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ABSTRACT OF THE THESIS 

 

ABL Tyrosine Kinase Stimulates PUMA Protein Expression 
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ABL is an ubiquitously expressed non-receptor tyrosine kinase involved in 

multiple cellular functions including programmed cell death. Upon DNA damage, ABL 

has been shown to upregulate PUMA, p53 upregulated modulator of apoptosis, and 

causes downstream mitochondrial intrinsic apoptotic events. However, the mechanism by 
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which ABL regulates PUMA expression remains unknown. We have shown that ABL 

does not change PUMA protein subcellular localization through immunofluorescence. 

Through protein and RNA quantification, we showed that overproduction of PUMA 

RNA leads to an increase in PUMA protein expression. ABL requires a functional kinase 

domain to stimulate PUMA protein expression. Inhibition of ABL kinase activity using 

Imatinib diminishes the ability of ABL to induce PUMA protein expression.
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Apoptosis 

Apoptosis, programmed cell death, is a highly regulated process that leads to cell 

fragmentation and is activated upon cell stress or external signals. The characteristics of 

apoptotic cells include cell shrinkage, cytoskeleton collapse, nuclear envelope destruction 

and DNA shearing [1,2]. The role of apoptosis is to maintain cell population and serve as 

a defense mechanism for cells to self-destruct [1,2]. Deregulation of apoptosis leads to 

numerous diseases including cancer, autoimmune disorder and degenerative diseases. 

Apoptosis is initiated through the extrinsic apoptotic pathway or the intrinsic apoptotic 

pathway. The extrinsic apoptotic pathway is triggered when cells receive external stress 

signals from neighboring cells to self-destruct. The intrinsic apoptotic pathway is 

activated when cells senses internal damage (hypoxia, DNA damage, viral infection and 

radiation), inducing internal apoptotic signals to self-destruct in cells [1,2]. 

 

Mitochondrial Intrinsic Apoptotic Pathway 

Mitochondrial intrinsic apoptotic pathway is a death mechanisms that leads to cell 

suicide by triggering mitochondrial permeabilization. Caspase-mediated proteolytic 

cascade induces cell death by cleaving target proteins resulting in the destruction of cells. 

The activation of caspase initiators is dependent on the Bcl-2 (B-cell 

leukemia/lymphoma-2) family pro-apoptotic and anti-apoptotic proteins. PUMA (p53 

upregulated modulator of apoptosis), a BH-3 domain only Bcl-2 pro-apoptotic protein, 

binds and inhibits Bcl2. The interaction between PUMA and Bcl-2 in turn activates 

multidomain effector Bcl-2 pro-apoptotic proteins like Bax (Bcl-2 associated protein x) 

and Bak (Bcl-2 antagonist killer) to stimulate the release of cytochrome C to form 
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apoptosomes, which recruit and activate caspase initiators that cause downstream 

apoptotic response [1,2]. 

 

ABL Tyrosine Kinase 

 ABL is a non-receptor tyrosine kinase (nRTK) involved in regulating actin 

polymerization; in the cytoplasm, it is involved in cell proliferation, cell migration, cell 

adhesion and endocytosis [4,6]. In the nucleus, ABL plays a completely different role. It 

is involved in cell survival, cell death and regulation of intrinsic apoptosis upon DNA 

damage [4,5,7]. Due to the many biological functions carried out by Abl tyrosine kinase, 

the knockout of ABL gene in mice induces neonatal lethality [4,5,15]. ABL is a multi-

functional gene and plays a role in the DNA damage response by regulating PUMA 

expression [3,7,8]. PUMA expression level is maintained only during nuclear entrapment 

of ABL tyrosine kinase upon DNA damage [7]. ABL protein is 1142 amino acid long. 

The N-terminus region of ABL has a SH3, SH2 and kinase domain that function to 

phosphorylate ABL substrates and to auto-inhibit ABL tyrosine kinase [4].  

