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ABSTRACT 

 

Study of N-linked glycosylation in 

Ninjurin1 and production of 

recombinant Ninjurin1 in 

mammalian cells for therapeutic 

application 

 
Ran Hee Kim 

Department of Molecular Medicine and 

Biopharmaceutical Sciences 

Graduate School of Convergence Science and 

technology 

Seoul National University 

 

 

N-linked glycosylation is one of posttranslational modification 

steps and involved in various cellular processes. The motif of N-

glycosylation is usually N-X-S/T (Asparagine-X-

Serine/Threonine) and rarely N-X-C (Asparagine-X-Cysteine). 

Nerve injury induced protein 1(Ninjurin1) is membrane protein 
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consist of 152 amino acids and it was firstly discovered in Schwann 

cells. It also has two transmembrane domains and its N-terminus 

extracellular region has homodimeric domain (Pro26-Asn37). 

In this research, N-glycosylation motif was founded in 

Ninjurin1 through a variety of mammalian families by in silico study. 

To investigate N-glycosylation of Ninjurin1, the presence of 

Ninjurin1 was screened through mice tissues and cell types and the 

size variation was observed. When glycosylation inhibitor, 

tunicamycin, was treated to constructed Ninjurin1 knock-down 

cells for knowing that if N-glycosylation can cause these size 

variation in Ninjurin1, the decrease of size was observed. Moreover, 

the same phenomenon was observed when the sixtieth amino acid 

asparagine, which is estimated as N-glycosylation site, was 

replaced to alanine or glutamine. Thus, the influence of N-

glycosylation on homophilic bindings of Ninjurin1, the most well-

known function, was investigated. Decreases of homophilic bindings 

were observed when Ninjurin1 has mutation in sixtieth residue. 

When it was tried to form homophilic bindings between wild type 

Ninjurin1 and mutant Ninjurin1 of which sixtieth amino acid was 

replaced with alanine or glutamine, the reduction of homophilic 

bindings was confirmed compared with the trial using only wild type 

Ninurin1. Microscopy and flow cytometry analysis were conducted 

to identify the influence of N-glycosylation on cell-cell interactions 

mediated by homophilic bindings of Ninjurin1. The results proved 
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that the replacement of sixtieth residue in Ninjurin1 decreases its 

transportation to cell membrane. It is considered that failure of 

membrane trafficking of Ninjurin1 may bring about limitation in 

studying the influence of N-glycosylation on cell interactions 

mediated by Ninjurin1. 

As an advanced study, to investigate the application of 

Ninjurin1 as a therapeutic applicant to multiple sclerosis, 

recombinant Ninjurin1 including homodimeric domain as well as N-

glycosylation domain was constructed. Thus far, secretion of 

recombinant Ninjurin1 from mammalian cells was completed. 

Although this process is still in progress, it is expected that 

recombinant Ninjurin1 can be applied widely for the therapy of 

multiple sclerosis after completion of its purification. 

 

 

 

Key words : Ninjurin1, homophilic binding, N-linked glycosylation, 

multiple sclerosis, recombinant Ninjurin1 
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I. INTRODUCTION 
 

 

Nerve injury induced protein 1(Ninjurin1, Ninj1)is a small cell 

surface protein composed of 152 amino acids. Ninjurin1 contains 

two transmembrane domains in which 1-71 residues are called as 

amino (N)-terminus and 139-152 residues are carboxylic (C)-

terminus. Widely known functional domain of Ninjurin1 is homo-

dimeric domain located in 26-37 residues. (Fig 1) (Araki & 

Milbrandt, 1996) Most of previous studies concentrated on the 

aspect of the function of Ninjurin1, and three representative 

function was revealed. First was revealed by Ifergan that Ninjurin1 

mediates transmigration of monocytes through brain endothelium 

(Ifergan et al., 2011), and the second one is that Ninjurin1 mediates 

adhesions of monocyte lineage cells and endothelial cells in vitro. 

(Ahn et al., 2009) Last function of Ninjurin1 is that Ninjurin1 

controls p53 pathway after its expression by p53 so it can regulates 

cell proliferation and premature senescence. (Cho et al., 2013) In 

other words, Ninjurin1 induces the adhesion of immune cells to 

endothelial cells and increases basal motilities of macrophages, also 

it suppresses anti-cancer function of p53. 

