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Exploring potential affected site for the inhibition of Ag42
polymerization based on Asn27 deamidation modification
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Abstract: One of pathological features of Alzheimer's disease (AD) is extracelluar aggregation of amyloid- S
protein (Ap) forming senile plaques. Investigation on inhibition of Af aggregation can be crucial for designing
effective drugs against AD. Previous studies have demonstrated that the deamidation at Asn27, a type of post
translation modification, significantly prevented the polymerization of A monomers. But the underlying mechanism
is still unclear. Therefore, we investigated the possible effect of Asn27 deamidation on structure and aggregation of
AS42 monomer using molecular dynamics simulation. The results showed that the deamidation of Asn27 can
directly disrupt the salt bridge formed between D23 and K28, and effectively decrease the content of f-sheet
that is important for aggregation of AB. Moreover, the inability at C-terminal region (CTR) and N-terminal region
(NTR) to form antiparallel S-sheets further weakens the intra-peptide interaction of Af42 monomer. These changes
caused by Asn27 deamidation lead to the decline of the aggregated trend of Af42 monomer, which is consistent
with the experimental observation. According to these results, the salt bridge formed between D23 and K28 plays
an important role in promoting the polymerization process between Af42 monomers, and disrupting this interaction
may be a potential direction for further designing drugs to inhibit aggregation of Ap42. In summary, this study
shows a potential affected site that can efficiently inhibit aggregation of Ag42.
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B[ R 2k ERIE (Alzheimer's disease, AD) #& —Fli LA
52 I IR N B R R I B X 4 R GRATIE
PR, B A BRE WA H ™ L, HE AT B A
girpit, & 33 Bk 22 tH L — 191 & AD 3%, 2Bk AD
B BT Rk 1.3 42, Has i BE T B R D
=Bl SR, H TR AN AE A R 5806 I7 AD K
FR) e it R SE A 20 24 40 T T 5 SRR BR 1 X

Pt AD I 25 eit £ E LT AD KR LI, B 7 5
7, AD I BELRRAE R BN B-VE K FE ER L (amy-
loid-p peptide, AB) 7T 4l il b 5 & T B BE HL A1 Tau 25
J R AL 51 R B 40 N b 8 i A Yl g 45T H R
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il IT FE IR AN Mk 2% 245 ) B TH AT RO A, R G IR
NHEFE AD B HLEI, S 5RAG R E S U6 TR 97
AD HI 259 A R B A .

& MR R S 181 (post-translational modifica-
tion, PTM) 1E A —FlG 2 T il A Dh R 7 A,
57 200w Al B, Herbok AD R SR AR
YR EVH R AA HEEHRM, K255 AD MK
) EE T 2L PTM, 36 Tau 8 E V€ FF /TR R
H (amyloid precursor protein, APP) . AB 55 . H Hij i 5T
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ARG R . Kumar ZE07908 5 Zh P A BE | AB42
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AR R T JE AL B AR, B A DK W e N
2 fs. f#i ] Particle-mesh Ewald (PME) J5 i1 B K AL #
FEAH ELAEF, 4% 558 BE 3 0.16 nm; i A Lenard-Jones
BR BT B Y A A S R R R e AR LU AT B
€N 1.0 nm. AR THE A, 8 LINCS B0 4 &
PN T R iR 2 T PR R 6 B AT [ A