ABL is capable of shuttling between the cytoplasmic and nuclear compartment of cells 

with the three NLSs (nuclear localization signals) on its DNA binding domain and one 

NES (nuclear export signal) on its actin-binding domain in the C-terminus of the gene 

[4]. The ability to transition in and out of the nucleus is crucial because DNA-damage-

activated nuclear ABL tyrosine kinase has the potential to exit the nucleus to play a role 

in the cytoplasm to induce apoptosis [6]. The mechanism in which ABL regulates PUMA 

expression upon DNA damage remains unknown. 
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PUMA 

 PUMA is a critical protein involved in the intrinsic apoptotic pathway. PUMA 

gene encodes four isoforms a, b, d, and g respectively, of which only a and b isoforms 

have been well studied [3]. PUMA α and PUMA β are functional pro-apoptotic proteins 

with the critical BH3 domain [9,11,13], and mitochondrial localization signal (MLS); the 

two isoforms differ only in the N-terminal region of chain. The MLS region in the C-

terminus region of PUMA allows for PUMA to localize to the mitochondria and interact 

with Bcl-2 anti-apoptotic proteins [17]. The BH3 region of PUMA allows PUMA to bind 

to other BH3 family pro-apoptotic and anti-apoptotic proteins [17]. Inhibition of PUMA 

protein results in cancer development and apoptosis resistance [13]. PUMA-facilitated 

intrinsic apoptosis is activated by the transcription factors FoxO4a or p73 (a transcription 

factor structurally similar to p53) under growth factor or cytokine withdrawal. Upon 

receiving genotoxic stress (gene damage), oncogenic stress (stress from tumor 

formation), endoplasmic reticulum stress, infection, and reperfusion injury (tissue 

damage due to hypoxia), PUMA is upregulated to facilitate intrinsic apoptosis [14].  

 

Nuclear ABL is required to sustain PUMA protein expression upon cisplatin 

induced DNA damage.  

Based on a study done in 2013 by Sridevi et al, PUMA expression level was observed to 

have diminished at 48 hours in renal cells of ABL mutated NLS mice upon cisplatin 

treatment. Expression of PUMA protein level is found to be sustained by ABL tyrosine 

kinase’s ability to enter the nucleus upon DNA damage in renal cell [7]. The RNA level 

of wildtype mice and ABL mutated NLS mice are similar, suggesting that PUMA protein 
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expression was regulated post-transcriptionally. Subsequent experiments have shown that 

constitutively activated ABL (AblppN) can stimulate PUMA protein expression 

independent of DNA damage.  

In this thesis project, the mechanism behind ABL tyrosine kinase upregulation of 

PUMA protein expression upon DNA damage is being investigated. ABL, in a 

constitutively active form, can stimulate PUMA protein expression. AblppN does not 

change PUMA protein subcellular localization. However, PUMA protein expression can 

be stimulated by overproduction of PUMA RNA. We hypothesized the presence of a 

translational inhibitor. In additional to that, we found that PUMA with disrupted RNA 

can still be stimulated by AblppN, suggesting AblppN is working through multiple 

pathways to regulate PUMA level. Lastly, we found that ABL kinase activity is required 

for ABL to stimulate PUMA protein expression.  
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PUMA localizes mainly in the mitochondria and ABLppN does not change PUMA 

protein subcellular localization. 

 PUMA a, PUMA b and PUMA ∆BH3 protein have been shown to localize in the 

mitochondria [13]. PUMA has a mitochondrial localization signal sequence (MLS) at its 

C-terminus, allowing it to transition in and out of the mitochondria. It is crucial that PUMA 

be in or around mitochondria to be able to bind to outer mitochondrial anti-apoptotic 

protein to initiate mitochondrial intrinsic apoptosis [13]. When PUMA binds to Bcl-2 to 

trigger mitochondrial intrinsic apoptosis, Bcl-2 is tethering PUMA closer to mitochondria 

with its C-terminus mitochondrial transmembrane anchor. 

