
Printing:
This poster is 48” wide by 36” 
high. It’s designed to be printed on 
a large-format printer.

Customizing the Content:
The placeholders in this poster are 
formatted for you. Type in the 
placeholders to add text, or click 
an icon to add a table, chart, 
SmartArt graphic, picture or 
multimedia file.

To add or remove bullet points 
from text, click the Bullets button 
on the Home tab.

If you need more placeholders for 
titles, content or body text, make a 
copy of what you need and drag it 
into place. PowerPoint’s Smart 
Guides will help you align it with 
everything else.

Want to use your own pictures 
instead of ours? No problem! Just 
click a picture, press the Delete 
key, then click the icon to add your 
picture.

Conclusion

P33T Mutation

Mechanism of Neonatal Insulin Production Failure in 
Transcription Factor PDX1 Related MODY4

Luke Krier, Zoe Coler, Evelyn Cegielski | Jim Lane | Mahtomedi Senior High 

Transcription
The process of producing proteins from DNA involves two steps. The first step, transcription, is 
defined by transcribing DNA information into RNA. This process needs the protein cluster RNA 
Polymerase II (Pol II), the main engine powering transcription. Additionally, in order for the Pol II 
machinery to access the DNA, the DNA must undergo unraveling from histones (positively charged 
proteins that DNA wraps around). So, in order to regulate transcription and initiate Pol II, a litany of 
transcription factors are needed to recruit machinery both to catalyze histones to relax the spooled 
DNA and recruit Pol II to the specific DNA segment. For INS, both these processes are in large part 
regulated by PDX1. PDX1 binds both to the promoter and enhancer regions of INS. From there, we 
identified two cofactors that PDX1 directly interfaces with via its TAD: The 26S proteasome 
non-ATPase regulatory subunit 9 (PSMD9) and histone acetyltransferase p300 (Mosley et al., 2004, 
Usher & Showalter, 2022). PSMD9 binds to PDX1 while PDX1 is in the promoter region, facilitating 
the recruitment of Pol II (UniProt, n.d.). p300, in contrast, binds to PDX1 while it is in the enhancer 
region and catalyzes the aforementioned DNA unraveling (Ebrahim et al., 2022). As these two 
cofactors play crucial roles in either facilitating or prepping for transcription, respectively, failure to 
bind would suggest failure to transcribe INS (Qiu et al., 2002, Mosley et al., 2004, Usher & Showalter, 
2022). 

The PDX1P33T mutation is characterized by the substitution of a threonine for a proline in PDX1’s 
transactivation domain. Proline’s sidechain creates a uniquely tight turn, so when threonine takes its 
place, the turn radius of a loop in the TAD relaxes significantly--from 34.78±5° to 79.68±5° (PyMOL, 
Jumper et al., 2021). Due to this radius change, PDX1P33T cannot properly match up with cofactors 
PSMD9 and p300, and fails to bind to them. Therefore, it is unable to recruit the necessary machinery, 
meaning transcription of INS cannot occur. Under normal conditions, insulin regulates the mass of 
𝛽-cells, which ensures they function properly and can themselves produce insulin (Rachdaoui, 2020). 
Therefore, when INS is not transcribed due to the PDX1P33T mutation, both 𝛽-cell development and their 
capacity to form insulin are negatively impacted. This inability to produce insulin, in turn, leads to and 
is a core symptom of, MODY diabetes (MedlinePlus, n.d., Rachdaoui, 2020).

Maturity-onset diabetes of the young (MODY), is a form of diabetes separate from both type 1 (T1) and 
type 2 (T2). In MODY, insulin production is often prevented or reduced by one of many mutations--the 
most common being those in the HNF1A, HNF4A, and HNF1B genes (MedlinePlus, n.d.). MODY has 
eleven different types, all caused by various single gene missense mutations which prevent β-cell insulin 
secretion. MODY4, the rarest form of MODY, is defined by mutations within the pancreatic and 
duodenal homeobox 1 (PDX1) gene (Yoshiji et al., 2021). We specifically analyzed the P33T mutation 
within the transactivation domain (TAD) of PDX1, and how it affects gene expression, because it is the 
most common source of MODY4 (Wang et al., 2019). PDX1 is commonly expressed in the 
gastrointestinal tract, predominantly in acinar cells within the islets of Langerhans which are found in 
the epidermis of the pancreas (Fig. 1) (Egozi et al., 2020). 