K Fl GROMACS N B 5 82 7 Fl Python [l 4 Xt
MD #UZEEAT /34T 15/ GROMACS i Erh ) gmx_rmsd
@i A b Y J5 R W % (root mean square deviation,
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RMSD); fi H gmx_rmsf iy 4 i1 5 4 J5 #2 3 30 (root
mean square fluctuations, RMSF); f# il GROMACS &
7 (¥ gmx do_dssp iy & T SRR FE A 1 RS
A2 Ak; 13 F GROMACS A4 1 1) gmx_mdmat i & 11 5
L B fuh 1], AT R B ¥ € 9 0.5 nm; £ GROMACS
AEF ) gmx_cluster A7, BIME R E 4 0.5 nm.
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ZRJE T 1 RMSF 45 B0 & 1b o, M F Al BLE
TR TR AR Y s ORI, R A B IX S
RMSF 23 7 R 2E . L infE Apa2 5441 Turn
X35k (E22~G29), N27 2 A= i B i A4 A& i T DA B I %
I X 3k 7k 56 (1) RMSF 38 1), 1% RT 68 55 15 19 i A A& 1
Ja v LA Turn X B B 8554 156748, 338 T 52 0 12 [X 35
(1) 5% k% 2 A 9%, BT e i 7K (central hydrophobic
cluster, CHC) [X 3 5 Turn [X 35 A48, 5 Turn X 3825401,
JIt Tk i A A5 1t B AR T CHC X 3k (K16~A21) 1)
RMSF f . 5 BL BB AN XA A, NTR X 485 H 5% ik
(D1~F4 11 S8~Q15) ] RMSF 1# B {& i T K A& iff 11
ABA2 B R L 1 5% 1 Bk 5 RE~D7 I 3l LA T
AR AEAB U [ ABA2 B AR H A B I R, X AT RE S
NTR X3 IR S5 R EFH K. HANCTRIX
1 (131~V39) 5 % ) RMSF {8t 1 & /& T R AZ 4 1
ABA2 B A L (1) B 3, 2R BHZ DX 8k P R e 25 U B
58, T AE 2 REOZ XN R R AR

ZE PR, ABA2 55 27 A R AT etk AT It Bk e fh &
M 2 51 LA [F) AL B ik 5 RMSF 15 1 9% sl kA 2Ug,
o, CHC X I Turn [X (1) 5% %5 RMSF {8 3 3l M FE A1,
CTR X (131~V39) Al NTR [X (S8~Q15) % J RMSF
TH IR E PRI 5, 2540 AR B S ek
2 o

BT ABA2 JF 4T Y 25 44 43 Bt I, Turn [X 35k (1)
D23 1 K28 5 & f £h 4k, T % A 1 b M B 8 ik — 2D A
SE WA BT B0 [B] i 5 #4B0, [R 1 D23 i K28 JF itk
M (FIARE 2 7T DL R4l ABA2 BARTE R it s .
WEFLFR B, PN R T I I 26— 2 5 TR K
EE A JE T 18] BE BN T 0.46 nmBY, [ I A BT A T
T AE P (R Y AR R D23 B 4L C IR T 5 K28

Figure 1 Comparison of structural flexibility between Ap42N?" and Ap42D?. a: The root mean square deviation (RMSD) of backbone

atoms during 100 ns; b: The root mean square fluctuations (RMSF) of each residue from 50 to 100 ns. NTR: N-terminal region; CHC:

Central hydrophobic cluster; CTR: C-terminal region
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BEN 52 8] () B B A2, DA T 6 47 (%) T A 400
g R 2a FroR, R R AAB M ) ABA2 B R 45
D23 Fl1 K28 i 5 /N T~ 0.46 nm [ MEZE7F 25% /e 45, T KR
A I B B AR AE 1 5 1) D23 R K28 25 /T 0.46 nm [
MR ANT ., 45 BB, N27 KA i it A & Js , D23
K28 2 8] FE 538 0, Joik e b i o

ABA2 FAA (1) K28 5 5 A7 1E FL A7, D23 i 7y 5
BT, N27 (5 AN 5 HL AT, (HL > N27 )% e 28 i It i
MBI i A8 R A SRR e, W &6 5 A 97 gy, 55 D23
A7 A AH R LA, K R AEHERAERA, FHIE K28 5
D23 Z [A] (1) Eh M A

9 1 a2 L N2 T B A Tk R A A 1 2
X D23 1 K28 J&] [ 5k J5k 25 74 sz i, a3E4T 1 S AL
PR AR Turn X FF M R 05T . 3@t B 2b.c AT DUk
B, KB ) D23 28 C R 1Al K28 B 42 N J& 111
P H4 R B8 42 0.57 nm, I HE AT 2 18] 2 7 i #4544
2 N27 0% A= B Tk iz A0 A& 1, D23 AT K28 1132
PE B3 22 1.03 nm, [5G (1% #2540 % A8 A LU A& e 1
To IR ih 45 ¥y, I H D23 5 D27 (#) 7 35 59 th 16 &
1.11 nm. F4b, AR SR T R 2 i — P 5l iR
ABA2 TR g B L = R DL R A5 A IX 3T PR A

