ORIGINAL ARTICLE

Korean J Clin Lab Sci. 2019;51(1):78-85
https://doi.org/10.15324/kjcls.2019.51.1.78
pISSN 1738-3544  elSSN 2288-1662

Mass Spectrometry—based Comparative Analysis of
Membrane Protein: High—speed Centrifuge Method

Versus Reagent—-based Method

Jiveong Lee', Ae Eun Seok', Arum Park’, Sora Mun®, Hee-Gyoo Kang'*

'Department of Biomedical Laboratory Science, Eulji University, Seongnam, Korea

ZDepartment of Senior Healthcare, BK21 Plus Program, Graduate School, Eulji University, Seongnam, Korea

HIEMY|E &g ot ot HHlE H| W 2 M: High—speed

Centrifugei2} Reagent-based™

oA, Mo, ol wael, 74572

L A oot AT eh et o) A el el 22 Aot RSl Al of A of

Membrane proteins are involved in many common diseases, including heart disease and cancer. In
various disease states, such as cancer, abnormal signaling pathways that are related to the
membrane proteins cause the cells to divide out of control and the expression of membrane
proteins can be altered. Membrane proteins have the hydrophobic environment of a lipid bilayer,
which makes an analysis of the membrane proteins notoriously difficult. Therefore, this study
evaluated the efficacy of two different methods for optimal membrane protein extraction.
High-speed centrifuge and reagent-based method with a —/+ filter aided sample preparation
(FASP) were compared. As a result, the high-speed centrifuge method is quite effective in analyzing
the mitochondrial inner membranes, while the reagent-based method is useful for endoplasmic
reticulum membrane analysis. In addition, the function of the membrane proteins extracted from
the two methods were analyzed using GeneGo software. GO processes showed that the
endoplasmic reticulum-related responses had higher significance in the reagent-based method.
An analysis of the process networks showed that one cluster in the high-speed centrifuge method
and four clusters in the reagent-based method were visualized. In conclusion, the two methods are
useful for the analysis of different subcellular membrane proteins, and are expected to assist in
selecting the membrane protein extraction method by considering the target subcellular
membrane proteins for study.
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o ha g Aol Fa/do] ol HA F Y| A=
ok e ul-elg Ak A 7] (liquid chromatography-tandem
mass spectrometry; LC-MS/MS)E &-8-0h= B & uf il
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A integrins, ICAM-1 (CD54), CD44, MUC18 (CD146)2]
Aol Xpo] 7} Qli= A& T3, 10]. o] A4, AHEA4]7]
= TS Ao, 83 mtoloh 9bA] AvfghHle] .
obA A5 $I3h, T 9] 9l g, St oy ekt |
B ERIohe A, Tl 2 A AlTAY ATE 7ot
TH12, 13]. SFA|SE, B i A-S Atsh=t] Qlof A, A2 U
SRS ek Ak g BHA] ofggo] EAeitt
2] A 7HA7] wizell,
128 B A= Aol ool Q17|
ol Al 2 Tl A 2 ELE 4t v chil Aok S350 U=
o] F8stt14].

LC-MS/MSE ol-g-sto] uf thul S FA6k7] SfefiAl= Al
3 ffof] ERol= o= AT S AS S58k= Zlo] S8}
TH15]. SFARE, oF chel e o A0A] ) 42 5F EAstal A4
AL 7M7) el S22 of 2ol itk o] gt EAIE =
53517 Yol A= LC-MS/MSEA] Zof], ot vhif 2l A= 2 2]

i
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o] 3tEl= H=(enrichment), 7F&-8Hsolubilization), THH
2 2af(digestion) Z12] 37 23] F-F(fractionation)ZHg o] H
JIATSHA Z12g]ojof Sli= wglo] B aslri11, 16). wetA,
Aol A el A o] &4 HAS $J3f 7 W B
AMEEDL Q)= high-speed centrifuges o]g-oF W}
chemical reagents ©]-8-8H ™ 5= 7Fx] & Bl askolct. A ¥
A i A 9 ofls W 02 A 25 8-of5to] high-speed
centrifuge® B Tl A-g =&3h= WRoln, = WA W
chemical reagents 5314 Al2E9HS 7H8-3HA| A uf Tl
FZ3=o|tt. Chemical reagents o83 o=
$3He 7| E7F ARSEIQIL). Atof AMS-H HRFRA 7= 3 9
= AR ErHE 1 29] 35741 Nano-Chip-LC/QTOF-
MSE AHS-BHI.

