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Abstract

Cataract, an eye disease related to protein aggregation, is the leading cause of blindness world-
wide. Factors that cause cataract include exposure of daylight, abnormal diet, drug intake, and dia-
betes. The underlying mechanism that leads to cataract is related to the aggregation of crystallin
proteins. Therefore, understanding the structural stability of crystallin proteins to avoid aggregation
is of foremost important for the prevention of this sight-threatening disease. Human yD-crystallin
(HyDC), a 173-residue protein, is abundant in the nucleus of human eye lens and is one of the major
crystallin proteins involved in the age-related nuclear cataract.

Previous studies showed the unstable regions of HyDC are residues 115-118. In the first part of
this thesis, the structural stabilities and aggregation propensity of various HyDC mutants from the
unstable regions were investigated at the molecular level by multiple bioinformatics tools. The most
stable and unstable mutants were chosen through a consensus ranking method for further verifica-
tion by molecular dynamics simulations (MDS). By combining the results of RMSD, native contact
fraction, and prediction of aggregation propensity, we found that R116I and F117A have the highest
and lowest aggregation propensity among the mutants studied, respectively; however, their structur-
al stabilities were almost the same as the wildtype. Moreover, the degree of aggregation propensity
was related to the fluctuation and hydrophobicity in the residues 115-118.

In the second part of this thesis, attenpts were made to seek the possible inhibitors to prevent the
HyDC from forming aggregates by molecular docking. According to the interaction analysis be-
tween HyDC and small molecules, we speculated that rosmarinic acid was the best inhibitory mol-
ecule in our study because of its binding to the residues 115-118 of HyDC. We believe the outcome
from this research may help to achieve a better understanding of the structural integrity of HyDC

and pave way for future work in the development of therapeutic strategies against cataract.
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‘/ Lens with cataract ‘./
is severly clouded

and distorts vision
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% J1 P £ 1 4p Bic(ocular trauma score, OTS)er3giplHca] » %

RRLE '}}f LRt
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15 L4 #2 R [26] 5 3¢ 2011 & - Acar £ 4 ig st HoA] 0 k ALeb o E e FIERI27]

DEE Y s FEFSHAE T AR DT R R[28] -

212 % P BB
P RGO 3o T LK ) RA 2 = B 0 & 35423 (nuclear)

A Al (cortical) 14 2 {2 & T A|(posterior)[12] > 4-®] 2.1.3 #77 o

Nuclear sclerosis

Lens capsule

Lens cortex

Sclerotic
nucleus

Subcapsular

vacuoles

vacuoles

Water cleft

Spoke-like /
cortical N
opacity ' Swollenlens: !
anteroposterior__,
" diameter -’:
increased

Lens capsule

Lens cortex

Nucleus

Granular
posterior
subcapsular
deposits
(plaques)

W 213 2 FAHS P RT L F[12]
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clear)it 374 & dgh i fw e R K §

g 4 ok B

And

30%([12, 30] -

i1 [31]

= 7J< BBE

BH %

LS B L E T S S ¥
fo & T A9
AT BEH e

/»u /% |_L _L

7 I fAEE Y PR Ji.’ﬁ""*¢7f§ )

R+ EF

fEESE S Y S &

60%6[29] *

i ERK S

~ w
Al

Pl pOHLgE 2otk S ed oo FIEEF E A 4 ok S A (len nu-
A FAle p
% DD RS
PR AL R A Y (62 A TR L e

A 10%[29] 0 F 2 b LY

ek Sk g g

AAFTIE[2] 0 Yo, X NF 4 che ofim i 16 B2 b Hin M it $787 §

(Cross-Sectional Study) -
10 B [32] 5

FEES P EFA LT LA

¥y ol B9 F\Fasl%\rﬁﬁf%é?]; “_:":

I Aod 2120 d ik

A e 211 Fdydd PRT 2R R

% A&
F 9 P o

P H G PR AR L e e A

BB 0 [ i A % 203 i R -
% 2117 by RHe p IR WF Y DR E L $7(32]
% B AL A% Kki&k E# JpPRAEHE O FRILE 27
j:T: *Jé: ~ ‘k}—ﬁ"J ~ iﬂi
Wang AEPT R 1227 > 40 Al A . Feorom

(2009,7 ®) K weEm g « = At E T f LR 4

o HT R
Delcourt AEFPY . S 05 —— . S RN IR

& - = S s

2000, # B)  H = ] R ~ 40 3
E#P L —ﬂ'] 14

Galeone Fler g , . 2 y
. o b4 2283 35-79 ERER i R AL IR i 203

(2010, %% 11) B o4 ® o

:];5 A E
3 ﬂ,‘ ~ :}:}_QJ ~ B
Sabanayagam AHEPT R Sron A i y WL dpic
2011, #74cst KUy A A~ fsf T A st & i@

0 <48

R

Leske N \ E 8
1999, = = 5 FEA e . 40s4 HCAF 3 FMEE R
) G SRR S e

T
.
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30212 ¢ NHRFLRGFIRANAT

&b % + 5] aid M
o AT G T T 4 g R A
X it R f%(deamidation L 33
P ) M [33]
PR T L AT s R
* L 7 L it (methylation) 2 , & - 2 . ’ . I [34]
v R d IR A
A8 G e BN e
& At Al ,%(T,F = i [33]
ﬂ}EI%
¢ =g (tryptophan) sk i . .

UV % <Pty ;’p@an) ¥ e pongeERaIgET (5)
%% P23T R FAER [37]
g R36S # F-v F % & it (Crystallisation)  [38]
£ R58H 0 TRy [39]
‘ % F H 4T 12 (Greek ke
%% W158X Y [40]

motif) % 1‘# PR
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213 6 MRS 2

b
—
hpas)
il
Wi
—

i+ Ly E R oe ke PR EEEFRER o B 3

SR E RS 4] H 2 R R B AR R S L B ALk
(intraocular lens, IOL) » 4cf@] 2.1.4 - #7335 4 > & 10 g+ s fH A 39
o W AR T] 20/40 & { 4v iRl 4 [42] 0 20/40 AR 4 Edp s AREHEARL 4 £ 20 &R (foot)
DB o N FFE - B AR A A0 BRI F R E S nE =
5 & AT 150 & o R ) "L‘L’%-‘iﬁiﬁﬂf{fﬁfﬁ?ﬁﬁ‘ﬁﬁ?Uié‘-ﬁi%ﬁiiﬁ’

Fif- A PR ARPHP F L TR EY R FLETT A p

|

fs % ¥ acalg w & A g i (posterior capsular

lens
Clouded lens Intraocular lens (IOL) implanted in place
remove
Bl 214 ¢ pPHRLF{H L RLMZTLE
http://www.ncascade.com/services/cataract-surgery/
MEEF P BT GRS o 0 PRI GRS R RREIFTHEFPG D

FRFRUE GG - R E G R AT 0 TR S

TERE R REE i)ﬁ'

i

(nonsurgical)er5s f 2 £_p w0 AT 7 P & o

B, ] o dopt A AR T E o 3 R i o
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2.2 K & ¥ 3¢ (Crystallin)

- @R RN R R LE TSR TSR 0 R RART ER E AR
rt o B2 BRI RPN FERITRER I H R o AR HEN TV AR
P AZIE 90% 5k L 3-d [44]0 v H- fEE F B R AR TN 39 (structural
protein)[45]c # i & 4 = <4 e Fad BRI NE vy A LR HA T F (gel
filtration chromatography column)*fi* 3 (elute) ! R &V B =t ¢ & o H @ {34  chf
71| (sequence) ! & & T;;Lﬁ?’ 002 A& FE G E AT % (superfamily) s By A]-k £ 88 30
[46] » 3E4moK & A 3ev chA BTde g 22.1[47] « & & 8-% o 4] ~ Py A LR RFET o

PHRyDAkRMEY 21745 -

% 221 k&M F-9 A- F47]

& W 3 A Ak AFE 2B FEFARAK PDB
(Residues) (kDa) (ph M (SwissProt) Code
aA 173 19.909 5.6 P02489 -
2WJ7
aB 175 20.159 6.8 P02511 ,
(residue 67-157)
BA1 198 23.191 6.4 P05813 -
BA2 196 21.964 5.9 P53672 -
BA3 215 25.150 5.7 P05813 -
A4 195 22.243 5.8 P53673 -
BB1 251 27.892 8.6 P53674 10ki
B2 204 23.249 6.5 P43320 -
BB3 211 24.230 5.9 P26998 -
vS 177 20.875 6.4 P22914 lha4 (C-td)
YA 173 20.761 7.8 P11844 -
B 174 20.776 7.0 P07316 -
yC 173 20.747 7.0 P07315 -
yD 173 20.607 7.2 P07320 1hkO

1
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221 o 3]k f W 30

EAKREREERY ¢ 0 25 50%5 ad] 0 A EE S vk A8 Fv [46] o H
8 (monomer) 4 + £ 4 5 20 kDa[48] » #& ¥ 1 % B A (multimers) =35 3% 13 A o “ﬁ% 7
Pej B v chrb it 2 b P pEL § 3 39 (chaperone) st it [49] H T A & aA
A& aB 30 AU EF 173 BAe 175 Boefhph o 3 K B 719F 60%:04e i & [50] -
2% 25 ) # ikse 39 (small heat shock protein, sHsp) 4 {4+ [51] -

g ad kR BFF 5 Rl BTN A R F LR X
5+ 4 ¥ (X-ray diffraction) 2% %2 = & 3 3# (Nuclear Magnetic Resonance spectros-
copy, NMR)j# ) % o % F-v B 7 L (protein data bank, PDB)® » p 3t &5 aB %]
B ARl 2.2.1[52] o ¥ b 0 = B g dE(secondary structure) ™ & 0 o AR S 88 3

8 X3 10%4 a-43 2 (a-helix) » 50%&_p-#¥ 4% (B-sheet)[53] -

W 2.2.1 %3 oB 3]k & W35 B & S (A E #(pdb code: 2YGD); (B) 24 FH
(24-meric, pdb code: 2YGD)[52]

P 3F 57 ¢4 H T dy E R R LR ST Bl a
Ak 5o 48 39 i 4 (chaperone-like properties) & 4517 1k F-v B % {4 (denature)
A& ek (precipitation) o T 4v fm e 3T b R e X M[54] 0 F gt a AT AE K

BT EREA O P Fﬁ’%i—‘r‘;ﬁ”ﬁ AP % A2R 0B B5[55] - Ram H. Nagaraj & 4 &~

12
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Feo B o 2k SAR R R EHD R R g o ¢ dE RS FRE S e
(apoptosis) 2 €4 1 & (neuroinflammation) ¥ - & fr FF» ¥ i £ 5 518 J i (cancer)
$404[S6] 4o 222 577 o v kiR o R 7 0 bk R B ATMR 2

F%{E'i 4(/1\ FININEEC)

Oxidative

stress_/

a-Crystallin inhibits several disease-contributing a-Crystallin promotes several
processes that could be enhanced for its therapeutic | disease-causing processes that
use could be targeted to prevent/inhibit

disease pathogenesis

W 22203k HME0 FEE T FFIE505 2 5T L WIS6]

2.2.2 By 31K & W F-v

I3

By Ak 5o #8 3o %

Y

B Rd o A4 3 BAp i 2 (domain) e & 0 4335 7
WG B B & L & N 23 3 (N-terminal domain)#? C #3 % #*(C-terminal domain) » #
BERELD A BHEE(motif) T+ » @ & B e d v B B-strands S/ H
4 2 (Greek key motifs) » 4r @] 2.2.3 #77[57,58]° — #&km 3 0 & BRE x4
d 40 Brep AT S s {2 e B 12 2Pk 4E(peptide bond)il £ o By Ak S B B
0E L ERA S BAE A EERS «‘F*f éﬁ.&éﬁ#g 02 e B2 e i g X 30%[47]

B & end W Gt BAI A N h& C s 7 enat #[50] & b B3] < md 5 RAEA)

P o @ oy AR H R 2[60]

13
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(A)

N-td domain C-td domain

motif 1 motif 2 motif 3 motif 4

(B) motif 4

motif 2

N-td domain C-td domain

W 2238y Ak EMWIFY BHETLWA)T & B (B)3D ZWE(L yD 3 3 5] pdb
code: 1hk0)[57, 58]

B Ak iy chERAF Y5 2228 kDa> RFEFF £ 4 5 fiden
BAI~BA4 ] » £ 4 N b A 5 it 12 2 i {#7 BBI~BB3 4] » b P52 3 N 234c C
et ©[61]-B 3] < ¥8d § R A5 o d A ot bdh= B A (subunits) ST
BRRECBFRAREETAFEEG M AAKRANY CPAKAMIY -
i %% (assemblies); ;% 5 A0 BH Al(= B4/~ B 4E) L2 Al(= B4 2 BL A)(F B
RAD[6], 62] = ¥ *h > 0 F AT BT 0 FaEL BAS/AL ARk Sl By o g % 1A R
fn %z (astrocytes)ciws sy & X > 313 A& F AN 78 M4~ 5 gL 73 #Y z (Persistent fetal vas-

culature, PFV)[63] » i& @ R4+ e £ o

14
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YAK SR Y HHA T £ 595 2021kDa> ¥ £ A 5 yYA~yB~yC~yD -
YE~yF 12 yS 3> £ = f8[64] - B¢ > 1A yA~F A K 8 3 > yS A AN S# %
Bed o 4 BAAesidue)ihE & > w CHFREBAS T 2BRADER > T4 AN
S Colldiis 1 2BAANER;m B AdBANHE 50 1 BA AL
B[47] #Fwmes A 8cp L% 221 A8k &HHMWY - yC 2 yD 417 &3 &R
(expression) ¥ [33] > @ B2 A A 55 L 5 yE foyF | ehA Fl > e F 015 2 R0 K[65] oy
Ak S e A F L9 0 i E (urea) H2~3 M A R
(guanidinium chloride)i3 i ® [66] > L & & # 3ok B 8845w eJ47] o d 3tk it A

RHenS Y BT EAlG R R b L § o Bl AR ok R AP

5

wd GRS yD Ak MR [67] 0 FHERRRHE SRR OBE - &

T YD Ak A By i A BT E R g

2.2.3 A 3¢ yD A]°K 5 ¥ 3¢ (Human yD crystalline, HyDC )
A YD AR Sty FoR R e TEE SR > Ay Ak ¢
2% - 3([68] T HYDC f§ f2. - HYDC & - fa%HE i » d 173 Bi=z
fees >~ 3+ 85 206Da> 2 RHL 72 HEHAcR 2230 A &4 5 Ng&i
HCHFE F BRI S PR E(motiNte s « HyDC shi L § 3 et o
B RS HF 4 %A A (FI/Y6, Y16/Y28, Y50/Y45, Y92/Y97, Y138/Y133,
FI17/F115)%c % BB 39 B ¢ [69] » &5 #n-k % 3 & (domain interface)[70] »
ALK HART Y L ehpl g BAH & (tyrosine corners) s E JF*% [71]° @ iz e fe g fi
BeEr NS EHATYE2 M2 CHRBrTyrl50> vi5HE 4" 4 a4
B-strands[72] o ¥ *b § ABE > Ar iz e o Afe B Al Gk B I > HYDC £ 3 $#&
5 U fcend Bk ieps (cysteine) 0 e AriX F A5 = X P - ¥ F4E(disulphide bond)[73] -
K211 &l BB AR R T G MRS G B RAPH o AL F R
3 fa 6 4~ (vertebrates) & 3 B i< 2w ¥t d efl (tryptophan)[47] » & W[ 23 N =4
¥ 3 e W42 ~ W68 22 C 2 % 32 ca W130 ~ W156 & ﬁ’a%ﬁd A4 UV Sk anig 5+ k48

