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A repebody, an artificial non-immunoglobulin protein scaffold, is expected to be a solution in the 
search for faster, cheaper, and customizable antibodies. However, the production of medical repe-
bodies remains difficult due to their low yield and the complex purification processes required. The 
Pseudomonas fluorescens ABC transporter system has been suggested as an efficient and cost-effective 
method for repebody production, but the total yield is low because of the secreted protein’s positive 
charge; thus, a repebody with a high isoelectric point needs to be changed into a more negatively 
charged protein for better secretion. To achieve this, we first attached oligo-aspartic acids to the N- and 
C-terminals of the repebody, but secretion efficiency was not enhanced significantly. Subsequently, we 
devised an alternative method for improved secretion efficiency by engineering fifteen positively charg-
ed amino acids to aspartic acid in the non-antigen binding sites of the repebody to give a high net 
negative charge. As a result, secretion efficiency was greatly enhanced from 21.2% (wildtype) to 58.5% 
(negatively supercharged). The negatively supercharged repebody was succussfully produced ex-
tracellularly by ABC transporter secretion system in P. fluorescens.
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Introduction

Variable Lymphocyte Receptors (VLRs) are antigen re-

ceptors that exist in jawless fish. Jawless fish recognize anti-

gens by Leucine-Rich Repeats (LRRs) which form the basis 

of VLRs instead of the immunoglobulin fold that all verte-

brates use in their adaptive immune system. VLRs are the 

only natural adaptive immune system which produces pro-

teins that do not have Ig-folds and can theoretically recog-

nize almost all antigens like antibodies [12]. 

Immunoglobulin antibodies are relatively difficult and 

costly to manufacture. On the other hand, VLRs are easier 

to engineer or mutate compared to IgG whose total molec-

ular weight is about 150 kDa and is highly glycosylated 

while VLRs are less than 40 kDa and does not undergo gly-

cosylation [19]. In addition, VLRs can recognize antigens 

even with only a single chain. It is also a stable protein that 

remains functional at room temperature for more than a 

month [5]. It also has been shown that VLRs can be 

mass-produced using Escherichia coli [20]. All these suggest 

that VLRs are a suitable alternative to immunoglobulin 

antibodies.

Repebody is named after the repetitive modules that 

make up VLRs and its function as an antibody in nature. 

The repebody scaffold can be engineered into artificial anti-

body mutating LRRs by module engineering [11]. Its ability 

to bind to various antigens depending on the amino acid 

sequence of its antigen binding site also allows it to be devel-

oped as a custom antibody [11]. Moreover, several studies 

involving repebody have shown its feasibility. Repebody 

that is modulated to have binding affinity for human 

Interlukin-6 (hIL-6) is highly specific to hIL-6 and can re-

markably suppress growth of tumors by locking hIL-6/ 

STAT3 signaling [10]. The developed anti-VEGF repebody, 

anti-human C5a-repebody and anti-human EGFR-repebody 

have also shown high specificity to VEGF, C5a or EGFR and 

block VEGF, C5a or EGFR related cell signaling processes 

and can suppress diseases both in vitro and in vivo [6, 7, 
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Table 1. Oligonucleotide primers used for DNA inserts in plasmid construction

Primer name Sequence (5’-3’)

pDART-,pFD-, pBD- 
repebody-3, repebody-5,
repebody-6, repebody (-)

XbaI-repebody
XbaI-H6repebody
repebody-SacI

GGGTCTAGAGAAACCATTACCGTGAGCAC
GGGTCTAGACATCACCATCACCATCACGAAACCATTACCGTGAGCAC
GGGGAGCTCGGTCGGGCAATAATGCTAC

pDART-repebody (+) 
XbaI-repebody(+)
repebody(+)-SacI

GGGTCTAGAGAAACTATCACCGTCTCTACA
GGGGAGCTCGGTCGGACAAATGCTACG

10, 22]. Given the ease of designing and engineering repe-

bodies as well as its high stability in high temperatures and 

pH, repebodies offer a desirable alternative to high custom 

antibodies.

In order to commercialize repebodies, a mass production 

system has to be well established. Currently it is difficult 

to purify these proteins because of the large amount of asso-

ciated cells that has to be broken down due to the fact that 

they remain inside E. coli after production. Furthermore, 

contamination by LPS, a toxic material of E. coli, is inevitable 

when the cells are broken down. These problems can be re-

solved by secreting proteins to the extracellular medium, re-

ducing purification steps and cost. 

