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SUPPLEMENTARY METHODS   

Cell lines and culture conditions 

The human lung adenocarcinoma cell lines, CL1-0 and CL1-5 were derived from in 

vitro Transwell and in vivo metastasis selection as previously described (1). A549 (a 

human lung adenocarcinoma cell line) was purchased from American Type Culture 

Collection (ATCC). H226 (a human lung squamous cell carcinoma cell line), EKVX 

(a human lung adenocarcinoma cell line) cells were purchased from the National 

Cancer Institute’s Developmental Therapeutics Program (NCI, Bethesda, MD). 

Aauthentication of these cells were performed by short tandem repeat analysis. The 

CL1-0 and CL1-5 cells were maintained in DMEM media supplemented with 10% 

fetal bovine serum (FBS). A549, H226, EKVX cells were maintained in RPMI media 

supplemented with 10% fetal bovine serum (FBS). 

 

Plasmids and transfection 

The FAM198B expressing plasmid, pcDNA3.1-FAM198B-V5, was constructed by 

cloning the full-length human FAM198B cDNA into the pcDNA3.1 vector with 

C-terminal V5 tag (Life Technologies, Grand Island, NY). FAM198B mutants were 

generated by site-directed mutagenesis with a QuickChange II XL kit (Agilent 

Technologies, Santa Clara, CA) and using the primers: for S137A, forward 

5’-GAAAAAGCATGCAGTGGCAGCGGCTGCCCC-3’ and reverse 

5’-GGGGCAGCCGCTGCCACTGCATGCTTTTTC-3’; for S149A, forward 5’- 

GCTTTGGTCGGACCAGCCCTTCAGCCG-3’ and reverse 

5’-CGGCTGAAGGGCTGGTCCGACCAAAGC-3’; for N98Q, forward 5'-

CAGAGTCCCAGGGCCAGGGGTCCACTCTGCA3' and reverse 5'-

TGCAGAGTGGACCCCTGGCCCTGGGACTCTG3'; for N289Q, forward 5'-

GATCCTGGGGCTCCAGAGGACCCTGCCGT3' and reverse 5'-

ACGGCAGGGTCCTCTGGAGCCCCAGGATC3'; for N322Q, forward 

5'-TGCATCTTTATCTTCAGCAAGTCAGGACACCCATTCTTCTGTTAAGC-3' 

and reverse 

5'-GCTTAACAGAAGAATGGGTGTCCTGACTTGCTGAAGATAAAGATGCA-3'. 

And all cells transfection experiments were performed with Lipofectamine 2000 

reagent (Life Technologies) in accordance with the manufacture’s protocols. 

 

Viruses and transduction 

pLKO.1/shLacZ and pLKO.1/shFAM198B lentiviral vectors (shFAM198B sequences 

were listed as Supplementary Table S7) were obtained from National RNAi Core 

Facility (Academia Sinica, Taiwan) and prepared for lentivirus in accordance with the 

standard protocol. Briefly, lentiviruses were produced by transient transfection in 
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HEK293T cells with pLKO.1/shRNA, pCMVΔR8.91, and pMDG vectors. 

Virus-containing medium was harvested at 48 and 72 h post-transfection and filtered 

with 0.45μm filter as described (2, 3), and CL1-0 and EKVX cells were infected with 

lentivirus containing medium supplemented with 8 μg/ml polybrene. After 24 h 

infection, the pooled FAM198B-scilencing cells were selected by puromycin 

treatment. 

 

Real-time Quantitative Polymerase Chain Reaction  

Total RNA was extracted from the tumor specimens and cultured cell lines, and the 

following cDNA preparation and PCR reaction were as described previously (4). 20 

ng RNA or 10 ng cDNA were served as the template for mRNA expression detection 

in real-time quantitative Polymerase Chain Reaction (PCR). For TaqMan real-time 

quantitative RT-PCR, the primers sets for FAM198B (Hs00930738_m1) and the 

internal control, TBP (Hs00427621_m1) were purchased from Life Technologies. For 

SYBR Green real-time quantitative PCR, the primer sequences were listed in 

Supplementary Table S8. The relative mRNA expression of target gene was 

determined as -∆CT=-[CTtarget-CTinternal control]. The target/internal control mRNA ratio 

was calculated as 2-∆CT × K, in which K is a constant. All experiments were performed 

in triplicate.  