However if Ninjurin1 is taken note of molecular stage, we can 

focus on the sixtieth residue which is asparagine. N-glycosylation 

is involved in cellular processes including protein conformation, (Lis 
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& Sharon, 1993) folding, (Mitra et al., 2006), transport, targeting, 

and stability (Vagin et al., 2009) by adding glycans to asparagine 

residue of proteins. The major moof N-glycosylation is Asn-X-

Ser/Thr(N-X-S/T) and it also has Asn-X-Cys(N-X-C) rarely. 

The residue of 60-62 in Ninjurin1 is N-A-S and it is 

corresponded with N-glycosylation motif. When N-glycosylation is 

failed in human body, a variety of disorders can be led. It was 

reported that if Phosphomannomutase 2 (PPM2) fails its N-

glycosylation, encephalopathy can be brought such as mental 

retardation, hypotonia, stroke-like episode. (Leroy J.G., 2006) 

Additionally, if phosphomannose isomerase fails N-glycosylation, 

some diseases such as hepatic fibrosis, protein losing enteropathy, 

coagulopathy, hypoglycemia can be occurred. (Lonlay & Seta. 

2009) Experimental autoimmune encephalomyelitis (EAE) is the 

most studied disorder related Ninjurin1, that is animal model of 

multiple sclerosis. In EAE mice, Ninjurin1 increases bindings 

between endothelial cells and immune cells so that immune cells 

migrate into blood-brain barrier(BBB) and promote immune 

reactions in central nervous system(CNS). (Ahn et al., 2014) 

In this research, we firstly revealed N-glycosylation in 

Ninurin1 and the functional change of Ninjurin1 by N-glycosylation 

was proved. Furthermore, a therapeutic application to multiple 

sclerosis by Ninjurin1 was tried. 
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Figure 1. Structure of Ninjurin1. Ninjurin1 has two transmembrane 

domains and two extracellular regions. Its N-terminus and C-

terminus domain consists of 1-71 aa and 139-152aa respectively. 

Homodimeric domain is located on 26-37aa. Residues from sixtieth 

to sixty-second are Asn-Ala-Ser which is corresponded to N-

glycosylation motif. 
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II. MATERIALS AND METHODS 

 

1. Cell culture and transfection 

MBEC4, Raw264.7, NIH3T3, Neuro2A, P19, B16F10, HEK293T, 

BV2 cells were cultured in Dulbecco’s modified Eagle’s 

medium(DMEM) supplemented with 10% fetal bovine serum (FBS) 

and 1% antibiotics and were incubated with 5% CO2 at 37℃. Plasmid 

vectors were transfected with polyethyleneminine (PEI) purchased 

from Invitrogen. 

 

2. Tissue lysis 

C57BL/6 mouse were purchased from Orient Bio. Inc., Korea. 

Wild type mice were sacrificed on its age of 7th week. Organs such 

as liver, lung, spleen, bladder, stomach, spinal cord, testis, adrenal 

gland, and kidney were extracted. Small pieces of each organ were 

lysed by cell signaling lysis buffer with protease inhibitor for more 

than twenty minutes after tearing tissues by operating scissor when 

those were inside of tubes with lysis buffer. 
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3. Western blot analysis 

Tricine SDS PAGE was carried with the lysate of tissues or cells. 

Tricine gel was composed of 40% acrylamide/bis solution 15.5:1 

(6% C), 3X gel buffer, glycerol, DDW, APS and TEMED. Laemmli 

SDS PAGE was carried with the lysate of cells and gel was 

composed of 30% acrylamide/bis solution 37.5:1(3% C), 4X gel 

buffer, DDW, APS and TEMED. Lysates were immune-blotted with 

corresponding primary antibodies such as Ninjurin1(Ab1-15), human 

IgG, vinculin, α-tubulin, β-actin, GAPDH, FLAG, GFP. Anti-mouse 

Ninjurin1 antibodies were raised in a rabbit immunized against 

peptides derived from amino (N)-terminus (amino acids 1-15) by 

standard procedures (Peptron Inc. and Abfrontier Inc., Korea) 

 

