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A B S T R A C T   

SHARPIN, an accessory subunit of the E3 ligase complex LUBAC, participates in the formation of LUBAC through 
the ubiquitin-like (UBL) domain located in the central region of SHARPIN and interacts with the ubiquitin- 
associated domain (UBA) of the catalytic subunit HOIP. However, the role of the N-terminal UBL domain of 
SHARPIN in stable LUBAC formation has not been clarified. In this study, the 1–127 domain, 128–309 domain, 
and UBL domain of SHARPIN expression vectors were constructed using the molecular biology method. Then the 
co-expression of SUMO fusion protein combined with SUMO protease (ULP enzyme) in Escherichia coli was 
successfully applied to improve the soluble expression of target protein. The results of circular dichroism proved 
that they all belong to the α+β class of proteins. The results of size exclusion chromatography showed that 
128–309 domain could combine with HOIP and HOIL-1L to participate in the stability of LUBAC. Both thermal- 
induced and urea-induced unfolding experiment results demonstrated that the existence of the N-terminal UBL 
domain could make the overall structure more stable than the alone UBL domain. Biosensor experiments indi
cated that the existence of the N-terminal UBL domain strengthened the binding ability of the UBL domain and 
the UBA domain. These results were conducive to further study the structure and function of SHARPIN.   

1. Introduction 

SHARPIN (SHANK-associated RH domain interacting protein) orig
inally has been identified as a SHANK (SH3 (Src homology 3) and 
multiple ankyrin repeat domains protein)-binding protein, containing 
387-amino acids [1]. It is enriched in the postsynaptic dense region and 
is common in mammals including humans, mice, rats, dogs, cattle, and 
chimpanzees, but not found in lower organisms such as Caenorhabditis 
elegans and Drosophila. Previous studies have observed that sponta
neous mutation of SHARPIN gene in mice could lead to chronic prolif
erative dermatitis, which is a disease characterized by skin damage and 
multi organ inflammation. The deficiency of immune system suggested 
that SHARPIN may also be related to immune and inflammatory 
signaling pathways [2]. Recently, the role of SHARPIN in the regulation 
of the immune system has been confirmed. SHARPIN acts as a novel 
subunit to form the linear ubiquitin chain assembly complex (LUBAC) 

and participates in the regulation of immune signals [3]. LUBAC par
ticipates in inflammatory and carcinogenic signaling mainly by binding 
linear ubiquitin chains to target proteins [4]. In addition, LUBAC also 
activates the NF-κB pathway by catalyzing the Met1-polyubiquitination 
of NEMO (IKKγ). 

LUBAC is composed of three subunits: a catalytic subunit, HOIP and 
two accessory subunits, SHARPIN and HOIL-1L. Previous reports 
showed that malfunction of any of the three LUBAC subunits caused 
inflammation, immunodeficiency, or even death in animal models and/ 
or humans [5]. For example, deletion of the catalytic subunit HOIP led to 
abnormal endothelial cell death, defective angiogenesis, and mid em
bryonic death (E10.5) [6]. Interestingly, mice lacking SHARPIN and 
HOIL-1L showed different phenotypes, although the two subunits were 
structurally similar. Mice expressing SHARPIN dysfunction exhibited 
multiple organ defects, including chronic inflammation and immuno
deficiency, which may be attributed to NF-κB activation and dysfunction 
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of the apoptotic signaling pathway [7,8]. In contrast, HOIL-1L knockout 
(KO) mice did not show any significant inflammatory diseases [9]. In 
addition, SHARPIN could directly interact with the kindlin-1 to suppress 
β1-integrin activation, but the interaction of SHARPIN with integrin and 
HOIP was mutually exclusive [7,10]. Previous studies indicated that 
SHARPIN was mainly involved in the interaction with integrin and HOIP 
through the UBL domain (residues 206–309), but the binding sites were 
different [10]. 