Here, we tried to produce repebody using an ABC trans-

porter composed of TliD, TliE and TliF, where TliD is an 

ATP Binding Cassette (ABC), TliE is a Membrane Fusion 

Protein (MFP) and TliF is an Outer Membrane Protein 

(OMP). The ABC transporter is a Type 1 Secretion System 

(T1SS). Compared with the other secretion systems, T1SS is 

structurally simple and suitable for use in a Protein Manu-

facturing Factory (PMF) since the proteins are secreted di-

rectly to the extracellular medium from the cytoplasm and 

can produced in a continuous culture because it is not neces-

sary to lyse the cells [15]. Using P. fluorescens equipped with 

an ABC transporter, we were able to produce repebody in 

a reusable and eco-friendly way. P. fluorescens has several 

advantageous features for recombinant protein production 

such as its safety, adequacy for high cell density culture and 

export system [8, 14]. In addition, many recombinant pro-

teins conjugated with Lipase ABC transporter Recognition 

Domain 3 (LARD3) of thermostable lipase TliA secreted by 

TliDEF, were well-expressed and secreted in a developed 

strain of P. fluorescens ΔtliAΔprtA in previous studies [13, 

17]. Therefore, P. fluorescens is useful as an expression host 

for various recombinant proteins. 

However, despite such favorable features, the low secre-

tion efficiency of repebody remains a problem. In previous 

studies, it was found that the key factor to determine protein 

secretion by the TliDEF ABC transporter is the pI value of 

the target protein [3]. It was shown that negatively super-

charging proteins increased secretion efficiency by the ABC 

transporter. In this paper, we designed a negatively super-

charged repebody and constructed a more efficient mass 

production system using the ABC transporter.

Materials and Methods

Construction of plasmid vectors with inserted target 

genes

Three kinds of shuttle plasmid vectors which can be used 

in E. coli and P. fluorescens were used: pDART, pBD10 and 

pFD10 [3]. The pDART vector contains genes coding for tliD, 

tliE, tliF, Lipase ABC transporter Recognition Domain 3 

(LARD3) and various restriction enzyme sites for target gene 

insertion [16]. pFD10 has aspartic acids upstream of the clon-

ing site and pBD10 has aspartic acids downstream of the 

cloning site [3]. Different repebodies were cloned into XbaI- 

SacI of the plasmid vectors via PCR using plasmid shown 

in Table 1. 

Design of negatively supercharged repebody

The negatively supercharged repebody was designed by 

mutating some amino acids into aspartic acid. The decision 

of mutating amino acids into aspartic acid stems from the 

fact that aspartic acid (D) is better than glutamic acid (E) 

at lowering pI value. The repebody scaffold has concave and 

convex regions. The concave region is the antigen-binding 

site, thus associated amino acid sequences were not mutated 

to maintain antigen affinity. Therefore, only positive amino 

acids in the convex region were selected and mutated into 

aspartic acid (Fig. 4B). 

Protein expression

Plasmid construction was performed in E. coli XL1-Blue, 

while protein expression and secretion were performed in 

P. fluorescens ΔtliAΔprtA, which is a double-deletion mutant 

of P. fluorescens SIK-W1 [3]. Cloned genes (Table 1) were 

transformed into E.coli XL1-Blue and incubated at 37℃ in 
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Fig. 1. Protein secretion using ABC transporter system. The outer membrane protein [18], ABC protein (ABC), and membrane fusion 

protein (MFP) are separate from each other in the resting state. Binding of the C-terminus of LARD3 to the ABC protein 

causes structural changes in the ABC protein that leads to the assembly of a T1SS. The target protein is then secreted into 

the extracellular medium through the ABC transporter. Extracellular calcium ions attach to certain parts of the signal sequence 

and pull the remainder of the protein out of the cell. After the protein is completely secreted, the three proteins of the 

secretion system separate again and wait for another protein to bind to.

LB medium. Kanamycin was the antibiotic used at a concen-

tration of 30 μg/ml. To verify protein expression, plasmids 

with inserted target genes were transformed into P. fluo-

rescens ΔtliAΔprtA via electroporation at 2.5 kV, 125 Ω and 

50 μF. Afterwards, it was cultured at 25℃ in a Terrific Broth 

(TB) medium containing kanamycin (60 μg/ml), it was 

placed in a 180 rpm shaking incubator until it reached the 

stationary phase. The TB medium consisted of 1.2% pancre-

atic digest of casein, 2.4% yeast extract, 17 mM KH2PO4, 72 

mM K2HPO4 and 0.4% glycerol.

