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Abstract

Cell survival from the arrested state can be a cause for the recurrence of cancer
patients. Transition from the arrest state to growth state is highly regulated by
mitochondrial activity, which is related to the lipid compositions of the mitochondrial
membrane. Cardiolipin is a critical phospholipid for the mitochondrial integrity and
functions. We examined the changes of cardiolipin species by LC-MS in the transition
while HT1080 fibrosarcoma cells exited the cell cycle arrest. There are 41 cardiolipin
species identified by MS/MS and semi-quantitated to analyze the detailed changes of
cardiolipins. Cardiolipin species in human sarcoma HT1080 cells showed a normal
distribution of C64, C66, C68, C70 C72 and C74 groups. The cardiolipin quantity in a
cell decreased while entering the cell arrest, but maintains at a similar level through
cell survival. While cells awakening from the arrested state and preparing itself for
replication, the groups with short acyl chains, such as C64, C66 and C68 showed a
decrease of cardiolipin percentage, but the groups with long acyl chains, such as C70
and C72 showed an increase of cardiolipin percentage. Interestingly, the changes in
cardiolipin species between cell arrest and cell survival are completely reversed. Our
results display a clear shift of the cardiolipin species from the short chain to long
chain cardiolipin during the transition from cell arrest to cell progression.

We have found nutritional deficiency induced cell cycle arrest significantly
changes cardiolipin compositions in mitochondria. Therefore, we further compare
serum starvation induced GO/GT1 arrest with chemotherapy drugs induced phase arrest,
including S phase arrest by methotrexate, G2 phase arrest by mitomycin C and M
phase arrest by vincristine. The cardiolipin quantity increased in all drug-induced
arrests, but decreased in the starvation treatment. While cells were arrested in G1, G2
and M phases, the cardiolipin composition displayed increases in short acyl chain
(C64, C66, C68) and decreases in long acyl chain (C72, C74). In particular, the trends
of cardiolipin composition in S phase is opposite to other phases of the cell cycle in
drug-induced arrest. Chemotherapy drugs induced cell cycle arrest leads to an
increase of cardiolipin quantity, and unique changes in cardiolipin composition at S
phase. Our results imply a discoordination between cell cycle arrest and mitochondrial

cell cycle, which results in the accumulation of cardiolipin at the S phase.
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1.4 4bf % 4 9 4E A # 4] (Chemotherapy drugs and mechanism)
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Drug/method Arrest phase Cellular targets/Mechanism
Serum starvation Gap0 / Gapl Serum feeding Cut-off
Methotrexate Synthesis Dihydrofolate reductase
inhibitor
Mitomycin C Gap2 / Mitosis DNA damage
Vincristine Mitosis Microtubule depolymerization
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1.4.2 Methotrexate (MTX)
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7o = A % 82 (DHF)#4 g v 2 3 88 (THF) &9 2 R B8 > 35 — 203 8 3B R B4k 4 1 A1
{# 4 %, dTMP (Thymidine monophosphate)#4 5,10-25 ¥ 4 vg &, 3 & (5,10-MTHF) 4
2D o AAHE > dTMP &) 2 && T [ E 24 g 875 A DNA & s #7 32 30 41
R BYHOR o Mde F AR w & ¥ 8 3R R Bg(MTHFR) T #% 5,10-MTHF #& 5, 5-F
Ay EBRG-MTHF) » £&d FHRAK S REBMS)&y #1117 At 28k

(methionine) #1 v &, 3 & -

O.
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N HN- N

NA\A[’ = M - N > N
O Lo
pee o | ﬁf

MTX Dihydrofolic acid

3 ~ MTX # Dihydrofolic acid ##%

| DNA Synthesis |—» Cell cycle S phase

N\

DHEF: dihydrofolate

THE: tetrahydrofolate
MTHEF: methyleneteolate
MTHFR: MTHF reductase

MS: methionine synthase

TYMS: thymidylate synthase
4~ MTX %415 A %



1.4.3 Mitomycin C (MMC)
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1.4.4 Vincristine (VIN)
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% TRIBAN X

2.1 BR/EH

Dulbecco's modified eagle medium (DMEM) ~ Fetal bovine serum (FBS) ~
penicillin/streptomycin ¥2 1M % g3 4% F HEPES % 8 B » Gibco (USA)
Tetramyristoyl cardiolipin (C14:0) 4% # Ju B 8 Avanti Polar Lipids(USA) -
Methotrexate (powder) ~ Mitomycin C (powder)# & Merck ; Vincristine sulfate

(powder) B B SIGMA -

2.2 fmpE &y & o 7 32 & (Starvation) ¥ 7% fb(Activation)