15
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R Jb T RAR[74,75] e Chen, L% 4 685 5 b Hedy 2 0 B9 R hd vRpEA 4
el UV % > 5753 (quenching) i 41 X ¥ 4 % 1 5 cnip Z[76]« ¥ o » % it
S H G PR & ST 3F 5 Ap M ehis #& 33 (post-translational )i &F HFT 3 de Q12
N49 ~ N160 =% fig (deamidation) & J&[77, 78] > Y45 ~ W156 1% i* (oxidation) F J&
[77,79] > C110 0" 2k i* (methylation) ¥ J&[34] > G1 9= 7 Fg it (carbamylation) * &
[34,78] » 74 2 C18-C32 ~ C108-C110 shiEFidit i3 7 J[80] - #187 % 1t 2) & cho P [
4 B E[33] -

bR A S B PR SR A 2 F R T A2 B R AR
Y o BRSSPk E R ROTALRENC ) o A T AR SIRE o B G TR
Bk p >tk e 4 8 4p (partially unfolded) =@ 48 (intermediate) » B2 7% © 5 R 2k
LR ALY REm RS AR DR o A NS T R R I
(thermal unfolding) ¢ €_i* & 2 #8 & ;2 (chemical unfolding) X ¥5 37 38 & % 1
Kosinski-Collins % * # 3 HyDC %3 #fpaiffa? &5 8- 53 FHhE 2L
(unfolding transition)[66] ; @ {5 13y5# + F o 47= 2R ¥ HYDC » 3 RiEFE
L 2 FBApcn? B 48 (partially unfolded intermediate)[81] 5 &~ {¢ » /& i (wildtype)2 38
B S AR IS 4 = fE B3] (three-state model)[9] o A #Bdp g4z - HyDC 7 N

HFHELEFIIBE LKA LCHTH 3 B 4B 224 557 [82] - h

-~
—_

7
~

b

% % (mutation)s12 k¥t Fed Feoe e i W AFAy 0 AR

\uL

AA BT o ¥ - AR RS SRR TR RL 0 ¢ A R L
B %= A (F11/Y6, Y16/Y28, Y50/Y45, Y92/Y97, Y138/Y133, F117/F115)en%k %
[69] > = i ¢ Picfik (W42, W68, W130, W156):h% % > 11 %2 -k % £ % o (Q54/Q143,
R79/MI47)nR B E[9] o % = 14582 0 N IRAp M B (in vivo)F S 7 %%
Wt FRtpave® s EFELRE B A i EhR % 48(R114, R38, R36, R14, P23,
R36, R58, W42)[38-40, 83-85] > ¥ it % 4 #xfg %fk (glutamine) ™ fig"<(deamidation)

F g ente % (Q54, Q143)[86] » 14 % i 2 7] 72 % (deletion mutant)(W156X)[87]% o

16
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N-terminal domain unfolded

C-terminal domain folded Fully unfolded
Native
-~ {)//\ A .:‘v‘\
I M\ — f —
o YNw, ’L\\‘m d L\\m
Domain swapping
=8
J{é - }%‘ = :
e I\
N - S
v '?‘ (/,7,‘
@
Amyloids fibers
Agregates
W 224 HYDC & B2 B & 07 i 1 /2[82]
GEREFFLENRRE > §RENZFLE LUREARRRF LI &
7 ‘E%KCZ%‘?vié“m%‘f#,%”{%%?iftC;% aﬁl]gﬂ:.pé},g N2 C

CH[9A FREEL BHKRE R R T E NSRRI PR 4 e

>3
=1
3

fhrs iy A& BT L R TN 3R 82 H/E 2 (scaffold)[9, 86] -
FINAF L A T E e UV Sk e & 28 & pH (8 e 8 0 k3754 HYDC «h
s o e HYDC e % UV £7 - 2 {2 > ¢ 24 BT 5 [41, 88] > &
F_1¢ {8 ¥ 28 (backbone) } e T % AAAp o ¥rig S AF L [89] H ¥ mEmpIFE R 4
§het orit o 32013 & 0 Xia, Z.% A 2 * T Pairdt HYDC % B R 18 cngl 58 #-d
IREL R %~ X JRv%fEL (kynurenine) » % IR HYDC 92 8 fpid R P & N3 & $

Ci,%‘éviéﬂ-‘ﬂf%%:é‘;{é,—,iﬁz;:%[74] A HyDC Bfie M if &7 5 ¢ 253 AP 4 2 g

Eia
s
s
Iy
?‘
ﬂh—
e
\v
l 0"
ﬂn-

SHFETF LR [90] I P29 Das & A Ty o
2 3 HyDC + it %’%’ % ¥ (domain swapping)e= ;4 4 B E[67] - 5FE bk o

—_ 2

% HyDC 2 $84p 22 B § c7 it 4 JS AET0 3 [ 2.2.4[82]
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& 1 ief F] HYDC R & #rildeche p B 35 5
BN AL G 2 o blde o e F(caffeine) it
¥R
(citric acid) it Fr 41 %,%%1‘]\){% < Reo pR[93] 0 B &

. (byakangelicin) s

(carnosine) e &

* FE’mIL L\;},ﬂz‘}tzjyn //

sa4rd] L 543 3 (galactose-induced)sv N F[92]

ELARP

s d UV Sk enfg 545 2 [91] > @

& H ik

[P &7 7 % (aspirin) ¥ 3rX

2K i #r 4487k 2 7 & (streptozotocin) #7314 eg p [[94] > 4 3

K(vitamin K) it §] 2% 47 455 o7 ATP {5 i35 5 42 3 3r 4 %ﬁ\)l% Aral g ene pOFR[95] 0

& 5 fa 4 (sodium citrate) it 43 4 1

% (sodium 4-phenyl butyrate) v 3 4v 4*
(resveratrol) st #r#4] HyDC %X kB A& 4 (& & 7 5 [98] °
LI N BB o de 2,6- 2

100] ~ #F &4 % E (Trolox)[101]2 & 4

% E(vitamin E)[102]% -

£ HyDC 93 #8547 B 48[96]04-F A& 7 piedn
LKaAl HYDC eni3 f&2 2 [97] > @ {f‘ i
Toobo 3 S RE A i iE

% = 7 47 Az (butylated hydroxytoluene, BHT)[99

BAATIP T 5 0 MY HYDC g ¢ § 3% 5 0 Rt R4 ) Hiens§]

ERAsfen® Vil - B iR o

Wk 2220

% 222 FEE HDC pH2ET

iT# K HyDC #4p B crF= 7 FEIL

2 f o FAN gt Fiek
FHREHRESEP HYDC
Chen. T. et al WT ~ W42F ~ Fluorescence spectrosco- rhd zREEN EEHE
T W68F ~ W130F - py(intrinsic, tryptophan) ~ T3 A S R R Y
(2000)[75] W156F QM-MM siumlations VIR R I PRk (8§
BE o
Figkipdhigmt g "a
i il WT ~ W42F -~ Fluorescence spectrosco- 5%57\“‘ Fal g ek ot
” W68F ~ W130F - py(intrinsic, tryptophan) BRI R G ER
(2009){103] W156F QM-MM siumlations FOOL R b F ek kg g
S AF T o
Circular dichroism » HyDC #_m = i #3873
Moreau, K. L.,et WT~L5S~V75D ~  Fluorescence spectroscopy * &> L5S 2 V75D g & N =
al. (2009)[104] 190F Equilibrium unfold- R TN IR

ing/refolding ~ Thermal dena-
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Das, P., et al.
(2010)[105]

Banerjee, P., et al.
(2011) [106]

Das, P., et al.
(2011)[67]

Goulet, D. R, et
al. (2011) [107]

Sahin, E., et al.
(2011)[108]

Wang, L., et al.
(2011)[109]

Ji, F., et al.
(2012)[110]

Mishra, S., et al.
(2012)[111]

turation ~ Turbidity

MD simulations (NAMD, 8M

WT ~ E135A
urea, 425K)
NMR spectroscopy ~ Bis-ANS
WT ~ P23T L .
binding ~ modeling
WT MD simulations (NAMD)

Turbidity ~ Equilibrium un-
WT ~ L5S ~ I90F ) )
folding/refolding

Computational predictions -
Equilibri fold-
WT~M69Q~SI30P quibtimunoe
ing/refolding (urea) ~ DSC ~ Size

exclusion chromatography

Clinical evaluation ~ Mutation
WT ~ R36P detection ~ Bioinformatics

analysis

Circular Dichroism -~
Fluorescence spectroscopy »
WT ~ R76S Thermal and chemical denatur-
ation ~ Turbidity ~ NMR spec-

troscopy

Circular Dichroism ~ Size ex-

WT ~ I4F ~ V76D clusion chromatography ~

Denaturant-unfolding(GdnHCI)
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2 $B 8 iy e HyDC .8 = &
#3) & e g
Ho#E 2 % 2 M Glul35-Argl4
A) = A i AR TR F e
Bwm o 2R%5 EIBSAFE
AR HDCRELZEE -
P23T it # HyDC ¢4 & 55k
B e TRF K e BB
5 #4411t 2 HyDC
FE B
Bkt i % 3 7 HyDC 1 N =3
%2 ¢ & C =% 2 5 motif-4
MR R SRS
ALY PR
B AFHE4 7 03 2 'E M LSS
% I90F % k& AP TRE
TR ERF L G RS
Fofg %2 I90F ¢4t & > fe
HLSSLt HEFRE -
Fhipdo A2 R B B R
& 2 h S130P > § #isehp £
& & ¥ v (Intrinsic Aggrega-
tion Propensity) » £ — 4Lzl
T B oo
b EE PRAEER
R36P(condon:110G-->C) » p*
R € H 4 HYDC kIR
o Y #RELG
BB % B R2E 0 RT6S &2 %
ERRY G E N B
BARLES R EP L
203 238 ELAFF DA
—4:»}; B A e oo
B2 2R I4F & V76D & 48 <
HyDC h3t o 4 B¢
Boedirgdazxi a
I

AR f 8 3w hE i 5
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Xia, Z., et al.
(2013)[74]

DiMauro, M.A.,
et al.(2014)[116]

WT ~ V75D ~ I90F Native interaction assays

X-ray diffraction ~ Chemical
denaturation (GdnHCI, urea) -

W42R
Trypsin digestion ~ UV-C irra-
diation ~ NMR spectroscopy
P23T X-ray diffraction
Mass spectrometry ~ UV-Vis
S84C spectroscopy ~ TEM ~ ThT
binding assay ~ 2D IR
Photoaggregation experi-
WT ~ W42F ~
ments ~ TEM ~ Absorbance
W68F ~ W130F -~ .
spectra measurements ~ Circular
WI156F . . .
dichroism ~ Thermal unfolding
Turbidity ~ TEM ~ ANS fluo-
rescence spectroscopy *
WT P Py

SDS-PAGE -~ Quantification of
thiols groups

WT ~ KN mutant MD simulations (NAMD)

Mass Spectroscopy ~ Circular

Dichroism ~ Intrinsic Trypto-

phan Fluorescence ~ Bis-ANS
WT

Fluorescence ~ Thermal and

chemical unfolding ~ DLS ~

APBS ~ MD simulations

20

FRETERD MR
I90F & V75D £ F % %m &
ERP o AR SR RS
Hogm AL R oBE A
xAle pfRoo

W42R 22 ¢ B e 4 =
vophFRd Mo HBEREE T
ERLTAN N S SRR A
FIk AR ek i A9 p Fdp
[ESRURE ;i S

P23T 2 &% N ehR % - 19
B EFRELLH SRS R
EALRE72 L RBPRERE
TRk TREFH
UV-B B & ¢ *» % HyDC ¥
o T F R/ o R4E
FIER-3 ' 2 Y o) I Y
Bi%d CH%
HyDC ¥ > 3 %3 {ehd § i
A B EN T RSP
#) 0 % i%:E HyDC # % % 3|
UV kef g o

iR PR 7 Frdl HyDC 7
UV-C BB 5973 = B B i
J’FQﬁéﬁiﬁﬁéd%
/FLVT\ At ”ﬁ B o
IS TR S -
ok RF O LR R
(kynurenine) e {7 5 » 3 IR H
L a3l kA3 U E &
4 1 17 ARIT 0SB K EAR T
Fi I A e M R

3k

Wore R o

B % d4p A AL Glyl e Lys2
¢ fig 1 (acetylation) ¢ 75 = I

PETRES RIS CREE

RS SN E
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WT ~ Y:A mutants ~

Schathei N.
SLAMSNIED N F:A mutants ~ C:S

etal. (2014)[117]

mutants
Wu, J. W. R, et
WT

al. (2014)[90]

v 7 ! WT ~ Y45A ~
ang, £, LAl ysHA L YI33A -
(2014)[118]

Y138A

Sereb LE., et

erebryany, E., e W420

al.(2015)[119]

- 5 ! WT ~ W42E -~
ugene S., et al. WESE ~ W130E -
(2016)[120]

WI156E

Garcia-Manyes,

S., etal. WT
(2016)[121]
uintanar, L., et
Q WT

al. (2016)[122]

Photoaggregation experi-
ments ~ Mass spectroscopy »

Circular dichroism

Turbidity ~ ThT » TEM -~ Circular
dichroism ~ ANS Fluores-
cence ~ Intrinsic Tryptophan
Fluorescence ~ Thermally de-
naturation ~ DLS ~
Bioinformatics prediction ~ MD

simulations

MD simulations (NAMD)

Chemical denaturation
(GdnHCI) ~ Turbidity ~
SDS-PAGE -~ Bis-ANS ~ ThT -~
Filter Trapping ~ TEM ~ Mass
Spectrometry

Equilibrium unfold-
ing/refolding(GdnHCl) ~
Circular dichroism ~ ThT ~ TEM

Force spectroscopy ~ Light

Scattering

Turbidity ~ SDS-PAGE ~ TEM -
Circular dichroism ~ Thermal
Stability ~ NMR Spectroscopy

HyDC G pefdix T

§ =
FaRkOREE 2o mBH
N R L
foo 2 SRRl H AR A R e

X Ed CAFBLE -

v A4 R N 3
% 38 C 3 % B-hairpin }
ek g fadt 2 3 HYDC %
R ERBF
Wa2Q fi S FF &
PRI T REBFIRR L
HyDC ¥ i% & W42Qfﬁd A=
AN EREEALREF &
gL & o

%% 4 3L W42E &2 WI30E ¢

A4 R E o v af Ak fHtliE
Re ”ﬁ Ed *P‘rﬂ WI130E m?&% )

T 7 PE'rn S R K%
FRERREHAgND.

BEFRAE N H TR T
Bl 2L BHoiER A

i %"x% °
B4 %4*@%4&
R#AE HYDC 2 2 25 ik

R E X w—;{z R L
HyDC e#i & 2 4 > { 7 12351
wERAEd S o
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AFT g #-E* H BER % (single point mutation))? % 4 % ¥} (molecular docking)
D% 5 KA HYDC Bipse g o fURHP < B4 oS 3 5 SR K
R &R T HRES > B E P L # (Nuclear Magnetic Resonance Spectroscopy,
NMR)4 %]ip|#8 HYDC & fi & IM ARERET OR8> TR AT RIER &
(Residual dipolar coupling, RDC)# 47 # 54 £ £ » B % 4Bl 2.2.5» #F R A A
20-35 ~ 114-122 2 % 130-150 s RDC B F fa~ AL R o ¥ o> R A FH T H2
GE TR Y BB T CHYDC AT EEERE € e iR p AT § 8
2 G eh Bosheet BHE2 X 0 A ] A A 28-32 5 7174~ 115-118 ~ 160-164 + 4cff]

226[123]° % & 1 A ¥ T § % AL 115118 7 it 3 HYDC &% 1% (denature)

WY BH RS PR F P AT ;’5—;9‘ HPFREBETIENET
20
10

] i IRRrY \ ,,l ) | 1
g ML s TR
a 'I | I' I ! fl 1 P4l ||
=4 l I ( || | || Ky ‘
i RVl ol
i‘\s 0 I} 1'
— Native
~— 1M GdnCl
-200 20 40 60 80 100 120 140 160
Residue number

B 225HYDC 2 RA LR EE IMARREES T RDC &

(EHPEBPAFINELIIFPTHNHERRBETRIORREY)
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Turn

| Bend
I Helix
Il Beta-sheet

1PH 7.0

Percentage of secondary structure (%)

pH 2.0

20 40 60 80 100 120 140 160
Residue number

B 2.2.6 HYDC & A& A = 5 R H 3 HIREAY oir &7 A 5 [123]
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2.3 % "wHFE(Computer Simulation)

Tt A TR E B HE k& 0] (model) 0 %5 2 & ahiE = (GE F &
AP GHPEEIP R B EEF AR PIERIE o vl & RIS 0L
PORUAAARERAA S P AXANRBIFEEDRE FIEPEP RS

B - AR R AP ER A BRRE LR R A8
B T 2 R (reliability) kB 0 H 2R (validity)s ¥ i B2 F Mo - fa D 0 T
oL & A E S AR ¥ - AEHEFRTG O %R EF 0 M gE (microcosmic)
g4 B KHCEF R4 0 F PFE 3 E B(macroscopic) i Bk E % 0 T ;ﬁt“ FPF
4] (mechanism) ; % = 48 535 iF 563+ 4 (statistics) & H # $r iR S X 0 kIER
AP SRS ¥ PN G RB RO TR AT G A R

W& k0 §%E Y G 4 (computing power)ihiE B - p -+ 2 & R dp dicd]

(exponential) i3 (B 2.3.1) > 2 AR F 11 T PoBcda 79 rd AR R AR + e k5L

-

2 ¥R B2 (algorithm) 7 #7:2 2 > AT en& e sad s sf2 82 - p 2012 &
rkos & e (big data)— A A o (70 {;}F} EHE AR TR TR ERNE &
TEZBEA L AEPFT PN RJLT BT A L A Py fR I [124] o i
L vy d 3 Bt L PR E(server) ! [ pET (73 B (parallel computing) ik 0 &
FROR R kS g JR[125] o P v @ 5% WIF S AR 2 P o 2 45 iR IRRI[126] ~ A
FIREE[127] ~ A S e A E[128]1 2 2 Ffep 87 7 [129]% - »F 2016 £= 7 »
d google B # A 1 A E fic k8 AlphaGo > & 2> 3047 32 & (complexity) i~ B | 47
Booprped RUE R BREE S > ot P Tl p - e T kTR
Po 23480 0 5 S RN > ¢ HRESFBE MR T
% [130, 131] » & & -4 A p7 3 97 ié * 02 F 3 1 2 (bioinformatics tools) ~ 4

+ % 4 & ikt (molecular dynamics simulations)!? 2 4 & ¥+ 3 (molecular docking)i&

Fhlk e
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o The accelerating pace of change... i 2045

+— Surpasses
braingawer

‘World Human .

