)] oriss e
. . Progress in Biochemistry and Biophysics
)4 2018, 45(10): 1047~1053

www.pibb.ac.cn

Research Letters IR &58: &

TIBRE LCRAMRIEER TmrAB’

HLAD R B AR

(@R

# w31
R MR SRR, AU ARG, JERT 100084; 2 GRS A kL F BT,

T X L2y
FL Y
JE5¢ 100084;

TRE D KmE?

¥ op [ R B AR VB TR, A5 100101)

WE  RIEFEEE QMRS R B D ERER, WEEARREIRE. 4R DR B 5 55 5 T #A 3K
Wi, 43 BT B 0B K (analytical ultracentrifuge, AUC)M il ¥R I8 1 - B3R AR S E O iz shEu,
LA BT SRAG HTRE R A BURIR . TR 152040 4G W ESE K 1S MBI e, R AR () - R E S
Bt R ERA IR, AU SRIEH) ATP 455 #4128 82 H (ABC transporter) TmrAB /F AR T80 &, FIFH 70 B B O 4R

S50 THEZ TR R B R OR, B FUE R R

REULETR SBEEARRERLL. FRER, £ 8 il Ak

PR K ¥ (critical micelle concentration, CMC)ff) DDM 214 F, TmrAB P it —, FHPLR - RAE Bk FAE, DDM 5
TmrAB BRI 116 0 1. RFRERHE, SHBESLERE—MNEHEEASTRE. FABEEARASREMW TS

FE.

KR
FRSES Q5

JEER & — RAFAE T AR A B AR VDI AR B
YER IR E BT, AAES E L2 AE VIR N BN AP —
BN EE AR, LRI B & 22 8 i X5+
JZ FERNTEREE B RIS AR A . AR B
HRAE BB A N BAE KIS AN RsE , fERIB4liL
AR R E GG UM EARE M £, SNAE
BEEEU -SSR REES - 2hRAES
Y, AREREAFAE T /KFEIR T, Wi i 2
—MANEEER, JTZAET AR MM,
REWE 4 & KR ATP BEIRE &, 1 BE P A1 ¥ ot
WiEET . FEE. BT, @ &R, ZIE. Zak
KA B GV EATIRER LB s, Z5%
WA FHA SR 2 HE R aiE s e,
TmrAB & — M2 ic EE0Y, g5Vt 5
F W, TmrAB H % % I 45 ¥ 5 (transmembrane
domain, TMDs, = E¥ R B IE)MAZ H RS &
2 K158 (nuclietide-binding domain, NBDs) ¥ 44 £
95 TmrA(64.6 ku)#l TmrB(67.9 ku)JE % 5 i — 2
RS HET, AR T TmrAB B RERE

TR, T HEENT, AR, BER, 2 TRE

DOI: 10.16476/j.pibb.2018.0200

WRFCIIAHOGIRIE . 2 BT B8 O (AUC) B AR 2 A 7
WP ERAR S FRE. BERESHEDYEE T
%, AR A AUC BB & EH TmrAB #E 47
HEBRE T HRE RS,

AUC I B3 2835 85 6 R 43 F I DT 4 e A 4
7725 5 48 0T DA R 1 ) PR o AT RE AL, E i
LA E TR, AT EGE, A
FHERG LT fif B A AR — . AR
FHE. BHRE. BIEHSEE QI ER L EE
g0 5 HERH BT (SEC) R A T LI It 5 b vk 2R
EI 5 IR AR i e AT XL, AR e JBi A4 AR
JEEE 1 TmrAB 12 TR TIAE TR, WA —
Tt A FE T AR T B T A VR . U B B R AT DA
bl A5t UL HOT B TR S AT SR, KB T MR AR

* oh [ A 5 B 22 3 4 T Bh(2014M550050), 375 4K S A5 kg A
YRR LB I

R IHEER AL

Tel: 010-62782031, E-mail: liwenqi@ tsinghua.edu.cn

ks HH: 2018-07-08, #:3ZHI: 2018-09-05


http://www.pibb.ac.cn
mailto:E-mail:liwenqi@tsinghua.edu.cn

+ 1048 * MU FEESE YRR

Prog. Biochem. Biophys. 2018; 45 (10)

