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Human STAU1 is one member of the family of double-stranded RNA (dsRNA)-binding proteins.
It is thought to function in transporting mRNA, controlling translation and eliciting mRNA de-
cay in neurons, and to function in infection of influenza virus and human immunodeficiency
virus type 1 (HIV-1). Four transcripts coding two isoforms have been identified before. In this
study, we have isolated a novel transcript of STAU1, coding a novel isoform that has six amino
acids more (SFPLKQ) than isoform a. In order to examine the tissue distribution of this novel
isoform, we have performed RT-PCR experiments and the analysis showed that it was highly ex-
pressed in heart, liver, kidney and pancreas.
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INTRODUCTION

Drosophila  Staufen, homologous human
STAUIL, is the first RNA-binding protein proven
to play a role in RNA localization. Staufen and its
homologous genes play a key role in many biolog-
ical phenomena. One of the best known examples
is determination of the anteroposterior axis during
the early development of Drosophila melanogaster.
Staufen plays a role in the transportation and loca-
tion of bicoid and oskar mRNAs to the anterior and
posterior poles, respectively (Schuldt et al., 1998).
The specfic localization of mRNAs is also essential
in the definition of cell asymmetries in cell divi-
sion and differentiation. Staufen transports pros-
pero mRNA to basal area of fly mitotic neuroblasts
(Li ef al., 1997). Cell comunication events are also
affected by the localization of specific mRNAs. Hu-
man Staul can interact with many proteins and lo-
cates in the dendrites of differentiated neuroblasts
(Kiebler & DesGroseillers, 2000). Human STAUI
functions in infection by influenza virus and hu-
man immunodeficiency virus type 1 (HIV-1). It

can interact with NS1 protein of influenza virus in
infected cells (Falcon et al., 1999), and it can also
interact with the NC domain of HIV-1 pr55%3 and
may be make the virus generate infectious viral
particles (Chatel-Chaix et al., 2004). In addition to
these biological processes, Drosophila Staufen func-
tion in the translation derepression of oskar mRNA
once the mRNA has been located (Micklem et al.,
2000). Human STAU1 causes the decay of many
mRNAs through binding Upfl and interacting
with the 3’ untranslated regions of mRNAs (Kim
et al., 2005).

Drosophila Staufen has five double-strand-
ed RNA-binding domains (dsRBD) (Gibson et al.,
1994). Each domain contains a 65- to 68-amino-
acid consensus sequence and folds into a compact
apppa structure. The analysis of crystal structure
shows that dsRBD recognizes the shape of A-form
dsRNA through two regions between [32-f1 and
B3-a2 (Ramos et al., 2000). The composition of
Stau-containing RNA has been identified in neu-
roblasts, including ribosomes and ribosome com-
ponents (ribosomal protein S6, L12, FMRP, PABP,
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540, S60 etc); proteins from the cytoskeleton, mo-
tor proteins and regulatory proteins (tubulins,
actin, internexin, myosin, IQGAP-1, cdc42, racl,
RasGAP, dynein, kinesin etc.); and other RNA-
binding proteins normally localized to the nucleus
(nucleolin, RNA helicase A, hnRNP U etc.) (Villace
et al., 2004). In addition, STAU1 can bind protein
phosphatase-1 in primary hippocampal neurons
(Monshausen et al., 2002), Upfl and Arfl proteins
in HeLa cells, NS1 protein of influenza virus and
pr5552 protein of HIV-1 (Falcon et al., 1999; Cha-
tel-Chaix ef al., 2004; Kim et al., 2005). Therefore,
the component is very complex and human Staul
may be plays vital roles.

