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Abstract An extracellular matrix protein, 

transforming growth factor-beta-induced protein 

(TGFBIp/βig-h3), which is induced by transforming 

growth factor-β in the human cornea, skin, and matrix 

of many connective tissues, is associated with the 

adhesion, migration, proliferation, and differentiation 

of various cells. TGFBIp contains four homologous 

repeat domains, known as FAS1 domains, where 

certain mutations have been considered to cause 

corneal dystrophies. In this study, backbone NMR 

assignments of FAS1-3/FAS1-4 tandem domain were 

obtained and compared with those previously known 

for the isolated FAS1-4 domain. The results 

corroborate in solution the inter-domain interaction 

between FAS1-3 and FAS1-4 in TGFBIp. 

 

Keywords Blvrb, dialysis using micro-dialyzer, 1-

dimensional HSQC experiment, 15N-labeled protein, 

protein refolding  

 

 

Introduction 

 

Human transforming growth factor β-induced protein 

(TGFBIp), composed of 683 amino acid residues, was 

first identified through the analysis of gene expression 

induced by transforming growth factor β in cancer cell 

lines.1 It is found ubiquitously in the extracellular 

matrix (ECM) of the various tissues and organ systems 

such as cornea, skin, bone, tendon endometrium, and 

kidney.2-4 It is also found in the circulation, at ~300 

ng/ml and in platelets.5 The biological key role of 

TGFBIp has not been understood clearly, however, 

TGFBIp is known to play important roles in 

physiologic and pathologic responses such as wound 

healing, angiogenesis and inflammatory diseases by 

mediating cell adhesion.3 It has been also reported that 

abnormal accumulation and stroma of insoluble 

mutated TGFBIp as amorphous and/or amylogenic 

form are related to TGFBIp-associated corneal 

dystrophies (CDs).4, 6 

TGFBIp contains a secretory signal peptide sequence, 

a cysteine-rich EMI domain, four homologous  Fas1 

domains and a classic integrin-recognition motif 

(RGD, residues R642-D644).7 The FAS1 domain 

represents a cell adhesion domain homologous to 

fasciclin I protein in Drosophila and mutations of 

several residues in these domains cause TGFBIp-
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CDs.8, 9 In order to understand its function clearly, 

structure-based analyses with atomic resolution are 

essential. So far, most of structural studies have been 

conducted on the isolated FAS1-4 domain.10-12 

Recently, a crystal structure containing four FAS1 

domains was reported.3 Crystal structure describes 

that FAS1 domains are sandwiches of two 

perpendicular four-stranded β sheets decorated with 

two three-helix insertions, and adjacent domains 

FAS1-1/FAS1-2 and FAS1-3/FAS1-4 tightly interact 

in an equivalent manner. However, crystal structure is 

not frequently enough to explain structure-dynamics-

function linkage. In order to fill this inadequate aspect, 

NMR is open used. Given the facts that integrin 

binding residues and the dystrophic mutations are 

found at FAS1-4 and FAS1-4 is strongly linked to 

FAS1-3, NMR studies on FAS1-3/FAS1-4 is essential 

to elucidate exact mechanism of TGFBIp at an atomic 

resolution. 

 

 

Experimental Methods 

 

Cloning and Plasmid Construction −  A DNA 

plasmid of full length TGFBIp was provided from 

Kim and colleagues affiliated in department of 

biochemistry, school of medicine, Kyungpook 

National University.  

The cDNAs of FAS1-3/FAS1-4 and FAS1-4 domain 

of TGFBIp, respectively, was amplified by 

polymerase chain reaction (PCR), and the cDNA was 

ligated into a pET15b vector using two restriction 

endonuclease sites, NdeI and XhoI. Final constructs 

contain N-terminal poly-histidine purification tag, 

MGHHHHHHG-, to facilitate efficient purification. 

 

Recombinant expression of FAS1 domains of TGFBIp 

in E. coli − The vectors containing cDNA of FAS1-

3/FAS1-4 and FAS1-4, respectively, were transformed 

into E. coli BL21(DE3) pLysS (Novagen), which 

produces T7 lysozyme to reduce basal level 

expression of the gene of interest. The product of the 

transformed culture was plated on LB-agar containing 

antibiotic resistances, ampicillin and chloramphenicol, 

before overnight incubation at 37 °C. A single colony 

from a freshly streaked plate was used to inoculate a 

starter culture with 5 ml of LB media and incubate at 

37 °C for approximately 8 hours. A starter culture was 

transferred to a large flask with M9 media containing 

ampicillin, chloramphenicol, 0.1 mM CaCl2, 1 mM 

MgSO4, 1 g/L 15N-ammonium chloride and 1 g/L 13C-

glucose for isotope labeling. Protein expression was 

induced with the addition of 1 mM IPTG when the 

OD600 reached 0.6. Following 8 hours of induction the 

cells were harvested by centrifugation. 