Agricultural Industrial 10 vens |- Light- P ey Moon ]2 wl wide {0 Y equivalent

120 yow O yeers L2y yours genome 1o that of

Revolution Revolution L A bulb landing L - Web L 1 Premigte® o Fartigt

brains
combined
0™
© ... and exponential growth © ... willlead
in computing power... i to the

Computer technology, shown — Singularity

< |
here climbing dramatically ‘ 1o’
by powers of 10, is now
progressing more each

Apple Il
hour than it did in its At a price of $1,298, M Tesia e R
entire first 90 years the compact GPU & PC

machine was one of Mz Pro
* UNIVAC | the first massively
i The first commer popular personal )
i e cially marketed computers [

Col computer, used to Dumenss on
aRaLS ranulate the U.S. 8400
COMPUTEH RINKINES The electronic Census, occupied

. computer, with 943 cu. fL
1,500 vatuum

tubes, helped the

Analytical engine Britigh crack German ) il
Never fully built, codes during WW 11 e, 1w
| Charles Babbage's s 0 .

invention was Whittwing bEc

designed to solve 3 #0610 Power Mac 64

computational and B @BV 1620 r The first personal

logical probilems B B & o i computer to deliver 2

P S VAL f_gs';‘o‘-v mora than 1 billion
Zme3  S5EC 2 floating point
EM Tatutator 44 operations per
L] ® tstons second
£k 3000
6.00001
T T T T T T

1900 1920 1940 1960 1980 2000 1011 1020 1045

W 231 THREE N 4 R i
https://www.quora.com/Where-can-I-see-a-graph-of-computing-power-growth-for-
the-next-38-years-2050

2.3.1 2 $ F# 1 & (Bioinformatics tools)

4 ¥ F 3 5 (bioinformatics) s £ *+ 1980 & R {s# - ¥ - PR &R 5 - F
HE NP B ERPFE 2 AT AP E0FR - ffH kK ,T.%%!\/ﬂ\—l 4
#= & (molecular biology)¥¥ F 3t # jtr(information technology):iig & 18 - H 3@ §
FENEHRDLAPFETH R E  FE A R R oRE - kA
AR Rm AR —‘ﬁ’ﬁ'f?’e’ Pl % TR LR IGHTY e @ 3R F| " H(sequence
alignment)[132, 133] ~ # #]5¢ ?](gene prediction)[134] ~ X F] £ % (gene recombina-
tion)[135] ~ F=¢ & HRRI[136, 137] ~ 7k 14 J(gene expression)[138] ~ 1k i= 2 4
(target-drug) B % [139] » 12 2 22 = /7 i* $-3] (evolution model)[140] % - # $» F 1 &
Fi* 2 P FNEmg o ppefiE s ﬂ /i % (user interface) - 3% i¢ * 75‘ At
P E @A 4755 % 0 ¥ okl (software) & H 4 F PR B(web server)e N R IR o
AP FELWHF R F AR ¥ (mutation) ® {5 BRI E REHe
(aggregation potential) » F5 14 7 FrdF T F 38 & FF TR A LT 3 9 TR T M

e s AN TRERAF TR DA T RILEFNE > 2R

25
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Istable[141] ~ DUET[142] ~ Eris[143-145] ~ EASE-MM][146, 147] ~ PASTA2.0[148] ~
TANGO[149-151] ~ AGGRESCANJ152] ~ WALTZ[153, 154] ~ FoldAmyloid[155] ~
Zyggregator[156-159]11 2 AGGRESCAN3D[160] °

Istable ¥~ A% ¥ | T ¥ B % % (single mutation)2_ F~v FAE T R 1 &> H g
3" TR (training dataset) k p & b 3 E ProTherm[161, 162] » } 7 7 B 39
FagziFeT™  EFRARLE28 TR DT RS S 4oF F 278 4 it (Gibbs
free energy) ~ *2 (enthalpy) 2t #_# % (heat capacity) % it £ & “ﬁ% gt 2 ¢k > Istable 2

/z\

(ﬂd\

* L 4F % £ #(Support Vector Machine, SVM)#-% fa 4 + Fgip|1 L8 7 E & >
™ I & 1-Mutant 2.0[163] ~ AUTO-MUTE[164] ~ MUPRO[165] ~ PoPMuSiC 2.0[166]
e CUPSAT[167] » 1% i -] i* 35 .5% ;%4 (Empirical risk minimization)¥? & < it & i@
# % % (Maximize geometric margins)=n= ;8 » BV B BRI F g % o L T &
AAG Z 1 EPF > 27 %9 FARRLZ L ERTFLHETm § Ep L3 fE2

DUET F # & - 32 F & AT ER 39 FRERL UL LAk kY
_ProTherm> fe 3 * nF 4L 2 [stable % I > i & %4 p SDM[168, 169]22 mCSM[170,
17113 487 3¢ o % % 1395 I ik 3=d F2% (homologous protein families)st3 ficdy
RS B ARG (wildtype)® R RS ehi £ L 5 R AR I T s iEd
Hx(structural signatures) & 1% % Fgip[en= j2 o 3% > DEUT @ * £ #F v £ #(SVM)2
B 71| B -] it % (Sequential Minimal Optimization)#-_F i —?]z e T EPRA W
DEEL (5L H B * mCSM & SDM % % 17 { i s o 2 2.5 AAG 5
TEPRF AT R FARRLCERETL AT n f AL fEL

Eris & * £ 4 75 4 #(Medusa force field)[172] » % iE % ¥+ %/ (Monte Carlo
simulations) - ¥+ v F k1 % (fixed) & 3 {4 (flexible) 7 % 2¢ (backbone) ~ i 4&(side

chain)enfe o ~ fEd i £ 12 2 ARGEA R erdp T (5% 4 5 28 i B % E(AAG) o

192 o &% Eris fRRA2E 500 fd-v TR DR > B 5 & By A v
F2EF BB AEI[173, 174] 0 042 KR AAG 5 f B Aon R0 TARE2 1§

SE{ET A r BRI B
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EASE-MM (Evolutionary, Amino acid, and Structural Encodings with Multiple
Models) e $& £ 8~ p &+ T4 E ProTherm 1% & 3" R FH ek if 5 e s fAcd] x i@
* L e £ W(SVM)#E & 2 - — 8 8_EASE-ASA (accessible surface area) » 34 3=v
BV s aode R A 5 & #% 3l (exposed) &2 ¢ 32 A (buried) 5 ¥ - fA A &

EASE-SS (secondary structure) » 13 5 3¢ ez 5l ﬁéﬁwb B A& & a- R YE

(alpha-helix) ~ B-48 45 (beta-sheet) ~ fr& HP| % & (random coil) & = fE#F 3] - F %
- BPHEBREDRD TR EASE-MM ¢ g * Fifa f&> 5% ¥ 3R H 48

T A& T T A 2 (probability) 0 & {83 E T ¥adeT 2N (1)¥rT o M2 Tk AAG

PR A3 FRRRLUEERELRL A f ERILI R

1
PEASE—MM = E (PEASE—ASA + PEASE—SS) (1)

PASTA2.0 i 1345 39 B B 7| k- & 3= J 1% < (core) ehfie ¥t iv £ % (pairwise
energy potential) » & @ FEP|F 40 A N AR BB DTRE o 205507 o 4 r 2 B
2 & P44 (intrinsic disorder) st & 0 #& B 4 3% (assignment) 71 2 = 5K A 4
BE i 4 o B RILF 2 E A B-strand & 4E(hydrogen bonding) =i £[175] >
i# * DSSP ;% & % 3% & { B e i (threshold)[176] » @ %8P & p R E PR
% TESE[177] -

TANGO #_i& #5 TANGO & & i# 35 & &0 F £ "£°Kx(peptide) i B- & &
(B-aggregation) ¥ & » & 3 48 7 B (phase-space)® #73 F=v F el i 52,4 & R P #%
¥ (random coil) » ¥ & — LB 7| ¥ 1043354 0 & & # (Boltzmann distribution) % & %
A fE o 2t fh s TANGO fe prs #-2 iV F eerdp Bkt 0 » Y g > ¢ 42 pH & ~ B &
22 4 3 3 & (lonic strength) e773% €0 it i& J5 '¥ (& (entropy)#-& 42 1% 4 ik 3 3 0%
* 4 (hydrophobic interaction)— 424 » 2+ 5 B2 R A2 IR R B F Bk R AT o
REZ® RAPM -
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AGGRESCAN E A * §8 ] (invivo)F B %3+ 5 2 el enB St - 2R
- L AOE R A F L PR FREE S R S Ak T §
FIR A 318 B m ahF L8 B0 X PPIERIR % ¥ 30 Tk ¥ @ (deposition
propensity)in®; 8 o ¥ ¢h o g IERIE R § BHIRAMA S FER KT ARFE T

‘|- (window size) » & P& B LA F T AL RSB B € P BT R
dVIR o

WALTZ & * #k = ¥ a2t & 285 (position-specific scoring matrix) » & 45 19 f&
B & % iy i3S = kR M # (amyloid propensity) e I R 5 e 20 R AL
B ¥ A (normalized) {8 e > v 2 5k 45 b 7% (amyloid  backbone)shiz i % o
B TR R R NS AR SR R A £ 8 @ T i A 2 3 LRI R (amorphous
aggregate)sHi g o

FoldAmyloid # {245 35 % /i 7| » SFRI7) & sa s B s ene i fe - 4§ + %
(backbone) ¥ & 7 & &EFF - § 7 V- P "L % R (packing density) 0 2t &2 2K A S
WP G B RARM o BB S N E RS T A 4 0 AT 20 BrRAR
- BEITAE FRFT BIRARM A BATE R TR B ;T‘J;;g;f,ﬁt;l'lj CRETE

KRS ST g o & VR AL RA fihe R 2.3.1[155]

% 2.3.1 FoldAmyloid ;& & i ¥ 20 B %= ik e #c[155]

RAB LN A%k RARBLH A%k RAR L A%k RABREH Ak

g%»‘a L };;—‘—.»‘a BLJ.UV—'»‘Q ‘3,:‘:};»—‘—.>‘c
PR 1980 gy T e 819
(alanine) (glycine) (methionine) (serine)
Lk v R i X R % A R Pryivs
o opmsn TR g PR 540 T o1
(cysteine) (histidine) (asparagine) (threonine)
x Fﬁ )"Z ;{].—‘—-»}d ‘ﬂ E? };»—H»‘a g‘g;—‘—-»‘c :—:‘y—‘—.»‘c
R g TR s TR g R g
(aspartic acid) (isoleucine) (proline) (valine)
2L e fL 2 NI L g Vs ¢ Ik
R gae R g RREER o0 P g8
(glutamic acid) (lysine) (glutamine) (tryptophan)
¥ 3 OVRAE B bR Vs iRl
AL a5z R g PR ig
(phenylalanine) (leucine) (arginine) (tyrosine)
28
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Zyggregator § 1345 =% %4 & B - BRE A B X3 E F BRARK A
PRa i 2 BrRAR S oo B A 2R M e (intrinsic aggregation propen-
Sity)eniE » 2 N 4eT N (Q2) e B ¥ 0 F A Bt B ¢ 42 0-0 %% (ochelix) ~ B-
$B9% (B-sheet) ~ M-k 2 F THRE L H 2 > doT 58@) o 2w FER v F

SR E R D SO E e P T SRR

1 k
P99 = 33 api) + apald[ + agd! (2)
hyd
P = appl + aspf + anyap;”” + acpf (3)

AGGRESCAN3D 938 3% = 3+ AGGRESCAN it 5 % + » fe 81 1 it % 877
IR S ATARP S R [ R R G e e R R R
Al WETREA NG RF AZEY PR @Y o F b s gk
B MR Fed BB iR ¢ ochs ji 4 6 (dynamic fluctuations) o » 4 £ ;%‘u g 4
BRI R0 Fenis b oo

ZAMIESFBAFFTALLE 23 3 N hed 2320 81 4 5 T

7N

AEV UG o B RR R FARED BTN R F e RF]7 2
£ orgR % hF R R (database) 14 & 3R B i B oK EY K ET R0 B AR R R R 2

(algorithm)¥R8 7 Fr > @ 17 &g % GHIERIF ¥ i ¢ 3 973 b o ¥ R ehfgid— & oL
S ] e BAS(SVM)Z o o Bt 17 A3 4 8 i o 0 R E R

B oo b 4= 3E ) a4§y}gm43fn~w__ﬁa;,z> o4 BRIET A3 EFEH

:1

]‘Eil]/mﬁ‘_’%”&’ g B3 7 )?:;:fé»w A%‘m . y et 232 /7“‘@; o A ig o d AL

+ﬁ7$§m+§_”—\,l_;z€:}§%_",%j%ﬁ/&ﬁﬂ%ﬁ%ﬁ%é‘iﬁ ’l};"_‘ﬁ-; ;ﬁv’}gm)i

Bzmo @ A5 TR ERFAHDIFRIVETT S 4k
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3232 SHAFFRILEE- T

AFFRIE

A R

Istable

DUET

Eris

EASE-MM

PASTA2.0

TANGO

AGGRESCAN

WALTZ

FoldAmyloid

Zyggregator

AGGRESCAN3D

H#iE 8 £ F #74 d i (Gibbs free energy) ~ % (enthalpy) st £ #t % (heat
capacity)s% it £ kA~ 47 -9 FefE i
1395 I R -0 32%(homologous protein families)ehst3 #cdf » 12 2 Fev T

€% i ¥ Hx(structural signatures) % 7g iR| 048 T4
L4 B0 %‘r Bt (fixed)£s 3814 (flexible) s # 2 (backbone) ~ pl4&(side
Chaln)rm“r?v Hh B BTAAGUES (B 4 2 E N R ®
PR3 FF R RIB A OARR U2 2 SRR a0t b kAT B9 e
e
1995 35 BB 5] k3t B v 1P (core) ihpie i
potential) » FE B ¥ &t ) > AR A B R F B
% P57 (& (entropy) -4 4 1F % 4 Brgn-k %
tion):*+ & B-F E (B-aggregation) v
FI7 P (in vivo)d B % 3 B X AVRAM AR E o B45 0 s F
& IR A 15 B o g LR A
% Frk ¥ gt 4 s (position-specific scoring matrix) 0 # 45 19 f &
& Rdy A, 2 iAok ¥ v (amyloid propensity) s 344 B
AR N & a4 0 A RS 20 f@a;gg@— TR TR S
gk ik 0 HAZIB IR TP B PE Rk g AR TG ) AT R e
R8s 5 Bredp- BREAH 85 B AL BT
Z @A R A B 38 2 N ¢ 32 -1 % (a-helix) ~ B-38 47 (B-sheet) ~ A
Bk E R R R
P TR G2 PRERE > 2Ry R ke fF112 &
%% ¥ et fi 3B #° (dynamic fluctuations) » & @ & 47 B & M

