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Figure 4. GT198 level is correlated with taxol cytotoxicity and taxol inhibits GT198 nuclear foci 

formation. (a) HeLa cells were transfected with 0.4 g/well plasmid of GT198 (red) or 100 nM GT198 

siRNA (black), and treated with indicated concentrations of taxol for 72 hours before analysis using cell 

viability assay. (n = 2), P value=0.0449. (b) Mouse P19 stem cells were stably transfected with GT198 

(red) or the DBD fragment 126-217 (black) and treated with taxol for 72 hours before measuring cell 

viability. (n = 2), P value=0.0066. Data represent mean ± s.e.m of duplicate experiments. (c) HeLa cells 

were transfected with GFP-GT198 (green), and then treated with 100 nM taxol for 24 hours. GFP-GT198 

foci formation was induced by -irradiation at 7 Gy followed by recovery for 4 hours before imaging. Cells 

were counterstained with DAPI.  
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Supplementary Figure S1. Taxol binds to GT198. (a) In vitro binding of green-taxol and His-tagged 

GT198 1-180 lacking the C terminal domain. The C-terminus is thus not required for taxol interaction. 

Dose-response curves are graphed in linear (left) and log scales (right). (b) Dose-response curves of in vitro 

binding of biotinylated taxol and GT198 immunoprecipitated from HeLa nuclear extracts. Biotinylated 

taxol was detected by streptavidin-conjugated HRP. Data represent mean ± s.e.m of duplicate experiments 

(n = 2).  
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Supplementary Figure S2. Taxol binds to GST-GT198 and the effect of zinc concentrations on GT198 

binding. (a) Coomassie blue staining of purified GST-tagged GT198 and its protein fragments. (b) GST 

pull down in the presence of biotinylated taxol (2 mM) shows that taxol interacts with DBD-containing 

GT198 proteins. (n = 2), P * < 0.05. (c) The binding of His-tagged GT198 and green-taxol (400 nM) is 

zinc-dependent. (n = 2), P value=0.0061. (d) Binding of GT198 by biotinylated DNA (150 nM) is inhibited 

by zinc. (n = 2), P value=0.0079. To achieve maximal green-taxol binding, the zinc concentration is 

optimized to test green-taxol effect on GT198 with DNA interaction (see Methods). The presence of 

potential zinc fingers in GT198 remains to be determined.  
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Supplementary Figure S3. Green-taxol staining is specific to nuclear GT198 in HeLa cells. The left 

panels show an extended view of an image from Figure 3c, in which HeLa cells were stained with green-

taxol (1 M) in green, anti-GT198 (1:150) in red, and DAPI in blue. Two newly divided cells in lower left 

corner have stronger staining of GT198 as well as green-taxol. The right panels show staining under the 

same conditions except with additional 25 M unlabeled taxol to block green-taxol. Nuclear but not 

cytoplasmic non-specific staining of green-taxol is blocked. 

.CC-BY 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted June 19, 2019. ; https://doi.org/10.1101/675579doi: bioRxiv preprint 

https://doi.org/10.1101/675579
http://creativecommons.org/licenses/by/4.0/


Page 12 of 17 

 

 

 

 

 
 

 

 

Supplementary Figure S4. GT198 mRNA expression in human solid cancers. Northern dot blot 

analyses of GT198 mRNA expression in paired human tumors (T), adjacent normal tissues which may 

contain altered tumor microenvironment (N), and in selected cancer cell lines (Clontech, 7840-1). Ubiquitin 

in the left panel serves as a control. GT198 expression is at low levels in most primary tumors but is 

significantly higher in cancer cell lines.  
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METHODS  

 

GT198 protein purification  

N-terminal His-tagged recombinant human 

GT198 proteins including wild type full length 

GT198 (aa 1-217), N terminus (aa 1-88), DBD 

fragment (aa 126-217), and C-terminus deletion (aa 

1-180) were expressed in E. coli BL21(DE3)pLysS 

and purified through Ni-NTA-agarose (Qiagen, 

#30210). Proteins were eluted by 200 mM 

imidazole, desalted and concentrated using Amicon 

YM-10 spin columns before use. The glutathione S-

transferase (GST) fusion GT198 proteins were 

expressed in the same E. coli strain and purified 

using Glutathione Sepharose columns (Amersham 

Pharmacia, #17-0756-01). GST proteins were 

retained on the Sepharose beads in binding assays. 

For immunoprecipitated GT198, 5 l anti-GT198 

rabbit serum were captured by 10 l Protein A/G 

agarose (Santa Cruz, sc-2003), washed, and 

incubated at 4oC for overnight with 200 l HeLa 

(ATCC, CCL-2) nuclear extracts in a total volume 

of 1.2 ml buffer. The immune complex was washed 

and subjected to binding assays.  