KB PR R fm B bk B A FE Mk % 1 J8 % i (HT-1080) » 52 Growth
medium(DMEM 4~ 10% fetal bovine serum ~ 0.5% Pen-strep ~ 25mM HEPES)# 5%
CO,~37CHiEse 4k - $tapt k% 50%4% @ % F (Activation group : 10-cm dish >
Starvation group : 6-cm dish) 8% # F& medium 3t 2A PBS % =% o # fe A\ serum-free
medium 3% % 48 /]\B% > 32 % #7 B Starvation group # 0 ~ 12 ~ 24 ~ 36 Fu 48 /N85 4
B Fi] BE )i A% 4 B Activation group R 7 48 /)N 8544 4o 4m B 32 & ®) Growth medium >

FH 04851622 [N EBFR]TEUCAR MR o PR A9 fa B PR AE A —20°C » AF AR

2.3 R BYAE

ERAAIER @Bk A NS %A B @K HI-1080) » & Growth
medium(DMEM 4~ 10% fetal bovine serum ~ 0.5% Pen-strep ~ 25mM HEPES)# 5%
CO,~37CHBIERA - BlaphBE 25% BT E(WBHY % 3.0¢10° 8, 6-cm

dish)it X Fta b BH & - LB HNNEETHREHE medium RSB



medium : Methotrexate 50nM (Stock: 100pg/ml # 1M NaOH) ~ Mitomycin C 2uM
(Stock:1 mg/ml # DDW) #2 Vincristine 0.25nM (Stock:0.1 pg/ml # DDW) » 2%
48 /NBFIER 0~ 12 ~ 24 ~ 36 Fu 48 /)N b5 & 55 ] 25y AR 4m B o WL AR B9 4 BLAZ AT B

FE o Fi% GRS H AR o

BeH R
a2 s B 3 BRIRAE Bligh-Dyer 7 % ™ o i 4w B bk B 7S 3B HL P ho A 2 mL
methanol & & v A 125ng &9 CL(14:0)4 4% & 5 o KB T A5 K E B AL A% e fin 1% 45
Z 3% 3R % E w1 mL chloroform (3t 8F chloroform/methanol % 1 : 2) - Z 7% 10
4% A e 1 mL chloroform #1 1 mL k£ #-F % 48K(DDW)e £ ZE % 15 54814 »

B0 (2000 rpm,S 442 EERTF B A AR R B Atk n A5 E -

2.5 Hkaw

Mgtk B EERZ G DT AR A RLER » EwA 100ul =% K
(acetonitrile/2-propanol/H,O = 65:30:5)E % ° #k ou4& HPLC-ESI-lon trap MS(High
Performance Liquid Chromatography, HITACHI ; Electrospray Ionization-Mass,
Bruker) R i# 4T Lipidomic &)4#7 - HPLC # %48 %4 # : mobile phase A 7% %] %
ACN:H; 0(60:40) ~ 10 mM ammonium formate F= 0.1% formic acid » mobile phase B
# TPA:ACN (90:10) ~ 10 mM ammonium formate Fv 0.1% formic acid™ o £ 48 44
B 0-25 548 4 60% A 2] 100% B > #4745 100% B 2] 45 5484 R 2 60% A © {&
A a4 B Acclaim RSLC 120 C18 2.1mm x 100 mm 2.2 um column (Thermo) >
HPLC 547 ik % 0.2 mL/min ~ %428 & B4 IK 55 K - B35 BRA ok 20 A7
A & kR 72 34 2L Bruker DataAnalysis (ver.3.4) # 32 B % & .38 2 EIC(Extracted ion

chromatogram) & #& R ¥ £ 2 547 ©



ESI-MS % &

o € ¥ B
Charge mode Negative mode
Nebulizer 25 Psi
Dry gas 8 L/min
Dry temp. 325 C
Mass range 1200-1600 m/z
ESI-MS/MS #% %
Isolation width 4.0 m/z
Fragmentation Ampl 1.20 Volt

R 2 RS HERT
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3.1 &R

B CH B EEREENY  CHBETRERNEEE ThEnk
& stk A (B 7) - P 2 3,89 TIC (Total ion chromatogram) [ 3% + » &} B542
B H(C14:0)7 31 54 H3A(B TA) » 5 F &4 12399 m/z(® 7B) - sAt B A% >
T oA AR AR GBS o P R BT 4 B 30-36 -4E(B TC) L AEEER - 1h (B TD)
A oD & e SRS B BAR I 5 F 2-3 AP R o b is A R SRR
v 4 & T IE M X 1A > B b Phosphatidylcholine (PC) 2 33 12 & 1+ 9
Phosphatidylethanolamine (PE) % A5 & =T # B2 btk 4+ T &9 5 & 48 4k $F 1% o
Phosphatidylglycerol (PG) ~ Phosphatidylinositol (PI) ~ Phosphatidylserine (PS)#u=
Phosphatidic acid (PA) % A5 & 49 % -F 2 ZR4&7> 900 Da » My K 3R 4~ 69 S &% B 2R 40~ A
#>1200-1600 Da » gt oA EA5 T HFrp AR FE SR IR E B R A S IE T E K -
Hb o oah s RSBy B 4% (Fatty acyl chains) ey s B R Z48F) » RS E&

