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1t Tau [ PLA(anti-pT181 F1 anti-pS396)K: M BEIR 1L
TR L.
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Fig. 1 Changes in Tau phosphorylation, total Tau and cell viability of N2a cells treated with different

concentrations of formaldehyde

N2a cells were seeded at a concentration of 5x10° cells/ml, cultured for 24 h and then treated with different concentrations of formaldehyde for another

4 h. Changes in the phosphorylation of Tau at residues S396 and T181 and total Tau were measured by Western blotting (a). Cell viability cultured for

24 h was assayed by CCK-8 and shown in columns (b). Signals of anti-pT181 and anti-pS396 (monoclonal antibodies) increased in the presence of

formaldehyde, but those of Tau5 (a monoclonal antibody against total Tau) did not increase. The viability of cells decreased to 90% under the

experimental conditions. This demonstrates that formaldehyde is able to induce hyperphosphorylation of Tau in vivo.
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I BB A pT181(ZLt4) % 5 5 DNA(H ()% W]
SR EM IS . M FEAMH T, Tau 8 AW

S396 A7 S HH I T B IRAL, HEER pS396(£L(t)fs
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Fig. 2 Signals of phosphorylated Tau (pT181 and pS396) and total Tau (Tau5) after cells
were treated with formaldehyde for 4 h
Phosphorylated Tau was detected by anti-pT181 and anti-pS396 antibodies, and total Tau was assayed with Tau5 antibody. Nuclei and F-actin were
stained with Hoechst-33258 (blue) and phalloidin (green), respectively. The signals of anti-pT181 and anti-pS396 strikingly increased in nuclei of N2a

cells, and most of them were rarely co-localized with the DNA staining. A small part of Tau5 signals were co-localized with DNA except for most of

them.
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Fig. 3 Signals of phosphorylated Tau (pT181 and pS396) and total Tau (TauS) from cells
in the absence of formaldehyde under the same experimental conditions
The signals of both anti-pT181 and anti-S396 in the absence of formaldehyde were much less than those in the presence of formaldehyde (Figure 1)

except for Tau5.
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DL B4 R WoR, BERRALAT TT RS 41 M A%
Tau 55 DNA MAHEAE, K 73— D KIEBE R L
ST Tau K5 DNA BB, 1E# LIS
AL T Tau . WK 4a Frok, Tau & (A7
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anti-pT181 F anti-pS396 £ M1 Tau &, ¥R
BHPESE (1K 4b). Ui 20t GSK-3B 4k J5 1) Tau
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Fig. 4 Phosphorylation interferes with

Tau binding to DNA in vitro
(a) The purity of Tau isoform Tau 23 was demonstrated by SDS-PAGE
and confirmed by Western blotting (antibody Tau5). (b) Recombinant
GSK-3p was reacted with Tau 23 at 25C for 1 h. Phosphorylated
Tau was detected with the antibodies anti-pS396 and anti-pT181.
Both residues (S396 and T181) of Tau 23 were phosphorylated. (c)
Electrophoretic mobility-shift assay of DNA using phosphorylated
Tau 23. BSA and histone H1 were used as negative and positive controls,
respectively. Recombinant GSK-33 was added before (B) and after (4)
formation of the DNA-Tau complex. Phosphorylated Tau disassociated
from DNA.
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HATREER R X

S WEIR A Tau B 1142 6 08 e - SR K
(paired helical filaments, PHFs) 1] 3= % 41 J% B% 77
TEIR N0 A 1R i 5 FOA N T RERR A 52 1A DGH.
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KN AGT, S8 DNA FIF(E 5). #HxX—
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Fig. 5 Diagram of Tau hyperphosphorylation
in overloaded formaldehyde
Tau protein, phosphorylated in the cytoplasm has long been reported to
be dissociated from microtubules ¥, leading to disruption of the
microtubule system); here we further show that phosphorylation may
induce nuclear Tau to be dissociated from DNA and inactivated in the
protection of DNA™ . This might be a cause of DNA damage and cell

dysfunction.
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Formaldehyde-mediated Hyperphosphorylation Disturbs
The Interaction Between Tau Protein and DNA®

LU Jing"?, MIAO Jun-Ye"?, PAN Rong”, HE Rong-Qiao""”
(" State Key Laboratory of Brain and Cognitive Sciences, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China;
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract  Hyperphosphorylation of Tau protein and related neuron death is one of the most important
characteristics of Alzheimer’s disease. Our laboratory has shown that Tau protein is able to bind and protect DNA.
It is still unknown whether phosphorylation affects the binding of Tau to DNA. Therefore, it is of importance to
investigate the effect of phosphorylation on the interaction of Tau with DNA in cells. In this work, we treated N2a
cells with formaldehyde and found that Tau protein was hyperphosphorylated in the cells under the experimental
conditions. Phosphorylation was remarkably observed at both T181 and S396 of Tau protein in the cells in the
presence of formaldehyde compared with those in the absence of formaldehyde. Cytoimmunofluorescence hardly
showed that most of the nuclear phosphorylated Tau protein was co-localized with DNA, while Tau protein was
partially co-localized with DNA in the absence of formaldehyde as control. Electrophoretic mobility shift assay
(EMSA) showed that phosphorylated Tau catalyzed by GSK-33 reduced the interaction between Tau protein and
DNA in vitro. These findings reveal that hyperphosphorylation declines Tau protein to protect DNA, and may
thereafter lead to damage of DNA and even cell death, giving a novel viewpoint to the pathology of Alzheimer’s
disease.

Key words endogenous formaldehyde, Tau protein, hyperphosphorylation, DNA, protection, cell death, cognitive
impairment
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