4. Expression vector construction 

pMX GFP and pMX FLAG were used as backbone for Ninjrin1, 

Ninjurin1 N60A, and Ninjurin1 N60Q vectors. Each GFP and FLAG 

was tagged in the (N)-terminus of Ninjurin1. pCS2 xenopus 

twisted gastrulation plasmid was used as backbone for Ninjurin1 

secretion system. After erasing twisted gastrulation sequence by 

restriction enzyme, XhoI and XbaI(Takara), mouse Ninjurin1(1-79) 

and human Ninjurin1(1-80) was inserted into the system. 
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5. Stable cell line construction 

Viral packaging cell system was used for the construction of 

stable cell lines. Platinum-A cells were transfected with plasmid 

vector including specific antibiotics resistant gene and PEI with the 

ratio of 1:3 respectively. Two or three days after transfection, 

conditioned media including virus were harvested with filtration 

using 0.45μm syringe filter(Merck Millipore). Harvested media 

were treated to cells in need of stable expression of Ninjurin1 with 

1ug/ml of polybrene. After at least two days, corresponding 

antibiotics were treated to cells in complete DMEM and maintained 

for around a week and then surviving colonies were selected. 

 

6. Inhibition of glycosylation 

B16F10 cells -sh Scrambled and sh Ninjurin1- were used for 

deglycosylation assay. 1uM Tunicamycin (Cayman chemical), 

glycosylation inhibitor, was treated to complete DMEM with the 

ratio of 1:1000 in which each cells were grown. Then cells were 

incubated for 24 hours in the environment of 37℃ with 5% CO2. 

After 24 hours of incubation, cells were analyzed by microscopy 

(Apotome Microscope) and harvested for western blot. 
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7. Immunoprecipitation  

Lysates including GFP-Ninj1 and FLAG-Ninj1 from HEK293T 

cells were quantified for knowing the amount of protein inside by 

BCA assay. Lysates including 500μg proteins were added to a new 

tube with anti-FLAG M2 magnetic beads(Sigma) washed with PBS 

before using. Then PBS was added to the tubes until the volume of 

500μl and the mixtures were rotated for overnight. After rotating of 

mixtures, only FLAG beads which is connected with FLAG-Ninj1 

proteins or FLAG-Ninj1 proteins bound with GFP-Ninj1 proteins 

were separated for western blot analysis. 

 

8. Immunocytochemistry 

For observing the morphological differences in four constructed 

stable cell lines, NIH 3T3 cells with GFP mock, GFP-Ninj1, GFP-

Ninj1 N60A, and GFP-Ninj1 N60Q, each cells were seeded onto 

cover glass in 24-well plate. Cells on the cover glass were fixed 

with 4% PFA solution and washed with PBS for three times. 

Nucleus staining dye Hoechst in PBS as the ratio of 1:500 was 

treated on the fixed cells at room temperature in dark area for ten 

minutes. Then staining solution was removed and washed again 

three times by PBS. Washed cells were mounted on a slide glass for 

overnight in darkness and confocal microscopy analysis was carried 

out. 
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9. Flow cytometry analysis (FACS) 

Cellular GFP signal was analyzed by exposing FITC wavelength. 

To figure out the cellular location of GFP-Ninj1 and GFP-Ninj1 

N60Q, 2Χ106 cells were detached from culture dishes. Each cells 

were washed with 0.1% PBS/NaN3 for three times and blocked with 

3% blocking solution. Primary antibody for GFP(mouse, 1:200, 

Santa Cruz) was treated in blocking solution at 4℃ for 3 hours. 

After blocking, extra primary antibodies were washed out with 0.1% 

PBS/NaN3 for three times. And then, APC as secondary antibodies 

were incubated at 4℃ for 2 hours as the ratio of 1:500. Prepared 

cells were gathered into falcon 5ml polystyrene tube for 

analysis.(BD FACSVerse) 
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III. RESULTS 
 

 

1. Confirmation of N-glycosylation in Ninjurin1 

To identify the possibility of N-glycosylation in Ninjurin1, in 

silico study was carried out in seven random vertebrates; human, 

mouse, rat, rabbit, elephant, pongo, chimpanzee. (Fig 2) In all 

investigated vertebrates, N-glycosylation motifs were confirmed in 

60-62 residues of Ninjurin1. Moreover, those showed the same 

sixty-first residue which is alanine, thus all N-glycosylation motif 

in checked mammals were accorded with each other as N-A-S 

(Asn-Ala-Ser). (Fig 2) 