T R 6 BB o BB @5 % MR B &4 (Double bond) &y S kA

A. .
Intens. Intens.
5 ><1D4
x10 1239.9
4
4
3
3
2 2
1 1
0 e e ————
0 5 10 15 20 25 30 35 Time[min] 1200 1250 1300 1350 1400 1450 1500 1550 miz
C. D.
Intens. Intens.
° 10"
x10 x 1399.9
125
15
1.00
10 075
05 050
14495
025
N STatLS M S 13458 14775 15573

O s Mo de a0 R s Tmemnl 0 e e Toos Taso e
7~ B s HT-1080 tmfe 2 B 3EE @ SHEASAZ & 5 CL(14:0)4 8y
TIC (A) StH 38 (B) « Av4af /9 Az ey TIC (C) SLE 3B (D) -
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AR S AERA M) SHEAE T Y LC-MS ¥k 5 B SRR 123k F 2SR R
VAT PR o s B b v iR S A B AR e da k. o B sbk R B S (MS/MS) ey Tk
F # K (Product ion mode) 2k 447 % it P &8 78 48 69 S B i 48 R 2 45 4% - /£ MS/MS
oo ERBELEBOFHEEAFIHREAELN - AR LT HY
Tetralinoleoyl-cardiolipin(C18:2) & ] F(»-F & 1448.2 m/z) (& 8A)- o #4 A5(C18:2)
LR RB% Y 831~ 751~ 695 #1415 m/z 2 T 8T R BRERATIL S B — 15X
WK AE R Bk AR ) R A R B (B 8B~D) > RATH —EBay osifs(CI82)AH R At
4% ®) 25 74 B (Linoleic acid, 278.6 m/z) &9 Rs i Bk £(B 8C ~ D) o ANl B >

THAE SRS e AR o

A. B
Intens.
10t Intens.
-Ms -MS2(1448.0)
. 14482 1500- 695.3
1250]
4 1000
750"
2 500- 8311
2507 4149 751.1 {
°Hu‘Hu"H*]‘LH‘mm‘m‘HHmmmm‘mmm“ o “ u ‘L
250 500 750 1000 1250 1500 1750 2000 2250 2500 mj/z 200 400 600 800 1000 1200 1400 m/z
C. D
Intens.
" o2z | CLOS2), MW= 1445 [Reigheee e V=3]

2786

N
- I
300 G/X\u’/f\‘o
\/\/E/\E/\/\/\/jjx° %
200 5 . % MW=

1 1
)
s e \;\/\\:):/,ﬁ\@
5 g

100 N /\\7//\\7/\,»\/\/\?,0 h
ol d i [P w7 =27
D T S B e a B
200 300 400 500 600 700 m/z

8 ~ MS/MS 47 s ai Ag(C18:2) 2 &4k 4 7R, ¢
Tetralinoleoyl-cardiolipin 2 F & %4 1448.2 m/z (A) & % B H 354 % 1%
RahBB) S Ekse e HAER B (C) e A L H MR BARIE &M
B RESE T EBESEAD) -

3.2 HT-1080 4= b4 & B A& 58
HT-1080 % f14& Growth medium 3% %& 3t 74 90% 4% & 5 B 4R34 o

0 4 B 52 48 Bligh-Dyer fis 8 3 BUE 0 B LC-MS 27 4 B2 79k 40 52 69 3 5 s
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MA(R3) - BHERET

TS FXIR-PES SRR T EIERN

ERRSAZ R SL) o H b R L SBRRSFESE 0 4o CT0:4 0 &R b B RS 6 v 14 A5 B Bk

5 B4 2 70 fEI SR 4 ARG -

% 3~ HT-1080 %= fs ¥ &4 S 53 s #2 48

Species m/z Formula Species m/z Formula

C56:0 12397  (14:0)(14:0)(14:0)(14:0) | C72:7 14507  (18:2)(18:2)(18:2)(18:1)

C64:4 13433 (16:1)(14:0)(16:1)(18:2)* | C72:6  1451.8  (18:2)(18:2)(18:1)(18:1)
(18:2)(14:0)(18:2)(14:0) | C72:5 1453.5  (18:2)(18:1)(18:1)(18:1)

C64:3 13455  (16:1)(14:0)(16:1)(18:1) | C72:4 14558  (18:1)(18:1)(18:1)(18:1)

C66:5  1369.7  (16:1)(18:2)(18:2)(14:0) | C74:10  1472.5  (16:0)(18:2)(20:4)(20:4)

C66:4 13717 (18:2)(18:1)(16:1)(14:0) | C74:9 14744  (18:2)(18:2)(18:2)(20:3)

C66:3 13735  (18:1)(16:1)(16:1)(16:0) | C74:7  1477.8  (18:1)(18:2)(18:2)(20:2)

C68:8 13915 (34:5)°(16:1)(18:2) C76:13 14934  (16:1)(18:2)(20:4)(22:6)
(18:2)(14:0)(18:2)(18:2) | C76:12 14955  (18:2)(18:2)18:2)(22:6)