£ %t (pairwise energy

3 i¥* 4 (hydrophobic interac-

30

doi:10.6342/NTU201700794



2.3.2 & 3 ¥ 4 B #5i5 (Molecular Dynamics Simulations)

A ds 4 B I 1950 £ 4 Irving & Kirkwood 7 4% 41[178] - H 1 & &
G B LAH > B BB I R RIT A F E R o PR L I AR
R IR e B JE 0T PRACRLEEIRT 4 R il B 7 L

PR e sddd Be B 4 503 auid [179] 0 4off 2t 39 T8 5

[180, 181] » fi¥ % ehigiiv (7 4 22 #54[182] » | A Fr] e B enE k3 [183]
F B 4 ?’fg_%"gm,__?ml-ﬂkh —;_a’_4§'r ’*Q&Ff?i‘ﬁ?—q’:@@ié—j\

PFE AN RF RS ER T L[184] 0 § & NATACR 232 5 A FAEIA T
AR TR G F B RF Aede i AR DR WA PR dE R G 00 ¥ Y
B 5.4 =- % § & % (Maxwell - Boltzmann distribution) g % 465 &+ 424018 B o £
FHoLERIMAIIIRNS > - HERERI LCEH TTIEPET At (5 3T
BEATE R o EARY 0 P AR A4k Lhif b % 2 (boundary conditions)
B s ity Bl TRE RPREZT o bl MEFASEERL S
TR tRAL ) T EAF P S BRE PR P PR S 0L o

bR AR Y o B AR R a3 IR 4 mi AR R By
Jo 3 BEAR 3 J2 B enfi A g ﬁ:ﬁ*ﬁiﬁﬂﬁﬂglﬁiﬁﬁﬁ? VAR® o B S B GRS
s # H(forcefield)sruE = o - fm 3 » RF B eh 3 8% 4 7 b o L fétl
(covalent bonds) £ * 4 £ 2t § 4 & (non-covalent bonds) (£ # 4 > 4= 34 (4) - & ¥
"= =iy £ & fie(quadratic energy function) st £_% B #2145 £ 1 (Morse potential) & $5
gt fost & 0 0L 5% S ficds i 5 6 4 (dihedral angle) ; {8 ¢ 4 & if T2 (Coulomb's
law):+ &8 # ¢ 1T % 4 > 12 jF -2 274 (Lennard-Jones potential):+ & =¥ X 4 (van der

Waals)

Etotat = Evondea + Enonbonded
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= (Ebond + Eangle + Edihedral) + (Eelectrostatics + Evan der Waals)
“4)

Simplified schematic of the molecular dynamics algorithm

Give atoms initial =% and V(=0 set @ = 0.0, t = 0.0, i = 0, choose short At
|

Predictor stage: predict next atom positions:
— Move atoms: r* = rl) + vl At +1/,a A t2 + more accurate terms
Update velocities: v* = vl + @ At + more accurate terms

|
Get forces F=-V V(r’) or F=F(¥(r’) ) and a = F/m
!

Corrector stage: adjust atom positions based on new a:
Move atoms: FHi*1) = r* + some function of (a, At)
Update velocities: vi*?) = v¢ + some function of (a, At)

!

Apply boundary conditions, temperature and pressure control as needed

l

Calculate and output physical quantities of interest

!

Move time and iteration step forward: t=t+ At, i =i + 1

|

— Repeat as long as you need

W 232 4384 FHEFE AR
https://en.wikipedia.org/wiki/Molecular _dynamics#/media/File:Molecular_dynami

cs_algorithm.png

0 U HmE RS Fanier 45 M0 455 € -F 5 4§ (quantum mechanics)
- H o~ 3R E[185, 186] ¢ Bk € * % — RIL(ab initio)it (T E > RS 4 Hin

Wk M EHEN G AT ER A S FHERIPETIE S 2

4
0.
1\3
i
A
\m.
sk
34
g

PRAERHBERE SR DY 0 F - ARt AR Lo
(semi-empirical)srfE" 2 > 4% 3% (Schrodinger equation) > i% i 4 S #ic(wave function)

KBRS EBR G 2 Ok BRI M e {187, 188] ¢ e d %1 iten
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21l F &

PR TRERRA BT LT ERFRENELES

L

b N1
A L

(quantum mechan-
ics/molecular mechanics, QM/MM) 72+ &

'\9L_L£)\£§7“m‘€‘¥é;‘gp ]%”ﬂ’-ﬂ—j-)—l‘g:9
FE O Ao iR S T R Mk R SRR AoRl 233 -

% 2013 & » Karplus % A F]Q A= § @ 5|37 # g b 1 4 #£[189] -

ETHE

NENE

W 233 EF/AFHETIAW
http://www.ch.ntu.edu.tw/nobel/2013.html

Pk Rend B 2 BRIELY G0 & £ 3§ P pE Ak (DNA) 0
&3 8] a3 0 CHARMM[191]2 CVFF[192, 193] > & *
(QM/MM):+ & & 44 & % (inorganic)

B A A

AMBER[190] » if # *: -

=

B 3/03

B F 1 & % 7 COSMOS[194] » 11 &

i .55 GROMOS[195] = %t 7 4 Hrif # i (201 % 35 2 3438
P EARR o PR R F g RPE G end FA ANV E R
T HTER

WOEDR 0 BAIECR] St » B b AR S EHAIA S
T# 4 = % (site)edic P> HoA] 5 B M (rigid) 2 3 4 (flexible) > 12 2 HoA] & 1 1
(polarization effects) =1 58 o 3 B A 43953+ 5 = 3% & 5 B 103 B (explicit solvent)
% RE 120% Al(implicit solvent)® f&[130] » & 3 H i #h 4o i3 A4 + 1k se B E R
BRI 2 R HA M) S TR EREFEEF T BHRA
i * - % & (Poisson-Boltzmann) = 4258 [196] & ¥ 5 33 &>l » ¥4 &

/; -/L;
¢ode N AR A S ’%ﬁ'ﬁb w7 E Eﬁﬁ’.“{ﬁfg: f&iﬁiﬁ—ﬁ}i"

7% RS
APs HAE 0 4 FIRE R A AR .
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Ay 8% Gromacs B AR NEFAIFS EHE J FERER<E
(University of Groningen)#7F 7 » 2 % % GROningen MAchine for Chemical Simu-
lations > 1 & * RFTF v FEPEEL H o F[197] o s fxtld CE7 13 Ctt
ATEH A = 0 ¥ U A Linux ~ OS X ~ Windows 1 2 iz @ Unix (ni® % & 57 3 17 >
T T EEE S NGRS EE R o pow R ATHURA S 2015 & 11 0
d1#05.1.1 %% o Gromacs " i ~dp £ R F i o BRI AZACE] 2.3.4 0 AP0 G
BB RENEE T EA S AR e SR BRI R
Tfrr 2 oG b4 BERGNARE(T > - BB 235 B¢ APy BE

* GROMOS[195] > = fie & & * &g 43 #H7 o

Protein

Atomic Co-Ordinates -

Protein Database Files
A 4

Generate Topology

pdb2gmx

h 4
Solvation

Build Simulation Box - editconf
Fill Simulation box with Water model - genbox

v
Adding lons

Generate genion input file - grompp
Counter lons to Neutralise - genion

Energy Minimisation

Generate Energy Minimisation input file - grompp
MD for Energy Minimisation - mdrun

Equilibration

Generate Temperature Stabilisation Input file — grompp
Temperature Stabilisation MD - mdrun
Generate Pressure Stabilisation Input file - grompp¢

Pressure Stabilisation MD - mdrun

Production MD run

¥ 2.3.4 Gromacs ¥z i £2. I
http://2013.igem.org/Team:Manchester/FabProteinModel
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AN

\L,w SRS

W 2.3.5 Gromacs ¥BEi 4257 & Fl(A)2 = 292%2 nm3 chg 3 (B) e g ¥ 4c > i3

O g ? b r B3 (E:H8T 24 47)
http://2013.igem.org/Team:Manchester/FabProteinModel

¥ ¢t > Gromacs & 1 U3 E g2 R 0 @ * LINCS (Linear Constraint Solver)

B % $HEE ' HI[198] 0 2 2 PME (Particle-mesh Ewald)/ & /2 ~ #5 ¥ 3+ 5 £ 42

o

BRIET A[I99] e fpt2 o d W a s T bl B2 sz R FAF
AECEREARY BT B R FIXL D BT e 4] o @ A 2 R
(edge effects) » % 4 H Bapid ; L p At ke o Lo gpl ¢ 2859 ) o 50 R
b R 5 > Gromacs 1@ * 3k P (2§ b i % (Periodic Boundary Conditions,

PBO)#-# A AFET B AW » @ AF ABBIEREL 2EY B Flhicy 4

[197] = sE 2 5 & 7 A Bl4c B 2.3.6 -

- & [~ § [~ 9]
?O @ ?o L) éoo @

I % J,‘ 0' ,\,‘ PS o
T@?° 'oo?’ De°o ?
® ©°lle ? °

% — P “ %o
— - p—
I@? ® OOO L] OO
? o ?‘ o ? (] T

W 2.3.6 T2 R ik i 7 R W[200]
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http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjCsIfonJjNAhXEjZQKHX_hCmIQjRwIBw&url=http://isaacs.sourceforge.net/phys/pbc.html&psig=AFQjCNGuy9ozZlqwwyWQdilQ0V60DcDOsQ&ust=1465468062391527

2.3.3 A& + ¥#(Molecular Docking)

A s % 22 fi(molecular modeling) e4f 3 ¥ > & 3 ¥+ (molecular docking)#t %3 7¢

B3 B A F AP AR A4 FETAF & 4 (complex) iz (orientation)[201] > 4 ]

237 BATRINT i chims s PL{E- HEHAL I 4 hig B 0 T

FEBOEILR o F DR S $- 5 B AT H R FHE

=

2z

5% KGR (T iR i & J (target-drug) 8T 3 14 2 # F 2K 31 (drug design) #[202] 5 ¥ = f&
A -0 B v B E4E[203] 0 “$ TOF N ORI % A& (enzyme) & F i Sl ehAR £ 4 2
*t[204,205] > # F A7 RHE R BB B 7 5[206]; % = AL G- 2 DNA

$HE 7 RAFHETIR 8 & L DNA 34 ¥ RAE207] 0 AP F LR BT L F - f8

PN R PR R KA 5 4R A+ & HYDC ki &2 iEr 4 o

Target Ligand Complex

/

+ docking

_."Lh —

W 237 &3 HEFIAFIEW
https://en.wikipedia.org/wiki/Docking_(molecular)#/media/File:Docking_represent
ation_2.png

R DTREHMAREEFHEFR I IE LA - BARRGRR Y
o F Ak o @ R R R A 4T S —*ﬂf A5k e 3 Af M (complementary)[208] > B
SR Lk i ® ik > (robust) 0 ek FAEH RIS E R - B
$& 15 enfe ¥ £ (pairwise interaction energies)[209]> 14 5844 (flexibility) #-3] B~ % k1 $+
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(rigid) B3] > R IERI L G B R BEA RS EFED R 0 1 E TR RS PP
£ 5 o 1 % (grid-based) s i ~ B iE (L g0 2 (optimization methods)#2 7 g e
REFRE - RN 27T R HFRDGHEE - 3 ROl G 7 FanEs > 30

(score function) k& TR B » F B * ‘ﬁ#‘fi%fﬁi;”ﬁ V3R jrﬁé"ﬂ%_.féé—%ﬁ o ¥ L eh¥ti

W44 2330

2 233 ¥ Lo ENEEH

wH LA IR A i
Automated active site detection, docking, and scoring(AADS)
AADS[210] 2011 protocol for proteins with known structures based on Monte
Carlo Method
Automated docking of ligand to macromolecule by Lamarcki-
AutoDock[211] 1990 an Genetic Algorithm and Empirical Free Energy Scoring
Function
AutoDock Vina[212] 2010 New generation of AutoDock
BetaDock[213] 2011 Based on Voronoi Diagram
Combines ZINC databases with DOCK to find ligand for target
Blaster[214] 2009 i
protein
A new method for ligand-protein blind docking using
BSP-SLIM[215] 2012 . .
low-resolution protein structures
Prediction of the interaction between a protein and another bi-
DARWIN[216] 2000 ) . .
ological molecule by genetic algorithm
EADock[217] 2007 Based on evolutionary algorithms
Program for identification of drug interaction sites in macro-
EUDOC[218] 2001 .
molecules and drug leads from chemical databases
Target side-chain flexibility and soft scoring function, based on
FlexAID[219] 2015 i
surface complementarity
Genetic algorithm based docking program using FlexTree data
FLIPDock[220] 2007 o
structures to represent a protein-ligand complex
GEMDOCK]221] 2004 Generic Evolutionary Method for molecular docking
Makes use of biochemical and/or biophysical interaction data
such as chemical shift perturbation data resulting from NMR
HADDOCK][222] 2003 titration experiments, mutagenesis data or bioinformatic pre-
dictions. Developed for protein-protein docking, but can also
be applied to protein-ligand docking.
LigandFit[223] 2003 CHARMm based docking program
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LigDockCSA[224] 2011 Protein-ligand docking using conformational space annealing

Based on a non-conventional Monte Carlo simulation tech-

MCDOCK]225] 1999 ,

nique

Maximum-Entropy based Docking web server is aimed at
MEDock[226] 2005 providing an efficient utility for prediction of ligand binding

site

Based on a new heuristic search algorithm that combines dif-
MolDock[227] 2006

ferential evolution with a cavity prediction algorithm
MS-DOCK][228] 2008 Multi-stage docking/scoring protocol
All-atom energy based Monte Carlo, rigid protein ligand

ParDOCK][229] 2007 .
docking
The algorithm carries out rigid docking, with surface variabil-
PatchDock[230] 2005 ity/flexibility implicitly addressed through liberal intermolecu-
lar penetration
PRODOCK]231] 1999 Based on Monte Carlo method plus energy minimization
PSI-DOCK][232] 2006 Pose-Sensitive Inclined (PSI)-DOCK
Heuristic docking program that uses Python programming
PythDock[233] 2011 language with a simple scoring function and a population
based search engine
Low-resolution flexible ligand docking with pocket-specific
Q-Dock[234] 2008 . .
threading restraints
rDock[235] 2013 HTVS of small molecules against proteins and nucleic acids
SODOCK][236] 2007 Swarm optimization for highly flexible protein-ligand docking
Surflex-Dock[237] 2007 Based on an idealized active site ligand (a protomol)
) Webservice to predict interaction between a protein and a small
SwissDock[238] 2011 _
molecule ligand
Consensus docking method for prediction of protein-ligand
VoteDock[239] 2011

interactions

727 i * Discovery Studio 2016 %% A 2 4 + ##:5 i- CDOCKER[240]- it #
fnd BT SRl A S B R0 [t o CDOCKER e s 8- & b7 4] = 37
SaefEh TR A B PR FNE R 0 B RT3 F oA s £ (CDocker
Energy)# A 2. o F]b o Lt ¥ 4 - %8 Livi Fv F4Ei ¥ (binding site) °

e a RILR D Foo B eniE i ¥ (active site) > {8 PR TR ;‘E'Jﬁf*‘u;é g 5wz
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%o # ¢ > CDOCKER 4 3-8 4% CHARMm > I 3K F-v F % 4 (receptor)
AWM @ o] 5 pedd(ligand) 5 B e

K223 &4rde 0 AT A HIRGS SVIER] S A A F & HyDC #ig o
wE TR 4 - H R A B FHORE ] A S i T 8% HyDC 2
B L A S LE RG] N RE R RS o AR TP o
PRI AGRE S SE S R Al R FRES S > DY A gy
MHRG OB 0 & 454 # (Quercetin)[241, 242] ~ % i fi(Chlorogenic acid)[243, 244] ¢

