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Abstract

UBP34, a soluble 34 kDa protein identified in the mBsgscomitrella patenigy photoaffinity labeling with an urea-type cytokinin agonist,
belonging to the plant intracellular pathogenesis related (IPR) protein family. This class of proteins is ubiquitous in the plant kingdom but
their functions are still unknown. Using a reverse genetic approach we generated knockout mutant$B3éocus by homologous
recombination. Knockout plants grown in various conditions do not present any visible phenotypic alteration. However, biochemical and
molecular analysis of the knockout transformants reveal the specific photoaffinity labeling of another similar protein.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction gens. Among them the B& 1 protein inBetula verrucosa
was recently shown to bind a broad spectrum of physiologi-
Using the cytokinin agonist azido-CPPU (azido-1-(2- cal ligands including fatty acids, flavonoids, and cytokinins
chloropyrid-4-yl)-3-phenylurea) we specifically pho- (isopentenyladenine and kinetif3]. Other proteins of
toaffinity labeled a 34 kDa soluble protein in the moss this family have also been described as cytokinin-binding
Physcomitrella patengl]. The protein was purified by proteins inVigna radiata[4] or as protein, of which the cor-
affinity chromatography, micro-sequenced, and the corre- responding gene is transcriptionally activated by cytokinin
sponding cDNA was cloned by screening ofPapatens treatments inCatharanthus roseufs]. However, a role of
cDNA library. This protein, named UBP34 for urea-type UBP34 strictly in term of cytokinin perception can be ruled
CK-binding protein, is homologous to plant intracellular out with regard to previous pharmacological data indicat-
pathogenesis related (IPR) proteins, known as PR10 pro-ing that N°-substituted adenine derivatives are poor ligands
teins[2]. UBP34 is twice the usual size of IPR proteins and for this protein[1]. The functional role of the IPR protein
consists of two tandemly arranged PR10 units, the highestfamily remains to be established as well as the physiolog-
identity being located in the N-terminal half part of the pro- ically significant in their cytokinin regulation and binding
tein [1]. PR10 proteins were originally characterized at the properties.
transcription level, demonstrating increased gene expression In the mossP. patens gene knockout, and allele re-
in stress situations, such as during microorganism infection. placement approaches are feasible as was illustrated by the
Several PR10 proteins have been described as plant allerdisruption of various genes involved in different aspects of
plant physiology (for a review, sgé]).
- _ _ _ We aimed to take advantage of this unique property in
A_bbrewanons:lPR, mtracellglar pathogenesis related; IP, |sopenter_1y- the plant kingdom to specify the physiological function
ladenine; CPPU, 1-(2-chloropyrid-4-yl)-3-phenylurea; BA, benzyladenine o
* Corresponding author. Tek:33-1-30833046; fax:+33-1-30833009.  Of the UBP34 protein in moss. Therefore, we cloned the
E-mail addressgonneau@versailles.inra.fr (M. Gonneau). UBP34gene, obtained the corresponding knockout mutants
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and analyzed their phenotypes. Under the different growth in 9 cm Petri dishes on medium solidified with 0.7% Agar
conditions that we have tested, knockout plants do not show(Biomar) at 25 C, with a light regime of 16 h light/8 h dark-
developmental or morphological alteration. However, bio- ness and a quantum irradiance of@®m~2s. Protoplasts
chemical and molecular analysis of the knockout mosseswere isolated from 6-day-old protonemal cultures as de-
reveals the labelling with the azido-CPPU photoaffinity scribed by[8]. Transformation experiments were performed
probe of another closely related IPR protein. This suggestswith 300wl (4 x 10° protoplasts) of a protoplast suspension
a possible phenomenon of functional compensation due toadded to 3@l of Ecdrl digested pUBP34AXhol-Nptll
redundancy at the genomic level. In the UBP34-knockout plasmid (15.g) according to the classical protoc{8].
plants, a regulatory mechanism of both proteins could be The regenerating colonies were submitted to the paro-
modified and affect the protein UBP34-like stability and/or momycine (DUCHEFA) selection pressure (c@mli—1)
activity. for 7 days. Stable resistant clones were definitely selected
after a second round of growth on non-selective PptNH
medium followed by transfer on Pp-NHinedium containing
2. Materials and methods paromomycine.

