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YASARA TRIILF—H|/MEFa—FYT7IL

M7 7 =7 4 A= A

BEE : YASARA Structure (Version 24.4.10)i2 &k ¥ . & L /37 OEPIZ Ky F % A SE TT ) =RV X —&K/Mb
(Minimization)#/F2 F 2 — MU T AERTHII L E T, KF 2 — MU TATIE, TAY NS v —HOFIEICH G
H5EZBZLNDT I0A KB EURT OMEAT L OURENEZ I ET HEEF B -site APP cleaving enzyme 1 (BACE1)
DOHEEERERE (PDB ID:SI3V) ZHWT, =R A F—/IMbE2Em L ET,

(=3 X — e/ MEE1T 5 121X, YASARA Dynamics LA LD 7 L— RA3248)

1. [FC®HIC

AKF2a— b I TATHE, V7 72T MHROR VX —F/ME~ 27 27 7 4/L (em_runclean.mer ¥ 721% em_run.mer)
ERRATDHECONTHANLET, (KRF=2—FY TATIE, %0 lem runcleanmer] ZfH L ET,)
2O~ T 7 A I T OEWDRH VD | EEOFATRHIUIEICH T2 b DA RIRL TS0,

~ra7y AN LA
IKFEAT NS D Clean LR (CleanAll =~ K) ROKFEFRKEFR v bU—7 Ol
(OptHydAll =~ K) &1Tolztk, =RAXF—H/MEEEITLET (K~27 2N T Clean
WLPREE A AT > 7o %, em_run.mer & FAS + EIT), WEILZHOLEFIHLET,
Clean fLBR LIKFFEAH > MU — 2 OFGELEZITHOT . AJIEEDE F =L ¥ —HK/Mb%x
em_run.mcr FITLET, FEITHOYTOHRE T VAINRCEBEELZ E0HE7 E, YASARA IZL DR
FOBIMRLHIBRZ ATV < RWERITRIRL £77,

em_runclean.mcr

(HEHE)

TR NAX /MR X, A == —72>5 Experiment Minimization % 5479 % Z & THARE T, FEMIC W TIE, 4. #liE
F#H L v b 4.1 Experiment (2 X D=3 F—f/Mb) & TR IIZEN,

2. #{#
21 PDBAHrO—REBERTE
[File] — [Load] — [PDB file from Internet] %R L. PDBID IZ [5i3v] & AJJ. PDF 77 A V& XU a— R4 5
L. EmEEICH R 3D EENRFERINET,
AU —Fy NREROYA, PDB 7 7 A L EBIRATF L, [File)] — lLoad] — [PDBfile] %/ bAfiE % HiAiAA T
<7ZEW, View| — [Stylescene] 72X 7 77 v a v F—TCoTORRTEEEZ DI ENTEET, KFa—1Y
7 TlE, [Ribbon) (F6 %F—) IZRELTWET,
% Download PDB file from RCSB, PDB-Redo or EBI AlphaFold

PDB ID Center Correct Transfer
InclprsseatidusEQRES

Download
@ from www.RCSB.org (official structure)

O from PDB-Redo (re-refined structure) y
Electron density

O from both, take the better structure contour level
Sigma

O from RCSB with electron density surface o

O from RCSB with electron density wire frame M

O from EBI AlphaFold, specify UniProt ID above oK

Figure2.1 PDB 77 A/LOX 7 u— K



22 HILE (FESFOHIR)
Ve E— (") YT FURGF) DS DORER S DZIRY FR< 72, A =2 —TEdit] — [Delete ] — [Molecule |
ZFITLC, RESFEHIBRLET,
AL, Sequence U A bDENS 1 FENX XV EGT 3FBANY H Y R0 T, ZOMODNT% Ctrl F—%#f
LR OEERIRLC, OK RZ V2 LET,