Both SHARPIN and HOIL-1L contain UBL domain and Npl4 zinc 
finger (NZF) domain. Their amino acid sequences are highly similar 
[11]. However, SHARPIN uniquely has an N-terminal pleckstrin ho
mology (PH) domain (residues 1–127) [12]. The PH domain does not 
appear to be used as a ligand recognition domain because it lacks many 
surface properties that exist in other interaction modules based on 
pleckstrin homologous folding. SHARPIN and HOIL-1L interact through 
their UBL domain with the ubiquitin-associated (UBA) domain (residues 
480–639) of HOIP to maintain the stability of LUBAC [13]. In addition, 
LUBAC-tethering motifs(LTMs) located at the N terminal of the UBL 
domains of HOIL-1L (residues 1–140) and SHARPIN(residues 170–206) 
fold into a single globular domain to resistant dissociation and play a 
critical role in stabilizing trimeric LUBAC (Fig. 1) [4]. However, the role 
of the 128–309 domain of SHARPIN in stable LUBAC formation has 
remained elusive. Given the key roles played by SHARPIN in the stability 
of LUBAC, it is necessary to further study the biochemical and functional 
characterization of the 128–309 domain of SHARPIN. 

In this study, the 1–127 domain, 128–309 domain, and UBL domain 
of SHARPIN prokaryotic expression vectors were constructed using 
molecular biology and structural biology methods. Then we used a new 
method previously studied in our laboratory that the SUMO fusion 
expression system combined with ULP enzyme to co-express in Escher
ichia coli to obtain the target protein [14]. Through exploring and 
optimizing the expression conditions of recombinant protein, affinity 
chromatography and gel filtration chromatography, a large number of 
stable and high-purity protein samples were successfully prepared. 
Finally, by SDS-PAGE, analytical size-exclusion chromatography and 
circular dichroism (CD) spectroscopy, it was further identified that the 
target protein obtained by using co-expression technology could be 
folded correctly and used for functional research. Meanwhile, the 
functional relationship between SHARPIN with HOIP and HOIL-1L was 
also clarified. Both thermal-induced and urea-induced unfolding results 
demonstrated that the 1–127 domain was more stable than the 128–309 
domain and UBL domain. Biosensor experiments indicated that the ex
istence of the 128–206 domain strengthened the binding and resisted 
dissociation ability between the UBL domain of SHARPIN and the UBA 
domain of HOIP. These results would further benefit the research on the 
structure and function of SHARPIN. 

2. Materials and methods 

The 1–127 domain, 128–309 domain, and UBL domain of SHARPIN 
were cloned into pET-SUMO expression vector using Bam HI and Hind III 
restriction sites. The plasmid construction of HOIP’s UBA domain, HOIL- 

1L1-140 domain and ULP enzyme, target protein expression and purifi
cation, secondary structure determination, thermal and urea induced 
unfolding, and analytical size-exclusion chromatography experiments 
were conducted as described previously [14]. 

In addition, the difference in binding affinity of HOIP UBA domain to 
128–309 domain, UBL domain, 128–309 domain/HOIL-1L1-140 domain 
complex, and that of 128–309 domain to HOIL-1L1-140 domain were 
determined using Amine Reative 2nd Generation (AR2G) biosensors in 
the Octet Red 96 instrument. As described above, the gradient concen
tration of UBA domain, HOIL-1L1-140 domain, 128–309 domain and UBL 
domain were prepared in buffer A (25 Mm Tris-HCl, 100 mM NaCl, pH 
7.5). AR2G tips were pre-wetted in buffer A for 10 min before use, and 
the 96-well black plates utilized in the Octet were filled with 200 μL of 
sample or buffer per well and agitated at 1000 rpm. After loading the 
UBA domain on the AR2G biosensor, flush it with buffer A for 120 s, and 
then transfer it to the wells containing the samples in buffer A, i.e. 128- 
309 domain, UBL domain, and 128–309 domain/HOIL-1L1-140 domain 
complex. The binding affinity of 128–309 domain to HOIL-1L1-140 

domain was also measured using the same method. We measured the 
association and dissociation for 10 min, respectively. The kinetic pa
rameters and affinities were calculated from a non-linear global fit of the 
data between the four proteins, using Octet Data Analysis software 
version 7.0 (ForteBio Inc., Menlo Park, CA, USA). 

