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W E: W AHF AR E G (amyloid precursor protein, APP)X % A Bain /5 £ & B-E W HEH
(amyloid-B peptide, AB), HIRAH 89 F AR 251 K FT R K i# B A (Alzheimer’s disease, AD). #F,
APP & & #4935 J£ X 3% (transmembrane domain of amyloid precursor protein, APPTM)5 y-4~ ik B 4 3F 4%
SRR AR AR 09 RAE TR, AEAELMFT M APPTM xF TIRAE L y-4wkfgay4n ZAF
AR AD SR B TR, A, IR T APPTM 447 ik A £ 5| &35 fn = BIKF
He b, R4l T APPTM #9428 KHUAEH| & . RAFR vA KM AT & (Escherichia coli) %) 18 £, 1%
PMM-LR6 #H Akl APPTM #tATRe& Kk, @iEKE A Z2EBRINRIE, RAMLA Ni-NTA Ff &
M B E B Bk o AR A An RAE 5 2R A8 &1 (reverse phase high performance liquid chromatography,
RP-HPLC), 3|7 4 E Ao = 4 RIL & 471069 APPTM. #t—F 4% APPTM 42|+ =k L5k
A2 7% (dodecylphosphocholine, DPC)IRIRIE Y, REMFE|T ¥ —. SHh &4 "N'HApmEE T X
% (heteronuclear singular quantum correlation, HSQC) =43, AR ARAE LT —F HK AT EH
A TFAGA. s FahsbEM APPTM 09 77 ik, A a4 e B R RAAEDIEIRSE, i85k (bicelle)F= 44 K
#(nanodisc) ¥ KX APPTM A X G &M ey MA ) fe 2 T RAFeg Fhmh,
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Expression, purification and micelle reconstruction of the
transmembrane domain of the human amyloid precursor
protein for NMR studies

SUN Xiaoyu', ZHAO Xuechen?, CHEN Wen'"

1 School of Food Science and Engineering, South China University of Technology, Guangzhou 510641, Guangdong,
China
2 Regenerative Bio Inc., Hangzhou 310059, Zhejiang, China

Abstract: The multiple-step cleavage of amyloid precursor protein (APP) generates amyloid-p3
peptides (AP), highly toxic molecules causing Alzheimer’s disease (AD). The nonspecific
cleavage between the transmembrane region of APP (APPTM) and y-secretase is the key step of
AP generation. Reconstituting APPTM under physiologically-relevant conditions is crucial to
investigate how it interacts with y-secretase and for future AD drug discovery. Although
producing recombinant APPTM was reported before, the large scale purification was hindered
by the use of biological protease in the presence of membrane protein. Here, we expressed
recombinant APPTM in Escherichia coli using the pMM-LR6 vector and recovered the fusion
protein from inclusion bodies. By combining Ni-NTA chromatography, cyanogen bromide
cleavage, and reverse phase high performance liquid chromatography (RP-HPLC),
isotopically-labeled APPTM was obtained in high yield and high purity. The reconstitution of
APPTM into dodecylphosphocholine (DPC) micelle generated mono dispersed 2D "N-'H
HSQC spectra in high quality. We successfully established an efficient and reliable method for
the expression, purification and reconstruction of APPTM, which may facilitate future
investigation of APPTM and its complex in more native like membrane mimetics such as bicelle
and nanodiscs.

Keywords: Alzheimer’s disease; amyloid precursor protein (APP); transmembrane domain;
membrane proteins; solution nuclear magnetic resonance (NMR); detergent micelle
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1.2.1 APPTM EHEFIAH FAIHE
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WS Hind TOFN BamH TEGEIOL 8, FAARIF 514
SIEGH)E, 2T F] pMM-LR6 A
. 13RI EHRIKEIA pMM-LR6-APPTM (5] 1),
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_—» CNBr cleavage site

pMM-LR6-APPTM

Hind 111
Gene: His9-TrpLE-AAGCTTATG-APPTM gene -stop codon -GGATCC

Protein: His9-TrpLE- K L M

BamH 1

-APPTM

CNBr cleavage site

1 EERIEH K pMM-LR6-APPTM By &L
Figure 1
pMM-LR6-APPTM #¢ 4t il & 25 11 His9-TrpLE-
APPTM. HHr, His9 j&iiELE 9 AR
1) 22 B 4 E IR AR 25 (polyhistidine-tag, His-tag), 1l
T Ni-NTA EFZHralifk ; TrpLE 51" 5
TRGHE ORI TR IX, e leitE
B FRIA BN R A b LG S A b A 4
3 g 2R R BRA W] S8 R, I8 o 5L R
B U B 45 IR
1.2.2 FERIEM N B EFRIC