W Select molecules x
Sequence] @ 73 Name Belongs to or has
EA h L AL BA A » All "
Z2A 2918 1 » Selected
EA [2921 | » AminoAcid
BA 2051 1 } Protein
@A TT957 T » Nucleotide
» NucAcid
» HetGroup
» Water
v » SecStr Helix v
v D Negate D Negate attribute
name

and / or this manually typed selection

0}®

Figure 2.2 Delete ®FEAT (Ctrl ¥ —+ 7V v 7 THEEGEIN D ATHE

SCENE CONTENT

Vis|Act| Atom

Yes|Yes 1

Yes|Yes 1

Yes|Yes 2918

AAAAAAAAAAAA No |No |------

rrrrrrrrrrrr No [No |------

------------ No [No |------

-<[No |No |-----

...... Mo |No|ssewa

rrrrrrrrrrrr No [No [------

~~~~~~~~~~~~ No [No |------

Figure 2.3 (ZEX) AESFHIBRAT (G REo+ (v Ay /7 ) vu— /K) HIFRE

23 BEI7MILVORE (BB

[File] — [Saveas] — [YASARA Scene|., [YASARA Object|, PDB file] OWIIN0&EEITL TERDO 7 VX (T«
L7 RY) ICHEEZRT LET CRRHE T 7 A4 LB : sce, yob, pdb), TRIFIGATRS Y 7 A VAIIEE CTRIEDH Y THAD,
YASARA ECRBEVEHND O AAFHEEZEERNEIICL TSN,

f5l) C:¥Users¥username¥Desktop¥YASARA DATA¥tuto em¥5i3v.pdb

XGUL b TR AF—f/Mb~ 7 v 2 BITT 5846, ZOE BE7 7 A VORTE) IXNATIEHY 54,



3. IRILF—m/METHY ODERTT

TN FX—f/Me~ 7 0l o D~ a7 s AV ERBE GUL L a~ 2 RTIA U NLEITTDHZENTEET, <
7a7 7 AVARIIELFCHNETTN, HET — ¥ OHEFIFALOFER YT, GUL & a~v2 KT A VT EOXEHNE
DPOLBFBENHY £,

31 GUINGRITY HE/E

311 WGHRE
TRNX /ML EFAITT ISV EAT G ERELET, A==2—75 [Simulation] — [Force field] % 3N
L. 7135 (YASARA2 %) %R L. TOK,andif ... parameters] =27 U v 7 L ¥,

W% Select molecular dynamics force field

Force field: Force field terms
' Nova . ° Bond Planarity
: vSI}AIQER Angle Coulomb
» YAMBER2
: z:g\BRE/{B Dihedral Van der Waals

» IYASARAZ! v

OK, and if a force field is selected above, also set ﬂs@

Cutoff
A
10.50000 A
v

D Use PME for longrange electrostatics

Set these two parameters instead:

Figure 3.1 J135%E

3.12 ¥ O0MET (GUD
Option] — [Macro&Movie] — [Play macro| 7»56 =3/ —ix/MEA D~ 27 v lTem runclean.mer] 3R L, ©xL
F—h/MbEFEITLET,
RREAR TS E, Tz Y —VEEIC TRV — & =)L F— R/ MUERTORE IS L I L 72 RMSD fEAFR ShvE
T, MBS U T, #iEE A =2—0 [File] — lSaveas] 7OIRELET,

0 YASARA - Yot Anather Sckntic Artiicl Realey Application o x

File Edit Simulation Analyze View Effects Options Window Help @

VASARAZ Sim Off [Obj all | 13845 Atoms

Figure 3.2 em_runclean.mcr F217 [ {fi



riment completed after 1357 steps. Final energy is|-357470.317 kJ/mol.

I RAMEBED T XL F —1fE

The .31_1_-.3tcrn minimization RMSD of object 1 [5i3v] is 0.726 A | = | aTo#EE & LB L 7= RMSD &