 When PUMA exits the mitochondria to the cytosol, it is prone to be degraded by 

chaperone mediated autophagy (18). Hence, cytosolic PUMA is quite unstable. To study 

the effect of ABL on PUMA localization, an immunofluorescence experiment was done to 

track down the location of PUMA under different conditions. Human embryonic kidney 

cells (HEK 293T cells) were transfected with PUMA plasmids only or with a combination 

of PUMA+ ABL plasmids. When PUMA is transfected alone, most of PUMA protein 

expression is observed to be colocalizing with mitochondria in the cell. PUMA 

cotransfected with AblppN shows that most of the PUMA protein signal is still localized 

in the mitochondria (figure 1A). Co-occurrence of PUMA protein with mitochondria was 

quantified using ImageJ and Mander’s coefficient was obtained. Image analysis shows an 

average of about 83% of PUMA protein to be co-occuring with the mitochondria when 

PUMA is transfected alone (figure 1B). The addition of AblppN (PUMA + AblppN) 

cotransfection shows an average of 80% PUMA co-occurring with mitochondria. There is 
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no statistical difference in PUMA localization between PUMA transfected only and PUMA 

+ AblppN transfected conditions with a p-value of 0.128 (figure 1B).  

 

Constitutively activated AblppN stimulates PUMA protein expression post-

transcirptionally. 

ABL regulates intrinsic apoptosis upon DNA damage. However, the mechanism 

in which ABL regulates the intrinsic apoptotic pathway upon DNA damage remains 

poorly understood. ABL is observed to localize to the nucleus upon DNA damage (8). 

Missense mutation in the nuclear localization signal of ABL resulted in reduced apoptosis 

upon DNA damage in renal cells (7). Recent unpublished evidence generated by a 

postdoctoral scholar in Dr. Jean Wang’s lab has brought new insight on how ABL may be 

regulating apoptosis. The data suggests that nuclear ABL is required to sustain the 

expression of a specific pro-apoptotic protein, PUMA. Follow up experiments were 

conducted and preliminary data indicates that constitutively activated ABL can stimulate 

PUMA protein expression.  

To study the mechanism in which ABL stimulates PUMA protein expression, we 

conducted a titration experiment.  PUMA plasmids were titrated to track PUMA protein 

expression at increasing concentration under the absence and presence of AblppN.  

Without ABLppN. PUMA protein expression becomes visible on the western blot with 

200ng of PUMA protein transfected (medium exposure). Co-transfection of PUMA + 

AblppN shows intense PUMA protein expression (medium exposure) at 50ng of PUMA 

transfected condition (figure 2A). In RNA quantification, PUMA RNA increases as 

transfected PUMA plasmid concentration increases for both PUMA only and PUMA + 
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AblppN conditions (figure 2B).  There is 1.5-2-fold increase in RNA when AblppN is 

cotransfected with PUMA between 50 ng to 400 ng (figure 2B). Surprisingly, there is a 

slight drop in RNA level when AblppN is present with 800ng of PUMA (figure 2B).  

Normalization of PUMA protein level to RNA level shows PUMA protein yield per RNA 

to be much higher when co-transfected with AblppN. The fold increase of PUMA protein 

yield per RNA stimulated by ABL decreases as the total amount of PUMA plasmid 

transfected increases.  

 

Overproduction of PUMA RNA increases PUMA protein expression. 

 As the amount of PUMA plasmid transfected increases, PUMA protein yield per 

RNA decreases. In other words, as the RNA of PUMA increases, the PUMA protein 

yield also increases. One hypothesis is the possibility of the presence of a RNA binding 

translational inhibitor. This inhibitor is hypothesized to be binding to PUMA RNA and 

inhibiting PUMA protein translation. To test out this hypothesis, we conducted an 

experiment in which ∆ATG PUMA construct was generated and co-transfected it with 

PUMA WT construct. The ∆ATG construct can be transcribed into RNA but cannot be 

translated into PUMA protein due to the lack of a start codon. 