¥ pMM-LR6-APPTM ¥4k E. coli BL21(DE3)

A AN, PRI FHM: B v e 21 LB 85
FRIEH, 37 °C 220 v/min JEFEFER . KH,

5 000xg E5.0> 30 min WA IAIFHIES] M9 Hi5%
Herp, AR ODgo M 0.1, 37 °C. 220 r/min J&
TR E ODgoo M 0.6-0.7 I, JIIA IPTG &k
JE A 0.15 mmol/L, 7£ 20 °C. 220 r/min %S
ZMFTFRIE 16 he BREHRIE, 5 000xg .0
30 min WCEERA, RAFT-80 °CrkFRE 7 RIH]
Falifh, "N RN ZEARCH APPTM W21 i ff
FALL PNH4CI (1 g/L) M ME— &R I M9 1 235k
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Construction of the recombinant expression vector pMM-LR6-APPTM.

Tkl
1.2.3 Ni-NTA EHMERLEL

PRIACHE Py TR A B 2 T 23 5% i (100 mmol/L
Tris-HCI1, 200 mmol/L NaCl, pH 8.0)"4, ¥Kifs%
7T ] BCREFS B 6 9 min GEEFS 2% . 250 W,
M 1.5 s f521F 1.5 5), 4 °C. 24 000xg Z.0»
30 min, WCHEGLIRMARTTIE . K00 00 A T I
T A3 VS w6 mol/L K, 50 mmol/L
Tris-HCI, 200 mmol/L NaCl, 1% Triton X-100, pH
8.0y, ZIESFEILR, 24 000xg B5.0> 30 min,
WA B W B R S R AR T 2 v
M7 Ni-NTA HRHEREIRIR A E 1 h, RIHF
H S1Z %5 (Econo-Pac column, Bio-Rad)H,
ZE MW EE, RN 10 SRR T
8 mol/L JRZERIA 10 MBI Al K i vk
Ni-NTA #0k, S/l 3 MEARUR 90% (AF
I3 R0 FERIA IR Ni-NTA SR, FRCE DR
124 RUBTEREIRE

Tia] b A% B R O IR R v I ARk TR 2k
0.2 g/mL, fERE. BEIRITBRMT R
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N1 ho RMASHIG, ¥ 7 208 fris
(3.5K. MWCO, Thermo Scientific)d, 4l
BT 2 K, BR 1 he BTG BIRES SRR
&, BT (Labconco FreeZone)id &%, sk T
AR T80 °CrkH, FT 5%k RP-HPLC 4lifk.
1.2.5 RP-HPLC #Zi{tFRIELEE

F50% (IR 850 R AL Rk
FUIE Y, 0.45 pm JERELEIE, 18 000xg E5.0»
3minf5, B EiE FAEE] C4 A% A (Hungpu
C4-300, JHMETE)H, ARSI A (72—0%)
TSN B (28—100%) AL MRS B BE 4k .
HAp R A BN 25%NE, T5%HE4EK,
0.1%TFA. Jishtl B B : 25%4MG, 75%5
B, 0.1%TFA, YEBFRFH: 0-10 min, 28%
WA B; 10-50 min, 28%—100%i 040 B; Vi
WA 3 mL/min. WCHE EE VRN, JfE
SDS-PAGE 5 Jo 4l B 8 A A vl B8 %A T A ]
it 1i% (matrix-assisted laser desorption ionization-
time of flight mass spectrometry, MALDI-TOF-
M)A T % E
1.2.6 DPC RRRIFEARINEN