2.1. Plant material and culture conditions 2.5. DNA and RNA extractions

The Gransden Wild-type strain & patensand growth
conditions have been described previoysly

P. patendDNA was extracted according to a method de-
scribed by{10]. Briefly, 200 mg of fresh tissue were ground
in liquid nitrogen, mixed with 60@l extraction buffer
(100 mM, Tris—HCI pH 8; 50 mM, EDTA; 500 mM, NacCl;
10 mM, B-mercaptoethanol), and B0 20% SDS and in-
cubated at 65C for 10 min. 23Qul 5M potassium acetate

DNA manipulations were performed according to stan- were then added. The mixture was kept on ice for 20 min
dard proceduref]. The genomic library oP. patensn the and centrifuged at 16,00Q g for 20 min. DNA was then

2.2. Analysis of nucleic acids and genomic library
screening

bacteriophage lambdaGEM12 was kindly provided by M.
Leach (John Innes Institute, UK). The library was built by
ligation of SadllA partially digested DNA fragments at the
Xhd site of the lambda phage. The library was infected into
Escherichia colhost strain LE392. Immobilization of DNA
on Hybond-N membrane (Amersham), probe hybridization
with UBP34cDNA, and isolation of phages of interest were
performed according tf/].

2.3. Targeting vector construction

A 2,6 kb EcoRI fragment was isolated from the lambda
phage containing a 5.5kb fragment of thkdBP34 locus

extracted twice with phenol—chloroform—isoamylalcohol
and precipitated with 1.5 volume of isopropanol. The sam-
ple was then treated with RNAse-A, extracted again with
phenol-chloroform—isoamylalcohol, precipitated in abso-
lute ethanol with 3 M sodium acetate and dissolved ipR5
Tris—EDTA, pH 8. Total RNA fromP. patensprotonema
tissues were extracted using the Qiagen RNeasy Plant
extraction Kkit.

2.6. Southern and Northern analysis

For Southern blot analysis, DNA (1) was digested
with the appropriate restriction enzymes. Fragments were

genomic sequence. This fragment was subcloned into theseparated by electrophoresis in 0.8% (w/v) agarose—Tris Ac-

EcadRl site of a modified pBSII-KS plasmid (Stratagene) in
which theXhd site of the multiple cloning site has been re-
moved. For disruption experiments of tb@8P34locus, the
replacement vector pUBP34AXhol-Nptll was constructed
by excision of the genomic internlhd fragment and re-
placement by th&lptll selectable marker gene under control
of the 35S promoter and terminator of the cauliflower mo-
saic virus[8]. Constructions containing the marker gene in
the same orientation as théBP34 gene were selected by
PCR.

2.4. Protoplast isolation and transformation

For protoplast isolation, protonema tissues were propa-

gated on the minimal medium described[By and supple-
mented with 2.7 mM NH tartrate (Pp-NH medium) and

etate EDTA (TAE)-gels and transferred to nylon membranes
(GeneScreen Plus, NEN) in 20 SSC (3M NacCl, 0.3M
sodium citrate, pH 7).

For Northern blot analysis, g of total RNA were sepa-
rated on 1.0% (w/v) agarose gels containing formaldehyde—
MOPS and transferred to nylon membranes (GeneScreen
Plus, NEN) in 20x SSC (3M NacCl, 0.3 M sodium citrate,
pH 7).

