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General & Structural Information
‣ Enzyme (serine hydrolase) that cleans up used acetylcholine2

‣ acetylcholine: carries signals from nerve → muscle cells; opens receptors
triggers contraction

‣ breakdown: acetylcholine → acetic acid + choline

‣ Found in synapses between nerve/muscle cells2

‣ Structural motifs1

‣ 2°: thirty 𝛼-helices, two β sheets, and numerous 𝝮 loops connecting the two
‣ 3°: primarily connections by H bonds
‣ 4°: homodimer

Functional Information
‣ Active site: Ser-His-Glu triad2

‣ Inhibitors: animal poisons/toxins, sarin gas, insecticides6

‣ No enzyme = too much acetylcholine =
muscle paralysis
‣ Oddly, this can be good for AD patients

‣ Increased receptor stimulus
remedies memory loss3

Acetylcholinesterase PDB ID: 1ACJ
Elizabeth Kowalski
CHEM 438 - Intro. Biochem
3/6/2023

Fun Facts
‣ 80 µs reaction time - one of the fastest of all enzymes!
‣ First isolated from electric fish (ex. Torpedo ray), which have extensive nervous connections  
in electric signaling organs

References
1. Quaternary ligand binding to aromatic residues in the active-site gorge of acetylcholinesterase. Harel  et al 
(1993). Proc Natl Acad Sci USA, 90, 9031-9035.
2. “Acetylcholinesterase.” RCSB Protein Data Bank (June 2004).
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Figure 3. MeP in sarin bound to Ser of active 
site

MW: 60.99 kDA

Figures 1 & 2. Acetylcholinesterase structure  isolated from Tetronarce californica obtained by X-ray diffraction.
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‣ Isoforms: AChET, AChEH, AChER

‣ Generated by 3’ end splicing of ACHE gene4

‣ Same catalytic domain, but unique C-terminal end

‣ Possible applications: development of anti-acetylcholinesterase drug5

Protein Structure:

● Found in bacteria: from Ideonella sakaiensis 1

● 3,349 amino acids residues 2

● Hydrolase enzyme family → 𝝰/𝜷 hydrolases 1

● Contains 6 chains: 2

○ 2 domains – 3 chains each. A dimer. 
■ Lid domain is unique 

● Many ligands bound to chains to activate enzyme
○ Benzoic acid, MPD, Sulfate, Calcium ion, Chloride

 
Protein Function:
● 2nd enzyme needed to break down PET polymers 1,3

● 6QGA breaks stable bonds of MHET 
creating components EG and TPA  1

● Induced-fit mechanism 1

● Once attached to MHET, 180o rotation 
around F415

● Km= 7.3 µM

● Various mutations show increase in Km 
1

Fun Facts!
- Enzyme discovered at a recycling facility – bacteria on 

plastics
- EG and TPA are digestible and metabolized by bacteria AND are 

building blocks for a new round of PET synthesis 1
- Can provide new pathways for more renewable energy with further 

study.
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STRUCTURAL/GENERAL INFORMATION
♥ Found in Cannabis sativa.
♥ 518 amino acid residues.
♥ 3° structure: divided in 2 domains with a flavin adenine 

dinucleotide (FAD) in between.¹
Domain I: 8 alpha helices & 8 beta sheets covalently 
bound to FAD.
Domain II: 8 beta sheets surrounding 5 alpha helices.

♥ FAD covalently bound to His114 and Cys176.
♥ FAD also bound by hydrogen bonds.

BIOLOGICAL FUNCTIONS
♥ THCA synthase uses FAD as a catalyst for the oxidative 

cyclization of the monoterpene of cannabigerolic acid 
(CBGA).¹

♥ May contribute to self-defence of Cannabis plants since 
the products of the reaction with CBGA (THCA & H2O2) 
are both cytotoxic.³

☆FUN FACTS☆
♥ Decarboxylation of THCA produces THC.²
♥ THCA may possibly be possibly be used to synthesize 

pharmaceutical grade THC.²

REFERENCES
♥ 1. Yoshinari Shoyama et. al (2012) JMB, VOL 423, pg. 96-105
♥ 2. Moreno-Sanz G (2016) Cannabis & Cannabinoid Research, VOL 1, pg. 124-130
♥ 3. Supaart Sirikantaramas et. al (2005) Plant and Cell Physiology, VOL 46, Pg. 1578–1582
♥ PDB: 3VTE
♥ Imaging produced using ChimeraX.

Tetrahydrocannabinolic acid (THCA) synthase (PDB: 3VTE)
Elisabet Tesla Nicholas

FAD bound to 
His114 & Cys176

⤷

THCA synthase
⤶

Dendrotoxin-I : PDB# 1DEM
Cesar Fernandez 3/9/23  PDB Assignment

MW: 7170 g/mol
2॰: 1 beta sheet and 2 alpha helix

A presynaptic neurotoxins which 
blocks potassium channels 

 (targeting certain subtypes of 
voltage-gated potassium channels 
found in neurons, is designed to boost 
the release of acetylcholine at 
neuromuscular junctions.)