3. Results 

3.1. Construction of recombinant plasmid 

The construction of co-expression system was conducted as 
described previously (Fig. 2A) [14]. The amplified PCR products were 
analyzed by 1% agarose gel electrophoresis and further purified by 
Axygen DNA Gel extraction kit. Then ligate the PCR products to the 
expression vector. The pET SUMO vector and pET-32a vector harbor a 
His6-SUMO and His6-TrxA tag at the N-terminus, respectively. The His6 
tag is helpful for removing the tag proteins and ULP enzyme from the 
target proteins. In addition, we added a stop codon at the 3′ terminal of 
the DNA sequence to obtain the natural target protein. The positive 
clones were further verified by restriction enzyme digestion. The target 
bands cut from the recombinant plasmid were consistent with the ex
pected fragment size and position. The fragment size was determined as 
381 bp for 1–127 domain, 543 bp for 128–309 domain and 309 bp for 
UBL domain (Fig. 2B). After plasmids were sequenced correctly, the 
plasmids harboring the target proteins separately with the plasmid 
containing ULP enzyme were co-transformed into BL21(DE3) competent 
cells for overexpression of the target protein. 

3.2. Expression of the target protein 

For the prokaryotic expression system, many factors affect protein 
expression. Induction temperature is one of the most important factors, 
especially for proteins that are poorly soluble and easy to accumulate 
and precipitate. To explore the optimal expression conditions, 5 ml of 

Fig. 1. Schematic representation of the domains of HOIP, SHARPIN and HOIL-1L. The arrow indicates the mutual binding domain between them.  
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overnight culture medium was added with 0.5 mm IPTG to induce the 
expression of the target protein at different temperatures. The expres
sion results were analyzed by SDS-PAGE. The results showed that the 
constructs of the 1–127 domain and 128–309 domain were highly 
expressed in the supernatant after incubating for 4 h at 37 ◦C (Fig. 3A 
and B). However, the UBL domain yield was high in the supernatant, 
which was cultured at 16 ◦C for 24 h (Fig. 3C). The samples of HOIP UBA 
domain and HOIL-1L1-140 domain have been obtained in previous 
studies [14]. Since the sizes of 1–127 domain and SUMO tag were 
basically same, no two protein bands were observed in the expression 
result (Fig. 3A). But the 1–127 domain could be separated from SUMO 
tag and high yield of 1–127 domain could be obtained in the purification 
process, indicating that the SUMO tag could be completely cut off and 
separated from the target proteins by this expression system (Fig. 3). 
These results further proved that this method could be considered for the 
soluble expression of most recombinant proteins. 

3.3. Purification of target protein 

According to the results of small amount expression of the target 
protein, the large amount of the target protein was expressed under the 
same conditions. The advantage of using co-expression system as 
mentioned above was that the SUMO tag was completely digested in the 
expression process, which could reduce the steps of purification [14]. 
Briefly, for purification of 1–127 domain, 128–309 domain, and UBL 
domain of SHARPIN, the supernatant was purified by Ni-NTA affinity 
column equilibrated with buffer A. The captured column was washed 
with buffer A and then eluted with 10, 20, and 40 mM imidazole buffers 
to collect the target proteins. The SUMO-tag and ULP enzyme containing 
the His6 tag were eluted with 250 mM imidazole buffer. The fractions of 
10, 20, and 40 mM imidazole elution were combined together and 
loaded onto Superdex 200 column for further purification and buffer 
exchange. The SDS-PAGE results showed that the purity of the target 
proteins was higher than 95%. The gel filtration chromatography results 
also showed that all the target proteins existed in homogeneous 

Fig. 2. Construction of co-expression system and Agarose gel electrophoresis analysis after restriction endonuclease cleavage. (A) Co-expression system construction. 
The target genes include 1–127 domain, 128–309 domain, UBL domain of SHARPIN. (B) Agarose gel electrophoresis analysis after restriction endonuclease cleavage. 
Lane M, molecular mass marker; Lane 1, 1–127 domain; Lane 2, 128–309 domain; Lane 3, UBL domain. 
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monomers. In addition, their positions in SDS-PAGE bands were also 
consistent with the theoretical relative molecular weight (Fig. 4). The 
yield of target protein per liter of bacterial culture was about 40 mg–50 
mg. They also were very stable and without degradation and aggrega
tion when stored in the refrigerator for several weeks or at room tem
perature for one month. In addition, the purified protein could be 
concentrated to 20 mg/ml without precipitation. Another advantage of 
this method is that the target proteins don’t contain the His6 tag. 