To investigate that if Ninjurin1 has different molecular weights by 

tissues or cell types, expression of Ninjurin1 was checked by 

different tissues and cell types from mice. Firstly, Ninjurin1 showed 

different sizes by tissues of mice. (Fig 3. A) As shown in the data, 

the size of Ninjurin1 from lung and testis indicates obvious 

difference. Next, molecular sizes of Ninjurin1 from different cell 

types of mice were confirmed and the results also shows 

differences by cell types. (Fig 3. B) Investigated cell types are as 

followed; melanoma cells (B16F10), fibroblast (NIH3T3), 

neuroblastoma cells (Neuro2A), macrophages (Raw264.7), 

microglia (BV2), endothelial cells (MBEC4), embryonal carcinoma 

cells (P19). Especially, Raw264.7 and P19 shows clear difference 
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in the size of Ninjurin1. These changes of molecular sizes in 

Ninjurin1 made stronger suspicion about that Ninjurin1 experiences 

N-glycosylation in its posttranslational modification processes. 

It was needed to confirm whether N-glycosylation in Ninjurin1 

causes these size variations, so tunicamycin, the inhibitor of 

glycosylation, was treated to B16F10 cells. Experiments were 

conducted using two clones and morphological changes suggesting 

apoptosis, which is occurred when p53 pathway was activated by 

ER stress derived from tunicamycin, was observed 24 hours after 

treatment. (Fig 4. B) Both clones showed the size down of Ninjurin1 

in response to tunicamycin. (Fig 4. A) Therefore, it was convinced 

that the size variation of Ninjurin1 observed in tissues and cell 

types is a result of N-glycosylation. 

To proceed in vitro study on N-glycosylation of Ninjurin1, two 

types of mutant Ninjurin1 vector in which Asn60 was replaced with 

alanine or glutamine were constructed. HEK293T cells were 

transfected with wild type Ninjurin1, Ninjurin1 N60A, and Ninjurin1 

N60Q respectively and the reduction of molecular size of Ninjurin1 

was observed in two mutant Ninjurin1 compared with wild type 

Ninjurin1. (Fig 5) 
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Figure 2. Ninjurin1 has putative N-glycosylation motif through 

vertebrates. Investigated vertebrates are as followed; human, 

mouse, rat, rabbit, elephant, pongo, and chimpanzee. From the 

residue of Pro35 to Glu70 showed high similarities in sequences and 

the sequence of Asn60 to Ser62 corresponds with the motif of N-

glycosylation. 
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Figure 3. Ninjurin1 shows different sizes by tissues or cell types. 

(A)Ninjurin1 has different sizes in its molecular weight by tissues. 

All tissues were obtained from male C57BL/6 mice. Existence of 

Ninjurin1 in tissues was checked by western blot after tissue lysis 

by cell signaling lysis buffers. Tissues including few or no Ninjurin1 

were excluded. (B)Ninjurin1 also shows different molecular sizes 

by cell types. Investigated cell types are as followed; B16F10 

(melanoma cell), NIH3T3 (fibroblast), Neuro2A (neuroblastoma 

cell), Raw264.7 (macrophage), BV2 (microglia), MBEC4 

(endothelial cell), P19 (embryonal carcinoma cell) 
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Figure 4. Glycosylation inhibitor confirms that glycosylation causes 

size variations in Ninjurin1. (A)B16F10 cells, basal expression level 

of Ninjurin1 is high, were constructed to express Scr sh and 

Ninjurin1 sh stably. Then tunicamycin treated(+) and untreated(-) 

groups were compared. When B16F10 cells failed in glycosylation 

by the influence of tunicamycin, the decrease of molecular weight of 

Ninjurin1 was observed. Both of two clones which have different 
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knock-down degrees of Ninjurin1, show the common decreases in 

the size of Ninjurin1 by tunicamycin. (B)Tunicamycin triggers p53-

activated apoptosis by ER stress which is caused by inhibition of 

glycosylation. After 24 hours from the treatment of tunicamycin, 

morphological changes of B16F10 cells indicate that apoptosis is in 

progress. 
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Figure 5. Asn60 mutant Ninjurin1 shows decrease in molecular 

