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Bodipy-C12 can be Enriched in Peroxisomes of Cancer Cells
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ABSTRACT Objective: To investigate and compare the subcellular localization of Bodipy-labeled lauric acid (Bodipy-C12) in
cancer cells and normal cells. Methods: Various cancer cells and normal cells were cultured in medium with Bodipy-C12 (1 pg/mL). We
detected the signal of Bodipy-C12 in different organelles labeled by specific molecular maker proteins with using live-cell time-lapse
confocal microscope in 5 minutes. Results: In a human hepatocellular carcinoma cell line HepG2, the signal of Bodpy-C12 was not only
detected in lipid droplet and mitochondria, but it can also be enriched in peroxisomes. The co-localization of Bodpy-C12 signal with
specific molecular protein markers, including Pex3-GFP, Pex14-GFP, GFP-Pex16, GFP-SKL and GFP-Pmp34, verified the existence of
Bodpy-C12 in peroxisomes. Further, the enrichment of Bodpy-C12 in peroxisomes occured to more cancer cell lines such as colorectal
cancer cell HCT116 and breast cancer cell MCF7. Differently, Bodpy-C12 signal was detected only in lipid droplet and mitochondria, but
not in peroxisomes of normal cell lines such as 3T3-L1, NRK, COS7. Conclusions: Bodipy-C12 signal existed in lipid droplet and
mitochondria of normal cells and cancer cells, and it can be enriched in peroxisomes of cancer cells, but not in peroxisomes of normal
cells, indicating a different lipid metabolism of the peroxisomes in cancer cells.
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) i 7 R — A e 8% 38 3o 4% g I il T A 5 0 7 ( Long-chain
acyl-CoA synthetase , ACSL)VE FH 5425 i I8 I It HE B A, — 5 T
G RCH I = BRFEAGLENRT , 73— R ALRIIES 5 -
AR, ASBIFSRY 3 B i I A R R I U T ]
WERZ FiiEs 4 Bodipy-C12 7E T 535 A BB A A LIS 1) 2
M gsE L, £9.45 PN 5 % ( Endoplasmic reticulum, ER ) , Z&47 44, g
T, AR, R, A WA LA RO AR . N2 BT ARE
Bodipy-C12 ] g fv FLRLAAFIRT 9, JF HRATE KA
Bodipy-C12 ‘& £ T 4t i i it S A A 1T I 8 4 i b I T
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NI 5 HepG2 B FUE 40 R HeLa /N ATAS N
Y R 3T3-L1 AR SRS 4L COS7 W T3 [H ATCC; K
by i 40 LR £ N i 48 LR Huh-7. A 45 11 98 40 0 &R
HCT116 F1 SW480., A ZL it 4 il % MCF7,MDA-MB-231,
MDA-MB-468 | A\ JE/INAH i 2 M 3R AS49 D) KK BUE 4 i
ZNRK Kk H FHRRKF@IREA . B4 miEmwA
Biological Industries /3 &) ; DMEM Zfiti 15 553, 58 & MBS
Z (100x ), 15 40 i 1% 7= 1ML, Bodipy 493/503, Bodipy-C12, %% 4t
ik 7| Lipofectamine 2000 F1 %¢ Yt — #i W) F Thermo Fisher
Scientific /A F] ., Pex19 $Ti4(A5476)Ilg  Abclonal 2\ ],
1.2 ik
12,1 FRAL & GFP-Sec161/GFP-Sec16s/GFP-Sec23a/GFP-
CB5/GFP-HPOS Jy 5285 %8 2 1iif 8t . GFP-DAG/PIS-GFP 4 1R
SCHRFG DY, RabSa fil Rab7a £+ FEH L 3T3-L1 i cDNA 1k
AR R PCR 153, JT-38 ot B D)% 3 00 77 Ui A pEGFP-CI
g (clontech /A7), Pex3,Pex14 .Pex16 Fll Pmp34 4= K IEH LA
293T [ cDNA VENBAHGE 2 PCR 155, Pex3 F Pexl4 il il
I 3% ¥ 19 7 X ik A pEGFP-N1 #; & (clontech 2 & ).
Pex16/Pmp34 38 13 W Y1 3% # 89 7 X A pEGFP-N1 # {&
(clontech 7~ 7)), SKL - Btifi i PCR ) J5 X i # 7 EGFP/
mCherry J¥%1 3' 53138 58 Bamh UNot 1 {37 254fi A pEGFP-N1 F
pmCherry-N1 Zkf& (clontech 23 F]), b i S kiAW T fifi H
A IRR H TIH AR E A R
122 fHBEsEsT AN ITE AT SR 10%i0
5 DMEM 55256 (5 F 1x BHREMERZ) D ik,
B FRA U N 37 °C L5 %M CO, ¥R, 80 %R .
123 R4 HepG2.3T3-L1 H1 NRK 40 il il i i 5%
(electroporation ) it 7 AT BOR AT sSIRNA 1Y% 4% . 4125 I
b B0 B 100 pL RS ppIR SR A, A 2 1.5 mL
EP 4, KR E Y Tk ol siRNA FA IR~ J5 T2 5
LR {f ] Amaxa Nucleofector 11 (Lonza 2 &) ) HL#4{L 3%
FE LR R T O . FRA S AL 10%IM3 ) DMEM B
FRIL B BB A 3 Lk 750 5 ik 200 M 5 %) 200 I,
At 20 i (e A 55 Gl 57 lipofectamine 2000 ( ThermoFisher
Scientific /A ] ) AT ORI G