FREL 12 mg () DPC T#3, A 1 mL w7
P 2% o W (25 mmol/L sodium phosphate,
50 mmol/L NaCl, 6 mol/L #:RIK, pH 6.5) 78 /i
)5, A 1 mg B APPTM T8, TR HEs it
2 JCHA B R, 18 000xg B0 2 min J5 , T
B F3% 2B £0(3.5K MWCO, Thermo Scientific)
i, BT 1 L ErZ ik Q25 mmol/L sodium
phosphate, 50 mmol/L NaCl, pH 6.5)+ ##8E i
Wo WH, FIGENTGETHN 1 L Sk
W, 500 /min B PEENT 4 ho BESS, I ATELE
B (10K MWCOYRHZE BT J5 Y FE iR 47 2 2
300 pL, FAMII D0 & AR 10%, 1RA)G
143 shigemi L .
1.2.7 “N-"H HSQC — 4k

{ii Ff§ Bruker Avance 600 MHz 4% 4 LR 1Y
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RIS, 76 35 °C N R4E PN-"H HSQC 4k
5 NI H RS IPREE T 2 048 M1 200 4>
, BRI RLSIGHE T 16 WAAHE. HSQC
3 "H ShaE Te & 14 ppm, T 4.7 ppm;
PN HhAYT% SE & 20 ppm, HLOETF 115 ppm. B
Pi b 3%l NMRPipel™ 1 Sparky {4 (T. D.

Goddardand, D. G. Kneller, SPARKY 3, University
of California, San Francisco),

HERE QM

2.1 APPTM HRiAFI&E{L
P&EH His9-TrpLE-APPTM WiF S

APPTM R BSaifbmfean& 2 . %
BEHFILEIL pMM-LR6-APPTM #44k E. coli
BL21(DE3) M #k, HRikPHME s mEEY K5 A,
FHIPTG 7S ik . XHASRIG 14 B iR
17 SDS-PAGE ¥, Z5HRaE 3 s, 5Ki%
FHREBE 3, WkiE DME, 0.15 mmol/L
IPTG. 20 °Ci#E% 16 h IR (& 3, K 2)7F
17 kDa 47 L T — SR e I 450, Sl
&M His9-TrpLE-APPTM 44> T H#(16.8 kDa)
FHFF, RUIEG N3] 73Rk,

Construction of APPTM expression vector

Escherichia coli BL21(DE3) transformed
Large scale expression (M9 medium)
IPTG ilcduction

Lysis via sonication
+ Collect pellets

Guanidine extraction of fusion protein from inclusion body

Ni-NTA resin purification

+ Formic acid elution
Cyanogen bromide cleavage

v Dialysis and lyophilization
RP-HPLC purification
v Lyophilyze APPTM fraction
NMR studies

[El 2 APPTM HyFREFALIRIZE
Figure 2 Flowchart for the expression and
purification of APPTM.
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2.1.2 Ni-NTA EMEH&EL

His9-TrpLE #5 & RE W {2 @k & | A
His9-TrpLE-APPTM DI AE ik, HIE,
AW, F 6 mol/L (R BRIV W
Vs AL A, Bl Ni-NTA SERUZ BT &4
[ e - R TR TR N s B I | AN A B 111 B
SDS-PAGE e kil 2l {35 R . an &l 3 7Kk 3 FiioR
difb S A M E M S &N
His9-TrpLE-APPTM #5417, {EAT 77 HoAh 2 25 1
St I Tmagel BOUEU O EE 1144AT K
EHAT5 0T, ARSI PRS2 R 10%.
MHT Y B 10%2 A ARSI T 90% (14
B EO R BRI AT, I RR R ik IR 1
SR M EAEN A 5 IR S A G L
SAEFR PSS G 0 B AR GR IR Tk
2.1.3 RUEYIE His9-TrpLE #r%

il AL F I BR S 8 F TP Y His9-TrpLE
FRZ, Bt H B8 11 APPTM, Jfid@ 1 SDS-PAGE
R U EIeR , g5 R 3 YKkiE 4 B . R
AL, RAEEDIE 1 h R, B 95%AYREG
His9-TrpLE-APPTM (16.8 kDa)#k Ak &1 %1%
His9-TrpLE (13.1 kDa)Fl APPTM (3.6 kDa)Fi 4%
i, Hr APPTM Rl /N 43— A 55 1 e 4
Rk, e 3 PORET
2.1.4 APPTM HJ RP-HPLC Zi{t FMRIZLE