weights. Western blot analysis was carried out by obtaining lysates 

of HEK293T cells transfected with wild type and mutant vectors of 

GFP-Ninj1 and FLAG-Ninj1 respectively. In mutant GFP-Ninj1 

and FLAG-Ninj1, asparagine residue was replaced with alanine 

(N60A) and glutamine (N60Q). Both N60A and N60Q show the 

clear decrease of its size compared with wild type Ninj1. When 

western blot analysis was conducted, Tricine SDS PAGE was taken 

for FLAG-Ninj1. 
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2. Enhancement of homophilic interactions of Ninjurin1 by N-

glycosylation 

To investigate the influence of N-glycosylation to the function of 

Ninjurin1, most well-known function -homophilic bindings- was 

confirmed. (Fig 6) When co-immunoprecipitation by FLAG beads 

was conducted after transfection of GFP-Ninj1 and FLAG-Ninj1 

into HEK293T cells, only GFP-Ninj1 bound to FLAG-Ninj1 and 

GFP-mock did not show the interaction with FLAG-Ninj1. (Fig 6. 

A)  

To clarify functional changes of Ninjurin1 when the mutation in 

Asn60 was occurred, binding capacities between wild type FLAG-

Ninj1 and GFP-Ninj1 or mutant Ninjurin1 -N60A and N60Q- were 

investigated by co-immunoprecipitation. (Fig 6. B left) Result 

shows that if Ninjurin1 fails N-glycosylation on account of mutation 

in Asn60 residue, homophilic bindings of Ninjurin1 were decreased 

as well.  Inversely, when wild type FLAG-Ninj1 and mutant 

FLAG-Ninjurin -N60A and N60Q- were tried to bind to wild type 

GFP-Ninj1, homophilic bindings between mutant FLAG-Ninj1 and 

wild type GFP-Ninj1 was decreased in the same manner. (Fig 6. B 

right) On the basis of these results, it was confirmed that N-

glycosylation of Ninjurin1 enhances its homophilic interactions. 
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Figure 6. Asn60 mutation decreases homophilic bindings of Ninjurin1.  

(A)Homophilic bindings of Ninjurin1 were confirmed using GFP-

Ninj1 and FLAG-Ninj1. Binding between GFP-Ninj1 and FLAG-

Ninj1 was confirmed by immunoprecipitation. (B)Each mutant was 

established in both GFP-Ninj1 and FLAG-Ninj1 vector. Homophilic 

bindings between mutant GFP-Ninj1 and wild type FLAG-Ninj1 

were lower than the binding between two wild types and it was 

confirmed by immunoprecipitation. Inversely, homophilic bindings in 

mutant FLAG-Ninj1 and wild type GFP-Ninj1 were also tested and 

results were same with the previous set. 
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3. Efficacy of N-glycosylation in Ninjurin1 to membrane trafficking 

It was proved that N-glycosylation enhances homodimeric 

interactions of Ninjurin1. On the basis of this fact, we constructed 

Ninjurin1 Asn60 mutant stable cell lines using NIH3T3 cells to 

investigate the changes caused by N-glycosylation in cell-cell 

interactions through its homophilic bindings. (Fig 7) First of all, 

established cell lines -GFP, GFP-Ninj1, GFP-Ninj1 N60A, and 

GFP-Ninj1 N60Q in NIH3T3 cells- showed stable protein 

expression of GFP, GFP-Ninj1 and mutant GFP-Ninj1 respectively 

and also the stable GFP signal was verified by flow cytometry 

analysis. (Fig 7. A, B) Furthermore, it was confirmed again that the 

molecular weight of Ninjurin1 was decreased in mutant GFP-Ninj1. 

(Fig 7. C) 

Meanwhile, expression of Ninjurin1 was very low and cellular 

GFP signal was weak in GFP-Ninj1 N60A mutant so the necessity 

of checking the location of Ninjurin1 in cells was suggested. 

