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amino-acid protein and its calculated molecular mass is 63 kDa. The protein is en-
coded by a single copy gene located on chromosome 3 of the A. thaliana genome. Inter-
estingly, the AtNAP57 gene does not contain any introns. Mutations in the human
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In eukaryotes, 18S, 5, 8S and 28S rRNA mol-
ecules are transcribed as a single large precur-
sor, which undergoes a complicated matura-
tion process [1]. This process occurs in a
highly specialized part of the nucleus known
as the nucleolus [2]. Maturation of the precur-
sor molecule consists of many endo- and
exonucleolytic cleavages leading to the pro-
duction of mature rRNA species and also of
modifications of standard nucleosides at spe-
cific positions. One of the most frequent
post-transcriptional modification of rRNA is
pseudouridylation.

Pseudouridine (W, 5-ribosyluracil) was the
first modified nucleoside to be discovered,
and this is the most abundant modification in
all RNA species [3]. Many W residues were
found not only in rRNA, but in tRNA, snRNA
and snoRNA molecules as well [4-6]. Despite
this frequent localization of W in various
classes of RNA its role in RNA structure and
function has not yet been finally elucidated
[3]. The conversion of uridine to pseudo-
uridine involves the breakage of the N1
glycosidic bond and the rotation of the base by
180° around the N3-C6 axis, followed by ref-
ormation of a covalent bond at position C5 [7].
This reaction is catalyzed by pseudouridine
synthases. Many representants of this large
and ancient enzyme family have been identi-
fied in both prokaryotes and yeast, with TruA,
TruB, RluA and RsuA representing four dis-
tinct subfamilies of W-synthases [8, 9].

Selection of uridine residues for pseudo-
uridylation by prokaryotic W-synthases oc-
curs with a high degree of site-specificity, both
for tRNA and rRNA substrates. In these
cases, each synthase is generally responsible
for pseudouridylation of one or more [10] U
positions in a particular RNA species. How-
ever, dual-specificity synthases catalyzing the
formation of W residues in both tRNAs and
rRNAs [11], tRNAs and snRNAs [12], and in
both cytoplasmic and mitochondrial tRNAs
[13] have been described. In eukaryotic RNAs
(especially rRNA), due to the numerous local-
ization of W [4, 6], site-selection for pseudo-

uridylation has to proceed in another way. It
seems that this process involves a specific
class of small nucleolar RNAs (snoRNAs)
known as box H/ACA snoRNAs, that act as
guides to direct site-specific pseudouridyl-
ation of rRNA [14-16]. These snoRNAs pos-
sess a hairpin-hinge-hairpin-tail structure,
with the hinge region containing the con-
served sequence block ANANNA (H box) and
the ACA motif found in the tail structure,
three nucleotides away from the 3'-end [17].
Target rRNAs have short signal sequences lo-
cated around U to be converted to W. Site se-
lection for W synthesis occurs by base-pair in-
teractions between antisense elements in the
H/ACA snoRNAs and sequences in the rRNA
on both sides of the target uridine. This cre-
ates a pocket structure in which the target U is
unpaired and accessible to the W-synthase.
The snoRNAs interact with many proteins
creating functional ribonucleoprotein parti-
cles (snoRNPs). Each box H/ACA snoRNA as-
sociates with at least four specific proteins,
one of which is pseudouridine synthase,
known as Cbf5p in yeast [18] or NAP57 [19] in
mammals.