VAR AR 35— P,

ALERFHFEZRERG, MARIEFSE
aifb a7 His br28 M 245512 & 1 TmrAB, )5
FIF BB AR 7 T HEBRZHTH AR LL R o i
HE OB AL S T B TmrAB FIPE, @it
Hi B2 W 42 15 21 75 22 35 77) DDM K £ 0.08% (8 fiF
CMO) 14 1~ TmrAB RS E N —. RIEH
32 FH 437 HEBELZ BT R0 20 A e T 25 o B AR I 5 i 2
H TmrAB 7E £ 357K N 0.08% 5% A4 T )4 T
RAREGRE. LRI, Wi o THEENTTH
BENWFRESEARNER S TR EHZER
K, TCEAIBIREEIRAS, 1 FH 2 A g O R
AR RRE AR TR BEES - 26
SEVNIyFRE. RN SEEAMERE, d
1AW A 1 TmrAB IR ERES, B3 T 5 30k
HRIE B BT . VLI o b S AR R —
Pl FE 2R (1 4 F L W FERR R TR ARSI T
FETFB, nTUBRSCTRE MR, B

= K

1 MREHE

11 E#RSFRRK

TmrAB J5RL HH i H6 K 5 T & 5w @l B I,
KT I 32 5410 DHS o A1 BL21(DE3) A< 5256
EHil .
1.2 E55EiRF

RN B B R IR AR A R A A
2457 DDM 4 | ANATRACE ‘A #); Bradford 4
BUEBAR AR EEARSTREREAARLEE
AT s e i) BT 75 A 22000 B 1 25 42 AL
SRR AT Ni-NTA M4 Qiagen 2
;5 Superdex 200 ZEHTHENA H GE A #H].
1.3 ERRFTIESHL

A B DR AR M A 100 ml &R BT
LB ¥ &R, 37°C, 220 r/min i % 5 5%,
PL 12100 B bk B v i 32 22 1L &R P dE LB
REgpFer, B3R 3~4h F A N 1.3~15, A
0.5 mmol/L IPTG, 20°C, 220 r/min, %% 5.
4 000 r/min 250> 10 min W5 B 1R J5 A B A, H
TR 5 BB 14 000 r/min 250> 10 min B3 25 40 %
o RIERUCOAM RS, BB T 4CEMET
41 000 r/min, EHEEL 1h, BREIE, HEE
Hfpg MR ESEB RN OE T, MASEIE

DR AH, BRI BER, A 1%
DDM, 4CJliei & mie 2 h. HIRRTE 65C KB
HoinH 30 min J5A 1, 4°C, 41000 r/min,
£ 30min. HU_EIE S Ni-NTA 780454, 10 mmol/L
KM, 25 mmol/L Tris, pH 8.0, 150 mmol/L NaCl,
0.02% DDM 5§ 0.08% DDM ki 25 B JE 45 7 1tk 5
AW E A B 250 mmol/LIBKME, 25 mmol/L
Tris, pH 8.0, 150 mmol/L NaCl, 0.02% DDM &,
0.08% DDM ¥ i ¥& %t B B & 3 BT i 47 5 i
Bradford 24l 5 F UK %, SDS-PAGE £ il &
JRKR/NG4iE . {#i ] Centricon #IEEIR4EE 2 ml
fiAi, H Superdex-200 i A4 B 1 8 it —
A Al gha RN IE A E K SDS-PAGE &5 2R
13 B B A AL I B B8 5 & .
1.4 Bradford ;ZERREE

¥ D G-250 fifs TR B 2 SR AR R S
5, A%, B ml BT 1.5 ml 508
B, B B R BN 1~20 wl AR
BWFRAEYS. ZiRFFE 1 min J5, UHEDLHR
W G-250 BB NS L, 7E 595 nm i 3% OL FE %
B. et A oHEE A PUAR IR E, HEE
SE 5 IR, BCFBMERA & AR bRk, tHEA R
L/