 The PUMA only condition serves as a negative control and PUMA +AblppN 

condition serves as a positive control. The experimental condition is PUMA + ∆ATG 

PUMA. As shown in figure 3A, PUMA protein expression was stimulated by ∆ATG 

PUMA, though the increase in PUMA protein expression is not as high as the positive 

control (figure 3A). RNA level for the negative control, positive control and the 

experimental condition were relatively similar. Co-transfection of all three plasmids 
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(PUMA + AblppN + ∆ATG PUMA) resulted in increased RNA level compared to controls 

and experimental condition (figure 3B). Protein level normalized to RNA suggests that 

when PUMA is cotransfected with ∆ATG PUMA, PUMA protein expression is stimulated 

by at least multiple folds. Co-transfection of PUMA with both AblppN and DATG PUMA 

does not result in a synergetic effect (figure 3C).  

 

PUMA Wobble increases PUMA protein expression. 

 Dr. Sridevi, a postdoc from Dr. Wang’s lab mapped PUMA gene and narrowed 

down a region that is responsible for PUMA inhibition. This region starts from amino acid 

157 and ends in amino acid 168 (figure 4A). The deletion of this region causes PUMA to 

be expressed at much higher level. In order to further understand the role of RNA in this 

region, we generated the PUMA Wobble construct. PUMA Wobble has 11 silent mutations 

that was designed to disrupt the RNA sequence but conserves the protein sequence.  

 When PUMA Wobble is titrated against PUMA WT, we see that PUMA Wobble 

has higher PUMA protein expression at 100ng and 200ng (medium exposure) in 

comparison to PUMA WT (figure 4B). The RNA level of PUMA WT and PUMA Wobble 

is relatively similar as they are within ±1-1.5-fold difference between PUMA WT and 

PUMA Wobble (figure 4C). Protein yield per RNA is higher for PUMA Wobble construct 

at 50ng PUMA transfected condition. However, this is not true for 100ng, 200ng and 400 

ng PUMA transfected condition (figure 4D).  
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AblppN regulates PUMA protein expression in a multipathway manner. 

 PUMA Wobble has a higher protein yield per RNA at lower transfected condition 

(figure 4), suggesting that the disruption in PUMA RNA has prevented PUMA translation 

inhibition; hence, we see the expression of higher PUMA Wobble protein expression than 

PUMA WT. We decided to find out the effect of AblppN on PUMA Wobble protein 

expression. If PUMA Wobble is no longer inhibited, AblppN is hypothesized to be unable 

to stimulate PUMA Wobble protein expression. We co-transfected AblppN with PUMA 

Wobble and saw that AblppN still stimulates PUMA Wobble expression. First sign of 

PUMA wobble expression when transfected alone is seen at 200ng (medium exposure) of 

PUMA Wobble (figure 5A). When co-transfected with AblppN, first sign of PUMA 

wobble expression can be seen at 50ng (medium exposure) (figure 5A). AblppN did not 

stimulate PUMA Wobble RNA level as the difference in RNA level between PUMA only 

condition and PUMA Wobble + AblppN conditions were about ±1-1.5 folds (figure 5B).  

 

 Kinase acitivity is required for AblppN to stimulate PUMA expression  

 ABL is a non-receptor tyrosine kinase (nRTK). To begin mapping the region in 

which ABL regulates PUMA, we decided to first determine if the kinase activity is required 

for ABL to stimulate PUMA protein expression. We generated a construct from the 

constitutively activated ABL (AblppN) to make a kinase dead version of constitutively 

activated ABL. A missense mutation was introduced into AblppN to inhibit AblppN kinase 

activity (figure 6A). The construct is labeled as AblppN KD. When PUMA was co-

transfected with AblppN KD, we saw that AblppKD was not able to stimulate PUMA 

protein expression. On the other hand, AblppN was observed to have stimulate PUMA 
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protein expression (Figure 6B). The RNA level of PUMA when co-transfected with any 

form of ABL is about 1.5 times higher than PUMA transfected alone (Figure 6C). PUMA 

protein level normalized to RNA indicate that AblppN stimulates PUMA protein yield 

significantly whereas AblppKD is unable to stimulate PUMA protein yield. Difference in 

PUMA protein expression in PUMA only condition vs PUMA + AblppN KD condition 

was not statistically significant with a p-value of 0.429 (figure 6D).  

