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Abstract 

Heat shock protein 90 is a 90 kDa cytosolic protein. It functions as a chaperone protein 

helping newly formed proteins and partial unfolded proteins into the correct configuration. Heat 

shock protein 90 forms a heterocomplex to bind the protein needing assistance and ATP. During 

oxidative stress, heat shock protein 90 levels are increased to assist partial degraded proteins to 

refold. It also assists in the reduction of superoxide by nitric oxide synthase. The reduction in 

superoxide (O2
•-) prevents O2

•- from reacting with nitric oxide to form peroxynitrite and 

damaging cellular biomolecules. Heat shock protein 90 could also be used as a biomarker for the 

overall oxidative stress in an individual. This paper will focus mainly on the structure and its role 

in nitric oxide regulation.
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Introduction 

 Experiments performed on Drosophila melanogaster showed cells subjected to increased 

temperatures induced a defined set of new transcription1. The discovery was then overlooked 

until 30 years later when two independent groups identified heat shock protein 90 (hsp 90) in 

19861. It was determined to be a dimeric 90 kDa non-receptor protein. Heat shock proteins are 

molecular chaperones that are involved in assisting newly synthesized proteins to fold in the 

correct orientation. It was also found to modulate the activities of transcription factors and 

regulates cell cycle. Hsp 90 was discovered in several different species ranging from Drosophila 

to humans1. The proteins that possessed the hsp 90 receptors belong to nuclear hormone 

receptors or protein kinases. Hsp 90 is induced when the cell is considered stressed, due to heat, 

metals, xenobiotics, and oxidative conditions [1]. This paper will discuss the role hsp 90 plays in 

the cell’s oxidative environment.  

 

Characteristics of Hsp 90 

 Hsp 901 is a 90 kDa cytosolic protein that is highly abundant in higher eukaryotes. At 

least two isoforms exist in mammalian cells, hsp 90α and hsp 90β. Hsp 90 is a functional 

homodimer with three functional domains, COOH-terminal domain, the NH2-terminal domain 

and a central charged domain1. The C-terminal structure appears to contain two binding sites for 

unfolded or partially folded polypeptides. It is also an independent ATP binding site for 

chaperone function and dimerization. The N-terminal domain contains a binding pocket that is 

the site for ADP-Mg, ATP and Geldanamycin (GA) binding1. The binding of ATP confers a  

 

                                                 
1 World Wide Web at http://www.arches.uga.edu/~algraves/bcmb8010/Heat%20Shock%20Protein%2090.pdf  Heat 

Shock Protein 90 

http://www.arches.uga.edu/~algraves/bcmb8010/Heat Shock Protein 90.pdf


KJ Krager Heat Shock Protein 90 4

 

Fi
w
Fi
 
 

co

to

T

he
         H7 

 

 

 

 

H4

pocket

H2  

 

L1  

 

gure 1a.  This represents a thin slice of the hsp 90 molecular surfaces stressing the binding pocket indicated by the 
hite arrow [1]. 
gure 1b. Represents the beta sheets, the pocket (green) with the H2, H4, H7 helices (white) and L1 loop (blue) [1]. 

nformational change, which releases bound polypeptides. The cone like pocket was observed 

 have two configurations, open and closed, the closed configuration is incompatible with ADP. 

he depth of the pocket is about 15 Å and formed by an antiparallel beta sheet with H2, H4, H7 

lices and L1 loop forming the walls (Figure 2) [1].  

 
 
 
Figure 2. Representation of the L2 loop that can swing 
like a gate to the closed or open configuration [1].  
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The pocket has a mix of hydrophobic and polar residues, but the closer to the bottom the more 

hydrophobic the pocket is. The L2 loop confers the open-closed configuration, acting like a gate 

that constricts the actual pocket size from 12 Å to 8 Å. The movement of L2 is facilitated by the 

H4 and H5 helices (Figure 2) [1]. The central charged domain is about 35 kDa and facilitates the 

stability of the functional dimeric form. 

 Hsp 90 forms a heterocomplex with hsp 70, the complex is unstable and requires another 

protein, a heat shock co-chaperone Hop, to provide a stable link.  Hop is removed after assembly 

to generate the ATP binding site1. 

 

Nitric Oxide Synthase Regulation 

Nitric oxide (NO•) plays a key role in the cardioprotection, proliferation of endothelial 

cells, neuronal signal transmission and immune response [2, 3].  The observed increase of 

NO• is through dual production of NO• and superoxide by nitric oxide synthase (NOS) [2]. 

The dual increase of both NO• and superoxide is a prerequisite for the formation of 

peroxynitrite (reaction 1) [2]. The rate constant for (reaction 1) is thought to be 6 x 109 M-1s-1 

to 1.9 x 1010 M-1s-1, which is very fast [4, 5]. The Gibbs energy changes for (reaction 1) is –22 

kcal/mol, and is a highly favorable reaction. 

            NO• + O2
•- → O=NOO-           (1) 

It has been hypothesized that to enhance the generation of NO• by neuronal nitric oxide 

synthase (nNOS) a protein-protein interaction with hsp 90 occurs [6].  The interaction plays a 

critical role in increasing NO• while offsetting the increase in superoxide to reduce the 

oxidative environment of the cell. To determine if hsp90 interaction was affecting superoxide 

production, electron paramagnetic resonance (EPR) experiments were performed [6].  The 
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spin-trap 5-diethoxyphosphoryl-5-methyl-1-pyrroline-N-oxide (DEPMPO) was employed to 

trap superoxide, form the stable spin trap adduct DEPMPO-OOH, which a measurement of 

superoxide formation. The control experiments are performed without nNOS and failed to 

produce superoxide. However, the addition of nNOS produced a strong signal characteristic 

of DEPMPO-OOH spectrum. The signal was abolished with the addition of superoxide 

dismutase determining that superoxide was the primary oxygen free radical produced. N-

nitro-L-arginine methyl ester, (L-NAME) a nNOS inhibitor, was used to confirm that nNOS 

was responsible for the production of superoxide. Hsp 90 was then incubated at varying 

concentration with nNOS and then the superoxide production was measured. Hsp 90 was able 

to inhibit the production of superoxide by NOS in a dose-dependent manner (Figure 3) [6]. 