WARNING - There are 1 wrong isomers and 4 cis-peptide bonds.

Figure 3.3 em_runclean.mer FATHEHR (FHi= v Y — /L)

[ Tips]

* NP EEFET, F744 D NOVA Hifs (EZEHDF 7 BOx I —E/MUAITICRE) OFEFETRLF—
B/MERE AT O & & 3T APICK Sy ¥ (water shell) (XELE SN FER A,

* FATRER O AT T WARNING DT S TWET R, FRMIIX. Analyze A == —® [Check] — TAllJ 725, Isomers X°
PepBonds 3R 325 Z L THERTHZ LN TEET (LDOFITIX, LEUA167 25 D-amino acid, PRO A 23/PRO A 129/ASP
A223/PROA373 O cis BT F FEEA N EEXIG L /o> T ET, em run.mer PN Correctlso, CorrectCis =t~ > K23 G4
fEENTWETR, ZOFITIHEESNR) -7 K 9 T9), L-amino acid ~DZE H L, SwapRes 2~ > KX SwapPosAtom
o= R, cis/trans 7" Ki%. Dihedral %°> DelBond. AddBond =1~ K442 W CFEICTEF LI LN TEET,

=CheckAll Type=Isomers
due LEU A in object 1: D-aminoc acid
ject 1 (53i3w]) a wrong isomer count of 1.0
Object 4 (Water) i F
querrrefaflou
=CheckAll
Found a pti bond at the N-terminus of PRO A
ot N-terminus of PRO

Found a ¢ D
Found a ¢ ond at the N-terminus of ASP
C

Found a N-terminus of PRO A
Object ( has ptide bond count of 4
Object 4 (Water) h 3 eptide bond count of O
Interpretation: = 0 bad, but cis-prolines are 0K

Figure 3.4 CheckAll =1~ > N F4THE R

32 ARV FS4 Y (CLI) hoRTTIHS
321 EET 7ML DHESE
Yl 2.3 TZRNALFX —H/MEDOR R L R HEEEIE L TOWARWES, EEDOT A L7 FVICHEE 7 7 A V2 RFELET
7 7 A VI sce, yob, pdb) , FRIFIHATC T 7 A VAIIEE CTHIESDH V TH AN, YASARA ECHERNEND =0 A
BABEROVEIICTLTIEIN,

i) C:¥Users¥username¥Desktop¥YASARA DATA¥tuto em¥5i3v.pdb

3.22 ¥/ OMET (CLD

Windows ChiiEa~r F7a 7k (Win ¥—+R F—T7 7y A VA ERBE L TEIT XA T 7 %2E, 4RI omd %

ANLOKARZ %27V vy 7352 ETRE), Linux ThILUEX—IFH 7 v T A (gnome-terminal 72 &) ZPi&, &K
FlEIZHE Wz~ & AJ) Enter ¥ — %92 L THITTHZENTEET, 7 7 A VOIEEITHXSATH Lz

wV/b74vakJ_Mg&774w(%L774w%vau774w)ﬁ%fbf%ni%@ﬂx% Fo. BRELAH

Path (Windows) F721% PATH (Linux) & YASARA EfT7 7 A VDT 4 L7 MU RRAZBENMERTHNIE, THHLD/RAE

ENEFNEETEET,

@ YASARA A A h—/vT 4 L7 UKD YASARA FEAT7 7 A V& 46E

@ AR—ZAZZF, THRAME—FNAA T3 v (xt) BIEE

@ AN—=REZEF, RFERME LI 0T 7 A NVEEE (TRO~7 a2 EHT 585515, YASARA 1 VA h—/LTF
47 RUAD mer 7 4 L7 RVIKEHER T b~ 7 v &i57E)

@ ARX—R%EZF, MacroTarget Z 5 E€ (&KZ X TNV I r—TFT—var (") THKE, ¥—F v ey IV r—TFT—
var () THTy, JEETIIRE)



® (EE) AX—R%&ZES, WGEEE (BKeZ TN+ —T—ar (") THB WEEr N 3—7T—v s
> () THT)

FATHI Gt S A L)

Windows

C:¥Users¥username¥Desktop¥yasara¥ YASARA .exe -txt C:¥Users¥username¥Desktop¥yasara¥mcr¥em runclean.mcr
