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1.1 #H

R /N BRI S P B 4 PR bEnd.3 i o
RS2 e A2 YY) BRI 78 P 16 £ 2 e G, /)N B A
200 BRI R N2a T B [ R S R 2 B i s
i 5T B (W A1 40 L J%E ),  Sprague Dawley(SD) K B
H 48R H SR E R A BR A R (AE ).

WA IR Z#AE 7 A 5342 Christopher J.Chang
WA WG IE T P 2GR B (FAP-)™, 215 (BUAH
ik 2 4li, 32 [E Thermo Fisher Scientific A ),
2, 4- ZHHEERECr A A, A6 A SR R 5T )
S (srprddi, €HE Sigma AF), =& LB HT
ai, etk TR AR A ), LeuLeuOMe( 43 Hr
g, & Sigma /A @), DMEM 41 i1 72 3 (3£ H
Invitrogen A 7)), Jf 4= MG (B HLF] PAA A ).
BBS 2% # ¥ (136.9 mmol/L NaCl, 5.37 mmol/L
KCI, 1.26 mmol/L CaCl,, 0.81 mmol/L MgSO,,
0.44 mmol/L KH,PO,, 0.335 mmol/L Na,HPO,,
10 mmol/L PIPES; pH 7.2).

1.2 NIEREBILREHEN A%

bEnd.3 4ififl. bEnd.3 ¥77% T 35 mm 3% 40 /il
FEIRIL(4H M % BE . 1x10°/ 1), DMEM }% 7% &
(& 10%Ha 4= 13%), 37°C, 5% CO, B3/ .
ANZIREEN 1 mmol/LHJ LeuLeuOMe, AbEE 0. 6.
12h J5, H&A PERIGIRE FAP-1(ZIKEN
10 wmol/L) ¥] BBS & i ¥ & #: DMEM X 7% 3,
37°C 30 min, 5 FHJC FAP-1 K41 ) BBS Z il &%
e, {EfE[E ZEISS LSM 700 0% 3 R A5 W fss 1
W% . FAP-1 85 BUR K 633 nm, KK
688 nm. Mito Tracker Green FM(Z [ Cell Signaling
N ED Y RRAR, WK B 490 nm, KK
516 nm. Lyso Tracker Green DND-26 ( 3¢ Cell
Signaling 2 =) Je¥ Bk, BURK K 504 nm, K
K 511 nm.

N2a Ziffl. N2a (& 7 H MEM £ 783 (& 10%
Ji6 A0 M) B R4, HoAt 4 AF P 3R 5 bEnd.3 40
FHIE. N2a 4% F= & H i\ 50 g/L Rosup ¥,

37°C 30 min, & A W& M % LR DCFH-DA
) BBS 22 & 4 DMEM £53%3%&, 37°C 30 min,
PR G E 1) BBS 22 b i B 4, {E1EE ZEISS
LSM 700 ¥t 4t B s s, Bk B K
488 nm, KKK 525 nm.

ANFLHR N B 77 bEnd 3 (AR E: 1109 fL),
JCIfi{E DMEM 575 AN 24K FE 28 1 mmol/L [
LeuLeuOMe, #b¥E 0. 6. 12h J5, IRERFFE,
FH R 8O il 73200 5 1 7 i R AR RS,

96 FLH N 5 9% bEnd3( M. 1x10% fL),
JCIfi{E DMEM 575 AN 24K FE 2N 1 mmol/L [
LeuLeuOMe, #bFE 0. 6. 12h J5, FESH HEER
Fe R &R FAP-1(£¥K N 10 wmol/L) ) BBS 2% il
B ¥ DMEM };3:3%, 37°C 30 min, P FAP-1
PREF BT BBS 2 & #, H SpectraMax Paradigm
i 54X (35 [E Molecular Devices 2 &) 6 I 41 fity
FAP-1 ¥REF 63T, BRI K 633 nm, K4
£ 688 nm. Lyso Tracker Green DND-26(3%
Cell Signaling A ), WK K 504 nm, KHHEK
511 nm.

