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Human Tudor-SN is a multi-domain protein involved in 

many biological events, including transcription regulation, 

spliceosome assembly, translation repression, RNA 

interference and RNA editing.  This interesting RNA-binding 

protein is also related to colon cancer and polycystic kidney 

disease.  Tudor-SN is consisted of four tandem repeats of 

staphylococcal nuclease-like domains (SN1-SN4), followed 

by a tudor domain and a C-terminal SN domain (SN5).  To 

investigate how Tudor-SN binds RNA and participates in RNA 

editing and interference, we determined the crystal structure 

of a truncated form of Tudor-SN, containing SN3, SN4, tudor 

and SN5 domains, at a resolution of 1.9 Å.   The four domains 

of Tudor-SN are assembled into a crescent-shaped structure 

with a basic concave surface jointly formed by SN3 and SN4. 

The putative active sites of SN3 and SN4 are occupied by 

citrate ions.  We also showed that the tandem repeats of SN 

domain are required for RNA binding and cleavage activities. 

In addition, a modeling study provides the structural basis 

for Tudor-SN’s preference in cleaving inosine containing 

double-stranded RNA.  In summary, this study suggests how 

Tudor-SN binds RNA and offers a testable model for further 

characterization of its diverse roles in RNA manipulation.
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Tudor-SN, also called p100 or SND1, has been iden-

tified in many organisms including mammals, fish, fly, 

worm, ciliates and fission yeast.  The function of Tudor-

SN was first characterized as a transcriptional co-activator. 

Four transcription factors, involved in virus infection or 

cellular signaling, have been reported to interact with 

Tudor-SN, including EBNA-2, c-Myb, STAT6 and STAT5. 

For example, STAT6 is a critical interleukin-4-induced 

transcription factor in immune response, while STAT5 is 

involved in prolactin (PRL) induced transcription of several 

milk protein genes.  Tudor-SN interacts with these specific 

transcription factors and recruits transcriptosome proteins, 

such as RNA Pol II, CBP, RNA helicase A, and Pim-1 to initiate 

RNA transcription. 

In addition to the function of transcriptional co-

activator, Tudor-SN has also been reported to participate 

in some post-transcriptional regulations including RNA 

interference, spliceosome assembly, pre-mRNA splicing, 

and hyper-edited RNA degradation.  Tudor-SN is the first 

RISC (RNA-induced silencing complex) subunit to be 

identified that contains a recognizable nuclease domain 

(staphylococcal nuclease domain).  Tudor-SN has also 

been shown to interact with U5 snRNP (small nuclear 

ribonucleoproteins) via the C-terminal tudor domain and 

facilitate the assembly of the spliceosome. 

Recently Tudor-SN was identified as a specific 

nuclease which digests the hyper-edited microRNA 

containing multiple inosines, suggesting that Tudor-SN 

may regulate the biogenesis of microRNAs via its nuclease 

activity.  It is not clear how Tudor-SN binds RNA and 

participates in RNA interference, editing and degradation. 

Here, we address the role of Tudor-SN in RNA binding 

and cleavage by biochemical and X-ray crystallography 

analysis.  Our results demonstrate that Tudor-SN adopts an 

interesting means, using its tandem repeats of SN domains, 

to capture RNA substrates.
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To obtain the Tudor-SN protein 

crystal, we designed different truncated 

forms of Tudor-SN based on secondary 

structure prediction and stable de-

graded fragments.  Those different 

truncated forms of  protein were 

screened for crystallization conditions 

and TSN-64 (residues 315-863) yielded 

diffraction-quality crystals.  The Se-

labeled TSN-64 was then purified and 

crystallized for phase determination. 

The MAD (multiwavelength anomalous 

diffraction) data sets were collected 

by a CCD detector at SPring-8 Taiwan 

beamline BL-12B2, Japan.  The crystal 

structure of TSN-64 was determined at 

a resolution of 1.9 Å.  The final structure 

mo del  of  TSN-64  conta ined one 

protein molecule (residues 315-634 

and 645-863), four citrate ions and 690 

waters in an asymmetric unit of the C2 

monoclinic cell. 

The overall structure of TSN-64 

is shown in Fig. 1A.  The SN3, SN4 

and SN5 domains have an OB-fold of 

staphylococcal nuclease, composed 

of a five-stranded β-barrel and three flanking α-helices.  

The four domains, SN3, SN4, tudor and SN5, are assembled 

into a distorted crescent structure (Fig. 1C).  The buried 

interfaces of the four domains are sufficient for forming 

a stable complex (1541.6 Å between SN3 and SN4, 

1339.1 Å between SN4 and tudor and 628.9 Å between 

tudor and SN5), suggesting that the four domain are 

assembled in a rigid way to maintain the overall crescent-

shaped structure.  The surface electrostatic potential was 

calculated by APBS and shown in Fig. 1B.  The surface 

potential of SN5 is highly acidic, indicating that the SN5 

domain is not involved in nucleic acid binding.  On the 

other hand, SN3 and SN4 are more basic and formed a 

jointly concave basic surface.  Two citrate ions, which 

mimic phosphate backbones in RNA, bind into the 

putative active sites of SN3 and SN4 domains.

