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Diverse P450s Exist Throughout Metabolism

e Cytochrome P450s are a family of

enzymes that use heme chemistry  cyochrome paso satistcs

to oxidize a diverse complement of ~ Taxn amed - Unmomedbutin - Toul o
compounds, with drug-like —
molecules being of considerable s g o
i nte re St M.l:::l:::"\(;:) e 2419 1334 3753 18
« 350,000 different P450 sequences s e e
identified so far, found abundantly oy o108 08
throughout life Deckrie 27 20 Q506
 Many have an associated reductase, g«}} :2)*}.048 E;m 5:762 f;’:sz

which we won’t consider here

* 60 Families present in more than one taxon are included only once,

Nelson, BBA Proteins and Proteomics 2018



Bacterial P450 GcoA Acts on Lipophilic Substrates

* Recently, our group has been v Euoioommooow
involved with characterization of a ; ¢L e =t
bacterial P450, GcoA, which {
catalyzes the demethylation of
guaiacol into catechol, a step in
the lignin degradation pathway
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* Parallel research has suggested i { ...,L {
that both the products and b et |
reactants will be highly : »Y movm, o v
concentrated in the membrane : A s X o, 3
WA paper Fo 3 o o Fo g Qm o,

* Does GcoA bind to the membrane?
Mallinson et al., Nat. Comm. 2018 3



Membrane Binding in Other P450s

* Membrane-associated P450s have
been previously identified, which
would be useful for accessing
membrane-embedded substrates

* Typically, these are eukaryotic P450s
where the N-terminus is a membrane-
embedded helix appended to a typical
P450 architecture

» Bacterial P450s do not feature these
helices. Do they bind to the membrane
like truncated mammalian systems?

Baylon et al., J. Amer. Chem. Soc. 2013



Basic Simulation Setup

GcoA structure including heme placed
above a POPE membrane constructed
with CHARMM-GUI, explicit TIP3 water

* AMBER14SB force field for the protein
+ Lipid17 for POPE

* Rotate GcoA such that each of 6
potential faces are adjacent to the
membrane

e Run each for 1 microsecond with
Amberl6 and observe the result




GcoA Binding Animations
%+ P '.“—‘;-




Clear Membrane Binding

From the animation, it is clear that
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membrane binding occurs rapidly,
even for this “soluble” protein ’ 800

ontacts

What elements consistently make
contact?

What is the strength of the
interaction?
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Contacts, Visualized
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F&G Helices Previously Identified as Important

Membrane Binding Regions in Other P450s

A Truncation of 2B Subfamily Cytochromes P450 Yields

° A m ultitude Of Increased Expression Levels, Increased Solubility, and
Decreased Aggregation While Retaining Function'

experimental studies have

identified the F&G helices , ,

: Mammalian Microsomal Cytochrome P450
to be important for Monooxygenase: Structural Adaptations
membrane binding in for Membrane Binding and Functional Diversity

Parmela A Willums * Mo Conene !

Emily E. Scott,” Margit Spatzenegger, and James R. Halpert
Departaent of Pharmacology and Texicology, University of Texas Medical Beaaeh, Calveston, Texas 77555 1031

Vandara Seidhae,” Erie F. Johnson, '

mammalian P450s e M8

TDepartmont of Molecudar and Lxpenmental Medicine
The Scripps Research irsatute

e This feature is conserved in (o o Cubora 3203
i i Characterizing the Membrane-Bound State of Cytochrome P450 3A4:
most Of our bl nd | ng Structure, Depth of Insertion, and Orientation
S i m u Iati O n S Javier L. Baylon,™* lvan L. Lenov,} Stephen G. Sbgu."“ and Emad Tajkhosshid* ™+

"Center foe Biophysics and Competationd Buobgy, "Beckman Institute for Advinced Science and Technology, and "Department of
Beochemistry, University of llinols at Urbana—Champaign, Urbuna, [Blinos 61501, United States
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Heme Angle Comparison with Experiment

* As a further check, is our 80 -
binding orientation W% W o VT
consistent with heme angle 60 Ao ;‘,w@"\:‘,v,-, LA
orientations measured in & 4. ~ b, Comn
experiment? %;D St
* Most trajectories match < 20 _ Smes
well with experiment. In % 0- sz 5
another, the protein lands ™ —=
on a surface that would be ~ —207
normally covered by the 40
reductase | | | |
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GcoA Membrane Affinity

Since GcoA binds spontaneously, we
have 5 paths that lead to a bound state

Using a contact number as a reaction
coordinate, we sample along this
pathway to determine the free energy
difference for unbinding the GcoA from
the POPE membrane

Hamiltonian Replica Exchange Umbrella
Sampling used to accelerate
convergence, different contact
definition used for simulation efficiency

80 starting configurations 11



Membrane Affinity is Very Large
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Why eukaryotes added an N-terminal helix

% P450/substrate

\ interface = al solution
|

2 A g = e
dmreArc inter face = (X ,_Sﬂ" Csolution

o :‘A""lulrr"]um

o =

FCsolution
3Ar - A("br nding
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r

Ar As cells get bigger, binding needs to become

more favorable to keep the same ratio of
interfacial to solution proteins

100x increase in cell radius means adding about
another 3kcal/mol worth of binding strength... Or
just adding an anchoring helix. 13



Application to other Bacterial P450s

Many other P450s lack N-terminal helices but act on lipophilic substrates
Do they also bind to membranes?

We consider OleT, and P450.,, both of which are P450s isolated from
bacterial hosts

OleT,e from Jeotgalicoccus oxidatively decarboxylates fatty acids to make
alkanes

P450.m, from Pseudomonas putida hydroxylates lipophilic moieties

Since their substrates are lipophillic, they should also bind to
membranes

14



Rapid Membrane Binding...

Membrane-Protein Contacts
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Heme Angle (%)

... to an Unexpected Face
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Membrane Contact & Reductase Binding Faces

Membrane binding and
reductase binding faces are
likely opposite

Reductase is on the same side
as the heme-bound cysteine,
minimizing the distance for
electron transfer to the heme

P450cam (PDB: 4JX1)

P450
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Binding to the Reductase Face

These alternative P450s bind
primarily to the face where

the reductase associated to
the P450 would bind

Likely not a true membrane
binding face

What determines the binding
orientation?

Example from OleTe

18



Electrostatics May Dictate Binding Face

Electrostatic potential maps are very different for the disparate P450s

Lipid head groups for the bacterial PE lipids, while zwitterionic, have

the positive charge in a more accessible position /vav%«qw“,

/\/\/\/\_/\/\/\/Y
GCOA OIeTJE P450cam

Negative potential Positive potential
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“Soluble” bacterial P450 enzymes that work on lipophilic
substrates conclusively bind to biological membranes

The orientation in GcoA is more consistent than the
orientation in other similar enzymes, possibly due to
electrostatic interactions with the predominantly positive
membrane surface

Developed a mathematical model for why similar eukaryotic
P450s frequently have a membrane-embedded N-terminal
helix

20
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