Probes were radiolabelled with 3€i [«32P]dCTP by
random priming (Prime-a-Gene labeling system, Promega).
Hybridisation was conducted in modified Church buffer
(7% SDS; 0.25-NgHPQ4, pH 7.4; 0.2mg/ml heparin;
2mM EDTA; 0.1mgmt?! denatured DNA of salmon
sperm) for 16 h at 65C (high stringency) or 55C (low
stringency). The final washes were ink2SSC and then 0.2
x SSC supplemented with 0.1% SDS, at°650r 55°C,

25mM glucose. Cultures were grown on cellophane disks respectively.
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2.7. RT-PCR and PCR analysis 0.25p.g of sequence grade modified bovine trypsin (Roche)
in 25mM ammonium carbonate, pH 8 until the gel was
The PCR reaction mixture (34) contained 20@M of completely re-hydrated and incubated at@7for 18 h.
each dNTP, 500 nM of each primer, 1.5 mM MgCand one The tryptic supernatant was then transferred to a clean
unit of Taq polymerase in PCR buffer (Gibco BRL). The Eppendorf tube and the gel pieces were covered with 0.1%
DNA was denatured at 9€ for 3 min. Amplification was  TFA in 60% acetonitrile and sonicated for 15 min. This op-
performed for 35 cycles of 30 s denaturation af@430s eration was repeated twice and the two supernatants were

annealing at 55C, and 1 min elongation at 7Z, followed pooled with the first tryptic supernatant. The supernatants
by a 10 min final elongation step at 7@. 10l of the re- were speed-vacuum concentrated.
action mixture were analyzed on a 1% TAE—agarose gel. MALDI-TOF mass spectra were recorded under the re-
Specific primers used for the characterization of the flectron mode with a Reflex-11l (Bruker SA, Karlsruhe, Ger-
UBP34genomic locus of the transformant lines were: many) equipped with a nitrogen laser operating at 337 nm
U5 A (5-CGTCTAGGGATACAGGAAGG-3), LA (5'- (3ns pulse duration). The accelerating voltage used was
GACTACATACTGCACCATTG-3), Uc (B-TATTTTTGG- 16 kV and the delay time setting was 200 ns. Each spectrum
AGTAGACAAGCGTGTCGT-3), UC2 (B-TAATGTGTG- was produced by accumulating data from 100-250 laser
AGTAGTTCCCAGATAAGG-3). shots. Mass spectra were calibrated with an external stan-

For RT-PCR, double-stranded cDNAs were prepared dard containing five peptides in the 1000—2500 m/z range.
from wild type total RNA by using the SMART-PCR The matrix solution was prepared by dissolving 10 mg of
cDNA Synthesis Kit (Clontech). Specific primers used for «-cyano-4-hydroxycinnamic acid in 5Q. distilled water,
the amplification of theUBP34like partial cDNA frag- 500u.L acetonitrile, and 1L trifluoroacetic acid. One mi-
ment were: U171 (53CATTGATCCCCTCCCTCCC-3 and croliter of this solution was placed on the sample plate to-

L173 (8-TCCCCCGAACACAAAACCC-3). gether with JuL of the sample solution and allowed to dry
at room temperature. The sample plate was then placed in
2.8. Sequence analysis the instrument.

Sequence data analysis were performed by Blast search
at NCBI against theP. patensEST databaseh(tp://www. 3. Results
ncbi.nlm.nih.gov/blast[11]) and at the NIBB PHYSCObase
(http://www.moss.nibb.ac.jp/ 3.1. Characterization of the UBP34 genomic locus and
Southern blot analysis
2.9. Protein extraction, photoaffinity labeling, and affinity

chromatography A P. patensgenomic library was screened by hybridiza-
tion using the full lengthJBP34 cDNAas a probe. A pos-
Proteins fromP. patenswild type andUBP34knockout itive clone was purified and a 5.5 WbcoRV fragment was

transformants were extracted and photoaffinity labeled assubcloned in pBS—-KS and sequenced. This clone con-
previously describedl]. Purification of the UBP34-like  tains the entire cDNA sequence plus 1424 bp inafd
protein on NBCPPU-Sepharose 6B affinity column was 1050bp in 3 (Fig. 1A). The genomic DNA includes two

achieved as previously describgd. introns of 295 and 132bp. A potential site for initiation
of the transcription is located 128 bp upstream of the ATG
2.10. Mass spectrometry analysis codon (AATATATAGA). The TAA stop codon is located