 

Immunoprecipitation and immunoblot 

Briefly, to detect the FAM198B-ubiquitin complex, the whole-cell lysates were 

prepared with immunoprecipitation (IP) lysis buffer [50 mM Tris pH 7.4, 150 mM 

sodium chloride, 0.1% NP-40] containing protease inhibitor and phosphatase inhibitor 

(Roche Diagnostics GmbH, Mannheim, Germany) and passed several times through a 

21-guauge needle. The protein lysates were incubated 18 h with anti-V5 antibody 

(Life Technologies) at 4°C. Protein A/G PLUS-Agarose beads (Santa Cruz 

Biotechnology, Santa Cruz, CA) were added to the immunoprecipitates and incubated 

at 4°C for 1 h. The bound beads were collected by centrifugation and washed 4 times 

in PBS with protease inhibitor and phosphatase inhibitor. For the immunoblot, the 

cells were collected and incubated in the RIPA buffer (50 mM Tris-HCl pH 8, 150 

mM sodium chloride, 1 % NP-40, 0.5 % sodium deoxycholate, 0.1 % SDS) 

containing 1X Complete Protease Inhibitor Cocktail (Roche Diagnostics GmbH). The 

protein samples were separated by SDS-PAGE gels and transferred onto PVDF 

membranes (Millipore, Billerica, Massachusetts) which were blotted with indicated 

antibodies: anti-HA Ab (Genetex, Irvine, CA), anti-V5 Ab (Life Technologies), 

anti-β-actin Ab (Genetex), anti-MMP-1 Ab (R&D Systems, McKinley Place, NE), 

anti-ERK Ab and anti-phosphoERK Ab (Cell Signaling Technology, Danvers, MA). 
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Proteins were detected by the Enhanced Chemiluminescence (ECL) kit (Millipore) 

and detected by FUJIFILM LAS-4000 ECL system (Fujifilm, Tokyo, Japan). 

 

In vitro invasion and migration assays 

Transwell chambers (8 μm pore size; BD Biosciences, Franklin Lake, NJ) were 

utilized to perform in vitro invasion and migration assays, which the detailed 

procedures as described previously (4). Briefly, cells were suspended in DMEM or 

RPMI serum free medium and placed in the Matrigel (R&D Systems) coated or 

non-coated upper chambers while 1 ml medium containing 10% FBS was placed in 

the lower chambers. Cells were incubated at 37°C for 8 h in migration assay and 18 

h in invasion assay; cells were fixed with methanol and stained with Giemsa solution 

(Sigma-Aldrich, St. Louis, MO, USA). All experiments were assayed in triplicate. 

 

Single-cell tracking migration assay 

Cells were seeded into 96-well blank plates (500 cells / well) (Corning, Tewksbury, 

MA, USA) and incubated overnight. Then, cells were stained with CellTrackerTM 

Green CMFDA dye (Life Technologies) for 1 h at 37°C and cell movements were 

monitored at 30-min intervals using high content screening system (Molecular 

Devices, Sunnyvale, CA, USA). Video images were collected and stored as image 

stacks using MetaMorph software (Molecular Devices). 

 

Cell proliferation assay and anchorage-independent growth assay 

For cell proliferation assay, the cells were seeded into 96-well plates (103 cells / well) 

and incubated for various durations. At each time point, cell proliferation was 

evaluated by thiazolyl blue tetrazolium bromide (MTT) assay, according to 

previous protocol (4). For anchorage-independent growth assay, which was done as 

described previously (5). Briefly, 6-well plates were coated with a base layer of 0.7% 

agar (Agar Noble, BD Biosciences) in PBS. In the second layer, the cells were seeded 

in 3 ml DMEM medium at a density of 500 cells per well supplemented with 10% 

FBS of 0.35% agar. And 3 ml DMEM medium supplemented with 10% FBS was 

covered onto the second layer. After incubated at 37°C for 14 days, the cells were 

fixed with 4% paraformaldehyde, stained with 0.05% crystal violet and photographed.  