124 FAMEHNE FHHHEET 37 C,5% CO, BTG 41
T AR AR e — B ], 05 240 B I rp 8% % e i B
Bodipy-C12(1 wg/mL) {43 fif 55 F2 5 )5 , o7 BfdE 2 HE ATR+
PR AR B R A T
125 cDNA REUf L BF 2¢ £ E = PCR i fij Trizol
(Invitrogen /A &) )- = G Bt - 5 PN BT IE 1 7 726 3 BRUG e
SiRNA 48 h J5 7 HepG2 4l P 44 RNA, I 5 ng 44 RNA /EH
A fd ] Invitrogen Superscript [ #4157 & 647 556 5415 5
cDNA, FiFt 100 £% 5 F K PCR =i fifi | ABI7500 %¢ )¢ 5 1w
PCR #7555, e & PCR i /Z ABI 7500 A5 14 5L A
3E %52 5 PCR X (Applied Biosystems /7 ), {8 & PCR 2| %
(5" %) 3') Hy:Actin 1E [ 5| ¥ : CATGTACGTTGCTATCCAG
GC;Actin I [M5|4) : CTCCTTAATGTCACGCACGAT; Pex5 1E
il 8| ¥ : AAGCCTTTGGGAGTAGCTTCT ; Pex5 R ] 51 4
GGACACAAGGGGTGCATTC,
1.2.6 siRNA F%5  SC40 BT A siRNA JF51 (5" 5] 3') .
siPex5-1#: AGAAGCUACUCCCAAAGGC, siPex5-2#: GCCUU
UGGGAGUAGCUUCU,
127 RBRNEE  MEICH H PBS S8 IR Ve M IR G i
FH 4% 22 5 H I [ 58 20 4340, 2 J5 F-fd F PBS TE TR o ff
&4 0.1%(v/v)Triton-X100 [ PBS 3@ &40l 20 44405, &
A 10%IL2E 1055 PBS B 1 /Nt 8 Pea19 PUikL 1:100 7
BT HEMR P R, 4CHE L%, Bk, PBS &
PR3 S 0, HEEMA 1:500 FiBerE PBS HHKHEE —Ht, bt
JEERMFE 1N, Z ST PBS vt =i e , &, i
JEHE AIR+ R AR B AR E T TS
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Nis-element #4347 s B FRALHE, 2443 Adobe illustrator CS6
HEWS S B R
1.3 GitZEaHhn

X224 t K5 38 (two tailed student's t test ) LA [R]2H
BRZ M 225, PE/NT 0.05 YA EM R2:5 . P/NTF0.05
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A=A % R,
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TE N 96 4 L R HepG2 #1915 5% 5 b i A Bodipy-C12
(1 wg/mL)ZJ5 5 435, A b s K ACREE M (B 1A 3
Lo 5O G5 H BT 0 DX 4% 4 Bodipy 493/503 Bk 4, (1 i 1 o
Bodipy-C12 B T 5 /0 9 i 22 1o, [7) Bt AR bR bR ic 2
Tom?20-GFP 3¢ 37 . ItA1, Bodipy-C12 M AEAEA ) T i sl
LR E LI RS (] 1B)

