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NO: a toxin and yet it is used clinicall

ÒI hope that in your talk you can express the passion we have for
nitric oxide which has saved hundreds of lives just in our pediatric
cardiac center alone!  It has been one of the most amazing
breakthroughs I have witnessed in my 20+ years here.Ó

Mary K. Buschell
Clinical Specialist Respiratory Care
Director, Trail's Edge Camp for Ventilator Dependent Children
University of Michigan Hospitals



NO Function in Biology

Cell signaling Cell killing
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Inside the box:

� FAD and FMN

� P-450 type heme

� Ca2+ / calmodulin

� Tetrahydrobiopterin (H 4B)

NOS Catalysis: is it still a black

NOSNOSO2NADPH ++ H2ONADP ++ + •NO

electron transfer

reaction chemistry
control of e – transfer (activity)



Soluble Guanylate Cyclase 
Properties

� aaaa1bbbb1 heterodimer
� 150 kDa

� bbbb1 subunit binds heme
� ligation by His105

His 105

Fe2+

� protoporphyrin IX type heme
� 5-coordinate ferrous high-spin

� does not bind O 2

� binds •NO and CO





Potential Oxygen Interference in 
NO Signaling

His 105

Ferrous–O 2 Complex

nitric oxide

The problem:

[O2] in the cell is ~20-40 µM
[NO] in a target cell is ~10 nM

X



� All sGCs in mammals, C. elegans and Drosophila

The H-NOX family

� 15 predicted ORFs from gram negative prokaryotes
� 15-40% identity with conservation of key residues
� (~190 a.a.) and no additional C-terminal residues
� most are in a histidine-kinase-containing operon

H-NOX His kinase
Genomic DNA

two-component
signaling

� 6 predicted ORFs from obligate anaerobes (gram posi tive
� 600 a.a. fused to a methyl- accepting chemotaxis domain (M

Predicted protein

H-NOX MCP



Summary of the H-NOX Domain Results

� H-NOX domains from facultative aerobes have ligand 
properties that are similar to sGC

� Characterized 11 thus far
� Bind NO (and CO) and not O2

� Consistent with an NO sensor
� Stable, highly expressed proteins - no 

crystals
� NMR structure ( S. oneidensis ) (with Kaya 

Erbil and Dave Wemmer)

� Thermo H-NOX resembles myoglobin, forming a stable 
6-coordinate O 2 complex and a 6-coordinate NO 
complex

� Properties of an O 2 sensor
� Stable and highly expressed - crystallized



Structure of the Heme Domain of Tt H- N

Patricia Pellicena
David Karow

MCP



Heme Domain of Tt H-NOX: O 2 binding si



b1 homology model T. tengcogensis H-NOX

Homology model of the b1-subunit



NO and O 2 dissociation slow

Ligand-free sensor

NO dissociation slow 

O2 dissociation fast

Ligand-free sensor

sGC excludes O 2 based on dissociation ki

O2 sensor
( T. tengcongensis )

NO sensors
(sGC)
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Towards a physiological model of sGC reg
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It is not this simple
� More than one NO involved
� Allosteric interactions with GTP and ATP
� Allostery must be separated from substrate comp



Generato
r

cell

Target
cell

NOS

Nitric Oxide Signaling Via Soluble Guanylate Cyclas e

NO

Basal NO

sGC

H3N
+ NH3

+

COO -
OOC-

His

FeII

NO

ATP

N

N

HN

NH2N

O

O

OHHO

H2COP

O

O

OP

O

O

OP

O

O

O

cGMP PPi

signaling
cascade

Mg2+

GTP

+

N

N

HN

NH2N

O

O

OH

O

P OO

O

OP

O

O

OP

O

O

O

NO

Acute NO

NO
NO

NO

NO
NO

NO
NO

NO

signaling
cascade

cGMP

Adapted from Cary, 
S.P.L. et al . (2006) 
TiBS 31, 231 - 9

Globi
n

His

FeII

NO

O2 NO3
–



Hemoglobin-based Oxygen Carriers ( HBOCs

� U.S. market for blood substitutes estimated > $5 
billion per year

� HBOCs have been in development as blood 
substitutes for 30 years:cross-linked and 
polymerized hemoglobin.

� >$2 billion on HBOC development

� Major shortcoming of HBOCs: high reactivity with 
NO.

� Reaction leads to:

(1) vasoconstriction/hypertension via destruction 
of NO

(2) oxidation of HBOC to a non-oxygen-binding 
state



Chemistry: Mutual Destruction of HBOCs and 
NO
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HBOCX X

Mutual Destruction of HBOCs and NO



In vitro Methods:
� Express and purify heme protein
� Remove heme using acidic, 

organic solvent washing
� Reconstitute protein with 

substituted heme of interest

Not generally successful

Hemoprotein reconstitution



Expression Based Heme Reconstitution

Approach:
E. coli expression of protein in 
the absence of heme and in 
the presence of a modified 
porphyrin

Required:
� Deficient heme 

biosynthetic pathway

� Ability to use an 
exogenous heme source

� High expression strain

Josh Woodward
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