3.4. Secondary structure analysis 

The secondary structure of the target protein was analyzed by CD 
spectrum to analyze the difference in the secondary structure of each 
domain of SHARPIN. From the results, the far-UV CD spectra of these 
target domain were similar. They all showed a negative maximum peak 
at 208 nm, indicating that the secondary structure of the target protein 
was rich in α-helix. In addition, two negative peaks were also observed 
at about 205 nm and 219 nm, indicating that the secondary structure of 
these target proteins also contains β-sheet (Fig. 5). The CDNN software 
was used to analyze the secondary structure content of target proteins 
based on the far-UV CD spectra. The content of α-helix and β-sheet were 
summarized in Table 1 and β-sheet occupied the main component. These 
results were consistent with previous reports, indicating that the target 
protein prepared according to our strategy could fold correctly [12,15]. 

3.5. Structural stability determination 

The difference of stability between the 1–127 domain, 128–309 

domain and UBL domain was detected by thermal-induced and urea- 
induced unfolding experiments. CD spectroscopy was also used to 
investigate the structural changes during the unfolding process of the 
target domain. The unfolded protein fraction was represented by the 
unfolded fraction Fun calculated according to reference [16]. Similarly, 
by measuring the CD value at 222 nm with different temperatures and 
urea concentrations, the transition curves of thermal-induced and 
urea-induced target protein unfolding were obtained. The secondary 
structure loss process and transition midpoint (Tm and Cm) induced by 
thermal and urea could be observed from the transition curve (Fig. 6). 
The range of secondary structure loss, Tm and Cm values of the target 
protein were summarized in Table 2. With the increase of temperature 
and urea concentration, the secondary structure of protein gradually 
decreased and ultimately disappeared. The results showed that the 
structural stability of the 128–309 domain was higher than the UBL 
domain, indicating that the existence of the N-terminal UBL domain 
made the overall structure more stable than the alone UBL domain. In 
addition, the structural stability of 1–127 domain was higher than the 
128–309 domain and UBL domain, indicating that 1–127 domain 
adopted a more stable conformation. 

3.6. Biological activity determination of target protein 

Since the prokaryotic expression system lacks post-translational 
modification, most of the expressed target protein is inactive. In this 
study, we used HOIP UBA domain and HOIL-1L1-140 domain as the li
gands to interact with each fragment of SHARPIN to determine their 
binding ability and whether the target proteins prepared by co- 

Fig. 3. The test expression results. (A) Test expression results of 1–127 domain; (B) Test expression results of 128–309 domain; (C) Test expression results of UBL 
domain. Lane M, molecular mass marker; lane 1, lysate of whole cells before IPTG induction; lane 2, lysate of whole cells after induction; lane 3, the supernatant 
fraction; lane 4, precipitate from the lysate. The arrows indicate the expression of the target proteins. 

Fig. 4. Gel filtration chromatogram and SDS-PAGE analysis after purification of the target protein. (A) Purification results of 1–127 domain; (B) Purification results 
of 128–309 domain; (C) Purification results of UBL domain. Lane M, molecular mass marker; Lane 1, SDS-PAGE analysis of target proteins. The arrows indicate the 
purification of the target proteins. 
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expression had the biological activity. The purified UBA and HOIL-1L1- 

140 domain were separately incubated with 1–127 domain, 128–309 
domain, and UBL domain of SHARPIN at 1:1 M ratio, respectively, at 
room temperature for 1 h, and followed by analytical gel filtration 
chromatography and SDS-PAGE analysis. The results showed that the 
absorbance peak at 280 nm (A280) became higher, and the occurrence 
time of the complex peak was earlier when the UBA was combined with 
128–309 domain or UBL domain. The corresponding SDS-PAGE results 
also confirmed that both 128–309 domain and UBL domain could 
interact with UBA domain to form binary complexes (Fig. 7B and C). In 
contrast, there was no significant change in the occurrence time and 
height of complex peak after incubation of 1–127 domain with UBA 
domain. There was another peak after the UBA absorption peak 
(Fig. 7A). 