YA AT ISR SR A3 A R 45l 3 2 M 25 , 51 a0 g
FE & (endosomes)., [ WE A& (autophagosomes) Fil % fifF {4
(lysosomes)!', 3 i 43591 5% G L 1] P A5 {4 (early endosomes ) b5
iC ik GFP-Rab5a., BN #1A (late endosomes) Fric ik
GFP-Rab7a, [ MR FR 0 5Tk GFP-LC3 1 B 4 b i Tk
GFP-LAMP1, FA/] % B Bodipy-C12 JE i s ARE5HG A2 I
R ERELAE R (B 1C) o i — 203 i 7 4L P 5T A i o
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TR0 PN 5 PR A S ) V‘])ﬁﬂﬂFtﬂfﬁﬁ(ER exit site, ERES ) 8% PN & [
B /R BB ) COPIL /NI g 67 o RATR I AEE R T
ERES #7510 Jfi & GFP-Sec161/GFP-Secl16s!m COPII 473 i
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Ak s i F e (B 1E) . 74k, 2RI BF5E k30 1% H i
(Diacylglycerol, DAG ) /i Mt /L% (Phosphatidylinositol , PT)fig
i GFP-DAG Fl PIS-GFP JFkibric , -7 P9 5 I [ 22 X 38
T RUIREEHE 1, DRI FRATR 2 13X 4> Bkr , GFP-DAG Fi
PIS-GFP JuAi7F HepG2 4iiffirh 3Rk, 2GR A SR B 45
¥, {HIX LE 2544 5 Bodipy-C12 #OIZ A R (] 1F),
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Fig.1 Bodipy-C12 puncta and cellular organells location

(A) Bodipy-C12 puncta in HepG2 cells; (B) Bodipy-C12 puncta with LD or mitochondria in HepG2 cells; (C) Bodipy-C12 puncta with endosmes or

autophagosomes or lysosomes in HepG2 cells; (D) Bodipy-C12 puncta with ER or nascent LD in HepG2 cells; (E) Bodipy-C12 puncta with ERES or COPII

in HepG2 cells; (F) Bodipy-C12 puncta with DAG or PIS structure in HepG2 cells. White arrowheads indicating Bodipy-C12 puncta. Scale Bar: 10 pm.
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0.1-1 pm Z &)™ 82 Bodipy-C12 J& Al [ s R 2548 J& 15 A it
FALIBEAR . 0T 00, IR A T & 1A
i A b W) B R B ) P %)) (peroxisomal targeting sequence 1,
PTS1)- Bl SKL(Serine-Lysine-Leucine ) 3 41 (1 1 & AL ¥ b ic ot
i GFP-SKL il mCherry-SKL?", 7E HepG2 4iififg |, i3 223k
mCherry-SKL 5 30K 435 o AT 1038 it S me G iy T BeAaiml
% B mCherry-SKL R #% 11 AL Yy A 3 I B (1 Pex19 4%
Sk HsE A7 (& 2A) ,IE B mCherry-SKL 4 & {7 T3 4k
YIlA . Pex5 B2 PTSI(SKL J¥41 ) 8 3244, SKL J741 41
FE AT LGB Pex5 ATtk Adt S ALY ERIAL2), Pex5 55
1 R BR 23 5 30 SKIL A0 35 25 11 Tk IRtk A S AL AR, i
EIMAMM R TRE A P HE—5, FATEL L Pexs, WM
GFP-SKL 4l N 1 o SR8 Y255 —5, 7E PexS FENBHARIS
FIAIAL Y, GFP-SKL N Ff- 2 B R G5 H 7, 1T 630 BH B A R
WA (B 2B 1 2C) , FETIE B GFP-SKL 5 {3 i A Ak ) il
IRRRTSEME: . 2 BT AOIIF T IA & B AL W B AR IR T P9 5t
LR ARRY JEA GFP-SKL 52k A N B B i & o FRAT]
% M4 7 ) GFP-SKL 5 mito-dsRED #l RFP-KDEL 43 5|47
TR RLAA R P 5 X 2815 58 A 3L e v (B 2D), i —25 0
i GFP-SKL (it S AL Wi e LB R et BRI A it
FEIRATLL GFP-SKL AT LAE A it ALY IR BFR 08 H o
2.3 Bodipy-C12 B sk #fnid Sk iR e

WEoE A, a2 S AL BEHA AT LLTE N R 9 _E A i, 4 ot 4
WIEGAR Pex3/Pex16 S HRAE 12K A B2, it S (bW IR
AT LA A HENR DR , % R BENR D7 IR 1 AR B AT Hi B,
R FR A% F Bodipy-C12 Flist AL Wy B A 19 1L 8 (6 AT T 4
W, B R BIR ARGt E ALY B bR 0 2 1 Pex3-GFP il
Pex14-GFP 1Y) HepG2 A, & LRI SR . I
H.,Bodipy-C12 /il A 5 min J5, Bodipy-C12 s iR &5# 51t 44k
YIRS I e AL (B 3A) . FATHRAER Y T i S ALY B
A% T2 B A A0 & BRI A Y 45 2R : GFP-Pex 16 ,GFP-SKL
5 GFP-Pmp34 7 ic 1Y i %A b ) il {4 F1 Bodipy-C12 £k 4544
Fee e ([ 3B). B, AT WA S 74 Bodipy-C12
T B s AR5 46 A i SR AL AR
2.4 Bodipy-C12 AI7E & FiEz 4 il /AL Fid | Bk

