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A B S T R A C T  
 
Amino acids are critical to life and play central roles both as building blocks of 

proteins and as intermediates in metabolism. The amino acid response (AAR) pathway 

is activated by lacking of amino acids (i.e. amino acid starvation). We hypothesized 

that the activation of AAR pathway might occur in a time-dependent manner in 

hepatoma cells, which might induce restriction of protein production from DNA. Real-

time RT-PCR was used to investigate mRNA expressions during this process. Our 

results showed that expression of Atf3, Chop, and Asns genes were induced 

significantly by amino acid deprivation in a time- and species- dependent manner. 

 

INTRODUCTION 
Amino acids are involved in various processes in both 

healthy and pathological states (Perta-Kajan et al. 2007; 

Suryawan et al. 2008) and their role as signaling molecules 

that regulate gene expression has received considerable 

interest in recent years (Hu et al. 2008; Liao et al. 2008). 

Amino acid availability influences a variety of regulatory 

processes including transcription, mRNA maturation, 

translation, mRNA turnover, and autophagy, and, as a 

consequence, amino acids impose an integrative effect on 

cellular metabolism as a whole (Kilberg et al. 2005). 

Limiting one or all of the amino acids in vivo or in vitro is 

an experimental model that is used extensively to 

characterize the cellular transcriptional response to 

nutritional stress and an ever-increasing number of amino 

acid regulated genes have been identified (Kilberg et al. 

2005). If amino acid starvation could induce AAR pathway 

in a timely dependent manner in H4IIEC3 and HepG2 

cells, then it could reduce restricting deviations of the 

conduit from DNA to proteins. 

Amino acid starvation is a deficiency in amino acids 

and the limitation deviates steps in the parameter in the 

pathway from DNA to RNA to protein. Activation of the 

amino acid response (AAR) pathway in response to 

amino acid limitation occurs largely through signal 

transduction and mediated through altered 

transcriptional activity of specific genes, including Asns 

(Barbosa-Tessmann et al., 2000), Atf3 (Pan, Chen, Siu, 

& Kilberg, 2003), and Chop (Abcouwer, Schwarz, & 

Meguid, 1999; Bruhat et al., 1997). Initiation of the AAR 

pathway requires phosphorylation of the eukaryotic 

translation initiation factor 2alpha (eIF2alpha) by GCN2 

kinase leading to the decrease of global protein synthesis 

(Lu, Jousse, et al., 2004). At the same time, ATF4 protein 

synthesis increases by the modulation of short upstream 

open reading frames (uORFs) within the 5’- leader of 

Atf4 mRNA (Harding et al., 2000; Lu, Harding, & Ron, 
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2004; Vattem & Wek, 2004). As a consequence of elevated 

ATF4 protein expression, multiple stress-induced genes 

are activated, including genes containing an amino acid 

response element (AARE) (Harding et al., 2003). C/EBP-

ATF response element (CARE) refers to a genomic 

sequence that contains a half-site for C/EBP family 

members and a half-site for ATF member binding within 

several target genes, including Chop (Fawcett, Martindale, 

Guyton, Hai, & Holbrook, 1999).  

 Using qPCR (quantitative PCR, also known as real-

time (RT-PCR)) relative mRNA expressions can be 

detected in specific samples. Experiments were designed 

to test whether the AAR pathway is affected in the 

treatment. Amino acid starvation could induce the AAR 

pathway in a timely dependent manner in H4IIEC3 and 

HepG2 cells. Each gene that was used for each PCR test 

was specifically chosen because they are believed to have 

a direct effect on the AAR pathway and were used in the 

investigation in the activation of the pathway. The 

downstream of AAR pathway were investigated to confirm 

the activation of this pathway. qPCR investigates the 

specific gene expression by pre-designed primers. mRNA 

samples were reverse transcribed to cDNA. Then, the 

cDNA was examined using a substance that contains 

fluorophore, which is SYBR Green. SYBR Green binds to 

double stranded DNA in order to detect the products of 

PCR. Inside the PCR machine are sensors inside the 

thermal cycler that measure the brightness of the 

fluorescence that the sample gives off. This permits the 

measurement of the rate of generation during each cycle. 