1297 bp downstream of the ATG codon on the genomic DNA
Affinity purified proteins were analyzed by SDS-PAGE. (Fig. 1A).
After staining with Coomassie blue (Bio-Safe Coomassie P. patensgenomic DNA was analyzed by Southern blot
stain, Bio-Rad), bands were excised and washed twicehybridisation with the internal cDNAXhd fragment as a
in 25mM ammonium carbonate (pH 8), for 30 min, then probe Fig. 1A). Under high stringency conditions (68),
twice in 50% acetonitrile, 25 mM ammonium carbonate for the hybridization pattern indicated a uniqudP34 copy
30 min and finally with 100% acetonitrile and dehydrated in the moss genome, with two locus-specific fragments of
in a speed-vacuum dryer. 2.6 and 3.3 kb, obtained witBcdRI and with Hindlll, re-
The cysteine residues were reduced by 45 min treatmentspectively Fig. 2A). The double digestion wittHindlll
at 56°C, with 10mM DTT in 100 mM ammonium car- andXhd produced the expected 1.2 kb fragmefi 2A).
bonate (pH 8). The reduced cysteine residues were thenWhen hybridization was performed at 95, other weak
alkylated by 55 mM iodoacetamide in 100 MM ammonium hybridization signals appeafFig. 2B) indicating that the
carbonate (pH 8), 30 min in the dark, under vigourous agi- genome includes sequences homologoudB®34 Indeed,
tation. The gel pieces were then washed twice with 100 mM several overlappin. patensEEST sequences which are ho-
ammonium carbonate (pH 8), acetonitrile (50/50; v/v) and mologous toUBP34 can be detected in the Genbank EST
speed-vacuum dried. The gel pieces were re-swollen with database. The resulting EST contig encodes a 290 amino
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Fig. 1. Structure of thaJBP34 locus (A) and of the replacement vector pUBP34hol-Nptll and (B) used for gene disruption. The two introns of

the UBP34 gene are represented by light gray boxes. Location of primers used to screen for targeted transformants is shown by arrows. Hatched box

represents the probe used for Southern analyBisoRV site on the left belongs to the phage arm).

acids protein which will be referred as UBP34-lik&d. 3).

UBP34like gene, was amplified by RT-PCR using specific

UBP34 and UBP34-like share 76% identity at the amino primers and wild-type total RNA. This PCR fragment was
acid level with each other. The alignment of a duplicated tan- used as a probe for low stringency Southern bifog (2D).

dem arrangement d?inus monticola®R10 protein, one of

It appears that two weak signals, of 2 and 2.2 kb, resulting

the most closely related higher plant IPR, with UBP34 and from Hindlll digestion, and detected at low stringency with

UBP34-like Fig. 3 emphasizes the imperfect duplication
of the P. patensIPR proteins amino acid sequendé$. A

the UBP34 probe Fig. 2B), correspond to th&JBP34like
locus. However, other weak signals can not be attributed

cDNA fragment, covering all the open reading frame of the either to theUBP34 or to the UBP34like genes Fig. 2B

UBP34 probe UBP34-like probe
WT WT UBP34-KO WT
EH+X H E H E H E H
" 5*._.‘?:
3.3 kb — - 3.3 kb; . ot
26 kb —. 2.6 kb—
2.2 kb — .
2.0 kb —
$ 4 w
. i
*
12 kb — W8
(A) (B) © (D)

Fig. 2. Southern analysis of wild type (A, B and D) ab@P34knockout plants (C). Hybridization at high stringency (€5 A) or at low stringency
(55°C, B-D). Hybridization with theJBP34 Xho probe (A—-C) and théJBP34like cDNA probe (D). Restriction digest: Hdindlll; E: EcdRl, and X:
Xhd. Arrows indicate signals detected at low stringency, with one probe or the other, which can be attributed neithddB&3ddocus nor to the