 

Purification of FAS1 domains of TGFBIp − Harvested 

cells were resuspended in 100 mL of lysis buffer 

(20 mM Tris-HCl buffer, pH 7.3, 100 mM NaCl, and 

20 mM imidazole and 0.2 ml of phenylmethylsulfonyl 

fluoride). Cell suspensions were lysed by sonication, 

and supernatants were collected by centrifugation at 

15000 rpm for 30 min. Subsequently, supernatants 

were loaded onto nickel-affinity resin and the resin 

was washed with washing buffer containing 70 mM 

imidazole. FAS1 domains of TGFBIp were eluted 

Figure 1. Identify-based sequence alignment of FAS1 domains in TGFBIp 
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using imidazole gradient manner, from 70 mM to 1 M 

imidazole. Next, the eluted FAS1 domains were 

digested by human thrombin at 22 °C, and followed 

by the removal of thrombin and other impurities via 

the sequential applications of Q-FF anion-exchange, 

and gel-permeation chromatography. The eluted 

proteins were buffer-exchanged to final buffer (20 

mM Tris-HCl containing 100 mM NaCl, at pH 7.3) 

and concentrated at 4 °C using a centrifugal 

concentrator (10 kDa Amicon Ultra, EMD Millipore). 

The final concentration of protein was determined by 

using the extinction coefficient at 280 nm that was 

predicted by using sequence information. 

 

NMR spectroscopy − All NMR spectra were measured 

using Bruker 800, 900 MHz NMR spectrometers 

equipped with TXI cryoprobes at 25 °C. NMR data 

were processed with NMRPipe, and analyzed with 

NMRView software. The chemical shifts of data were 

referenced directly to DSS for the 1H atoms and 

indirectly for the 13C and 15N, using the chemical shift 

ratio value suggested in the BMRB 

(http://www.bmrb.wisc.edu). In order to complete 

assignment of backbone atoms, 3-dimenstional (3D) 

spectra such as HNCACB, HN(CO)CACB, 

HN(CA)CO and HNCO were measured. 

 

 

Results and discussion 

 

Sequence comparison of FAS1 domains − TGFBIp 

contains repeated four FAS1 domains, however, the 

sequence homology is not high, since the identities are 

only 18-33 % (figure 1). Whereas, according to 

reported crystal structure (PDB ID 5NV6), the four 

domains have high structural similarities with high 

root-mean-square deviation values of 1.4-3.3 Å. 

Secondary structure of FAS domains are similar but 

not same each other. For example, FAS1-1 contains 

additional helix (res. 182-187) and FAS1-3 lacks a 

helix.13 

 

Figure 2. Assigned 1H-15N TROSY-HSQC spectrum of FAS1-3/FAS1-4. The spectrum was recorded in 900 MHz NMR 

spectrometer in 20 mM Tris- HCl containing 100 mM NaCl, at pH 7.3 

http://www.bmrb.wisc.edu/
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Backbone assignment of FAS1-3/FAS1-4 − In this work, 

FAS1-3/FAS1-4 and FAS1-4 were successfully over-

expressed and purified via the protocol described 

above. 1H-15N HSQC spectrum of FAS1-3/FAS1-4 

shows well dispersed amide peaks (7 – 11 ppm), which 

indicates that FAS1-3/FAS1-4 contains β-strands and 

is well folded. Furthermore, most of amide peaks 

could be observed (253 of the 254 expected peaks). 

Backbone NMR resonances were successfully 

assigned using standard 1H-15N TROSY-HSQC 

(Figure 2) and TROSY-based triple-resonances14; 

93.8 % of backbone chemical shifts were complete for 

FAS1-3/FAS1-4 (Table 1). FAS1-4 was also 

successfully assigned by using 3D NMR spectra. 

