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Protein Expression and Functional Regulatory
Mechanism of a Neuroprotective Protein, "Neuroglobin™

Nozomu TAKAHASHI and Keisuke WAKASUGI"

Department of Life Sciences, Graduate School of Arts and Sciences,
The University of Tokyo, Tokyo 153-8902

ABSTRACT

Mammalian neuroglobin (Ngb) protects neuronal cells under conditions of oxidative
stress. The mechanism underlying this function is only partly understood. We
previously showed that human Ngb acts as a guanine nucleotide dissociation
inhibitor (GDI) for the a-subunits of heterotrimeric G;,, proteins (G ;,) and inhibits
reductions in cAMP concentration, leading to protection against cell death. It has
been reported that 178 -estradiol induces upregulation of Ngb expression. In the
present study, we checked the ellect of the phytoestrogen daidzein, an isoflavone
found in soybeans, on upregulation of Ngb expression and found that daidzein
upregulates the level of Ngb protein expression as does 173 -estradiol. In order
to investigate the more detailed neuroprotective mechanism of Ngb, we created
human E60Q Ngb mutant and clarified that Glu60 of human Ngb is a crucial residue
for its GDI and neuroprotective activities. Moreover, we investigated structural and
functional properties of human wild-type and E60Q Ngb proteins and demonstrated
that the neuroprotective ellect of human Ngb is due to its GDI activity and not
due to its scavenging activity against reactive oxygen species. Soy Protein Research,
Japan 17, 71-75, 2014,
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Fig. 1. Effects of 173 -estradiol or daidzein on the
expression levels of Ngb proteins in neuro-
2a cells. Estradiol or daidzein was applied at
various concentrations to neuro-2a cells. The
cells were then incubated for 24 h. Cell lysates
were analyzed on 15.0% or 125% SDS-PAGE
and by Western blot analyses using rabbit
anti-Ngb (FL-151) polyclonal antibody or mouse
antif3 -actin monoclonal antibody, respectively.
After washing, membranes were incubated
with an HRP-linked F(ab'), fragment of donkey
anti-rabbit 1gG or an HRP-linked whole
antibody of sheep anti-mouse IgG. Proteins
were visualized using ECL™ western blotting
detection reagents.
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Takahashi N, Watanabe S and Wakasugi K
[0 20130 Crucial roles of Glu60 in human neuroglobin
as a guanine nucleotide dissociation inhibitor and

neuroprotective agent. PLoS ONE, 8, e83698.
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Fig. 3. Effect of the E60Q mutation in human
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Ngb on SH-SY5Y cell death caused by
hydrogen peroxide. Differentiated SH-SY5Y
cells transfected with control vector, human
WT or E60Q Ngb expression vector with
Lipofectamine 2000 were treated with 100
B M hydrogen peroxide, and cell viability
was measured by MTS assay. All data are
expressed as means = SD. *p<0.01.
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Fig. 2. Effects of human wild-type (WT) Ngb or

Hydroxyl radical scavenging rate (%)
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E60Q Ngb on the dissociation of GDP from
human GDP-bound Ga ;. The amount of [°H]
GDP bound to Gu;; in the absence of human
Ngb at 0 min was defined as 100%. All data
are expressed as means = SD. ¥p<0.01.
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Fig. 4. Hydroxyl radical scavenging activities of

human WT, E60Q Ngb, and a ROS scavenger,
N-acetylcysteine (NAC). The reaction was
initialized by addition of hydrogen peroxide
and was incubated for 60 min. The absorbance
of the mixture at 536 nm was measured. Data
are presented as means = SD. *p<0.01.
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