
1 
 

Supplemental Materials 1 
 2 

Evaluation of the antiviral activity of orlistat (tetrahydrolipstatin) against dengue virus, 3 

Japanese encephalitis virus, Zika virus and chikungunya virus  4 

 5 

Atitaya Hitakarun
1
, Sarawut Khongwichit

1
, Nitwara Wikan

1
, Sittiruk Roytrakul

2
, Sutee 6 

Yoksan
1
, Supoth Rajakam

1
, Andrew D. Davidson

3
, and Duncan R. Smith

1
*
 

7 

 8 
1
Institute of Molecular Biosciences, Mahidol University, Salaya, 73170, Thailand 9 

2
National Center for Genetic Engineering and Biotechnology (BIOTEC), National Science 10 

and Technology Development Agency, Pathum Thani, 12120, Thailand 11 
3
School of Cellular and Molecular Medicine, University of Bristol, BS8 1TD, United 12 

Kingdom 13 

 14 

 15 

*Correspondence to: Duncan R. Smith, Molecular Pathology Laboratory, Institute of 16 

Molecular Biosciences, Mahidol University, Salaya Campus, 25/25 Phuttamonthon Sai 4, 17 

Salaya, Nakhon Pathom, Thailand 73170; Phone: 66(0) 2441-9003 to 7. Fax: 66 (0) 2441-18 

1013. E-mail: duncan_r_smith@hotmail.com, duncan.smi@mahidol.ac.th 19 

 20 
Supplemental Figure 1. Determination of orlistat cytotoxicity to HEK293T/17 cells with 21 

different protocols  22 

Supplemental Figure 2. HEK293T/17 cells morphology after orlistat pre-treatment 23 

Supplemental Figure 3. HEK293T/17 cells morphology after orlistat post-treatment 24 

Supplemental Figure 4. HEK293T/17 cells morphology after orlistat pre- and post-treatment 25 

Supplemental Figure 5. Evaluation of DENV infection of HEK293T/17 cells  26 

Supplemental Figure 6. Non-normalized infection data for ZIKV, JEV and CHIKV 27 

Supplemental Figure 7. Effect of orlistat pre-treatment on JEV infection and titer 28 

Supplemental Table 1. Summary of viruses used  29 

Supplemental Table 2. Specific primers sequences used for qRT-PCR  30 

Supplemental references  31 

Uncropped western blots 32 
 33 

 34 

 35 

 36 

 37 

 38 

 39 

 40 

 41 



2 
 

 42 

 43 

 44 

 45 

Supplemental Figure 1. Determination of orlistat cytotoxicity to HEK293T/17 cells. 46 
HEK293T/17 cells were incubated with different concentrations of orlistat, or DMSO vehicle 47 

control (v/v) for (A) 1 h pre-treatment, (B) post-treatment, or (C) pre- and post-combined 48 

treatment for 36 hours followed by a Trypan Blue viability test. Treatment with milli-Q water 49 

was used as a positive control for non-viable cells and DMEM for viable cells. All 50 

experiments were undertaken independently in triplicate with quadruplicate counting. Bars 51 

show mean +/- SD (*; p value <0.05) 52 
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Supplemental Figure 2. HEK293T/17 cell morphology after orlistat pre-treatment.  62 
HEK293T/17 cells were pre-treated with different concentrations of orlistat, DMSO vehicle 63 

control, milli-Q water, or DMEM and incubated for 36 h followed by observation under an 64 

inverted microscope. Magnification x 20.  65 

 66 
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Supplemental Figure 3. HEK293T/17 cell morphology after orlistat post-treatment.  77 
HEK293T/17 cells were incubated with different concentrations of orlistat, DMSO vehicle 78 

control, milli-Q water, or DMEM for 36 h followed by observation under an inverted 79 

microscope. Magnification x 20.  80 
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Supplemental Figure 4. HEK293T/17 cell morphology after orlistat pre- and post-94 

treatment.  95 
HEK293T/17 cells were pre-treated with different concentrations of orlistat, DMSO vehicle 96 

control, milli-Q water, or DMEM and incubated for 36 h in the presence of orlistat followed 97 

by observation under an inverted microscope. Magnification x 20.  98 
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Supplemental Figure 5. Evaluation of DENV infection of HEK293T/17 cells. HEK293/17 109 

cells were mock infected or infected with one of 18 DENV isolates namely DENV 1LAB, 110 

DENV 1- Hawaii, DENV 2LAB, DENV 3LAB, DENV 4LAB, DENV 1DF, DENV 2DF, 111 

DENV 3DF, DENV 4DF, DENV 1DHF, DENV 2DHF, DENV 3DHF, DENV 4DHF, DENV 112 

1/1666, DENV 3/1113, DENV 4/146, DENV 4/163, and DENV 4/1373 at MOIs ranging from 113 

0.1 to 10 and level of infection was determined at 24 h.p.i by flow cytometry. All experiments 114 

were undertaken independently in triplicate.  115 

 116 
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Supplemental Figure 6. Non-normalized infection data for ZIKV, JEV and CHIKV. 119 
Data of different treatment protocols (A) pre-treatment, (B) post-treatment, or (C) pre- and 120 

post-combined treatment are plotted as normalized in Figure 2B, 2D, and 2F, respectively. 121 

Bar graphs show mean +/- SD (*;p value < 0.05, **; p value < 0.01, and ***; p value < 122 