Cbf5p was originally isolated as a low-af-
finity in vitro centromeric DNA binding pro-
tein [20]. CBF5 is an essential gene encoding
a 55 kDa highly charged protein with a do-
main containing ten tandem KKE/D repeats
near the C terminus. Cbf5p is a highly con-
served protein with homologues found in
many organisms (including rat — NAP57 and
human — dyskerin). Cbf5p and its orthologues
have high sequence homology to Escherichia
coli TruB pseudouridine synthase which cata-
lyzes the conversion of uridine to W at posi-
tion 55 in tRNA [21]. The region of TruB be-
lieved to be the conserved U-binding domain,
is the area showing the greatest homology to
Cbf5p. Furthermore, Cbf5p shares the KP and
XLD motifs found in three out of the four dis-
tinct families of known and putative W syn-
thases [22]. Cbf5p coimmunoprecipitates with
all members of the H/ACA class snoRNAs
[18]. This suggests that Cbf5p directly inter-
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acts with the conserved H/ACA box to provide
metabolic stability to the snoRNA and partici-
pate in assembly of the snoRNP molecule. It
has been shown that genetic depletion of
Cbf5p inhibits W formation in rRNA, result-
ing in accumulation of the unmodified rRNA
molecules, and in delay or arrest of the yeast
cell cycle [22]. Cbf5p shows high homology
(71% identity, 85% similarity) to the rat nucle-
olar protein NAP57, which was identified as a
protein associated with nucleolar shuttling
protein Nopp140 [19]. Nucleolar localization
and homology with known W synthases sug-
gests that Cbfs5p and NAP57 might be the
rRNA W synthases in yeast and mammals, re-
spectively, guided to their target sites by box
H/ACA snoRNAs [23]. In these snoRNP parti-
cles Cbf5p/NAP57 are the active W synthesiz-
ing components. Interesting new features of
the human Cbf5p homologue, dyskerin, have
been recently revealed (see Results and Dis-
cussion).

In this work we present the identification of
A. thaliana Cbf5p/NAP57 homologue. AtNA-
P57, as we named the protein, shares a high
degree of sequence identity with mammalian
(rat NAP57 and human dyskerin) and yeast
(Cbf5p) proteins. It is the first plant homo-
logue that belongs to the family of W syn-
thases.

MATERIALS AND METHODS

GenBank accession number. The nucleo-
tide and protein sequence of AtNAP57 have
been submitted to the GenBank database un-
der accession No. AF234984.

Plant material and growth conditions.
Seeds of the plant A. thaliana (ecotype Colum-
bia) were supplied by Lehle Seeds (Round
Rock, U.S.A)). They were grown in a green-
house (22°C with 16 h light photoperiod) on
soil irrigated with mineral nutrients as sug-
gested by the seed producer.

Cloning of AtNAP57 cDNA. To clone
cDNA of the A. thaliana gene encoding a

homologue of yeast protein Cbf5p we per-
formed 5’ and 3" RACE (rapid amplification
of cDNA ends) experiments [24, 25]. To obtain
gene specific primers for RACE we searched
the GenBank (www.ncbi.nlm.nih.gov) data-
base with the protein sequence of rat NAP57
[26]. We got one A. thaliana EST partial
cDNA sequence (GenBank F20038). On the
basis of this sequence, we designed three 5'
RACE and three 3" RACE primers. To charac-
terize the 3’ end of AtNAP57 transcript, total
RNA was isolated from whole two weeks old
A. thaliana seedlings using the RNeasy Plant
Mini Kit (Qiagen). The RNA was then re-
verse-transcribed with SuperScript II RNase
H™ RT from Gibco BRL using the oligo-dT
primer Qt. Specific cDNAs were then ampli-
fied by two rounds of PCR with other EST
gene specific nested primers (NAP1, NAP2,
NAP3) and the adapter primers Qo and Qi, us-
ing Taq Polymerase (Qiagen). To amplify the
5" region of the transcript we used the
antisense 5’ gene specific primer NAP4 to
generate cDNA in the reverse transcription
reaction. An A-tailing step (the terminal
transferase was from Roche Molecular
Biochemicals) was carried out to attach an
adapter sequence to the 5’ end of cDNA. Spe-
cific ¢cDNAs were than amplified by two
rounds of PCR with gene specific primers
(NAP5, NAP6) and Qt, Qo and Qi adapter
primers. The PCR conditions for both 5" and
3" RACE were as follows: the 1st round: 95°C
for 15 min, 50°C for 2 min, 72°C for 40 min,
30 cycles 0f 94°C/30 s, 55°C/30 s, 72°C/1 min,
and final extension 72°C for 10 min. The 2nd
round: 95°C for 3 min, 30 cycles of 94°C/30 s,
55°C/30 s, 72C/1 min, and final extension
72°C for 10 min. All amplified fragments were
purified from agarose gels using the QIAquick
Gel Extraction Kit (Qiagen), cloned into
pGEM T-Easy vector (Promega) and manually
sequenced (the fmol DNA Sequencing System
was supplied by Promega and [a35S]dATP ra-
dioisotope was from ICN Biomedicals) using
both vector and gene specific primers (listed
below).
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DNA and protein sequence analysis. The
obtained DNA sequences were assembled and
analyzed with the Lasergene computer pro-
gram (DNA STAR Inc., U.S.A.). Protein align-
ments were performed with the ClustalW [27]
and Boxshade [www.ch.embnet.org] pro-
grams. Computer-assisted searches for nucle-
otide and amino-acid sequences were carried
out using the BLAST tools [26]. Conserved do-
main searches were performed with the help
of Reverse Position Specific BLAST (Gen-
Bank Conserved Domain Database) [28] and
ProfileScan (Prosite Database) [www.isrec.
isb-sib.ch] programs.