 

Imatinib treatment reduces ABL effect in upregulating PUMA expression. 

 To further confirm that the kinase activity is required for ABL to stimulate PUMA 

protein expression, we decided to use imatinib (IM) to inhibit ABL kinase activity. We 

transfected the cells with PUMA only and PUMA+ AblppN. Transfected cells were then 

treated with 10uM Imatinib 12 hours post transfection and harvested 12 hours later. 

Western blot analysis shows that AblppN stimulated PUMA protein expression in the 

untreated condition (figure 7A). AblppN increases PUMA RNA level by 1.5-2 folds in 

both untreated and treated conditions (figure 7B). Upon normalization of PUMA protein 

relative to RNA, we saw that AblppN stimulation of PUMA protein expression decreased 

by more than 3 folds (figure 7C).  
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Figures 
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A  

 
 

       B 

 
 

Figure 1. PUMA localization in mitochondria under presence and absence of 
AblppN. (A) Immunofluorescence images of HEK 293T cells under confocal 
microscopy 24 hours post transfection with PUMA and PUMA + AblppN. (B) Mander’s 
Coefficient Value (0-1) of PUMA protein co-occurrence with mitochondria. N=10 cells 
from panel A were quantified. Statistical Analysis between the two condition yields p 
value = 0.128. 
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A 
 

 
  B  

 

 
  C  

 

 
 

Figure 2. AblppN stimulates PUMA protein expression.  (A) Western blot for protein 
expression of PUMA WT vs co-transfection of PUMA WT + AblppN 24 hours post 
transfection. PUMA WT were transfected at increasing concentration indicated on blot. 
AblppN level is kept constant as PUMA level increases. (B) qRT PCR results for PUMA 
WT and PUMA WT +AblppN. Primers specific to N terminus of PUMA WT were used 
to measure RNA levels. GAPDH served as housekeeping gene and 2^-ddct values were 
calculated. (C) Densitometry of PUMA protein expression level upon normalization to 
RNA. Curve suggests protein yield per RNA as concentration of plasmid increases. 
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A 

 
 B 

 
 

C  

 
 

Figure 3. Overproduction of PUMA RNA increase PUMA Protein Expression. (A) 
Western blot for protein expression of ABL, PUMA, and GAPDH 24 hours post 
transfection with indicated conditions. PUMA knock out serves as guide to identifying 
PUMA band. (B) qRT PCR results for PUMA under varying conditions. Primers specific 
to N terminus of PUMA WT were used to measure RNA levels. GAPDH served as 
housekeeping gene and 2^-ddct values were calculated. (C) Densitometry of PUMA 
protein expression level upon normalization to RNA under indicated conditions. Bar 
graph represents protein yield per RNA under indicated conditions.  
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A 

 
 
B      C 

        
 
D 

      
 
Figure 4. PUMA Wobble increases PUMA protein synthesis. (A)PUMA Wobble 
mutation schematics. 11 total silent mutations were introduced to disrupt RNA while 
conserving protein (B) Western blot for protein expression of PUMA WT vs PUMA 
Wobble 24 hours post transfection. PUMA WT and PUMA Wobble were transfected at 
increasing concentration indicated on blot. (C) qRT PCR results for PUMA WT and 
PUMA Wobble. Primers specific to N terminus of PUMA WT and PUMA Wobble were 
used to measure RNA levels. GAPDH served as housekeeping gene and 2^-ddct values 
were calculated. (D) Densitometry of PUMA protein expression level upon normalization 
to RNA. Curve suggests protein yield per RNA as concentration of plasmid increases.  
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A 

 
 

      B 
 

 
 
