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Mammalian Sun1 belongs to an 
evolutionarily conserved family of 

inner nuclear membrane proteins, which 
are known as SUN domain proteins. 
SUN domain proteins interact with 
KASH domain partners to form bridging 
complexes, so-called LINC complexes, 
that physically connect the nuclear inte-
rior to the cytoskeleton. LINC complexes 
are critical for nuclear integrity and play 
fundamental roles in nuclear position-
ing, shaping and movement. The mam-
malian genome codes for at least five 
different SUN domain proteins used for 
the formation of a number of different 
LINC complexes. Recently, we reported 
on the identification of several Sun1 iso-
forms, which tremendously enlarges the 
alternatives to form functional LINC 
complexes. We now confirmed that Sun1 
actually exists in at least seven distinct 
splice variants. Besides that, we observed 
that expression of individual Sun1 iso-
forms remarkably depends on the cell 
type, suggesting a cell type-specific adap-
tion of Sun1 dependent LINC complexes 
to specific cellular and physiological 
requirements.

LINC (linker of nucleoskeleton and cyto-
skeleton) complexes are highly conserved 
nuclear envelope spanning protein assem-
blies formed by SUN (Sad1p/Unc84 
homology) and KASH (Klarsicht/Anc1/
Syne1 homology) domain proteins that 
interact with each other within the peri-
nuclear space.1-5 SUN domain proteins 
as inner nuclear membrane (INM) com-
ponents of LINC complexes provide a 
link to nucleoplasmic structures (i.e., the 
lamina), while KASH proteins, the outer 
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nuclear membrane (ONM) partners, con-
nect to the cytoskeleton. That way, LINC 
complexes form a solid scaffold for inte-
grating nuclei into the cellular environ-
ment.5,6 Besides just functioning passively 
in nuclear positioning and anchorage, 
LINC complexes were shown to play 
major roles in active processes like move-
ment of chromosomes and the entire 
nucleus. Furthermore, recent studies indi-
cated that they have a central function in 
directed nuclear shaping and deformation 
as well.7-10

In a recent study, we reported on the 
identification of two novel LINC com-
plexes and suggested their involvement 
in a quite exceptional dynamic cellular 
process, the shaping of the mammalian 
sperm head.10 In that particular study 
we have analyzed different LINC com-
ponents and their behavior during sperm 
differentiation. An important outcome of 
our assays was that within the given cel-
lular context two SUN domain proteins, 
Sun3 and Sun1, distinguish between 
KASH partners to form discrete LINC 
complexes which could be assigned for 
distinct tasks. Like germ cells, mamma-
lian somatic cells contain different SUN 
and KASH domain proteins as well. They 
express at least two SUN domain pro-
teins, i.e., Sun1 and Sun2, and up to 4 
different KASH domain partners (known 
as nesprins 1, 2, 3 and 4).11-14 This vari-
ability allows for the assembly of diverse 
LINC complexes that connect nuclear 
structures to different cytoskeletal ele-
ments (for recent overview see Starr and 
Fridolfson 2010).6 Interestingly, in our 
previous study we could demonstrate that 
the Sun1 gene itself encodes not only one 
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and are the dominant products in the kid-
ney and the liver. Taken together, our data 
presented here validated that the murine 
Sun1 gene codes for at least seven distinct 
isoforms (see also below). Furthermore, 
our detailed analysis disclosed quite overt 
differences regarding their individual 
expression patterns.

To uncover molecular differences of the 
single isoforms we sequenced each of them. 
We found that the identified isoforms 
are distinguished by variable deletions 
between exon seven and ten, thus affect-
ing the N-terminal part of the protein. 
Notably, RT-PCR experiments aimed for 
detecting putative splice forms concerning 
the C-terminal protein parts revealed no 
overt splice variations within this region. 
Consistent with this, amplification of 
entire Sun1 cDNAs resulted in seven tran-
scripts with sizes that are fully in line with 
the expected seven isoforms (not shown). 
As the longest isoform we could identify 
the initially described Sun1 (reviewed 
in ref. 4), which to our yet introduced 

Similarly, in the muscle and heart—with 
exception of Sun1η—expression of six 
isoforms could be verified. By contrast, 
kidney apparently expresses not more 
than four variants and, most striking, 
under the very same stringent PCR condi-
tions in the liver we could identify only 
three different isoforms (Fig. 1A). Hence, 
the few selected examples shown here 
yet clearly evidence that Sun1 isoforms 
expression is not equably, rather it appears 
quite variable between different tissue 
types. This finding is supported by our 
previous results that disclosed comparable 
variations in a number of additional tis-
sues.10 Interestingly, a more detailed com-
parison of the isoform expression profile 
between the different tissue types revealed 
a general tendency. The smaller isoforms 
appear to be restricted to selected tissues 
and are expressed in the testis, the brain 
and, albeit to a lesser extent, in muscle and 
heart tissues, but not in the other tissues 
tested. By contrast, larger splice forms 
turned out to be ubiquitously expressed 

single transcript, but at least seven distin-
guishable isoforms.10 This matter is quite 
remarkable, as it tremendously enlarges 
the alternatives to form functional LINC 
complexes, which in turn could be consid-
ered for LINC adaption to cell type-spe-
cific physiological requirements.