VEF SR FE Rl 2 R A8
3 RS

CL A HIF 95 26 B ABA2 1R — 25 45 K 1 6 #1362 o
WE e 55 A5 1%, p 3T B Xt ApA2 HEAT H L3S T, HE— B T
H AR AW E e HEB3, g 7T N27 A T Tk
AT XS T ABA2 BAARTE 1 — 2 45 K4 F I, AL B A
T HANMA R AE 100 ns BRI 18] P [ 2% 45 44 1 3h A5 A8
o S5 RANE 3 s, 75BN BLLT ] Y, R R AEAB I
(1) ABA2 BRI CTR X 357k 2 (L34~V36) FINTR [X
AR (V12~H14) 7£10 ns & 47 kKA T HTE 35 th %
AR BT B SR AR, I HAFAE R 8] 5108 75% LA |
it B B Ak 2 (R ABA2 SRR I NTR X 38 TE 1% B 4T & 45
F B A7 A I 8] /N T 1%. CTR X 45k JE (131~132) Al
(M35~V36) BARTE K 3T S 454, (HAELER R A
40% 7745 . R EE RN R R TT R I, B 1 S I ABA2 1E
CTR 5 NTR X35t B B 47 B 45 1) T BF [R] A MG, A7 £ B
R, IS5 pIHEN Kk ERER D . £
CHC X #5 (F19~A21), A& K AAE 1) Apa2 FARAE =
FpAS [) &5 46 T 2 T i A, v B4 B A7 AE (1 I [6] Ry
15%, J& BTG HI A i 1 B IF] 9 40%, T BR o U JE PR IS (]
N 20%. T4 R AEBIZ G, % XY KB 3T & 41

Figure 2 Comparison of the salt bridge formed between D23 and K28 in Ap42N? and AB42D?. a: The distance distributions between D23
and K28; b, c: The position of residues in turn region for Ag42N?” and AB42D?, respectively

Figure 3 The evolution of secondary structure elements for AB42N? (a) and Ap42D?" (b)



© 954 - Zy% %R Acta Pharmaceutica Sinica 2020, 55(5): 950 —957

Figure 4 Probabilities of four secondary structures formed in residues 22 - 29 for AB42N? (a) and Ap42D% (b)

4 B[] 718 F- 0.05%, K38 43 B[] LA TR i 3 1 485 460 R 3=
(70%). X 5 Bt RMSF 20 #7158 2 & 1 5 CHC
DX 3 ke o U 0y W A /N R 4 SRAE A

HH T ABA2 55 27 R0 R ATk i 0 T Turn X35, A1tk
I3 BT DX 3 1) 45 W AR A0 0T T BT AR ABA2 (1) HE AL Rk
AR SCHEEL, Turn X3k T B — g 45 kT 2R
AFTR, AR N2T 1B 1 1) ABA2 B4R () — gt &k by 32 5
HAETC G H (39%) 1 B#% £H (47%), AT i Ak ik
H# LS 5 BT (40% DL E). 24K 4 N27 Bt Bk
B 5, ABA2 FLR Y] D27 .G25 T J ) — 2 45 K 1
FE R TG (92%), T HeAth 5k 5258 /2 LAY s #
SERIONE . AT DUR B, A8 J5 I ABA2 1) Turn [X 5% &
A DA RS e B S50, TEAN [R] — % 45 1 2 1) AH 5% A%
(M 278 /)N I A, 5 0 T i A2 1 2 JE Turn X 3 B i
RMSF 3 35N EF -

g5 LRTIR, 427 A1 R A B i AT I I R AR AE
Ji , ABA2 FARTE 1) — 2% 45 k) 32 22 DA G il A 3%
SERY N E, NTR XA CTR X3k IE % B 37 B 45 44 )
HPEAL
4 =ZREWS