 

Microarray and pathway analysis 

Briefly, the 2 μg total RNAs were extracted from CL1-5/FAM198B and CL1-5/mock 

control cells and reverse-transcribed by random primers. The cDNA products were 

used for Affymetrix U133 plus chips hybridization (Affymetrix, Santa Clara, CA) by 

the Integrated Core Facility for Functional Genomics of the National Core Facility 



4 
 

Program for Biotechnology, Ministry of Science and Technology (MOST), Taiwan. 

All hybridization experiments were performed in biological triplicate. Data were 

filtered by 2-fold change (up-regulated), 0.5-fold change (down-regulated) and false 

discovery rate less than 0.05 by GeneSpring v.11.5 (Agilent, Santa Clara, CA). To 

functionally interpret the role of these candidate genes, we carried our biological 

network analysis and biological process analysis by MetaCore pathway analysis 

software (GeneGo, St. Joseph, MI).  

 

Glycosidase assay 

Cells were first lysed in RIPA buffer. Thirty micrograms of total protein was mixed 

with glycoprotein denaturing buffer (New England Biolabs, Ipswich, MA) and 

incubated for 10 min at 100°C. For endoglycosidase H (Endo H), peptide 

N-glycosidase F (PNGase F), and O-glycosidase (New England Biolabs) treatments, 

the appropriate buffer and enzyme were added to each reaction according to the 

manufacturer’s instructions, and the reactions were incubated at 1 h at 37°C. After 

glycosidase treatment, SDS-PAGE sample buffer was added, and the sample was 

boiled for 5 min at 100°C. For tunicamycin experiments, cells were cultured with 

various concentrations of tunicamycin in DMEM medium containing 10% FBS at 

37°C for 24 h. 

 

Identification of intact N-glycopeptides by LC-MS/MS  

FAM198B-V5 protein was immunoprecipitated from CL1-5/FAM198B mixed stable 

cells and the samples were fractionated by 8% SDS-PAGE. The FAM198B protein 

bands were visualized by Coomassie Brilliant Blue staining. The upper and 

intermediate bands were excised, destained, reduced by 5 mM TCEP at 37℃ for 30 

min in the dark and then alkylated in the dark with 20 mM iodoacetamide at 37℃ for 

1 h. After stopping the carbamidomethylation, the gels were digested with 1/25 (v/v) 

trypsin (sequencing grade, Promega Corp., Madison). Total peptides were extracted 

from gel and intact glycopeptides were enriched by ZIC-HILIC stage-tip. The purified 

glycopeptides were eluted by 0.1% TFA, dried, and desalted by C18 Zip-tip. The 

dried peptides were resuspended with 10 μl solvent A (A: water with 0.1% formic 

acid; B: ACN with 0.1% formic acid), separated by nanoLC, and analyzed by on-line 

electrospray tandem mass spectrometry. The experiments were performed on a Nano 

Aquity UPLC system (Waters Corporation, Milford, MA) connected to Orbitrap Velos 

mass spectrometer (Thermo Fisher Scientific, Bremen, Germany). The Orbitrap Velos 

was operated in the data-dependent mode (DDA) to switch automatically between MS 

and MS/MS acquisition. The top-ten precursor ions were selected and fragmented by 

collision-induced dissociation (CID) and higher-energy collisional dissociation (HCD) 
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mode at the same time. All MS/MS spectra were analyzed using Byonic software 

(Protein Metrics, San Carlos, CA, version 2.3) with peptide missed cleavage sites 

lower than two, precursor ion mass tolerance 10 ppm, fragment ion tolerance 20 ppm 

for HCD and 0.6 Da for CID. Carbamidomethyl (C), deamidation (NQ), and oxidation 

(M) were selected as variable modifications. FAM198B protein fasta and the 

mammalian N-glycans database without NeuGc were set as protein database and 

glycan database, respectively. The offset was set for >1, the score should higher than 

30, and the reversed peptide sequence identifications were also considered. 

