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Introduction

e RCSB PDB (RCSB.org) is the US data center for the global Protein

‘ . . . Acetylcholinesterase
Data Bank (PDB) archive of 3D structure data for large biological Y
i mOIeCU|eS (prOteinS, DNA, and RNA) essential for researCh and ’Enzyme(serinehydrc')la.se)th.atcl.eansupusedacetylcholinez :
- education in fundamental biology, health, energy, and biotechnology. N ——

» Found in synapses between nerve/muscle cells?

(3) ’S"L'Ct”'a:';_"::i -heli two B sheets, and numerous Q | nnecting the tw
e The Protein Data Bank (PDB) was the first open access digital data
resource in biology and medicine.(3)
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Functional Information

Y —— > 80 ps reaction time - one of the fastest of all enzymes!

t ) ';...,,; ) 3 i N i » First isolated from electric fish (ex. Torpedo ray), which have extensive nervous connections
e’ } s in electric signaling organs
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,'“VJ\{,»"— > Ll o Quaternary ligand binding to aromatic residues in the active-site gorge of acetylcholinesterase. Harel et al
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(1993). Proc Natl Acad Sci USA, 90, 9031-9035.
“Acetylcholinesterase.” RCSB Protein Data Bank (June 2004).

PROTEIN DATA BANK
e Macromolecular structures are used in biotechnology, medicine and

environmental studies to develop new cures for disease, and better
biofuel production for example.

10.2210/rcsb_pdb/mom_2004_6 ° °
Modulators of Acetylcholinesterase Activity: From Alzheimer's Disease to Anti-Cancer Drugs. Lazarevic-Pasti et
al. (2017). Curr Med Chem, 30, 3283-3309. I I I I n K I n S e
Competitive regulation of alternative splicing and alternative polyadenylation by hnRNP H and CstF64 determines
acetylcholinesterase isoforms. Nazim et al. (2017). Nucleic Acids Res, 45, 1455-1468.
Pharmacol Biochem Behav 81, 89-99.

Crystal Structures of Aged Phosphorylated Acetylcholinesterase: Nerve Agent Reaction Products at the Atomic
Level. Millard et al. (1999). Biochemistry 38, 7032-7039.

General Features:
Serine/Threonine Protein Kinase

. . . . o Part of thr Casein Kinase 1 (CK1) family =
e Molecular visualization software ChimeraX was developed by UCSF Dendrotoxin-I : PDB# 1DEM 1267 ainaid, 4 lpha-olce, 5 bt tans §
onserve inase aomain
faCU |ty as a free prog ram fU nded by the National InStitUteS Of Health Cesar Fernandez 3/9/23 PDB Assignment MW: 126 kDa; N-terminal kinase MW: 41 kDa; C-terminal §
. _ ubiquitin-associated domain MW: 85 kDa p
MW: 7170 g/mol e .. - Isoforms: TTBK1A and TTBK1B (differ in N-terminal <
1 2 2.: 1 beta sheet and 2 alpha helix Binding SitcSEaed ) £
( ’ ) 5 »n And antlprOteaS _ ‘ ﬁg&nﬁ: longer and the predominant form expressed in the brain §
A presynaptic neurotoxins which ”r. areas ‘.‘:’ / Monomer; potential to dimerize ‘Z?'
/)

: T8 ny 9 Kinase domain: conserved catalytic core w/ ATP-binding site &
Ty y -~ catalytic residue for phosphorylation

-

blocks potassium channels -

Methods

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

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

e Athreaded curriculum biotechnology related protein (tyrosinase) was
chosen to connect with previous knowledge in other courses.

Localized to cytopl
(targeting certain subtypes of ocalized to cytoplasm

voltage-gated potassium channels
found in neurons, is designed to boost e .
Substrate Specificity:

the release of acetylcholine at Gene source: Dendroaspis polylepis Phoaphorvition
neuromuscular junctions.) polylepis (Black mamba) Implicated in Wnt signaling pathway;

TTBK1 Function &

. regulates cell growth, differentiation,
Meant to deStroy nerve tissue and cell fate determination.