Four transcript variants resulting from hu-
man STAUI gene and encoding two isoforms (a, b)
with different N-terminal ends have been described
(Marion et al., 1999). Three of these variants encode
the same isoform (a), however, differ in their 5' UTR.
In contrast to Drosophila Staufen, human STAU1 has
only four dsRBDs. However, the significance of the
various transcripts is not known today. In a recent
study, we have isolated a novel transcript variant
of STAUI through a large-scale sequencing analy-
sis of the 18-week human fetal brain cDNA library.
We termed it STAUI transcript variant T5 (isoform
). Here, we report the cloning and initial character-
ization of this new transcript variant, together with
data in its genomic structure and mRNA tissue dis-
tribution.

MATERIALS AND METHODS

The cloning and bioinformatics analysis.
cDNA library construction and DNA sequencing
were performed as previously described (Li et
al., 2005). DNA sequence homology searches and
comparisons were performed using BLAST-N and
BLAST-X at the National Center for Biotechnol-
ogy Information (NCBI) network service (http://
www.ncbi.nlm.nih.gov/blast). BLAST-N searching
in the human genome was performed to identify
the chromosomal localization and the gene struc-
ture of this novel gene. The predicted amino-acid
sequence of the STAUI T5 was compared against
the profile entries to find the occurrence of known
profiles (http://www.expasy.ch/pfscan). To identify
the chromosomal localization and the gene struc-
ture, multiple alignments were performed by the
GeneDoc program (http://www.psc.edu/biomed/
genedoc/). Other databases from Genbank, Swiss
Pro, PDB, and EXPASY were also used. The soft-
ware includes Gene Runner, Primer Premier 5.0 et
al.

Assessment of human STAUI T5 mRNA tis-
sue distribution. Human Multiple Tissue cDNA

(MTC) panels (CLONTECH) were used as PCR tem-
plates according to the manufacturer’s protocol. Thir-
ty six PCR cycles for STAU1 T5 and 30 PCR cycles
for G3PDH (as control) were performed using Tag
Plus polymerase (Sangon) in the following program:
0.5 min at 94°C, 0.5 min at 65°C, 1.0 min at 72°C. The
PCR products of STAUI T5 and G3PDH were then
electrophoresed on a 2% agarose gel. PCR primers
are indicated from 5 to 3’ as the following: STAU1
T5 sense CTCTCTCGGCTCCCGCTTCCTTT; STAU1
T5 antisense ACCTGTTTCAGAGGGAAAGACTCG;
G3PDH sense: TGAAGGTCGGAGTCAACGGATTT-
GGT; G3PDH antisense CATGTGGGCCATGAGGT
CCACCAC. The sense and antisense primers of hu-
man STAU1 T5 span 688 bp in the cDNA from 61 to
748 bp.

RESULTS AND DISCUSSION

Through the large-scale cDNA sequenc-
ing, we cloned a novel transcript variant from the
constructed human fetal brain cDNA library. This
cDNA is composed of an open reading frame from
nucleotide 363 to 1868, encoding a 502 amino-acid
protein with a molecular mass of 55 kDa (Gen-
bank: AY546099) (Fig. 1). The deduced protein
shows high identity with the mouse and Drosophila
Staufen2 proteins. Alignment was performed be-
tween STAU1 T5, other two isoforms in human,
and its orthologs from mouse and Drosophila. Like
other Staufens, the deduced protein of T5 also
contains four dsRNA-binding domains (dsRBDs)
(Fig. 2). Universally, dsRBD2 contains an insertion
sequence at an identical position in all species, and
the domain does not bind RNA when this insertion
is deleted. Surprisingly, we found another insertion
of 18 bp in the sequence, which is deduced into six
amino acids between dsRBD1 and dsRBD2. This
new insertion may suggest a new kind of mecha-
nism or method of RNA localization during the cell
cycle or embryo development. Moreover, through
ortholog analysis (not shown), the insertion of the
18 bp sequence is also present in certain Staufen
protein in Drosophila, which suggests that this pro-
tein may be conserved in evolution and that this
insertion may have something to do with the speci-
ficity of its binding in different tissues of human
and Drosophila. However, on its own Staufen binds
mRNA without apparent specificity, indicating that
the specificity might be provided by auxiliary fac-
tors.