Figure 5. AblppN induces PUMA Wobble protein expression. (A) Western blot for 
protein expression of PUMA Wobble vs co-transfection of PUMA Wobble + AblppN 24 
hours post transfection. PUMA Wobble were transfected at increasing concentration 
indicated on blot. AblppN level is kept constant as PUMA Wobble level increases. (B) 
qRT PCR results for PUMA Wobble and PUMA Wobble +AblppN. Primers specific to 
N terminus of PUMA Wobble were used to measure RNA levels. GAPDH served as 
housekeeping gene and 2^-ddct values were calculated.  
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A 
 

 
 
B          C 
 

                   
 
D 
 

 
 
Figure 6. Kinase activity is required for AblppNES upregulation of PUMA protein. 
(A) Schematic of AblppdHLB3 and AblppKD. (B) Western blot for protein expression of 
ABL, PUMA, GAPDH and PY245 24 hours post transfection with indicated conditions. 
(C) qRT PCR results for PUMA under varying conditions. Primers specific to N terminus 
of PUMA WT were used to measure RNA levels. GAPDH served as housekeeping gene 
and 2^-ddct values were calculated. (D) Densitometry of PUMA protein expression level 
upon normalization to RNA under indicated conditions. Bar graph represents protein 
yield per RNA under indicated conditions.  
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A 

 
                          B 

 
 

                      C 

             
 
Figure 7. Imatinib treatment reduces ABL effect in upregulating PUMA expression. 
(A) Western blot for protein expression of PUMA 12 hours post treatment with 10uM 
Imatinib. Cells were transfected with conditions indicated on blot for 12 hours upon 
imatinib treatment. (C) qRT PCR results for PUMA under varying conditions. Primers 
specific to N terminus of PUMA WT were used to measure RNA levels. GAPDH served 
as housekeeping gene and 2^-ddct values were calculated. (D) Densitometry of PUMA 
protein expression level upon normalization to RNA under indicated conditions. Bar 
graph represents protein yield per RNA under indicated conditions.  
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Upon DNA damage, ABL localizes to the nucleus [8]. Localization of ABL is 

crucial, as nuclear ABL has a separate function than cytosolic ABL. Mutation in the 

nuclear localization signal that prevents ABL from transitioning into the nucleus results 

in reduced apoptosis upon DNA damage, indicating that ABL plays a role in apoptosis. It 

was later shown that nuclear ABL is required to maintain the expression of a pro-

apoptotic protein, PUMA, upon cisplatin induced DNA damage [7]. The question of 

whether ABL can directly stimulate PUMA was elucidated and has led us to investigate 

the mechanism in which ABL upregulate PUMA protein expression. Constitutively 

activated ABL (AblppN) stimulates PUMA protein expression in the transient 

transfection system of HEK 293T cells. However, the mechanism in which ABL 

regulated PUMA protein expression remains unknown. In this project, we showed that 

AblppN does not induce changes in PUMA localization. We have also found evidence 

that suggests PUMA protein is post-transcriptionally regulated. Overproduction of non-

translatable PUMA RNA can stimulate PUMA protein expression. Lastly, we have 

shown that the kinase activity of ABL is required for ABL to upregulate PUMA protein 

level.  

 PUMA a and its isoform, PUMA b are functional BH3-only pro-apoptotic protein 

with mitochondrial localizing signal (MLS) that is 29 amino acid long and stretches from 

amino acid 164 till the end of the PUMA protein. The MLS sequence allows PUMA to 

enter the mitochondria. Previous published articles have showed that PUMA a and 

PUMA b localizes in the mitochondria and the removal of a BH3 domain does not 

change PUMA protein localization [13]. In HEK 293T cell, we saw that majority of the 

PUMA localizes in the mitochondria but there are some PUMA which are located outside 
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of mitochondria. AblppN does not change PUMA localization. Mander’s coefficient for 

PUMA co-occurrence with mitochondria under the absence of AblppN is about 83% on 

average. Under the presence of AblppN, PUMA co-occurrence with mitochondria has an 

average of about 80% . There was no statistical significant difference in PUMA co-

occurrence with mitochondria under presence and absence of AblppN. One possible 

explanation to why Mander’s coefficient is lower when co-transfected with AblppN is 

most likely due to increased PUMA protein stimulated by AblppN.  