"MacroTarget='"C:¥Users¥username¥Desktop¥ YASARA DATA¥tuto em¥5i3v'" "ForceField&="YASARA2'"

Linux

/home/username/yasara/yasara -txt /home/username/yasara/mcr/em_runclean.mer

"MacroTarget='/home/username/YASARA DATA/tuto_em/5i3v'" "ForceField=' YASARA2"

FEATH| (BRELZ %L Path/Path iR EW. &7 7 A/~ 7Zr7 A VAL b ({E¥) T4 L7 FVICREFELTHLHE)

Windows

YASARA.exe -txt em_runclean.mcr "MacroTarget='513v" "ForceField=' YASARA2™

Linux

yasara -txt em_runclean.mcr "MacroTarget="5i3v'" "ForceField=' YASARA2"

REART T L, RAMERTOBEZRFELIZ 7 AT (T4 L7 FU) AT, FHREBEORED T~ minimized L8R -] &
W T ANGTHDEINET, (WO7 7 ANERIIANT 7 AV ERUBRICRY £9)

4. HEBHREEV

4.1 Experiment [Z& 4T RJL¥—/NE : Experiment Minimization
A ==—7/5 [Options] — [Choose experiment] — [Energy minimization| %3R3 2 Z & T, GUI »HEHEZ RV
¥F—R/MEEFEITTHZ b TEET, (ZOEEEITS &, 22 F [Experiment Minimization] 23FEITENET,)
Experiment Minimization 23279 % &, BAABER I, I LY hXF A= & W25 ER T15 (steepest descent)

WZ& D = x X —f/ME ThivET, 38V (strong bump) #FFOfElkiX, HEERF= RV X¥— NT v T ERET
Bl PIMIBRRE CIXEEMAEIER 2 L ChR/MEINET, NUTDBREIIL. MELORABRRISHD R RD L
(>F Y. MinStep/AccelMax DFEFHRA 2,51 LY KE ALK, AccelMax (T A — T NDJRFIAEH T 5 RN
WE) a2l =Ty R 7 ==V BT X R/MENTDORE T, 2 DiR/MEIE, =10 =303 5 £ T (200
ATy T TEIEEIND) MVIRLEITEINET, ZORERHEREIL, [Convergence)] /X7 A —F THRIET HI LN T
EFET, ALY, MEITEFEO LV EERZ AN —F/MEETEEI L ETH, L7 LH KRB RZRLF—iK
/IMEIZEET 200 TIERNWZ LICTEELSES W, 7EL <X, YASARA 22— —< =27 /LD, Commands - Tell
YASARA what to do > Options - Other commands > Experiments - Let YASARA cook for you > Experiment - Choose and control

experiments PN, [Example 1: Experiment Minimization] ZIZZML 72\,

B, v/ 8v 774/ em runmer W TIE [Experiment Minimization| 23347 &L TV E 9, em_runclean.mer F 721X
em run.mer %95 Z & T, Experiment HIR COMBIZINZ, HED7 V—=27, KFEREEF Y NU—7 O
b, BB U CHEE S = LB, RMSD O & EEOBIMEEN B BIIIThb 2 RIC e > TWET,

42 23EMO< -/ O (em_runclean.mer & em_run.mer) MDELMIDUNT
D~ 7 1 em_runclean.mer TlE, em run.mer [ZEED 7 U —= 2 ZABPNBM I NUE T, em runclean.mer N T
2= K [CleanAll] & [OptHydAll] WNFEITE N7, em runmer ETEINE T, =R —F/MUALE O K03,
em_run.mer N CRLR ENTWET,



# Prepare the structure for minimization
CleanAll
if Structure
# Optimize the hydrogen-bonding network
OptHydAll
# Run the normal minimization protocol

include em_run — include F— F X~ ;T em_run.mcr MUY (83/SR, HRFHBHT)

Figure4.1 ~Z7 v 7 7 AL lem runclean.mer] KEH 77

43 TYORTHICIRLF—RMBOBENEBRTFSNDIEH