Analysis of repebody expression 

Recombinant cells were grown in a TB medium supple-

mented with 60 μg/ml kanamycin. The proteins of the cell 

pellet and supernatant were analyzed using sodium dode-

cylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in 

10% polyacrylamide gels, following the method developed 

by Laemmli [4]. The proteins were transferred onto a nitro-

cellulose membrane (Amersham, UK) for western blot, 

which was performed as previously described using anti- 

LARD3 as the primary antibody and anti-rabbit IgG as the 

secondary antibody chemiluminescence system (Advansta, 

USA). Detection was performed using Azure C600 automatic 

detection system. 

Protein purification

The harvested broth underwent centrifugation at 4,000 

rpm for 30 minutes, and the clear supernatant was purified 

through affinity chromatography using a Ni-NTA column 

(HisPurTM Ni-NTA Resin) (Thermoscientific, USA). The col-

umn was equilibrated with an equilibration buffer of pH 7.4 

containing 20 mM sodium phosphate and 200 mM NaCl. 

During the binding step, NaCl concentration was main-

tained at 200 mM. Bound proteins were washed with wash-

ing buffer of pH 7.4 containing 200 mM NaCl and 10 mM 

imidazole. This was followed by elution with an elution buf-

fer containing 250 mM imidazole. Each sample was loaded 

into lanes of 4-12% polyacrylamide gradient gel (Bolt 4-12% 

Bis-Tris Plus) (Invitrogen, USA). Then, we stained the gel 

with Sun gel staining solution (LPS solution, South Korea).

Computational analysis

The theoretical pI values of the target proteins were calcu-

lated using the ExPASy Compute pI/Mw tool [1, 2, 21]. The 
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Fig. 2. Secretion of repebodies. Western blot analysis was per-

formed to check repebody secretion by P. fluorescens us-

ing an anti-LARD3 primary antibody. Three different 

pDART plasmids, each containing the gene for one of 

repebody-3, repebody-5, and repebody-6, were trans-

formed into P. fluorescens ΔtliAΔprtA and the colonies 

were screened from LB agar plates containing 30 μg/ml 

kanamycin. The P. fluorescens was then cultured in TB 

medium at 25℃. For comparison, equivalent amounts 

of cell extract and culture supernatant (16 μl) were load-

ed onto the gel. A 50 ng control sample was loaded as 

a reference. The TliDEF ABC transporter was able to se-

crete repebody-3, repebody-5, and repebody-6. However, 

the majority of the repebodies remained inside the cell 

(labelled “C”) and only a small percentage was found 

in the supernatant (labelled “S). 1, repebody-3 (36.7 kDa); 

2, repebody-5 (42.1 kDa); 3, repebody-6 (44.8 kDa); M, 

Size Marker. 

Table 3. Properties and secretion efficiency of oligo aspartate- 

fused repebodies 

Vectors
pDART-

repebody

pBD-

repebody

pFD-

repebody

pI

MW

Cell (ng/μl)

Supernatant (ng/μl)

Efficiency (%)a

5.3

41.3

1.3

0.2

15.0±8.9

4.7

42.5

3.3

0.8

20.0±5.8

4.7

42.5

1.1

0.3

23.3±0.9
aThe amount of protein produced in the cell and supernatant 

was estimated from the densitometry of reference protein. The 

secretion efficiency was calculated as the amount of secreted 

protein divided by the total of produced protein; supernatant 

/ (cell + supernatant)×100. 
Table 2. Properties and secretion efficiency of wild type repe-

bodies 

Proteins repebody-3 repebody-5 repebody-6

pI

MW (kDa)

Cell (ng/μl)

Supernatant (ng/μl)

Efficiency (%)
a

5.9

36.7

7.2

0.8

14.9±6.4

5.8

42.1

2.3

0.5

17.2±6.6

5.8

44.8

2.5

0.6

19.4±5.9
aThe amount of protein produced in the cell and supernatant 

was estimated from the densitometry of reference protein. The 

secretion efficiency was calculated as the amount of secreted 

protein divided by the total of produced protein; supernatant 

/ (cell + supernatant)×100. 

pI value was calculated based on the protein sequence, in-

cluding the LARD3 sequence. For the tertiary structure 

study, SWISS MODEL structural homology modelling was 

used (https://swissmodel.expasy.org). 