I RP-HPLC *FRALFYIE] ™ Yk A7 4l
b, R 5 A FERBRIRIEE 4A), TR
17 SDS-PAGE 43#7 (Il 4B). ZE&50HT 5 A1
WER Sy T B oL, HEWTBELE 1
His9-TrpLE #5345 (13.1 kDa); PEIE 4 SH KB Y)
| () Fil4 7 11 His9-TrpLE-APPTM (16.8 kDa);
VeI 5 5 HAUEE 1 APPTM (3.6 kDa); BRI
2 13 WPE4e i . i —25fifi il MALDI-TOF-
MS X PN 5 HEFT %, BTS2 S R (K 40),
VEGIE 5 FS2I L (3 567.73 Da)5 APPTM Y
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RIS TE(3 567.40 Da) R P W) & 45 i |
FERIEIRIE 5 76 SDS-PAGE H A B —TK 11 4%
W (K 4B), F MLk RP-HPLC 4ifb), eSS
F| 4l BF >95% ) APPTM k&b o & A 7 4l i
APPTM WA /3 AW AR AR IF R TFRE . 1 L M9
Hi R AL ae e 415 529 1 mg APPTM,
2.1.5 APPTM KA G EWEE M

K 5 & 3 ST A APPTM ik 5 4lifkid
519 SDS-PAGE H1 RP-HPLC 45 %, Kl 5A-C
AL, 7R 3 osrikge H, APPTM 158 T A%
Rk, HEAAFIIEIRBCREBTE 95%0L b [F
Bf, il SD Fron, fE bR E SIS T (&
0.3 L M9 IiFHmakike), 3 ik
APPTM Y 5t 068 (74) {5 B4 B i) AT 1 AEURH T, 3 2
S5 UL A SO - 2R A A gk s B R4
Py E

1 2 3

180 —

130 —

100 —J

72 —.

55 — .

43 — S

[

33—

25— -
—
i

< His9-TrpLE-APPTM, 16.8 kDa
< His9-TrpLE, 13.1 kDa

4
T
—

3 SDS-PAGE #1 His9-TrpLE-APPTM Fi &
EBRMFRE, BREFEMAERIREETIE

Figure 3 SDS-PAGE to detect the expression and
purification of recombinant APPTM. Lane M:
Molecular weight markers; Lane 1: Whole cell lysate
uninduced; Lane 2: Cell lysate induced with
0.15 mmol/L IPTG; Lane 3: His9-TrpLE-APPTM
fusion protein after Ni-NTA affinity chromatography;
Lane 4: Cyanogen bromide cleavage of His9-TrpLE-
APPTM fusion protein.
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2.2 APPTM #J N-"H HSQC — 4

% 1T 3% P4 577 B AR (detergent micelles) /& B 5%
JR 1 B FH AR 2R 22— o AR I A I i A
il 28 T I A A5 | SIS SCRE A i A
A AL, B ARy A A5 21 1) PN AR
f\) APPTM EHJF| DPC BRI, FREH
PN-"H HSQC i, Z55 4N 6 fifn . RAA

R R H A T AR R 1 R PR RS R4
) PN-"H HSQC i [E(E 6A), HZ5H 5%
(& THARZFSH APPTM, [ 6B,
F U] APPTM 153 T AR IRSNER . FIET, 4
WFFE R F R 1 L M9 Br L B ap 45 2 5 %)
M 4 L M9 8552 S HIFE AL Y NMR 55
SRIE, BRI T AR A AR

A
1500
S 1200 F
< 1
=)
£ 900 |
b
o
= 600 -
(]
2 5 (APPTM)
£ 300 -
[=]
2
{ 0 _/J\ 1 1 1 1 | 1 1 ]
0 5 10 15 20 25 30 35 40 45 50
Time (min)
B C
1 2 3 4 5 M kDa 3567.73
180 100 -
. 130
100
7 801
— . L] $ 60 -
33 =
. Z 40 |
-5 g
- 17 20 b
-. — APPIM 0 M bl LL i i J
- '