 

Protein stability assay 

To measure the protein stability of the N-glycosylation defective FAM198B mutants, 

the cycloheximide chase experiment was performed. The stably 

FAM198B-expressing CL1-5 cells were treated with 0.1 mg/ml cycloheximide for the 

time periods indicated and the protein lysates were prepared and immunoblotting 

analysis was performed. 

 

Immunofluorescence analysis 

Cells were cultured on the 8-well Lab-Tek II chamber slides (Thermo Fisher 

Scientific, Waltham, MA) at 37°C for 48 h. The cells were fixed with 4% 

paraformaldehyde, washed 3 times with PBS, permeabilized and blocked with PBS 

containing 5% FBS and 0.1% Triton-X100. Then, the cells were stained with mouse 

monoclonal anti-V5/FITC antibody (Life Technologies) at a 1:100 dilution in PBS 

containing 5% FBS at 4°C for 12 h and incubated for 1 h at room temperature 

with Alexa Fluor 488 conjugated goat anti-mouse IgG2a secondary antibodies (Life 

Technologies). Finally, the Golgi apparatus was stained with BODIPY-TR ceramide 

(Life Technologies) and the nucleus stained with 6-diamidino-2-phenylindole 

dihydrochloride (DAPI). Fluorescent images were taken by a confocal microscope 

(LSM510, Zeiss, German). 

 

SUPPLEMENTARY FIGURE LEGENDS 

Supplementary Figure S1. FAM198B expression in CL1–0 is higher than in 

CL1-5 cells. The FAM198B mRNA expression of CL1-0 cells was assayed by 

expression microarray and qRT-PCR, respectively and compared with that of CL1-5 

cells. *P value <0.05, two-sided, Student’s t test. All data presented were mean ± SD 

(n = 3). TBP served as an internal control. 

 

Supplementary Figure S2. FAM198B mRNA expressions in various lung cell 

lines. Relative mRNA expressions of FAM198B were detected in 11 lung cancer cell 
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lines by qRT-PCR. All data presented were mean ± SD (n = 3). TBP served as the 

internal control. 

 

Supplementary Figure S3. Knockdown of FAM198B promotes cell invasion and 

proliferation. (A) Knockdown efficiency of nine FAM198B shRNA vectors. 

HEK293T cells were transiently cotransfected with V5-tagged FAM198B-expressing 

and pLKO/shFAM198B vectors. The co-transfection of V5-tagged FAM198B and 

pLKO/shLacZ was served as the negative control and the transfection of empty 

expression vector was served as the mock control. Cell lysates were analyzed by 

immunoblotting and probed with anti-V5 antibody. β-actin served as an internal 

control. (B) Knockdown of FAM198B increases cell invasiveness and proliferation in 

CL1-0 cells. Left panel: CL1-0 cells were transduced with shLacZ, shFAM198B#2 or 

shFAM198B#7 lentivirus, subjected to puromycin selection, and then examined the 

cell invasion by Transwell invasion assays (n =3). Middle panel: the cell proliferation 

of FAM198B-scilencing CL1-0 cells was measured by MTT assays. The optical 

density (OD) at 570 nm was detected at indicated time points (n = 4). Right panel: the 

mRNA expression of FAM198B-scilencing CL1-0 cells was determined by qRT-PCR. 

GAPDH served as the internal control. *P value <0.05, Student’s t test, as compared 

with CL1-0 cells transduced with shLacZ lentivirus. All data presented were mean ± 

SD (n=3).  