Primers used in reactions. Below, the list
of primers used to amplify and sequence
AtNAP57 c¢DNA is shown. Primers NAPI-
NAP6 and Qt, Qo, Qi were used in RACE reac-
tions, primers NAP7-NAP14 and Universal

CCAGTGAGCAGAGTGACGAGGAC-

ot — TCGAGCTCAAGCTTTTTTTTTTT-
TTTTT

Qo — CCAGTGAGCAGAGTGAC

Qi — GAGGACTCGAGCTCAAGC

NAP1 — GCGGAGGTCGACATCTCAC

NAP2 — GTCATCAATCTCGATAAACCC

NAP3 — AGTGGTACTCTTGACCCAAAAG

NAP4 — gg%gCGAACCCTTCTTCTCACGA—

NAPS — CGACCGCCTCAACGTCCGTACC

NAPGE — GCCACAGAGTTTCACTCCAGCCA-

TC
Universal — GTAAAACGACGGCCAGT

Reverse — CAGGAAACAGCTATGAC

NAP7 — GACTACATGATCAAGCCACAGAG
NAP8 — CCTCATTGTCTGTATTGACCG
NAPYS — CCTCCTTTGATCTCTGCTG
NAP10 — GGGTTTCTTGTGAGGCGGG
NAP11l — GACAACTCCAGAGATGAG
NAP12 — GGGTGAGGCGATTGCCG

NAP13 — GGATAAGCATGGGAAGCCTAATG
NAP14 — GCCCTGCTCCTGTAACAACC
NAP15 — GGAGAAAGAAGAGGAAGCC
NAPl6 — CACCAAAGTCTGAGAAGAAGA

and Reverse primers (specific for pGEM
T-Easy vector) were used in sequencing reac-
tions. All primers are listed in 5’ to 3" direc-
tion; they were supplied by Sigma-ARK Scien-
tific.

RESULTS AND DISCUSSION

To clone cDNA encoding the A. thaliana
homologue of Cbf5p/NAP57, we applied a
RACE strategy. Gene specific primers were
designed on the basis of Arabidopsis EST se-
quence with high homology to yeast Cbf5p
and rat NAP57 (F20038). These primers and
Arabidopsis total RNA were used in RACE re-
actions to amplify the 5" and 3’ parts of cDNA
of the putative arabidopsis Cbf5p/NAP57
homologue. The 5 RACE reaction yielded a
product about 200 bp in size (Fig. 1, lane 2)
and the 3’ reaction gave an about 1300 bp
product (Fig. 1, lane 4). Both RACE products
were directly cloned into pGEM T-Easy vector
and sequenced. A short overlapping sequence
in these products allowed us to compose a vir-
tual, full length ¢cDNA sequence. However,
this sequence did not seem to be complete (it
did not contain the STOP codon), so we de-
cided to perform another 3' RACE reaction
with two new primers (NAP15, NAP16) to
elongate the 3’ part of the sequence. This reac-
tion yielded an about 300 bp product (not
shown) that was also cloned and sequenced.
Based on the obtained sequence data we de-
signed two additional edge primers to directly
amplify the full length ¢cDNA molecule by
PCR. The product was also cloned and se-
quenced to confirm that all earlier analyzed
parts of cDNA were derived from the same
mRNA. This gave us the complete cDNA se-
quence of the A. thaliana protein that is ho-
mologous to yeast Cbf5p and rat NAP57
(Fig. 2). We named the gene and its product
AtNAP57 (Arabidopsis thaliana homologue of
NAP57).