B AR /(g2 L")=25%A s0s/(V/ )
1.5 BEHESW

BaitbEE AR ERESE 1.0 gL, 2R S
f. 10 fi. 20 £ 30 f5 A0 40 545 H. #4300 H
] ORI Rl S 3 B TBON. 56 B8~ AR e A T gk AT 3R T
SRAKAAL IR, TSR A RER S 5w G, 2
JE¥ 15wl AN FR FE 8 A g 218 F, 5 R
1 min JGWERRRW, /N0 1% B R 8h 4,
HEARYEA 10s 5N, EERE 3K, T
S B SE R HIRE . e i) 25 L 0 7 A e N LR b
28, RS FERAEMAE, EE A G RIR
I IR 4y AT LEE
1.6 P FHBEEHOH

# Superdex 200 E#74#E H pH 8.0, 25 mmol/L
Tris, 150 mmol/L NaCl ZZ W &4, 4 7% 6 ku.
43 ku. 75 ku. 158 ku HIAR#ESR H LA 500 wl 4R
ke, EERE 0.5 ml/min, PRJE 1.2 MPa, itk
Ve AR, DAER Ao T BT OB AR, 2T
A Kaw NS, B br i #28 (Kaw =(V,-V,)/
(V,=Vo), BEREARTR Ve SNKAERR Voo B



2018; 45 (10)

X, % HBESCRAFRIEESD TmrAB

- 1049 »

V.). ¥ Superdex-200 JZ#14#EH pH 8.0, 25 mmol/L
Tris, 150 mmol/L NaCl, 0.08% DDM 2 i “F- 77 .
W5y B a5 31 B 1) 8 5 A Bradford ¥ € & 2
1.0 g/L, EFE 500 wl, LUAH[E] ) SRR 7 3547 70 1
HEBRZ A o0 A, il B S AR AR, W
AN ST B R, 0.5 miI/ B, X WA R RE S E
17 SDS-PAGE 73 #fr.
1.7 S8R O

AUC $AR AT LUF 45 A ik 2 2 o0 BILAS W0
R RSB, ke KK 1225,
FRESMER . AUC- JT R 2 5056 16 35 10 i 3 4%
Wy R E AU BB O A F N AR i A B I
() P 2 300 B B Vb SR, FEAEAS IR I (] USC A (1)
B [ Wi 2R R AR A B TR R IR, ARG
FH Lamm J5 & #l Svedberg 77 #2153 2| T % &
PR T P ESEE B, AR SZEe R H 2L
Beckman A @ ] 7 #7 # i & .0 #l ProteomeLab
XL-I, AEERE IR E R Ay = 0.7, S LML
43N pH 8.0, 25 mmol/L Tris, 150 mmol/L NaCl.
i 2 FLAR A 4 B O It RN S 52 40 T 0 4L A R
M, KRS 22 A il B 396 wl A 400 i,
#EFE An-50 Ti (19 8 FLFET7E 20°C, 45 000 r/min [f]
A N RHAT U R (SV) L5, [FREFERIMNE K
280 nm FIF35 76 9 A I 75 =, 6min KA — IR
B¥n, FREE A B O AR S R S 1R,
W EE SR . 35 B SEDFIT (14.4f i) 54 43 B 34
O AL BRER AN A RN TS R, mami
GUSSI #AFor it 50s, I FHEAM AT R, T
DL A SR B E 5 Rt deil, w] A
TR EN - BIEREEMRES: a0 Esh
A0 AR I 0 s T A4S 3 22 5 770 5 I 1 ) R
IREL. BEEVIH LR, BEAEUS TRESER.