NFUIR A 557 bEnd (MU E: 1109 FL), #%¢
I 92 6 R 5T FAP-1, 37°C 30 min, BBS £t
WA 3 . FLI NN BBS Z i (FAP 4),
FLAAIA 0.1 mmol/L F I (FA 41), FLAA
50 g/L Rosup & (ROS 4, S0033-2, g3~k
A F]). BB A POE R DCFH-DA (S0033-1,
LW RATF). 37°C 30 min, BBS R E
YifE 3 k. FLAINA BBS Zi3l(DCFH 41), LA
JEN 0.1 mmol/L SIS (FA 4H), FLAIA 50 g/L
Rosup ¥ (ROS #1). FACSCalibur ¥ 240 X (3£
BD A m))Rill, OGRS FAP-1 HUR K
633 nm, KK 688 nm. ¥E M A K L IR &
DCFH-DA &% K 488 nm, K4 K 525 nm.

1.3 WIEHBEYREGIEENAE

PG 5% KEAL 1 g, HIEMAE
43 B 7 & (LYSISO1, 3% [H Sigma A &) 41k i
B A, LA T A VA R B K B MR 400 wl, A
100 pl =& LFR(10%)EW, 100 wl 1 2, 4- —hg
K1 gL)FA1 400 wl 28, RE1, 60°C 7K 30 min.
KB EEFR G, KA 0 13 000 t/min, 10 min,
F0.22 wm JEBS UE S, ROBAH €435 (HPLC)
MsE .

WORH (A 2641 LC-20A 8 ROB AR A% UV-
HPLC, SPD-M20A —#l¢ & P 1 A I 2% (H A &
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Al). gk . LiChrospher 100 RP-18(250 mmx
4.6 mm x 5 um, 8 [E Merck A H]). ¥i3hAH:
O A K=65 135 (wh), HAEBA,
0.8 ml/min, BEFEHE: 20 wl, FMIPEK: 355 nm,
iR 35°C.

14 FYEAFINLEH

SD K B A 7% T oW i AR 1 & H IVC BB,
FEfit SPF g4 K BRI A G AR K s BT W sk
06 35) 4 8 35 ] [ 37 T AR B 9 6 (NTHD) A A7 1) 512 56 31
YIRS S0, IR BB B AR Y P ELATE AL
BT AE W s i 9T I8 R R o Al v (A E S
SYXK2015-10).

ML S 1. SD K ER(2 300 g)
O FRBN A G TR, HIES AR 2)
PIRER. TR a. RIS KE SRR S,
BRRANES, WEFEEETFARE b, BTHIHE
K b, HBURMEE, 7ERBRMBER RV BT
BRI, HE T S SR sh ik, R

Sk ERREMAERIE: . AHBERN2LS
WRVEAN AL IR BNNK, LN MR 5N E E
£ 0.33 mm MARME, IS WEVE —ie ] 2 4845
L%, REBHBERE, fRIESILEME B2 —
#;, H033mm; d. EEFARMGM. SLIH, IE
0 A (Control) A HEAT TR TR (Sham) 2
TEIENK, AHALGII Rk FAA
(Surgery) H 22 8 25 L3S B ik .
1.5 Fitoh

gt it J7 %32 B SPSS A (F A 13.0, R H
International Business Machines Corporation 2 ] ) 5.
Z T FE 5T (One-way ANOVA)IEAT 41

2 F R

21 WNIERBAFRMBAEZEZES S TIARK

£ bEnd.3 2, R R O IRE GL (4L
t, B la), SoRHEBAAMBAEIRCRES. 5
7 B Ak Y4 k] Lyso Tracker Green DND-26 ( 4% t4,

Fig. 1 Fluorescence image of the endogenous formaldehyde in the bEnd.3 cells

(a) Fluorescence image of FAP-1 (red); (b) Fluorescence image of Lyso Tracker Green DND-26 (green); (c) Merged image of panel (a) and panel (b);

(d) Fluorescence image of FAP-1 (red); (e) Fluorescence image of Mito Tracker Green FM (green); (f) Merged image of panel (d) and panel (e);
(g) Bright-field image of the cells as control; (h) Bright-field image of the cells treated with FAP-1; (i) Bright-field image of the cells treated with FAP-1

and 0.1 mmol/L formaldehyde.