Through microscopy analysis, GFP-Ninj1 N60A was observed in 

the area of cytosol and periphery of nucleus which is similar 

expression pattern with GFP-mock. Both of wild type GFP-Ninj1 

and GFP-Ninj1 N60Q were appeared on cell surface. (Fig 8) 

From this result, it was doubted that the failure of N-

glycosylation in Ninjurin1 could cause a problem in membrane 

trafficking so we checked the membrane trafficking of Ninjurin1 by 

flow cytometry analysis. (Fig 9) GFP-Ninj1 N60A was excluded 
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because it was already showed the failure pattern of membrane 

trafficking by microscopy analysis. (Fig 8) Each cells were treated 

anti-GFP antibody and APC-A as primary and secondary 

antibodies respectively. Then GFP signals from proteins including 

GFP in cells and signals from Ninjurin1 on cell surfaces were 

compared with each other. GFP signals from all GFP related 

proteins were decreased in the following order; GFP-mock, GFP-

Ninj1, and GFP-Ninj1 N60Q. In addition, GFP-Ninj1 was trafficked 

to the cell membrane more than GFP-Ninj1 N60Q. (Fig 9. C) Taken 

together, membrane trafficking of mutant GFP-Ninj1 was 

decreased remarkably compared with wild type GFP-Ninj1, (Fig 9. 

A) and this reduction of membrane trafficking of mutant GFP-Ninj1 

is corresponded to the level of 1/4 of wild type GFP-Ninj1. (Fig 9. 

B) 
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Figure 7. Ninjurin1 Asn60 mutant stable cell shows the decrease of 

weight and the strength of Ninjurin1 signals. (A)Stable expression of 

wild type GFP-Ninj1, GFP-Ninj1 N60A, and GFP-Ninj1 N60Q was 

established in NIH3T3 cells. Through western blot analysis, GFP-

Ninj1 N60A shows markedly decreased expression. (B)All of 

control vector, wild type GFP-Ninj1, GFP-Ninj1 N60A, and GFP-

Ninj1 N60Q are producing constant signals and N60A mutant shows 

weaker signals than N60Q mutant. (C)The decrease of molecular 

weight in mutant Ninj1 was observed. GFP-Ninj1 N60A shows very 

low expression.
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Figure 8. Inhibition of N-glycosylation regulates membrane 

trafficking of Ninjurin1. Fluorescent signal pattern of GFP-Ninj1 

N60A is similar with GFP-mock and GFP-Ninj1 N60Q is similar 

with wild type Ninj1. 
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Figure 9. Asn60 mutation decreases membrane trafficking of 

Ninjurin1. (A)X-axis means GFP signal, GFP is tagged in the N-

terminus of Ninjurin1, and y-axis means membrane localized 

Ninjurin1. Ninjurin1 including replaced glutamine on its sixtieth 

residue shows decreased membrane trafficking. (B)Statistics of (A). 

The number of membrane transported GFP-Ninj1 N60Q 

corresponds to the 1/4 level of GFP-Ninj1. (C)Each graph indicates 

x-axis and y-axis of (A) respectively. GFP-mock proteins did not 

be transported to membrane and wild type GFP-Ninj1 was detected 

more than GFP-Ninj1 N60Q on cell membrane. 
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4.  Production of recombinant Ninjurin1 in mammalian cells as a 

therapeutic agent 

In previous study, our research team revealed that homodimeric 

domain blocking peptide for Ninjurin1 is effective to reduce the 

clinical score in EAE mice, the animal model of multiple sclerosis. 

(Ahn et al., 2014) On the basis of prior results that N-

glycosylation of Ninjurin1 enhances its homophilic bindings, it was 

supposed that recombinant Ninjurin1 experienced N-glycosylation 

could be more effective than the peptide blocking only homodimeric 

domain. Thus the strategy for producing recombinant Ninjurin1 is 

as follows; selection of secretion system, construction of Ninjurin1 

expression vector, secretion induction of Ninjurin1 from mammalian 

cells, and the purification of recombinant proteins. 

Two candidate systems were compared to select the secretion 

system. One is human IgG Fc system in which cells secrete its 

proteins itself to the outside after production. The other candidate 

is Chordin signal peptide (CSP) system which secretes proteins by 

its secretion signal. (Fig 10) To check whether both systems are 

working properly, each of two DNA was transfected into HEK293T 

cells and it was turned out that both systems can secrete its 

proteins to the conditioned media. In consider of the characteristics 

of vector system, CSP system was selected and cloning was carried 

out to insert mouse Ninjurin1 and human Ninjurin1 into the system. 

(Fig 10. B) Then, HEK293T cells were transfected with established 
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secretion system including Ninjurin1 and the secretion of 

recombinant Ninjurin1 was investigated from conditioned media. 