The purpose of the present study was to investigate 

the time-specificity of activation of the AAR pathway and 

comparison between human and rat hepatoma models. 

Unraveling these mechanisms provides valuable insight 

into the understanding of amino acid limitation in 

different species and period for future investigations. 

 

LITERATURE REVIEW 
In the study conducted by Pan et al. in 2003, they 

studied the genes ASNS and ATF3 and how amino acid 

deprivation induces the expression of multiple activating 

transcriptions for mRNA. This experiment performed is 

similar in the fact that it uses the same genes and it studies 

the effects of amino acid deprivation. This study is 

different than the one mentioned because the affects of 

amino acid starvation on the amino acid response pathway 

were observed. (Pan et al, 2003) In a study published in 

2004, the genes tested were ATF4, ATF3, and C/EBP 

protein. The study observes their expression level just 

like this study. It also tests the time of deprivation after 

amino acid limitation, which is also similar. This study 

observes slightly different genes i.e. ASNS and CHOP. 

(Chen et al, 2004). 

 

METHODOLOGY 
Cell culture and treatments 

The human and rat hepatoma cell lines HepG2 and 

H4IIEC3 were purchased from ATCC (Manassas, VA).  

Minimum essential medium (MEM) and amino acid 

free medium (-AA) were manufactured by the Cell 

Media Facility at the University of Illinois.  Unless 

otherwise mentioned, all general chemicals and 

laboratory supplies were obtained from Fisher 

Scientific. Cell culture ware was purchased from 

Sarstedt (Newton, NC). HepG2 and H4IIEC3 cells were 

cultured in MEM, supplemented with 10% fetal bovine 

serum (FBS) and 1% antibiotic-antimycotic solution 

(ABAM) at 37 °C in a humid incubator with 5% CO2. 

All experiments were performed using cells with 2-6 

passages.  

For testing the effects of amino acid limitation time 

course, HepG2 and H4IIEC3 cells were treated in 

triplicate with total amino acid free media for 0, 4, 8, 12 

and 24 hours, and cell samples were collected for 

mRNA expression. 

 

Quantitative real-time PCR 

Following amino acid deprivation treatment, cells 

were harvested in TriReagent (Sigma-Aldrich, St Louis, 

MO) according to the manufacturer’s instructions. 

mRNA concentration was measured by SmartSpec Plus 

spectrophotometer (BioRad laboratories Inc, Irvine, 

CA) at 260 nm. Total mRNA (2 g) was used for cDNA 

synthesis using High Capacity cDNA Reverse 

transcription Kit (Applied Biosystems, Foster City, CA) 

in a DNA 2720 Thermal Cycler (Applied Biosystems, 

Foster City, CA). The program was as follows: 25 °C 

for 10 min, 37 °C for 120 min, and 85 °C for 5 s. After 

the reaction, 25 ng of samples were used for 

quantitative real-time PCR and gene expression levels 

were determined using 2x Perfecta SYBR Green fast 

master mix (Quanta BioSciences) in a 7300 real-time 
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PCR system (Applied Biosystems, Foster City, CA). 

Primer sequences for the experiment were designed by 

Vector NTI software (Invitrogen Corporation, Carlsbad, 

CA) and primers were synthesized by Integrated DNA 

Technologies. The sequences of the primers used are in 

Table 1. The reaction was as follows: 95 °C for 15 min to 

activate Taq polymerase followed by 40 cycles of 95 °C 

for 15 s and 60 °C for 60 s. After amplification, 

dissociation curves were acquired by stepwise increases 

from 55 °C to 95 °C to ensure a specific product was 

amplified in the reaction.  Standard curves with slope of -

3.10±0.20 and R20.99 were accepted.  Human L7a was 

used as an internal control to normalize the raw data. 

 

FINDINGS 

 
Figure 1 

Atf3 mRNA Expressions of the AAR pathway in HepG2 

cells. 

 

 

Figure 2 

Atf3 mRNA Expressions of the AAR pathway in H4IIEC3 

cells. 