S t r u c t u ra l  co m p a r i s o n s  o f  S N  d o m a i n s  a n d 

staphylococcal nuclease show a similar overall folding 

with minor differences in loop and flanking regions.  

There are two extra long loops in SN3 (Gly355-Ile371 

and Ala400-Glu412) extending outside the β-barrel (Fig. 

2A).  In SN4 domain, one extra α-helix is flanked by the 

β-barrel and an extra pair of anti-parallel β-strands is 

associated with tudor domain (Fig. 2B).  However, SN5 

is more similar to the staphylococcal nuclease without 

extra loops and flanking helices.  The superimposition 

results also demonstrate that the citrate ions in the 

putative active site of SN3 and SN4 overlap with the 

pdTp in staphylococcal nuclease active site (Fig. 2C and 

Fig. 1:   Overall structure of TSN-64.  (A) The ribbon model of TSN-64 with four 
citrate ions.  (B) The electrostatic potential surface of TSN-64.  (C) A 
schematic diagram representing the domain arrangement in TSN-64. 
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2D).  This result suggests that citrate ions may mimic 

the phosphate ions and bind to the RNA-binding site of 

TSN-64.  Furthermore residues surrounding the citrate 

ions are candidates for substrate binding, metal binding 

and catalytic residues.  Those residues also align well in 

the structural-based sequence alignment between SN 

domains and staphylococcal nuclease. 

In our filter binding assay, two tandem repeats of 

SN domains are required in Tudor-SN for efficient RNA 

binding.  The nuclease activity assay shows that Tudor-SN 

prefers to cleave the IU wobble paired double-stranded 

RNA.  Moreover, amino acid sequence analysis shows 

that SN1 is more similar to SN3 (28.1% identity) and SN2 

is more similar to SN4 (26.9% identity).  All these results 

indicate that the SN domains might form a binding 

module containing two tandem repeats of SN domains, 

such as SN1-SN2 and SN3-SN4.  According to these results, 

we suggest a Tudor-SN/RNA binding model, in which 

SN3 and SN4 form a joint concave surface containing a 

two-fold symmetry and bind to a 16-bp RNA as shown in 

Fig. 3A.  This model is consistent with our structural and 

biochemical data, except that the phosphate backbones 

of the ideal double-stranded RNA are located far away 

from the putative active sites in SN3 and SN4.  It has been 

reported that RNA containing multiple IU wobble pairs are 

less stable than GU or AU base pairs.  Therefore dsRNAs 

containing tandem repeats of IU wobble pairs may have 

a specific open distorted structure.  It is likely that multi-

IU dsRNA contains a distorted open bubble structure so 

that the backbones are displaced to bind at the active 

site of SN domains (Fig. 3B).  Moreover, our model that 

two SN domains form a RNA binding module is further 

supported by domain analysis of Tudor-SN from different 

species.  All Tudor-SN contain even numbers of tandem 

repeats of SN domains, four SN domains in human, mouse, 

fish, drosophila, C. elegans and fission yeast or two in 

tetrahymena.

In summary, our biochemistry results show that 

Tudor-SN requires its tandem repeats of SN domains 

to capture and cleave RNA.  The crystal structure of 

TSN64 further demonstrates that two tandem repeats 

of SN3-SN4 domain jointly form a concave surface for 

RNA binding.  Our model provides the structural basis 

of Tudor-SN binding preference of IU containing RNA.  

Although the natural substrate of Tudor-SN still remains 

uncertain, our structural characterization of Tudor-SN 

may pave the way for future functional analyses of this 

interesting RNA-binding protein.◆

Fig. 2:  Structural comparison between 
staphylococcal nuclease (SMN) 
and SN domains in TSN-64.  (A) 
Superposition of staphylococcal 
nuclease (PDB entry: 1EY0) and 
SN3 domain.  (B) Superposition 
of SMN and SN4.  (C) The stereo 
view of the putative active site 
of SN3.  A citrate ion (labeled 
as CIT ) bound at the active 
site, overlapped with the pdTp 
bound at the active site of SMN 
(PDB accession code: 2ENB 
(29)).  (D) The stereo view of the 
putative active site of SN4. A 
citrate ion is bound next to the 
pdTp bound in SMN.
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Fig. 3: Structural model of TSN-64 bound with a 
double-stranded RNA.  (A) A pseudo two-fold 
symmetry axis is identified between SN3 and 
SN4 domains.  Two stars mark the likely location 
of putative active sites in SN3 and SN4, based 
on the pdTp binding site in staphylococcal 
nuclease.  (B) A cartoon illustration represents 
the phosphate backbones of IU containing 
dsRNA may displace from a canonical A-form 
conformation so that they can be bound near 
the active sites in the SN3 and SN4 domains.
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