UBP34like locus.
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UBP34 1

UBP3dlike 1

PmPRI1OD

UBP34d 60 IPOAGAAKERLDL IATLSYTVVEGD PEER Iy Hy
UBP3Idlike 60 IPQAGARAKERLD LITLEY TVVEGD PEESS v

PmPR1D GEEDFSF IIA4IVIMEL HFLYE) Gy Iige Gl L.GNELSSASFEQELVPREGGGCY N

UBP34 117 IJVGEAGPPER I I HTETLUASPDAINWL -Ls
UBP3dlike 117 'GEAGPPEQ A O& HTETLIHASPDAIW -
PmPR1D TLPGVQ|{ZDISGK EDSLALLEVE VVOQVEARRL TEDSHNF
UBP3 4 175 |gALMIZ0 IS8 HGEGS VR AMKMGPAI PeloGENVE RIASLD D GEKNVG U TVLEGD
UBP3dlike 175 |g.¢:WA3H K GEVGSHRIEIKMGPAIPD EI’EH?D |JD DINREIAVGE TVLEGD
FPmPR10O PE{L P L TR LNFTGEENFSF IK YUV ERIETNFLY KppgyI Eft
UBP3d 235 - LAY APGPERINGTTTATHTATFVPVEENG -
UBP3dlike 235 - ¥ Y APGP G TTTATHLATFVPVEENG 8 L] -
PmPRI1D GHIALS FEVELV|3JREKE CVEISLMy CHYETLPGVQPD IKEIKED LLEKIAVE

Fig. 3. Alignment of UBP34,UBP34-like peptide sequence (deduced from a contig of overlappingBE$30&71, BJ186774, BJ178893, BI487420,
AW599666, BJ170059, BJ175657)) and a duplicated tandem arrangemenPafus monticolaPR10 protein, one of the most closely related higher plant
IPR (AAL5006, from valine (V)11 to glutamic acid (E) 150). Alignment was achieved with the ClustalW program.

and D), indicating that at least another homologous gene formed according to the classical method resulted ir 2
exists in theP. patenggenome. 10° regenerating protoplasts. Independent and stable trans-
A phylogenetic analysis was performed using 14 IPR formed lines have been isolated with a relative transforma-

related proteinsP43185 the major birch pollen allergen tion frequency of 4.6x 1073. First, 75 stable transgenic
(Betula penduly P52779.1 from yellow lupine which lines were screened by PCR for targeted integration of the
crystal structure has been establistjigd], the Arabidop- replacement vector at tHéBP34locus. PCR analysis with
sis peptideAt1g24020 with the highest identity to IPR  primers UBA/UC and L3A/UC2 reveals 30% of gene re-
proteins;P80890 from Panax ginsengvhich possess puta- placement events among the 75 stable transformants. The
tive RNase activity;AAB09084.1 a 17 kDa isolated from  sequences of the amplified fragments are in agreement with
Asparagus, a monocotyledonous species and induced bythe corresponding sequences of the pUBRS84kol-Nptl|
thiocarbamat§l3]; AAD26553 from Malus domesticathis resulting from the replacement of the genoxicd frag-
protein has been photoffinity labelled using the azido-CPPU ment by theNptl cassette. Nine knockout transformants
probe (P. Simoneau, personal communicatioR)9418, were further characterized by Southern blot analysis. The
PcPR1 fromPetroselium crispumihe first isolated PR-10  restriction digests of genomic DNA using th&d fragment
protein; T10059 a protein from Madagascar periwinckle as a probe, show that the wild type major signals are lost in
induced by cytokinin treatmenBAA 74451 from Vigna ra- the knockout lineftig. 2Q). However, the weak signals visi-
diata a cytokinin-specific binding proteilAAF12810 and ble only under low stringency conditions and corresponding
AAL50006, IPR-like from conifers Ricea glauca, Pinus  to UBP34like and other homolog(s), are identical in wild
monticolgd; BJ197020 a single EST fromP. patens the type and knockout lines.

first 150 N-terminal aa of UBP34 and UBP34-like proteins  In Northern blot analysis with th&hd probe, theUBP34
where the highest identity with IPR proteins is located transcript of approximately 1.2 kb detected in wild type is
(UBP34-like protein is also twice the size of higher plants absent in the knockout transformant, confirming that a null
IPR protein). The resulting tree indicates that BetV1l and mutant for thdJBP34gene was obtainedr{g. 5 A-1). More-
MalD1 are very narrow and thaiBP34 and UBP34like over theUBP34transcript does not appear up-regulated upon
genes do not cluster away from IPR of higher plants species|P treatment[tig. 5 A-1).