(Fig 11) As a result, it was confirmed that each of mouse Ninjurin1 

and human Ninjurin1 was secreted into conditioned media.
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Figure 10. Selection of signal peptide and construction of Ninjurin1 

expression vectors. (A)Two secretion systems were turned out to 

secrete its proteins to conditioned media. (B)Design for production 

of recombinant Ninjurin1. N-terminus regions of Ninjurin1 from 

each mouse Ninjurin1 and human Ninjurin1 were inserted into CSP 

system. Validation of each vectors was carried out by sequencing 

analysis from National Instrumentation Center for Environmental 

Management(NICEM).
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Figure 11. Secretion of recombinant Ninjurin1 proteins from 

mammalian cells. Secretion of recombinant Ninjurin1 to conditioned 

media was observed when HEK293T cells were transfected with 

constructed Ninjurin1 expression system.
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V. DISCUSSION 

 

N-linked glycosylation, as one of posttranslational modification 

steps, is involved in a variety of cellular processes including protein 

conformation, folding, targeting and it is occurred only in 

eukaryotes.  Studying N-glycosylation that can influence on the 

function of proteins is important in current time in which the 

demand for developing of therapeutic proteins is increasing. 

Moreover, in the aspect of disease treatment, N-glycosylation is 

also important because a lot of disorders can be occurred if proteins 

fail to its N-glycosylation. In addition, 60-62 aa (Asn-Ala-Ser; 

N-A-S) of Ninjurin1 is corresponded with N-glycosylation motif 

N-X-S/T. 

In this research, common N-glycosylation motif in vertebrates 

was revealed by in silico studies. (Fig 2) Also different sizes of 

endogenous Ninjurin1 by tissues and cell types were discovered. 

(Fig 3) It is possible to be diversified the size of Ninjruin1 by 

tissues and cell types because the size of glycan bound to 

asparagine residue depends on its surrounding environments. We 

proved that Ninjurin1 experiences N-glycosylation by showing the 

change in size of Ninjurin1 when glycosylation inhibitor was treated. 

(Fig 4) Furthermore, in vitro studies confirmed that N-

glycosylation in Ninjurin1 enhances homophilic bindings, its well-

known function. (Fig 6) 
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However, the remarkable decrease of membrane trafficking of 

Ninjurin1 was found when it failed N-glycosylation in the cellular 

stage. (Fig 8, 9) Thus, development of more effective agent to 

apply to multiple sclerosis was tried instead of observing influences 

on cell-cell interactions by N-glycosylation. Effectual protein 

secretion system was selected to develop recombinant Ninjurin1 

passed through N-glycosylation. (Fig 10) It is expected to block 

homophilic bindings of Ninjurin1 between endothelial cells and 

immune cells more effectively in multiple sclerosis.  Also, the 

secretion of Ninjurin1 from mammalian cells were completed using 

the selected system. (Fig 11) 

Thus far, researches about N-glycosylation has been conducted 

mainly in human phosphoglucomutase related disorders such as 

eczema, recurrent infections, neurocognitive impairment and that 

sort of things. (Stray-Pedersen A. et al., 2014) This study is the 

first trial to connect N-glycosylation with multiple sclerosis. These 

findings suggest that a potential therapeutic role of Ninjurin1 in 

multiple sclerosis. Constructed recombinant Ninjurin1 may block 

CNS damage by suppressing homophilic bindings of Ninjurin1 more 

strongly between endothelial cells and immune cells. Therefore, we 

suggest that recombinant Ninjurin1 can be a therapeutic applicant to 

multiple sclerosis. In addition, further studies for purifying 

recombinant Ninjurin1 are required for extensive therapeutic 

applications on multiple sclerosis. 
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국    
 

 

N-당 는 포 내에  생하는 번역 후  단계  하나  다

양한 포 과 에 여한다. N-당  모티프는 일  아스 라진

-X- 린  트 닌(N-X-S/T)  구 며 드 게 아스 라진

-X-시스 인(N-X-C)  구  가지는 것  알  있다. Nerve 

injury induced protein 1인 Ninjurin1  포막 단 질  152개  아

미노산  구 어 있 며 슈 포에  처  그 존재가 보고 었

다. Ninjurin1   개  막 통 도 인  가지며 N-말단 부근 

26(Pro)-37(Asn)번째 잔 는 동종  도 인이라 불린다. 

