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Abbreviations  

SDS-PAGE .....................  Sodium dodecyl sulfate polyacrylamide gel electrophoresis 

IMAC ......................................................... Immobilized metal affinity chromatography 

IL-26 ......................................................................................................... Interleukin-26 

pI ............................................................................................................ Isoelectric point  

IPTG ................................................................  Isopropyl β-D-1-thiogalactopyranoside 

EDTA ......................................................................  Ethylene diamine tetra-acetic acid 

MS ...................................................................................................... Mass spectrometry 

CC62 ......................................................................... Plasmid no. 62 from Chi Celestine 

OD600nm .................................................................................. Optical Density at 600 nm 

LB .........................................................................................................  Lysogeny broth 

NTA .................................................................................................  Nitrilotriacetic acid  

DTT ....................................................................................................  DL-dithiothreitol 

MW ...................................................................................................... Molecular weight 
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Abstract 

Interleukin-26 (IL-26), which is also known as AK-155, is a member of the IL-10 

cytokine family. It induces the production of proinflammatory cytokines from epithelial 

cells [1]. It is also been reported to be related to many kinds of diseases as well as 

having antimicrobial activities [2]. Expression and purification of IL26 in E. coli has 

proven difficult maybe likely related to its antimicrobial role. Here we used different 

expression strategy tailored for toxic proteins and search for optimal expression 

conditions using different E. coli strains (BL21-AI and BL21-pLysS) and different 

constructs of the IL-26 gene. We test expression at three different temperatures. 

Expressed proteins were then purified on immobilized metal affinity and size exclusion 

chromatography. The identity of the protein was verified by SDS-PAGE and confirmed 

by mass spectrometry. Of the two E. coli strains used BL21-pLysS gave a better 

expression of our protein of interest. The construct that contain a solubilizing tag (NUS-

tag) expressed well at 37°C while constructs containing only a short His-tag expressed 

better at 18°C overnight. The His tagged protein mostly went into inclusion body while 

the NUS-tag proteins were soluble. Initial results from mass spectrometry on the full 

NUS-tag protein confirmed its identity. However, purification of the cleaved NUS-

tagged protein failed and it was not possible to further characterized identify by mass 

spectrometry.   
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1. Introduction 

Interleukin-26 (IL-26) is a cytokine that belongs to IL-10 family consisting of IL-10, 

IL-19, IL-20, IL-22, IL-24, IL-26, IL-28A, IL-28B, and IL-29. It consists of 171 amino 

acids and the 3D structure is not yet known [1]. However, computer predicted structure 

indicates that it is helical in nature. 

 

1.1 IL-26  

1.1.1 Structure and sequence 

 

Figure 1, predicted structure of IL-26 (left, reproduced with permission of copyright 

owner Chi Celestine) and cysteines that stabilize α-helixes (right) [3]. 

 

Similar to other members in the IL-10 family, the IL-26 gene is conserved in sequences 

in other mammals[2]. Conservative in evolution may indicate its irreplaceable function 

and status of housekeeping protein. However, existence of IL-26 was found to be absent 

in mice, which may attract more studies [1,2].  
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Figure 2, sequence alignment result of IL-26 from Homo sapiens (Human, first row), 

Macaca fascicularis (Crab-eating Macaque, second row) Camelus dromedaries 

(One-humped Camel, third row) and Bos mutus (Wild Yak, last row), similarity 

shows conservation, sequence alignment done on NCBI by myself. 

 

1.1.2 Functions and effects 

The exact function of IL-26 is not completely known [3,4,5]. IL26, is located on 

chromosome 12 close to the gene of IL22 in humans. And It is found to be co-expressed 

with IL-22, especially in Th-17 cells [1,2,3,4,5]. 