B ke [A] (14) 2% () PR B8 2 5 o) G AR B, AT a2k —
R AU G s A FLAE A R 2 Bk H AR
A3 (Fp 51 AR KT 3) Bk 2 ] ik, D9k, AT
TH5 T 75 50~100 ns B [6] P ABA2 BE Py AR 4RI 7R HE 2
(B B Fe i il Ba e B =M Bon, WA BN AS
42 FpR B B A30~ A2 il B 5 % K D1-K16 il 5 2
V) P10 22 floh L A % 1), 2% 2 il [X 350} B T AB42 11 CTR
X 3 (L34~V36) 5 NTR [X 3k (V12~H14) = [l £ &
RAEAT BT & 450 . T AE B Bb 75 b = A3 iR,
TE K HEAB M J5 1 ABA2 AR DL B P AN DX I3 ) B AN
BE 2 ) LT B AT fh, B R A21~132 b Bk 5L V36~
AL2 B 2 1] ful LU AR B . X5 R A B S ABA2
BRI Turn X3 & T LU AT F ZE A 1) 4544 L. CTR [X
I B A30~ L34 12 1 % # 45 K FI ik 2k V36~ Ad42
T 5 Turn DX s 45 54 AHPAT (14 2546 AH R

Figure 5 Intra chain residue contact probability matrix and the

average structures of Ap42 from the last 50 ns. The upper triangu-
lar portion in the matrix represents the normalized contacts proba-
bility for Ap42N?" (a) and Ap42D? (b) and the lower triangular
portion in the matrix is the probability differences between Ap
42N?" and Ap42D¥

5 CTRENTREXBLZEEEHENT

WIS AT ABA2 B = R I, B ME R
B 2 R AR BLAE CTR X 48 5 NTR X 38 2 18] (1) A B
Fefih o HTBEN BT S 18 HAH HLAE FH X T Ap42
IR A RAEH AR A, R A F 58 ML 50~100 ns 45
L8 A id U5 000 Mt Ae) G, 43 b BT AME R
CTR Xk 5 NTR X 3k % B ¥ 45 5 68 . ik i1 543 2
KR AAEAB M ABA2 FEAK ) CTR X FINTR X 2 [H] (1)
4E 4N (-99.19 + 8.89) kJ-mol; T A& AE i Bk ke Ak 15
i 2 5 i) ABA2 FRAR FR PR AN X 2 (B I 45 6 e T R
(-49.56 + 3.79) kJ-mol*. FHEMiZ J5 Ap42 {1 CTR
FINTR [X 385 HEAH ELAE FH 58, X 5 DL EFAS X35
T HE 2 [ PR B AR 7E (1 45 AT &

T A3 BTLE LB AN DX 35 P e ik 2 R AH ELAE 2
DA R E F 7 S0 B, Attt — e g ekt iT T
I, S5 FRANER LR, ek A X s A i
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Table 1 The calculated interaction free energy between residues at CTR and NTR regions and its individual components for Ap42N?" and

AB42DY. AE,4,: The van der Waals energy; AE,,.: The electrostatic energy; AG,,,: The polar salvation energy; AG, 01, The nonpolar salva-

tion energy; AG; The binding free energy

nteraction.energy*

Complex AE,, /kJ-mol™ AE,,. /kJ-mol™

AG,_,,., /kJ-mol* AG /kJ-mol* AG /kJ-mol*

polar nonpolar interaction.energy ™ 777
ABA2NZ -213.69 + 0.82 -118.32 + 1.28 260.23 +£8.79 -26.372 £ 0.11 -99.19 + 8.89
Ap42D” -63.66 + 0.83 -7.92£0.39 30.39+3.71 -8.37+0.11 -49.56 + 3.79

HLAE OB AR AR AN MR, L e e i
FEEFAEH . IR R SR AR R
PN X IR EE B e 22 5 10 de R BRI

RNT MR G EEEH A RER, &
WAL & Be o R 2R AN i b, 45 R Wl 6 firw, 18
KRB ApA2 B ke 32 2R A I AR R 2 V12,
H13.H14.132.L34.M35.V36.G37.V39; i &/ &
AR F R s L 132 T V40, A WABHZ )5, NTR
X 45 % N R T 5 CTR X 45 4 0 5 kA2 /)
X5 CTR X a2 8] {0 R 2548 KA 0%, AT 62 5 CTR
X3 TR A e (1 S 1) AT BT & 454 . T CTR X 38k
19132 F1 V40 7 5 NTR X 3k 25 & Hh or ik K, 5 eA]
TR T & il J5, 5 NTR X 38 dh () % 2 FE B 85
HX.