Four transcript variants resulting from al-
ternative splicing of the STAUI gene and encod-
ing two isoforms with different N-terminal ends
have been reported. Three of these variants encode
the same isoform, however, differ in their 5 UTR.
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ttecctgecgeggetgcgggecgectgagegetettecagogtttgegegegegectecgegteteteteggetocecgettectttgacegecte
CCcCCCCCCEEcCCgEcggcEcccgcctococtecacggccacteogoctetteccteccttcgtecccttcttoctotocottttttecttet
tcctteccectectogocgocaccgeccaggaccgocggccgggggacgageteggageageagecagagtttattaaccacttaacctet
cagaactgaacaaagacaacattgttcctggaacgecotetttttaaaaaagaaageataaccoctactgtagaactaaatgeactgtee
atgaaacttggaaaaaaaccaatgtataagectgttgaccecttactetecggatgeagtccacctataactacaacatgagaggaggtegct
M KLGKIEKPMYKPVDPYSRMOGESTYNTYNMRTGSG GA
tatcccccgaggtacttttacccatttecagttccacctttactttatcaagteggaactttctegtegggaggacagecaatttaatggcaaa
Yy PPRYFYPFPVPPLLYOOGVELSVGSGOGEOFNSEGHK
ggaaagacaagacaggctgegaaacacgatgetgotgocaaagegttgaggateoctgecagaatgagecocotgocagagaggctggagete
G K TRQAAHKUHDAAAKALRILGNEPLPETRTLEWV
aatggaagagaatccgaagaagaaaatctcaataaatctgaaataagtcaagtgtttgagattgcacttaaacggaacttgecctgtgaat
N GRESETEENLNIEKSEISO@VFETIALIEKRNLPWVN
ttecgagtcttteccoctotgaaacaggtggccogggagagtggeccaccccacatgaagaactttgtgaccaaggttteggttgeegagtit
FEBFPLKOVARESGPPHMEKNFVTKVSVGEHF
gtgggeraaggtgaagggaaaagcaagaagatttcaaagaaaaatgecgecatagetgttcttgaggagetgaagaagttaccgccoceotg
V GEGEGEKSKI KIS KIKNAAILIAVLETETLZEKTZ KTLZPFPL
cctgcagttegaacgagtaaagectagaatcaaaaagaaaacaaaacccatagtcaagecacagacaageccagaatatggccagegggate
P AVERVYKPRIKIEKZKTIEKPI VEKPOGTSPEYG GG
aatccgattageccgactggeccagatccageaggoaaaaaaggagaaggagecagagtacacgetecoctcacagagegaggecteocogege
NP I SRLAQGI @@ AKI KTEI KEPEYTLLTETRTEGLFPR
cgcagggagtttgtgatgcaggtgaagettgeaaaccacactgcagaaggaacegggcaccaacaagaaggtggccaagegeaatgecagee

RREFVMWQA@VKVYGEGENHTAEGTU GTNIEKTIEKUVAIEKTRNAA

gagaacatgetggagateccttggttitcaaagtcocgecaggocgocageccaccaaaccegeactcaagtcagaggagaagacacccataaag

ENMLEILGFHKVYPOQGAQPTHIKPALZEKSETEIKTPIK

aaaccaggggatggaagaaaagtaaccttttttgaacctggetotggggatgaaaatgggactagtaataaagaggatgagtteaggate

K PGDGRISKVYTFFEPGSGDENSGTS SNIEKTEDTETFRM

cocttatctaagtcatcagecagetgectgoctggaattctteccatggtegcoocgagegtecgeccagegctgtaggagttagtcaaggacatcac