It has been reported that IL-26 may play an important role in signal transduction of 

immune response [1]. IL-26 receptor is a heterodimeric protein composed of IL-20R1, 

ligand-binding chain, and IL-10R2, and the accessory receptor chain. [3] However, IL-

26 may induce different function compared to IL-10, and IL-26 receptor is not 

expressed in primary target cells of IL-10 (monocytes and macrophages)[3,6], which 

may suggest division of the work. 
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Figure 3, complex of IL-26, IL-10R2 and IL-20R1 receptor [3], structure of receptors 

determined, structure of IL-26 predicted by homology modeling 

Human IL-26 is largely positively charged due to large content of lysine and arginine 

in sequence and the predicted pI is 10.7. This makes it likely to adhere to 

glycosaminoglycans on cell surface [4].  

 

It has also been reported to be strongly associated to immune response and related 

diseases [3]. Typically expressed in activated T cells, IL-26 enhances immune response 

to bacteria by inducing the production of proinflammatory cytokines by epithelial cells. 

Overexpression of IL-26 is reported in some disease cases, suggesting that it may be 

related to some inflammatory disorders [1]. 

 

Scanning electron microscopy was performed in order to figure out how IL-26 kills 

bacteria, and disruption of membrane and leakage of cytosol were observed after treated 

by 10 μM IL-26 for 30 min. Another in vivo experiment performed on mice infected 

with K. pneumonia has also shown strong inhibition. From all the facts above, it could 

be concluded that IL-26, as an antimicrobial, can efficiently kill bacteria [2]. 

 

1.2 Project description  

Aim of this project is to optimize the expression of IL-26 in E. coli for biophysical 

characterization. The mechanism by which IL-26 interacts with microbes, as well as 

with microbial DNA is not completely known. In order to perform biophysical studies 

on IL-26 we need reasonable amount of the IL-26 protein. Purifying IL-26 from 

human T-cells has been reported as well as from E. coli [1]. However, the protocols 

reported for E. coli expression are not very explicit. Purification from T-cells is not 
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entirely feasible given that large amounts of protein will be needed for a complete 

characterization of the IL-26 structure and function.  

 

2. Material and Methods 

2.1 Strategies and parameters  

As an antimicrobial protein, IL-26 is likely toxic when over expressed in E. coli as such, 

a special strategy is needed for its expression. 

 

2.1.1 Cell strains 

Two strains of E. coli, BL21-AI and BL21-pLysS were chosen for this purpose (see 

below). 

 

E. coli BL21-AI is a commercially available strain derived from E. coli BL21, an E. 

coli B strain carrying the T7 RNA polymerase gene in the araB locus of the araBAD 

operon. And E. coli BL21-AI is transformed with plasmids containing T7 promoter. So 

expression of proteins is prohibited by addition of glucose unless induced by L-

arabinose. Expression is induced by addition of both L-arabinose and IPTG  

 

E. coli BL21-pLysS is a commercially available strain containing chloramphenicol 

resistant plasmid; pLysS. The pLysS plasmid suppresses expression from the T7 

promoter by producing T7 lysozyme, an inhibitor of T7 RNA polymerase. Expression 

can be induced by IPTG. 

 

2.1.2 Plasmids 

Two variants of pET plasmids; pET-28a and pET-50b were chosen as expression vectors. 

Genes coding for varying lengths IL-26 (full length of 171 amino acids in CC62 and 

CC70, reduced constructs of 134 and 119 amino acids in CC75 and CC76 respectively) 

were cloned into the either pET-28a and pET-50b  

 

pET-50b plasmid contain a hexahistidine NUS-tag followed by a thrombin cleavage 

site. The NUS protein is a solubility enhancer tag consisting of 495 amino acids that 

would solubilize target protein and prevent the formation of inclusion body [8,9]. The 

full length of IL-26 was clone into this vector (CC70) 

 

The pET28a plasmid contains a hexahistidine, a thrombin site followed by the gene of 

interest. The full length protein (CC62) and two shorter variants (CC75/ CC76) as 

described above were cloned into this vector. 
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Figure 4, Diagrammatic representation of constructs. Exact sequence can be seen in 

appendix 

 

Figure 5, full structure (left), constructs in CC75 (middle) and CC76 (right) of IL-26 

 

2.1.3 Temperatures 

Generally, the cells are grown in 37°C because that’s the best temperature for growth. 