2017; 44 (6)

Pradh, &: SRR EESEERERE *489-

I, HBESHEBANES LT EEES
(B 1c). [FFE, KA WG (A 0, K 14d)
L2 witk 4Lkl Mito Tracker Green FM(4k 4, le)
SR, HBEMES SKEIL TS HEE
(19, $RFEBACATLRR. N T
B PR S0 AT TR AR N, A3 RS 4ET E 1 5k
5. TEAH SR R (U SO S1), 7 bEnd.3 4]
ks 7R i S PR EE FAP-1, AT DAL S% 240 i
WA DB IR A AE TIARG R, d3E—D1is4n i
SAG B R (AUBSCHE S2), 1 bEnd.3 i 1% 37 3L o
BN 0.1 mmol/L FFEERY, ¥ M 44 P iR 5 5 L
A B R(E 1g, h, i), JFH PEHE RS
ROR VB Y, e LA I B R HERS , VAR A
() (S 5 IR T PRI, MRIZR 1T, N2a gl o ks %

FA Probe

FMN B EEIRER FAP-1, [RIFEMEREI RIS 5 5%
Bk LT 52 e = A (K S1), A A FAP-1 %
ML H OGS .

LeuLeuOMe 755 4 it P V45 Ik A0 J6% (1% 36 575 1A 3
o, FEEHmAENEMRRER. WE 2 i,
LeuLeuOMe AR ACH4HAD, HHEE (LG5 EM T
VA . LeuLeuOMe AbFE 6 h, &G B K,
WRAE K. AbFE 120, LETOIRERR, 2R
RS>, 18] LeuLeuOMe AbFE J5,  F S 03IV
BEARAN. RIS, 20 A N R O G B (L1 ) 5 i il
PR 5 BT (2R () B LU AE 2 2 T = (] 3a), TS %
i P PP A 5 3 PRI (] 3b). U0 I VA AR 45 44 1)
AR, 875 H I e v2 A Ao g i R0 18 21 40 g
A, T R R T LR 2 I P AR

Lysosome Merge

6h

12h

Fig. 2 LeuleuOMe induced lysosomal membrane permeabilization and formaldehyde redistribution in the bEnd.3 cells

bEnd.3 cells were exposed to 1 mmol/L LeuLeuOMe for 12 h. Fluorescence images were recorded by laser confocal microscope. The formaldehyde

(red) underwent redistribution from the lysosome (green) to the cytoplasm in a time-dependent manner, with an onset as early as 6 h after LeuLeuOMe

administration.
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Fig. 3 Changes of formaldehyde in LeuLeuOMe induced ’_,_‘
bEnd.3 cells assayed by microplate reader 0
DCFH FA ROS

(a) Changes in the fluorescence intensity of formaldehyde-probe in
addition of 1 mmol/L LeuLeuMeo to culture medium of bEnd.3 cells.
Fluorescence ratio is calculated according to dividing the intensity of
formaldehyde by that of lysosome. (b) Changes in the formaldehyde
level in cell culture medium. The data were from at least three
independent experiments. All values are expressed as the mean + SD;
FA, formaldehyde. *P < 0.05, ***P < 0.001, ##P < 0.01, ##P < 0.001.
O: Control; H: LeuLeuOMe.

2.2 ROS SHAMARNRERAS

% 2 IR ET (FAP-1) et )5, E bEnd.3 4H
R R st in N iE M B H2E(ROS), i =41 AU
T2 AR R S =P < 0.001, Bl 4a). UEBA A
L P AL S 2 S SR EE A W SEER IR I
ik, Skt ROS #REH(DCFH) I 4L th, 40 % 7
P N B % (0.1 mmol/L), 7] 5% ROS /K
FHEI(P<0.001, [ 4b). o B H EE R R AT DL 5| A
MRS AR B, G AR LR 54 . 7R N2a 2 5%
FEEE AN TS M4 E B 5 (Rosup), FHOEIE R A
SAEDI, R AN RSO GIREE (L1, FAP-1
Get) 5y S E RSOk R (4, DCFH-DA
Yeth) #5356 I\ Rosup HIXT BR4L( S2).
Vi I A N 2 S B 4 TC IR R N R 7= A

Fig. 4 Relation of formaldehyde and ROS in bEnd.3
cells detected by flow cytometry
(a) Changes in the fluorescence intensity of formaldehyde-probe in
addition of ROS to culture medium of bEnd.3 cells; (b) Changes in the
fluorescence intensity of ROS-probe in addition of formaldehyde. The
data were from at least three independent experiments. All values are

expressed as the mean + SD; FA, formaldehyde. ***P < 0.001.