 Next, we found that ABL stimulates PUMA protein level. When co-transfected 

with AblppN, PUMA protein expression is higher compared to PUMA transfected alone 

condition. To answer the question if AblppN stimulates PUMA protein expression by 

increasing PUMA transcription, we measured the RNA of PUMA using qPCR. AblppN 

increases PUMA RNA by an average of ±1.5 fold. However, the slight variation in RNA 

level does not account for the fold change in PUMA protein level. As we were working 

with transient transfection system, each condition was transfected individually and is 

prone to have slight variation in transfection efficiency. To account for this variation, we 

decided to quantitate protein level and normalize protein level to RNA to obtain protein 

yield per RNA. We observed that with the presence of AblppN, PUMA protein 

expression is much higher. Under the absence of AblppN, PUMA protein expression 

increases as the plasmid concentration increases. It is interesting that at lower transfected 

PUMA plasmid conditions, PUMA protein yield per RNA is minimal. However, as the 

concentration increases, PUMA protein yield per RNA increases too. If given enough 

plasmid, PUMA no longer need AblppN to stimulate its expression. The cut off threshold 

for PUMA to self-express without induction by AblppN is about 200ng. We concluded 
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that as RNA level increases the protein yield per RNA of PUMA also increases. This data 

led us to a hypothesis of a potential existence of a RNA binding inhibitor of translation. 

To test out this theory, we generated non-translatable PUMA RNA and co-transfected it 

with PUMA WT. 

 We show here that ∆ATG PUMA when co-transfected with basal amount (50ng) 

of PUMA WT stimulated PUMA WT protein expression. PUMA RNA level was 

observed to be similar across PUMA only, PUMA + AblppN and PUMA+ ∆ATG PUMA 

conditions. However, we were only able to see expression of PUMA protein under 

presence of AblppN and ∆ATG PUMA. PUMA protein is most likely post-

transcriptionally regulated as RNA level remained constant throughout the three 

conditions. Most importantly, this result further confirms our hypothesis that there exists 

a RNA binding inhibitor. ∆ATG PUMA RNA competes for the inhibitor with PUMA 

WT RNA, allowing PUMA RNA to be successfully translated and expressed. However, 

more evidences are needed to support our hypothesis.  

 We further pursued the mechanism in which AblppN is post-transcriptionally 

upregulating PUMA. In attempt to do so, we generated silent mutations in the mRNA 

sequence of PUMA, while conserving the amino acid sequence. We saw that PUMA 

Wobble protein per RNA yield is higher than PUMA WT at low transfected 

concentration, suggesting PUMA Wobble has less inhibition, allowing it to generate 

higher PUMA protein yield per RNA. We took a step further and co-transfected PUMA 

Wobble with AblppN. We found that AblppN is perfectly capable in stimulating PUMA 

Wobble protein expression. This is very interesting because we have seen in previous 

experiment that PUMA Wobble can stimulate its own expression. When under the 
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influence of AblppN, PUMA Wobble protein expression is still responsive to AblppN. 

The result in combination points toward the possibility that AblppN regulates PUMA 

protein expression in multiple pathways.  

 In parallel, we investigated the role of ABL in upregulating PUMA protein 

expression. ABL is a non-receptor tyrosine kinase. We have shown here that the kinase 

activity of ABL is required for AblppN to stimulate PUMA protein expression. As shown 

in figure 6, PUMA protein level diminished when the kinase domain of a constitutively 

activated Abl was inactivated by a missense mutation. In three repeats of the experiment, 

PUMA protein expression when co-transfected with kinase dead constitutively activated 

ABL does not yield statistically significant difference when compared with PUMA only 

condition. Upon treatment with imatinib to inhibit kinase activity of co-transfected 

AblppN, PUMA protein level decreased by more than three folds. In summary, ABL 

kinase activity is absolutely required for ABL to stimulate PUMA protein expression.  