Gene source: Dendroaspis polylepis 
polylepis (Black mamba)

Meant to destroy nerve tissue
Yet a useful protein for pharmacological 
research for Ion channel proteins.

Produces Acetycholine / and has anti protease 
functionality.

1) Bank, R. C. S. B. P. D. 1DEM: Proteinase inhibitor homologues as potassium channel 
blockers. RCSB PDB. 

2) Gasparini, S., Danse, J.-M., Lecoq, A., Pinkasfeld, S., Zinn-Justin, S., Young, L. C., de 
Medeiros, C. C. L., Rowan, E. G., Harvey, A. L., and Ménez, A. (1998) Delineation of the 
functional site of α-dendrotoxin. Journal of Biological Chemistry 273, 25393–25403. 

3) Katoh, E., Nishio, H., Inui, T., Nishiuchi, Y., Kimura, T., Sakakibara, S., and Yamazaki, T. 
(2000) Structural basis for the biological activity of dendrotoxin-I, a potent potassium channel 
blocker. Biopolymers 54, 44–57.

Binding sites in red
And antiprotease 
areas

General Features:
● Contains 504 amino acid residues
● Secondary structure: contains 30 antiparallel beta 

sheets and 10 alpha helices 
● Molecular weight: 190.1 kDa
● Carbohydrate moiety functions as an attachment site 

of the virus to host cells.

● Is part of flaviviridae (flavivirus), which is a positive, 
single stranded RNA virus. Can be found in ticks and 
mosquitos

Visual Representation:

Function:
● The virus is the causal agent of neurological disorders 

like the Guillain-Barre syndrome and microcephaly in 
newborns.

● The mechanism of Zika is to cross the placental barrier 
and the blood brain barrier.

“Fun” Facts:
● Zika virus was discovered in 1947, in a infected 

monkey in the Zika forest of Uganda
● Linked to birth defects
● Causes neurological symptoms
● Primary spread through infected mosquitoes 

References
Chiu C-F. The Mechanism of the Zika Virus Crossing the Placental Barrier and the Blood-Brain Barrier. Frontiers in Microbiology. 
2020 [accessed 2023 Mar 9];11. https://www.frontiersin.org/articles/10.3389/fmicb.2020.00214 

Coutard B, Barral K et al. Zika Virus Methyltransferase: Structure and Functions for Drug Design Perspectives. Journal of Virology. 
2017;91(5):e02202-16. doi:10.1128/JVI.02202-16

Zika Virus :PDB ID# 5IRE
Christopher Arias, 03/08/23, PDB Assignment

● RCSB PDB (RCSB.org) is the US data center for the global Protein 
Data Bank (PDB) archive of 3D structure data for large biological 
molecules (proteins, DNA, and RNA) essential for research and 
education in fundamental biology, health, energy, and biotechnology. 
(3)

● The Protein Data Bank (PDB) was the first open access digital data 
resource in biology and medicine.(3)

● Macromolecular structures are used in biotechnology, medicine and 
environmental studies to develop new cures for disease, and better 
biofuel production for example.

● Molecular visualization software ChimeraX was developed by UCSF 
faculty as a free program funded by the National Institutes of Health. 
(1, 2)

● Faculty developed hands-on student tutorial curriculum to 
demonstrate how to utilize PDB data.

● Students learned how to make 3D molecular representations of this 
data using UCSF ChimeraX software.  

● A threaded curriculum biotechnology related protein (tyrosinase) was 
chosen to connect with previous knowledge in other courses.

● Students applied their knowledge to a protein of their choice creating 
both a Quad Chart presentation and a 3D printed surface model of 
the protein (4)

● Quad Chart presentations are used to pitch an idea or quickly and 
inform the audience for funding or further studies.

Figure 1. Excerpt of student 
submissions for the hands-on PDB 
tutorial.  This student utilizes their 
knowledge of charge to interpret 
the binding of an inhibitor to the 
tyrosinase enzyme active site, an 
enzyme causing browning in 
mushrooms. PDB 2Y9X. (5)

● 3D modeling is a valuable interactive tool to understand the complexity of biological 
macromolecules informing function.

● Student displayed in-depth understanding of protein structure and binding in 
hands-on activities and presentations of protein structures

● The knowledge of biological molecular structure in drug design and biotechnology 
is an essential skill set for modern scientists to meet the grand challenges of the 
future.

Figure 2. Student surface model  
submissions .stl file for the 3D 
printing of their protein choice, 
cobalamin (vit B12) transporter 
BtuB from the bacterium E. coli 
PDB 1NQH. (2003) Nat Struct Biol 
10: 394-401
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