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Glossary of Terms 

AMPK – 5’-amp activated kinase (AMPK) is a central sensor and regulator of the 

cellular energetic state. In autophagy, AMPK serves as a pro-autophagy factor that 

directly phosphorylates and regulates several core complexes of the autophagy cascade.  

Autophagy – the process by which cytosolic contents are sequestered in de novo formed 

double-membraned vesicles and delivered to the lysosome for degradation.  

Lipid droplets – Storage organelles for neutral lipids (e.g., cholesterol esters and 

triglycerides). LDs are composed of largely neutral lipid cores surrounded by a 

phospholipid monolayer, and have little protein content. The proteins the LDs do have 

are associated with the phospholipid monolayer. 

Lipophagy – the speciic and selective targeting of lipid droplets for depletion by 

autophagy. 

mTORC1 – mammalian target of rapamycin complex 1 is a regulator of cellular 

homeostasis, and acts as a sensor for cellular amino acids through its associatiation with 

amino acid transporters. Activation of mTORC1 leads to the suppression of autophagy.  

NBR1 – neighbor of BRCA1 is a selective autophagy adaptor important for the 

degradation of peroxisomes, focal adhesions, and lipid droplets.  

TAK1 – transforming growth factor !  (TGF!)-activated kinase 1 is a mitogen activated 

kinase kinase kinase whose activity is important for many aspects of inflammation, innate 

immunity, and cell fate. TAK1, along with liver kinase B1 (LKB1) and 

Calcium/calmodoulin-dependent protein kinase kinase !  (CaMKK!), is a regulator of 

AMPK activation through phosphorylation of Thr172 in the AMPK activation loop. 
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TGF!  – transforming growth factor !  is a pleiotropic cytokine involved in wound 

healing and immunosuppression (among other activities).  

TGF!R1 (T!R1/ALK5) – the type I TGF!  receptor is responsible for the SMAD and 

non-SMAD signaling associated with TGF!  activity. 

TGF!R2 (T!R2) – the type II TGF!  receptor is responsible for binding TGF! , and 

subsequently phosphorylating and activating the type I receptor. 
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Summary of Findings 

 Previous research in our lab described that dengue virus induces a lipid droplet 

(LD) specific autophagy program (lipophagy) that benefits viral replication by increasing 

b-oxidation of free fatty acids, presumably for increased ATP and energetic 

intermediates. However, it was unclear how dengue virus triggered this process. In this 

thesis, I show i) that lipophagy depends on a TGF!-TAK1-AMPK-mTORC1-dependent 

signaling cascade; ii) LDs are targeted for degradation in an ubiquitin- and NBR1-

dependent fashion; and iii) that NS1-3 is sufficient for lipophagy induction. Below is a 

summary of the findings in this thesis.  

Chapter 1 

1. Dengue virus replication activates AMPK, and increases its activity in infected 

cells 

2. DENV replication requires AMPK and its kinase activity 

3. Inhibition of AMPK blocks DENV-induced lipophagy 

4. DENV infection inhibits mTORC1 signaling 

5. Constitutively activating mTORC1 signaling inhibits DENV replication and 

lipophagy  

Chapter 2 

1. DENV lipophagy requires TGF! , TGF!R signaling, and TAK1 activity 

2. Inhibition of TGF!R, but not TAK1, inhibits viral replication 

3. TAK1 has antiviral effects on dengue separate from autophagy and known MAPK 

signaling 

4. TGF!  is insufficient to induce lipophagy in the absence of DENV infection 
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5. TAK1 and TGF!  are not general modulators of autophagy 

Chapter 3 

1. DENV infection increases K63-linked ubiquitin chain accumulation at LDs 

2. Inhibition of TGF!-dependent signaling pathway does not block K63-ubiquitin 

accumulation at LD 

3. NBR1, but not p62 or OPTN, localize to LDs in DENV infected cells 

4. Depletion of NBR1 inhibits DENV-lipophagy 

5. Expression of NS1-3, but not individual NS proteins, is sufficient to induce 

lipophagy 

!
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Figure 1. AMPK silencing inhibits DENV replication. 
(A) AMPK#1 protein levels following treatment with IRR 
or AMPK#1 siRNAs. (B-D). siRNA-treated cells were 
infected at an MOI of 1 with DENV for 24h and cellular 
RNA was harvested to determine viral genome replication 
(C), while viral supernatants were titered to determine 
infectious virus produced (D). (B) Cellular viability was 
assessed 72hrs post transfection of siRNAs. 
!
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Figure 2. AMPK silencing inhibits DENV-induced lipophagy. 
Cells were treated with indicated siRNAs for 48h, infected with 
DENV at an MOI of 0.5 for 24h and 48h, and probed for DENV E and 
LC3-II (A) or stained with ORO (C).  Nuclei were stained with DAPI. 
Quantification of (B) LC3-II puncta per cell and (D) LD area was 
performed using ImageJ. Scale bar = 8µm.!
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Figure 3. AMPK inhibition diminishes DENV 
replication and lipophagy induction. Cells were DENV 
infected at an MOI = 1 for 2hrs. After virus adsorption, 
infected cells were treated with DMSO or 10µM 
Compound C. At 24h post-infection, (A) cellular RNA or 
(B) supernatants were harvested to assess viral replication 
and infectious virus release, respectively. (C-D). Cells 
were DENV infected at an MOI = 0.2, and Compound C 
(2.5µM) was added after virus adsorption. Cells were fixed 
at 24hpi to probe for (C) DENV E and LC3-II or at 48hpi 
and (D) stained with DENV NS3 and ORO. Nuclei were 
stained with DAPI. Quantification of (E) LC3-II puncta per 
cell and (F) LD area was performed using ImageJ.  Scale 
bar = 8µm.!
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Figure 4. DENV replication requires AMPK 
kinase activity. HepG2 cells were transduced with 
lentiviruses derived from either the pLVX empty 
vector (EV), wild type (WT), or kinase dead (KD) 
AMPK, then treated with IRR or AMPK siRNAs. 72 
hours post siRNA treatment, cells were infected with 
DENV, and (A) RNA was harvested 24hpi for qRT-
PCR analysis or (B) protein lysates were harvested 
and subjected to immunoblot analysis for indicated 
proteins.!
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Figure 5. TSC2 silencing inhibits DENV 
replication. (A) TSC2 protein levels following 
treatment with IRR or two distinct TSC2 siRNAs. (B-
D) siRNA-treated cells were DENV-infected at an 
MOI of 1. At 24hpi (C) RNA was harvested and 
analyzed for viral replication, and (D) supernatants 
were titered for infectious virus production. (B) 
HepG2 cells were assayed for cellular viability 72hrs 
post transfection with indicated siRNAs. !
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