 

 

Figure 3. The control is without NOS and no 
signal is observed. NOS produces the 
characteristic signal of the superoxide adduct 
which is abolished with the addition of 
superoxide dismutase. L-NAME was also used 
and the signal decreases demonstrating  that 
nNOS is responsible for the superoxide 
production.  Then the addition of varying 
concentrations of hsp 90 produced a decrease in 
superoxide signal [6]. 
 
 

 
 
Experiments were performed to determine if the reduction of superoxide was due to scavenging 

mechanisms or regulation of nNOS. EPR spin-trapping was performed with xanthine oxidase 

generating superoxide. The control (xanthine oxidase generated superoxide) again displayed the 

characteristic DEPMPO-OOH signal, which was abolished with the addition of superoxide. Hsp 

90 was unable to decrease the generation of superoxide as observed in Figure 4 [6]. There was no 

detectable decrease in the superoxide signal observed when hsp 90 was incubated with xanthine 

oxidase. The signal was unable to be decreased with the addition of hsp 90 demonstrating that 
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hsp 90 was not scavenging superoxide but directly affecting nNOS [6]. The following schematic 

represents several ways hsp 90 could be affecting the decrease in superoxide (Figure 5) [6]. 

 
 
 
Figure 4. EPR spectrum of superoxide generated by xanthine oxidase. The 
control signal received when superoxide was generated by xanthine oxidase. 
The signal was unable to be decrease by the addition of hsp 90 proving that 
hsp 90 is not a scavenger of superoxide. The signal was abolished with the 
addition of superoxide dismutase [6]. 
 
 

 

 

 

Several studies have shown an increase in calmodulin (CaM) binding may be one mechanism or 

hsp 90 may inhibit the release of superoxide from nNOS. The second mechanism was suggested 

by the observations in Figures 3 and 4. The inhibition of superoxide through hsp 90 was able to 

enhance nNOS production of nitric oxide. The reduction of superoxide means there is less 

superoxide that can react with NO•. This reaction can form potent oxidants such as peroxynitrite, 

which is involved oxidative damage [6]. Similar interactions with hsp 90 were observed with 

endothelial nitric oxide synthase [3]. 

 

                       
Figure 5. Schematic drawing 

of the different mechanism 
that hsp 90 can enhance the 
production of nitric oxide 
and reduce superoxide. One 
mechanism is through the 
CaM binding, the second is 
to inhibit the production of 
superoxide by nNOS thus 
increasing the nitric oxide 
produced [6]. 
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Biomarker for Oxidative Stress 

 Reactive oxygen species (ROS) are both necessary for biological functions and 

detrimental to many biomolecules such as;  lipids, DNA, and proteins [7]. An over abundance of 

ROS can cause mutations and the formation of more reactive ROS molecules. The oxidative 

status of the biological system is a careful balance between antioxidants and pro-oxidants. The 

antioxidants are being increased through dietary intake and supplements [7]. Unfortunately, a 

technique to measure the beneficial increase in the overall oxidative status does not exist yet.  A 

study examined biomarkers for monitoring the cellular defense as influenced by the increase in 

antioxidant intake [7]. The stress protein synthesis in lymphocytes was correlated with the free 

radical damage in response to the antioxidant supplement to determine the overall antioxidant 

status of health volunteers. Heat shock proteins are known to be induced not only by heat but 

also through oxidative stress. Lymphocytes isolated from individuals given supplements were 

subjected to heat shock in the presence or absence of 2,2’-azobis-(2-amidinopropane)-

dihydrochloride, (AAPH) a free radical generator. The cells were labeled with 35S-methionine 

and western blots were performed to identify any increase in the protein levels. Lymphocytes 

that were heat shocked in the presence of AAPH showed and enhancement of heat shock 

proteins compared to heat shock alone. One of the key heat shock proteins was hsp 90. There 

were no detectable differences observed in superoxide dismutase or glutathione specific activity 

when measured with the Randox Kit [7]. Malondialdehyde (MDA) was measured using 

thiobarbituric acid assay to determine the levels of lipid peroxidation in the lymphocytes. A 

decrease in the lipid peroxidation was observed in the lymphocytes from the individuals 

receiving the supplements. This study was able to show that an increase in oxidative stress to 

lymphocytes enhanced the response of key heat shock proteins including hsp 90 [7]. 
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Conclusions 

 Heat shock protein 90 belongs to a family of chaperone proteins. When hsp 90 is coupled 

with heat shock 70, they are able to aid in the folding of newly formed proteins [2]. Hsp 90 

levels are also increased in stressful situations to assist partially unfolded proteins to refold. 

Stress to the cell could be in many forms like heat or oxidative stress. Hsp 90 is able to assist in 

the enhancement of nitric oxide through inhibition of superoxide either through the binding of 

CaM or inhibiting the release of superoxide by nNOS [6]. The coupling of hsp 90 and nNOS 

prevents the overproduction of superoxide and reaction with nitric oxide to form peroxynitrite. 

This inhibition prevents cellular damage from occurring to important biomolecules [7]. Hsp 90 is 

also an important marker for overall oxidative status, when an increase in antioxidant 

supplements are taken. Hsp 90 is important in many facets of cellular function whether in 

stressed or normal environments of the cell.  
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