Figure 6 Contribution of individual residues to the interaction
energy between residues at CTR and NTR regions. Key residues
with great contribution are indicated by one letter code

6 FEMRS

NT 55 BT ABA2 BRTE RS Ik A (1 3 B
P %, A0 50~100 ns B3 ) S5 R HEAT T R 2K 4
Bro ZERFH, KRB ABA2 AR LT TN A
Kot 2326, Hrh i IR M R A H 5 S 201 95.78%);
M R AEABA 2 )5 B ABA2 BAAARSE R I )y 30 2, 3L
T TR R H 5 S E 91.54% . X L R4 IR
AT CAR I, 27 8 R A Wik Jig 3347 ok gk i A A& 1 v LAASE AB
42 PR R RO AR KA AL, X 5 2 | RMSD 45 4
FHTF

I3 A BEBUHI AR R AT LR RAEE 7 EoR
i I T LR R AR B K ABA2 SR L5 K, AT AR B LL R
SERIRFIE: © BARGE R LA R E, 1 T 55 =R R AL,

HAh DY R (83.41%) 1, NTR [X 35 5% 2 V12~H14
5 CTR [X 8 7% 3 L34~V36 1] LA B 81 FAT 1 B 3
B4, F B BT & G5 X I 2 8] 5 T ROR e S R
@ 5 VU s Grpr 5 35 oA i R 5 i O i kR S BLAH [
J7 A R ET R %A, I EL e AT 22 18] AR B B A B

Figure 7
conformational clusters for Ap42N? and AB42D* are shown in

The representative structures of five most-populated

cartoon representation and the corresponding percent is shown at
the bottom of the structures. Different regions are represented by
different color as follow: cyan, NTR region; blue, CHC region;
green, Turn region; red, CTR region

Xt T R AAB M (1) ABA2 B4R 2544 AT LUAS 1) DL R Ry
fiE: © P IR RABLL AN B RS, &6 + 5 LM
Ll 454, @ TERTH KM R (65.84%) 35 I o 1R
Jle gk, 5 — R R (46.15%) 1, NTR X 48
Bk E11~Q15 J& At o M JE 45 M) AR KM R
(19.69%) H, CHC [X f5 1% ik K16~F19 J¥ i o B2 e 25
¥, @ AR P EIREEpITBE . TIoh, FREE
R iy b5 5 i R iy Bk A BT R VR A [R) T 190 T R, BT
2 [E) FR) S AR A

g

FET S UG I S ABA2 (11 N27 %25 i Bk e A 5 4 T
DAV NS 58 A5 W 0 F R R 081, A ABA2 AR TE i R
GRS AR IR H BT B M &, ALl MD
PUI 7 VR S8 T R AR BRI A B 1 1) Apa2 ik 5 5
TE 1% BT 2 1 i B ik b, o HLE Bl e rp L 4
T4 TG R A 1 55 o B2 58 1) B 4T B 110 B A 5 B2 11 [ 2
KRBT AA2 FARAF K . IX R T AT FE IR A5
P2 5 a2 AT A 10

T3 53 BT BT B B T AN A 0 ABA2 LR 1) 4
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F, R N27 I A AE R IR T Turn [X D23 1 K28
TE B E M (0 46 1, [0 I B 1k Turn [X 5% 3 9% B B 4 £ 25
Pl o 5 BUOR A 0 Tk e A A2 1 1) ABA2 B R 4 [X 35
T R A 1, 5 5 RMSF {8 38 20 8 FE 39 K, T R B
1B G5 RD, o HAE CTR KA NTR X 38, % 2
) To i T AR 7€ [ S 1) AT B A B 4 ), S & 5 m 1
ApA2 AR Z AR EAER

2RI AR B AR T ABR R A B L E
Be36] A SRR IR ApA2 Fdk D23 5 K28 2 [
(1) R AT T SR A, ok T A ] ApA2 A H CTR 5
NTR X 38 JE 5% (1 B 4T B 4504, 18055 ApA2 B AR R & R
Fo AWFREE R TR, 2 N27 kA BB A 151, 2 FH
5 D23 5 K28 JE i b My, AT $27, 2R 6 & B nT A 5
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