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Abstract. Interleukin 1p (IL1p) is a potential target for IBD treatment. IL1 receptor
antagonist (IL1RA) can blocks the biologic activity of IL1 by competitively inhibiting
IL1 binding to the IL1R, so IL1RA is suggested to have possible therapeutic
applications in treatment of IBD. By using a food-grade recombinant Lactococcus lactis
system, a constitutive expression vector ILILRA:pNZ8149 was constructed and
transferred into a L. lactis host NZ3900 in this study. The engineered strain was
fermented and detected by colonies PCR and Western blot, the results indicate that the
IL1RA secretory expression can be archived by ILLRA/NZ3900.

Introduction

Interleukin 1 (IL1) plays a significant role in the regulation of immune and
inflammatory responses to infections. IL1 production is induced in response to
inflammatory stimuli and mediates various physiologic responses including
inflammatory and immunological responses. IL1p is a member of IL1 family, the
pro-inflammatory effect of which has been proved recent years. Research results
suggest that IL1p contributes to chronic intestinal inflammation, such as inflammatory
bowel disease (IBD). IL1 is secreted from intestinal tissues and macrophages isolated
from patients with IBD, and IL1 levels correlate with disease severity [1, 2]. Therefore,
IL1B can be a potential target for IBD treatment [2, 9], the IL1p signaling pathway
inhibition is an effective way for treatment of IBD.

The naturally occurring endogenous IL1 receptor antagonist (IL1RA), formerly
called the IL-1 inhibitor, is a member of the IL1 cytokine family which binds to IL1
receptors with an affinity similar to that of IL1a and IL1pB, but does not induce a
signaling response [10]. Thus, IL1IRA can blocks the biologic activity of IL1 by
competitively inhibiting IL1 binding to the IL1R (fig. 1), which is expressed in a wide
variety of tissues and organs [11]. In terms of protein similarities, ILLRA is more
closely related to IL1PB than it is to ILla. ILIRA is suggested to have possible
therapeutic applications in treatment of many diseases, including IBD [1, 2, 6, 12-14].
However, as a protein, the disadvantages of IL1RA are the short half-time by injection,
low targeting and oral therapy inactivation.
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Figure 1. ILARA working mechanism

Lactococcus lactis, as a food-grade microorganism, is widely used in the food and
medicine industry [15]. Besides the natural healthy benefits, the new application for L.
lactis is their use as the host for therapeutic protein. The species is ideal for the
production of biologically useful proteins such as cytokines or peptide hormones.
Because of the intestinal planting and local synthesis ability, L. lactis can delivery
therapeutic molecules by viable recombinant L. lactis in situ. The successful use of
food-grade L. lactis for the oral delivery of anti-inflammatory molecules to the inflamed
intestine have been reported [16-18]. Besides, studies have proven that L. lactis itself
can also counteract the chronic inflammatory process [19, 20].

In this study, a constitutive expression vector (make the host express therapeutic
protein without inducer) was constructed and transferred into a L. lactis host NZ3900.
The positive clone of the engineered L. lactis was selected and named IL1IRA/NZ3900.
The engineered strain was fermented and detected by colonies PCR and Western blot.

Experimental Procedure

According to the PUBMED database (https://www.ncbi.nlm.nih.gov/protein/), the full
length of the IL1IRA protein sequence is RPSGRKSSKM QAFRIWDVNQ
KTFYLRNNQL VAGYLQGPNV NLEEKIDVVP IEPHALFLGIH GGKMCLSCVK
SGDETRLQLE AVNITDLSEN RKQDKRFAFI RSDSGPTTSF ESAACPGWFL
CTAMEADQPV SLTNMPDEGV MVTKFYFQED E. The sequence of DNA
fragment encoding IL1RA has been codon optimized according to L. lactis codon usage
preference. In order to make the recombinant cell secrete IL1RA to extracellular space,
Usp45 signal peptide was designed at the 5' of the ILIRA DNA sequence. P2 promoter
and stop codon were added at the 5" and 3' terminal, respectively. In addition, restriction
endonucleases sites Ncol and Sacl were designed to insert the ILLRA fragment into the
expression vector pNZ8149. The full-length gene (Fig. 2) as described above was
synthesized by Biosci Biotech Co. Ltd (Hangzhou, China).
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Figure 2. inserted foreign gene fragment
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A recombinant plasmid was constructed by inserting the ILIRA gene with Usp45
fragment digested with Ncol and Sacl restriction enzymes, into the same restriction
sites of pNZ8149. This new plasmid, named IL1RA:pNZ8149, contains a
hexa-histidine tag (His6 tag) in frame with the 5' end of IL1RA gene.

