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1. PROJECT DESCRIPTION 

Glycogen Storage Disease Type 1a (GSD 1a) is an autosomal recessively inherited metabolic 

disorder in which multiple mutations in the G6PC gene effectively cause enzyme deficiency 

in glycogen metabolism (Chou et al., 2005). GSD Type 1 is seen approximately 1/100,000 

births each year and 80% of GSD patients consist of GSD 1a subtype (Chen, 2000). The 

blocked glycogenolysis and gluconeogenesis due to liver problems (Hicks et al., 2011) lead 

symptoms like hypoglycemia with higher lactic acid, triglyceride and uric acid levels after 

birth due to excessive G6P amount (Froissart et al., 2011; Hicks et al., 2011). Other symptoms 

include muscle cramps, muscle weakness, fatigue (Froissart et al., 2011), and exercise 

incapability due to glycogen accumulation in skeletal muscle, and bulged abdomen due to 

hepatomegaly (Froissart et al., 2011; Hicks et al., 2011). Up to  now, science has not any cure 

for GSD Type 1 yet, but over time, thanks to strict and frequent nutrition treatment of 

uncooked cornstarch, applied during the whole day and night, GSD Type 1 patients evade 

from hypoglycemia and higher lactic acid levels (Rajas et al., 2015). 

 

In this project, mutation data from Turkey was collected and mutations causing glucose-6-

phosphatase (G6Pase) deficiency, located on G6PC gene on chromosome 17q21 identified. 

With the obtained data, gene therapy methods for GSD 1a treatment and appropriate transfer 

methods for were determined. 

 

2. AIM OF THE PROJECT 

 

In this project, it was aimed to analyze the most common mutations responsible for GSD 1a, 

considering mutation data obtained from 57 patients from Turkey, and to restore G6PC 

activity in these patients by using novel gene therapy methods including Prime Editing and 

mRNA delivery though lipid nanoparticles. 

 

 

3. IMPORTANCE OF THE PROJECT 

 

Most GSD Type 1 patients could not survive until their adolescence; they usually pass away 

during their childhood (Rajas et al., 2015). The diet program that GSD 1a patients follow at 

certain intervals within 24 hours shows great importance for the patients, but this diet causes 
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serious hepatic, kidney and intestinal problems as the patients get older (Rajas et al., 2015). 

Since these problems can cause chronic kidney disease, liver failure, or tumor progression 

when patients reach older ages, patients need dialysis or organ transplantation during this 

period. In one study, newborn G6PC knockout mice treated with bone marrow-derived 

myelomonocytic cells showed reversible G6Pase activity and better liver function, but there 

was no improvement in kidney involvement in mice (Resaz et al., 2011).  

 

In this project, prime editing and mRNA delivery method, which is thought to be more 

effective and less deformative, will be used for the treatment of GSD 1a. These systems will 

be delivered in hepatocyte-targeting lipid nanoparticles. Among these methods, Prime editing 

is predicted to make liver cells functional by correcting R83C/H mutations on the G6PC gene, 

mRNA delivery is predicted to restore enzyme activity in liver cells with long-term intake of 

mRNA. 

 

 

4. CONTENT OF THE RESEARCH AND ITS LIMITATIONS 

 

Within the content of the project, there are in vivo clinical studies, including in vitro 

laboratory studies, in vivo animal experiments. Control studies will be performed in each of 

these studies. 

 

 

5. METHODS IN THE PROJECT 

 

First, in order to understand mutations in the G6PC gene that cause glucose-6-phosphatase 

deficiency, mutation data of 57 GSD 1a patients from Turkey were obtained from Intergen 

Genetics and Rare Diseases Research and Diagnosis Center. In order to observe the change in 

the enzyme caused by the R83C mutation, which is the most common mutation, statistical 

three-dimensional structures were obtained from different applications and comparative 

analyzes of these structures were performed. According to the mutation analysis, prime 

editing protocol has been designed for R83C/H mutations, which are the most common and 

located in the catalytic parts of the enzyme. For the prime editing protocol, prime editing 

sequences were created for the R83C/H mutation, and then plasmid selection was made. The 

method of mRNA delivery is designed for the rest of the patients with other mutations. For 
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this protocol, it has been determined that the synthesis of this mRNA can be carried out by 

Trilink Biotechnologies company, which can synthesize modified Glucose-6-Phosphatase 

mRNA that will ensure its translation in the cell. Use of Lipid Nanoparticles (LNP) was 

determined to transfer both Prime editing system and mRNA specifically into liver cells. Cell 

lines, required experiments to see whether the transfer occurred successfully and to see 

whether the enzyme was produced were determined.  

 

 

6. FIGURES 
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Figure 1. Mutated allele frequencies and mutation distribution on G6PC of 57 patients 

(114 alleles). (a) There are 16 different types of mutations on human chromosome 17q21. The 

mutations are distributed on exon 1-5 and intron 4. Each color specifies a different mutation. 

(b) Incidence of the mutations. Each dot specifies one alleleR83C mutation is seen most 

commonly. 
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Figure 2. Percentage of allele incidences. R83C/H is found on 59% of the alleles, while 

W160* is found on 11%. G270V is found in 7%. Other mutations can be seen on 28% of the 

alleles. 

 

 

 

Figure 3. Tertiary structure predictions of G6PC with different tools. (a) Predicted 

wildtype G6PC model according to different tools. (b) Predicted R83C variant G6PC model 

according to different tools (c) Indication of different mutations on G6PC model predicted by 

I-TASSER. Each color represents a different mutation. (d) Alignment of models predicted by 

3 different tools. 
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Figure 4. Prime editing of R83C variant of G6PC. (a) Prime editing schematic display. 

Cas9n nicks PAM strand and PE system makes reverse transcription on pegRNA template. 

Next, cellular systems cleavage DNA flap and edited DNA is polymerized into target DNA 

region. (b) Exon 2 of variant G6PC on top, prime editing system on middle, prime editing 

mechanism for correction of R83C variant beneath them. After hybridization between 

pegRNA and target DNA region, pegRNA recognizes PAM DNA strand to be nicked by Cas9 

(H840A) nickase. Primer binding site (PBS) and PAM strand hybridize, and reverse 

transcriptase (RT) writes on a new flap. After reverse transcription, two possibilities may 

occur: (i) flap equilibration gives hybridization of new DNA flap to unchanged DNA strand 

and thanks to DNA repair mechanism, targeted change is made on the target DNA strand; or 

(ii) flap equilibration gives degradation of DNA flap and target DNA site stays unmodified. 

 

 

 

 

Figure 5. mRNA delivery method. Glucose-6-phosphatase mRNA is modified to increase its 

stability inside the cells and put in a delivery machine. Delivery machine is delivered to the 

patient by intravenous injection. Injected machine goes to liver and is taken into the liver cell 

within an endosome and gets degraded by intracellular degradation pathways. Free G6Pase 
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mRNA is translated in ribosomes and translated mRNA goes to endoplasmic reticulum (ER) 

for post-translational modifications and then gets embedded into the ER membrane to work 

fully. 
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