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Talk OverV|eW

- o Small drug design - state of the art for

- MD-aided drug screening and new drug

e discover)’

| Find PPl blockers, re-define specificity

® Therapeutic peptides



------------ CALL™ (LWY’s Yang et al. 2014; Li et al., 2017;

--------------- Huang et al.,2019):

DU CHANEIEIEREENE | * An allosteric site predictor based on Linear
NN AI response theory
MD Al ranking model based on different

'''''''''''''''''''''' 2000~4000+  feature distributions between targeted M D

oy FDA drugs FDA drugs and those are not

SR B SN -

Docking ~OIddrugsor

----------- X-ray + MD-

...................... leads that
ety | sampled inhibit the
RIRIEIRIEIRORORIEIe alternative —» target protein
DROSPEPEIEPEPE IR | hafeEmpation ™ oncogene
...................... DRDOCK -
e BETWEEN™

-BETWEEN™ (LWY’s Lin.,2020): DRDOCK™ (LWY’s Tsai et al.2021).

- -%.". A'drug screening that integrates docking, entropy-weighted contact, MD- ® A drug screening that integrates docking, Al-based ranking score
... refined bind free energy and MD-refined bind free energy

~.-®.* For. screening the binding interface * For the druggable site that has a cavity


https://doi.org/10.1101/2021.01.31.429052
https://hdl.handle.net/11296/2wm35m
https://www.ncbi.nlm.nih.gov/pubmed/25229149
https://pubmed.ncbi.nlm.nih.gov/28472330/
https://doi.org/10.1101/677617

~ SMALL MOLECULE

~ DOCKING

PERI snapshot NOT stored;
Resampling is carried out
Samplfhg Energy Evaluation ——
snapshot stored &

s descendent populated
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? Hewlett-Packard, San Diego, California

° Applied Mathematics Department, Sandia National Laboratories, Albuqurque, NM
* Department of Computer Science & Engineering, University of California, San Diego, La Jolla, CA


http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.113.6936&rep=rep1&type=pdf
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Ll https://en.wikipedia.org/wiki/Simulated_annealing



Defining a Docking

Position y

X, ¥ Z

Orientation
qx, qy, qz, qw /\) K
"Torsions

Tis Wiz 5%



http://dasher.wustl.edu/chem478/lectures/lecture-21.pdf

Genetic algorithm

e (Morris et al. 1998)

i Use of a Genetic Algorithm as a sampling method

* Each conformation is described as a set of

- rotational angles.

il e 64 possible angles are allowed to each of the bond OH
s inthe ligand.

- ¢ Each plausible dihedral angle is codified in a set of

s binary bits (26=64)

o e Each conformation is codified by a so called

o chromosome with 4 x 6 bits (O or 1)

10 111010.010110.001011.010010 O

ODRR |

BRI D, D, H  General Coordinate System



011010.010110.011010.010111 <+— Chromosome
111010.010110.001011.010010

001010.010101.000101.010001
101001.101110.101010.001000
001010.101000.011101.001011

=

Gene



Genetic algorithm

e 3.Genetic operator : Mutation

Oﬁ 011010.010110.011010.010111
G Single

o | mutation

...................... v

e H‘)@_Ho“ 011010.011110.011110.010111

:::::::::::::::::::::: HoN @]



Genetic algorithm

3.Genetic operator : Crossover

Parents ! —
. ! 1 |
Bl B

Children 1
4 .

Tiwwn nnint ('roccnvey

001010.010101.000101.010001
011010.010110.011010.010111

Recombination

001010.010101.011010.010111
011010.010110. 000101.010001



I Monte Carlo Sampling

|
Define the basic network Step|. set initial temperature and use random number
|

generator generate random molecular conformation

Select the initial configuration
and evaluate cost

I Step2. generate a new molecular conformation and

Mak t confi ti H
i / calculate molecular conformation energy

|t - | Compare energy between previous(EA)
5 and current (EB) conformations. -AE/KT
Test Metropolis criterion €
I 1 Jif AE<0
Candidate configuration NO P = —AE
accepted ? T . 0
P e Jif AE > AE
. B Make current configuration
“.f- " | equal to candidate configuration
I . .. .
Stop citrion I Step4. simulated annealing iterates over time
— until one of the termination criteria is met.

termination criteria: predetermined number of
iterations, or termination temperature is reach.