However, at this temperature toxic proteins generally go into inclusion bodies. It has 

been shown that expression at lower temperatures reduces this effect.  

 

2.2 Expression 

1 μL plasmid was added to xx ul of E. coli on ice mixed gently. The mixture was then 

allowed on ice for another 30 minutes and heat shock at 42 °C in a water bath for 45 

seconds. 200 μL of LB growth media was added into the transformed cells and the cells 

were allowed to grow at 37 °C in a shaker incubator for 1h. 

  

The mixture of cells/media were then platted on an agar plate containing 100 ug/mL 

kanamycin and 35 ug/mL chloramphenicol for Bl21 pLyS cells or 100 ug/mL 
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kanamycin and 1mM D-glucose for BL21-AI cells. The plates were then placed at 37 °C 

upside down and cells were allowed to grow overnight. 

  

The next day the transformed bacteria were scraped and transferred into 2-liter flask 

containing 500 ml LB growth media with 100ug/ml of kanamycin and 35ug/ml 

chloramphenicol or 100 ug/mL kanamycin and 1M D-glucose. Cells were then allowed 

to grow and the OD600nm was checked every 30 minutes.  

 

Induction was performed at OD600nm of 0.8. For the E. coli BL21-pLysS strain, 

induction was done with IPTG (final concentration of 1 mM), while E. coli BL21-AI 

strain induction was done by a combination of L-arabinose (final conc.=0.2 mM) and 

IPTG. Cells were then allowed to grow at 37 °C (4 hours), 30 °C (4 hours) or 18 °C 

overnight 

 

2.3 Cell preparation and lysis 

Cells were harvested by centrifugation at 3488 g at 4 °C for 25 min and resuspended 

with 15 mL equilibrium buffer (20mM Tris-HCl, 200mM NaCl, pH=8.0) and kept in -

20°C freezer until to use.  

 

Prior to use the frozen cells were allowed to thaw and then lysed by sonication. The 

lysed cells were centrifuged at 75600 g for 45 min after which the supernatant was 

collected. For extraction of proteins from inclusion bodies, 15 mL of 6 M urea was 

added to cells pellets or lysate, resuspended and then centrifuged again with same 

parameters. Supernatant was collected and pellets discarded. Samples were always kept 

on ice or in 4 °C in centrifuge. Both supernatant of lysate and supernatant from pellets 

(after dissolving in Urea and re-centrifugation) were filtered with syringe filter. 

2.4 Purification 

Established protocols of purification, which includes IMAC, SDS-PAGE and gel 

filtration, were performed to purify the samples. For the proteins expressed in plasmid 

cc70 with a Nus tag, thrombin digestion was also performed in order to remove the Nus 

tag. 

 

2.4.1 IMAC 

The IMAC column was prepared by adding 2 mL of Ni2+-NTA agarose gel, which is 

kept in 20% ethanol in the fridge to empty PD-10 columns. Wash and equilibrated with 

with 30 mL equilibrium buffer (20mM Tris-HCl, 200mM NaCl and 10 mM imidazole, 

pH=8.0). The Filtered samples were then loaded onto the column. After loading, the 

unbound proteins were washed 3-5 times with equilibrium buffer. The bound protein 

was eluted with 500 mM imidazole. Fractions from all flow-through and elution were 
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collected separately in tubes and saved for SDS-PAGE analysis. 

2.4.2 Gel filtration 

Eluted proteins were concentrated to 0.5 mL with Ultrafiltration Products (GE 

Healthcare) on centrifuge at 4000 rpm. Then size exclusion column which is preserved 

in 20% ethanol was connected to the equipment and ethanol washed down with Milli-

Q water at 0.5 mL/min for 50 min. Then the column was equilibrated with separation 

buffer (20mM Tris-HCl, 400mM NaCl, pH=8.0) and sample loaded by syringe. 

 

Parameters are shown as follows. 