C68:6 13957 (18:2)(18:2)(16:1)(16:1) | C76:11  1497.7  (18:1)(18:2)(18:2)(22:6)*
(16:1)(18:2)(16:1)(18:2)* (18:2)(18:2)(20:3)(20:4)

C68:5 13977  (16:1)(16:1)(18:1)(18:2) | C76:10  1499.5  (18:2)(18:1)(18:2)(22:5)
(16:1)(18:1)(16:1)18:2)* | C78:13  1521.4 (36:4)%(20:3)(22:6)

C68:4 13993  (16:1)(16:0)(18:1)(18:2) | C78:12  1523.5  (18:2)(18:2)(20:4)(22:4)
16:D)A8:1)(16:1)(A8:1)* | C78:11 15254  (18:1)(18:1)(20:3)(22:6)
(16:1)(16:1)(18:1)(18:0)* (18:1)(18:2)(20:2)(22:6)*

C68:3 1401.3  (16:1)(16:0)(18:1)(18:1) | C78:9 1529.7 (16:1)(20:4)(20:4)(22:0)
(16:1)(18:0)(16:1)(18:1)*

C70:6  1423.5  (16:1)(18:1)(18:2)(18:2) | Bold: identified species

C70:5  1426.1  (16:1)(18:1)(18:1)(18:2) | *: main species

C70:4 14278 (16:1)(18:1)(18:1)(18:1) | & Predicted formula

C72:9 14464  (18:2)(18:2)(18:2)(18:3)

(34:4)(20:4)(18:1)
C72:8 14482  (18:2)(18:2)(18:2)(18:2)
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3.3 smpaE4b(Activation) A ey SR s 4 & SL 6 MR

B T BUR e B0 S AUBCR L R SR AR BE Y SR IS R RA L 0 SRR m R s i
#% M o 5% 84 3% % (Serum starvation) 48 /] B4E 4a i 5] 35 i A GO BEEA - pLEF A 64 4a
BB B0 A 45 50K A8 o 45 20 Growth medium #2445 4o g BEA GO 3t 2 A G1 B5#7 -
A EIAMI 04816 Fu 22 /NEF B MRk fm i o HT-1080 4aft ¥ 69 o 5 B
BEBBEULC-MS 547 > IAETREBZER - #HERT > FE X BR
RCH G E A 16 ) 22 BRI AR AR BABAS 8 /N EF g A R AR H- (B 9A) - b
BRI ORI S E M a0y E M3 MERR e L P e SRR E N &

By Fa] 26 36 4 0% ] 69 32 71 (B 9B) -

A. B
8 =5
* 8
[0} ~
° 6 T o4 *
: = I o o IR A
34 [ TIF 3 1 | &
e 2 =
0 0
0 4 8 16 22 0 4 8 16 22
Time(hr) Time(hr)

B 9~ ol Abig B iS4 4 B L

RS A RSN A 48 N AT A RBEIEN 045816 Fv
22 /J\H%»Iiﬁkc °o 4 ”’*E‘riﬂxé » LA LC-MS % & A7 A 4a B (A) ¥ 8 — 4a fiey
BNy HiESE © W = F48 3 oL T-test & o

HPA B AEFE 5005 2 41 7T # 1 AR £ 55 (CL14:0)89 48 # EIC &40 F
TE ARG TSR T BERFRITF—EART BB Y BRI AN
GITRRHN mR A ABRREE - B 10 /£ HT-1080 4= a2 64 S5 A5 FE 4R
S 22 B R A AR AR R 0 B P URS By B 4k 48 e 68 ¥ 70 1Bl 5% 6h S B RS AR
BAERS e MiEmpd RIFRM o CHERENE LS ELA RRRE

MR -

M
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Percentage (EIC/total EIC)
25

ol Ohr
10

g [ =

wl 4hr
10

g [ ™ s O | D

ol 8hr
10

g I =T

15 | 16hr
10

3L = -

25

1 % I I 22hr
10

5

0 L L L L L L L L L L

Ell:llj P L
TN T N ® e TN S TR DIe N TS QNN A =S Y A=
* F 8 8 Y B B X B X S S S AANAAANAAATFFE T U T UETT B
I N N - N O S T S 2 ST SN SR SN SN N T S NV R R SN - S
. ~ | I S N ~
CL species

B 10 ~ HT-1080 %= i, & - 5 A5 &- 48 %8 5 15 915 & 4% /b (Activation) :