B Lamarckian genetic algorithm

The local search method is adaptive, in that it adjusts the
BRI step size depending upon the recent history of energies:
e .

R ! |.a user-defined number of consecutive failures, or
e I increases in energy, cause the step size to be doubled
IR I

''''''''''''' | I

DRSNS ' 9 2.a user-defined number of consecutive successes, or
e 1. decreases in energy, cause the step size to be halved
.............. Local search

RI N

.............. | )

SRR i Phenotypes

R Lamarckian

e Inve{se Mutation Mapping . 0

SRR Mapping translational step size :0.2 A°

.............. & »— @Genotypes g c 9 o

SRR Child  Parent Child orientational and torsional step sizes :58°



Sen Genetic algorithm

TSR, | 2. selection:

mny The integer number of offspring

‘ ‘ l f_f — f;: the fitness of the individual
Jw J1

o O R

PRDRERY T < f >:the mean fitness of the population

RIS | The fitness of the worst individual, or highest energy



Disease Off-target
Target




e CALL™ (LWY’s Yang et al. 2014; Li et al., 2017;
DU GINIINNN Huang et al..2019):
SENE CAANEICHEE | * An allosteric site predictor based on Linear
NN response theory
Al ranking model based on different
SONNNEEaO | 2000~4000+  feature distributions between targeted
o e e e FDA drugs FDA drugs and those are not
e Old drugs or
RO Xoray + MD- leads that
IRMIPIOREIIIe | EETulpiC inhibit the
EEPENENEEIENEE alternative —» target protein
RIPIP| leepation DRDOCK™ (oncogene)
RIS BETWEEN™  >
-BETWEEN™ (LWY’s Lin.,2020): DRDOCK™ (LWY’s Tsai et al.2021).
- -%.". A'drug screening that integrates docking, entropy-weighted contact, MD- ® A drug screening that integrates docking, Al-based ranking score
... refined bind free energy and MD-refined bind free energy

~."® .- For screening the binding interface * For the druggable site that has a cavity


https://doi.org/10.1101/2021.01.31.429052
https://hdl.handle.net/11296/2wm35m
https://www.ncbi.nlm.nih.gov/pubmed/25229149
https://pubmed.ncbi.nlm.nih.gov/28472330/
https://doi.org/10.1101/677617

U https://www.biorxiv.org/content/10.1101/2021.01.31.429052v4

o0, where x represented a sampled docked pose. f represented the feature generation

---------------------- function that took an input pose x and returned the corresponding feature value.

ST F e | the docking affinity, the distance to the drug target site,

...................... the size of poses cluster }. PfT was the value distribution of feature f for a docked

...................... pose sampled from a true binder. P]f was the value distribution of feature f fora

'''''''''''''''''''''' docked pose sampled from a decoy. Thus, the LOD score represented how more

---------------------- likely a sampled pose was resulted from a true binder or decoy. The distribution of

...................... PfT and P}’ were derived from the docking results of the 2016 drugs on 16 selected

---------------------- crystallized complex structures composing of proteins as drug targets and FDA-

---------------------- approved drugs that was also included in the 2016 drugs according to Westbrook et

'''''''''''''''''''''' al., 2019 (Table SX). The 2016 drugs including the one originally in the complex were


https://www.biorxiv.org/content/10.1101/2021.01.31.429052v4

. Oncogene - CALL™ —»

X-ray + MD-
sampled
alternative
conformation

2000~4000+
FDA drugs

/" o

Al ranking model based on different
feature distributions between targeted
FDA drugs and those are not

10.20 ns

DRD(.)CK"'M

binding interface

Druggable site
of protein target

//,,/)

