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Ischemic(>80%)

Stroke（World Stroke Day June 24th)
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hemorrhage

★classified into: ischemic stroke 
and hemorrhagic stroke

★no effective treatment

★Brain vascular disease has become a top cause 
leading to citizen death in China

缺血型中风、出血型中风



Glutamate acids accumulation and calcium 
overload during ischemia

Besancon et al., Trends Pharmacol Sci, 2008 3



Hibernators（冬眠动物）

Hypothermia resistance
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Euthermic Hibernating

Frerich et al., J Cereb Blood Flow Metab, 1994

Ma et al., J Neurosci Methods, 2008

AGS: Arctic ground squirrel

Hibernation is a state of inactivity and metabolic 

depression in endotherms during winter

Ischemic reisistance

★ Other(anti muscle disuse atrophy、anti-cancer et al)

Rose et al., Comp Biochem Physiol Part D Genomics Proteomics, 2011

耐低温、耐缺血



 Whole animal level

 Tissue level

 Cellular level
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Exploring neuronal ischemic 
resistance mechanisms in GS

Spermophilus dauricus



The velocity of calcium removal was faster in 
ground squirrel neurons than in rat neurons

6
200 mM 谷氨酸处理3h后检测； n=42-62个神经元，4-5次独立实验。

Rat GS
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Modified from Berridge et al., Nat rev mol cell biol, 2003

Cellular Calcium homeostasis
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Calcium removal mediated by SERCA showed no 
difference in GS neurons than in rat neurons
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TG: thapsigargin, SERCA（内质网钙泵）特异性抑制剂；R=1/； n=56-70个神经元，3次独立实验。

##



Calcium removal mediated by NCX was faster in 
ground squirrel neurons than in rat neurons

9
CB-DMB: NCXs（钠钙交换体）的特异性抑制剂；n=73-96个神经元，3次独立实验。

CB-DMB treatment



Expression of ground squirrel NCX2 in rat neurons 
increased neuron survival against glutamate toxicity
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过表达黄鼠NCX2亚型的大鼠神经元对谷氨酸毒性
有更高的耐受性

Zhao et al., PLoS one, 2014



Ischemic resistance

Lower intracellular calcium concentration

Higher activity of NCX2

Faster v of removing calcium

11

Summary

In GS, AP threshold increased/
Na+ currents fully reactivation duration extended

OGD

Excitability reduce



What is the mechanism?
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NCX2 sequence alignment
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DISPHOS
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NETPHOS
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NETPHOS
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NETPHOS
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NETPHOS
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Rat-NCX2  Gly380Thr Rat-NCX2-mt
GS-NCX2  Thr380Gly GS-NCX2-mt

Expression of mutant NCX2 in cultured rat neurons

increased neuron survival against glutamate toxicity

G380-T

过表达点突变的NCX2的大鼠表现与黄鼠
相似的毒性耐受性。



The structure of NCX
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Annunziato et al., Springer, 2013

NCX2 sequence alignment

Predicted phosphorylation sites，DISPHOS： 0.725； Netphos 2.0：0.989

near the beginning of CBD1 



The structure of CBD1
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Zheng, L., Wu, M., & Tong, S., Springer, 2013



The structure and function of CBD1
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Tal, Inbal, et al., Cell calcium, 2016CBD1有着很快的钙解离效率，可以快速排钙。



24

ALLEN BRAIN ALTAS

脑内基因表达数据库
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ALLEN BRAIN ALTAS
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ALLEN BRAIN ALTAS
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ALLEN BRAIN ALTAS
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ALLEN BRAIN ALTAS

Nav1.1, Nav1.2, Nav1.3,Nav1.6 express in  brains.
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The sodium channel proteins show similar 
Characteristic between GS and rat 
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Sequence alignment of Nav1.2 between GS and rat

S106P
T646I
S709N
S927A
T1971I
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Sequence alignment of Nav1.2 between GS and rat

T1971I may be a possible phosphorylation site



Swiss-model
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Summary

 We used DISPHOS and Netphos to predicted phosphorylation 

sites in NCX2.

 The expression of GS NCX2 or mutated Rat NCX2(G380T) can 

increase its resistance to glutamate acid injury.

 We compared the sequence of all the Nav proteins and predict 

the T1971I in Nav 1.2 may be a possible phosphorylation site.

 We Homology modeled all these protein and found the 

different structure are mainly localized in the S2-S5 region. 
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Thanks for listening！