 

Comparison of the NMR chemical shifts to the crystal 

structure − Each protein structure determined using 

solution NMR and crystallography sometimes has 

different characteristics. Therefore, it was necessary to 

compare the structural characteristics obtained by 

solution NMR with those obtained from the existing 

crystal structure. Due to the lack of 3D solution 

structure of FAS1-3/FAS1-4 in this work, the 

comparison of secondary structures was selected as 

alternative. Secondary structure of FAS1-3/FAS1-4 

was defined using chemical shift index (CSI) of Cα, 

Cβ, CO atoms. In the figure 2, the positive bars of ∆Cα 

and ∆CO, and the negative bars of ∆Cβ indicate alpha 

helix and the negative bars of ∆Cα and ∆CO, and the 

positive bars of ∆Cβ indicate beta strand. According 

to crystal structure, FAS1-3/FAS1-4 contains twelve α 

helices and fourteen β sheets, which is presented as 

secondary structure diagram at the top of figure 3. As 

shown in the figure 3, secondary structure defined 

using NMR data is relatively well in accordance with 

that of crystal structure. In other words, NMR data 

reported in the present work and the crystal structure 

can be used complementarily. 

 

Structural comparison between FAS1-3/FAS1-4 and 

FAS1-4 − In this work, both truncated proteins, FAS1-

3/FAS1-4 and FAS1-4 were prepared, and well-

separated 1H-15N TROSY-HSQC spectra of those were 

collected. The chemical shifts of amide 1H and 15N can 

provide useful structural information which is 

influenced by different factors in their local 

environment. Especially, 1H-15N HSQC correlation 

spectrum is frequently used to detection of protein 

Figure 3. Secondary structure of FAS1-3/FAS1-4 based on the crystal structure and NMR data. 

upper secondary diagram is represented according to crystal structure (PDB ID 5NV6) and 

deviations of the observed chemical shift values for backbone 13Cα, 13Cβ and 13CO resonances 

from corresponding random coil chemical shift values.  
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folding state and protein-protein(ligand) interaction. 

For that reason, chemical shift perturbations (CSP) 

between FAS1-3/FAS1-4 and FAS1-4 were analyzed 

to understand direct interaction of FAS1-4 with FAS1-

3. These perturbations are mapped onto a FAS1-4 

structure where CSP values are shown as radius to 

reveal interaction sites. The result of CSP also shows 

that the region of structural changes in the FAS1-4 

caused by adding FAS1-3 are well match to the 

interface between FAS1-3 and FAS1-4 in the crystal 

structure, which is represented in the blue circular 

region in the figure 4. Interestingly, the residues 

located in the magenta circle belongs to protein core 

region that contributes to protein folding and stability 

in the figure 4, nevertheless, those seem to undergo 

dynamic changes according to CSP results. In this 

work, detailed dynamic data was not provided, 

however, the NMR information would be useful to 

proceed protein dynamic studies.15 

TGFBIp-CDs are known to be caused by the aberrant 

accumulation of proteins possessing mutated residues 

on the 53 positions reported in the current clinical 

literature where they are mainly located in FAS1-4 (43 

position) colored red on the structure in the figure 4 

and FAS1-1 (7 position).9 24 of the 43 mutation sites 

in FAS1-4 and 2 sites in FAS1-3 (not presented in 

figure 4) are at least partially exposed to surface. The 

others are located at the inside region. In general, a 

surface-exposed region is possibly associated to 

protein-protein or protein-ligand interaction and the 

core region participates to protein folding or stability.9, 

16 In the same context, the disease-related mutations of 

FAS1-4 belonging to both region, protein surface and 

core, affect binding capacities or stability of TGFBIp. 

Nevertheless, the exact mechanism of mutation sites 

as well as the reason why those are located on mainly 

FAS1-1 and FAS1-4 are not clear yet. The NMR 

assignment data reported here would be essential for 

further structural studies to answer those questions. 

 

Figure 4. Chemical shift perturbation and disease-related mutations marked 

on crystal structure of FAS1-3/FAS1-4 (PDB ID 5NV6). Radius and red color 

represent CSP values calculated from 1H and 15N shifts and disease-related 

mutation sites, respectively. Circle filled with blue and magenta circle indicate 

FAS1-3/FAS1-4 interface and dynamic changes-predicted region 
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Table 1. Backbone assignments of FAS1-3/FAS1-4 



7  Structural analysis of FAS1-3/FAS1-4 domain from TGFBIp 

  

 

 

 

 

 

 

Acknowledgements 

 

This work was supported by the research grant of the Chungbuk National University in 2017 and NRF-

2019R1F1A1057427. The use of NMR was supported by the Korea Basic Science Institute under the R&D 

program (Project No. D39701) supervised by the Ministry of Science and ICT. 