BETWEEN™

2

Old drugs or
leads that
inhibit the
target protein
(oncogene)



New drug derived from combining fragments from

~on-target drugs and systemic drugs

(100 times better than the best of the 80 compounds screened and
o provided by a leading Al-based drug discovery company)

- On-target drug eff|C|ency Identify systemic drug The new drug integrate from on-target
NN S (FDA 1) (FDA?2) fragment and systemic fragments
......... E E

RINRRRIIEIN IC50 <20

RINRRRIEI nM

4 FDA drugs, AX, A”-C, A*D,

- A”-B, were screen out from New drug (A"-X) that

- DRDOCK™ .tO inhibit EgIN2s At the cellular level, A-X shows a integrates fragment A” from

I At strong tumor suppressor effect on on-target drug (A”-B) and

- active site. breast ductal carcinoma (MCF7 5 % .

______________________ T47D), but | . o fragment X from systemic drug Only ~400 nM of A”’-X
NN | , but less on non-tumorigenic ) —
~~Immunoblotting assays showed  breast epithelial cell line (MCF10A). (A X)'ft-og.e:]hsfc-alsishEO\;\I/\le;b ; can inhibit 50% of the
- A’-Bis the best drug in specitic Inhibition to EgINZ DUt - breast ductal
RaRiekied il not to EgIN1 which share 70%  5rcinoma.

: mo ecuar eve Sequence |dent|ty. Data are by courtesy of collaborator
..................... Prof. Q Zhang



Our new drug:
1IC50 =50nM; EC50 = 200nM

Triple negative breast cancer
cell line MDA-MB-23 1

'''''''''''''''''' By the end of next year, we can make similar design with a bigger database in 10 days.

BRSO | 6 out of 7 drugs/leads we screened/designed were effective, while Atomwise gave 1/80.



able 2. Rank of the docking results for effective FDA drugs repurposed to inhibit EgIN2

drugid name docking_rank_in_egin2_X_ray docking_rank_in_egin2_c0 docking_rank_in_egin2_c1
1 01025 A”-C 74 224 94
2 01426 A-X 296 170 12
3 01631 A” -B 191 119 208
4 01450 A*-D 197 222 245



~ Conventional thinking of the pharma:

-~ high affinity = specificity

Disease Off-target
Target

o Yet, evolution-imposed similarity for functional lives

oo at molecular level makes off-target effects inevitable



-~ Specificity could be

:;:;:;O‘:fjbi'n Ioff-target Off targets of the

SRR active site drug

Rl ( ®

i Off targets of

i the interface drug

TRURRNNN | Off targets of
PR | the allosteric drug
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RNty Intermolecular allosteric drugs

ey (Intramolecular) allosteric drugs



A coys7a  ATG4B(0)

-
))Z
- '1“

His280




Name/compound ID¢ ATG4B conformation Ligand binding sites< IC50 References<

NSC185058 Closed-form The exit of the active site nearby the 51 uM Akin et al., 2014
ATG4B N-terminus

LV-320 Closed-form The exit of the active site nearby the 245 uM Bosc et al., 2018
ATG4B N-terminus

S$130 Closed-form The groove formed by the folded N- 3.24 yM Fu et al., 2018
terminal tail

Tioconazole Open-form The entry of the active site 1.79 uM Liu etal., 2018

Compound 1 and 17| Open-form The entry of the active site 10 and 12 pM“ | Endo et al., 2019

VB Open-form The interface of LC3 binding site ~5 uM Yang et al

Allo1 and Allo2¢ Open-form< Potential Allosteric site« ~10 uM< Yang et al¢

N7 and N9 Open-form Intermolecular allosteric site on LC3 N.A. Yang et al




-~ Specificity could be

:;:;:;O‘:fjbi'n Ioff-target Off targets of the

SRR active site drug

Rl ( ®

i Off targets of

i the interface drug

TRURRNNN | Off targets of
PR | the allosteric drug
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2016 FDA-approved drugs Welotbeisiie
Docking + + drugs with two

—

different proteins.
ATG4B LC3

: 2016 2016 Drugs were

: remained only if

| Cluster analysis it's represented

| cluster was larger
1183 928 than average.

e
.