On the other hand, when the HOIL-1L1-140 was incubated with each 
fragment of SHARPIN, the results showed that only the A280 of the 
complex peak became much higher, and the complex peak was eluted 
earlier when combined with 128–309 domain. After incubated with 
1–127 domain or UBL domain of SHARPIN, the position of the absorp
tion peak did not change significantly, and there was another peak after 
the HOIL-1L1-140 domain absorption peak (Fig. 7D, E, F). These results 
further confirmed that the interaction between the UBL domain of 
SHARPIN and the UBA domain of HOIP was involved in the formation of 
LUBAC. In addition, this result also proved that SHARPIN interacted 
with HOIL-1L through the 128–309 domain to form a complex. 

3.7. Evaluation of binding affinity 

Furthermore, kinetic studies were performed to determine the dif
ference of binding affinity of UBA domain with 128–309 domain, UBL 
domain, and 128–309 domain/HOIL-1L1-140 complex domain, respec
tively. The HOIL-1L1-140 domain, the 128–309 domain, and UBL domain 
of SHARPIN concentrations ranged from 20 μM to 1 μM (Fig. 8). The on- 
rate kinetic (Kon) values were displayed by 128–309 domain at 3.25 E 
+03 Ms− 1, UBL domain at 2.85 E +02 Ms− 1, and 128–309 domain/ 
HOIL-1L1-140 domain complex at 5.34 E +04 Ms− 1. The off-rate kinetic 
(Koff) values were displayed by 128–309 domain at 6.55 E -04 M− 1, UBL 
domain at 5.45 E -03 M− 1, and 128–309 domain/HOIL-1L1-140 domain 
complex at 3.37 E -06 M− 1. The equilibrium dissociation constant (KD) 
was calculated by Koff/Kon to analyze the difference of binding affinity. 
The results showed that the UBA domain had a strong affinity to the 
128–309 domain than the UBL domain, with the KD values of 2.015 E 
-07 M and 1.912 E -05 M, respectively. However, when the complex of 
128–309 domain/HOIL-1L1-140 domain was titrated with UBA domain, 
the affinity became stronger compared to the alone 128–309 domain 
with the KD value of 6.311 E -11 M-1 (Fig. 8A, B, C). The Kon, Koff and KD 
values of the 128–309 domain to HOIL-1L1-140 were 4.17 E +03 Ms− 1, 
5.28 E -05 M− 1and 1.266 E -07 M− 1, respectively, indicating that 
128–309 domain also had a strong affinity for HOIL-1L1-140 domain 
(Fig. 8D). The results indicated that the existence of the N-terminal UBL 
domain strengthened the binding ability of the UBL domain with the 
UBA domain and made their combination more stable. However, when 
128–309 domain and HOIL-1L1-140 domain coexisted, the ternary 

Fig. 5. CD characterization of target proteins. The secondary structure elements of target proteins were characterized by far-UV CD spectroscopy with wavelength 
range from 190 to 250 nm. (A) Far-UV CD spectra of 1–127 domain recorded at 25 ◦C; (B) Far-UV CD spectra of 128–309 domain recorded at 25 ◦C; (C) Far-UV CD 
spectra of UBL domain recorded at 25 ◦C. 

Table 1 
CD characterization of target proteins.   

Secondary elements (%)  

α-Helix β-Sheet Coil 

1-127 domain 26.9 55 28.1 
128-309 domain 19.4 51.3 29.3 
UBL domain 13.4 56.2 30.4  

Fig. 6. Thermal-induced and Urea-induced unfolding transitions of 1–127 domain, 128–309 domain and UBL domain were measured by CD ellipticity at 222 nm. (A) 
Thermal unfolding recorded from 25 to 95 ◦C; (B) The urea-induced unfolding was recorded at 25 ◦C. 

Table 2 
Unfolding parameters of 128–309 domain and UBL domain.   