23 BUERIEEINYEERNERBRAS

USRS kAN 4 225 L SR A4 S 1 P P (K VB 30
YIRS, EE W IE E A R A, nER 1
Frw, SUMEERA I FARE 1R, KR4
415 13 2 5 % i ROS I & 1L 9 5 1L i
(SOD). &AM H KGR JE R / A4 B, GSH/GSSG
HARNFRER IS, WHFARE KR4 T EH b
JREI. e R R ZEL 23 24 L A A 7 B 44k S e
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Table 1 Oxidative stress levels in SD rats with bilateral carotid occlusion
Brain Serum
Control Sham Surgery Control Sham Surgery
SOD/(U-mg™) 1.05 £ 0.02 1.11 £ 0.07 2.05 + 0.05 1.45 £ 0.09 245 +0.12 2.75 +0.10
GSH/GSSG (fold) 5.57 +0.45 5.61 £0.34 7.58 + 0.45 7.76 £ 1.57 8.77 +2.67 11.05+1.78"

SOD, Superoxide Dismutase; GSH/GSSG, relation reduced/oxidized glutathione. n = 12. Data are expressed as the mean + SD; * P <0.05.
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Fig. 5 Formaldehyde levels in the SD rats
with bilateral carotid occlusion
Levels of formaldehyde in the lysosome and cytoplasm of brain. n = 12.
Data are expressed as the mean + SD; **P < 0.01; ##pP < 0.001. (I:
Lysosome; M : Cytoplasm.
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A B 5 AR M B IMLTE 18 B 1 B2 ) et 2 o 1 Pl e
fift, 2SN FEERALE IS B IEA RN . Ak
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Yosics thae B, O S kAN 2 45 4L 5 K R 4127
TEEE AN e R T, WIRTPREEA ITE, N
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Effect of Oxidative Stress on Accommodation and
Transportation of Formaldehyde by Lysosome®
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Abstract Dysmetabolism of endogenous formaldehyde is regarded as one of the risk factors for the onset and
progression of Alzheimer’s disease. Excess extracellular and intracellular formaldehyde induce neuron death,
involving the impairment of cognitive ability. As previously reported, lysosome dysfunction plays an important role
in neurodegenerative diseases and intracellular formaldehyde locates in the lysosome. Utilizing formaldehyde
fluorescent probe, abnormally increase of the lysosomal formaldehyde was detected in the blood endothelial cell
line (bEnd.3) and neuroblastoma N2a cells (N2a) from mouse brain under oxidative stress. Brain formaldehyde
was significantly (P < 0.01) elevated in the chronic cerebral hypoperfusion rats compared with those with SHAM.
LeuLeuOMe was used to induce the permeabilization of lysosome membrane in bEnd.3. After LeuLeuOMe
tretment, higher intracellular and lower extracellular formaldehyde were measured by microplate reader and high
performance liquid chromatography (HPLC) respectively. In other words, lysosome not only accommodates
endogenous formaldehyde, but also transports the compound out of cells. Abnormal lysosome function causes

dysmetabolism of formaldehyde, which is correlated with age-related cognitive impairment.

Key words endogenous formaldehyde probe, lysosome, bilateral carotid occlusion, oxidative stress
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Fig. S1 Image of the endogenous formaldehyde and lysosome in the N2a cells
Fluorescence image of FAP-1 (red), Lyso Tracker Green DND-26 (green) and bright-field image were recorded by laser confocal microscope,

respectively. PFA-1 was not added in the control group.
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Fig. S2 Fluorescence image of the endogenous formaldehyde in the N2a cells under oxidative stress

N2a cells were exposed to 50 g/L Rosup for 30 mins. Fluorescence image of FAP-1 (red), DCFH-DA (green) were recorded by laser confocal
microscope, respectively. Formaldehyde should be located in the transparent sites where lysosomes were not stained.