(Fig. 4. No IPR homologous sequences for rice or maize

are currently available. 3.3. Phenotypic analysis of the knockout transformants

3.2. Molecular analysis of UBP34-knockout transformants ~ Knockout transformants do not exhibit visible morpho-
logical alterations throughout the developmental cycle com-

The replacement vector consists of a 3.HdDRI frag- pared to wild type under standard culture conditions (liquid

ment with two 750 bp and 760 bp genomic fragments flank- or solid medium). At that time, we could not visualize any

ing the Nptll cassette which replaces a 1200 bp genomic overt difference in term of color or density of the tissues,
Xhd fragment Eig. 1B). Transformation experiments per- growth rate, and number of gametophore on a protonema
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M. domestica P~ ginseng

B. pendula
P. crispum

L. luteus

C. roseus .

V. radiata
P. monticola

P. glauca

A. thaliana

A. officinalis
P. patens

P. patensUBP34like
P. patensUBP34

0.1

Fig. 4. Distance analysis of the IPR family using the full length amino-acid sequence of 14 IPR proteins, the first 150 N-terminal aa of UBP34 and
UBP34-like proteins and the sequence of another rel@tpdtensprotein corresponding to a single EST (Arabidopaitlg24020; Lupinus luteusP52779;

Panax ginsengP80890; Betula pendula P43185; Asparagus officinalisAAB09084.1; Malus domesticaAAD26553; Petroselium crispumP19418;
Catharanthus roseysT10059; Vigna radiata BAA74451; Picea glauca AAF12810; Pinus monticola AAL50006; Physcomitrella paten$J197020

(single EST)).The sequences were aligned using ClustalX under Phylip format and the phylogenetic tree was drawn using the Treeview software.

base, etc. In order to reveal conditional phenotypes relatedUBP34knockout mosses was investigated. Moss transfor-
to the UBP34loss-of-function, we tested the growth of the mants resulting from germination of spores had similar
transformant under different conditions. phenotypes compared to wild type when grown on medium
UBP34 was initially identified as a urea-type cytokinin supplemented with 0,2M isopentenyladenine (IP). The
binding protein. Therefore, the response to cytokinin of response to urea type cytokinin was compared to the

UBP34 probe UBP34-like probe
WT KO WT+IP WT KO

| .
135k— - e B | sib

-

Fig. 5. Northern analysis of wild type (WT) ardBP34knockout plants (KO). Total RNA from wild-type plants (treated or not with M IP for 5h)
and from KO transformants were hybridized with ti8P34 Xhd probe (A-1) orUBP34like cDNA probe (A-2). As control, 18S rRNA, with ethidium
bromide (B).
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response to adenine type cytokinin on 6-day-old vertically kDa WT KO
dark-grown protonema. Dark-grown mosses are negatively

2 " 200 =
gravitropic[14], and such growth conditions offer the ad- 974
vantage to obtain many unidirectional filaments. Tissues 69—
were treated with 0, 30, and 100 nM benzyladenine (BA) or 46—
CPPU for 72h and buds formed on caulonemata files were s
counted. The cytokinin-induced bud formation of knockout 30— Q
lines was similar to that of wild type. 2154 .