The cDNA sequence of AtNAP57 consists of
1935 nucleotides (GenBank AF234984). It
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contains an 1698 bp ORF, starting at the nu-
cleotide 59, encoding a 565 amino-acids pro-

1.2 3 4

=l —

Figure 1. Results of the RACE reactions

Products of the 5" and 3" RACE reactions of AtNAP57
separated on 2% agarose gel and visualized by ethidium
bromide staining. Lane 1, GeneRuler™ 100bp DNA
Ladder (MBI Fermentas, size of bands (in bp): 1031,
900, 800, 700, 600, 500, 400, 300, 200-non visible,
100-non visible, 80-non visible). Lane 2, 5" RACE reac-
tion product (about 200 bp). Lane 3, GeneRuler™ 1kb
DNA Ladder (MBI Fermentas, size of bands: 10000,
8000, 6000, 5000, 4000, 3500, 3000-stronger, 2500,
2000, 1500, 1000, 750, 500, 250-non visible). Lane 4,
3" RACE reaction product (about 1300 bp).

tein (Fig. 2). Predicted size of this protein is
63 kDa. AtNAP57 is a strongly charged pro-
tein with many basic amino acids on its
C-terminus (isoelectric point at 9.158). Geno-
mic localization and structure of AtNAP57
gene were resolved by computer analysis. It
revealed that the AtNAP57 gene is located
within the sequence of A. thaliana chromo-
some 3 (AL138655). Interestingly, this
AtNAP57 gene does not contain introns
(genomic sequence is identical with ¢cDNA).
AtNAP57 contains conserved structural do-
mains (Fig. 2) which may point to the protein

function. Moreover, it has the TruB family
pseudouridylate synthase (N terminal do-
main) motif [21] throughout amino-acid resi-
dues 101-238 and the PUA motif (pos.
287-362) — a novel RNA binding domain de-
tected in archaeal and eukaryotic pseudo-
uridine synthases (designated PUA after
pseudouridine synthase and archaeosine
transglycosylase) [29]. A bipartite nuclear lo-
calization signal (NLS BP) [30] was also de-
tected at positions 505-522. Other putative
NLSs occur on both, the N and C ends of
AtNAP57. A comparison of the amino-acid se-
quence of AtNAP57 with its most known
homologues: yeast Cbf5p (L12351), rat
NAP57 (Z34922) and human dyskerin
(060832), revealed that AtNAP57 is a highly
conserved protein. Its high homology within
these proteins is shown in Fig. 3. The
arabidopsis protein shares 72% identity and
85% homology with yeast Cbf5p and, respec-
tively, 65%/80% with human dyskerin, and
67%/81% with rat NAP57 protein. The highest
homology is observed over the central region
of AtNAP57 (pos. 40-420) that contains the
TruB and PUA conserved domains. The
highly charged, Lys and Glu rich C-terminal
domain with the KKE/KKD repeats found in
yeast Cbfbp is also present in the arabidopsis
protein.