Yet a UserI prOteIn for pharma_COIOglcal Bank, R. C. S. B. P. D. 1DEM: Proteinase inhibitor homologues as potassium channel . Known to
research for lon channel proteins. blockers. RCSB PDB. s phosphorylate a variety of substrates in-

. . Medeiros, C. C. L., Rowan, E. G., Harvey, A. L., and Ménez, A. (1998) Delineation of the X\ £ i i H ili
PrOdUCGS AcetyChOIIne / and haS antl prOtease functional site of a-dendrotoxin. Journal of Biological Chemistry 273, 25393-25403. - o -y ) in microtubule assembly and Stablhty’

functiona"ty Katoh, E., Nishio, H., Inui, T., Nishiuchi, Y., Kimura, T., Sakakibara, S., and Yamazaki, T. LD YRS A WO, ) . axonal transport, and neuronal develop-
5 (2000) Structural basis for the biological activity of dendrotoxin-I, a potent potassium channel T AN o SR ment
blocker. Biopolymers 54, 44-57. R A Y ("

Figure 1. Excerpt of student
submissions for the hands-on PDB
tutorial. This student utilizes their
knowledge of charge to interpret
the bmdmg of an inhibitor to the N . Total Structure Weight: 64.55 kDa
tyrosinase enzyme active site, an 2 N~ Q Atom Count: 4,997

enzyme causing browning in LD = e e
mushrooms. PDB 2Y9X. (5)

uman Hemoglobin
1CH4
Ezekiel Buchert

.
'y

K

l&}

.
.

The hemoglobin protein consists of two This protein is capable of being synthetized by E.
beta chains and two alpha chains. Each coli. This protein is capable of being identified via
chain contains an iron atom. Oxygen bonds Iron-60 in the heme group
these atoms of iron, and the molecule ) , ,

. Bank RCSBPD 1CH4: Module-substituted Chimera Hemoglobin Beta-alpha (F133V). In:
embedded into the red blood cells RCSB PDB. https://www.rcsb.org/structure/1ch4. Accessed 6 Mar 2023

tra nSPOI'tS Oxygen th fOUghOUt the Shirai T, Fujikake M, Yamane T, Inaba K, Ishimori K, Morishima I. Crystal structure of a

H protein with an artificial exon-shuffling, module M4-substituted chimera hemoglobin
bIOOdStrea m. Ca rbon monOXIde can beta alpha, at 2.5 A resolution. J Mol Biol. 1999 Mar 26;287(2):369-82. doi:

irreversibly bond to the heme groups that 10.1006/jmbi.1999.2603. PMID: 10080899.
contain the iron. This will pOiSOﬂ the action Madej T, Lanczycki CJ, Zhang D, Thiessen PA, Geer RC, Marchler-Bauer A, Bryant SH.

MMDB and VAST+: tracking structural similarities between macromolecular complexes.

of the molecule and can cause death. Nucleic Acids Res. 2014 Jan;42(Database issue):D297-303. doi: 10.1093/nar/gkt1208.
Epub 2013 Dec 6. PMID: 24319143; PMCID: PMC3965051.
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Inhibitor is the 7-membered cyan ring ~*. It seems to
be attracted to the Cu+ ions — which makes sense
given the resonance and more negative Oxygen atoms
in the ring being attracted to the Cu".
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Blumenthal I. Carbon monoxide poisoning. J R Soc Med. 2001 Jun;94(6):270-2. doi:
10.1177/014107680109400604. PMID: 11387414; PMCID: PMC1281520.

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) .
e Quad Chart presentations are used to pitch an idea or quickly and CO"CI USIONS

inform the audience for funding or further studies.

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

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

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

e 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.

Student Products

: PDB ID #4ANFM

Das et al. (2005). Role of molecular isoforms of acetylcholinesterase in learning and memory functions. Ke”le Plerson’ 03/08/2023’ PDB ASSlgnment
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Disease Implications:

Spinocerebellar ataxia type 11; neurodegenerative disorder
Alzheimer’s disease; neurodegenerative disorder
TTBK1 is involved in hyperphosphorylation of tau protein in
both of these disorder
Hyperphosphorylation of tau proteins contribute to formation of
neurofibrillary tangles

N } - - - - -
Gasparini, S., Danse, J.-M., Lecoq, A., Pinkasfeld, S., Zinn-Justin, S., Young, L. C., de B cluding tau proteins and tubulins; involved References:

-- == -, “Human tau tubulin kinase 1 (TTBK1).” RCSB Protein Data
Bank (February 5, 2014). DOI: 10.2210/pdb4NFM/pdb

-- == --, “TTBK1 in complex with inhibitor.” RCSB Protein Data Bank (September 25,
2013). DOI: 10.2210/pdb4BTK/pdb

Hlkina, et al (2021). Journal of medicine chemistry, 64(9), 6358-6380
DOI: 10.1021/acs.jmedchem.1¢00382

Protein Function:

<

Zika Virus :PDB ID# 5IRE

Christopher Arias, 03/08/23, PDB Assignment

Whole unit:

MHETase (PDB ID: 6QGA) 5.5

Benzoic acid

Protein Structure:

Found in bacteria: from Ideonella sakaiensis "
3,349 amino acids residues ?
Hydrolase enzyme family — a/g hydrolases '

Contains 6 chains: ? 5 el e e One chain:

o 2 domains — 3 chains each. A dimer.

[] Lid domain is unique

Many ligands bound to chains to activate enzyme 0! el LN

- SaN \vg \ (‘ ‘
o Benzoic acid, MPD, Sulfate, Calcium ion, Chloride | 2 ! \2\ / 3]
X3 ( ) D //
' ¥ B sheet ol
MW = 380.74 kDa - g

2nd ded to break down PET pol =
nd enzyme needed to break down polymers Fun Facts!

B6QGA breaks stable bonds of MHET 10ag Ve gs Vo ag "t ag teag Reag te - Enzyme discovered at a recycling facility — bacteria on
creating components EG and TPA e . plastics

A as ) g = EG and TPA are digestible and metabolized by bacteria AND are
Induced-fit mechanism ' S o a2 building blocks for a new round of PET synthesis '

. Ee w G ; »> < - Can provide new pathways for more renewable energy with further
Once attached to MHET, 180° rotation { 23 study.

around F415 References

K = 7 3 “ M LT S A 1. Palm GJ, et al. (2019 Apr 12) Nat Commun. Structure of the plastic-degrading Ideonella sakaiensis MHETase
m . ) 9, bound to a substrate. 10(1):1717. doi: 10.1038/s41467-019-09326-3. PMID: 30979881; PMCID:
PMC6461665.
. : : : 1 = 2. “6QGA”". RCSB Protein Data Bank (2019 April 24)
VarlOUS mUtatlonS ShOW Increase In Km 3. Goodsell, David. “PDB-101: Molecule of the Month: Plastic-Eating Enzymes.” RCSB,
PDB-101. “Molecule of the Month: Plastic-eating Enzymes”. Jan 202:

https://pdb101.rcsb.org/motm/277.

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

3° structure: divided 1n 2 domains with a tlavin adenine
dinucleotide (FAD) in between.'

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 bound to
His114 & Cys176

(%

FAD also bound by hydrogen bonds. THCA synthase
J
- AD
BIOLOGICAL FUNCTIONS S FUN FACTS>¢
THCA synthase uses FAD as a catalyst for the oxidative ¥ Decarboxylation of THCA produces THC.?
cyclization of the monoterpene of cannabigerolic acid ¥ THCA may possibly be possibly be used to synthesize
(CBGA).! pharmaceutical grade THC.?
May contribute to self-defence of Cannabis plants since
the products of the reaction with CBGA (THCA & H202) 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.

are both cytotoxic.?
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General Features:
° Contains 504 amino acid residues

sheets and 10 alpha helices
e Molecular weight: 190.1 kDa

of the virus to host cells.

mosquitos

e Secondary structure: contains 30 antiparallel beta

e Carbohydrate moiety functions as an attachment site

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

Visual Representation:

and the blood brain barrier.

Function: “Fun” Facts:
e The virus is the causal agent of neurological disorders e Zika virus was discovered in 1947, in a infected
like the Guillain-Barre syndrome and microcephaly in monkey in the Zika forest of Uganda
newborns. e Linked to birth defects
e The mechanism of Zika is to cross the placental barrier e (Causes neurological symptoms

e Primary spread through infected mosquitoes
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