 

Supplementary Figure S4. LC-MS/MS spectrums of FAM198B N-glycosylation 

on N322 and N98. (A) The intact glycopeptide ASLSSASSN322D (m/z 1119.957, 2+) 

with glycan structure HexNAc(3)Hex(3)Fuc(2) was selected into MS2 analysis using 

collision-induced dissociation (CID) mode. The oxonium ions of glycan and 

fragments of intact glycopeptides of CID spectrum were observed. The fragment of 

b60 indicated peptide fragment ASLSSA losing a H2O molecule (m/z-18). The 

identification score was 108.7 by Byonic analysis. (B) The intact glycopeptide 

SQGN98GSTLQPN [+1]VVYITLRSKRSKPANIRGTVK (m/z 1182.772, 5+) with 

glycan structure HexNAc(5)Hex(7)NeuAc(1) was selected into MS2 analysis using 

CID mode. The oxonium ions of glycan (GlcNAcGalNeuAc, m/z 657) and fragments 

of intact glycopeptides of CID spectrum were observed. The identification score was 

207 for CID by Byonic analysis. Blue square, GlcNAc; green circle, mannose; yellow 

circle, galactose; red triangle, fucose; purple diamond, sialic acid (NeuAc). 

 

Supplementary Figure S5. Subcellular localization of FAM198B. CL1-5 cells were 

transiently transfected with mock control, wild type FAM198B, or N-glycosylation 

defective FAM198B mutants and the cells were fixed and stained with anti-V5 
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antibody, BODIPY-TR ceramide Golgi tracker dye and DAPI. Cells were observed by 

Axiovert 200M microscope (Zeiss, Oberkochen, Germany) with 40X magnification. 

Scale bar: 20 μm. 

 

Supplementary Figure S6. N-glycosylation of FAM198B decelerates protein 

turnover. (A) The mixed stable CL1-5/FAM198B, CL1-5/N98Q, CL1-5/N289Q, 

CL1-5/N322Q, CL1-5/2NQ and CL1-5/3NQ cells were treated with 0.1 mg/mL of 

cycloheximide (CHX) for the indicated period of time. The cell lysates were then 

analyzed with immunoblotting and probed with anti-V5 antibody. β-actin served as an 

internal control. high, indicate high glycosylated FAM198B band; low, indicate 

low-glycosylated FAM198B band. (B) The FAM198B band intensity was normalized 

to β-actin and then normalized to the T=0 controls. 

 

 

Supplementary Figure S7. Defective glycosylation of FAM198B promotes 

FAM198B degradation via 26S proteasome machinery. HEK293T cells were 

transfected with wild type FAM198B-V5, FAM198B/3NQ-V5-expressing vectors and 

hemagglutinin (HA)-tagged ubiquitin–expressing vectors (Ub-HA). After 48 h, the 

cells were treated with 10 μg/ml MG132 for 5 h, and the cell lysate were 

immunoprecipitated by anti-V5 antibody and immunoblotted by anti-HA antibody. 

The input controls were shown at bottom. 

 

Supplementary Figure S8-10. Top 1, 10 and 17 ranking pathway that regulated 

by FAM198B were predicted by MetaCore analysis. 

 

Supplementary Figure S11. MMP-1 expression was positively regulated by ERK 

activity. CL1-5 cells were treated with AZD6244, an MEK1/2 inhibitor, with 

indicated doses for 24 h and analyzed by immunoblotting with the indicated 

antibodies. β-actin served as an internal control. 

 

Supplementary Figure S12. N-glycosylation of FAM198B affects the cell invasion 

ability in vitro. CL1-5 cells were transiently transfected with mock control, wild type 

FAM198B, and N-glycosylation-defective FAM198B expression vector (N322Q and 

3NQ) and the cell invasion ability were examined by Transwell assays (*P<0.05; 

mean ± SD; n=3).  

 

Supplementary Figure S13. P38 is not involved in FAM198B-regulated MMP-1 

expression. The cell lysates derived from mixed stable CL1-5/mock and 
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CL1-5/FAM198B cells were immunoblotted with the indicated antibodies. β-actin 

served as an internal control.  
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