegetative tissues･ On the other band, uslng anti-

LIRpf2 antibody a specific 40 kDa protein was detected from total protein samples of

prophase l stage of meiosis but not from vegetative tissues examined･ These results

indicate that the temporal as well as spatial expression of LIRpf2 is not necessarily
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Fig･ 20 Characterization of AtRpf2･ A･ Tissue specific expression of AtRpf2. Total RNA was isolated

from f)oral bud (FB), open f]ower (OF), ]eaf (Le), stem (St), root (Ro) and silique (Si)1 20ﾄIg Of total

RNAswere electrophoresed on l% agarose/forma)dehyde ge) and probed wjth alkaline phosphatase

labe]ed AtRpf2 cDNAI EtBr stainlng Of rRNA is assessed as a ]oading contTO]. B. DNA gel blot analysis

ofAtRpf2 gene･ Genomic DNA was digested with EcoRl (E) PstT (P) and XbaT (X)･ An arrowhead shows

the position of weak hybridization s】gna】 that is consisteJlt With the presence of Xbal sjte withhl the

sequence･ C･ Genomic structure of AtRpf2 sequence･ Exons (dark boxes) and restriction sites are

indicated.
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Fig. 21. Antisense expression of AtRpf2 gene results in a dwarf phenotype･ Full lengthAtRpf2 cDNA was

cloned inantlSenSe Orientat10n into pBl121 vector and expressed under the control of CaMV 35S

promoter. Four antisense lines are shown in compariso11 tOwi1dtypeplant･ Other two antisense lines

showlng Similar phenotypeis not shown,

regulated at the level of transcrlpt10n and suggest a possible involvement of post-

transcrlPt10nal regulation in LIRpf2 expression. Previous studies on specific gene

expression in plants focused mainly at the level of transcrlptlOn Or mRNA accumulation,

however, the results obtained in this study polnt Out the importance of post-

transcrlPt10nal regulation that regulate a specific control of gene function･

I studied the intracellular localization of LIRpf2 protein by cell fractionation of

microsporocytes with anti-LIRpf2 antibody. The LIRpf2 protein was detected in nuc】ear

fraction of microsporocytes. In immunocytochemical experiment uslng anti-LIRpf2

antibody in microsprocytes and transient expression in onion epidermal cells using GFP

tag, LIRpf2 protein was found to be highly accumulated in the nucleolusI These results

suggest that LIRpf2 is a nuclear/nucleolar protein associated with meiosis or

microsporogenesis･
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Inayeasttwo－hybridscreenlng，anOVelproteinwithUl－1ikezincBngerwas