Results

Measurement of original repebodies secretion effi-

ciency

The repebodies used in this article were repebody-3, repe-

body-5 and repebody-6. Each repebody has a different num-

ber of Leucine-Rich Repeats (LRRs) - 3, 5, 6 for each - which 

is one of the repebody modules. The repebodies were ex-

pressed in P. fluorescens ΔtliAΔprtA and secreted to the me-

dia through the TliDEF ABC transporter. Results were quan-

titatively analyzed using western blotting (Table 2). Secre-

tion was limited with only 10-20% of the repebody being 

secreted while 80-90% remained in the cell (Fig. 2).   

Addition of negatively-charged oligo amino acids

According to previous research [3], secretion efficiency 

can be improved by attaching negative amino acids to the 

protein. In order to make the repebody more negatively 

charged, we tagged 10 aspartic acids (Asp) on to the repe-

body by inserting the repebody-5 gene (referred to as repe-

body) into plasmids which had codons for 10 Asps. Two 

different vectors were used, one with aspartic acids up-

stream of the repebody (pFD10-repebody) and the other 

with aspartic acids downstream of the repebody (pBD10-re-

pebody). The Asp10-repebody (FD) and repebody-Asp10 (BD) 

were compared to the normal repebody (DART). The prop-

erties of Asp-tagged repebodies are shown in Table 3. The 

10 aspartates attached decreased the estimated pI of the re-

pebody from 6.1 to 4.7. However, since the increase in secre-

tion efficiency was insignificant in spite of the lower overall 

pI value (Fig. 3), we tried to find another way to change 

the charge of the repebody.

Design of negatively charged repebody

Instead of inserting negatively-charged oligomeric pep-

tides, we mutated amino acids found throughout the se-

quence of the original repebody. This method is based on 

the fact that hydrophilic amino acids exposed outside the 
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Fig. 3. Secretion of repebodies tagged with ten aspartates. Wes-

tern blot analysis was performed to check repebody se-

cretion by P. fluorescens using an anti-LARD3 primary 

antibody. The repebody-5 gene was integrated into three 

different plasmids: pDART, pFD10, and pBD10. pFD had 

ten aspartates attached upstream of the repebody-5 gene, 

pBD10 had ten aspartates attached downstream of the 

repebody-5 gene, while pDART had no aspartate oligo-

peptide attached to it. The three different plasmids were 

then transformed into P. fluorescens ΔtliAΔprtA and colo-

nies were screened from LB agar plates containing 30 

μg/ml kanamycin. The P. fluorescens was cultured in TB 

medium at 25℃. For comparison, equivalent amounts 

of cell extract and culture supernatant (16 μl) were load-

ed onto the gel. A 50 ng control sample was loaded as 

a reference. The protein band of pBD10-repebody can 

be seen both in the cell lane (labelled “C”) and super-

natant lane (labelled “S”) but it was slightly shifted up-

wards. On the other hand, the protein band of pFD10-re-

pebody can be seen in both the cell and supernatant lanes 

but is significantly fainter compared to pDART-repe-

body and pBD10-repebody. DART, pDART-repebody; FD, 

pFD10-repebody; BD, pBD10-repebody; M, Size Marker.

Table 4. Properties and secretion efficiency of positive and neg-

ative supercharged repebodies

Proteins
repebody 

(+)
repebody

repebody

(-)

pI

MW

Cell (ng/μl)

Supernatant (ng/μl)

Efficiency (%)
a

9.6

41.5

5.8

0

0±0

5.8

42.1

7.8

1.9

21.2±6.1

4.2

41.3

1.6

1.2

58.5±6.4
aThe amount of protein produced in the cell and supernatant 

was estimated from the densitometry of reference protein. The 

secretion efficiency was calculated as the amount of secreted 

protein divided by the total produced protein; supernatant / 

(cell + supernatant) ×100. 

protein can be changed into different hydrophilic amino 

acids provided that they do not interact with other amino 

acids in the protein. By changing the charge of the protein, 

the method has been found to increase the solubility of the 

protein [18]. Amino acids were carefully selected so as not 

to significantly affect the structure, then these amino acids 

were mutated into negatively charged amino acids. The re-

sulting sequence is listed in Fig. 4A. By SWISS modeling, 

it was shown that no significant structural change had 

occurred. (Fig. 4B) As a result, the estimated net charge at 

pH 7 changed from -1.2 to -22.4 and the pI value of the 

repebody decreased from 5.8 to 4.2. Using this method, we 

could design and produce a negatively charged repebody 

(repebody (-)). In addition, we also constructed a positively 

charged repebody (repebody (+)) in which some amino acids 

in the convex region of the wild type repebody were re-

placed with Lysine (K), a positively charged amino acid. The 

properties of repebodies with different supercharges are 

shown in Table 4. Western blotting results show that repe-

body (+) was not secreted at all while repebody (-) showed 

higher secretion efficiency (ratio of secreted versus intra-

cellular protein) than the wild type repebody. Secretion effi-

ciency increased from 21.2% to 58.5% in repebody (-) (Fig. 5).