# +* % (Myricetin)[245, 246] % > ¥ Ffldr & 234 -

£ 2343450 FRELZ [ AF-F4

R w3 s %
A LE F k
" ! (g/mol) v f#‘
A %
(Quercetin) Ci15sH1007 302.24
[241, 242]
HO, COH
% Rk ' o
(Chlorogenic acid) Ci6H1809 354.31 HO™ S 07 N
[243, 244] oH OH
OH
P ke CHy OH O
(L-carnitine inner salt) C7H1sNO3 161.20 HaC-NI_~ o
[247, 248] CHy
CHs CH:
2,9-_: e %-4,10-%%’. N N
(Neocuproine free base) CisH12N2 208.25 / \ / \
[246] — —
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http://www.google.com.tw/url?sa=i&rct=j&q=&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwi9pvCj98vMAhUGtJQKHZSRAVoQjRwIBw&url=http://www.basechem.org/chemical/2865&psig=AFQjCNGNROnV8i48LDWItMZCRtjesGXroQ&ust=1462846840904134
http://www.sigmaaldrich.com/catalog/product/sigma/c0158?lang=en&region=TW
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwja_O_j1aTNAhVKjpQKHUQjBSMQjRwIBw&url=http://en.chembase.cn/molecule-90332.html&psig=AFQjCNHr3LkY78VPfDGpBBQarxbuHruwQw&ust=1465895848204241

(Phenol red)
[246]

AR
(Ortho-vanillin)
[246, 249]

22-, 254 - F 7 fp

(2,2-dihydroxy-

Benzophenone)
[246, 250]

5-#z3L-14-% &
(5-hydroxy-1,4
-naphthoquinone)
[246, 251]

X —)’;— T C
(Azure C)
[246, 250]
#E e Apt
(L-arginine ethyl ester
dihydrochloride)
[252, 253]

1+ &
(Myricetin)
[245, 246]

#izh
(Rosmarinic acid)
[254, 255]

Ci19H1405S

CsHsO3

(HOCsH4)2CO

Ci10H60O3

Ci3H12CIN3S

CsHi1sN+O2-2HCI

Ci15H100s

CisHi60s

354.38

152.15

214.22

174.15

277.77

275.18

318.24

360.32

40

OH

O/CHS

OH O OH

(8]

QOH (8]

/@N
=~

_CH
HoN s \HF 3

HCI HCI

Cl™

ik

H
YN\/WDVCHS

NH, o

HN

OH

OH
e

| OH

HO '
OH

OH O
OH
= 0
HO
OH
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http://www.sigmaaldrich.com/catalog/product/aldrich/d110205?lang=en&region=TW
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjexrji16TNAhVFmpQKHVAtBKQQjRwIBw&url=http://www.pherobase.com/database/kovats/kovats-detail-2me3me-5-hydroxy-1,4-naphthoquinone.php&psig=AFQjCNFwo-bhlYRvQ9iME0-iyar8h99BqQ&ust=1465896391597273
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiT-b-K2KTNAhWBw5QKHVeEBvIQjRwIBw&url=http://www.mpbio.com/product.php?pid%3D02150418&psig=AFQjCNGDb54KzrduV99Q6rNDg2bZkc7ivQ&ust=1465896455061241
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjV9ejE2KTNAhVEj5QKHYgEAREQjRwIBw&url=http://www.glentham.com/en/products/product/GM1602/&psig=AFQjCNFit5IqGJ7_MQnENBhgtafNEFGwZQ&ust=1465896521055812
https://en.wikipedia.org/wiki/File:Myricetin.png
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjwtYbr2KTNAhWGqaYKHTjjDFkQjRwIBw&url=http://www.trc-canada.com/product-detail/?CatNum%3DR684800&psig=AFQjCNFom6taz8GHRUp8TFDnQBQAHfiB6Q&ust=1465896683970870

oW
(Resveratrol)
[98]

R
(Curcumin)
[255, 256]

TUAE
(Methylene blue)
[257-259]

S2E K
(Epigallocatechin gallate)
[260-262]

Ci14H1203

C21H200s6

Ci16H1sCIN3S

C22Hi13011

228.25

368.39

319.85

458.37
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https://en.wikipedia.org/wiki/File:Resveratrol.svg
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjUvdqN2aTNAhUGGaYKHTQQDUsQjRwIBw&url=http://www.avaplant.com/products/semi-finished-material/water-soluble-curcumin/&psig=AFQjCNGOjeuYe9bOcMtI4vLPCARKU3_pNA&ust=1465896755573615
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiNqNm92aTNAhXkMKYKHcDqAlkQjRwIBw&url=http://www.bioportfolio.com/resources/drug/24958/Methylene-Blue.html&psig=AFQjCNEobef4BHDHYl5k2zY3G4EJ8LylNg&ust=1465896809336523
https://en.wikipedia.org/wiki/File:Epigallocatechin_gallate_structure.svg

24 LA EZEREAER

A BRRGEARY > Fd PR R GRS N T, Fp BE

ki
%

DX YRR A NP B EEFE S G e Ft TR e
Becz b R+ RAREATHE S Ui R8T o A AR AR ALY 9% Tih
22 0 4o 3318 % 2 (Root mean square deviation, RMSD) ~ = #2123f & (Root mean
square fluctuation, RMSF) ~ & i ¥ jf (Native contact) ~ F¥ = & 54 4 47

(Dictionary of protein secondary structure, DSSP) % o

2.4.1 * 3513 % B (Root mean square deviation, RMSD) & #5

B E TS ZL R o RMSD £ &l ¥ Leh? gt o gtz kG e
g hE B RGO FEEBREORBE > X T S BAIETE 0 e
FG)H o BP MABRAFE masrFIRiFRFIE t)E I RF AFR O
e g ornt)i i AT ARFF oF e g X FERBRFI AT R
o TPy 2k FILZEUFTEAREFE o« P H S5 chlicim4r
20w HARAARS D F LR T d N AT AERERY 2B
£h-% # (translation) £ #& # (rotation) » #7143t 5 o F #-FHEE (7 i 1 4 £ (best

fit) -

RMSD(t, t,) = (A3, mylry(ty) — n()1?)? (5)

2.4.2 = 35133 # (Root mean square fluctuation, RMSF) & 7

RMSF &2 RMSD sS4 » fe 3 24534 i F S HEAERr B 3 1 chfea) 0 A
D4 E A (A B RN R ) G HERE ALY g B ) 0 A3t (6) 5 0 B
T A EBAFEF 4 2B nt): B DS 28 o 328 B % hliciias s
Zoom RCEEARY PR KRR B S > F 2R o Rk o AT F KEd
(EIERTRTSLE N SUF [
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RMSF = (311t — ()2 (6)

2.4.3 R 1 27§ (Native contact) F 4 45
B kAR TP Ed B AP E 9 FTRESDRS

Bffofc 5  BAEGLEL D EAYPE AT RPREFRT b TR A
SE RS ETL ¥

e I L
vX
H 5 ¢ 3

Pt & 4 kT ERAE A 5(263] 0 3
28 R ()RR ] di ] BT L T Reo F EARET 1 BF 0 A7 2 B R

= 0

ARt FEARTO AT SHEERELER S > THLHERIEE

2.4.4 -6 F = B3 # 4 17 (Dictionary of protein secondary structure, DSSP)

FRRBIY FRARF LT RSP B R R T a e
2R e(T) A F

AR e A H s qi=0.42¢ ~ -qi=-0.42¢e ~ q2=0.2¢ ~ -q2=-0.2¢ » ¥ F]|=x a#c
B2 g o] 35-0.5 keal/mol

B
A AE[176] A ¥ G4t g Ed FREY 4 K E L2 E

~ § g

=332 o — 4Lt ¥ ehd sEcEa X 5 -3 keal/mol >

heey

P At BT

1 +;_;_L)f (7)

E=q.q,(—
19z TON TCH TOH TCcN

DSSP {245+ it e B 5 58 0 T 0B s EA S A B R Y B RhE Y 3

A rgmd kAT o drd 2410

% 241 DSSP = w34 Tk Ap M TR (176]
S BB LA DSSP A pé A
RiBAKS N3 BAAY S § 0T LY
310-hellix G 44 R VR ’
ﬁf- ;IJ o
a-helix H Fé¢ FiBARAETIHMBARL S THETEH
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5-helix

B-bridge

B-sheet

turn

bend

random coil

Y d

pL-)
Qo

B 7| o
FIiBAALNHSBAANXT T T4
7)o
ARl i i R Gl B A
a4t
— 12 b e Bbridge B4 AR A K e 8

S5 R o
7 7 157 CO(>1)¥2 NH(itn)z B 5 &7 & 4
Plessifgs HY nv 534285
Co(i)-Ca(i-2)2* Ca(i+2)-Ca(i)z- B eh? &
<3700 o
PRI BITE DS TRE

o
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£z FPRRELHD

3.1 HoHR 4 e iRy
311 ke ks
Gromacs 4.5.3: Ubuntu 10.04.4 LTS

Discovery studio 2016: Windows 7

312 4 FERIFRIE

- T g
Istable[141] B FAE AR
DUET][142] B0 FAE TEIE R
Eris[143-145] v B4R TR
EASE-MM][146, 147] v AR TUERR
PASTA2.0[148] B A5 SRR R W 4 2 TR
TANGO[149-151] 30 B B-RE R
AGGRESCAN]152] I FRE MR TER
WALTZ[153, 154] 5 A5 R R 8 2 SR
FoldAmyloid[155] B A5 SRR R W 4 2 TR
Zyggregator[156-159] v FRCE e SRR
Aggrescan3D[160] v FRE M TR
45
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3.1.3 ity

LA

* i

Gromacs 4.5.3[264-267]

BIOVIA Discovery studio 2016

Visual Molecular Dynamics (VMD)
1.9.1[268]

MDAnalysis 0.7.4[269]

ES RN =
B g A~ 7

A AR TR R IR

-0 B R B 4 #ic(aggregation score)
SR

A ARAL TR R IR

RS - & =3 k25 Ak s

Bt By ~ 47 (native contact)

46
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3.2 A $ FAIE |1 £ (Bioinformatics prediction tools)

2.
|

¢ S B TN BSR4

3.2.1 Istable[141]

1. i& » Istable 7 T (http:/predictor.nchu.edu.tw/iStable/) » % & 4@ 3.2.1 77 -

Running iStable from Protein [ Structure | Sequence] ~ About iStable Help

iIScable

Integrated predictor for protein stability change upon single mutation

5 . e Temperature pH|
PDBID Chain Wild-type Position Mutant (°C, 0-100) (0-14)

= Red™ T REA B 10

Protein sequence(no headers)

i

[ DB

| Options
[ Example

|

H

® 3.2.1 Istable % & &)

2. i3 T Structure | sHHC50 ’ﬁig?]% #-¢ F e PDBID™ 1hk0 ;> 12 2 8 & 22 pH £ 15 >

BL:E next o

3. EFEIEAMIBMIL > K LR PP ARIRAR 0 4oB] 3220 BEHR T o

IScable

Integrated predictor for protein stability change upon single mutation

liChaim X X XX X X X | X X XX
SEQindex |1 i s e i io i1 [i2 fli3 fra fiis fis (17 fis fio [0 fos
peidue 10 K 1 T L |Y [E [D 6 R o ¥ s [

inder] | 5 s s s o 1 2 20 fo1

s s6 [is7 @

il Y F L R o
52 [53 fisa fiss fiss [ls7 fss [iso [leo
82 o3 [e s fss 7 fos [0 [0
P IE [5 [ s (B R
82

83 |5 [lss f57 [lss fso [bo [s1

S
12 [113 fis [la1s fase 117 fuss fiie
o [ [F fe ]

T
142 [1a3 [f1as [lras fiss 147 fras f1eo f1s0
¢ L[ B G |

3 3
2 (143 J1aa flras (186 f1a7 (148 f1a9 fl150 151

W 3.2.2 Istable EHF R PLAMT & 7 LW
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_‘_Lg,‘.—:-:ifi % 4k @?4.‘& Eg] 323 o1 L=y s s P
2 y & 43 7 = ) 2 o
4, =81 e 232 % 7 g 1# e xR
Integrated predictor for protein stability change upon single mutation
Temperature pH
PDB ID Chain Wild-type  Position Mutant £C.0100) (0.14)
[ 1HKO X F 116(115) F 125 7
Protein sequence(no headers)
e
Q0 PHSGSHRI EFT EGSW
=
Reference Meta Result
Predictor i-Mutant2.0 PDB #Mutant2.0 SEQ AUTO-MUTE SVM AUTO-MUTE RF MUpro PoPMuSiC CUPSAT iStable
Result Decrease Decrease null ull Decrease Decrease Decrease Decrease
Conf. null ull -1 0.80222
AAG -2.64 -255 null ull 3.64 -149 -2.30893
RSA 6.0 null ull 539 5.08
SS null null

® 3.2.3 Istable % %% % H

3.2.2 DUET[142]

1. i& > DUET % T (http:/structure.bioc.cam.ac.uk/duet) > 2i% " Run Predictions ; i&

*EHF o oo ol 3.24 517 o
Protein Stability Change Upon Mutation

Step 1: Please provide a wild-type structure (PDB format)

Deseription
Upload your own structure: Provide a 4-letter PDB code:
OR
sz 1hk0 | (Example: 20CJ)
Step 2: Please provide the mutation information
Deseription
Disclaimer
Single mutation Systematic
Mutation (Example: 1232T) Residue (Example: 1232)
F116A
OR
Mutation chain (Example: A) Mutation chain (Example: A)
X

W 324DUET:ZE 7 & W
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,

2. & ;'L@?J » F-v F et & £ PDB code v 42 ¥ A I Single mutation 1%@@?] VYN

AR B LA RS BER R o

>
“~

L

w
e
3

R0 BE S HEAAG R EE BHR 0 B 3.2.5 41T e

DUET - Protein Stability Change Upon Mutation

mCSM Predicted Stability Change
(AAG):

-2 216 Kcal/mol (Destabilizing)
SDM Predicted Stability Change
(AAG):

-4 04 Kcal/mol (Destabilizing)
DUET Predicted Stability Change

(AAG):
-2.643 Kcallmol (Destabilizing)

q Rotate
Mutation: g.rmsl -
Wild-type: PHE O Zoom
Posifion: 116 () Slab
Mutant-type: ALA
Chain: X View Reset view

Relative solvent accessibility: 9.10 %
Secondary structure: Loop or irregular

Side-chain hydrogen bond: No Hbonds Run anofher prediction Download mutant PDB file Molecule Visualization

® 3.2.5DUET % % 7+ & @

3.2.3 Eris[143-145]

1. & » Eris 3 F (http:/troll.med.unc.edu/eris/login.php) > 4] 3.2.6 #r7% °

not logged in

Username: || B
Login
" . . . . password:
Welcome to Eris server. Please use your username and password to login or sign up a
new account.
Gign ug)

Eris, which takes the name of Greek goddess of discord, is a protein stability

prediction server. Eris server calculates the change of the protein stability induced by ~ Notes: Please fill in your name and
mutations (AAG) utilizing the recently developed Medusa modeling suite. In our test ?g!ig?g;:i‘gﬂﬁ'uiﬁ"gzrggﬁg‘é
study, the AAG values of a large dataset (>500) were calculated and compared vrith .
the experimental data and significant correlations are found. The correlation

coefficients vary from 0.5 to 0.8. Eris also allows refinement of the protein structure

wihen high-resolution structures are not available. Compared vrith many other stability

prediction servers, our method is not specifically trained using protein stability data

and should be valid for a vider range of proteins. Furthermore, Eris models backbone

flexibility, which turns out to be crucial for AAG estimation of small-to-large

mutations. More details are available in our publications:

S. Yin, F. Ding, and N. V. Dokholyan, "Eris: an automated estimator of protein stability"
Nature Methods 4, 466-467 (2007)

S. Yin, F. Ding, and N. V. Dokholyan, "Modeling backbone flexibility improves protein
stability estimation” Structure, 15: 1967-1576 (2007)

F. Ding and N. V. Dokholyan, "Emergence of protein fold families through rational
design" Public Library of Science Computational Biology, 2: e85 (2006)

The standalone Eris software is available via Molecules in Action, LLC.

Please read the following terms and conditions of using Eris server. Please contact eris
[put @ here]unc.edu for technical supports and comments.

B 3.2.6 Eris 7 7 ®
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BFZ AP AP BT E 0 F (S BE '_SubmitaTaskJ’ﬁs?]% PDB code
B TR IENT - e

ERARR PR BET - R 327

Home/Overvievr Submit a task - Step 2.

Click on residue sites and choose mutations.