B, BATERFEMEAEAM PIEFT T Bodipy-C12 &
ISR . 5 HepG2 LB 2A) 16 5 — A4 & Huh-7
1, Bodipy-C12 1,2 {3 T* GFP-SKL #ric i AL Wi i (1
4A), [RIFE ML, 76 N 45 % 40 g HCT116 F1 SW480 i,
Bodipy-C12 & {3 F GFP-SKL #ric it S b A (&l 4B). 3%
BT =R AN i P b AT T, RN TR RE
MDA-MB-231 MDA-MB-468 £ & MCF7 #iJifi 7 , Bodipy-C12
5 it F AL R RS ARG M g . (] 4C) ., 765 SR A0
HeLa FI4E/NH Il AS549 1, GFP-SKL #rict (153 Ak ) il
PRIE (7 Bodipy-C12 sURE5H (B 4D), FRATTRF X L3 17 54T
TRAFFWEE, KB 20 /NEY G Bodipy-C12 2 5 42 A BR %
i, H AT AR BE AE X 2 9 40 A 0 o A Ak B IR 0 5% R
Bodipy-C12 [ EN (RAFFESRE ). B, Bodipy-C12 7] L)1

A Enlarged
mCherry-SKL

Merge

+Pex19 antibody

-Pex19 antibody

GFP-SKL

Relatvie mRNA level

GFP-SKL mito-dsRED

GFP-SKL RFP-KDEL

(A) GFP-SKL Fid RL ¥EB{R & B Pex19 BYFTE AL ;(B) Pex5 B
siRNA B3 ; (C) HepG2 4R Pex5 AR H GFP-SKL # A\ id
S ER{R; (D )HepG2 AR H GFP-SKL AR RUR 540 5 g ik Fn
MEMEES, #RR =10 um,

Fig.2 GFP-SKL marked peroxisomes

[ 2 GFP-SKL #Ri2 5 S B K

(A) Images showing mCherry-SKL colocolization with Pex19 in HepG2
cells ; (B) Knockdown efficienty as indiated genes in HepG2 cells by
g-PCR; (C) Images showing GFP-SKL diffusion in Pex5 knock-down

HepG2 cells ; (D) Images showing GFP-SKL labeled puncta structure and
mito-dsRED marked mitochondria or RFP-KDEL marked ER in HepG2
cells. Scale Bar: 10 pm.

FESR AN o T S AR B 3T g S A A P BR AR &
A A DGR g A b B R W SCR A S B s n, 2 5 1
= ERIA LAY R,
2.5 Bodipy-C12 ARG HIARTEE TF 3T3-LI/NRK/COS7 JESELH
il

25 R ATHE 3T3-L1 NRK A1 COST %5 3F 4 20 Jifd Wi 52
bodipy-C12 (7, %59 i 7% : 3T3-L1 NRK 1 COS7 4 it rh
A E A B S ARG, 5 HepG2 i id S AL W AT
TEH 255 AHAR[R B9 2, Bodipy-C12 AR FR 5 3y, HIfoA
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A

PEX3-GFP Bodipy-C

PEX14-GFP Bodipy-C12

GFP-PEX16

Bodipy-C12

GFP-SKI Bodipy-C12
GFP-PMP34 Bodipy-C12

[ 3 Bodipy-C12 sk G5taF0id S B E L
(A) B /i 8% Bodipy-C12 sk £5#9F0 Pex3-GFP/Pex14-GFP #RiCH)
EERWYBEELLRESL; (B) B 2R Bodipy-C12 sUiR %5450 GFP-Pex16/
GFP-SKL/GFP-Pmp34 #xi2 Hyid B EAL, F2R = 10 wm,
Fig.3 Colocolization of Bodipy-C12 puncta with peroxisomes
(A) Images showing colocalization of Bodipy-C12 puncta with Pex3-GFP/
Pex14-GFP labeled peroxisomes; (B) Images showing colocalization of
Bodipy-C12 puncta with GFP-Pex16/GFP-SKL/GFP-Pmp34 labeled

peroxisomes. Scale Bar: 10 pm.