Protein Purification

To produce repebody (-) protein, repebody (-) was ex-

pressed in P. fluorescens ΔtliAΔprtA in 300 ml of TB medium 

at 25℃. We purified a high concentration of repebody (-) 

using a Ni-NTA column (Fig. 6). 

Discussion

In this study, we developed a repebody with increased 

secretion efficiency via negatively supercharging proteins. In 

a previous study, the pI values of the recombinant proteins 

were lowered by attaching 10 Asp to the proteins and this 

enabled them to be secreted to an extracellular medium [3]. 

Similarly, we tried to improve secretion efficiency by attach-

ing 10 Asp to a repebody, however, this approach failed to 

increase secretion efficiency. In the case when oligo-Asp was 

attached to the N-terminal of the repebody (pFD10-repe-

body), the secretion decreased compared to a wild type 

repebody. This result seems to be caused by either a reduc-

tion in mRNA stability or translation rate due to alterations 

in the secondary structure, or due to reduced protein half- 

life as reported previously [3].

Accordingly, we developed another method to decrease 

the net charge of the repebody by replacing positively charg-

ed amino acids with negatively charged amino acids. Based 

on the structural modeling results, we confirmed that the 

amino acid substitutions did not modify the theoretical 

structure of the repebody. As a result of negative super-
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A B

Fig. 4. Design of repebody (-). (A) Figure shows an alignment of the amino acid sequences of the wildtype repebody and repebody 

(-). Specific positively charged amino acids (shown in blue) were manually substituted for aspartate (shown in red). (B) SWISS 

3D model of repebody (-). The residues in red indicate where the amino acid sequences were changed into aspartate. Only 

residues in the convex region were selected. 

Fig. 5. Secretion of repebody (-). Western blot analysis was per-

formed to check the secretion of repebodies of different 

charges by P. fluorescens using an anti-LARD3 primary 

antibody. The repebody-5 gene was positively (+) and 

negatively (-) supercharged. The P. fluorescens was cul-

tured in TB medium at 25℃. Although both the neg-

atively and positively supercharged repebody proteins 

had similar molecular weights with the wild type repe-

body, they showed different band locations on the 

membrane. For the comparison, equivalent amounts of 

cell extract and culture supernatant (16 μl) were loaded 

onto the gel. A 50 ng control sample was loaded as a 

reference. The protein bands in the cell (labelled “C”) 

and supernatant (labelled “S”) lane of the negatively su-

percharged repebody-5 was slightly shifted upwards. On 

the other hand, the protein band in the cell lane of the 

positively supercharged repebody-5 was slightly shifted 

downwards and no protein band can be seen in the su-

pernatant lane. (-), repebody (-); WT, WT repebody; (+), 

repebody (+); M, Size Marker.

Repebody-5 (-)

Fig. 6. Purification of repebody (-). After separating out the su-

pernatant from the harvested broth by centrifugation, 

the supernatant was run through a Ni-NTA column for 

purification of repebody proteins via His-tag binding. 

The results were analyzed by SDS-PAGE. Lane1, Elution 

1; Lane 2, Elution 2; Lane 3, Elution 3; Lane 4, Elution 

4; Lane 5, Elution 5; Lane 6, Elution 6; M, size marker. 

Elution 3 (E3) and Elution 4 (E4) shows high concen-

tration of purified H6repebody. The size of the purified 

protein is indicated by an arrow (41.3 kDa).

charging, the secretion rate was highly increased. Super-

charged GFP (-36) has already been seen to secrete well with-

out destroying protein folding or function [3, 9]. For further 

study, we need to carry out various experiments to validate 

the structure and function of the modified repebody for fu-

ture commercial use. In addition, this method can be applied 

to other proteins to effectively increase production efficiency. 

The   repebodies have been developed in order to have 

highly specific affinity to various target proteins. Its poten-

tial as a therapeutic antibody capable of blocking related cell 

signaling pathways by binding to target proteins as well as 
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its ability to reduce related diseases has been demonstrated 

extensively [6, 7, 10, 22]. The repebody used in our research 

is a wild type repebody lacking any biochemical activity. 