 

Green-taxol binding and competition assays 

 The binding of Oregon green-labeled taxol 

(Molecular Probe, Oregon Green® 488 Taxol, P-

22310) to GT198 was detected through analyzing 

green fluorescence. Black 96-well plates (Thermo 

Scientific, #7805) were coated to dry overnight at 

37oC with 400 ng/well of recombinant His-tagged 

GT198 proteins together with 5 g/well of purified 

BSA (NEB) in a volume of 50 l. BSA alone was 

included as a control for background. No 

subtraction of background was needed due to very 

low background. Duplicate wells were used for 

each experimental point (n = 2). The GT198-coated 

plates were blocked with 5% BSA in PBS with 

0.1% Triton X-100 (TPBS) for 1 h. The binding 

was carried out in 100 l/well for 4 hrs to overnight 

at 4oC using serial diluted green-taxol (0.91, 2.74, 

8.23, 24.69, 74.07, 222.22, 666.66, 2000 nM) in the 

binding buffer (20 mM TrisHCl, pH 7.5, 50 mM 

NaCl, 75 mM KCl, 0.5 mM MgCl2, 0.05% Triton 

X-100, 10% glycerol, 1 mM dithiothreitol) 

containing 1 mM ZnSO4. For competition assays, 

binding was carried out with 400 nM green-taxol 

and serial diluted unlabeled taxol (0.128, 0.64, 3.2, 

16, 80, 400, 2000, 10000 nM) (Novation). The 

plates were then washed five times with TPBS 

within 20 min. Green fluorescence was measured 

under the wavelengths of 496 nm excitation and 

524 nm emission in a Tecan Safire microplate 

reader. See the Supplementary Information page for 

further details. 

  

DNA binding and competition assays  

 The binding of biotinylated DNA to GT198 

was detected by chemiluminescence. The DNA 

binding to GT198 is non-sequence specific (15). A 

single-stranded 25-mer biotin-oligonucleotide 

[Biotin]-cctggggttgctgaggtcctggcag was used in the 

assay since it is sufficient to bind one GT198 dimer. 

White MicroLiteTM 2+ 96-well plates (Thermo 

Scientific, #7572) were similarly coated with His-

tagged GT198 proteins and blocked with BSA as 

above. The binding in duplicates (n = 2) was carried 

out for 4 hrs to overnight at 4oC using serial diluted 

Biotin-DNA (0.45, 1.3, 4.1, 12.3, 37.0, 111.1, 

333.3, 1000 nM) in the binding buffer above 

without ZnSO4. For competition assays, binding 

was carried out with 150 nM Biotin-DNA and serial 

diluted taxol (0.128, 0.64, 3.2, 16, 80, 400, 2000, 

10000 nM) in the binding buffer containing 0.1 mM 

ZnSO4. After binding, the plates were washed three 

times with TPBS in 30 min. The plates were then 

incubated with streptavidin-conjugated horseradish 

peroxidase (HRP) (Roche Molecular Biochemicals, 

#1089153) at 1 U/ml for 1 h at 4oC and further 

washed three times with TPBS in 30 min. Bound 

DNA were detected by chemiluminescence with 50 

l/well ECL detection reagents (Amersham 

Pharmacia Biotech) in a Dynex MLX luminometer.  

 

Binding assays using GST-GT198 and 

immunoprecipitated GT198  
 In vitro binding assays using GST fusions were 

performed in duplicates by incubating GST-GT198 

resins (10 l, 2 g) and biotinylated taxol (2 M) in 

the binding buffer containing 1 mM ZnSO4 for 

overnight at 4oC. For immunoprecipitated GT198, 

experiments in duplicates were performed by 

incubating agarose beads-captured immune 

complex and biotinylated taxol (2 M) in the 

binding buffer for overnight at 4oC. Washed beads 

were incubated with streptavidin-peroxidase (1 

U/ml) for 1 h at 4oC and further washed three times 

before transfer to 96-well plates to measure. Bound 

taxol was detected by chemiluminescence with 50 

.CC-BY 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted June 19, 2019. ; https://doi.org/10.1101/675579doi: bioRxiv preprint 

https://doi.org/10.1101/675579
http://creativecommons.org/licenses/by/4.0/


Page 14 of 17 

 

l/well ECL detection reagents in a Dynex MLX 

luminometer.  

 

Kinetic data analysis  

The binding EC50 values are the 50% of 

maximal binding concentrations of green-taxol or 

DNA. The inhibition IC50 values are the taxol 

concentrations of 50% inhibition of green-taxol or 

DNA binding. In cell viability assays, EC50 values 

are the taxol concentrations that reduce total cell 

viability by 50%. The EC50 and IC50 values were 

calculated through Kaleidagraph software (Synergy 

Software) using nonlinear regression sigmoidal 

dose-response curve fit. The equation for 

calculation is y = m1 + (m2 – m1)/(1 + (x /m3)m4), 

where m1 is the minimum, m2 is the maximum, m3 

is the EC50 or IC50 value calculated by 

Kaleidagraph, and m4 is the slope at midpoint of 

the curve. However, data points were drawn with 

better fitted slopes using nonlinear regression 

sigmoidal curve fit provided by Kaleidagraph 

software: y = m1 + m2/(1 + exp(-(x-m3)/m4)), 

where exp = еx, although this equation was less 

tolerant in calculation and was not used to calculate 

values. The analysis of Vmax and Km in competitive 

or non-competitive binding assays was carried out 

in double-reciprocal plots, using means of four high 

concentration data points, omitting points at lower 

concentrations with reciprocal values off-scale. 