_— 3

4 APPTM B RP-HPLC @it fRit L E

1500 2000 2500 3000 3500 4000 4500 5000

Mass (m/z)

Figure 4 RP-HPLC purification and mass spectrometry identification of APPTM. A: HPLC chromatogram of
cyanogen bromide digest mix, monitored at 214 nm. B: SDS-PAGE of five main fractions from figure 4A. Lane
1-5 represents fraction 1-5, respectively. C: Mass chromatogram of APPTM. Theoretical mass is 3 567.40 Da

while the measured mass is 3 567.73 Da.
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4

His9-TrpLE- 150 .

APPTM His9-TrpLE- 17 His9-TrpLE-
His9-TrpLE < APPTM APPTM

His9-TrpLE His9-TrpLE
8

D uAU

5400000 Fpate 1: APPTM_3 mL_07}06 Jod DetectorAChl 214 nm

=’ 1900 000 fDate 2: APPTM ™) mL_08/1 3 Jod Detector ACHI/ AN nm

< }g{éﬁ 88§ Date 3: APPTM_3 mL_08

3

£

= 1300000

=+ 1200000

S | e

= 800 000

o 800000

S 700000

= 600 000

500 000
T 10000
£ 700600 /
0 4]
-100 000
0.0 2.5 5.0 7.5 10,0 125 150 175 200 225 250 27.5 30.0
Time (min)

5 ZRMIE APPTM RiAS2L{LiXIEAY SDS-PAGE #1 RP-HPLC 4R

Figure 5 SDS-PAGE and RP-HPLC chromatograms of the three independent expression and purification
experiments. A: SDS-PAGE chromatograms of independent expression and purification experiments. Lane M:
Molecular weight markers; Lane 1: His9-TrpLE-APPTM fusion protein after Ni-NTA purification; Lane 2:
Cyanogen bromide (Sigma) cleavage of His9-TrpLE-APPTM fusion protein; Lane 3: Cyanogen bromide
(Aladdin) cleavage of fusion protein. B, C: SDS-PAGE chromatograms of independent expression and
purification experiments. Lane M: Molecular weight markers; Lane 1: Uninduced cell lysate; Lane 2: Cell
lysate after induction; Lane 3: Ni-NTA purification of fusion protein; Lane 4: Cyanogen bromide cleavage of
fusion protein. D: Overlay of the RP-HPLC chromatograms of three independent experiments.

A 9.0 8.5 8.0 75 B 9.0 8.5 8.0 745"
105 — ‘ 105 105 1 105
110 1110 ,_\]10- 1110

£ i g

& L & L4

z 115 . . 4115 z 115 ¢ 1115

) Qa s 0& 2 L e : -.

Q?“ £ & °
120 + & 1120 120 } I 1120
e © ° so o
60 09 o° "
125 125 125 e 125
9.0 8.5 8.0 7.5 9.0 8.5 8.0 i
'H (ppm) 'H (ppm)

6 APPTM 7£ DPC fZ3RF A9 “N-"H HSQC — 4L

Figure 6 '°N-'"H HSQC of APPTM in DPC micelles at pH 6.5. A: APPTM prepared from 1 L of M9 culture
using the method described in this paper. B: APPTM mutant prepared from 4 L of M9 culture using the method
previously described!""). The final protein sequence is GAMAKGAIIGLMVGGVVIATVIVITLVMLKKK.
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3 W54

RN RS R AR A R A2 ST APPTM 45
F RIS RERIRTHE . APPTM N BAR IS IR 11,
A KM | 5 B R TE BN T K8 R
P, B, RSB MAE AT B . Rk
AR, AHESEE ] His9-TrpLE #r48 5
APPTM AT A2k, bR ] IR R 415
e T, RS A eI Sakis,
HREfRIfb A BB WAl bR . Mok, 22 2Ehnas
47 1 (maltose binding protein, MBP)!' 17 4
I 7K [ (thioredoxin, Trx)Fr 25 &2 v DL F
APPTM HyHE Kk,

