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Fig. 1 AFM images of neuronal Tau in the presence of
formaldehyde
Neuronal Tau was expressed and purified as described before!™. After
purification, Tau protein was electrophoresed on SDS-PAGE and
analyzed by Western blot (a). Tau protein (20 pmol/L) was incubated in
50 mmol/L phosphate buffer (pH 7.2) containing 0.1% formaldehyde as
indicated at 37°C over night (b). Aliquots were taken and diluted to the
desired concentration using the phosphate buffer, and the samples were
dropped onto mica surfaces and dried in air before observed under
atomic force microscope. Protein tau in the absence of formaldehyde was

used as control (c).
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Formaldehyde-mediated aggregates
Fig. 2 Scheme for formaldehyde-mediated protein
aggregates
Formaldehyde reacts with the side chains of amino acid residues such
as (a/e)-amino, thiol and hydroxyl groups. In the presence of
formaldehyde, amino groups are blocked, leading to a decrease in
positive charges of protein molecules. Further reaction between
formaldehyde-modified proteins leads to molecular crosslinking and

aggregation.
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Fig. 3 Hoechst staining of cells treated by amyloid-like Tau
SH-SYSY cells were cultured for 72 h in the presence of 0.1%
formaldehyde-induced tau deposits (100 mg/L, panel a), self-aggregated
tau (panel b), native tau (panel ¢) and control culture in DMEM without
serum (panel d). The cells were collected and stained with Hoechst
33258 and nuclei were visualized by fluorescence microscopy. The

arrows designate the presence of apoptotic nuclear profiles.
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Fig. 4 MTT assay of cell viability and relationship between blood formaldehyde and cell toxicity

Cells were grown in 96-well plates for 24 h and treated with different concentrations of formaldehyde for 72 h. After

adding MTT (0.5 g/L final concentration) to the culture medium of the cells, plates were incubated at 37°C for 30 min.

The assay was stopped by replacement of the MTT-containing medium with 100 pl dimethysulfoxide (DMSO).

Absorbance at 595 nm was read by means of an ELISA plate reader. Each experiment was repeated at least three times

(a). A schematic showed the relationship between blood formaldehyde and the cell (SH-SYSY) toxicity in vitro (b).
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Fig. 5 Detection of formaldehyde in the reaction of BSA with malondialdehyde and sphingomyelin with hydrogen peroxide
N-Acyl-4-sphingoine-1-phosphocholine (1 g/L) was incubated with 1mmol/L H,0, in 50 mmol/L phosphate buffer (pH 7.2) at 37°C for 24 h (b). Under
the same conditions, malondialdehyde (10 mmol/L) was incubated to BSA (0.05 mmol/L) (c). Formaldehyde (10 pg/L) alone was used as control (a).
DNPH was added to reaction mixtures as described!"”, before aliquots were performed on a GC-MS (HP6890 GC, USA).
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Fig. 6 BSA in the presence of MDA
BSA (3 g/L) was incubated with MDA (9 mmol/L) in PBS buffer
(pH 7.2) at 37°C, and aliquots were taken at different time intervals for
SDS-PAGE stained with Commassie brilliant blue.
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Fig. 7 Scheme for metabolism of lipid peroxidation-derived
aldehyde such as malondialdehyde and formaldehyde
Free radical damage to lipids results in malondialdehyde which reacts
with the amino groups of a protein and releases an intermediate product
of formaldehyde. Consequently, formaldehyde-mediated protein
aggregation and deposit may occur in vivo. The formaldehyde chronic
damage is probably one of the most important factors involved in

neurodegeneration.
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Formaldehyde-mediated Chronic Damage
May Be Related to Sporadic Neurodegeneration”

LI Fang-Xu, LU Jing, XU Ya-Jie, TONG Zhi-Qian, NIE Chun-Lai, HE Rong-Qiao™
(State Key Laboratory of Brain and Cognitive Sciences, Institute of Biophysics, The Chinese Academy of Sciences, Beijing 100101, China)

Abstract Formaldehyde is directly toxic to cells and its intermediate metabolite formic acid leads to acidosis in
microenvironment in vivo. According to recent literatures, endogenous formaldehyde production is related to
several metabolic pathways such as amine oxidation (catalyzed by semicarbazide-sensitive amine oxidase, SSAO),
methylation and demethylation. Under oxidation stress and energy metabolic imbalance, formaldehyde markedly
increases in human circulation. Here, the authors found that formaldehyde is released from the reaction of
malondialdehyde with a protein (BSA) in which protein side chains such as amino groups are chemically modified.
Moreover, formaldehyde is also produced from the sphingomyelin solution in the presence of hydrogen peroxide as
the myelin peroxidation occurs. Formaldehyde at low concentration induces neuronal Tau aggregation, resulting in
formation of globular like aggregates which are toxic to SH-SYS5Y cells, HEK-293 cells and hippocampus neurons
in the primary culture. According to Chen et al. (2006), endogenous aldehydes are related to beta-amyloid
misfolding, oligomerization and fibrillogenesis. Furthermore, formaldehyde is able to react with some
neurotransmitters and thus impairs their structures and functions. Under physiological conditions, the human blood
formaldehyde is dynamically kept approximately (0.087+0.004) mmol/L. Notably, this concentration is close to the
half-lethal dose of formaldehyde (0.10~0.12 mmol/L) to neural cells in the in vitro cell culture such as SH-SY5Y
cells. Furthermore, cell growth can be partially affected and inhibited in the presence of formaldehyde at (0.087+
0.004) mmol/L during the in wvitro culture. This suggests that human body needs a strong degradation system to
remove endogenous formaldehyde. As shown in clinical trials, the formaldehyde level in urine of Alzheimer’s
patients was markedly higher than the control subjects. The urine formaldehyde level was shown to be related to
the cognitive impairment. Therefore, the level of blood (brain) formaldehyde is supposed to be changeable and
increased under aging, leading to a higher risk chance to impair human brain, especially under stressing. The

formaldehyde chronic damage to neural cells (grey mater) and neural fibers (white mater) may be one of the most
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important pathological mechanisms for sporadic neurodegeneration for instance Alzheimer’s disease, because

hypofunction in scavengering endogenous formaldehyde occurs as aging.

Key words endogenous formaldehyde, lipids peroxidation, energy metabolic imbalance, sporadic AD,

formaldehyde-mediated damage
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