 



Dong-Hoon Kang et al. / J. Kor. Magn. Reson. Soc., Vol. 24, No. 1, 2020 8 

 

 

 

References 

 

1. J. Skonier, M. Neubauer, L. Madisen, K. Bennett, G. D. Plowman, and A. F. Purchio, DNA Cell Biol. 11, 511 

(1992) 

2. J. Escribano, N. Hernando, S. Ghosh, J. Crabb, and M. Coca-Prados, J. Cell Physiol. 160, 511 (1994) 

3. R. Lakshminarayanan, S. S. Chaurasia, E. Murugan, A. Venkatraman, S. M. Chai, E. N. Vithana, R. W. 

Beuerman, and J. S. Mehta, Ocul. Surf. 13, 9 (2015) 

4. K. E. Han, S. I. Choi, T. I. Kim, Y. S. Maeng, R. D. Stulting, Y. W. Ji, and E. K. Kim, Prog. Retin. Eye Res. 

50, 67 (2016) 

5. R. B. Andersen, H. Karring, T. Moller-Pedersen, Z. Valnickova, I. B. Thogersen, C. J. Hedegaard, T. 

Kristensen, G. K. Klintworth, and J. J. Enghild, Biochemistry 43, 16374 (2004) 

6. J. S. Weiss, H. U. Moller, A. J. Aldave, B. Seitz, C. Bredrup, T. Kivela, F. L. Munier, C. J. Rapuano, K. K. 

Nischal, E. K. Kim, J. Sutphin, M. Busin, A. Labbe, K. R. Kenyon, S. Kinoshita, and W. Lisch, Cornea 34, 

117 (2015) 

7. N. Thapa, B. H. Lee, and I. S. Kim, Int. J. Biochem. Cell Biol. 39, 2183 (2007) 

8. J. Skonier, K. Bennett, V. Rothwell, S. Kosowski, G. Plowman, P. Wallace, S. Edelhoff, C. Disteche, M. 

Neubauer, and H. Marquardt, DNA Cell Biol. 13, 571 (1994) 

9. C. Kannabiran and G. K. Klintworth, Hum. Mutat. 27, 615 (2006) 

10. R. V. Basaiawmoit, C. L. Oliveira, K. Runager, C. S. Sorensen, M. A. Behrens, B. H. Jonsson, T. Kristensen, 

G. K. Klintworth, J. J. Enghild, J. S. Pedersen, and D. E. Otzen, J. Mol. Biol. 408, 503 (2011) 

11. J. Underhaug, H. Koldso, K. Runager, J. T. Nielsen, C. S. Sorensen, T. Kristensen, D. E. Otzen, H. Karring, 

A. Malmendal, B. Schiott, J. J. Enghild, and N. C. Nielsen, Biochim. Biophys. Acta 1834, 2812 (2013) 

12. J. H. Yoo, E. Kim, J. Kim, and H. S. Cho, Acta Crystallogr. Sect. F Struct. Biol. Cryst. Commun. 63, 893 

(2007) 

13. R. Garcia-Castellanos, N. S. Nielsen, K. Runager, I. B. Thogersen, M. V. Lukassen, E. T. Poulsen, T. Goulas, 

J. J. Enghild, and F. X. Gomis-Ruth, Structure 25, 1740 (2017) 

14. K.-S. Jo, D.-W. Sim, E.-H. Kim, D.-H. Kim, Y.-B. Ma, J.-H. Kim, and H.-S. Won, J. Kor. Magn. Reson. Soc. 

22, 64 (2018) 

15. S. Yoo and C.-J Park, J. Kor. Magn. Reson. Soc. 22, 18 (2018) 

16. K. Runager, R. V. Basaiawmoit, T. Deva, M. Andreasen, Z. Valnickova, C. S. Sorensen, H. Karring, I. B. 

Thogersen, G. Christiansen, J. Underhaug, T. Kristensen, N. C. Nielsen, G. K. Klintworth, D. E. Otzen, and 

J. J. Enghild, J. Biol. Chem. 286, 4951 (2011) 