In total, our research points to the unique nature of proline’s sidechain within PDX1 as the catalyst for 
MODY4 by way of disrupting the recruitment of the machinery necessary to both unravel histones and 
initiate transcription via Pol II. We substantiated this hypothesis using modeling tools such as 
AlphaFold2 and ChimeraX. However, two provisions must be acknowledged: first, the predictions 
produced by AlphaFold2 within the TADs were significantly uncertain (Fig. 4). Within the TAD of 
PDX1P33T, there was an average per-residue confidence score (pLDDT) of 55. This low confidence is 
likely due to the TAD itself being chaotic. However, it must be acknowledged that the exact change in 
the TAD is unclear. We can be certain it changed, but to what exact degree is uncertain. This leads into, 
second provision: we are substantiating our predictions with predictions. There is a nonzero possibility 
that because proline has historically caused this shape, both us and AlphaFold2 predict this same 
phenomenon without any true backing. Trust in exact results has to come from, then, trust in (1) 
AlphaFold2’s attention to nuance and (2) that proline would act normally. So, looking forward, the 
next steps that should be taken are to model both the wild-type and mutated PDX1 alongside p300 and 
PDX1 in AlphaFold2 to increase confidence in the behavior. 
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Maturity-onset diabetes of the young (MODY) is a rare autoimmune disorder. Specifically, MODY4 is 
a subset of cases stemming from mutations in the proline-rich transactivation domain of the homeobox 
transcription factor PDX1. This study analyzes the mutation PDX1P33T which substitutes a threonine in 
the place of a proline in the transactivation domain (Wang et al., 2019). Within pancreatic 𝛽-cells, 
PDX1 is essential for the transcription of the gene INS, which encodes insulin. Further, because of 
their respectively necessary or augmentary roles in RNA Polymerase (Pol II) recruitment, PDX1 
requires the physical binding of cofactors p300 and PSMD9 in order to achieve adequate transcription 
levels (Qiu et al., 2002, Usher and Showalter, 2022). The PDX1P33T mutation has been characterized 
by an inadequate transcription of the INS gene, although the physical process has not been 
documented. From observations of protein modeling and folding tools PyMol and Alphafold2, 
respectively, the Mahtomedi MaPS Team, in collaboration with the Center for BioMolecular Modeling, 
suggests that PDX1P33T fails to bind PSMD9 and p300 and thus cannot recruit Pol II itself and 
transcribe INS because of the removal of proline’s atypical sidechain via the substitution of threonine; 
the substitution relaxes the turn radius of a loop in the transactivation domain from 34.78±5° to 79.68
±5° (PyMOL, Jumper et al., 2021, Varadi et al., 2021). As a result, PDX1P33T leads to MODY diabetes 
by tangentially inhibiting 𝛽-cell development and their capacity to form insulin, as well as the 
production of insulin itself.

2022-2023

An unmutated PDX1 maintains a turn radius of 34.78±5°, caused mainly by the amino acid proline’s 
unique sidechain (PyMOL). Proline’s presence in the backbone is the fundamental source of this 
restricted φ angle. Its reconnection to its protein backbone allows proline to assume either trans or cis 
configuration. Unlike most other amino acids, which all favor trans configurations due to steric clash, 
proline creates steric clash in both the trans and cis configuration, so depending on other local charge 
distributions it can take the form of either (LabXchange, 2020). By configuring this way, it often disrupts 
the secondary structure, causing turns in the beta sheet as we see in the original PDX1 model (Fig. 3). 
However, when it mutates from a proline to a threonine, it loses that disrupting quality, therefore 
reducing the turn radius to 79.68±5° (PyMOL) (Fig. 2). Threonine favors a trans configuration, which 
prevents it from assuming the cis configuration as proline did, preventing the sharp turn found in the 
non-mutated PDX1 (LabXchange, 2020). P33T mutation occurs in the transactivation domain of PDX1 at 
the end of a β-turn in the peptide backbone. The transactivation domain is necessary to bind to other 
transcription cofactors in order to recruit RNA polymerase II and related machinery (Wang et al., 2019).
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Fig. 4 
pLDDT is the measure 
AlphaFold2 gives for its 
per-residue confidence given 
by the 1DDT-C𝛼 metric 
described in Mariani et al., 
2013. Generally, <50 is 
unusable, 50-70 is tentative, 
70-90 is generally 
applicable, and 90-100 is 
excellent 
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PDX1 is necessary for both the development of all pancreatic type cells 
and insulin production within β-cells (Spaeth et al., 2017). A 100-base 
pair enhancer activates β-cell transcription in the islets of Langerhans 
and in acinar cells, imparting pancreatic specificity. PDX1 is crucial in 
the transcription of the insulin coding gene (INS) and pancreatic 
elastase I gene (ELA1) along with other cofactors specific to pancreatic 
acinar cells (Viswanath et al., 2000). The INS gene is fundamental to 
β-cells secreting insulin, while ELA1 is a complement Fig. 1 

Pancreas 
components

to pancreatic genes encoding digestive enzymes that are expressed 
selectively in acinar cells (Wang et al., 2019, Mosley et al., 2004).