In later experiments, we plan to check whether the neg-

atively supercharged repebody retained the same activity as 

the original one. If the negatively supercharged repebody 

is shown to have the same activity as the wild type, it will 

become a viable alternative for intracellular production of 

repebody in E. coli. 

In conclusion, we successfully designed and produced 

negatively supercharged repebody. Repebody (-) was ex-

pressed in P. fluorescens and secreted through an ABC trans-

porter system, where it displayed a vastly improved secre-

tion efficiency. The negatively supercharged repebody was 

analyzed and found to have a similar structure to the origi-

nal repebody based on SWISS modeling.
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록：단백질의 과 하화를 이용한 인공 항체의 분비 개선

박지연1,3†․최희주2†․이혜진2†․안정훈2,3*

(1지능형 바이오시스템 설계 및 합성 연구단, 2한국과학기술원, 3KAIST 부설 한국과학영재학교)

Repebody는 비면역 글로블린 인공 항체로 저렴하고 빠르게 생산 가능한 맞춤형 항체이다. 그러나 의료용 re-

pebody의 생산은 저수율 및 복잡한 정제 공정으로 인해 여전히 어려움을 겪고 있다. Pseudomonas fluorescens의 

ABC transporter를 사용한다면 생산 공정을 간소화하고 비용을 줄일 수는 있지만 repebody는 양전하를 띠어 분

비 효율이 낮다. 따라서 등전점(pI)이 높은 repebody의 등전점을 낮추어 음전하를 띄도록 해야 한다. 이것을 위해 

repebody의 N 말단과 C 말단에 연속된 아스파탐산을 붙여 보았지만 분비가 증가하지 않았다. 다른 방법으로 

ABC transporter를 통한 repebody 분비 효율을 높이기 위해 repebody의 항원 결합 부위의 반대쪽에 존재하는 

열다섯 개의 양전하 아미노산을 아스파탐산으로 변환하여 repebody 표면이 강한 음전하를 띠도록 하였다. 그 결

과, 기존 repebody의 발현 단백질 당 분비효율은 21.2%였으나 변형한 과음전하 repebody의 분비효율은 58.5%로 

향상되었다. 결론적으로 과음전하를 통해 만들어진 repebody는 P. fluorescens에 의해 세포 바깥에 분비 생산할 

수 있었다.

tion mutant of Pseudomonas fluorescens suitable for ex-

tracellular protein production. Appl. Environ. Microbiol. 78, 

8454-8462.

18. Thompson, D. B., Cronican, J. J. and Liu, D. R. 2012. 

Engineering and identifying supercharged proteins for mac-

romolecule delivery into mammalian cells. Meth. Enzymol. 

503, 293-319.

19. Velikovsky, C. A., Deng, L., Tasumi, S., Iyer, L. M., Kerzic, 

M. C., Aravind, L., Pancer, Z. and Mariuzza, R. A. 2009. 

Structure of a lamprey variable lymphocyte receptor in com-

plex with a protein antigen. Nat. Struct. Mol. Biol. 16, 725- 

730.

20. Velikovsky, C. A., Deng, L., Tasumi, S., Iyer, L. M., Kerzic, 

M. C., Aravind, L., Pancer, Z. and Mariuzza, R. A. 2009. 

Structure of a lamprey variable lymphocyte receptor in com-

plex with a protein antigen. Nat. Struct. Mol. Biol. 16, 725- 

730.

21. Wilkins, M. R., Gasteiger, E., Bairoch, A., Sanchez, J. C., 

Williams, K. L., Appel, R. D. and Hochstrasser, D. F. 1999. 

Protein identification and analysis tools in the ExPASy 

server. Methods Mol. Biol. 112, 531-552.

22. Yun, M., Kim, D. Y., Lee, J. J., Kim, H. S., Kim, H. S., Pyo, 

A., Ryu, Y., Kim, T. Y., Zheng, J. H., Yoo, S. W., Hyun, 

H., Oh, G., Jeong, J., Moon, M., Min, J. H., Kwon, S. Y., 

Kim, J. Y., Chung, E., Hong, Y., Lee, W., Kim, H. S. and 

Min, J. J. 2017. A high-affinity repebody for molecular imag-

ing of EGFR-expressing malignant tumors. Theranostics 7, 

2620-2633.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