Parameters Value 

Name of column Superdex G200 for proteins from CC70 

Superdex G75 for other proteins  

Wavelength (nm) 280 

UV averaging time 1.28 

Pressure Limit (MPa) 1.5 

Sample Volume (μL) 200 

Fraction volume (μL) 500 

Empty Loop With (mL) 1 

 

 

2.4.3 Digestion  

The Nus-tag from clone CC70 expressed protein was cleaved off by adding 10 ul (10 

units) of thrombin to the purify protein (unfortunately we did not measure the 

concentration of the purified protein, thus we cannot say the exact amount to which 

thrombin was added to). The mixture was then incubated at 37 ℃ overnight. The 

digested protein was then verified by SDS-PAGE. 

 

2.5 Characterization 

2.5.1 Concentration Determination 

Determination of IL-26 concentration enzyme was performed with Nano drop (Thermo 

Scientific) according to Lambert-Beers law using A280 determined from the web.  

 

2.5.2 SDS-PAGE 

SDS-PAGE is commonly used in separation and purification of biomolecules such as 

proteins and DNA. Molecules get negatively charged after combined with SDS, and 

differences of charge among proteins can be eliminated since charges on SDS is much 

more than they are on proteins. And protein-SDS complex would move along the 
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electric field. Proteins of similar size have approximately similar electric forces, thus 

smaller ones would move faster, in this way molecules of different sizes can be 

separated and distinguished.  

 

For SDS-PAGE, 10 μl of sample was added to an Eppendorf tube containing 10 μl of 

loading dye. 10 μl of each samples of this mixture were loaded to the gel and run at 

200V. The gel was stained in Gelcode Blue stain by microwaving for 1 min and staying 

on shaker for 5 min and destained with 200ml dH20 and placing on for 10 min. The gel 

was then observed on light and scanned. 

 

2.5.3 MS 

Mass spectrometry was performed on the purified sample of protein with a Nus tag 

expressed from CC70. 

 

3. Results  

3.1 Expression and purification 

In first experiment, expression was carried out in a total volume of 50ml both of the 

strains and plasmids (CC62 and CC70) at 37 ℃ and 30oC, and we had no expression 

in E. coli BL21-AI strain but expression in E. coli BL21-pLysS strain.  

 

Then another expression was done with E. coli BL21-pLysS using CC62 and CC70 at 

37 ℃ and 18 ℃, and products purified by IMAC and gel filtration. Fractions of peaks 

from the gel filtration were taken and ran on an SDS-PAGE checked for expression. 

Below are samples chromatograph from the gel filtration and corresponding SDS-

PAGE.  
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Figure 6, spectrum of gel filtration, fractions of peaks are 16-18, 23-25,28-30, 38-40 

and 46-48 
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Figure 7, fractions of gel filtration on SDS-PAGE, pure IL-26 with NUS tag observed 

in fractions 23-25 

 

SDS-PAGE gel of the fractions from gel filtration has shown that fractions 23-25 

contains well purified protein (the band at molecular weight at about 75 kDa). 

 

Purified NUS-tagged IL-26 from fractions 23-25 of gel filtration were taken to mass 

spectrometry, the spectrum is shown as follows. One single peak at m/z=18887 was 

observed, and it is approximately one fourth of the molecular weight of IL-26 with a 

NUS tag, so it can be inferred that the protein had 4 charges and it was well purified. 

 

 
 

Figure 8, MS spectrum of the sample of NUS-tagged IL-26 protein, a single peak was 

shown at m/z=18887 

 

NUS-tagged IL-26 was also digested with thrombin overnight at 37℃. The digested 

protein was then purified with gel filtration again, and samples taken from undigested 

fraction, digested protein and peaks in gel filtration were collected and ran on SDS-

PAGE. The result in Figure 7 shows that it was partly but not completely digested, 

and the molecular weight of IL-26 is about 19 kDa, so it can be inferred that the bands 

on gel are homodimer and tetramer of it.  
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Figure 9, IL-26 with a Nus tag digested with thrombin 

 

Another expression was done in order to see how the temperature would influence the 

expression. Clones CC62 and CC70 were expressed at 18 ℃ and 37 ℃, and pellets 

dissolved by 6 M urea were ran SDS-PAGE. The bands in both CC62 and CC70 lines 

have shown that there are more products expressed in 18℃. 
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Figure 10, products of pellets from expression of CC62 and CC70 at 18 ℃ and 37 ℃, 

significantly there was more expression in 18 ℃  

 

3.2 Yield analysis 

The IL-26 protein without tag was not obtained, so accurate calculation of yield was 

not possible.  