BURENTF Pex3 B Pex14 Aric it A AL YR AY Bodipy-C12
KR T (I SA), [FRERY, AR BUE 41 NRK AEE M 54T
¥ 41 il COS7 ' ,Bodipy-C12 5 Pex3-GFP Pex14-GFP i} #%
GFP-SKL #ric i3 A AL W B J LT3 A e i (& 5B Al
5C), 1fii 5 Tom20-GFP fric AYZbi A A 1R ey S (& SD),
KINTEARE ISR, Bodipy-C12 B A E (o T id A AL it
Ao PRIHFATTHEIRT : Bodipy-C12 &g+ Bk 71 16 1 40
TR B TUPASE O B AL B A [, e i, -+
TRRRR TR PT RETEAT EAL P A 1 (£ S R R I R A
Ji b i AL AR S 5 B NRARHG SASTR] T 1E 4.
3 Pig

G P i e R A b A TR N 2R o E AL R, R TR T
EH AN, A FT A 2 R B A IS, AT 1 Yo fE HepG2

A b & B Bodipy-C12 [ 1 (o TS E 8 A Zb (R 5 i
T, R RERE (0 T AR AR O 2R A AR it — 20

A GFP-SKL

Bodipy-C12

Merge

HepG2

Huh-7 (o

B GFP-SKI

C GFP-SKI

Bodipy-C12 Merge

HCT116

SW480

..

Bodipy-C12

R . .
.
o . . -
o . . -
D GFP-SKI Bodipy-C12 Merge
AS549

HeLa

. 'J ‘.

4 Bodipy-C12 7£ & FhE 4R T E i T3 E W Bk
(A) Bodipy-C12 7& HepG2/Huh-7 £BBf & E iz Tt S AL MBIk ;
(B) Bodipy-C12 #£ HCT116/SW480 2B i 7 fir Fit S AL Bk ;
(C) Bodipy-C12 £ MDA-MB-231/MDA-MB-468/MCF7 i E i F
St S AL 4B ; (D) Bodipy-C12 7E A549/HeLa #Aff b E L Tt E4L 4
E§fk, GFP-SKL 35RiEEWWERME, #RR =10 um,

Fig.4 Bodipy-C12 location on peroxisomes in kinds of different carcinoma

cells (A) Bodipy-C12 peroxisome location in HepG2/Huh-7 cells
(B) Bodipy-C12 peroxisome location in HCT116/SW480 cells;
(C) Bodipy-C12 peroxisome location in MDA-MB-231/MDA-
MB-468/MCF7 cells; (D) Bodipy-C12 peroxisome location in A549/HeLa
cells. GFP-SKL indicating peroxisomes. Scale Bar: 10 pm.

F B9 40 - R B i R -Bodipy-C12 5 {3 it S fb 1 il
A SR T IE % 408 25 (4 3T3-L1,NRK F1 COS7)H 3¢ To it
% XN BE TR R AN Pl S AL TR R G T 1 4
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>

3T3-L1

PEX3-GFP Bodipy-C12

PEX14-GFP Bodipy-C12

Merge

)

NRK

PEX3-GFP Bodipy-C12

PEX14-GFP Bodipy-C12

@)

COS7

GFP-SKL Bodipy-C12

Tom20-GFP Bodipy-C12

[& 5 Bodipy-C12 #nid &4k ¥ B & 7 3T3-L1/NRK/COS7 £HRE
B ZE L
(A) B K 2R Bodipy-C12 #1 Pex3-GFP/Pex14-GFP #Rig Bt &4 1B
7 3T3-L1 ZHRFREIE S ; (B) B F &R Bodipy-C12 #0
Pex3-GFP/Pex14-GFP #Ri2 #9id S BRI 7E NRK AR EIFESL; (C)
& B & & Bodipy-C12 #1 GFP-SKL #rig i3t S 4L ¥ EsR7E COST 4
HREE L (D) B A Bim NRK 4B B A Bodipy-C12 55
Tom20-GFP #RiZ BRI E ML, #RR =10 pm,

Fig.5 Bodipy-C12 and peroxisomes location in 3T3-L1/NRK/COS7 cells
(A) Images showing Bodipy-C12 and Pex3-GFP/Pex14-GFP labeled
peroxisomes location in 3T3-L1 cells; (B) Images showing Bodipy-C12
and Pex3-GFP/Pex14-GFP labeled peroxisomes location in NRK cells;
(C) Images showing Bodipy-C12 and GFP-SKL labeled peroxisomes
location in COS7 cells; (D) Images showing colocation of Bodipy-C12 and
Tom20-GFP labeled mitochondria in NRK cells. Scale Bar: 10 pm.
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