1T GKI TLYEDRGFQGRHYECSS

Help 41 CWMLYEQPNYSGLQYFLRRG

21DHPNLQPYLSRCNSARVDSG

Contactlly) -61DYADHQQWMGLSDSVRSCRL
;31IPHSGSHRI RLYEREDYRGQ
;01MIEFTEDCSCLQDRFRFNEI
. A
121HSLNVLEGSWVLYELSNYRG
;41RQVLLMPGDVRRYQDWGATN
;61ARVGSLRRVIDFS

mutation: F115A

Next > >

W 327Eris EH R B'REBT ¢ 7 LW

A7 R > ;2 E 4% " Flexible Backbone | i 4 i " Backbone Pre-relaxation ;» 12 ¥

U AF BT iplid % > 2hiE T Next B 43R o
% " Your Activities ;| ¥ 11 & FREER 4ot FARRIR A € AT " Finished | -

T &7 AAG B 0 4c@ 3.2.8 #1oF o

Logged in as 99504093 Logout

Home/Overvievs Check results.

Your tasks list:
Job Id Protein Mutation Backbone Pre-relax AAG (kcal/mol) Status ~ Action

Submit a Task

35384 1HKO F115V  flexible yes 8.76 Finished @
: 35383 1HKO F115T  flexible yes 7.69 Finished @ *

35382 1HKO F1155  flexible yes 8.12 Finished @ %

35381 HKO F115R  flexible yes  6.71 Finished @
35380 1HKO F115Q  flexible yes 9.12 Finished @ *
35379 1HKO F115P  flexible yes 2.05 Finished @ *

35378 1HKO F115N  flexible yes 7.41 Finished @ *

35377 1HKO  F115M  flexible yes 1.91 Finished @ %

35376 1HKO F115L  flexible yes 3.05 Finished @ *

35375 1HKO F115K  flexible yes 10 Finished @ %

35374 1HKO F1151  flexible yes 8.04 Finished @ *

35373 1HKO F115H  flexible yes 7.02 Finished B

35372 1HKO F115G  flexible yes =10 Finished @ *

35371 1HKO F115E  flexible yes 9.33 Finished B

35370 1HKO F115D  flexible yes 8.06 Finished @ *

35369 1HKO F115C  flexible yes 4.36 Finished @ *

35368 1HKO F115A  flexible yes 6.23 Finished @ *

<prev ( page 4/4 )

AAG < 0 : stabilizing mutations
AAG > Q : destabilizing mutations

® 3.2.8 Eris 2% 7 3 W
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3.2.4 EASE-MM]|146, 147]
1. i& » EASE-MM § F (http://sparks-lab.org/server/ease/protein/) - B::E " EASE-MM
Protein | :& > EH F & > 4rH 3.29-

EASE-MM Protein: sequence-based prediction
of mutation-induced stability changes

Protein sequence Asp Lys

Ala Thr
Asp Lys

Ala Thr \1/® Ala
Pro @ AG, Yo G
Ala “ Lys

Val
“L,,EAIa

EASE-MM Protein predicts amino acid substitutions in protein sequences.
For single-nucleotide variants (SNVs) in the human genome, use EASE-MM Genome,

E-mail address (optional): ‘ ‘

Job name (optional): ‘ ‘
Input your sequences and mutations (format and examples):

[Coomn [ cear]

To check the status of your submission, see the queue.
To learn more about EASE-MM., see the output fromat and fraining and testing datasets.
By using this service, you accept the terms and conditions.

¥ 3.2.9 EASE-MM Protein :£ ¥ F & &

2. WAEFHEL L SRS T PR IR R R LR

3. WHREATEF30AMNY > BEEERET T 5 o 4ol 3.2.10 457 o

EASE-MM results for job: p0310

Results in the EASE-MM query format: results query.txt
Results in a tab-delimited format: results.txt
The query submitted for this job: query

Please see the description of EASE-MM's output format.

Sequence name  Mutation AAG, O Stability class e ssll pasa

my_short_seq G4A -0.6435 likely destabilising C 0.58 PSSM  SPIDER  SPINE-D
my_shott seq A40G -1.7756 destabilising E 0.19 PSSM  SPIDER  SPINE-D
my short seq L16V -0.9270  Ilikely destabilising E 0.12 PSSM  SPIDER SPINE-D

W 3.2.10 EASE-MM % % 7+ % W
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3.2.5 PASTA2.0[148]

1. i&» PASTA2.0 7 T (http://protein.bio.unipd.it/pasta2/index.html) » F & &% 4§

3.2.11 #17F »

';/{ PASTA 20 1.8 About Help Examples Datasets Download Contact
- [T T ep—

General Information )

E-mail notification of resutts [

Sequence input

Regutar (e
Regular  Mutate  Protein-protein ~

Limits: single genome but check large scale for > 500 sequences

-OR- Browse...
(Chek to paste ple seq €s)
Options
What thresholds are best for you?
Custom v Targeiecad]
You are free to select the top (check this if > 500 proteins)
pairings and energy as you see fit.
(calibration details)
Energy threshold: -5
(1.0 Pasta Energy Unit = 1.192 Kcalimol)
Top 20
pairing
energies: (ange: 1 - 100) TPR (senstivity): 40.5
FPR (1-specificity): 4.7
Submit Query Reset

© lan Walsh and Silvio Tosatto for for Blocomputing UP, Antonio Trovato and Flavio Seno for Biological Physics UP,  02/2014  (server usage)

W 3211 PASTA20F £+ L W

2. EHFRFOEN > F L RAEFY FRIE "Regular > % 5 R RARE#
" Mutate | ° o FARAIER IR ES MRegion (90% spec) | BEiE 4% 2 o

B HERIU S REEHTAT S ©

3.2.6 TANGO[149-151]

1. i&» TANGO 7§ T (http://tango.crg.es/)> F A3 &% » 4 it @& * o & Toolbox |
i %% 3% Calculation | 2 > £ & » 4B 3.2.12 -

2. AR~ F0 PR ERENRE Caninfiia)  pHE iR 3 % A
ME Gew FeR R o T ERETE o

3 FERAE > SEERAR 3213 4F FEORT AL R EHT ARy

s o
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fango ______________|
About

References

Handbook

Examples

Support

Contact

Related Sites

Calculation
Download

User data

Amino acid sequence(s) :

Calculation

(Capital letters, separated by carriage retumns.
Iax. 500 characters and 10 sequences)

ide chains

Parameters and conditions :

Nterm protected : | No protection v
Cterm protected : | No protection v

pPH(0-12)

Temperature [K] (273 - 400)
lonic strength [M] (0 - 5)
Concentration [M] (0.00001 - 5)

98.15

Calculate

NIEINIE
=}
N}

3.2.7 AGGRESCAN][152]

1.

Tango Result :

¥ 3.2.12 TANGO ﬁ] >FE oW

(Note : If you downioad a file : first save the file to disk, then open the file.)

The tendency for B-sheet aggregation is given by the Agg parameter
The tendency for a-helix aggregation is given by Helagg
However, the user must know that the parameter that is more reliable is the Agg one.

i » AGGRESCAN

FASTA et 3¢ > ﬁ%]% B BRG] BREER T 0 TE Bt R

»
o~

L 3
k49

nl
Yo

=+ 1>

¥ 3.2.13 TANGO %% 7 &

1%
==

A

BET ?‘é—% r‘f’lﬁi:#iz °

Sequence 1
sequencel.xls sequencel.csv seqguencel.txt

AGG 260497 AMYLO 448324 TURN 789706 HELIX 314953 HELAGG 0 BETA 552845
Position Aminoacid ~ Betasheet Betaturn Alphahelix Beta aggregation  Helix aggregation

o1 G 0.0 00 0125 0.000 0.000
02 K 56 00 0.125 0.000 0.000
03 1 16.3 00 0125 0.000 0.000
04 T 173 00 0.125 0.000 0.000
05 L 122 00 0.125 0.000 0.000
06 12 22 03 0125 0.000 0.000
07 E 0.9 03 0.000 0.000 0.000
08 D 07 05 0.000 0.000 0.000
09 R 0.1 05 0.000 0.000 0.000
10 G 02 03 0.000 0.000 0.000
11 F 07 05 0.000 0.000 0.000
12 Q 06 04 0.000 0.000 0.000
13 G 05 05 0.000 0.000 0.000
14 R 18 05 0.000 0.000 0.000
15 H 56 02 0.000 0.000 0.000
16 Y 13.3 0.1 0.000 0.000 0.000
17 E 122 00 0.000 0.000 0.000

W

. (http://bioinf.uab.es/aggrescan/) » 4B 3.2.14 - i& f&

X% Ao 32150 24
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AGGRESCAN

The Hot Spot Finder Help Flle References

Prediction of ""hot spots" of aggregation in polypeptides

Enter the peptide sequences in

® 3.2.14 AGGRESCAN ¢ 7 77 . W

e Sequence Name: HGDC Average over all sequences
o oo PSR =
e 23 Sequence Average (23vSA): -0.135 -0.135
(7] Number of Hot Spots (nHS): 6 6.000
(2] Normalized nHS for 100 sesidues (NoHS): 3.468 3.468
(] Area of the profile Above Threshold (AAT): 14.713 14.713
(7] ‘Total Hot Spot Area (THSA): 12.064 12.064
(7] Total Area (TA): -20.734 -20.734
(2] AAT per residue (AATr): 0.085 0.085
2 THSA per residue (THSAr): 0.070 0.070
(@) Normalized adv Sequence Sum for 100 esidues (Na4vSS): -13.9 -13.900

# AA adv  HSA NHSA a4vAHS
1 G 015908580172 0.134
2 K 0.159 0858 0.172 0.134 HGDC -13.90
3 10.15908580.172 0134
4 T 0.18908580.172 0.134
5 L 0.0030.8580.172 0134
6 Y -0.041 0.000 0.000 0.000
7 E-03780.000 0.000 0.000
8 D -0.104 0.000 0.000 0.000
9 R-0.477 0.000 0.000 0.000
10 G -0.719 0.000 0.000 0.000
11 F -0.695 0.000 0.000 0.000
12 Q-0.580 0.000 0.000 0.000
13 G -0.237 0.000 0.000 0.000
14 R -03630.000 0.000 0.000
15 H-0.527 0.000 0.000 0.000
16 Y -0.393 0.000 0.000 0.000

W 3.215AGGRESCAN # 5 2%t L W

Sorted by Na4vSS

3.2.8 WALTZ[153, 154]
1. & » WALTZ 7 T (http://waltz.switchlab.org/) » 4] 3.2.16 “7& 7 o
2. BB FASTA % ;“ﬁ%l *> 39 F R & EiE 4% " Best Overall Performance |

1333?]» pH ,’_—g;,u;zgig]:i:_fﬁﬁﬁ » T BRI R o
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BITSVIE L

BBIOINFORMATICS TRAINING

AND SERVICE FACILITY CRG 9

Predicting amylogenic regions
- in protein sequences

Submit a sequence

Training data
Paste a single sequence or several sequences in FASTA format into the field below (max 10000 letters)

About us

Switch Lab
CRG

VIB

Threshold ® Best Overall Performance

O High Specificity (less false positives)
O High Sensitivity

O Custom : D [0-100]
o

Submit sequences Reset

W 3.2.16 Waltz % 7 7 &, W

FEREAL §ENEGRERAT XM ORE > B 4oR 3.2.17 277 o

“About us SWaltzlob_1464941122

_ GKITLYEDRGFQGRHYECSSDHPNLQPYL SRCNSARVDSGCWL YEQPNY SGLOYFLRRG
.
Switch Lab )
DYADHQQWIGLSDSVRSCRLI PHSGSHRIRLYEREDYRGQMTEF TEDCSCLODRFRENEL
CRG
vie HSLNVLEGSWVLYEL SNYRGROYLLMPGDYRRYQDWGATNARVESLRRVIDES

SRk

Waltz amylogenic regions in entry WaltzJob_1464941122

100 W - - - : -
75
w
2
g
£ 50
H
g
>
3
a
25
0
0 20 40 60 80 100 120 140 160

Amino Acid Sequence

W 3.2.17 WALTZ % % 7 % ®

3.2.9 FoldAmyloid[155]

1.

i » FoldAmyloid § F ( http://bioinfo.protres.ru/fold-amyloid/) > 4-®] 3.2.18 F &

T,

F e
i 5 FASTA 55545 » 34 F A 7] > Scale ruf " Expected number of contacts
8A 0 BB 5 21 4L "eARBEKES TR L3 ) > B IEn -
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J Sequence | shortresult | Long result ||

Target sequence in FASTA format > Clear Profile values
| Co.. |Na.. |Residue Value
A ALA  Alanine 19.89
C Cys Cysteine 23.52
D ASP  Aspartate 1741
E GLU  Glutamate 1746
F PHE  Phenylalanine  27.18
G GLY  Glycine 17.11
H HIS  Histidine 2172
I ILE  Isoleucine 2571
K LYS  Lysine 17.67
L LEU Leucine 25.36
M MET  Methionine 24.82
N ASN  Asparagine 1849
P PRO  Proline 1743
Q  GIN  Glutamine 1923
R ARG Arginine 21.03
s SER  Serine 1819
T THR  Threonine 19.81
¥V VAL Valine 23.93
W TRP  Tryptophan 2848
Y TYR  Tyrosine 2593
Scale [ Expected number of contacts 8& [r] Averagingframe |5 ] Threshold | 214 X UNK  Unknown 2073
Pred...

® 3.2.18 FoldAmyloid & % 57 & ¥

3. FESEA4rR 32,190 HP FRAET O E T LR R AP ORI o

FoldAmyloid
Prediction of amyloidogenic regions in the protein chain &
Sequence ‘ Short result | [Long resuit ! Information
Name:
Num Res Fold Value ~x
1 G 20.163
2 K 20.075
3 i 21.132
4 s 22.896
5 L 22.854
6 X 21.194
7 E 21.438
8 D 19.788 2
9 R 20.038 -
10 6 20.392 =
11 B 20.332 :
12 Q 20.332 :;
13 G 21.254 a
14 R 21.004
15 H 20.650 20f°
16 Y 21.932
17 E 21.364
18 C 20.658
19 S 18.954
20 s 15.806
21 D 18.588
22 H 18.648 1
23 P 20.082 20 40 60 80 100 120 140 160 180
5 w 20.426 ¥ Residue number
( ne T 10 :00) ® AMYLOIDOGENIC © OTHER

® 3.2.19 FoldAmyloid % % 7+ & ¥

3.2.10 Zyggregator[156-159]
1. & » Zyggregator g F » FLl T E A AT R o F {8 ok 4rF] 3220

(http://www-mvsoftware.ch.cam.ac.uk/index.php/zyggregator)

2. ﬁ;;])»;»w ’Fﬁ'fg-?n]]‘l& pH]"g"; s BLIEHR QL TFE o
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3.2.11

1.

Zyggregator: Prediction of Protein Intrinsic Aggregation Propensities

A sequence-based method of predicting intrinsic (L. seq dependent) amyloid of proteins.

Ifyou are more interested in predicting the solubility or a generic aggregation propensity (i.e. non necessarily amyloid) you should use the
Camsol calculation of the intrinsic solubility profile instead, which is a newer improved method

For use by commercial organisations, please contact Lonza Biologics (contact lonza@lonza.com)

Input sequence (20 standard amino acid, capital letters)

pH=

—

W 3.2.20 Zyggregator F. &

PR Rk A B0 Ae B 3.2.21 HRF o

# \/endruscolo Lab - Software

Department of Chemistry, University of Cambridge

position aa 2ygy Residue Score
2 x
3 T
1 T
& ¥
7 E
8 o
e &
10 G
1 B
12 e
13 B
14 &
5 E
16 ¥
17 E
18 c
1o E
20 E
21 o
22 E
23 B
24 N
25 L
26 ]
27 B
28 Y

k|

3.2.21 Zyggregator % % 7= % §

AGGRESCAN3D

software home:

i » AGGRESCAN3D 5 ¥ (http://biocomp.chem.uw.edu.pl/A3D/) 4= ] 3.2.22 -

@?] » pdb code # %% 4 7 e pdb A% > #- T Dynamic mode | 2 2 " Mutate residues

C RER R B ARAE  BERB AL
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4, Aggrescan3D  =Queue £ Submit new job ©About  @Tutorial £ Contact

Aggrescan3D (A3D) PDB code or Local PDB file
a server for prediction of aggregation
propensity in protein structures and ra-
tional design of protein solubility. In dy- Options
namic mode, A3D takes into account
the flexibility of natural and designed Projectname @ Project name
olypeptides.
polypep E-mail address  © o
Dynamicmode @ (O Yes ® No
(max 400 residues)
Mutateresidues  © O Yes @ No
&  Refael Zambrano, Michal Jamroz, Agata Szczasiuk, Jordi Pujols, Sebastian Distance of aggregation  © () 5A @ 10A
Kmiecik, and Salvador Ventura, "AGGRESGAN3D (A3D): server for prediction of analysis:
i ies of protein  Nucleic Acids Research, 2015 43

(W1) W306-W313, doi: 10.1093/nar/gkv359 .
[0 Do not show my job on the results page

iHep Server status [ oniine |

® 3.2.22 AGGRESCAN3D § R 7 & B

3 FEOTF 2 BRI EHT EARADESE A B AoB 3.2.23 #5T o

2 Aggrescan3D = Queue € Submit new job © About @ Tutorial &4 Contact project name search

i Project details L~ Aggresecan3D plot BB Aggrescan3D score A Structure A Dynamic mode details

Minimal score value € -3.1974 2 Download table ~
Maximal score value @ 17135
Average score @ -0.7795

Total score value @ -134.0771

The table below lists A3D score for protein residues. Residues with A3D score > 0.0000 are marked by yellow rows.