2 & B

2.1 ERARMIFIESHAK

BRI 1 FURL pQlink-TmrAB #4146 & K T
W DHSo 9738, /NEIRIUTRL SN T, Hoxt gt oo
IV I S N R L AN 7R Rl Yt R S
BL21(DE3), & 55Kk, DDM Hlif. ey
O SERZFTA > Fiigith, 1930 mai B iR E A
TmrAB. 5 P4 # Bk 2 5 1 PR VK 2 7 B R 4B K
T 95%(K 1), &EEHAT T — P,

ku

180
130

100

70

55

40

Fig. 1 Analysis of the purified proteins by SDS-PAGE
The purified proteins were subjected to 15% SDS-PAGE. Lane [:
Protein marker; Lane 2: The purified membrane protein TmrAB.
SDS-PAGE result shows that the membrane protein TmrAB purity is
over 95%.
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(b)

Fig. 2 Analysis of membrane protein TmrAB by Cryo-SEM
The result of Cryo-SEM showed that the complex formed by the detergent and protein molecules was more homogeneous in the buffer containing
0.08% DDM than in the buffer containing 0.02%DDM. (a) The analysis of membrane protein TmrAB in 0.02%DDM by SEM. (b) The analysis of
membrane protein TmrAB in 0.08% DDM by SEM.
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Fig. 3 Analysis of membrane protein TmrAB by SEC
The membrane protein TmrAB was analyzed by size exclusion chromatography (SEC), and the elution volume was 11.6 ml. According to the standard
curve, the molecular mass of the protein was 298.03 ku, significantly larger than the theoretical molecular mass 132.5 ku. (a) Standard proteins on
Superdex 200. (b) The analysis of membrane protein TmrAB in 0.08%DDM by SEC and SDS-PAGE.
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Fig. 4 Analysis of membrane protein TmrAB by AUC

The membrane protein TmrAB was analyzed by UV and interference light at the same time, the amount of the protein was determined by UV detection

while the total amount of the complex was determined by interfering light. The properties of the protein, detergent and the molecular mass of the

complex could be analyzed by GUSSI. (a) The analysis of membrane protein TmrAB in 0.08%DDM by Setfit. (b) The analysis of membrane protein

TmrAB in 0.08%DDM by GUSSI.

Table 1 Molecular mass analysis of TmrAB by GUSSI

Concentration Molar ratio Theoretical Mw Calculated Mw Theoretical Mw Calculated Mw
of DDM DDM: Pro of TmrAB of TmrAB of TmrAB-DDM of TmrAB-DDM
0.08% 116 1 1 132.5ku 150.2 ku 194.3 ku 209.7 ku
. A HR, 295 &EAMRART 30%, JLTPAETHAE
3 1 e . RS B AR AR N BT I H B

AT 2P 532 5 F TmrAB 2% — i it 7
MR EE . B A B A A — AR R R
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Study of Membrane Protein TmrAB by Analytical Ultracentrifugation”

CHU Wen-Dan"?, XU Yang"?, ZHOU Cui-Yan"?, LU Ya-Fei"?,
YU Xiao-Xia®, ZHANG Rui-Xuan?, LI Wen-Qi"?"
(" School of Biomedicine in Tsinghua University, National Protein Science Facility, Beijing 100084;
2 School of Life Science, Tsinghua University, Beijing 100084; ® Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101)

Abstract Detergent is critical for membrane protein purification, impacting the state of oligomerization,
crystallization conditions and other physicochemical properties. Analytical ultracentrifugation (AUC), by
characterizing the sedimentation of membrane protein-detergent complex in centrifugal fields, is able to measure
various hydrodynamic and thermodynamic properties, including sedimentation coefficient, molar mass,
hydrodynamic radius, binding coefficient, thus defining the homogeneity and oligomerization state of membrane
protein-detergent complex. This study focuses on an ABC transporter from thermophilic bacteria, TmrAB, and
utilizes AUC coupled to size-exclusion chromatography and negative staining electron microscopy to determine its
homogeneity, oligomerization, and stoichiometry of membrane protein and detergent molecules. The results
indicate that TmrAB complex exists as homogeneous monomer of heterodimers of TmrA and TmrB, in the
condition of 8x Critical Micelle Concentration (CMC) DDM, having a ratio of DDM/TmrAB equal to 116 : 1.

This study suggests, AUC is a reliable method to analyze the molecular mass of membrane protein.

Key words analytical ultracentrifugation, membrane protein, size exclusion chromatography, Cryo-SEM, protein
molecular mass
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