Considering that UBP34 belongs to a family of proteins

involved in stress responses in higher plants, the growth of 143 - .
wild type and knockout plants was compared under osmotic

(50 and 350 mM mannitol) or saline (50 and 350 mM NacCl)
stress situations. No visible difference was observed in theseFig. 6. Photoaffinity labeling with*H]azido-CPPU of soluble protein ex-
conditions between wild type andBP34knockout trans- tracts of wild type (WT) andJBP34knockout (KO)P. patengprotonema

. . . . (25p.g of protein are loaded in each lane). Molecular weights (kDa) of
formqnts. High salt concentr_atlons were 'toxm and killed the the size markers are indicated on the left
colonies and 350 MM mannitol resulted in reduced growth.

3.4. Photoaffinity labeling and purification of the pears in the knockoutH{g. 6). This protein was purified
UBP34-like protein in the knockout lines on NH,CPPU-Sepharose 6B affinity column using soluble
proteins from a knockout line, as previously described for

Photoaffinity labeling of soluble proteins from wild type purifying the UBP34 proteijl]. Thereafter MALDI-TOF
and knockout lines confirmed the absence of the signal in peptide mass fingerprint was realized after tryptic digestion
the knockout lines. However, a new photoaffinity labeled of the 36 kDa purified protein. Eight peptide ions matched
protein with an apparent molecular weight of 36 kDa ap- masses of predicted peptides resulting from tryptic digestion

10000 1414.8197
9000
8000

7000 ]
1476.8595

6000

1496.8033
(M

5000 'g
2163.1127 l
4000
000 2114.1104
1657.8556 2273.1944

3000 ] 2583.2427

937.6478
1388.8277

2000 1856.0827

1111.6176
1153.6397

1000 2298.1597

1200 1700 2200 m/z

Fig. 7. MALDI-TOF peptide mass fingerprint spectrum of a peptide mixture from in-gel tryptic digestion of the 36kDa photolabelled pro-
tein. Eight peptide ions matched with predicted peptide ions masses expected from the tryptic digestion of UBP34-like protein (Peptide Mass;
http://www.expasy.org/cgi-bin/peptide-mas¥.phd covering 41% of the protein sequence; their theorical masses (m/z) are: 1388.7824 (VLPDLLPEF-
FAK), 1414.7172 (TEILEGDGGPGTLR), 1476.8595 (VLHFGPAIPQAGAAK), 2298.0805 (LDTVDDATMTLSYTVVEGDPR), 1657.8431 (YVNVT-
GVVSFASTGEK), 1496.7379 (YDVVGEAGPPEHVK), 937.5175 (NITALMFK), and 2114.0400 (TATHTETLDASPDAIWSAVK). Peptide ions 1856.0827
(HSDKVLPDLLPEFFAK), 2583.2427 (ERLDTVDDATMTLSYTVVEGDPR), and 2573.2758 (MGPAIPDAGELVEQVDVFDDAEKK) result from one
missed cleavage. Two peptides ions are identified as a result from trypsin (T) autolytic digestion (2163.1127 and 2273.1944).
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of the UBP34-like protein, covering 41% of this protein [17]. Biological assays based on moss behavior in response
(Fig. 7). to higher plant pathogens or elicitors would be very use-
The predicted molecular weights for the two proteins are ful to go further in the phenotypic characterization of the
very similar (UBP34: 31103.23 and UBP34-like: 31115.31) UBP34knockout lines.
and slightly distant from the apparent molecular mass. It However, biochemical and molecular analysis of the
may be related to different post-translational modifications UBP34knockout lines are indicative of a possible com-
and/or to peculiar three-dimensional folding. pensation mechanism. A new protein appears specifically
The UBP34-like cDNA fragment, previously used for photoaffinity labeled in thdJBP34knockout lines. This
Southern blot, was used as a probe for Northern blot anal-protein could be purified on N)CPPU-Sepharose 6B
ysis of total RNA in both wild-type and knockout lines. A affinity column from soluble proteins of knockout lines,
corresponding transcript of 1.5kb, in good correlation with whereas it was not previously purified from wild type
the predicted cDNA size, is present at the same level in wild strain. Mass finger printing allows the identification of

type and in knockout lined={g. 5 A-2). The light signal ob-
served on the Northern blot of KO transformarigg( 5 A-1)

this protein as the UBP34-like protein. In addition, North-
ern blot analysis indicates that théBP34like transcript

most probably corresponds to a cross hybridisation of theis as abundant in wild type strain as in knockout lines.