Show chain Show residues from| |to| |

residue index residue name chain Aggrescan3D score mutation

1 G X 14743 ~

2 K X 26578

3 | X 0.0000

4 T X 23252

5 L X 0.0000

6 Y X -1.8909

7 E X -1.9507

8 D X -1.8137 mv
residue index residue name chain Aggrescan3D score mutation mit

W 3.2.23 AGGRESCAN3D % % 7+ % F

3.2.12  Discovery Studio 2016 (Calculate Aggregation Scores)

1. #grs 72 39 F g tpsn® » DS 2016 -

2. i& » Macromolecule>Predict Protein Aggregation 2ti% Calculate Aggregation
Scores # it °

3. EHLAITL Iy THHM  KTREX L5 cut-offradius 5 5 fr 10A > &
CHARMmM 5 4 3> B4 87447 ©
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2L
4. 5

| Discovery Studio 4.

PR E BIRARKRORE LS EHES T LB 4B 3.2.24 ¢

=

File Edit View Chemistry Structure Sequence Chart Scripts Tools

i - BRE

£

%, Display Style...

Window Help

T Simtion | Rcepor it Ineractons | Phannscophors | Smll Molecles

X-ray

Non-bond Interactions...

i« |1l W

Tools [

1

Build and Edit Nucleic Acid
Build and Edit Protein

Query Online Databases
Protein Report
Prepare Protein

Search Sequences by Similarity
Align Sequences and Struetures
Analyze Sequences

Analyze Protrin Conservation Patter
Superimpose Proteins

Create Homology Models
Search Side-Chain Rotamers
Minimize and Refine Protein

Model Antibody

Dock and Analyze Protein Complexes
Design Protein

Predict Protein A gevegation

Calculate Developability Indices.
Calculate Aggregation Scores.

iew Aggregation S
Define Protein  HGDC_wildtype
View at Cutoff Radivs: 10 v

s

Step through aggregation sifes.
F ¢+ 3 02
Show Details of Site

Hide Surface

Reset Dis

Analyze Transmembrane Proteins

-| DS Welcome

\ = HGDC_wi.klty);eD ’

A |20

Molecule

-0.304
-0.339
-0.332
-0.127
Sheet -0.337
Sheet -0.244
Coil -0.154
Helix -0.365
Sheet -031
Coil -0.357
Helix -0.135
AminoAcidChain

W 3224 DS FERIRFEARARES T

AminoAcid

-1624
-1.601
-1473
-1.394
-1.343
-1.281
-1273
-1.269
-1.251
-1.251
-1235

Atom

-1273
-1.269
-1.251
-1.251
-1.235

Bond

Group

59

SAA
83941
151.46
25273
12908
62.795
13449
50177
80.785
53645
108.733
41378

SolidSurface

0302
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33384 FHEEZ ﬂdfié\ﬁ

33.1 HYDC R i B H>#

1. J& Protein data bank =7 3% HyDC 2. % & %% #(pdb code: 1hk0)[57, 58] »

2. F1* # %8 Discovery studio 2016 #--k & 42 3¢ HyDC %% fi&ﬁ’, = e S Kf y T

ek i B E AT o (b SR 7 2 )

3.3.2 Gromacs -t 42

1 #-k &4 35 HyDC 2 pdb %4 ¥ 2+ 7.0 7.0 *7.0 (nm’) = = 4 § # > & 4B
B FeF R ST BT L F Y e g £ AT AT
editconf 4.5.3 -f 1hk0.pdb -0 1hk0_box.pdb -bt cubic -box 7 -¢

2. *F 7 E# Gromos96 45a3[270]1F & F-o B4 ok SAEEFEB G ¢ E(pH T)
FVRF R o 4 4 AT A
pdb2gmx_4.5.3 -f 1hk0_box.pdb -ignh -0 1hk0_g.pdb -p forcefield.top

3. g F ¢ S rip A EH SPC Gk T ATH{IZ A A Ho dp 4 doT rT
genbox_4.5.3 -cp 1hk0_g.pdb -cs spc216.gro -o 1hk0_sol.pdb -p forcefield.top

4, ZORERERDYPFIRR > RLEF P IS TURS F UG PR 0 RS

SETEAEDL ORI e AAFTY A EFp dor 28 BT 2

28 B F 4 > T4 s HyDC( 2 3 R 48) & Bk ek T ke 1 4
BF AT T T2 o g 4 Ao AT

grompp_4.5.3 -f emdob.mdp -¢ 1hk0_sol.pdb -p forcefield.top -0 1hk0 ion.tpr
genion_4.5.3 -s 1hk0_ion.tpr -o 1hk0 _ion.pdb -pname NA -np (4 3+ %P )
-nname CL -nn (¥ 3 #P)

5. &7y :’f?'vf;é_‘ﬁﬁ deor kLTS 0 @ F Bl B E (steepest descent)#- & Fuit (7 £ B
/|- i* (energy minimization) © 45 £ 4" #7771

grompp_4.5.3 -f emdob.mdp -c¢ 1hk0_ion.pdb -p forcefield.top -o 1hk0_em.tpr
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mdrun_4.5.3 -s 1hk0 _em.tpr -o 1hk0 em.trr -¢ 1hk0 em.pdb -g em.log -e
em.edr &
6. #-Fv Feni ¥ & {7 'L (position restraint) » ¥ Tk & 1 ns oA FE S S
I P ARE R (343K ~ 425K) © 4p £ 4o Apon
grompp_4.5.3 -f pr.mdp -c 1hk0_em.pdb -p forcefield.top -o 1hk0 pr.tpr
mdrun_4.5.3 -s 1hk0_pr.tpr -0 1hk0_pr.trr -¢ 1hkO_pr.pdb -g pr.log -e pr.edr &
7. #- % BB e 7 4 3 $ 4 8 i (molecular dynamics simulations) » & B & tieh
BB K LAaTE B TRUE LRDFER o dp 4 4o #77
grompp_4.5.3 -f md.mdp -¢ 1hk0 pr.pdb -p forcefield.top -0 1hk0_ds.tpr
mdrun_4.5.3 -s 1hk0_ds.tpr -o 1hk0_ds.trr -¢ 1hk0_ds.pdb -g ds.log -e ds.edr &
8. F LHCREAY P13 T4 PR 8 A LR L7 (L R
PG AT SR 4
tpbconv_4.5.3 -s 1hk0_ds.tpr -f 1hk0 ds.trr -e ds.edr -0 1hk0 ds_2.tpr -until
(B, = ps)
mdrun_4.5.3 -s 1Thk0 ds_2.tpr -o 1hk0_ds 2.trr -¢c 1hk0 _ds_2.pdb -g ds_2.log -e

ds 2.edr &

3.3.3 Root Mean Square Deviation (RMSD) 4 37

Gromacs 3 3+ & RMSD 4 {7 ihph L*:}F] Lo RIB4e 241 ik o Bt B o IR
BHREFREEEE > FETHTHLME 0L ¥ % (backbone) g 1 » et ﬁ%]
JREPEE E1t 2 RMSD % > dg 4 40T o

g rms_4.5.3 -f 1hk0_ds.trr -s 1hk0_ds.tpr -o rmsd.xvg

3.3.4 Root Mean Square Fluctuation (RMSF) 4 7
Gromacs 7§ 3+ % RMSF 4 47 eip 22 2dgd 0 RIBAc 242 rik e B3 N T
SRR s S R B S PR 0 P2 % (backbone) 1 0 ot 7 8
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NERBAPTP TEHF NG S pieT P res A m % ¢ WAL H

= o

=
T

g _rmsf 4.5.3 -f 1hk0_ds.trr -s 1hk0_ds.tpr -rmsf.xvg -res

3.3.5 Native Contact & #7
f3t ¥ v Fehnative contact 22w > F & & Linux 7{F ¥ & sLp % % 1 python
FE D AT R it H MDAnalysis[271] o 4 $7endfe (7 fgde™ » H @ kg f ¥l e s
65A X EHERF(ZEE RF)BFFE[105] -
1. % Linux % %¥ i& » python 3% % fic;% » & % » MDAnalysis !4 2 native contact
LTk e e
python
import MDAnalysis
import MDAnalysis.analysis.contacts
2. B FEAMGRHEME R BY A F RS AR R eFE -
u=MDAnalysis.Universe(“1hk0_ds.pdb”, “1hk0_ds.trr”)
3. THRBEPmATZ AT Y o
sel_g1="(resid 1:173) and (name C* or name O* or name N* or name S¥)”
sel_g2="(resid 1:173) and (name C* or name O* or name N* or name S*)”
gl=u.selectAtoms(sel g1)
g2=u.selectAtoms(sel_g2)
4, HBETL =L 6.5A chif it T 3£ {7 native contact it & o
CA1=MDAnalysis.analysis.contacts.ContactAnalysis1(u, selection=(sel_g1,
sel _g2), refgroup=(gl, g2), radius=6.5, outfile="native contact.dat”)
CAl.run(force=True)
5, Py 2dis gﬁ?l I BEE S - BEAEPFRF S 2 native contact fraction » ¥
— 1% Bl ¥_contact map FEErE o
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336 F4iF* 4 L3y

Gromacs 7 33 & 4&#cP 0P 24 £ 0 dp £ 4T AT 0 AP on AT R A 4T
@ % pRTendd FREELHRR o ¥ b B 74T K 5 Donor-Acceptor & ehfEd
/] #+ 0.35nm ¥ Hydrogen-Donor-Acceptor 2 % & -]+ 30 B o

g hond_4.5.3 -f 1hk0_ds.trr -s 1hk0_ds.tpr -num hbnum.xvg —n index.ndx

3.3.7 3L 17

Gromacs ¥ 7§ 3+ B EEH P 4y £ B ¥ U E A B e b eied s L
BRI e F o qp s A BlheT o Bl on AR AR Y F O mihdd TR
% /o
g _mindist_4.5.3 -f 1Thk0_ds.trr -s 1hk0_ds.tpr -od mindist.xvg —n index.ndx

g _dist 4.5.3 -f 1hk0_ds.trr -s 1hk0_ds.tpr -o distance.xvg —n index.ndx

3.3.8 3+ K2 A& & # (solvent accessible surface area)
Gromacs T 3 3~ B3 B4R & M 0P Zdp 4 0 2 R A ARG f Bk G
% g ﬁiiﬁ_ ) iﬁé,‘{ir": - N I A VAR "Fff B 3T e g-v %‘r#ri?v o

g sas 4.5.3 -f 1hk0_ds.trr -s 1hk0_ds.tpr -o area.xvg —n index.ndx

3.3.9 DSSP = s R IR 4 {7

Gromacs ¥ 3 3+ 5 DSSP & 45 ehph &g 4 » g £ 40T #7n o B 7 on & 7 i A 4T
R* ARy FRHEAFM -sc 277 G HE BRETT L8 n okl
-0 RIAi sl di - o R T jRE AR S BRI

do_dssp 4.5.3 —f 1hk0_ds.trr —s 1hk0 ds.tpr —n index.ndx —sc scount.xvg —o ss.xpm
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34 F9 F—-| &3 #&H (Protein-Ligand docking simulations)

O RS N HFH HYDC SSpecgz o > 2 g B4 v TEC] £ 3
RS A BRS NR R L HYDC B 45 0 2T iR E R i
FELEY L F % T S (H 2t HYDC (i 2 196 ns Fj v i

3.4.1 CDOCKER
CDOCKER #f# #4 £ 91 * Discovery studio 2016 % i& {7 » # e #7575 o

L A w| B g T8 A S i dofl 340

106 03 fs} ] Quereetinan) (£ o

W 341 35 F2 A3 BHA LW

2. it » T Receptor-Ligand Interactions ;=" Dock Ligands i 78 ¥ » 4 %] 2LiE " Prepare
Protein ; 4= " Prepare Ligands ;> 3%k #_pH &2 2 3£ * CHARMm 3% # ¥ > 5 i&
TR B B iF o

3. it » TReceptor-Ligand Interactions ;| = " Define and Edit Binding Site | :£ 58 # >
2:3% "From Receptor Cavities ;> ¥ L J-v H¥ it % 4 4& 2 2 = % (binding

site) * 4-f] 3.4.2 hiz ¢ FaE o R F K T A Cavities 4 ] o
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iz » T Receptor-Ligand Interactions ; = " Dock Ligands | :£78 # » 8 T Dock

Ligands (CDOCKER) | © & A 3K T& 34 7 $ 3% ¢ Receptor {r Ligand 4 » 12 %

?/Q
ir A 2 4% g binding site % % 0 ¥ #- T Top hits | T ¢ T Pose Cluster Radius |

WL 050 {7 B 40 (7 15 o

Bt o id o & JREN B AT 10 Lenpose 112 H 2§ 2 4o 3.4.3 9 o

iy " BDRE S ® XX6F B B [ DimkySk. - Non-bond Intersctons.
Tools (£ R [ [/ BGDC_Queretingsaw)_sies E3 |

View Interactions

Define nd Edit Binding S

Dock Ligands
Use Prepare Lizands and Prepare Protein
before dacking and the Define end Edit
Binding Sie ool 0 dentity the binding st

High-Throughput Screening

Dock Ligands (LibDock).

; (AT Y Phanoscophors | Small Molcis ey | My Too

Dock Ligands (GOLD). &
Dock Ligands (CDOCKER).

InSita Ligand Minimization

Score Ligand Poses.

Calculate Binding Energies.

Fi
Lead Optimization

% 3.4.3 CDOCKER % %57 % H

65
doi:10.6342/NTU201700794



342 A3 HEET 4 A
A3 T 4 2 4% Discovery studio 2016 p 2 3t it ki 7 A4 47 0 9 Fde
T s o
1 BAre $ti = 2 il B3 2 - B pose’ * [ Receptor-Ligand Interactions |
- " View Interactions | i  # » # {7 " Show 2D diagram | °
2. AATEEE AT E P L BTG (B 4 inded FAAL S T RapEd £

T A it 4 5 de@ 344 -

PHE
117
" R
ARG N
114
GLU
Y 103
GLU :
106 ILE
PHE 3 THR
115 105
Interactions
\:I van der Waals :I Conventional Hydrogen Bond
[ SeltBrides [ Pt Tshaped

W 344 £ FFHRZRET 4 L4H

343 A3 HERFS FHE

el HR 1S hposes - (T A F 4 FHCER > AR 332 H ¢ > Gromacs
Wend FH A ¥ L AT 0 FP 4 PRODRG[272]A 2 | A F ind B o 4 Brde
s le—r{r o
1. i& » PRODRG 7 T (http:/davapcl.bioch.dundee.ac.uk/cgi-bin/prodrg) > i% #% " Run

PRODRG | :£ » o > 4@ 3.4.5-
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.
GlycopioChen PRODRG Home | Run PRODRG | GetPROD

Compound submission

Before you can submit molecules to the PRODRG server, you will need to have a token. Fill in your email address below and hit submit, and a
token (essentially a short text string) valid for five PRODRG runs will be emailed to you.