22 b EEHAR o BEE EERAE C REHERMZ AR EI/LIEH G species
EIC/total FIC 4348 % 4% -

34 BRI R ARG E R

SHEREAE AR HT-1080 mfe & 2R — B F o6 - &8 —Rahyihsd b 538
o B 5% &3 hm 28 Da o B sbfe o7 BB P S Bs A BB % 0 RIS RSB B 4% b
BB HaF 5] B C64 ~ C66 ~ C68 ~ C70 ~ C72 & C74 whRE%(H 11) o H + 12
CO8 B R Bk 558 @ IE Z o B a3 o XD M4 81K - 4£ C66 ~ C68
C70 $ C72 wyBf 3% F 4 £ Ab P A S BE 22 89 70% > M C64 41 CT74 A ta ##
GEGEE c Wk Loy T > B —EELERD 2 Da> Btk
A e ML P AT R S AR M s ey b RS o A R AR B
SIS A BB ML EE LM A — R - B Y AR EEE T RS S
FOCHIEREAANRKZR  HABE ARSI R BT R IS
J B 4 o B4 40 Ao B 89 o B S BE 4 (C64 ~ C66 ~ CO8) &5 7B LS I m 48 F % o
ARG 0 e BR sk ek B 4B Ao i 5 6 B BE AR 4(CT0 ~ CT2) 22 Al LA -
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C64:3 Cé66:4 C68:4

N
w
o

* *
*%

1T 1]

0 4 8 16 22 0 4 8 16 22 0 4 8 16 22

@
N
o

o

o

(EIChotal EIC)%

(EICHotal EIC)%

o =~ N W N

(EICHotal EIC)%
E

o

Time(hr) Time(hr) Time(hr)
Intens. X / /
ot C68
x10 4 1399.6
C70
157 14275
C66
1.0 1371.6 cn
0.59 Co4 1455.5
1477.4
0.0 o e Bt B IR e
1300 1350 ty 1450 \1500 1550 miz
C70:4 C72:4

%
N
o

*

N
o

(EICHotal EIC)
camdax
-
(EICHotal EIC)%
oON MO
%
*

0 4 8 16 22 0 4 8 16 22
Time(hr) Time(hr)

B 11 ~ 7 ) 5 B0 8E 3% 09 O a5 5 2 94 1L 92 544 (Activation) :

SHE RSB AR RN T ELES c B U BERE RS EHOH
ErEAKRE SHROBASEEN 22 NSNS EE bk st - a%ﬁe
B =FH L T-test 3+ &

4 C66 B P > C66 1 3~ C66:4 $ C66:5 ey s AN EILE LR B
TS (B 12A) > HF C66: 4 #1 C66:3 ABFA TR A X R OSSR
o AAE MBS HERS A B 0y 9.6% 8 6.4% o E4b 22 JNBE44 0 C66 ¢ 4 $1 C66 1 3 4
SRS B 0 B AT 4 3.6%5 1.9% HH#Ebints 42 (0 ) i)ia H T % 37%
#1 18% - M C64 : 3 3k C66 2% 3% A 48 Bl % » B binds & 248 3T 1§ 45%(H
11) - 42 C68 ZE#h & > C68 13~ C68: 5~ C68: 6 LAR CO68 : 8 7 iE/L iR M4 4 45
— XA eHis(E 12B) - 12 7 C68: 4 HAF4 M ARE ey HT-1080 % f +

SERSECHLAE > HAFILmB S ERAH TR 19% 0 23] C68 B % + 54549
TrEAH o Ay HT-1080 tafsF » B T EMH ey Clifsfesa &N A - =%
BERTZRMAED -
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A. C66:5 C66:4 C66:3

3]
N
N

*

£ £ « = 8
@) o o * %
w10 o 8 o w6
= = © 4
205 S 4 °
3 S 52
w 00 w 0 w0
0 4 8 16 22 0 4 8 16 22 0 4 8 16 22
Time(hr) Time(hr) Time(hr)
B. C68:8 C68:6 C68:5
R 06 R 20 X6
Q Q 45 S
w 04 * w - - w4
E 510 [ L ]
g 0.2 g 05 g 2
w 00 w 00 w0
0 4 8 16 22 0 4 8 16 22 0 4 8 16 22
Time(hr) Time(hr) Time(hr)
C68:4 C68:3
R 25 * X 15
O 20 *% Q *
Wis w 10
© ]
o5 10 <
2B 5
[®) o
w 0 w 0
0 4 8 16 22 0 4 8 16 22
Time(hr) Time(hr)

B 12 ~ C66 #2 C68 2 S Hi 54 & T M(Activation) :

tm f 4 starvation 7EAL > BACRFS 0~ 4~ 8~ 16 Fo 22 /B > é«()ag%fz,i
4% SA LC-MS 547 © i A s s s FE 287 C66 #1 CO8 B% 4 4 i i i
FS(C14:0)42 5 2 2 48 4 EIC #0588 B % A = F 44 14 T-test 3t &

FE RS Wy B bk ok B 4840 70 A B oy Bh RS FALHA R 24 F ey A8 % - CT0
BEEF 2 C70:4~C70 1582 C70 : 6 4SS 42 5 3 & L 1.3% ~ 2.5%8
0.7% » K ¥ 7EAbin 464 2 (0 /N i5)48 #1138 v 10% ~ 36%52 23%(H 13A) - @ C72