 

4. Discussion 

4.1 Cell growth and protein expression 

Results from SDS-PAGE showed that there was no expression in cell strain E. coli 

BL21-AI. Compared to E. coli BL21-pLysS in which the protein got successfully 

expressed, there may be some reasons that led to the failure in E. coli BL21-AI. 

As is stated above, IL-26 is an antimicrobial protein which is toxic to E. coli cells, and 

that’s why it seems difficult to be expressed and requires special approaches. The key 

point in the expression is to inhibit exogenous protein expression (including IL-26) 

before the cells reached a reasonable OD. Different mechanisms of inhibition are in 

play in these two strains, and absence of products may indicate the failure of inhibition 

in E. coli BL21-AI. 

In AI cells, Il-26 expression was inhibited by addition of glucose. However, the toxicity 

of IL-26 would lead to formation of inclusion, and probably that’s why it could not be 

found in supernatant. Maybe it can be separated from pellets in further investigation.  

In pLysS cells, T7 lysozyme, an extremely strong inhibitor of T7 expression system is 

encoded within pLysS plasmid. T7 lysozyme can achieve the inhibition by breaking 
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down T7 polymerase. And existence of chloramphenicol in environment would help to 

maintain the pLysS plasmid which also contains chloramphenicol resistant gene. So the 

leaked expression can be continuously eliminated until induced by IPTG. As a result, 

large amount of bacteria can be achieved and expression can be successfully performed. 

 

4.2 Protein stability 

The low yield of final product may also suggest great loss in production and purification. 

Eukaryotic proteins are generally hard to be expressed in E. coli cells and formation of 

inclusion body is pretty common. So 6 M urea solution was added. Denaturation caused 

by urea can break the inclusion body and increase the solubility of protein, which can 

greatly reduce the loss in centrifugation. Co-expression of chaperonins may help with 

folding, but it can cause unnecessary problems in purification. And the proteins in 

inclusion body can be refolded with urea. So we don’t think chaperonins are essential. 

 

Another causation of loss is degradation and precipitation in expression and purification. 

For example, 37 ℃ is the best temperature for growth of E. coli cells, but may be too 

high for IL-26 proteins. The protein may get degraded soon in 37 ℃. So optimization 

of temperature was performed. Incubation was moved to 18 ℃ after induction, which 

could help with preservation of protein. However, whether there is a significant loss of 

proteins and the main causations remain unknown, which requires further studies. 

 

4.3 Recommended protocol 

According to the results obtained, we come up with the protocol as follows in order to 

get the best expression of IL-26. 

 

One tube of E. coli BL21-pLysS was taken from -80℃ freezer and kept on ice. 1μL 

plasmid CC70 was added mixed gently. The mixture was kept on ice for 30 minutes. 

This was then heat shocked at 42℃ water bath for 45 s and returned on ice for 2 more 

minutes. 300 μL LB medium (16g trptone, 10g yeast extract and 5g NaCl in 1L) was 

then added and incubated in 37℃ shaker for 1 hour. Then the bacteria were spread onto 

agar plates with 50 mL agar with kanamycin (50 μg/mL) and chloramphenicol (35 

μg/mL). Then the plate was incubated in 37℃ incubator overnight. 

 

The colonies on the plate was washed down to 2 L flask with LB medium, and 500 mL 

LB medium with kanamycin (final conc.=50 μg/mL) and chloramphenicol (final 

conc.=35 μg/mL) was added. The flask was put on 37℃ shaker for growth until 

OD600nm reaches 0.8. Then the expression was induced by0.5 mL 1M IPTG and moved 

to 18℃ shaker, incubated overnight. 