My email address | H Submit ‘

If you already have a token, paste it here: | |

Then either or paste your input (PDB coordinates, MDL Molfile, SYBYL Mol2 file or text drawing) here:

Chirality ~ Charges EM

B 3.45PRODRG #{F & B

2. &% R L iR B~ 18 token » 1@%] ropoaF e AR o 3k 2T Chirality ;3

Zz

0,°"Charges ;| 2 "Full;, % TEM, 2 "No > § ¥ B4 {7 -
3. 3 E 2415+ GROMACS(topology) e @ B {8 ] & 3 14 3> 4] 3.4.6 «

The GROMACS topology

A

; This file was gencrated by PRODRG version AR100323.0717

; BRODRG written/copyrighted by Daan van Aalten

; and Alexander Schuettelkopf

; Questions/comments to dava@davapcl.bioch.dundee.ac.uk

i When using this software in a publication, cite:

; A. W. Schuettelkopf and D. M. F. van Ralten (2004).

: BRODRCG - a tool for high-throughput crystallography

; of protein-ligand complexes.

; Acta Crystallogr. D60, 1355--1363.

[ moleculetype 1

; Name nrexcl

UNR

[ atems ]

i onr type resnr resid atom Ggnr  charge mass

° 1 ONR 020 1 -0.510 15.0884

2 c 1 UNk cs 1 0.255 12.0110
3 c 1 UNR = 1 0.255 12.0110
2 o 1 ok 017 2 -0.63¢ 15.0884
s c 1 UNk c3 2 0.053 12.0110
& c 1 oNE cz 2 0.205 12.0110
7 oA 1 wNR 022 2 -0.116 15.9994
8 B 1 UMk E22 2 0.121 1.0080
B cRL 1 oNE c1 2 0.067 12.0110
10 HC 1 umNR HL 2 0.099  1.0080
11 c 1 ONR ce 2 0.205 12.0110
12 o 1 UNk 021 3 -0.58¢ 15.9994
13 CRL 1 UNR cs 3 0.073 12.0110
14 HC 1 ok 55 3 0.108  1.0080
15 c 1 uNk = 3 0.223 12.0110
16 [ 1 UNR 016 3 -0.101 15.9994
17 c 1 ok ce 3 0.223 12.0110
18 c 1 UNk c10 3 0.058 12.0110
1 cRL 1 oNE c1s 4 0.057 12.0110
20 HC 1 wNR E1S 4 0.085 1.0080
21 c 1 UNk c14 4 0.175 12.0110
22 on 1 oNE 018 4 -0.136 15.9994
23 B 1 umNR K18 4 0,103 1.0080
22 c 1 UNR c13 4 0.175 12.0110

4, R FREH LT

4
S
b\
4
‘a;
R
A
=40
Y

2x v Fehd H-gh(topology) 0 14 = =

oS A Heehte x o
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Fr¥ HREFEHEG

4r22.3 82233 tito AT A & B4R E B R 40 HYDC 2 7 fE L H B (R
A 1I5-18) i fea > 12 B 2| & 5 iR aiE® 4]« 2L RAFF L O %
ez BRne g AME TR EpR HYDC e FHBREE > 44 F1
PRI ERERD 5o 0 ¥ S 3 H 4 B HYDC & 3 R RS
PR R v A0 % 2 30 RIALR o4 S RS I E G 4 HYDC B & o) & 5 o

FAHTA H B enitr 4 o

41 FERIHYDC 2 H R B R TP RS

g kel 4 20 FE(P B BATH S G 22 fERAAL[273,274] 0 K
FIRCH Ry AR L T AR T ) SRR - AR FHERER €
Y9 FET o g AR 04 B EA A15-118) 0 B 76 B A hR &
o RFELHTTOBRERLET AT - 3 T HFAERRBLE AR HERTUE > 2
4 i * Istable ~ DUET ~ Eris 22 EASE-MM % w /2 $ T3 1 B2 7R ; ¥ ¢ @
* PASTA2.0 ~ TANGO - AGGRESCAN ~ WALTZ -~ FoldAmyloid ~ Zyggregator

Disconvery Studio 2016 % 1 E g R/ 2 B & M o

411 HYDC 2 E R BAARLEITFRIES

R* e et S FALl BAERSER 4L BN REEED AT E R
R anBEL fRAZTRIBL - AP e kg e 2Tl kg
- Rk o AR FIIS & FUT hit 8 B3k | > 2 2% it > &7
Biod BAAEFERPP > SR ERE R AL F 20 % RI6 2 NIIB &
R S F T RAE L S SR RP F115 2 F117 $ HyDC shiiea 2 o
i g A > @ RI116 22 N118 Bl 84 5 7 & ey A o
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Istable

Eris

DUET
EASE-MM

| HyDC115-11

7

i3

£

a1

b

7

#
(A)Istable (B)DUET (C)Eris (D)EASE-MM

(B

4

- = - ~ - -

(jowy/py) AZ1ou7 sqqro jo aduey) (Jowyry) AB12u7y sqqio yo asuey) (Jowy/ry) £B10uy sqqro o duey) (lowypy) £Zsduy sqqro yo Buey)

B 411 172 F

d0i:10.6342/N'TU201700794

/4.1.1.t

is_Figure

69
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BF o BUFEFFAIFRI LS o fIstable o BRI AR LE =
e19_% % = Alanine(A)~Glycine(G) 2 €_Valine(V)F¥; & DUET # » % % = Alanine(A) ~
Aspartic acid(D) ~ Glycine(G){r Serine(S)c17% #& #+ f # % 7 A Eris ¥ » § e
R E “"“F ¥B°F A2 7 % ;@ & EASE-MM ¥ »F116G~F116A 12 2 F116S
AU E N BRI T L AP SR BT LA "FT 4 faﬁ_;';.%g%;
REHHAEE > Ld W5 - BIEFFREE T EHF > PR REPFLAL
.'rﬁé‘z{%_f_‘aifsﬂj PR R EZES VR REAOETE AL .

OGBS BT REBEOETE I AR TR ke

F3FA o g Ao BERBIFRLEFE g d g @ 3% ¥ A 1 (normalize) I 100

»

Ao TP IRAREE R V9 BREFEL BRI EA S F ARG 1004 0 Ay
RIZ v Bldgae > ¥ P 5 BRI L35 D oo 1 8 R R (database) shdic P
Kiate 3L > RANERAALp 120 70 HP 5 1 EFRLET DR

R FELATR SRR 411 A e

»ﬂ'

$480 5 F 20 2B A 7 g wn

% 411 ¥ Av\ﬁ'?l’f"‘#"%;%l FFRIRBLER 285
RAKRT BRIRPE B2 RIREAE

115 F115W FI115A
116 R116I R116S
117 FI117Y FI117A
118 N118I N118H

*Glycine & Proline F| & & ¥ % % g3k f & chz BG4 [275] » #7047 5]~ R ¢

FHFITARALEERER > E SR TOFF L& A T RN T i
o R IHRBERA S ES ) BRSNS A AR TR FRTE - R
FHFFORERRE > AT R ARR > AR 1S ¢ F
#* Phenylalanine(F) % % = 5 H4p i > I 1% % B 47 o Tryptophan(W) & » B m 3
MR R RS ML) LB R+ drAlanine fFo H J’fﬁ/j}ﬂ’i‘ BT AR o
He o Rpanip iR T 2 %44 BLOSUMG62 *7[276] e 4 A~ e «
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412 HyDC 2 # R R & M RIS %

AR S T AR HYDC AR %8 R E e o o AR i
HYDC & & i § (TR > FHENRELA B REPF > QR LL 55 4
AR M BRI 4120 KA 2w hF o FERINEE e R ey
< 5 At A A RIIO N E NI £ 7 ¥t a8 B A A7 R ¥ > HYDC A i
FERARE DS BAANRERA AL EDIFRL - L ERTVRBET
Hmd 52 % - IR R0 T 2L B277] o 4120 U ERF F

5 A

R B R AR A FRE M TR R G 0 R R

F_&
-‘-E"

BHGHrd s pH @M)T 2o 42 > R € %22 #Hdp(unfolding):H3) & - £
FEAOLERAESRELA LR TER G VRS DV G § RS 7 R K & (amorphous
aggregates) & &5 = #F ik F> % 2 (amyloid fibril) ; % = H_d 3t5 & 115-118 & ﬁx)’j%{
WARI DT A B ) Bsheet BHER B 0 F B BN R AR BT

LG ARREME o A H SR PR

TLj"_’ZJ\ o

(i
Ak

% 412032 FFRIEFR HYDC R E o - T4

2FFRLE FERe R RER L REMA
PASTA2.0 R116I, R116V, N118I, N118V
TANGO N118F, N118I, N118L, N118V, N118V, N118W, N118Y
AGGRESCAN #7% A R1164-N118 2% 5 A,C,FEG H,LL,M,P,S,T,V,W, Y
- f&
WALTZ R116I, R116W, R116Y
FoldAmyloid #r BAAREE CEHLLMVWY -/
Zyggregator F115W, R116K, F117W, N118T
Discovery Studio 2016 R116F, R116I, R116L, R116V, R116W, R116Y, N118F, N118I,
N118L, N118Y

R A A PRI B R A R TR EE 0 TR &
4 o B AN RIS E Y o F Bt B enien RI6L A N1ISI Tk %

BRI E A RBEARS DRERL A TS BREBLE 411 LR
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|
Chaperones
Chaperones

Folding
intermediates

Energy

Partially
folded
states

Amorphous
aggregates

Mol
Amyloid
fibrils

Intramolecular contacts Intermolecular contacts

W 4.1.2 39 F5EGE2Z N LR B277]

e U HE R AT F RIGBAE & T 40 Arginine(R) & £_E B & 1% 40 Asparagine(N)
% = B gkt Isoleucine(l) » 45 fie #83T ¥ & gr-k {7 Phenylalanine(F)p¥ » ¢ H#-%5
BRESERE/RB kA HYDC 3 1 R ek & 9% B %*u? g wELERE -
¥ ¢k > 4345 Cornish % 4 = 4 45 11[278] » % R %+ £ § PB-branched e3= ik ik (4
Valine ~ Isoleucine 3 )p¥ » % % F]5 = #5545 8 i+ ohig 17 4] g (helices) % X %

TEE b 9B R E (unfolding)  F BB E R 30 5 7 2 IIRE R

¥
fo 0 €3 RE LA PRPBHEDOT i o MY g% RI116I &2 NIISL ¥ 5 7

B-branched shi % fd » 1iE2 77 3 - Rehlgk o

Ra o AHFE S F R0 FR | (sequence) 1 A T ihgh 4 B R
(thermodynamic properties)i& (F3g P > HE R TR F - TALR 3 o F]Pt A
FrEP WA AR FAL R A4 PIR D HRLTOBREBGERE 8B L

BERTAIE B EFHE R DR R TR
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42 3 HYDC 2 # R 364 ETend g

513 HYDC 2 # R R td 4 FHET PSR o 2 & L% RMSD
SRERGATES SRR ERERR > £ &% AGGRESCAN3D
Discovery Studio 2016 %38 R & M o 5 & v a2 (5> 874 T 115-118
A 47 0 & 35 RMSF ~ DSSP 11 2 flgn KAz A W3R A A s 12 - &
BHE 2 BB o 2 b0 2 KRR L A B3 R A pHT ~ 343K 11 2

pH7 ~ 425K 3k B 7 > T3tk iz o

42.1 RMSD £ # &%

Root mean square deviation (RMSD) ¥ * % #F 3¢ e % o %’% d -85 B R

FE ST R R R OREER G o T 00 2R F S A RREARY 5
e n P H A 343K 87 425K s 47 % 4 Gldc B 4.2.1 22 @ 422 f1oF o

B 343K PR BT 0 < SR ¥E % 100 ns HRMSD BB R LR A <

M-

7 025~03nm & > vE— RMSD E# < chR A A NII8H > ¥ & 0.35~0.4 nm
2% A GRAFEITHREA ¥ o FIISW p 70 ns 42 » RMSD B4 ™ % 1
0.2~025 nm =% > v KA R A > L RETOREM o & 25K FRBET 0 R
A RMSD 5% 50 ns P & 0.5 nm 24 » 22X SR PAELE 27
RMSD E % it i+ R %5 NIISH  H & 4 40ns {6+ 2 3 4 0.8 nm> F 5 7
PR A FIISW £ FI17Y £50 ns ¥ c7RMSD & 4 %] 4 5 0.42 2 0.30 nm >
AV RERG ELNREHE -

BEARBERT RSV ILLEEHENIISH A e hREME A FIISW
2 FII7TY ERPBTAOARER 5% B4 411 726 BTREAEET

LRREAE AL
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0.5 :

RMSD (nm)

o1 —— Wildtype =+ =+ F115A -+ F115W
———R116S ==+ R116] === F117A
F117Y N118H N118I
0.0 . 1 1 A 1 . 1
0 20 40 60 80 100
Time (ns)

WM 421 HyDC £ ¥ R %4 % 343K T RMSD E'ErF i % W
(Fh R B2 74 * Sean_Thesis_Figure/4.2.1.tif)

0.9 ,

0.8 |-

RMSD (nm)

‘ ——— Wildtype =+ =+ F115A s F115wW |
041 |- ———R116S == R116] -+ F117A -
F117Y N118H N118I
0.0 L ] | ) | l
0 10 20 30 20 5
Time (ns)

B 422HYDC £ H R ¥4 % 425K T RMSD E'TFF % §

(HhRBEL

74

# © Sean_Thesis_Figure/4.2.2.tif)
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42.2 R 7§ Native contact) & 7% %

R4 A 47 30 FIBARR - itk BEFE R TP BRF &
BT ORI AR R TEPFR R BEARR  F R LIRS T e
Foi TG RAE o B & 343K 2 425K A 5 % A 4ol 423 2
42.4 0 5 o

B 343K BT 0 82X HYDC Rk 0 fh 30 & F gy L] i
FI17A chR e 4§ & F X e e A 60ns (6 @ EDH b o 2 1 B R 5 5t
AT SR 5 & 100 ns BF o HYDC R &2 2 R AR BIRAGA F Al
0.77~0.81 A > ;23 = ~ ehZ B > “'F’é.‘ﬁéjl AP RaOEFEE o B 425K kB T 0 F117Y

B 50 ns e R RS FNE 072 AR ERE B OREM > XA FIISW
g RIGL HE5 067 A Hie REMAR LGS ‘I;’K %5 0.6~0.63 F > &2 R

Bl d PEGDLE -

1.0 l | | |

—— Wildtype ==+ F115A F115W

~———R1168 == R116] «+-- F117A

F117Y N118H N118I
_ 09| |
<
c
2
-
Q
©
&
-
Q
3
S 08
o
0.7 L 1 1 1 1 | 1 1 L
0 20 40 60 80 100
Time (ns)

W 423HYDC 2 H RS 3BK T RERIL FEEF R F
(# F B Z &4 : Sean_Thesis_Figure/4.2.3.tif)
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1.0 : : : :
—— Wildtype =+ =+ F115A -+ F115W
———R116S —-—+ R116] ==+ F117A
F117Y N118H N118I
0.9 |- _
=
°
e
S os
=
et
Q
8
c
@]
o
0.7
0.6

Time (ns)
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Site 5 Site 6
(B HA X R) ( ) ( )
Posel Pose2 Pose3 Posel  Pose2 Pose3
g %2 Quercetin
-28.77 -27.10  -26.30 N/A N/A N/A
(pdb code: SAUW)[282]
% R & Chlorogenic acid
-15.76 -1541  -14.85 N/A N/A N/A
(PubChem, CID=1794427)
¢ &% L-carnitine inner salt
-23.46 -19.10  -18.59  867.87 905.51 N/A
(PubChem, CID=10917)
2,9-= ? #-4,10- 2% Neocuproine free base
-0.17 1.34 1.42 N/A N/A N/A
(PubChem, CID= 65237)
f= iz Phenol red
-3.83 -2.32 -1.58 N/A N/A N/A
(PubChem, CID=4766)
#5 4 B % Ortho-vanillin
-12.66 -11.55  -11.40  308.02 323.74 362.75
(PubChem, CID=8991)
22-,2 22/ - F 7 fp
2,2-dihydroxy-Benzophenone 9.48 9.31 8.77 N/A N/A N/A
(PubChem, CID=69150)**
5-72f-14-3 pR
5-hydroxy-1,4-naphthoquinone -12.64 -12.56  -11.95 677.84 694.56 737.34
(pdb code: 3B7J)[283]
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A7 EC AzureC
(PubChem, CID=68277)
A AR
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17 ? L & Methylene blue
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¥2 % % Epigallocatechin gallate
(pdb code: 300B)[289]
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