667 We ranked the
drugs by contac
number and
keep the top
100 100 drugs.

_‘

(Small) (Big)

: We get the
[ " intersection
. | Intersection drugs from the
: last step.
tJ

: [Contact number analysis

: {MD simulation

: [M M/GBSA calculation

* AS = Spouna — Sfree
3:;21%:3&} e AS <0

interface after
10ns simulation

Drugs were
ranked by their
binding free
energy with the
protein.

* AG = AH — TAS

s —qz|— |z —¢5
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inhibition (%)

interface drug and active site drug co-used to inhibit 3CLP™ catalysis

&

100
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——

[ Active-site inhibitor G376

[ Nv co-used with ceaze

] Nv coused with B¢

[_] single use of interface biocker Nv
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100%

90%

80%

70%
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Virus Inhibition %
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now industrialized into a service




Where will the next success lie?

............ g DRDOCK serumoring—% . % % X

---------------------- Home | Tutorials | DynOmics 1.0 | Yang's Lab | Server Status | Example

MD.(sampling Docking 1D (binding affinity

/-1 What is DRDOCK?

DRDOCK is a web server that performs online automatic \ .
..o virtual drug screening of 2016 FDA-approved drugs on a Ny, Ny TR
Aot user—submitted target protein. Its goal is to facilitate the - ”',7"
- drug repurposing to extend the possible treatments toward X \

------- —" life~threaten and epidemic diseases. This is achieved by

...+ combining the molecular docking and molecular dynamic L ¢

:::::::::::::::::::::j (MD) simulations to prioritize drugs of strong binders from

...................... non-binder. The only things the user required to provide are

::::::::::::::::::::j: a well-patched protein structure made of a single peptide

---------------------- chain in PDB format and the target residues IDs to which

----------- the drugs expected to bind. DRDOCK is freely accessed

...................... without login requirements. Find more in Tutorials.

:::::::::::::::::::::: PDB file: | B8R | RIBEEAHER

oo Chain ID: [ex:A | Model No: [ex: 1 |

........... Residues range: [ex: 1-100

|
----------- Target sites: [ex: 101-102,201 |
|

........... Email:|

........... O Relax the structure by MD before docking

or AlphaFold2 modeling

Reference: Tsai,KL. and and Yang,LW. (2021) DRDOCK: A DrugRepurposing_platform integrating_automated docking, simulation
and a log—odds—based drug_ranking_scheme. doi: 10.1101/2021.01.31.429052 (To be peer-reviewed)

Contact: The server is maintained by the Yang_Lab at the Institute of Bioinformatics and Structural Biology at National Tsing Hua
University, Taiwan.

For questions and comments please contact Kun-Lin Tsai.




Q Drug R ing— Y % % %y
Q‘_ DRDOCK ru?/l/hee,::r:/;,;’gygenexttuccesslie?

---------- Home | Tutorials | DynOmics 1.0 | Yang's Lab | Server Status | Example

‘MD:(sampling) = Docking = MD (binding affinity)

What is DRDOCK?
------------------ DRDOCK is a web server that performs online automatic

NN virtual drug screening of 2016 FDA-approved drugs on a
EREPER NE NG user—submitted target protein. Its goal is to facilitate the

.................. drug repurposing to extend the possible treatments toward

------------------ life—threaten and epidemic diseases. This is achieved by

R combining the molecular docking and molecular dynamic

.................. (MD) simulations to prioritize drugs of strong binders from

:::::::::::::::::: non-binder. The only things the user required to provide are

------------------ a well-patched protein structure made of a single peptide

:j:j:j:j:::::j:j:j chain in PDB format and the target residues IDs to which

.................. the drugs expected to bind. Find more in Tutorials.