 

Cell viability assays  

HeLa cells (ATCC, CCL-2) were maintained in 

DMEM supplemented with 10% fetal bovine 

serum, 100 U/ml penicillin and 0.1 µg/µl 

streptomycin. Cells were incubated in 5% CO2 at 

37oC. For transient transfections, GT198 plasmid 

(0.4 g/well) or GT198 siRNA (100 nM) was 

transfected into HeLa cells in 48-well plates for 4 

hrs before the cell viability assay. Mouse 

embryonal carcinoma P19 cells (ATCC, CRL-

1825) were maintained in -MEM supplemented 

with 2.5% fetal bovine and 7.5% bovine calf serum, 

and antibiotics above. Stably transfected P19 cells 

expressing GT198 and its DBD-containing 

fragment 126-217 were selected using 400 g/ml of 

G418 for three weeks. Positive clones were 

confirmed by PCR and Western blot analyses. The 

cell viability assays were carried out in duplicate 

wells for each condition in 48-well plates after taxol 

treatment for 72 hrs at various concentrations 

(0.032, 0.16, 0.8, 4, 20, 100, 500, 2500 nM). The 

tetrazolium compound MTS reagent can be reduced 

by cells into a colored formazan product (CellTiter 

96® AQueous One Solution Cell Proliferation 

Assay, Promega, G3580). The MTS reagent was 

diluted in phenol red-free medium to minimize the 

background and incubated with cells at 200 µl/well 

for 1 h at 37oC. The reacted colored medium was 

transferred to flat-bottom clear 96-well plates and 

the absorbance at 490 nm was determined using a 

Tecan Safire microplate reader. P values were 

determined by two-tailed paired t test. 

 

Immunofluorescence  

Immunofluorescence double staining was 

carried out using 5 M biotinylated taxol (26), or 1 

M Oregon green-labeled taxol (Molecular Probe, 

P-22310), together with rabbit or mouse antibodies. 

Secondary antibodies are Alexa 488 (green)- and 

Alexa 594 (red)-conjugated anti-rabbit or anti-

mouse antibodies (Invitrogen, A11001, A11037, 

A11005). Polyclonal anti-GT198 antibody (1:150) 

was previously prepared from rabbits (Covance), 

and affinity purified using Affi-gel 10 (Bio-Rad, 

153-6099). Commercial available antibodies are 

mouse anti-Flag (1:1000, Sigma, M2, F3165), and 

mouse anti--tubulin (1:150, Santa Cruz, sc-5286). 

Biotinylated taxol staining was detected by 

streptavidin-R-Phycoerythrin (PE) (1:1000, 

Invitrogen, S-866) in yellow. Flag-tagged GT198 

plasmids (0.1 μg)-transfected or non-transfected 

HeLa cells in chamber slides were methanol fixed, 

blocked with 4% horse serum, and stained by 

primary antibody together with labeled taxol in 1% 

horse serum in TPBS overnight at 4oC. After 

washing, slides were incubated with secondary 

antibody or streptavidin-PE in 1% horse serum in 

TPBS for 1 h in the dark. Slides were 

counterstained with DAPI before visualization by 

fluorescence microscopy. The plasmid GFP-GT198 

contained full-length human GT198 in a pEGFP-

C3 vector (Clontech, 6082-1). HeLa cells 

transfected with GFP-GT198 (green) were -

irradiated at 7 Gys and recovered for 4 hours before 

methanol-fixed for immunofluorescence. 

 

Northern dot blot analysis 

The Northern dot blots containing cDNAs from 

primary human tumors (T) with paired adjacent 

normal tissues (N) and cancer cell lines were 

obtained from Clontech (Cancer Profiling Array, 
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#7840-1). The blots contained normalized cDNA 

isolated from tumors and the corresponding 

adjacent normal tissues from individual cancer 

patients. However, adjacent normal tissues often 

possess early molecular changes undetectable by 

pathology standards. The GT198 probe was 

prepared by random-primed 32P-DNA synthesis 

using human GT198 full-length cDNA as template. 

Northern hybridization was performed according to 

manufacturer’s protocol before visualized by 

autoradiography. 

 

Statistics 

Statistical analyses were performed using 

Prism software. In cell viability assays, statistical 

significance of differences between groups was 

determined by two-tailed paired t test. In GST 

binding assays, P values were determined by two-

tailed unpaired t test. In binding assays with zinc, P 

values were determined by linear regression. Each 

binding assay was repeated for at least three times 

in the laboratory. Data represent mean ± s.e.m of 

duplicate experiments (n = 2) as indicated. 

Duplicates rather than triplicates were used in each 

experimental data point due to highly consistent in 

vitro experimental conditions that yield variations 

are sufficiently small.  
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