Thermal unfolding (◦C) Urea-induced unfolding (mol/L) 

Transition range Tm Transition range Cm 

1-127 domain 47.2–75.0 55.2 2.75–6.00 3.500 
128-309 domain 41.2–73.0 51.3 2.25–5.50 3.125 
UBL domain 33.2–67.0 49.1 1.50–4.25 2.625  
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Fig. 7. Analysis of bioactivity of target proteins by gel filtration chromatography combined with SDS-PAGE. (A) Determination of interaction between UBA domain 
and 1–127 domain; (B) Determination of interaction between UBA domain and 128–309 domain; (C) Determination of interaction between UBA domain and UBL 
domain. (D) Determination of interaction between 1 and 127 domain and HOIL-1L1-140 domain. (E) Determination of interaction between 128 and 309 domain and 
HOIL-1L1-140 domain. (F) Determination of interaction between UBL domain and HOIL-1L1-140 domain. Lane M, molecular mass marker; Lane 1, the protein com
ponents of the corresponding fraction. 

Fig. 8. Binding affinity measurements via the biosensor experiments. (A) UBA domain to UBL domain; (B) UBA domain to 128–309 domain. (C) UBA domain to 
128–309 domain/HOIL-1L1-140 domain complex. (D) 128–309 domain to HOIL-1L1-140 domain. Curves correspond to the phases of association and dissociation of 
128–309 domain, UBL domain and HOIL-1L1-140 domain at various concentrations on the UBA domain anchored to the sensor chip. These curves may be used to 
determine the KD, Kon, and Koff. 
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complexes with UBA domain were more stable than 128–309 domain 
alone. 

4. Discussion 

SHARPIN, not only a key component of LUBAC participates in 
regulating the activation of NF-κB in innate immunity, but also can 
inhibit β1-integrin activation [17,18]. SHARPIN participates in the for
mation of LUBAC and inhibits the activation of integrin through the UBL 
domain [19]. But the role of the N-terminal UBL domain of SHARPIN 
still remains elusive. In order to obtain a sufficient number of stable and 
active protein samples to clarify the detailed biochemical characteristics 
of UBL N-terminal domain of SHARPIN, we truncated the domain before 
NZF of SHARPIN to 1–127 domain, 128–309 domain, and UBL domain 
respectively. However, the UBL domain and 128–309 domain are rich in 
multiple disulfide bonds and contain multiple isolated cysteines. For 
their recombinant expression and purification, before we had tried a 
variety of expression conditions and multiple expression vectors, but we 
had not obtained the target protein that could be used for structural and 
functional research. For example, inclusion bodies were easy to form 
during expression, or aggregation and precipitation due to the instability 
of the target protein in the purification process [20]. On the basis of 
successfully obtaining UBA domain of HOIP and UBL domain of HOIL-1L 
by the SUMO co-expression system, we used the same method for 1–127 
domain, 128–309 domain, UBL domain of SHARPIN expression [14]. 
Finally, we successfully obtained stable and biologically active protein 
samples for biochemical characterization. 

Proteins often undergo conformational changes to execute their 
biological functions, such as an enzyme reaction or ligand binding [21]. 
The correct folding of target protein conformations is helpful to perform 
their biological functions. However, achieving effective protein folding, 
disulfide bond formation, and post-translational modification in E. coli 
are very difficult [22]. To examine whether the proteins produced by the 
co-expression system were folded correctly and had biological activity, 
we analyzed the secondary structure of target protein by CD spectros
copy, and then analyzed the relationship between SHARPIN and HOIP, 
HOIL-1L by analytical gel filtration chromatography. The CD spectrum 
recorded on the 1–127 domain, 128–309 domain and UBL domain of 
SHARPIN described in this work were consistent with the previously 
reported natural or recombinant proteins. These results indicated that 
all the target proteins prepared according to our strategy could fold 
correctly, although these proteins lacked natural post-translational 
modifications due to their expression in prokaryotic hosts [12,15]. 
The secondary structure contents of four proteins were also consistent 
with those previously reported. They were all proteins with β-sheet as 
the main feature. 