B CT2:4~CT2:5 C2:60CT2: 7 BhBAT AL BRI HMEE Y
B Y4B 4L BE 2 6948 3 v 33% ~ 50% ~ 33% 24 & 38% (B 13B) - C72: 8
1 CT2:9 % T a2 D ey 58 ol 48 H38 w 33%5 17% - EAFEE A >
C72:440 C72:5 AT S ERRNARA KA SHASAESA - 5 sh» HT-1080

wmia s o B LEAMEGCBEREE LS~ ERTRT ZR(RS2) -
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A C70:6 C70:5 C70:4

R 4 X 8 A R 25
Q 4 x X X (S Q 20 *
o = w w15 =
s 2 T 4 g 40
£ =) £ |
o o G 5
w 0 wo w o
0 4 8 16 22 0 4 8 16 22 0 4 8 16 22
Time(hr) Time(hr) Time(hr)
B. C72:9 C72:8 C72:7
X 08 * R 15 R4 *
) * o * o
m 06 = 8 10 x g3
T 04 5 52
2 2 05 °
S 0o o o]
w 00 w 00 wo
0 4 8 16 22 0 4 8 16 22 0 4 8 16 22
Time(hr) Time(hr) Time(hr)
C72:6 C72:5 C72:4

*%
*

0 4 8 16 22 0 4 8 16 22 0 4 8 16 22
Time(hr) Time(hr) Time(hr)

*k

(EIC/total EIC)%
o Nb (o))
*

%
(EICHotal EIC)%
oON B~ O ®

(EICHotal EIC)%
o =~ N W »

13 ~ C70 ¥2 C72 2 S Hi 55 & L+ FH(Activation) :

4| B ¢ starvation 7EAL » WA 0~ 4~ 8~ 16 Fu 22 ,j\a—*r 1B RS H
Big 2L LC-MS 547 © AR Sk fadg5an C70 1 C72 2 % 48 238 Sk
Bs(C14:04Z2 &£ Lz 48 4 EIC 2 & B8 %bz‘%ié%‘;éjﬁu T-test 3+ &



3.5 Starvation B &) SRS A T HLIERE
& 48 JEL 4% starvation & k|12 & A e A ER 091505 0 12 IR A R B AT R Y

FEEOMRAF > EPAEBER g ey E s ATP a9 & - #Arst 4|

z\g\‘_

515
By 7] & 3|0 HE A5 42 starvation f2 751644 6 4148 3 > [ pb 4L #E A\ starvation 3% #A
FEHBRAATEITHROER - L-THRT > RIVHE T E2 3%10° 8 HT-1080
RIS R EAE 6 AR Y EBRRFIE 2 RRBAH S 8 %10 AT
AEREAHA=EM LS ER T SH IS4 7 starvation FIE 12 /R
P T 35% 0 b44ER] 48 N HA L MFILERMERER(E 14) - &
Starvation FIF#A M - GEAMGER T RfARY &k TRAATHEARNEFK
Moo FrtmBe it R AR IEH B RE R i B8 T 0 4838 Starvation 48 /)N BF 4%

BERZOERE  BRATAAEHEEOTRAREAEBEEE(ME I -
HitHlimp R AR LR @it RIAATHER - LBERELBTF > 7

HT-1080 mpeiE AN tm o B HER12 80 » @ ALK ECHilsE S & -

3
g 1
[e]

2
£ L .
S = 5 - ]
s 1 =
(o]
|_

0

0 12 24 36 48
Time(hr)

2 14 ~ Starvation 4% O Ei 54845 44k ¢

4 B 48 o G FS TR I A A8 JNBE 0 A 0~ 12~ 24 ~ 36 Fu 48 JNBRYLKR o
BRSH EAIE > A LC-MS EEAA Ny i E - TR 4
ZF4H3A Ttest 3+ &

- BAE S HLAEAERR A 28 0 — AR B AR B b (CL14:0) 8y 48 3 EIC A+

Z & o yo @ 15 > #& starvation FiE 4% » HT-1080 % i 42 64 o &5 BS 48 48 -4 42 48
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AN AP ARAE AR ) B b DA RS B B 48 48 A0 68 £ T0 MBI aR 0 S Bk RS HE SR B B R
= o MR A SHRERBNE NS ELAE ARRENEE -

FAEHATEILEIE Y T B 0 7T 453048 starvation PHIE RS REG B RER K o

Percentage (EIC/total EIC)

s | Ohr
10 +

s | n Il DI

0

15 | 12hr
10 +

s | DI I' Dl

0

5| 24hr
10

s | j. I' I

0

Tov T aorsgeTTaoseTaarnoew
T B 8 8 XK BB RS S S AHANANANA
- B N Y e Y - O SO S S T ST N S

CL species

15 ~ HT-1080 %= s, F o 55 A5 &4 $8 -1 ¥14- & 4# 1t (Starvation) :

BRI n E R IE A 48 N 0 B 12 BRI R — R o A5 L EE 0 LA
B38| & #1142 £ AL 3 #£ & species EIC/total EIC /348 ¥ 5 &