e =

ox flo 7

=

e H g

1. MIZZHH

Ab A o AR 5291 Dulds (I=2A ] o)24) 741
A Al wjeFsteleH, T-75 EefAdol 10% AEjoldX
(Fetal bovine serum, FBS), 100 pg/mL penicillin, 12|
100 pg/mL streptomycin®] $H-E RPMI1640 Hi=]o]l 5%
CO,8} 37°C &7 oA =St Ml Alvl 3 2 Tl =
0.25% trypsin/EDTAE AH8-5131.2H, high-speed centri-
fugedHol 7% il =Fold A © 1x10" HEE,
reagent-based W] ¢ 71 Eo] WA H 5x10° HE =

2A8l0] 2519k,

T A 2 RE v el eo QP = 7R RS A
Sok3ict. A HA high-speed centrifuged-2 high-speed
centrifuges ARSSE BalofA] AAJH | gl R
[17) 1x 107 A2 2.8 2200 x gol|A] 28 F¢k Y4 8] 3t
7 H A 3] 500 pL 575 A7FskaL Fi9] Aol &= &
A5 oA 1087 F-A]etet, 219 doba Aol A 187 g
T, AR A =ol= e F W
x goll A 2042 &2t YAl &, A5 HE A A= IS 3
WS mpR]Uf O 2 A S AT & =2 A= 7T M
urea/2 M thiourea (lysis buffer)Z A 7}sFAcH17]. & A 1
H 0o 2= reagent-based WHS A4517] A, A-43E
Membrane Protein Extraction Kit (Thermo, Rockford, IL,
USA)YE ARE-SHRATEE. 2 71 EOf|A] A A8k A8y a7g of whe 1)

A
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TS 52t gle), 7HekslA s, 5x 10° Al 2E e
F,300 xgoll Al 5+ F <t Yal=e] skt 3 mLe] cell wash
solution©. = AJXet 3300 x gof| 458 &<t Yl ot &,
Aol & A A BT Al EE 1.5 mL cell wash solution .2
0] FHT S 2 mLFEE #4300 x gollA] 551t Al
2|53t Fof] A5 M-S AAsHTE 1 % 0.75 mL permea-
bilization bufferE Aol A7}ste], HZ7} buffere] 283
L= 2 Holl), 10559 4°Cof| 4] wlASH Tof| NS 15
516,000 x goll Al Yiltefstelcy. ofuff, A2 T2
o] E3HE| Aol WA, 2 B Hof| A Eqkon] AlE
Folg]ofl+= 0.5 mL2] solubilization bufferS4 i1, & 4o+
T, 4oCellA] 30+ T BT 71 916,000 X goflAf 15+
&3, 4eCollA PAEE] oL ol Aojz] Aol w
Eh= Ao R, FAATIA] —80°Coll A Hatsgict.

o)

c

i)
o

3. Nano—Chip-LC/QTOF-MSZ $I$t tryptic THtE 2ol

s3he o} bl 5 mM Tris (2-carboxyethyl) pho-
sphine (TCEP) (Pierce, Rockford, IL, USA)E 2] s}e] Tk
2 3hS =9k 3, 37°C, 300 rpmOfl A 3047F wHkskoI Tt
Reagent-based Wi 2] 74-¢- 3714 0 2 filter aided sample
preparation (FASP)I7go] S=7}1=]=H] o]:= AldZ/dAl(de-
tergent)= AASH] 9% o w dH FE(Microcon,
Millipore Corp, Bedford, MA)E ©]-4-5to] ZI3s}3ict. chl
2 3 %o 15 mM iodoacetamide (Sigma-Aldrich, St.
Louis, MO, USA) 100 pLE 37Fet £ 25°C, 300 rpm ©flA4] 1A]
7b 59 Alof| A wWREsHICE o] % thA 1 mg & trypsin
(Promega, Madison, W1, USA) 20 pg= A 2]8}e] 37°C, 300
rpm O = 16417525k o FA| A 2] ME-2 C18 cart-
ridge (Waters, Milford, MA, USA)E AR&-51o] Al THAIE 2
Y3}t 0% AE-L- Speed Vacuum Concentrator (Scan-
vac, Labogene, Denmark)< o|-8-sto] &bd FAAX &
10% formic acidE 3J7Fste] &S EHlsHich