PYLSHQGQ@LPAGI LPMVPEWVAQAVGYVY SAE@GHH

accaaagattttaccagggcagetccgaatectgecaaggecacggtaactgecatgatageccgagagttagttatatgggegcaccteg
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T KDFTRAAPNPAKATVTITAMIARETLTLYGSGT S

coccacagecgagaccattttaaagaataacatctottcaggccacgtaccccatggacctetocacgagaccototgagecaactggactat

P TAETILHKNNISSGHVYPHGPLTRPSETU GLTDY

ctttccagagtccagggattccagegttgaatacaaagacttccccaaaaacaacaagaacgaatttgtatctettatcaattegctectet

L S RVYQ@GFQ@VEYHKDFPKNNIEKNETFWVSL I NGSS

cagccacctctgatcagecatggtatoggcaaggatgtggagtoctgccatgatatggetgogctgaacatettaaagttgetgtoteag

@ PPLI SHGI GKDVEST GCHTDMAALNILIKTLTLSE

ttgegaccaacaaagtacagagatgccaagaacaggaaacggaccaatgteteteteteggagetectgaaccttttctgegccatgaacca

L D@ Q@STEMPRTGNGPMSVYCGRGC

ttataaaatcccaacatatatactgaaaatactgaaactgotttgaaaatttggaatttctgatacctecagtgggocgagagacaceget

gegtaaaggatgtgggoagoagoagggaagacaacagaaacacaaggaggcggotgtggocggectggactgtgcggggatttgttetea

teggccactecgegtegaccteggcegtecctacgcaatageagctecctetegggaagagegegectegcccagecagctgegtteteccgggacace

agcagatccacaccctgggcacctoogtgtttggtetttttttteccctegtgtgaaagaagaaaceggcacgaccoottctcaagotegct

cactcagacacattgggacaaaccctggacagecatgocagagagagegcctttgaccggecccagagotaaaageaccagagaaaatcaa

atgcttoctactcagegtgacccaacttttetagtgtgccacggccccaccacctoctgocagtacccacaccatcaccactgotttotot

tccaacagtgatctgtattcttagtttcattattttectttteattegatatgacactatataaaattttcatttgagaatttctcaattet

atctagttaaatagcacagtttggaaacttgtctgagactgactttatcaataatctaaccgacaaagatcatatccatgtgtatgtegt

tagacatttttatttcattgactaacccaggacagtttcagtgatgcaaattgtgtegccctotggttoagetgaaacagtoctggacttt

caaaaaccttgaataagtctcccacagttgtataaattggacaatttaggaattttaaactttagatgatcatttggttccatttttatt

tcatttttatttttgttaatgcaaacaggacttaaatgaactttgatetetgttttaaagattattaaaaaacattgtgtatetatacat

atggctcttgaggacttagetttecactacactacaggatatgatctecatgtagteccatataaacctgeagagtgattttccagagtect

cgatactgttaattacatctccattagggctgaaaagaatgacctacgtttotgtatacagetgtgttgettttgategttgtettactet

acacagaagtgtgtgeactgaggctotgcgtatagtecgtatggaaagectggtagecctgegagttaagtactgettecatteattgtt

tacgctggaatttttectecccatggaatgtaagtaaaacttaagtegtttegtecatcaataaatggtaatactaaatttttttgttaattta

ttctcaaatgccactactgotagettggtecccteccaacttge

Figure 1. The transcript variant cDNA and deduced amino-acid sequences of STAU1 T5.
The nucleotides are numbered at the left. The extra amino-acid residues of Staul T5 compared to other isoforms are

boxed.