Considering all the conserved structural mo-
tifs (TruB, PUA and NLSs) and the high
homology with yeast Cbf5p, which is known to
be W-synthase, we think that AtNAP57 is also
a functional pseudouridine synthase. This can
be proved by complementation test of yeast
cbf5 null mutation with AtNAP57. Such exper-
iments were carried out for the Drosophila
melanogaster homologue of CBF5-Nop60B
gene. Nop60B encodes an essential nucleolar
protein that complements a ¢bf5 null mutation
[31]. On the other hand, rat NAP57 does not
complement the cbf5 null phenotype in yeast
[31]. It has to be checked whether AtNAP57
does function in yeast or not. The complemen-
tation experiments are in progress in our labo-
ratory.
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1 ASCTACARCTTTTAACICCTCCTCCICCATTTTTCARMACCCTAATCCGACCFGAGCE Gy GCG GAG GIC GAC
8 A E W B 5
75 ATC TOA CAS TOS RAS ARG ARG RAS CAR GAC RAR O3 GAS AAC QAT OO GOC GAC ACC G3GEA
I B H B E K E KE § © E T B ® P A A D T & 25
135 GAC TAC ATG ATC AAG CCA CAG AQT TTC ACT OCA GOC ATC GAC ACT TCT CAGQ TGO CCC NIC
D ¥ W I E P § 8 *¥* T ® A I D T 8 @ W P I 45
198 COTC CTU AAG AMRC TAC GAC ©FC CTC ARG GTC ©GT AOC GET CAC TAC ACT COA ATC AGC GCC
! LI E W Y B R L . N ¥ ® T @ W ¥ ® F T 8 A (1]
258 Q0T CAC TCT CCT CTO ARK ©OT CCT CTT CAA GAG TAT ATC AGG TAC GGT GTC ATC AAT CIC
[ RS Gty ORSE JUAR SN T etk R - DINL: AL FERE SR Sens UGN RN SR i G o BA
315 GAT ARL OOC GO0 RAC COT TOT TCT CAC GAS OTC GTT GCT TGG ATT AAG CET ATC COFC DET
D K P A W P ® B ®H B ¥ ¥ A W I E_BR I & B 105
375 STT GAS RAA ACT OO CAS AST 85T ACT CTT GRS O°A KRR OTC AST OOA AAT CIC ATT OTC
¥ _E E T @ H &4 @ T L P P E ¥ T & H L I % 125
435 TGT ATT GALD CGA GOC ACA CRE OTT &TG RAR TOG CRG CAA GOT G0G S0T KRR GAS TRC 4TT
£ I p B A T R L ¥ E 3 0o o o A § K E T ¥ 145
458 TET GOIT @CT CB@ CIT CAC TUA BOT @IC GUT GAT GIT @:T ARBA GTA BCT AGA GOT OTT GAR
¥y . rp 0o ¥ A _E V¥ A KR A L E 18
558 TOO CTC ACT GGA GCT OTO TTT CAG AGG CCT CCT TTG ATC TCT @CT GIT AMA AGA CAG CTT
§ L T G A ¥ T 9 B _F P L L 8 & W K R 0O L 1E5
615 KAG3 ATT AGa ACK ATC TAT QAR ADC AAD CTd CTT OAD TAT QAT GCT OAT N30 CAT TTG @FT
B E & - X kR R R R R RO CRCORE CERY 205
ETE SFT TIC TGL GTT TOT TGT GALD GO GOT ACT TAC ATT ACO ACT AT TOT OTT CAC TTO OT
- R R R, R O s W P R N 225
T3S TEA CTT CIT GG GTT 57 @06 CAT ATG CAG GAG CTT AGG AGE GTT ARG TCT GGG ATT TTO