To verify these initial experiments, we 
now repeated the RT-PCR experiments 
for Sun1 using selected tissues obtained 
form adult male mice. Consistent with 
our previous findings,10 we could amplify 
seven distinguishable Sun1 isoforms 
(Fig. 1A) that showed striking differences 
concerning their expression pattern in dif-
ferent tissues. While the shortest isoform, 
Sun1η, could be detected exclusively in 
the testis but not in any of the somatic 
tissues tested, the expression profile of the 
other six isoforms is not that restricted. 
Even though all of them are expressed in 
a variety of different cell types, they actu-
ally show distinct peculiarities as well. 
Besides germ cell specific Sun1η, in testis 
we could detect all six additional isoforms. 

Figure 1. Differential expression of murine Sun1 isoforms. (A) Presence of different Sun1 isoforms in selected mouse tissues was analyzed by RT-PCR. 
To amplify the recently described N-terminal Sun1 variants with deletions between exon 7 and 10, primers were selected which specifically annealed 
in exon 6 and exon 11 (forward: 5'-CAG CAA TGG ATA CAC TTG CCG TG-3'; reverse: 5'-CCA GAA GGT TCC CGA GGC TG-3'; annealing at 60°C; 30 cycles). 
Amplification of GAPDH served as control for RNA fidelity (forward: 5'-GGG CCC ACT TGA AGG GTG GAG C-3'; reverse: 5'-GGC ACC ATA AAG AAT GTT 
CTA TTT CCT TGG ATC C-3'; annealing at 58°C; 25 cycles). (B) Schematic illustration of the mouse Sun1 isoforms as yet identified. Triangles mark posi-
tions of deleted exons. INM, inner nuclear membrane; ONM outer nuclear membrane; AM acrosomal membrane; ZnF, zinc finger; H1, H2, H3, hydro-
phobic domains; TM, transmembranen domain; CC, coiled coil domain.
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is not part of the nuclear envelope of sper-
matids, but instead localizes to the acro-
somal membrane system.10 Exon deletions 
as found in the shortened Sun1 isoforms, 
however, do not only affect hydrophobic 
regions but also significant parts between 
them (Fig. 1B). Since via the nucleoplas-
mic region SUN domain proteins interact 
with nuclear components such as lamins 
and/or chromatin,4,8,16 lack of large parts 
of the N-terminus as evident in the small 
isoforms could impede binding of selected 
nuclear partners, hence leading to modi-
fied nucleocytoskeletal linkage. Anyhow, 
coexpression of different Sun1 isoforms in 
effect allows for variable assembly of Sun1 
dependent LINC complexes that can be 
assigned for distinct tasks. Accordingly, 
the observed differences in Sun1 iso-
form expression between the tissue types 
may reflect a cell type-specific adaption 
of nuclear envelope bridging complexes 
to meet the particular physiological 
requirements.
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nomenclature will be referred to as Sun1α. 
Sun1α is a typical type II transmembrane 
protein with the N-terminal region local-
izing to the nucleus and the C-terminus 
extending into the NE lumen (Fig. 1B).4,15 
Within its nucleoplasmic domain Sun1α 
contains characteristic features that are a 
zinc finger motif as well as three hydro-
phobic domains. Remarkably, due to 
alternative splicing the other isoforms—
termed according to their size Sun1β 
to Sun1η—lack nucleoplasmic regions 
between the zinc finger motif and the 
TM domain (Fig. 1B). While in two of 
the N-terminally shortened variants, 
i.e., Sun1β and γ, all three hydrophobic 
domains are retained, Sun1δ, ε and ζ are 
characterized by the lack of hydrophobic 
region H1. Most prominent, however, 
is Sun1η (GenBank accession number: 
HQ402597) as in this splice variant exons 
seven to ten are removed, leading to com-
plete loss of H1 and part of H2 (Fig. 1B).

What might be the significance of such 
a variability within the N-terminal region 
of Sun1? Interestingly, in a previous study 
it was demonstrated that the hydrophobic 
regions located within the nucleoplas-
mic part of Sun1 (i.e., Sun1α) are crucial 
for effective INM targeting and mem-
brane retention and, moreover, deletions 
of nucleoplasmic hydrophobic motifs 
severely affect the dynamic properties 
of the molecule.15 Thus, it appears quite 
conceivable that the natural deletions as 
determined in Sun1δ, ε, ζ and η provoke 
slightly different properties for the respec-
tive isoforms. Consistent with this, in our 
recent study we found that testis-specific 
Sun1η, which represents the shortest iso-
form and lacks nucleoplasmic domains 
including H1 and part of H2 (Fig. 1B), 