4. Nano-Chip-LC/QTOF-MS 24

RE MZ0] 0.1% formic acid 20 pL A7F81a 1200 series
HPLC system (Agilent Technologies, Wilmington, DE, USA)
o]l HPLC-chip (large capacity chip, 150 mm, 300 A, C18
chip, 160 nL ‘522 %) (Agilent Technologies, Wilmington,
DE, USAy& AR W Ui fi<(nano-flow) HZE ARE-
SHATE AZ 2] 4452 4 ul/min®.= A )54 (mobile phase)
fROZLE (.1% formic acid, B o]5A §HOEL 90%

www.kjcls.org

acetonitrile/0.1% formic acid& AME-3F AL =2 HPLC 55
< AHESISIT o 54 B 89 10~45%5 A 0 =2 3587
2O, 90% olE B SHoR 108 o Aokt
Agilent 6520 Accurate-Mass Quadrupole Time-of-Flight
Liquid chromatography-mass spectrometry (Q-TOF/LC-
MS) system (Agilent Technologies, Wilmington, DE, USA)of|
HPLC-chip cubeE AHE-SFo] A A18IGITt. Hlol o] A
H9l(mass range)= o2 100~3000 m/zoll 4] A%l 0w,
3.7 V] FEo v A (collision energy)S AR-311Tt.

5. THEHE H|O|E{H|0| A(database) 2

Tandem mass spectrometry (MS/MS) A~HE L #Heto]

T thH o] &(peptide fragment ions)S THEA O] oAb A]
A= s7goksict dlojE o] A AL ohe] 4]
0] el o]-g-sto] =2fstel om B fEto] & 578-2 Spectrum
Mill (B.04.00 version of Agilent) &~ E o] 2 ZI2Fs}3iT,
oluf ARg-¥ dlo]EWo]A= Universal Protein Resource
(UniProt, http://www.uniprot.org)}& A8} 37, Spectrum
Mill Softwareof] ARE-H false discovery rate (FDR)}2 1.2%°]
o QORI E-L 24 1%E A3Psleict.

6. A 7|5 A HIERIS &4

US| YETL AIZREE $I3F = -(visualization
tool) 2= MetaCore version 6.4 (GeneGo Inc. St. Joseph,
MI, USA) (www.genego.com))2} PANDORA 4.2 (http://
www.pandora.cs.huji.ac.iDE ©]-&3t%ct. Pandora’# o]
A=k ol 2] T12.0] |32 LA @ A(cellular component) S
5701911, MetaCore HIEY A w4 of) ARG LareE(al-
gorithm)& ¥HF# ol Shortest path, G-AA} &E& 2|(Gene
Ontology, GO) process 52 AF&-31Tt.

LC-MS/MS 41 A3} high-speed centrifuge ARt &
= ek o] 11371, reagentHoll AWt 4 ¥ thilZlo] 119
7N 183l FEo| A B 57 E T2 10470 ER1E] I
(Figure 1A). 5745 <=2 o ©h 22 high-speed centrifuge
Ho A 10172 A Foll A 47%Z XABFA L, reagent o
A= 7970 E 35% 7 XA SFA eHFigure 1B). 2414 0 = vf o
120 high-speed centrifuge ol A oF 12% ©f W uf il
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Reagent-based
method

Figure 1. Identified total proteins in
high-speed centrifuge and reagent-
based method. (A) Venn diagram of
identified total proteins in high—
speed centrifuge and reagent-based
method. (B) The number of membrane

100 150

Membrane

Integral to membrane

Plasma membrane

Integral to plasma membrane
Endoplasmic reticulum membrane
Mitochondrial inner membrane
Mitochondrial outer membrane

Outer membrane

200

The number of total protein and membrane protein

250 300

protein and total proteins that were
identified using Spectrum Mill software.
Slash green bar represent the num-
ber of membrane protein and green
bar represent the total proteins.