AV RITA ORI T 7 ANEFTTH L =K — Ry MU OMED HBINICRF S E 23, GUI 2»

LEITTHHE D, KD 2OOFMENT- L T DEGE X EBRENFTRRIZZR Y £,

@O YASARA EIZFFDFEAIAENTWRWIREETH S Z &
©® ~zruX—rFy MNIEE7 7 A4 (sce.yob.pdb FEX) MBEEESNTNDHZ L

ZiuE~ 7 mOHEk (1Atoms and MacroTarget!="4{ili 7= 34512, 7 7 A VRN EZIEET H L type DWEE I,
type DMEE FFOYAIZ Save I~ RBFEITIND) ICLBHEDT, a~ > FIA Vb ETTHHEITMRMICZ O
FMEEWTET IR XN X —F/MEGOEERBHICREIND LT RoTWET, FEMIT.

em _run.mcr ONEZ THEFE L 7280,

44 %9 0Y>FJ)L (Example CorrectCis.mer)
mer 7 AV TSN TV A ERE 7 nofl, 22— —<=a2 7 VHNILEL O~ 7 afiRnigidshTunEd, &
DO~ at 7L, CorrectCis 22 RR—UZHB#i STV 5 6 DT, www.yasara.org/minimizationserver D75 %

TEfEL TS~/ rTT,

# EXAMPLE CorrectCis
# Requires YASARA Structure
# This macro is behind the minimization server at www.yasara.org/minimizationserver
# Remove cis-peptide bonds and wrong isomers, and optimize the energy, including side-chain rotamers and hydrogen-
bonding network.
EnergyUnit kJ/mol
if | Atoms
# No PDB file loaded yet, pick one
LoadPDB lacp,Model=1,Download=yes
(B W)

# Make sure that the water shell is in the same coordinate system as the solute
TransferObj Water,End,Local=Fix

# Save the result - as a scene of everything and just the result as a PDB file
SaveSce minimization

SavePDB 2,result

LabelAll 'www.YASARA .org/minimizationserver',Height=0.4,Color=Yellow,Y=-3

Figure 4.2 ~ 27 v Example CorrectCis.mcr| (7 7 A LA IIERE


http://www.yasara.org/minimizationserver

YASARA GUI 7> b =3 ¥ — /MOt G & 70 B & % HiiAd (B, PDB:5i3v), [Options] — [Working directory |
THEET 4 L7 P EZRE, A~v 70 2F 77252 LT, /MU oM, = xVX—HE, Z 2 a7 P LIcRsR
i, Y%7« L2 b UIZ minimization.sce] & [result.pdb] MRTFSNLET,

\PJ YASARA - Yet Another Scientific Artificial Reality Application - o X

| File Edit Simulation Analyze View Effects Options Window Help

N
L
Sttt R S5 et 2 s et O e

6867.8-kJ/mol 7} | s

,,,,,,,,,

Marked Distai <A 1 b NO | --v---
Marked Angle: ) r
Marked Difiedral

www.Y ASARA.org/minimizationserver

Pro 8/1 |Mem83 [Sys L {/ S 13 YASARAZ Sim Off [Obj 1 | 16773 Atoms|

Figure 4.3 ~ 27 1 [Example CorrectCis.mcr] SE1T# T D GUI i

45 Windows T CLI A 5247 L= &(Z RMSD EFDHEENTE 4L

Windows 2> R7a Ly 7 "L EFLERS. W@, o~ FEETLEY 4 RO LMoY o v RuRERSN.
ZHLOICHENENH O ENET, 20U 1 FUid, HEKT LT LN D72 RMSD B OMERZEH LG
ERHVET, ZOLI A, em runmer DRBESTIZ Wait 2~ K (], Wait Forever) DiENIS°, Exit =+ K7D