In addition, we also used CD experiment to analyze the difference in 
stability between 1 and 127 domain, 128–309 domain, and UBL domain. 
The results showed that the stability of the 128–309 domain was higher 
than the UBL domain. These results showed that the existence of the N- 
terminal UBL domain could increase the stability of the overall structure 
and made the overall structure more compact than the single UBL 
domain. However, the structural stability of 1–127 domain was higher 
than 128–309 domain and UBL domain. Previous studies have shown 
that the 1–127 domain adopted the PH domain superfold and had the 
characteristics of the concentration-dependent monomer-dimer balance 
[12]. Therefore, our results showed that the 1–127 domain existed in the 
form of monomer at low concentration and had high structural stability. 

Then we analyzed whether the target proteins prepared in this 
experiment could be used for functional research and which fragment of 
SHARPIN was involved in the formation and stability of LUBAC. Pre
vious studies have shown that the 1–127 domain of SHARPIN wasn’t 
used as a protein-ligand interaction platform, but as a scaffold to provide 
a structural basis for homo-dimerization under in vitro conditions. The 
UBL domain was combined with the UBA domain of HOIP to participate 
in the formation of LUBAC [4,12,19,23,24]. The results of analytical gel 

filtration chromatography and following SDS-PAGE proved that SHAR
PIN could bind to the UBA domain of HOIP only if it contained UBL 
domain. In addition, SHARPIN could also participate in the stabilization 
of LUBAC through the interaction between 128 and 309 domain and 
HOIL-1L1-140 domain. These results also confirmed that the target pro
tein prepared according to the co-expression strategy had biological 
activity and could be used for functional research. 

Finally, we analyzed the difference of binding ability between UBA 
domain with 128–309 domain, UBL domain, and 128–309 domain/ 
HOIL-1L1-140 domain complex by Octet RED96 system. Interestingly, the 
binding ability and anti-dissociation ability of the 128–309 domain to 
UBA domain was higher than the UBL domain, and the affinity of UBA 
domain to 128–309 domain/HOIL-1L1-140 domain complex was higher 
than that of 128–309 domain alone. Previous studies have shown that 
the N-terminal UBL domain of SHARPIN and HOIL-1L folded into a 
single spherical domain to resist dissociation and played a key role in 
stabilizing trimer LUBAC [4,25]. Our results also showed that the 
presence of the N-terminal UBL domain of SHARPIN alone also could 
enhance the binding and resist dissociation ability of the UBA domain 
and UBL domain (Fig. 9), which have not been reported in previous 
studies. We tried to solve the structure of the 128–309 domain and UBA 
domain complex by X-ray crystallography that could clarify the mech
anism of the 128–309 domain enhancing the binding ability and 
resisting dissociation ability. Furthermore, X-ray crystallography and 
NMR titration experiments will be used to determine the complex crystal 
structures and explore how the UBL N-terminal domain of SHARPIN 
enhances the binding ability with UBA domain of HOIP. 

5. Conclusions 

In this experiment, we constructed the 1–127 domain, 128–309 
domain, and UBL domain of SHARPIN expression vectors through ge
netic engineering technology. Optimized protein expression and purifi
cation conditions, high purity, high yield, and stable target proteins 
were obtained by co-expression method. Finally, the interaction be
tween 1 and 127 domain, 128–309 domain, UBL domain of SHARPIN 
with UBA domain of HOIP and HOIL-1L1-140 domain were analyzed, and 
the secondary structure components of 1–127 domain, 128–309 domain 
and UBL domain were determined by CD spectroscopy. In addition, both 
thermal-induced and urea-induced unfolding results demonstrated that 
the existence of the N-terminal UBL domain could make the overall 
structure more stable than the alone UBL domain. Finally, biosensor 
experiments showed that the existence of a separate N-terminal UBL 
domain could also enhance the combination ability of the UBL domain 
and the UBA domain. These results were conducive to the further study 
of the structure and function of SHARPIN. 

Fig. 9. Mechanism of stability and formation of trimer LUBAC. SHARPIN and 
HOIL-1L aggregate on HOIP through rapid interaction between UBL domain 
and UBA domain. In this process, the LTM domain of the SHARPIN and HOIL-1L 
could enhance their binding ability to HOIP. 
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