 In conclusion, we have shown that overproduction of PUMA RNA will increase 

PUMA protein expression. Data has also strongly suggested that AblppN upregulates 

PUMA in a multi-pathway manner. One possible mechanism may be the chaperone 

mediated autophagy pathway. A research group has recently published data supporting 

the degradation of cytosolic PUMA protein by chaperone mediated autophagy. Inhibition 

of chaperone mediated autophagy would result in increase of PUMA protein. We are 

currently investigating if ABL plays a role in regulating chaperone mediated autophagy 

to stimulate PUMA protein level. Lastly, we have proven that the kinase activity of ABL 

tyrosine kinase is needed for ABL to stimulate PUMA protein expression.   
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Materials and Methods 
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Cell culture and transfection 

Plasmids were prepared using Sigma Aldrich GenElute TM HP Plasmid Midiprep 

Kit prior to transfection into human embryonic kidney 293T cells. Growth media for 

293T cell contains DMEM 1x media with 10% FBS and 1.1% Penicillin-Streptomycin. 

Isolated plasmid were transfected into 800,000 293T cells using reverse transcription. 

Liposomes GeneTran III from Biomiga was employed to deliver plasmid into cells. Cells 

were incubated in 37 degree Celsius for 24 hours after transfection.  

 

Immunofluorescence 

Cells were transfected with RFP-mito to visualize mitochondria. 24 hours post 

transfection, they were fixed in 4% paraformaldehyde followed by permeabilization with 

0.3% Triton X-100 in PBS and blocking with 5% BSA in PBS. Cells were then incubated 

with anti-Abl antibody and anti-PUMA antibody before incubation with conjugated 

secondary antibodies Alexa Fluor 488 chicken anti-rabbit IgG and Alexa Fluor 647 goat 

anti-mouse IgG (Life Tech). Upon incubation, cells were stained with Hoechst dye for 

ten minutes in room temperature prior to mounting with ProLong Gold antifade Mountant 

(Life Tech). Slides were left overnight to dry prior to viewing under microscope. Nikon 

A1R confocal STORM super resolution microscope was employed to take 100x 4 color 

confocal images of prepared slides. Further analyses of confocal images were done 

through Image J. Image J analyzed co-occurrence of PUMA and the mitochondria.  
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Western Blot 

 Cells were harvested 24 hours post transfection and resuspended in RIPA lysis 

buffer (150mM NaCl, 1%NP-40, 10% glycerol, 50mM Tris-HCl pH 7.5, 1% 

deoxycholate, 0.1% SDSm, 10mM pyrophosphate, 10mM BGP, 50mM NaF, 10mM 

orthovanedate, 1mM PMSF and 1x protease inhibitor) prior to sonication. Upon 

sonication, samples were left to sit on ice for ten minutes before measuring protein level 

using Lowry. Appropriate amount of cell lysates were then diluted and prepared in 

sample buffer before heat shock at 95 degree Celsius for 5 minutes. Samples were loaded 

on 12% gel for an hour and transferred onto nitrocellulose. Blots were then blocked in 

5% milk for thirty minutes and washed with TBST before incubation with primary and 

secondary antibody. Finally, blots were incubated with chemiluminescent substrate and 

exposed on films. Films were then quantified using ImageJ.  

 

qRT-PCR 

 RNA were harvested from cell lysate using Trizol. Upon isolation of RNA from 

cell lysate, harvested RNA were subjected to DNase treatment and LiCl precipitation 

prior to reverse transcription into cDNA.  Quantitative PCR was done using ABI 

StepOnePlus real time-PCR machine with final concentration of 2.5ng cDNA per 

samples along with PUMA and GAPDH specific primers. Quantitative PCR is done 

using ABI StepOnePlus real time-PCR machine. RNA analysis was done using GAPDH 

as housekeeping gene and 2^-ddct value was calculated to obtain copies of RNA per 

condition.  
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