 
 

 

Figure 3 

Chop mRNA Expressions of the AAR pathway in 

HepG2 cells. 

 
 

Figure 4 

Chop mRNA Expressions of the AAR pathway in 

H4IIEC3 cells. 

 
 

Figure 5 

Asns mRNA Expressions of the AAR pathway in 

HepG2 cells. 
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Figure 6 

Asns mRNA Expressions of the AAR pathway in 

H4IIEC3 cells. 

 

 

 

The mRNA expression levels were the highest in the 

sample with the hASNS primers. The only two samples 

that kept increasing over time were human samples. The 

rat samples decreased usually after 8 hours of incubation 

compared to a spike in the human sample after 12 hours. 

There was also a steadier incline in the first 4 hours of 

incubation with the amino acid free medium (-AA). The 

rat samples had a much larger expression rate within the 

first 4 hours. Most of the declines were very rapid and 

sudden for both the rat and human samples. At the end of 

24 hours, every single sample still had a higher expression 

rate than what they started with. They also always had 

higher expression rates than the control, which shows that 

the –AA treatment does in fact increase the relative 

mRNA expression in these genes. The amplification due 

to the amino acid free medium is not only time sensitive, 

but also species sensitive. Typically after either 8 or 12 

hours of incubation, the expressions level would decrease. 

The –AA treatment’s expressions are exponentially 

higher than those for the control. Even at the lowest point, 

it produces higher expressions than the control’s highest. 

In humans, the mRNA expression levels of Atf3, 

Chop and Asns were induced significantly in a time-

dependent manner. Interestingly, Asns dropped slightly 

after 12 hours incubation. In rat, Atf3, Chop and Asns 

decreased after 8 hours incubation, but still significantly 

induced compared to control. There was also a more 

steady induction in the first 4 hours of incubation with the 

amino acid free medium (-AA). In rat, the induction of the 

mRNA expressions of downstream AAR genes starts 

after first 4 hours of amino acid starvation. In 

conclusion, our results show that amino acid limitation 

significantly induces the mRNA expression levels of 

Atf3, Chop and Asns differently in human and rat, 

moreover, the induction is time sensitive. 

 

 

Table 1 

Primers used in PCR for analysis of gene expression 

of the AAR Pathway Genes. 

 

 

 

CONCLUSIONS 
The induction of AAR pathway by amino acid 

deprivation is not only time sensitive, but also species 

sensitive. Specifically, the downstream of AAR 

pathway is significantly induced by amino acid 

deprivation after 4 hours of treatment and the increase 

last until 24 hours. The AAR pathway responded earlier 

in rat than human. Furthermore, the trend of induction 

dropped after 12 hours, but still significantly different 

from the control, which indicates the activity of the 

AAR pathway is time sensitive. 
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Gene Positions Species Sequence

L7a +145F human TTTGGCATTGGACAGGACATCC

L7a +208R human AGCGGGGCCATTTCACAAAG

L7a +64F rat GAGGCCAAAAAGGTGGTCAATCC

L7a +127R rat CCTGCCCAATGCCGAAGTTCT

ATF3 +6530F human ATACCTGTGATAGAACCCACCTCGG

ATF3 +6612R human TCTGCGCTGGAATCAGTCACTGT

ATF3 +688F rat AGABAGGBAACBATTBGCABGAGBCTABAGC

ATF3 +767R rat TGGBGGTBGGABAAABGGABGGABTTC

CHOPB +595F human GAACGGCTCAAGCAGGAAATCG

CHOPB +668R human ATTCGGTCAATCAGAGCTCGGC

CHOP +636F rat CTCBTGABTCGBACCBGCABTGGBTCABG

CHOP +731R rat TGGBCGTBGATBGGTBGCTBGGG

ASNS +1290F human GCABGCTBGAABAGABAGCBCCABAGT

ASNS +1351R human TGTCTTCCATGCCAATTGCA

ASNS +11091F rat TGGBACTBCCABGCTBTGGBTTG

ASNS +11157R rat AGABGCABTAGBGGCBACTBTGG

Text
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