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2. Al 2 7]7]

2-1. EFF, Al 2 &

AB49 cells M &Fat=t 59 media®t Al oFs AFE-3FSIH
- DMEM-Dulbecco’s Modified Eagle Medium (Gibco)

- FBS-Fetal Bovine Serum

- Anti-anti

Alm Aol AFEEE Gl R A Fo R v ARSI
Chloroform (J.T. Baker, USA)
Methanol (J.T. Baker, USA)

- Water (J.T. Baker, USA)

- Toluene (Sigma Aldrich, St. Louis, Mo, USA)

GC/MSEHM S 1% fF=Astel AHEE &Hf B Alfo s vdas
AH-&-3F AT

- Methoxyamine Hydrochloride (Sigma Aldrich, St. Louis, Mo,
USA)



- BSTFA( % TMCS) (Sigma Aldrich, St. Louis, Mo, USA)
- Pyridine (Sigma Aldrich, St. Louis, Mo, USA)

2-2. Ad 7+

- Centrifuge tube (2mL, Eppendorf AG, Hamburg, Germany)

— Conical tube (156mL, SPL Life Sciences Co. Ltd)

- T175 flask (Nunc, Thermo scientific)

- Adjust pipette (0.5~10uL, 20~200uL, 100~1000uL, Eppendorf
AG, Hamburg, Germany)

- Pipette tips (0.5~10uL, 20~200uL, 100~1000ulL, Eppendorf
AG, Hamburg, Germany)

- Centrifuge (Eppendorf AG, Hamburg, Germany)

- Vortex Mixer (Vortex Genie 2)

- Ultrasonicator (Sonics & Material, Inc., USA)

- Nitrogen purge (EYELA MG-2200)

- Vacuum pump (ULVAC DTC-21)

- Vacuum manifold

2-3. £4717]

- Shimadju QP2010 (Shimadju, Japan)
- Columns

- DB-5 (30 m X 0.25mm, 0.25 um, Agilent, USA)
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A549 in DMEM with 10 % FBS

10 % FBS 2 % FBS
n=3 n=3

HarvestCell (1 X 1076)
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A549 analysis with GC/MS
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A549 MEE pelletF B2 7= F AlEZ U 9] metaboliteE S FZ3}
7] #ste] vt 22 WWS AREsilth (Fig 20 41 24208 A
3] Chloroform : Methanol @ Water (2 : 5! 2) £¥94& 1 mLA
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0 ColA 15 £7F incubation

Add 1 mL of Chloroform : Methanol : Water
(2:3:2)10 AS4Q cell{l X 10°6)

A 4
Do Ultrasonication for 30 seconds to scatter / l \

cell pellet.
After that, add 80 uL of Methoxyamine in
A 4 pvridine (15 mg'mL) and incubate at 30 °C for
Centrifugate at 16.000 rcf, 5 minand take 800 90 min.
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\ 4 v
Evaporateall of solventby nitrogen purging Add another 80l of BSTFA(L % TMCS) and
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for 2min.
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3-3. GC/MS &4z

A549 A EZo| A metabolites: FE3+ A|EE

ot S Shimadzu-QP2010%
Abg3Ete] B8 GC columne 5 %

"

phenyl methyl poly
siloxane %% 717 DB-5 (30 M X 0.25 mm, 0.25 um, Agilent)=

ALE3LA Y. MS detectore= El(Electron impact ionization)®2) o 2
o] 23}ttt ol AL HMA F2 ooz AT P 70 eV
A BHAES

=
EA =S o3It old we} 7]Eo #4124 %<] Library &

&3l identifications ¥ 4 UTh

Table 1. GC/MS &4 =41,

GC/MS (Shimadzu
QP-2010)
Column DB-5 (30 M }é goi.lgrslt?m’ 0.25 um,
Carrier gas Helium
Flow rate 1.0 mL/min
Split ratio 2.0
Oven temperature 80 C (2 min) - Smir;C)I/min - 300 C (5
Injectionvolume 1 ul
Solvent cutoff 2.5 min
Injection Temperature 270 C
Source Temperature 200 C
Ionization Energy 70 eV
Scan range 307600 m/z
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1. JAA &2 Identification