 

The cells were harvested by centrifuge at 3488 g, 4°C for 25 min and resuspended with 
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15 mL equilibrium buffer (20mM Tris-HCl, 200mM NaCl, pH=8.0). The suspension 

was cracked by sonicating for 5 min on ice. 

 

The lysate was then centrifuged at 25000 rpm, 4°C for 45 min. The supernatant was 

collected and pellet resuspend with 15 mL 6 M urea and then centrifuged again with 

same parameter. The supernatants were filtered with syringe filter. 

 

2 mL of Ni2+-NTA agarose was added gel to PD-10 column and equilibrated with 30 

mL equilibrium buffer (20mM Tris-HCl and 200mM NaCl,  imidazole, pH=8.0). Then 

the gel was poured into a bottle and sample was added, the bottle was placed on shaker 

and shook for 4 h. After shaking, the mixture was poured into PD-10 column and let 

flow through. The column was equilibrated with 30 mL separation buffer (20mM Tris-

HCl, 400mM NaCl and 20 mM, imidazole, pH=8.0) and eluted with 10 mL 500 mM 

imidazole. The elution was collected. 

 

Gel filtration was run on Superdex G200 column with parameters mentioned above and 

fractions of peaks were collected. Then the peaks were run on SDS-PAGE and the 

fraction with a band of 70 kDa was digested with 20 μL thrombin in 37℃ incubator 

overnight. The sample was ran on gel filtration again on Superdex G75 column. 

Fractions of peaks can be collected then and characterized by SDS-PAGE. Fractions 

with target protein can be loaded onto an IMAC column. Undigested protein and 

digested tag would stay in column because of hexahistidine tag while pure IL-26 protein 

can be obtained in flow-through. Gel filtration could also be replaced by other 

separation methods such as ion exchange chromatography. 

 

  

4.4 future perspective 

In this project, several parameters, including cell strains, plasmids and temperatures 

were tested. However, there could be more choices. For example, more cell strains that 

are suitable for expression of toxic proteins can be tested and more variants of plasmids 

can also be tested. And more sensitive purification methods can be applied in order to 

achieve a better separation. Expression in eukaryotic cells like yeasts could also be a 

direction for further studies.  

 

5. Conclusion 

In this project, expression of IL26 of various lengths were investigated in different E. 

coli strains. IL26 expressed as a tagged protein. NUS-tagged-IL-26 showed better 

expression at various temperatures in Bl21 pLyS strain but not in Bl21 A-I. Shortened 

Histag variants showed expression at 18oC and was mostly in inclusion bodies. We 

observed no expression of this variant in Bl21-AI at all temperatures.  
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However, there is still some valuable information that would be helpful for further 

studies from this project although no pure untagged IL-26 protein was obtained. Based 

on facts and data obtained, we can conclude as: 

1. For cell strains, E. coli strain BL21-AI may not be suitable for expression of IL-

26 although it has been optimized for expression of toxic proteins. On the 

contrary, E. coli BL21-pLysS strain. The difference may due to differences in 

mechanisms of eliminating background expression. 

2. Among all the plasmids, CC70 had the best expression, NUS-tagged IL-26 was 

found in supernatant and pellets at both 18℃ and 37℃, and it was easiest to 

purify. CC62 only gave expression in pellets at 1818℃. CC75 and CC76 were 

not purified due to time limit. Convenience of NUS-tagged IL-26 protein in 

purification may because of the NUS tag with may enhance the solubility and 

reduce the chance of forming inclusion body. [8,9] 

3. In expression of E. coli BL21-pLysS strain with plasmid CC62 at 18℃ and 37℃, 

it can be seen for the SDS-PAGE gel that the band in 18℃ is much darker and 

bigger than it’s of 37℃, indicating that 18℃ is maybe a better temperature for 

expression than 37℃. In 18℃, the background could be better inhibited, and 

it’s unlikely to form inclusion body. Cell growth in 37℃ and expression in 18℃ 

seems to be a good choice. However, how temperature influences expression of 

IL-26 remains unclear. 