B I Protein AlphaFold2 (Al-based
""""" sequence: structure prediction)
.................. >6WKS_1|Chain A[auth AAA]|2'-0-

......... methyltransferase|Severe acute>

--------- SSQAWQPGVAMPNLYKMORMLLEKCDLONYGDSATLPKGIMMNVA

--------- KYTQLCQYLNTLTLAVPYNMRVIHFGAGSDKGVAPGTAVLRQWLP

--------- TGTLLVDSDLNDFVSDADSTLIGDCATVHTANKWDLIISDMYDPK

""""" TKNVTKENDSKEGFFTYICGFIQQKLALGGSVAIKITEHSWNADL

""""" YKLMGHFAWWTAFVTNVNASSSEAFLIGCNYLGKPREQIDGYVMH

'''''''''''''''''' ANYIFWRNTNPIQLSSYSLFDMSKFPLKLRGTAVMSLKEGQINDYM,

B i Target sites: [ex: 101-102,201 | GPL: AI anthzﬁ

.................. Email: | | » ‘ -

CPU: Docking
oo In a Single node

--------- O Relax the structure by MD before docking

.................. or Upload protein structure

1 Reference: Tsai,KL. and and Yang,LW. (2021) DRDOCK: A DrugRepurposing_platform integrating_automated docking, simulation
G DA and a log-odds—based drug_ranking_scheme. (To be peer-reviewed)

AT Agb S
__________________ , &?a\\(.:' ‘}"&’ 5 Contact: The server is maintained by the Yang_Lab at the Institute of Bioinformatics and Structural Biology at National Tsing Hua
University, Taiwan.

.................. N T H U For questions and comments please contact Kun-Lin Tsai.
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Therapeutlc Peptide Design

...........

naturecommumcatlons

..o Explore content v About the journal v Publish with us v

---------------------- nature > nature communications > articles > article

cooiiiieeod Article | Open Access | Published: 10 January 2022

- Helical structure motifs made searchable for

o functional peptide design

______________________ Cheng-Yu Tsai, Emmanuel Oluwatobi Salawu, Hongchun Li, Guan-Yu Lin, Ting-Yu Kuo, Liyin Voon,

---------------------- Adarsh Sharma, Kai-Di Hu, Yi-Yun Cheng, Sobha Sahoo, Lutimba Stuart, Chih-Wei Chen, Yuan-Yu

'''''''''''''''''''''' Chang, Yu-Lin Lu, Simai Ke, Christopher Llynard D. Ortiz, Bai-Shan Fang, Chen-Chi Wu, Chung-Yu Lan

e B Hua-Wen Fu B & Lee-Wei Yang &

---------------------- Nature Communications 13, Article number: 102 (2022) | Cite this article

SLIEEENTD 1901 Accesses | Metrics




---------------------- Nature Immunology 2001, 2, 1133



Secondary Protein Structure

https://www.khanacademy.org/science/biology/macromolecules/proteins-and-amino-acids/

B-pleated
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https://www.khanacademy.org/science/biology/macromolecules/proteins-and-amino-acids/

Disordered tor0|dal pore

Wm

Membrane
thinning/thickening

Non-lytic membrane

depolarization IR . S S00¢
( Non-bilayer intermediate

0000000
Oxidized
Anion carrier lipid targeting

TRENDS in Biotechnology



Cgharacteristics of AMPs

. @ Generally, 12~50 residues

St @ and
E?fiffﬁfi?f{ff?fff?ff} & diversity of secondary structures u&%’%‘h‘{q‘%

LL-37
Antimicrobial peptide a-helical
* (b)

Hydrophobic interactions Electrostatic and

hydrophobic interactions
ﬁak Strong
(POPC+POPG)
Outer leaflet (P PC

.eaf:(%% 50 m}gaéj@%&

Prototypic plasma membrane of a  Bacterial cytoplasmic membrane
multicellular animal (erythrocyte)

0 R R

Indolicidin
Cholesterol Zwitterionic phospholipids

Acidic phospholipids

Protegrin |

B-sheet

_—

c)

random coiled

> Trends in Biotechnology, Vol. 29, No. 9, 2011

SEOESOSNNNS > Nature, Vol. 415, 2002



https://dyn.life.nthu.edu.tw/design

Pattern Search BLAST User Guide

~1.7 million alpha-helices
Pattern Query:

Enter your template to search helix:@

WLEWIRW
W2W2Ww Bt
WOOWLNW
o, WORWENW
amples:«
3 WDAWLNW
WKCWARWRL
Email Address (Optional)@ WAWWISW
WVDWWOW
Email Address WKDWESW
Matched Matched : 2 ; Positions in PDB Helical Interacting S
L Sequence (MS) Pattern B S e e (MS), (FH) & File Download Propensity Sontwot: Partners LR S
1 1 WLEWIRW W2W2W  DVQOLLIWLEWIRWESD deba:F (287,293) (280,296) 1.189 8.857 deba:F (324, 338) 0.360
102 WQOWLNW W2W2W  DLATFWQQOWLNW 3tsu:A (651,657) (646,657) kil 7.857 0.392
113 WQRWENW W2W2W  UNSYLWORWENWEWNVTLR 21zq:A (10,16) (5.23) 1.105 8.000 0.385
12 4 WDAWLNW W2W2W  WDAWLNWER 128h:D (198,204) (198,206) 1.089 TR 0.410
135 WKCWARW W2W2W  NVEDWKCWARWRLIRARA 3zuk:B (283,289) (279,296) 1.055 9.143 3zuk:B (415, 434) 0.339
411h:A (449, 479)
156 WAWWISW W2W2W  AGEWLGSWTIFYWAWWISWSPFVGMFLAR 411h:A (371,377) (359,387) 1.039 10.571  41lh:A (511, 525) 0.285
411h:A (527, 545)
) 4n7k:M (81, 88)
257 WVDWWQW W2W2W  QWVDWWOWWVK 4n7k:L (259,265) (258,268) 0.985 7.286 Tkl (e 15 0:i02
86 8 WKDWESW W2W2W Ww3zrh:A (481,487) (460,492) 0.799 8.857  3zrh:A (522, 533) 0.330
879 WTAWSTW W2W2W ~ WTAWSTWKYC 3cb7:A (106,112) (106,115) 0.638 7.714 0.360
88 10 WPEWHNW W2W2HW  GWPEWWNWWLE 3wmm: L (268,274) (267,277) 0.345 g.g57  Swmm:M (82, 30) 4 596
———— e — 3wmm:M (180, 193)
89 11 WPEWWGH W2W2W  WPEWWGHWL Jprc:L (259,265) (259,267) -0.020 8.429 0.284

*At a minimum, 7-8 amino acids are needed for isolated helices due to hydrogen bond formation
*Helicity% for matched sequence in this Table ranges from O to 1.
*The 3D visualization is empowered by 3Dmol (Rego and Koes, 2015, Bioinformatics, 31, 1322-1324)
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----------- Supplementary Figure 4 The overview of Sgo1-PP2A protecting centromeric cohesin. During mitosis,

----------- phosphorylation of SA2 and Sororin cause cohesin to dissociate from the chromosome arm. Cdk1-mediated

-~ phospho-Sgol recruits PP2A at centromere to counteract phosphorylation of SA2 and Sororin and

----------- maintains centromeric cohesin to tether sister chromatids together. Image is adopted from Fig. 3 in

''''''''''' Marston’s review paper’ where the permission (Permission for the reuse of Supplementary Figure

oo 4pdf) 1s obtained through the Copyright Clearance Center of the publisher

----------- (https://marketplace.copyright.com/rs-ui-web/mp).
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Residue Index of Chain B of PP2A
Supplementary Table 1. PP2A-like patterns searched against the developed helical peptide

database
noomgme | g,
K- G % Y K3 G 2.YX 398 69
A ¥* K *¥** G A3K3G 2981 391
G ** Y ** A |G2Y3A 2079 225
A FEE R &S G Y A3K3G2Y 135 3
K. *% G "y *F A K3IGZY3IA 3 2
A R 3k G Y Wx A JAIKIG2Y3A 0 0
ASV[RESR BN [EANGIR ARSI A, A23K23G23Y 23 A 34 3
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https://patentscope.wipo.int/search/en/detail.jsf?docId=US192676438