The recombinant plasmid was used to transform L. lactis NZ3900 and resultant
colonies were screened by Eliker selective solid culture medium and PCR. The protocol
for transformation mainly followed the handbook from MoBiTec Company (Germany).
In brief, the L. lactis cells were treated by ice-cold 0.5M sucrose and 10% glycerol
solution to become competent cells. The electroporation process was as follow: 40 ul
cells were placed into a pre-chilled electroporation cuvette with 1 pl plasmid DNA, the
electroporation parameters were 2000 V, 25 uF, 200 Q, 4.5-5ms. After that, add 1 ml
GM17-MC. keep the cuvette for 5 min on ice and incubate 1 - 1.5 hat 30 ‘C. Resultant
colonies were screened by Eliker selective solid culture medium. The recombinant
positive clones were confirmed by colonies PCR and sequencing technique.

The recombinant NZ3900 clone was named IL1RA/NZ3900 and the protein
expression was identified by western blotting. For western blotting the proteins were
electroblotted onto a PVDF membrane, 1 mA/cm2 for 1.5 h. Proteins were reacted with
a primary antibody (mouse anti-his antibody) at a dilution of 1:500 and a secondary
antibody (horseradish-peroxidase conjugated goat anti mouse second IgG) at a dilution
of 1:5000. The target proteins on the membrane were detected by a DAB Horseradish
Peroxidase Color Development Kit.

Results and Discussion

A recombinant plasmid was constructed by inserting the ILLRA gene with Usp45
fragment digested with Ncol and Sacl restriction enzymes, into the same restriction
sites of pNZ8149. After this step, direct sequencing and restriction enzyme reaction
were performed to identify the construction. As shown in fig. 3, recombinant plasmid
with the aim exogenous gene coding IL1IRA was obtained.

M 12 345 68

Figure 3. restriction enzyme reaction were performed to identify the construction

The recombinant NZ3900 clone was named ILIRA/NZ3900, colonies PCR was
employed to detect the plasmid in the recombinant cells, as shown in fig.4-A, the
ILLRA/NZ3900 contained the recombinant plasmid ILIRA:pNZ8149. The protein
expression was identified by western blotting base on the hexa-histidine tag. As shown
in fig.4-B, a slim bar with a molecular weight between 15 to 25 KDa can be observed. It
shows a good agreement with the theoretical value of ILIRA.
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Figure 4. ILLRA/NZ3900 engineering cells construction

A. Colonies PCR; B. Western Blotting; C. amplified positive clones

To sum up, a secretory expression of ILLRA protein in a lactococcus lactis system
was obtained. Because of the intestinal colonization ability and interior
health-promoting of L lactis, as well as the ILLRA expressing function, the recombinant
ILLRA/NZ3900 cells get the oral therapy on IBD potential. The unbalance between
IL1B/IL1RA could be corrected by this recombinant cell stably in a long term.

Conclusions

By proper design and correct selection of recombinant expression system, a
recombinant L. lactis which can express secretory ILLRA, named ILLRA/NZ3900 was
obtained. Its colonization ability and ILIRA expression level in situ require further
investigation. Through this research, the new way to treat IBD with oral IL1Ra will be
explored. A significant research material was obtained for the further study on
anti-inflammatory biomacromolecular drugs. The results will provide a practical way
for protein oral delivery and colon site-specific delivery.
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