identifiedasaninteractingproteinwithLIRpf2・Zinc鮎gerproteinsareaclassof

regulatoryproteinsthatparticipateinavarietyofcellularactivitiessuchasdevelopment

anddif托rentiation．Inaddition，itisknownthatmanyzincBngersmediatebindingto

DNA，RNAorprotein・Thebindingpropertiesdependontheaminoacidsequenceof

thefingerdomainsandofthelinkerbetweenBngers・Aspeci丘cC2H2Zn－fingeちnamed

Ul－1ikeC2H2zincfingeちWithgeneralpatternC－Ⅹ2－C－Ⅹ12，16－H－Ⅹ5－H，isconservedin

matrin and severalRNA－binding proteins such as human UIsmallnuclear

ribonucleoprotein（SnRNP）C，yeaStPre－mRNAsplicingfactorandmousespliceosome

associated protein・Except matrin，allother proteins with Ul－1ike Zn－finger are

consideredtobeinvoIvedinspliceosomeassemblyandsplicing・InUIsnRNP－C，Zn

伽gerlikemotifisessentialforthebindingtoUIsnRNPparticles（Nelissenetal・，

1994）．ThepresenceofaUl－1ikeC2H2Zn－BngerinLRZproteinpointstoapossibility

ofinvoIvementofLRZproteininbasicoralternativesplicingofpre－mRNAs・Because

nohomologousgenewasfoundbythedatabasesearch，theLRZmaybeinvoIvedin

nucleareventsunlquetOlilymicrosporogenesis・

uRpf2isanevolutionarilyconservedproteinfbmyeasthohuman・Therehave

beenaftwreportsonS・CereVisiaehomologueofuRpf2，Rpf2・Rpf2isaneSSential

geneinyeastinvoIvedinribosomebiogenesis（Zhnigaetal・，1999，Ⅵ屯hneretal・，2002）・

StudieswithRpf2indicatethatitisanucleolarRNAbindingproteinrequiredfor

maturation，PrOCeSSlngandassemblyofthelargeribosomalsubunitrRNAs・Basedon

thesedata，itwassuggestedthatRpf2isrequiredtocoordinatelyregulateassemblyof

thelargeribosomalsubunit・Rpf2proteinwithotherfburyeastessentialgeneproducts

Rpfl（Wbhneretal．，2002），Imp4（LeeandBaserga，1999），Ssfl（Faticaetal・，2002）and

Brxl（Eisenhaberetal，2001）constituteImp4superfamilywhichpossessacommon

RNAbindingmotifsimilartoDNAbindingmotifoftheE・COlio70tranSCriptionfactor

andplaysacentralroleinmanydifferentstepsintheproductionofribosomes・

IntracellularlocalizationstudiesofLIRpf2proteinrevealedthatuRpf2localizesto

thenucleuswithhigheraccumulationinthenucleolus，indicatinguRpf2，1ikeRpf2，isa

nucleolarprotein・TherelativelyhighdegreeofsequencesimilaritybetweenuRpf2and
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Rpf2, the presence of conserved RNA binding motif and the identical intracellular

localization suggest a functional similarity between LIRpf2 and Rpf2･

Ribosome biogenesis is a complex and tightly regulated process･ A仙ough the steps

and mechamisms involved in processing pre-rRNA have been extensively investigated,

tbe overall regulation and coordination between the processlng and assembly of

preribosomal particles is not well understood･ The involvement of a large number of

cellular components and of multiple steps provides numerous opportumities for

coordination and regulation･

Antisense expression of AtRpf2 is resulted in dwarf phenotype and growth

retardation in Arabidopsis･ Dwarf phenotype has been exhibited in a wide variety of

mutant ArabidopsIS Plants･ Mutants defective in brassinosteroid biosynthesis or
●

perception display severe dwarfism (Mussig et al･, 2001)･ One such mutant is bin-5･

which is defective in AtSPOll-3. Unlikeal1 the other SPOll homologsthat are

involved in meiosis, BIN5 /AtSPOll-3 plays an essential role during somatic

development (Yln et al･, 2002)･ Gibberellin (GA) response mutants also comprises

dwarf mutants･. gai (GA insensitive) (Peng et al･, 1997), sly (sleepy) (Ogas etal･, 1997)

and pkl (pickle) (Steber et al･, 1998)･.Also in Arabidopsis mutant defective in plastid

ribosomal protein PRPLll, the overall size and growth rate reduction was observed

(Pesaresi et al･, 2001)･

Mutations in genes encoding the structuralcomponents ofribosomes have been

descdbed in various organisms and it causes growth arrest and delay･ In addition to tbis,

mutations in ribosomal protein result in defects in the development of the organism･ In

Drosophila Minute mutant, defective in ribosomalprotein RPS5 gene･ is characterized

by semi-dominant phenotypes, such as delay in larval development･ smaller body size

and recessive embryo lethality (Lambertsson, 1998)･ In the Arabidopsis Minute like -1

(aml-1) mutant, growth retardation,floral and vascular defects, and the recessive

embryo lethality were observed; analogous to defects observed in the Drosophila

Minute mutants (Weijers et al･, 2001)･

Although, the fertility was not afEected in antisense AtRpf2 plants, the observed

加arf pbenotype in several independent lines, migbt be caused by the d曲ct in
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ribosomebiogenesisduetothereducedlevelsoftheAtRpf2protein・BecauseAtRpf2is

asinglegeneinArabidopsIS，itispossiblethattheAtRpf2isinvolvedinribosome

biogenesisinbothvegetativeandreproductiveorganS・Ontheotherhand，1ilyuRpf2is

speci丘callyexpressedandplayaroleinrestrictedtissues・

Theresultspresentedinthiswo正andtheavaihbleevidencessuggestthatthe

uRpf2proteinmaybeinvoIvedinribosomebiogenesisduringearlystagesof

microsporogenesisormeiosisinlily・
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