본 연구진  in silico 연구를 통해 다양한 포 동  Ninjurin1에 

N-당  모티프가 존재함  처  규명하 다. 마우스  조직과 포 

타입에 라 Ninjurin1  존재 여부를 탐색하  , 각각  조직과 

포 타입에  상이한 사이즈  Ninjurin1  인하 다. 이러한 단 질 

크  차이가 Ninjurin1  N-당  인지 히고자 당  억 인 

tunicamycin  Ninjurin1 knock-down 포에 처리하 다. 그 결과 

tunicamycin이 처리 었   Ninjurin1  사이즈가 감소하는 것  

찰하 다. 게다가 N-당 가 일어날 것  추 는 60번째 아미노산

인 아스 라진  알라닌이나 루타민  하  에도 같  상

이 찰 었다. 라  이미 알 진 Ninjurin1  능인 동종  결

합에 해 N-당 가 미 는 향  알아보고자 in vitro 연구를 행하

다. Ninjurin1  60번째 아미노산이 다른 아미노산  었   

동종  결합이 감소하는 것이 인 었고, wild type Ninjurin1과 

60번째 아미노산  시킨 mutant Ninjurin1 간  동종  결합  
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wild type Ninjurin1 간  결합보다 감소하는 것  나타났다. 

Ninjurin1  동종  결합에 해 매개 는 포간 상 작용에 있어 

N-당 가 미 는 향  조사하  해 미경 분 과 포분  

실시하 며, 그 결과 아미노산  인해 Ninjurin1에 N-당 가 

해 었   포막  Ninjurin1 송이 어드는 것  냈다. 

Mutant Ninjurin1  포막 송 실  인해, Ninjurin1  매개  하는 

포간 상 작용에 한 N-당  향  조사하는데 한계 이 있다고 

사료 었다. 

라  다 경 증에 한 료   Ninjurin1  용  모

색하고자 동종  도 인과 N-당  도 인  모  포함하는 재조합 

Ninjurin1  작하 며, 포 동  포를 이용하여 N-당  과  

거  재조합 Ninjurin1  분 시키는 단계 지 료하 다. 추후 이어지

는 연구를 통해 분  재조합 Ninjurin1 단 질  한다면 다

경 증 료에 있어 Ninjurin1  욱 폭 게 용할  있  것  

하는 이다. 

 

주요어 : Ninjurin1, 동종  결합, N-당 , 다  경 증, 재조합 

Ninjurin1 

 

학  번 : 2014-24831 


	I. INTRODUCTION
	II. MATERIALS AND METHODS
	1. Cell culture and transfection
	2. Tissue lysis
	3. Western blot analysis
	4. Expression vector construction
	5. Stable cell line construction
	6. Inhibition of glycosylation
	7. Immunoprecipitation
	8. Immunocytochemistry
	9. Flow cytometry analysis(FACS)

	III. RESULTS 
	1. Confirmation of N-glycosylation in Ninjurin1
	2. Enhancement of homophilic interactions of Ninjurin1 by N-glycosylation
	3. Efficacy of N-glycosylation in Ninjuein1 to membrane trafficking
	4. Production of recombinant Ninjurin1 in mammalian cells as a therapeutic agent

	IV. DISCUSSION
	V. REFERENCES
	ABSTRACT IN KOREAN


<startpage>10
I. INTRODUCTION 1
II. MATERIALS AND METHODS 4
 1. Cell culture and transfection 4
 2. Tissue lysis 4
 3. Western blot analysis 5
 4. Expression vector construction 5
 5. Stable cell line construction 6
 6. Inhibition of glycosylation 6
 7. Immunoprecipitation 7
 8. Immunocytochemistry 7
 9. Flow cytometry analysis(FACS) 8
III. RESULTS  9
 1. Confirmation of N-glycosylation in Ninjurin1 9
 2. Enhancement of homophilic interactions of Ninjurin1 by N-glycosylation 16
 3. Efficacy of N-glycosylation in Ninjuein1 to membrane trafficking 18
 4. Production of recombinant Ninjurin1 in mammalian cells as a therapeutic agent 23
IV. DISCUSSION 27
V. REFERENCES 29
ABSTRACT IN KOREAN 33
</body>