3.6 Starvation AR SRR AsFEFRG B2 R

ETRERT BT HERECHIESZEYRFLAZMAR LS
RN ER I AT LR YEE(E 16) - £ 7 o A5y B4k B4 o SR Y
SRR BEEE % (C64 ~ C66 ~ CO8) @ E ALl m S| LIt - /ARG » BERY BL bR B
BB ey SBREEEA(CT0O~CT) A BRI TR B Y URFEHL T RS SEH S

s ANREKER -

20



C64:3 C66:4 C68:4

< =< = *%
52 * k% % 5" ot S e e’
93 S . *k —E—F o1
5 2 S g
o o 4 o
= 1 = =
o o [S] >
[} 0 @ 0 w 0
0 12 24 36 48 0 12 24 36 48 0 12 24 36 48
Time(hr) Time(hr) Time(hr)

Intens. \
4

.1300 1350 1400 1450 \ 1500 1650 m/z

C70:4 C72:4

X 20 =6
) *k o
o 15 *K g Kk o 4 L. .
5 10 T
k] g2
o ° o
w 0 wo
0 12 24 36 48 0 12 24 36 48
Time(hr) Time(hr)

16 ~ 7 Bl 5% $02F 3% 0 S B s 4 8 %L 2 44 (Starvation)
SHEREBE AR A TELY c BYRBEBELE Y RAH SN B
HEARE LR CHASEEN 48 NEEN A BB S e - B
& = E45 3 2L T-test 2+ & o

#C66 BEH P 5 C66 1 3~ C66:4 #1 C66:5 thohi s BN EILIL ZRAE
BB E (B 17A) > ¥ C66: 4 1 C66: 3 BAE% T8 £ B oy i i -
A MBS RS A E 84 5.4%$ 4.6% - Starvation 4% 48 /NE5% > C66 14 1 C66 :
3MECE IS S E 5 A & LA 4.4%5 1.1% 0 7R 220 ) eHia s b
T+ 45%52 19% o i C64 : 3 3R C66 B% 3% A AR R AL % - #tiviE{binds & g4 ¥ LIt
32%(B 16) - f£ C68 BEH & » C68 13 ~ C68 : 5 A& C68 : 8 7 starvation H7 i 5
W — x5 oAs(E 17B) - B 7 C68: 4 Hntacrlifs 42 L 3.8%

HN RIS A EH 21% M C68: 6 N SHifs 4 EFH 0.5% -
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A C66:5 C66:4 C66:3

220 212 - 28
[} *k kekk @) @) *
518 d o8 ok i x Ekx
5 10 jg 54
205 £ 4 22
[9) 9] Q
w 00 w0 w0
0 12 24 36 48 0 12 24 36 48 0 12 24 36 48
Time(hr) Time(hr) Time(hr)
B. C68:8 C68:6 c68:5
K15 R 25 *k =6
%) " & 20 dedke dekK * 5
w 1.0 w w4
— — 15 =
] © @
205 g 1o 52
o o 05 o
w 0.0 o 00 w0
0 12 24 36 48 0 12 24 36 48 0 12 24 36 48
Time(hr) Time(hr) Time(hr)
C68:4 C68:3
® 20 Tk K% % KK £ 15
O 45 = o
w w 10
= 10 =
2 5 2 5
%) %)
w 0 w 0
0 12 24 36 48 0 12 24 36 48
Time(hr) Time(hr)

17 ~ C66 ¥1 C68 % 454 & L+ FH(Starvation) :

4a R 4% starvation 3L& 48 /JNBE > B 12 BRI — R 0 B RS E X ERIE
L LC-MS 5#f  Fr R sEh A5 A2 2a 7 C66 #1 C68 Bf 34 #1458 18 & 5k 5
Cl40) 2 E L2 ABH EICHMEE - TGS A =FH IE L Ttest 3+ E o

Tr BE B B by B 48 70 pA L8y EkRS o starvation EAR] 23R4 E T S a8
o CTOBEK T > CT70:4~C70:5 82 C70: 6 NS A B 5 3 & T M 3.4% ~
3.4%51 0.7% » E 7 PEIE 46420 N5 A8 R D 21%~47%51 21%(H 18A)
M CT2BEH%F »C72:4-~C72:5-CT2: 682 CT2: TR RBHA T L SR ZHHE
$8 0 WAL A B LA E B 30% -~ 50% ~ 31% & 19% (B 18B) - C72 : 8
L CT2:9NEBEE T TR Dy palta D 41%5 40% - EAFEE WA >

C2:5 BET2EBRRATHFRAZE GBS -
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A. C70:6 C70:5 C70:4