Membrane protein
Bl Total protein

Figure 2. Selection of subcellular
localization of identified membrane
proteins through Pandora server.
Identified membrane proteins were
classified as subgroup. Red bar rep-

r T T T T T
0 5 10 15 20 25

The number of membrane proteins

mm High-speed centrifuge method
N Reagent-based method

o] TAE A& #heleto 24 high-speed centrifugetH o]
reagent'oll H|3jA & A&l 5 HASIAT. high-
speed centrifuge ¥ reagent™ &] Al 1 84 Aol =
A5}7] $181A4 Pandora A¥1E ©]-8-8tef 243t A3t high-
speed centrifugeioll A = chl o] 447), WAIA 2hekalz]
(integral to membrane)®| 207H, ¥1% & =H(plasma membrane)
o] 1671, A4 ¥ A vk(integral to plasma membrane) 12
7H, &34 9Hendoplasmic reticulum membrane) 671, U] E
Zt gJo} Yulmitochondria inner membrane) 127, 1| EZ
T gjo} ]9k mitochondria inner membrane) 378, &]at thuH
Z(outer membrane)©] 3712 &Fel=]ict. HHH| reagentH
Q1 79w e o] 347Y, WA/ ek (integral to mem-
brane)©] 1471, ¥9& A 9H(plasma membrane)©] 137}, YAIA
HFAukintegral to plasma membrane) S7H, AEA|9;
(endoplasmic reticulum membrane) 77}, U] EZ=]of 1]

T
30

L) )
35 40 45 50 resents the membrane proteins that

were extracted using high-speed
centrifuge method and blue bar rep—
resent the membrane proteins that
were extracted using reagent-based
method.

Hmitochondria inner membrane) 571, B]EZE2|o} 9Juf
(mitochondria inner membrane) 271, ¢J2F wH&(outer
membrane)©| 27§ = ZR1=| I ch(Figure 2). 5h¢] wheta 2 &
FollA % high-speed centrifuge® o] reagenty] B} 57 &
£0] =2 A5 ERIG 4= Utk ZH PRl A S uhehd
A P AES v W EAS A1), n|EZEe]of Yt Tl 2 o]
% reagentollA s7g%E A HE7} high-speed
centrifuge oA = 5L 5L 4= 12121, high-speed
centrifuge o4 5% 8712 o} thil 4 o] 7= reagentH
ol A B4 %] 9Fokh. High-speed centrifuge oA B4=
87he] Traae
precursor, NAD(P) transhydrogenase, mitochondrial pre-

f

o

ATP synthase O subunit, mitochondrial
cursor, prohibitin-2, prohibitin, ubiquinol-cytochrome-c

reductase complex core protein I, ubiquinol-cytochrome
¢ reductase complex 14 kDa protein, succinate dehydro-

www.kjcls.org
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genase [ubiquinone] flavoprotein subunit, import inner
membrane translocase subunit TIM500]47, & 7}A] B &
of| A 5= 5w kAl 47 ADP/ATP translocase 3, ade-
nine nucleotide translocator 2, ATP synthase alpha chain,
ATP synthase beta chain, phosphate carrier protein©|tt. gk
o, &34 2 th A of A= high-speed centrifuge ol A1
5795 w2 BTt reagentH oA FUSHA EHE
= SO, reagenttioll Al 578 57119 Tt o] 9=
high-speed centrifuge ol 57 =12] ¢SkchFigure 3). 5
7HA Wi e BE FAE ©id 270= ribophorin I,
ribophorin I1°]1Z, reagent-based methodH ol ATt &7 =
57l9] TS aspartyl/asparaginyl beta-hydroxylase,
oligosaccharyl transferase 48 kDa subunit thioredoxin,
main-containing protein 1 precursor, reticulon-4, neurite
outgrowth inhibitor, translocon-associated protein delta
subunit precursor®|tt. 0] & FA n|EZ T glo} tjul Tl
A2 BA48131AF 3 wjofli= high-speed centrifugeH-& ARE-
SR Zlo] f-89hiL, ATA| b P BAs} A 3 ol
2 g ke 2ol H8U-L Helstlct.