THEIZ W EZMATa A T U RT 58T, 700K TRY 0 RUBRT I ONDREBRREET 5 2 &2
TE, EEMRTED LI T,

[Tips]
FFED em runmer fREICE W T, Exit {722 A T U b LA, HAEEZIZ Macro>] BFE/REIL, AJFEH ORI
\Z72 0 £, Stop F721% StopMacro T~ 7 24T, Exit TYASARA ¥ T 5 LN TEET,

€1
SaveSce (MacroTarget) minimized
Wait 10,Unit=Seconds — FERPMNIT A EXETZIOITEENM
# Exit YASARA if this macro was provided as command line argument in console mode and not included from another macro
if runWithMacro and ConsoleMode and !IndentationLevel
Exit

Console open

Figure 44 <7 v Tem_run.mer] KRB OMmES] (& TEAIC 10 O Wait =< > )



46 ZOMOEY b (A—H—T=aT7N&Y—EikE)

*YASARA (I, I ab—7 v F - 7=—V U 7ECL Y RMEaATV, HIEZITEOLE L lcm v —i/) (i
N BEECBIhSEET, Se— Ot Tidenizd, ZOHETTF REETV B SIETEEEA,

< BUEBRIR SN TV D NGB RIY 7RI (explicitsolvent) THEHT2Z L2 HIYE L TWAEA. YASARA 13&/»
{LDOBRIAIRFICIRIE > = VA B L E 97, I/MEFICR RSN A =R F—2id, W = A g EnE T, By =
WEERT 2I121E, B2 RE K THZTHERH Y, R OAE ) ZHEE LET, LR -> 7T, FEFIC
RERZ NI BEOEEE, BV ETELETNES e T LRSI ET,

c TRLX— /MR~ 7 11X, CorrectCis 38 T8 Correctlso 2~ > &M LC, HcllBR Iy AT F R
FEA R L ONME o 72 BAPEIR (WA (IR Z e A R L AR EEN TV AL AICHRAET R H Y £9) %
BELET, PIICHFEL TV e 7 — b BEELLLWGSIX, v~ 7 n 2T 20, v~ 7 e 03 7hIcEEE— N4
EHLET,

c BEEOME T HR/ME LTZWEEAIE, Fix 2~ RCREET AR FE2RELET,

CHEHWEHE T OBED T R X — /MR 2 EE LW IEA . B~ 7 2 em runmer ZERT L1, —#
EmELIZMAO~ 7 a7 7 A VEERLET, v 7 0B BETHEESND 2 FHD 'Convergence'” N7 A — & D%
RELTHZEThME IHRHE) &2 EDD N TE, FREKRMAZEMHFET I Z N TEET,

# Main energy minimization

ShowMessage "Running main energy minimization..."

Experiment Minimization
# Converge as soon as the energy improves by less than 0.05 kJ/mol = 50 J/mol per atom during 200 steps
Convergence (50.*JToUnit/AvoConst)

Experiment On 1 750,"% K % \ME~NZEE (e.g. 100.—100J/mol) *JToUnit/AvoConst: E&F H#Z K

Wait ExpEnd

HideMessage

Figure 4.5 ~7 1”7 7 A/ Tem run.mcr] Main energy minimization 7% 4343

CIRHEBIICR R SN ORERO T FX X — 3, BREEEE L CTR/MERHENOERINT 2722 ED0 5L L HRVWIRY | @
E~ATRALERDET CREETRVF—LITRRY | EI/NSWITN KD LZEREETT),

5. SEEH

* YASARA = —H—< == 7/ (Help > Show user manual) @, LA FDX— 23X~/ MEFRICE T 2 NEN L
ShTVWET,

Recipes - Perform complex tasks > Run an energy minimization

cHURIEET VT (Al R—=RFE IR —ET I Y) RN—TET ) I onTE, it 27V A b
Fa—hITART 0 SREL TR E N,

YASARA AAGEF=2— KU TV
https://www.affinity-science.com/yasara-tutorial
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