0.001).  123 

 124 



8 
 

 125 

 126 

Supplemental Figure 7. Effect of orlistat pre-treatment on JEV infection and titer. 127 
HEK293T/17 cells were pre-treated with a vehicle control of DMSO or 100 µM orlistat and 128 

were subsequently infected at MOI of 5 with one isolate of JEV (BJ1), At 12 and 36 h.p.i. 129 

viral (A) level of infection was determined by flow cytometry, and (B) virus titers in the 130 

supernatants were determined by standard plaque assay. Experiments were undertaken 131 

independently in triplicate with duplicate plaque assay. Bar graphs show mean +/- SD (*;p 132 

value < 0.05, **; p value < 0.01, and ***; p value < 0.001).  133 
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Supplemental Table 1. Summary of viruses used. 142 

  143 

Serotype Strain Designation 
 Passage 

history 
Reference 

GenBank 

accession 

number 

DENV-1 

16007  DENV 1LAB  High Passage  [Huang et al., 2000] AF180817 

SS12/61 DENV 1DF Low Passage [Rungruengphol et al., 2015] KM519585 

SS12/60  DENV 1DHF Low Passage [Rungruengphol et al., 2015] KM519584 

Hawaii  DENV 1Hawaii  High Passage  [Anez et al., 2016] KM204119.1 

SS11/1666 DENV 1/1666 Low Passage This study MK301277 

DENV-2 

16681  DENV 2LAB High Passage [Blok et al., 1989] M84727 

SS12/62  DENV 2DF  Low Passage  [Rungruengphol et al., 2015] KM519586 

SS12/63  DENV 2DHF  Low Passage  [Rungruengphol et al., 2015] KM519587  

DENV-3 

16562 DENV 3LAB High Passage  [Rungruengphol et al., 2015] KM519588  

SS12/64  DENV 3DF Low Passage [Rungruengphol et al., 2015] -

a

 

SS12/65  DENV 3DHF  Low Passage  [Rungruengphol et al., 2015] KM519589 

SS15/1113  DENV 3/1113  Low Passage  This study MK301278 

DENV-4 

1036 DENV 4LAB High Passage [Rungruengphol et al., 2015] KM519590 

SS12/66  DENV4DF Low Passage  [Rungruengphol et al., 2015]  KM519591 

SS12/67  DENV 4DHF Low Passage  [Rungruengphol et al., 2015]  KM519592 

SS14/146  DENV 4/146 Low Passage  This study  MK301274 

SS14/163  DENV 4/163  Low Passage  This study  MK301275 

SS11/1373  DENV 4/1373  Low Passage  This study  MK301276 

ZIKV  
SV0010/15  ZIKV SV0010/15  Low Passage  [Ellison et al., 2016]  KX051562 

MR766  ZIKV MR766  High Passage  Unpublished  MK105975 

JEV  BJ1  JEV BJ1 High Passage  [Hashimoto et al., 1988]  L48961 

CHIKV  

  

ECSA E1: 226 V  CHIKV 226V Low Passage [Wikan et al., 2012]  -

b

 

ECSA E1:A226  CHIKV A226 Low Passage [Wikan et al., 2012]  -

b

 

 
144 

a 
No GenBank accession number is available (as reported in [Rungruengphol C., et al., 145 

2015]).  146 

b 
No GenBank accession numbers available. Viruses as reported in [Wikan N., et al., 2012]).  147 
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Supplemental Table 2. Specific primers sequences used for qRT-PCR.  148 

 149 

Viruses Genes Primer sequence (Forward and reverse) Reference 

DENV  

 

NS1  

 

5’-TGC TGA CAT GGG TTA TTG GAT AG-3’  

5’-ACT CCA TTG CTC CAC AGT GTG TG-3’  

[Panraksa et 

al., 2017]  

ZIKV  

 

E  

 

5’-TTG GAG GAA TGT CCT GGT TCT CAC-3’  

5’-AGT CAG GAT GGT ACT TGT ACC-3’  

KX051562.1  

JEV  

 

NS3  

 

5’-AGA GCG GGG AAA AAG GTC AT-3’  

5’-TTT CAC GCT CTT TCT ACA GT-3’  

[Santhosh et 

al., 2007]  

CHIKV  

 

nsP2  

 

5’-GCA CGT CAA CGT ACT CCT AAC-3’  

5’-GGG TTC TGC AGC GTC TTT AT-3’  

[Khongwichit 

et al., 2016]  

 150 

 151 

 152 

 153 

 154 

 155 

 156 

 157 

 158 

 159 

 160 
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E-protein

Mock

DENV 2LAB DENV 4LAB DENV 2DF DENV 4DF

- -+ + - + - +

ZIKV SV0010/15 JEV BJ1

- +- +



NS1-protein

Mock

DENV 2LAB DENV 4LAB DENV 2DF DENV 4DF

- -+ + - + - +

ZIKV SV0010/15 JEV BJ1

- +- +



NS3-protein

Mock

DENV 2LAB DENV 4LAB DENV 2DF DENV 4DF

- -+ + - + - +

ZIKV SV0010/15 JEV BJ1

- +- +



NS5-protein

Mock

DENV 2LAB DENV 4LAB DENV 2DF DENV 4DF

- -+ + - + - +

ZIKV SV0010/15 JEV BJ1

- +- +



GADPH-protein

Mock

DENV 2LAB DENV 4LAB DENV 2DF DENV 4DF

- -+ + - + - +

ZIKV SV0010/15 JEV BJ1

- +- +