SteP- Calculation of the mean amphipathic moment <pH>
W3-P2 II(KWLKWLKWLKKVK wise | fra | 2 L

- W3-201: KWLKWLKWLKKKK cri]rc;;ll!ar ey [ZIH Sm(w} +[§H” Cos(w)}
o\ v SRUMINE — \here, 5=100° for an alpha helix e 371374,
W3-202 VIVLKWLKWLKKKKK Of h 6=100° fi Ipha hel N , 1982,299:371-374
ORI v timi ®
W3-203: LKWLKWLKKKKKW o0 0990
e obial (R ) \|
NG peptides @/ w0723 \
o W3-212: KKKWLKWLKWLKK ’

M
\ ™
-

(Voon, 2021)

Calculate ensemble hydro-
phobic moment in PC space

W

Released and equilibrated
for 25 /35 ns (Surface)
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Table 2. Circular permutants of peptide FK13

Mutants
Wild Type
Mutant 1
Mutant 2
Mutant 3
Mutant 4
Mutant 5
Mutant 6
Mutant 7
Mutant 8
Mutant 9
Mutant 10
Mutant 11
Mutant 12

Table 3. Circular permutants of peptide RSKT8W

Mutants
Wild Type
Mutant 1
Mutant 2
Mutant 3
Mutant 4
Mutant 5
Mutant 6
Mutant 7
Mutant 8
Mutant 9

Peptide Name
FK13 W
FK13 2
FK13 3
FK13 4
FK13 5
FK13 6
FK13 7
FK13 8
FK13 9
FK13 10
FK13 11
FK13 12
FK13 13

Peptide Name
RSKT8W_W
RSKT8W _2
RSKT8W 3
RSKT8W 4
RSKT8W _5
RSKT8W_6
RSKT8W_7
RSKT8W_8
RSKT8W 9
R5KT8W_10

Sequence
FKRIVQRIKDFLR
KRIVQRIKDFLRF
RIVQRIKDFLRFK
IVQRIKDFLRFKR
VQRIKDFLRFKRI
QRIKDFLRFKRIV
RIKDFLRFKRIVQ
IKDFLRFKRIVQR
KDFLRFKRIVQRI
DFLRFKRIVQRIK
FLRFKRIVQRIKD
LRFKRIVQRIKDF
RFKRIVQRIKDFL

Sequence
GLLKKIKWLL
LLKKIKWLLG
LKKIKWLLGL
KKIKWLLGLL
KIKWLLGLLK
IKWLLGLLKK
KWLLGLLKKI
WLLGLLKKIK
LLGLLKKIKW
LGLLKKIKWL

Mutants
Wild Type
Mutant 1
Mutant 2
Mutant 3
Mutant 4
Mutant 5
Mutant 6
Mutant 7
Mutant 8
Mutant 9
Mutant 10
Mutant 11
Mutant 12
Mutant 13
Mutant 14

Peptide Name
CMI15 W
CM15 2
CM15 3
CM15 4
CM15_5
CM15_6
CM15 7
CM15_8
CM15 9
CM15_10
CM15_11
CM15_12
CM15_13
CM15_14
CM15_15

Sequence
KWKLFKKIGAVLKVL
WKLFKKIGAVLKVLK
KLFKKIGAVLKVLKW
LFKKIGAVLKVLKWK
FKKIGAVLKVLKWKL
KKIGAVLKVLKWKLF
KIGAVLKVLKWKLFK
IGAVLKVLKWKLFKK
GAVLKVLKWKLFKKI
AVLKVLKWKLFKKIG
VLKVLKWKLFKKIGA
LKVLKWKLFKKIGAV
KVLKWKLFKKIGAVL
VLKWKLFKKIGAVLK
LKWKLFKKIGAVLKV
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