4. For further studies, separation methods should be improved. Addition of DTT 

may be a good choice, in this way aggregation of IL-26 may break up to 

monomers and then can be separated by gel filtration. Another IMAC 

purification may also be a good choice. Undigested protein and tags would stay 

in column due to their hexahistidine tag, and digested IL-26 protein could be 

collected in flow-through. 

 

6. Appendix 

1. sequences of proteins expressed in different constructs 

CC70 

M G S S H H H H H H S S (His tag) 

M N K E I L A V V E A V S N E K A L P R E K I F E A L E S A L A T A T K K K Y E Q E I D 

V R V Q I D R K S G D F D T F R R W L V V D E V T Q P T K E I T L E A A R Y E D E S L 

N L G D Y V E D Q I E S V T F D R I T T Q T A K Q V I V Q K V R E A E R A M V V D Q 

F R E H E G E I I T G V V K K V N R D N I S L D L G N N A E A V I L R E D M L P R E N 

F R P G D R V R G V L Y S V R P E A R G A Q L F V T R S K P E M L I E L F R I E V P E I 

G E E V I E I K A A A R D P G S R A K I A V K T N D K R I D P V G A C V G M R G A R V 

Q A V S T E L G G E R I D I V L W D D N P A Q F V I N A M A P A D V A S I V V D E D K 

H T M D I A V E A G N L A Q A I G R N G Q N V R L A S Q L S G W E L N V M T V D D L 

Q A K H Q A E A H A A I D T F T K Y L D I D E D F A T V L V E E G F S T L E E L A Y V 

P M K E L L E I E G L D E P T V E A L R E R A K N A L A T I A Q A Q E E S L G D N K P 
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A D D L L N L E G V D R D L A F K L A A R G V C T L E D L A E Q G I D D L A D I E G L 

T D E K A G A L I M A A R N I C W F G D E (Nus tag) 

L V P R G S (thrombin cleavage site) 

M K H K Q S S F T K S C Y P R G T L S Q A V D A L Y I K A A W L K A T I P E D R I K N 

I R L L K K K T K K Q F M K N C Q F Q E Q L L S F F M E D V F G Q L Q L Q G C K K I 

R F V E D F H S L R Q K L S H C I S C A S S A R E M K S I T R M K R I F Y R I G N K G 

I Y K A I S E L D I L L S W I K K L L E S S Q (IL-26 sequence) 

CC62 

M G S S H H H H H H S S (His tag) 

L V P R G S (thrombin cleavage site) 

M K H K Q S S F T K S C Y P R G T L S Q A V D A L Y I K A A W L K A T I P E D R I K N 

I R L L K K K T K K Q F M K N C Q F Q E Q L L S F F M E D V F G Q L Q L Q G C K K I 

R F V E D F H S L R Q K L S H C I S C A S S A R E M K S I T R M K R I F Y R I G N K G 

I Y K A I S E L D I L L S W I K K L L E S S Q (IL-26 sequence) 

CC75 (Il26 Delete1) 

MGSSHHHHHHSSG (His tag) 

LVPRGS (thrombin cleavage site) 

HMIPEDRIKNIRLLKKKTKKQFMKNCQFQEQLLSFFMEDVFGQLQLQGCKKIRFVED

FHSLRQKLSHCISCASSAREMKSITRMKRIFYRIGNKGIYKAISELDILLSWIKKLLE 

(IL-26 sequence，shorter) 

CC76 (Il26_delete2) 

MGSSHHHHHHSSG (His tag) 

LVPRGS (thrombin cleavage site) 

HMTKKQFMKNCQFQEQLLSFFMEDVFGQLQLQGCKKIRFVEDFHSLRQKLSHCISCA

SSAREMKSITRMKRIFYRIGNKGIYKAISELDILLSWIKKLLE (IL-26 sequence，shorter) 
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