UBP34-probe with the UBP34-like transcript.

4. Discussion

In the mossP. patens we identified a soluble 34 kDa
protein that was specifically labeled by photoaffinity with

If the frequency of ESTs in cDNA library are generally
consistent with mRNA abundance and can constitute an
indicator of gene expression, then the expression pattern
of the two genes, deduced from the NIBB4YSCObase
may be under developmental control. Numerous EST se-
guences for bottUBP34 and UBP34like are listed in the
P.patensdatabases and althoudgtBP34 EST are present

the phenylurea-derived cytokinin agonist, azido-CPPU. The in the three cDNA libraries (auxin- and cytokinin-treated

UBP34 protein is homologous to plant IPR of unknown
function. TheUBP34 gene belongs to a multigene family,
among which thdJBP34like gene could be identified in
the EST database. The open reading framedB®P34 and
UBP34like share 76% identity at the amino acid level with
each other. We took advantage of the powerful propers of
patensto knockout genes by homologous recombination, to
analyze the phenotype &fBP34loss of function mutants.

In P. patensthe requirement for strict sequence homology
in gene targeting experiment was illustrated with the highly

gametophytes and gametophytes that were grown without
exogenous plant hormones) théBP34like transcript is

not found in the auxin treated library and over-represented
in the cytokinin-treated libranf18]. This developmental
control may be affected in an UBP34-KO genetic back-
ground. At the protein level competition for CPPU between
UBP34 and UBP34-like cannot account for the impossibil-
ity to photolabel and purify UBP34-like in wild type strain.
CPPU in photolabeling experiment is indeed in large ex-
cess; moreover a photolabeling experiment with a mixture

conserved chlorophyll a/b bindinggb) protein multigene of proteins from wild type and knockout line, resulted in
family. Although sequence homology between 11 members photolabeling of both UBP34 and UBP34-like (data not
of the cab multigene family is as high as 86-94% at the shown). Therefore, photoaffinity labeling and affinity chro-
nucleotide level, successful targeting of a specific member, matography in knockout lines indicates that UBP34-like is
the ZLAB1 locus, has occurred in 30% of the transgenic either less abundant in wild type strains than in knockout
plants analyzedl5]. lines or may be present in wild type under a non functional
The UBP34 locus was inactivated using a replacement form at least considering CPPU binding properties. Quan-
vector containing aUBP34 truncated genomic fragment tification of UBP34-like in both genetic backgrounds, with
(85% of the ORF has been removed and replaced by thespecific antibodies, could indicate whether this protein is
Nptll cassette as a selectable marker). In our study, specificaffected in its translation/stability. CPPU binding proper-
gene replacement at thiBP34locus occured in 30% of in-  ties to UBP34-like could also be examined. However, the
tegrative transformants. The insertion of such a replacementdefinitive role of these IPR proteins in moss could be es-
vector in the genome results in a null mutation. tablished only when a specific functional assay is available.
UBP34knockout plants cultivated on various media, in Host pathogen in moss is still a black box and increased
response to cytokinin and in stress conditions do not dis- knowledge in this field will enable use of knockout facili-
play any phenotypic modifications. Even if old publications ties inP. patendor functional analysis of this class of IPR
described interaction of mosses with mycorrhizal fungus protein.
and soil organisms as quoted|[it6], little is known about
the responses dP. patensto pathogenic microorganisms.
Tomato spotted wilt virus has been reported to infect wild Acknowledgements
type P. patengKellmann J., 16. Tagung Molekularbiologie
der Pflanzen, Dabringhause 2002), but viruses able to in- We thank Dr. F. Nogué, Dr. H. Barbier-Brygoo and Dr.
fect specifically bryophytes have not been described so farH. Hofte for stimulating and helpful discussions. We thank
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