GC/MSE  ©] &3t

rot

= T, 17

mass spectrum¥} retention times 7]¥£2| standard®

spectrum¥} retention time}2] H]
A7 64712 AR 7F IDE
o A} o] A

acid, Lactic acid &

T B A

Table 2. GC/MS &4 & &

oo Fele

8 ID7F & tAHAlE

A1 S 7}7}o %é}oﬂ

WE %3 identificationg 233}
Glucose, Pyruvic

A
T8 A4S o= gAAlERE v

Identification

Pyruvic acid

Lactic acid

Glycolic acid
3-Hydroxybutyric acid
waline

Leucine

Phosphoric acid
Micotinic acid
Iscleucine

Proline

Glyceric acid

Uracil

Fumaric acid

Serine

Hypotaurine
Threonine

Thymidine

malic acid

M-acetyl serine
Pyroglutamic acid
Meso-Erythritol
Aspartic acid

Cysteine
3-Hydroxy-3-methylglutaric acid
Arginine = Citruline
Glutamic acid
Phenylalanine
Dodecanoic acid {c12:0)
Homocysteine

Crotic acid
Dihydroxyacetonephosphate
Hyopxanthine
Crnithine

Myristic acid {C14:0)
Adenine

Glucose

Lysine

rMannitol

My oc-inocsitol
Hexadecanoic acid {c16:0)

Petroselinic acid
Cctadecanoic acid {c1.8:0)
Mannose-6-phosphate
Arachidonic acid {c20:a)
Glucose-6-phosphate
Sorbitol-6-phosphate
Arachidic acid {c20-0)
Diocosahexaenoic acid (c22:6)
Docosapentaenoic acid {C225)
Inosine

Behenic acid

Sucrose

Lactose

Mervonic acid {c24:1)
8-Hydroxy-deoxy-guanosine
Cholestercl

Alanine

Benzoic acid

Citric acid

Fructose

Glycine

Cleic acid

Succinic acid

Tryptophan

,,ai
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IDgF dAAIES FBSS &S th=2A sto] vt 153 Az
E vlustAh olE Fa F 579 freldol v dAAES 2k
t}. 3-Hydroxybutyric acid®}t Malic acid® starvation ZFEjol A 72

7F HE Aoz yehwtk WhHol Pyroglutamic acid € Glutamic
acid, Hypoxanthine< starvation “JHlolA <23]8 F7lstes A=

Chebet

P-value <0.05
*0vs 2%
T:0vs 10%
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Down regulated in 0%
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104 T T = 3 10%
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Fig 5. StarvationZZolA 743k thALA] 3-Hydroxybutyric acid
¢} Malic acid.
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3. FBS starvationA] A549A4]| ¥ 9] A3 A
1. $AE gqAFA

ME YA A2l glucose= AEWL] cytoplasmel A glycolysis
& Tl pyruvate® F3to] HTH FAAAMEANA 4HATE EA|STEE,
pyruvate= V]EZ=Z]o} WolA TCA cycles %3] oxidative
phosphorylation®] #=Agtty, o] A& F3lA ATPE A4k}, Ak
29 F&E7F WY pyruvate™ cytoplasmel Al lactate® B} W
NAD+E AAggt spAw tAlE= AFa7E JSdd= &8t g+
T olpyruvateE lactate® W 3HA|ZIT} o] = TCA cycledl Al AAdsh=
Ay Ale] vls @Al vEEA ot dAEE wMEA EASYItE 5
o] 5ol ofa] 9k 2ol HV‘* A A8 AT o] g
H G2 QD At & AAHA GAEE oY 7HA o5& A&

- =
A Az a2AdES s Zad T2 acetyl CoAst

l

A =AM = du 3 glutamined Al EA o
2% 9 st glucosest A FAIFol SlojA DA
t}. Glutamine< nucleotides®} Bl Zopn| =ib-s A
Ak ¥Fdor 22} olu glutamineS amide groups A& 3}l
glutamic acid= A gdt} A7t goln| ity F49 glucosed
T 4w TCA cycles FA8t= 8% 9% s}, E3h
lipid¢} nucleotide AgHAdell glojA = ¢ty = Eajo|th AgAlo] 4
Q1 NADPH Arhs =& v ofyzt ZelsH &3 Aat 4

A ZHE-Z Q] oxaloacetate?] 7] o]t}
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A
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3-2. Starvation ZZA A A3 TIAFA

24 3-Hydroxybutyric acid®} malic acid®] %4< AAAQl Z7A
A wjekdE AB49 Ao W] starvation A AU
3-Hydroxybutyric acidE 7}2&5A2F 48 7Fx| a0 Qi Abge] 4
F Ztell A acetyl-CoA= o] =Ho] &F glucose #%=7F WS o
x| oz Abg= =7} v} Malic acidE glutamine ©] lactate®
AtE o] AqUAE AAstEd FERE FE3t. Malic acide
cytoplasm . 2 HlZE % o] lactate® WEHW NADPHE AAksit), o
714 AAkE = NADPHE A Zd A NADPHO 8 ¥ do= 4
51 FEg NADPHE AAitsiA ol& A4t 43 nucleotides
Aol o] &3kt