Ni-NTA ZEFZHraifb i BAT AR R . 28
E T NI e g o S 7 W W € a0 Y 1B | 221
PRI R A % 4lifk His-tag BlA 8,
e M EAE A2z —. Ni-NTA 2%
FUZHT HAT Z R ey =X, B 1 AL S it s
PEATSE AR TRIR A, 38 T LAt R R T A 0o o
IS B 1 5 Ni-NTA R Z 0] (1) R F kb 7
VRN . AHIF 7 2R FH R IR 1 N Rl B B A T U
JiE, BERTR PT B T e S IRAL R D Bl A b
BT A ARE B T e R K e O IS R 114 3 B
GUE IR E S STEUN N

Al G RSB A IR, T 2B
DIBS H A 11 APPTM., 3 AR WG 7 12
L5 R A BV FEIE A2 YRR R Y A
U1 E LR S, (A EIRCRAL, B R AR
AR ST UEA TS, R R A TR AR R A
St GVEIE A REHA TEEY) BN ML IR 2
ok E R H W E AR M, fEEAMHI
AR APPTM BNV /K W00 7= 28 K
HULEMRE, Sit— PR P D) R
R, AT YRR B e e oEs,
Hietg mauth VIR P2 R C uw, HATRITE
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AR T AT, WORORZ 5, AT 2L
G T 8 52 PR TR O B bR s DIED AR
APPTM .5 % FHRIE R . Ait, [FEFEZE
B, TR R R b ik T, HiRhe
i 55 £ 1 A R BB (C s FEY T A R B AR
1), H, AT RS E RN A A, TR
YIS B R F AL 2 h, HFEBEAEEEA
RANEA . BRI T T, AUFCR Rk
JEMRAET (0.2 g/mL)xf a8 A Tk, R
TR 1 h, SERERE] 95%L) FRIVIEIRCR ., [H
B, BTGRP, Rk T RSN 1 &
A, KAE APPTM H & S H A &I 74 (RP-HPLC
HOR R TR S T S B T A R,
K 4),

APPTM 1E R T, HARZHKER
M2, %5 SDS MM HE GIRR, s it
AR, IR PR EOR A Wik,
APPTM 7£ SDS-PAGE H{SEBREH B2 KT
PRS- TR (K 4B, ¥kiE 5), X5 Bocharova %%
PIBFFEAR—2

% T T 1 790 e o B 9 B 1 e P A
PIIREE ., #E BAT, BAMiE T —LeaeigiRit
BT NMR 3% ] 2 1 36 MR o, 46
DPC . 1-1 /\ K & -sn-H i -3-BE R -(1'rac H
). IE2EJE-B-D-ME WG A AT . IE T ki
B-D-F2 ZERETF AN 1,2- N BEHE-1-sn- 13 -3-B iR -
(1'rac HNZ27, BitkRm SR DPC & —Ff
AR AN A VG TR, X B A5 ) o B
5EFRW, DPC W] LAPRFRREER 11 R IR 44 52 FI il
WEPERSPL R, ARBFSEE S T APPTM 78
DPC JIE A FREE T NMR % & i, 158 T = 509
RFUE S R IF PN-"H HSQC —4ki. itk
Hh, WE5R R, NRFIAEEX T APP /KA AR
AEELW, RN, y-/r % APP 2Kk
HTERRIE RIS BT Beel ZPURFSY K IL, APP
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FIIHEREEA M EAE- . Kk, Br T DPC B
&b, APPTM K HE G Yk sttt — D H M TEE
FEIE AR AU B 5 vh AR 5 (bicelle)
I KA (nanodisc)EA 145+ FIII BE 5T o

SR, AT I N T — Rl R EL AT
SERHTRE . difb RSN ER APPTM
P, RERESCEL H AR R = ARIC ) APPTM
FES 2, HRZLRI WA NMR HORIRF
APPTM N HE AW ZEFITh RS E T R AP
Jenl, A BT AR TR AR YA ML S AD
1) & S L o
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