reagent'

2. TIH| QyCHE 7S 24

2 ATte FAEH dHEE9 75242 218 MetaCore
6.4 iiE%M% Ag-5tSiTt. Hll tholo] T1gH 0] A3 5 high-
speed centrifuge™ el A 574 217709} reagentoll A 74
¥l 2237 9] Tl A-S 2451 GO process w4 A3t 1074
9] 7555 Fofl A SRP 2] & ¥ (SRP-dependent cotran-
AT EOf chal

slational protein targeting to membrane),

Mitochondrial outer
membrane

Outer membrane
nembrane

00 ®

Integral to membrane

E Integral to plasma Plasma membrane

membrane

PO (@S
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Mitochondrial inner

Aol s(protein localization to endoplasmic reticulum)=} 3%
Ay AR 2EZ )7} high-speed centrifuged ol B34
reagent ol Al SAA §-o/d0] =2 Z& ERI5kSIch(Figure
4). o]i= 9HA At A, high-speed centrifuge ™ ol A] A4
alehal Al o] reagentH of] B A] B4 718t whehil Ao o vk
o] &3 At A= o] o]52] GOE UEH= A= oA
o}, Eoh Tl 7] 5 A2 AREA Q1 U E ) 0] Kol 24
= 93l ZRAIA YEAEAS Y3t high-speed
Centrifugeiell A+ shte] S2]AE (cluster)7} Axbs o g
ol Q= 2l 2l & = AIE whd o] reagent ¥ ol A= Ul
7HA 2 AE7L SRR Y ES A ok e 29l 2 38l
(Figure 5). ©]= 5 712 222 o] o3|}, Ze2s5] ul ok
oA ME ThE ZRAA VEYAE 1= S K
Atolct,

Ny X
réil

sl
AF=

i

A ATFEA 7= A W AT A S o
= &gt A Okt il 8 A EE A8 =
Aol A= areld AFE47] 2 Nano-Chip-LC/QTOF-MS
S ARSI o o Tl o] 5 A O] S-S SAR T
& dibA o ARGEE v T —*r% <l high-speed

1o
i
“7

centrifuge'H ¥} reagents o H|w BAs19ct 2

Ao 7 T 7] HFoll A M2 0= high- speed centrlfuge
Hoj| A ub il 22 g 9 0] =0 A8 3
Q) uh A LA B ol A, E—Ec
Aol = high-speed centrifugeo] F-8¢F ¥H A | o

ot =
-5,
g
>«
%0
sa
O
i)
o

Endoplasnic reticulum
membrane

Figure 3. Venn diagram of identified
membrane proteins that were classi-
fied as subcellular localization th-
rough Pandora server. Membrane
proteins were classified into outer
membrane, mitochondrial outer mem-
brane, endoplasmic reticulum mem-
brane, integral to plasma membrane,
plasma membrane, integral to mem-
brane and membrane (A~H). Gray
circle represents the membrane pro-
teins that were extracted using high-
speed centrifuge method and blue
circle represents the membrane pro-
teins that were extracted using
reagent-based method.

Menbrane

1 High-speed centrifuge method
1 Reagent-based method
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Viral gene expression
Establishment of protein localization to endoplasmic reticulum
Protein targeting to ER

Protein localization to endoplasmic reticulum

Multi-organism process

Interspecies interaction between organisms
Symbiont process

Viral process

0 10 20 30 40 80 90

1
100

~log(pvalue)

I High—speed centrifuge method
B Reagent-based method

Figure 4. Functional analysis for total extracted membrane proteins using GeneGo. GO processes were analyzed using GeneGo. Red bar
represents the GO processes that are associated with membrane proteins extracted using high-speed centrifuge method and blue bar
represents the GO processes that are associated with membrane proteins extracted reagent-based method. The most associated GO

processes was viral process in both high-speed centrifuge and

A
<« 63
265 proteasomé (208 core)