Vol. 55 Nowvel transcript variant of human STAUI gene 477
420 wr 440 o 450 e 480

I 2

Ta 2

Ik a3

mus staul it

Drosophila 478

Ic H 70

. : 78

5 : 159

mus staul % 21

Drosophila : 554

Ic 150

- 152

Tl =233

mus staul 145

Dromophila s27

Ie H 207

- ;201

Il 3 282

mus staul % 192

Drosophila ] FO7

-]

Zo EF :  =zez

Ta & 27E

i + 357

mus staul F 267

Drosophila ] 787

Ie B

Ta =

Ik 5

mus staul :

Drosophila ]

Ie

Ta

Ik

mus staul

Drosophila

Ic

I=

Ik

mus staul

Drosophila

I H 502

IT=a = 49&

e : 877

mus staul % 467

Drosophila t i

Figure 2. Alignment of STAU1 c and a (NP_004593), b (NP_059347) and its orthologs in mouse Staul (NP_035620) and
Drosophila (NP_476751).
The alignment was performed by GeneDoc program (http://www.psc.edu/biomed/genedoc/): Black (100% similarity),
grey (80-90% similarity); light grey (60-70% similarity). Domains of the 5 dsRBDs are underlined.

Table 1. The exon-intron analysis of the human STAU1 T5 gene.

Exon . . Intron

Number  Length (bp) Splicing acceptor Splicing donor Number Length (bp)
1 249 CAGCAGCCAGg tgaggcgge 1 13846
2 75 tattttccagAGTTTATTAA TTTAAAAAAGgtacatataa 2 20123
3 139 tttcttgcagARAGCATAAC ATCCCCCGAGgtatgtgttt 3 2185
4 166 ttatttctagGTACTTTTAC GAGGCTGGAGgtgaggagtt 4 15650
5 99 attcttacagGTGAATGGAA GAATTTCGAGgtaagctaat 5 11227
6 231 tttcactcagTCTTTCCCTC CATAGTCAAGgtgagaactt 6 1139
7 144 tgttcctcagCCACAGACAA TGTGATGCAGgtgggtccge 7 2963
8 147 ctttgtgcagGTGAAGGTTG AGAGGAGAAGgEgagtgctyg 8 1573
9 76 cttttttaagACACCCATAA AATGGGACTAgtaagtgtga 9 232
10 320 tccctcccagGTAATARAGA GGGATTCCAGgtaactgtct 10 528
11 123 tccceccttagGTTGAATACA CCATGATATGgtacgtcaca 11 1258
12 86 tccccactagGCTGCGCTGA ACCAATGICTgtEgtgagtgce 12 888
13 1431 ttccttaaagGTGTGGGAGG

Intron and exon nucleotide sequences are shown in lower-case and upper-case letters, respectively. Bold italics lettering indicates donor
and acceptor splice site.
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Figure 3. Tissue distribution of human STAU1 T5

mRNA.
Reverse transcription-PCR analysis of human cDNA for

STAU1 T5 and G3PDH (as a control). Prenormalized cD-
NAs from sixteen human adult tissues were purchased
from CLONTECH and employed as templates in PCR re-
actions containing STAUI T5 and G3PDH-specific primers
described in Materials and Methods.

Isoform (a) associates with 40S and 60S ribosomal
subunits and colocalizes with rough endoplasmic
reticulum in neuroblasts (Wickham et al.,, 1999).
Transcript variant T5 has an insertion of 18 bases
at position 729 compared to other four transcript
variants of STAUI. This introduces an insertion of
six amino acids in the deduced protein, causing T5
to encode a protein isoform (c) of 502 amino-acids
protein. So we termed it human Staul variant 5 and
the deduced protein isoform (c). All the sequences
of the exon-intron junctions are consistent with the
AG-GT rule (Table 1).

Expression pattern of the STAUI T5 was
analyzed by RT-PCR. The data demonstrate that it
is especially expressed in certain tissues we used.
The expression level in heart, liver, kidney and
pancreas are relatively high, while there is slightly
lower expression in placenta, colon (Fig. 3). It is
different from the other four transcripts that are
expressed in heart, brain, pancreas, skeletal mus-
cles, liver, placenta, lung, kidney (Wickham et al.,
1999). Therefore, further studies will be necessary
to define the precise roles of three isoforms.
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