AL L & ¥ 4 o §E N o8 2 L N R V R B 8 I L 248
785 GGT GAF AAT AAT BAC ATG @TT ACT ATG CAT GAT GTF ATG GAT GCOT CAA TTT TG TAT GAC
& B W M H M ¥ T H W D ¥ W b KA §Q F ¥V T D 265
5% AAC TOC AGA GAT OAS TOT TAT CTT AGG AGGO OTU ATT ATG CCT CTT GAG ATG ATA TTG ASG
8 B D ®BE 8 ¥ L R R ¥ I W P L B H I L = Z85
915 NAIT TAC AMD AQAR CTT OTT OTC AAD GAT TCT OCT OFP0 AAT OCT ATC TOT TAT OET GCT ARG
E ¥ K B L ¥ ¥ K © 8 A&k ¥ W A I & T & & K 305
975 TIG ATG ATT CLT GGG TTG TIG AGA TTC GAG RAT GhC ATT GAT GIT GGT ACT GAA GFC OLT
L ™ T F @ . L ® ¥ E WM O T B W & ® ®B ¥ ¥ 325
1038 ©CIT ATE ACT ACC AAG GGT GAG GG ATT GOC GIT GGG ATT GOT GAG ATG ACA ACA TCT OIS
L WM _ ¥ % ® @& ®E A T & ¥ 4 T kK X N ¥ T 8 _¥ 3ds
1088 ATG GCT ACT TG@T GAT CAT GOT OT0 OTA @GCT AMG ATC AAG COT G0 TG ATS GAT RGA GAT
M A ¥ ¢ p R g T ¥ A E I E R ¥ YW W B K B IES
11858 ACC TAC COO ASG AAD TGO GEA TTO GGA CCA MDD OCT TCT AT AAD AAG AAD CTT ATT GCT
f T ¥ B E ®W & L & ¥® B A &5 ®H K £ E &L I &k 385
1215 GAT B33 AR TTS GAT ALMS CAT GGG AME CCT AAT GAG RAD ACT CCO OTT GAS TOO AGC MBG
o0 @ E L B K H @ X P W E E T P W E W & R 405
1375 MAAT GTG GTT TTE COT ACC GGT GEA GAT GCT ATA ATT @57 GGT GOT GOT GOT GOT COT GAG
¥ ¥ v L ¥ T 8 8 B A ¥ I A @& A K A K F E 428
1335 GAS ATA AAG GCT GAC GOT GAG RAT GGA GAR GCA GGG AR GOE CGT ARG CGT ARG CAT GAT
¥ I E A © A ¥ W ® T A O E K B E R E H D 4ds
1355 QAT AST AJT QAT ASC OFT GOT OCT OTA ACA AOC ARG KAR TCT RAK ACC RAR OAK FIT GAK
E & 5. B ® P A F ¥ T T R K 5. KR T OE @ ¥V B 465
1455 @OA GAK GAS GOT GAK GAD AAG 0TS ARG TCT TCT AR ARG ARG RAD AND AAD OAT ARD GAK
E X R OCCACEROCESTOECR & R R CEORSECE CERE R £E5
1515 GAG GAG ARA GAR GAG GRA B0C G5 TCT GAG AAG AAG GAA AAG RAG ARG RAG ARR GAT RAG
T E E ¥ E E A & 8 E E E ®B X E E ®E E © [J 55
1575 AMG GAG GAG GTT ATA GAA GAD GTA GCT TCA CCA AAG TCT GAG AAG ARG ARG ARK ARG AAG
E = & v 1 @ ® Vv A & ¥ K 35 W I [ E E E 518
1635 AGC AAR GAC ACC GAR BCT GCT GTT GAC BCA GAA GAT GAA TCA GCA GOR GAG AAG AST GhG
4 E B T ®E A A ¥ b A E D E & A kK E E & E LT
1695 AAG BAN AMG AAR ARG KRG GAT AAG ARG RAG RAG AAC ARK GAC AGT GAG GAT GAT GAG GAA
E K £ ® EKE £ D KE K E X ® K D & B ©m D E E 565
1788 [ GATGOOTTIGCOTTATOOTGCTT T T IANI T TT DEAACCCTT T TOATTT TOC GO TATC TATCTACTC TOGARCARA
1831  GTEAGACAARABICATTTTATECT THTAT TCTACFICTCOCT TACETTACCAGAT TTTATGT I T T TGTAGETTAGTTTC
1912 AGTTCTAARCACATTOTOOCTTTA

