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Neural Tube Defects and Folic Acid

 Second leading cause of congenital birth defects 

 Around 1 in 1,000 births experience a neural tube defect (open spina bifida and anencephaly) 

 Neural tube structure is a structure that gives rise to brain and spinal cord

 Nutritional levels of folic acid are linked to risks of neural tube defects 

 Increased levels of folic acid decrease risk of neural tube defects

 A possible mechanism suggests folic acid levels affect neural tube development

 Altered folic acid levels increase the risk of cancers such as colorectal and breast cancer 

Images: https://www.cdc.gov/ncbddd/birthdefects/facts-about-neural-tube-defects.html
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Serine Hydroxymethyltransferase 
(SHMT)

 One of the many proteins in 

folic acid metabolism

 Metabolizes glycine to serine in 

folic acid metabolism

 Assists to create one-carbon 

groups

 Metabolism occurs in two 

areas:

 cytosol and nucleus

 mitochondria

Image: Xiu, et al. 2020

Tramonti, et al. 2018 



Methodology

Sampled 17 species from the 3 domains, 4 kingdoms within 
Eukaryotes, and 11 phyla within the animal kingdom

Identified Shmt homolog(s) from sampled species

Determined whether if the Shmt was mitochondrial or 
cytosolic

Compared Shmt(s) within species to determine if they were 
isoforms or independent genes

Identified mitochondrial transfer sequences from isoforms

Analyze SHMTs for phylogenic similarities (all, cytosolic, and 
mitochondrial)

Focus
 C. elegans have one Shmt

gene while most Eukaryotes 

have two genes

 Q: Is the C. elegans Shmt

homolog, mel-32 localized 

to the cytosol, 

mitochondria, or both? 

 Q: Do any other organisms 

have isoforms instead of 

genes?

 Q: Can these isoforms be 

used to determine any 

potential mitochondrial 

transfer sequences?



What is an Isoform?

Gene 1 Gene 2 Gene 1

Cytosolic 

SHMT

Protein 1 Protein 2

Mitochondrial 

SHMT

Protein 1 Protein 2

Cytosolic 

SHMT
Mitochondrial 

SHMT

1 Gene = 1 Protein 1 Gene = Multiple Proteins 

Since isoforms are localized to different targets, the difference must be in the targeting sequence!



Proteins are Localized Through Target 

Sequences

 A target sequence is required for proteins to be localized to the 
mitochondria (like a zip code!)

 N-terminal encodes the target sequences

 Sequences have similar physiochemical properties

 Research shows a conserved pattern for mitochondrial target 
sequence: φ X X φ φ

 φ (phi) indicates a bulky hydrophobic residue (but can 
tolerate glycine, proline, and alanine)

 X indicates any amino acid

 The N-terminal amino acid sequence interacts with the 
receptors, translocase of the outer and inner mitochondrial 
membranes

Image: Renwick, et al. 1998
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Discovery of Isoforms of mel-32

 mel-32 is the C. elegans homolog of Shmt

 mel-32 previously has not been published as producing isoforms because it is not 

widely researched

 mel-32 isoforms were found on genetic database (Wormbase: C05D11.11)

mel-32: isoform A

Cytosolic: 0.0442

Signal: 0.0018

Mitochondrial: 0.9541

mel-32: isoform B

Cytosolic: 0.9999

Signal: 0

Mitochondrial: 0.0001



Table 1: Determined SHMT Localizations and Percent Identity within Species



Identification of Mitochondrial Transfer 

Sequences

 Mitochondrial transfer sequences are based off the motif, φ X X φ φ

 The three species sampled from Porifera, Nematoda, and Arthropoda had at least two isoforms 

with different localizations



Accepted Phylogeny Tested Cytosolic SHMT Phylogeny



Accepted Phylogeny Tested Mitochondrial SHMT Phylogeny



Accepted Phylogeny Tested SHMT 

Phylogeny



Results and Takeaways

Identified Mitochondrial Transfer 
Sequences

 Successful in identifying potential 

mitochondrial presequences

 Future experiments can be done to: 

 (1) confirm C. elegans isoform is localized to 

the mitochondrial, 

 (2) determine if both isoforms in C. elegans 

are essential 

 (3) determine which amino acid(s) are 

essential for mitochondrial targeting 

Phylogenic Comparisons

 Cytosolic SHMT and Mitochondrial SHMT 
were closer together unless the SHMTs 
originated from isoforms

 Key differences include (1) Platyhelminthes 
difference, and (2) similarity between 
Cnidaria and Chordata

 Due to Tardigrada’s association with 
Nematoda and Arthropoda, it can be 
hypothesized that Tardigrada has a 
mitochondrial SHMT isoform (which has not 
been identified yet)



Questions?
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