R4 ® 10 X 20
3 [9) o
53 *k Kk kK gk w g Tk o 19 XEAX sw e
=2 = 4 Fekk Kk = 10
£ £ 2 5
O o 2 3
wo w 0 w 0
0 12 24 36 48 0 12 24 36 48 0 12 24 36 48
Time(hr) Time(hr) Time(hr)
B. c72:9 c72:8 cra7
=15 £ 20 = 4
[$) ) o
w10 K m 19 ool s U w3 * ok Ak ke
% 05 = 10 == s 2
S Los 21
i 00 w 00 w0
0 12 24 36 48 0 12 24 36 48 0 12 24 36 48
Time(hr) Time(hr) Time(hr)
c72:6 C72:5 C72:4
X6 26 X6
Q 4 Q o 4
w * w 4 L Hokk
E z T -o_g =z * *hkk kkk 4_(5 k-l
o2 o 2 o 2
O o o
w 0 wo w0
0 12 24 36 48 0 12 24 36 48 0 12 24 36 48
Time(hr) Time(hr) Time(hr)

18 ~ C70 ¥z C72 2 S35 4 & T M(Starvation) :

4m B 48 starvation 32%& 48 JNBF 0 B 12 BRI — R 0 & Rs Y R EiL
A LC-MS 5#7 » FR A Bk Rs A2 a7 C70 2 C72 B %042 18.O 8 R
(Cl4:0) 2 £ 2 AAH EIC T Z - BT A= ERIE U T-test 3+ F

3.7 &%
L ia iR B a4 T 1% > a8 HT-1080 fm e ¥ 4% 2] 41 .0 aiAs >

HAK B8 s Iy Bk 4% b ok B 4aFo o B B C64~C66~C68~CT70~C72 L& CT74 4y B¢ % >

>

R SERRS B AT B R o AR ta BB R B ER T 0 o ] 4 starvation $27E1b

m
Cc\'rv

BY2EIE o f& starvation FIE P o M AR BE IS Sty s A B
TR b EBERLIE D oo TREALFHHN CHBERLENERT BRI NE
Koo mEALEIE T ERCHRE 0 A B ba B AR B T3 o o A2 B e B P Y OB
A& AR - BT A T S BE A5 K e iR 3B RS IR AK AR B e R 3 A BT R
SRS 6 A R L IE AR — R AT AT RPN CHISEEZRAERY
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AR AR R T R B E HT-1080 4 i 6 S ui AsFE 58 5 3F - {2 &4 %8 09 &
BHARARALET AR R B UABEHELATRS >SN CHEREAL
REZH(E 19) - £ Co4 #1 CO6 BF % » wHh s 5 F7 24 N F N FILi G - M
C68 B AR Y GBS - B A i R R S is e LA ¢/
EALAIEM T M o 48R 0 4E starvation JFIE ] LA o 35 dbag Hoka H D &) ok
Rs4E4R » RKER 5 #F & Myristic acid (C14:0) ~ Palmitic acid (C16:0)#21 £ R 507 X,
B RE R B bk P da g, o A2 CT70 81 C72 5% » QSERAS 5 & » 5| 7 7E {L ¥ starvation 3
PEF o 42 24 BT BABR LS F o b MARE K S &) SR RESE 0 K3y
%k & Palmitic acid (C16:0) ~ Oleic acid (C18:1) ¥ 2 & % RAeafoits X 64 b5 By B 4 A7
Mg e MR ERAER TR R T wH AT LRk SHEBENSE
A LA I A R A 0 TR REN MCF-7 otk P T (M4 4) -
H&ERBT 0 & HT-1080 4m A i€ m B0 38 B A0 5] 09 AR REAR 2L 1R) 4 » A& A F

&R S 48 AR, & AR ) 7 Bk o 4 0Y B B Bk 4% o

— 64:3 —~ 66:4 ~ 68:4
4 4 12 /20 *ok 25
s i ES * £ o ke RE 2 = LB = 20 *
o O3 B S 515 £ & >k
o - o * 2 s *x S s g 8 15
52 T 2 e = = 3 10 K1
3 2 : . g, S g 10
o 1 1 o o
g g g g g ® € s
0 0 0 0 0 0
0 12 24 36 48 0 4 8 16 22 0 12 24 36 48 0 4 8 16 22 0 12 24 36 48 0 4 8 16 22
Time(hr) Time(hr) Time(hr) Time(hr) Time(hr) Time(hr)
s |
o / C68
x 1399.6
C70
15 1427.5 O cen cycle arrest
C66
10 13716 cn )
0s C64 it O cell survival
13455 14774
0.0 T u T T T
1300 1350 1400 1450 \ 1500 1550 miz
70:4 / p= 72:4
20 25 6 8 .
2 2 = =
ol g Il L S, 56
w 4 15 o A% o kx W
510 E 5 54
2 210 2, 2
o 5 S o S 2
g g s o [t
0 0 0 0
0 12 24 36 48 0 4 8 16 22 0 12 24 36 48 0 4 8 16 22
Time(hr) Time(hr) Time(hr) Time(hr)

19 ~ Starvation (cell cycle arrest) #2 /& 16 3 # (cell survival) 7 & i i
SEZAMI LR D SHB IR AR NS FTELY o BT AEEEE P
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