)
9 A
K% Prohibitin/ g,
PTP-1B ?
Caspate-7 J/Pyruvalg kinase RACK1
&,

GLI-1 TIP30
M
@ Flakgbin NDPKE ZMP
cCOCHT

Cul4/DDB1/Rbx1 E3 ligase P, @ @Lamm AJC LDAA
@ ? @ KAP1 CGI- 55_% Lamin B
TARDBP (TDP43
Histone H2H|slu et TA @ ) CREB1

Casp se-3

;gRPgA

; .
< MEK3(MAPZKS)¢  HSP10 (mitochondrial)
MUK3IMAPSKI)— payapk

9 & Ca\péa
LPCAT1 Albumin %
g @ &
v CEV%‘H {
Plexin Al & |EK6(MAPZKG)
PREXT"

A
EWS/ERG fysion protein
G-protein betalgamma

% Anng 1l é Y
DI% ATRIAY @ : ERM proteins FPR™. .
ATP 31@ )
Cﬁl S100A10

<&
MSK1/2 (RF'SBKAEM)

Annexin |

reagent-based methods.

P

MyHC
Necdin@ X ME:M 5‘1
Reficulon By kA NGER (BTF)
RINGRY 0 j
NGFR(T,NFR§F1 MLCH (cat) *
OORBOCAP 3 NGFR)(ICD)

THB g oA reg)—,

RASGRF 1, o Fhocd!apha Y
M@ LRRK2 (IEWCDM 2 4 AR
!
'.»)' ‘f N okl D"" " SH X
A5 RAG @ rox (radxm)l Arp2l G clagge "3
¥R ERK”" Vimentn @VI n r zupmt st SR, o
~ WASP WasplP alrel
MyDRp 4 Plean Y HsSho @ S| assN émv’ Y
dm p90R! aﬁ:ha -M/beta-2 integrin. inAlpha-actinin PKC-! mhn_c gamma jﬂRSDH Ran
IRAKT2, 4
o NF-kB 1,2+ Dlacyglycem\ |nl'r':-1k:e lar
kg eGEA
TRAFQ'Q ‘S?at) Talin EE AGP1 Ptdins(4,5)P2 intracellular
TAKA(MAP3I VI'!,L Tubuim('n rmcrolubules) b

IP3 intracellular
Culzr!ﬁm %3 \. Se L

HIF 1 CD 0“5014 3-3,
K
Ku70 Aé1 Qﬁ\up 1.&

COIL CBP-1
Impu% 2l henn] I]

RF‘U prﬁgm alpha-s
SNRPD {SMDB‘SX
Peroxire

SNRPB (Sm-B)

Figure 5. Process networks of total extracted membrane proteins in high-speed centrifuge and reagent-based method. The network was
generated by a shortest paths algorithm of GeneGo software using the total extracted membrane proteins. (A) GeneGo process networks
of total extracted membrane proteins using high-speed centrifuge method. (B) GeneGo process networks of total extracted membrane proteins

using reagent-based method.

Hi A o] Ai= reagent o] F-§-3F A
A ATt A= AEEA Ql LA A Lﬂ %ﬂ% H W3S,

FAe] 2EWA] AR ThErks AL Seldt 4 et

Reagent®of| 4] high-speed centrifugeH ol ]6H*1 A|3Euto]
signal recognition particle (SRP) &J& 3% thull 2l (SRP-
dependent cotranslational protein targeting to membrane)
o Toldt= FAAF LERAF FAA S8 o5k Uit

=2
o] o} hilg o] 4

/g T o] SRPE vi7l & A3 Hio]

Al X4/ T o] E AU A
ol AL ETH19).

2 Aol A= R7HA] eHAIR o] slek. A, DU145 AEA
o M2 F5 AMgBH, at ﬂﬂ“iﬂ A& Jgstect. sfAnt

o gl e B 3}

Az Zenteh 319 Thaze] vl o] thzy] o], DU145
AR HLE 01919 hE 9 A Fol B ol
U ABE Aol 2L ATE B 5 QA A5
AR F4 AT A Wart ek Az S,
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