H FehAtel gl Abole] tiAAlEe] Abolo] tigh g
Iz AdA=d o] AFeME dAgSAA =2 49
3-hydroxybutyric acid’} HZ&=FH At} ®=3 #HI3A+= malic acid=

uf

EZghel giF29 TCA cycle #& AR Eo] Add Hls] F713
Aow Ueutth ehAlEe] oA AAEARAELe AAAEeE tEY,
ol & TCA cycle ## tALAl &S] o] 7ttt ¥
ATh weEtA #H M E A5497) starvation FElO] EHS W oA
! glucose®}t glutamine©] FFato] Aol vjAbatA o] A e o
= & A4S UElE otk oluyxdo] =3 mel AlxE
o] oz Aol Yd&stA PR ks Hola, 7P FTash
H Bl TCA cycleo] AZ Zo}7bA] &%S AHoltl. TCA cycled
QA #g3kA] LA W malate”} lactate YA S B3 ANy YA
= 8 3] cytoplasme & WA u7FA wEGo] aE Zlo|v,
2}A] starvation “FEJolA] malic acidi= Aol HA il AH =
Ouk 7 Aol o]d wEl TCA cycle®] F+484 & 3htel
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malic acid’} starvation’Ejoll A 7HAsteE A= yeEld Ao w

9] Az} Gde] HwAtEE F& FAETE AR o
At&d%S & ¢ 3-hydroxybutyric acid®] <o) AAFAFEjol vl @
oldth= AL & 4 At} Starvation FEOA TAYTE AL
3-hydroxybutyric acid®} #HH thA#}A o] starvationo] 23] &
Al R8P x] ¢ro} 3-hydroxybutyric acid®] ¢ A7 vEhd A
o7 A5 F Yt

Pyruvate

l

Acetyl-CoA
> Citrate

Oxaloacetate v
- Ketoglrjtarate ==

Glutamate
| &
Malate «<————— Malate Buctinate NH;
/ NADP- /
S~ "~ Fumarate <
Pyruvate NARPH Glutamine
/ —— NADH
Lactate Rl
Glutamine

Fig 8. Glutamate®} Malic acid7} Z39 SFAIZ o] thapabA.
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3-3. Starvation ZZAA A Z7}3 hALA

ol A Aget 27FA]  "iAMAIERE thE2A glutamic  acid,
pyroglutamic acid ¢} hypoxanthine®] <& AAFZA <l wjzAxw}
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V. 28
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Abstract

Analysis of metabolites of A549 lung
cancer cell during starvation by GC/MS

Hyung Min Kim
Department of Pharmacy, Pharmaceutical Anaysis

The Graduate School

Seoul National Univerity

Cancer cells need more nutrient than normal cell to survive and
grow in the body. Therefore, nutrient near cancer cells are
consumed rapidly. To supply these nutrient, vasodilation of
microvessel will be happening. At this time, due to rapid
consumption of nutrient, it 1s expected that physiological
characteristic of cancer cells will be changed. Thus, study about
cancer cells at status of nutrient deprivation could be very
important for understanding pathology of cancer. In this study,
analysis of change of AbB49 cell metabolites during In
vitro-starvation was done. When cultivate A549 with different
nutrient, metabolism in the cancer cells will be changed so that
amount of metabolites will be different. During A549 -cultivation,
amount of FBS was controlled to 0, 2, 10 9. After cultivation,
metabolites of these cells were analyzed by GC/MS. By analyzing
metabolites, difference in metabolites between normal condition and
starvation can be seen. Study about change of metabolites is done

with instruments such as GC/MS, LC/MS and NMR. Among
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these, GC/MS, which was used in this study, is very useful in
studying metabolits because it has library which has various kinds
of metabolites. Three kinds of cells were collected with same
numbers and it was extracted with Chloroform : Methanol : Water
(2 : 5 1 2) and after that methoxyamine and BSTFA ( 1 %
TMCS) was used for derivatizing agent. Anayltical procedures
were performed with DB-5 (30 m X 0.25 mm, 0.25 wm) GC column.
MS was set to scan mode to see the difference of whole possible
metabolites. Cell metabolites were identified with authentic
standards. As a results, total 64 kinds of metabolites were
identified. At the starvation condition, 3-hydroxybutyric acid and
malic acid were decreased. On the other hand, pyroglutamic acid,
glutamic acid and hypoxanthine were increased in starvation
condition. In conclusion, biological pathway which is associated
with those five metabolites will affect A549 cells in condition of

starvation and these results can be used for additional research.

Keywords: A549, FBS Starvation, GC/MS, Hydroxybutyric acid,

Glutamic acid, Hypoxanthine

Student Number : 2012-21580
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