Figure 2. Nucleotide and amino-acid sequence of AtNAP57.

The predicted amino-acid sequence is shown below the DNA sequence. Nucleotides are numbered on the left, and
amino acids on the right. Start and stop codons are grey-shaded. The conserved TruB pseudouridine synthase do-
main is double line underlined. The PUA (RNA binding domain) motif is single line underlined. The NLS BP se-
quence is indicated by a box, critical amino acids are grey-shaded. The sequence has been submitted to GenBank (ac-
cession number AF234984).
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Figure 3. Alignment of amino-acid sequences of AtNAP57 protein and its homologues.

The predicted amino-acid sequence of AINAP57 was compared with homologous proteins from other species — yeast
(CBF5, L12351), human dyskerin (DKC1, 060832) and rat (NAP57, Z34922). Standard single-letter code was used
for the amino acids. Identical amino-acid residues are indicated by black boxes, and similar amino-acids are in grey
boxes. Gaps (-) are introduced to obtain the maximum level of alignment. The alignment was done using the
ClustalW and Boxshade programs (see text).
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A possible role of yeast Cbf5p in centromere
function, indicated by binding of centromeric
DNA, was not confirmed in other organisms.
In D. melanogaster there is no apparent associ-
ation between Nop60B protein and the chro-
mosomes [31]. It is possible that the role of
Cbf5p in centromere function is unique to
yeast. Alternatively, it may be that a con-
served centromeric function exists but has
not been detected yet in other organisms, or
that the association of Cbf5p with the yeast
centromere is non-functional.

One of the best characterized CBF5 homo-
logues is probably the human gene DKCI.
This is because the DKC1 gene and its product
dyskerin are believed to play a role in develop-
ment of a human disease dyskeratosis con-
genita [32, 33]. Dyskeratosis is a rare inher-
ited bone marrow-failure syndrome character-
ized by abnormal skin pigmentation, nail dys-
trophy, and mucosal leukoplakia. More than
80% of patients develop bone-marrow failure
towards the end of the first decade of life, and
this is the major cause of premature death.
The X-linked (develops only in males) form of
the disease has been shown to be caused by
mutations in the DKC1 gene. This single-copy
gene is localized on the X chromosome. It
comprises 15 exons spanning at least 16 kb
and is transcribed into a widely expressed 2.6
kb message [34]. Numerous missense muta-
tions and one 3’ deletion [35] were detected in
DKC1 gene sequence in patients who suffered
dyskeratosis. These mutations result in pro-
duction of non-functional dyskerin that is
thought to cause the disease. Dyskerin is a
514 amino-acids protein with a predicted mo-
lecular mass of 57.6 kDa [32]. Dyskerin local-
izes to the nucleolus — it contains multiple pu-
tative NLSs at the N- and C-ends [36, 37]. It is
a highly charged peptide with some conserved
sequence motifs like the TruB W synthase mo-
tif, multiple phosphorylation sites, and a
carboxy-terminal lysinerich repeat domain
[32]. The whole amino-acid sequence of
dyskerin shows high homology with other pro-

teins from the TruB family of pseudouridine
synthases (Fig. 3). Interestingly, all missense
mutations characterized so far, are located in
the most conserved regions of dyskerin. By
analogy to the function of known dyskerin
orthologues, involvement in the cell cycle, nu-
cleolar function in ribosome biogenesis and W
synthesis have been predicted for the human
protein. The molecular mechanism leading to
dyskeratosis congenita has not yet been eluci-
dated. On the basis of early experimental data
it was thought to involve the rRNA biogenesis
failure due to predicted RNA binding function
of dyskerin in the nucleolus. Missense muta-
tions in the DKC1 gene could modify the func-
tion of dyskerin affecting snoRNP assembly
and stability. Recent data suggest, however,
that dyskerin has another function the distur-
bance of which can lead to dyskeratosis. It was
proposed that dyskeratosis may not be caused
by the deficiency in rRNA, but rather by a de-
fect in the maintenance of telomeres [38, 39].
It was previously shown that the 3" end of the
RNA component of human telomerase (hTR)
is structurally and functionally similar to the
H/ACA family of snoRNAs. Dyskerin and its
homologues interact with the H/ACA motif of
snoRNAs, creating functional particles in-
volved in rRNA biogenesis. It has been shown
recently that dyskerin associates with the
H/ACA portion of h'TR and is a part of the hu-
man telomerase RNP complex. This interac-
tion seems to be important for biogenesis,
processing or turnover of the telomerase
RNP. Decreased accumulation of hTR, re-
duced telomerase activity and abnormally
short tracts of telomeric DNA were detected
in the cells expressing mutated forms of
dyskerin. On the other hand, the mutant
dyskerins were still able to carry out snoRNP
functions, as the mutation had no discernible
impact on rRNA processing. Dyskeratosis is a
disease affecting strongly dividing tissues like
bone marrow and epithelium, and the risk to
the patients of having some form of cancer is
increasing with their age. This is consistent
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with telomere shortening that leads to chro-
mosomal instability, telomeric rearrange-
ments and cancer progression.

The authors would like to thank Ms Kamila
Jankowiak and Ms Katarzyna Ober for great
help with DNA sequencing.
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