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Infroduction

e Amyloid beta (AB) is a biomarker for Alzheimer’s Disease (AD)
> AP plaques lead to AD

e Insulinis the principle regulator of Type 2 Diabetes (T2D)
> Lack of insulin leads to T2D

® Both Abeta and insulin are found in endosomes

> Internalized by receptor-mediated endocytosis
e What connect these disorders?



Insulin-degrading Enzyme (IDE)

AB and insulin are substrates of IDE
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(IDE activators) (IDE inhibitors)
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Increases IDE = Inhibiting IDE =
AB degradation retention of insulin

How does IDE, a cytosolic enzyme, encounter A3
and insulin in the endosome?
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PtdinsPs distinguish different cell membranes.

BACKGROUND

® Phosphatidylinositol phosphates (PtdInsPs)
bind at the polyanion binding site to localize
IDE to endosomes

® PtdInsPs serve as identifiers of different
membranes

Plasma membrane

e Decreased localization of IDE = slowed T2D
progression

® Increased localization of IDE = slowed AD
progression

Model for interaction between IDE and
membrane bound PI(3)P.




PROBLEM

e Polyanion binding site and active site overlap
o Mutations in polyanion binding site could
disrupt substrate degradation
® <1% of IDE is endosomal
o High chance of off-target effects in cytosolic IDE

anion
binding
site




How can IDE be mutated such that it has a reduced ability to
localize to endosomes but still retains full enzymatic activity?

Despite overlap between the polyanion binding site and the
active site, residues/amino acids that mediate lipid headgroup
binding can be mutated such that IDE’s ability to bind to

substrates is not disrupted.



PURPOSE AND OBIJECTIVES

Purpose: Create a Non-localizing Mutant of IDE

Objectives:

1. Identify residues vital for substrate degradation
2. Identify residues of interest to mutate in the polyanion binding site
3. Apply research to create a mutant of IDE with increased localization




Used molecular visualization systems and online servers to identify which
residues are important for substrate binding

Advantages of online macromolecular structure analysis
> More efficient

> Less expensive
> Provides promising direction for wet-lab research



How Were Interactions Documented?

The side chain is different for every residue
and thus gives the residue its properties.

e Side chains differentiate residues

q q o ACIDIC SIDE CHAINS
e 7 types of interactions between residues of substrate and IDE
. . rtic acid lutamic acid
> Main chain hydrogen bonds (H-bonds) e T
> Main chain van der Waals forces (VDWs) MO "o
> Main chain water-mediated contacts ke Tl
> Side chain hydrogen bonds Py <:-H_,
> Side chains van der Waals forces g & AN
> Side chain water-mediated contacts
> Side chain salt bridges . IDE Main_VDW Main_hbond | Side_hbond| Side_VDW
e Interactions were cataloged in Excel 1asle )
138 S (Ser)
Sheet N (Asn) 17 Leu 17 Leu 18Val [woH- 17 Leu
bonds] 18 Val
= A (Ala) 16 Tyr 17 Leu 17 Leu
17 Leu
L F (Phe) 15 Leu 15 Leu
141 16 Tyr 16 Tyr
T (Thr) 14 Ala 15 Leu [two H- 15 Leu
142 15 Leu bonds]
143 S (Ser) 14 Ala 14 Ala

Snippet of cataloged main chain VDWs, main chain H-bonds, side
chain VDWs, and side chain H-bonds between IDE and insulin b chain.
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Insulin B chain residues were selected and copied into a new
object titled “insulin_b.” Object was colored magenta.
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PyMol view with cartoon representation hidden.
Main chains were shown as sticks and side chains
were shown as lines to differentiate by thickness.
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Hydrogen bonds, represented by dashed yellow lines, were found in the
object. PyMol view highlighting residue 1 of insulin and the three main
chain H-bonds and 1 side chain H-bonds it makes with IDE residues.
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Non-bonded contacts

P ATOM 1 =—--m- > P ATOM 2 —--m= >
Atom Atom Res Res Atom Atom Res Res 111 116 i 31 136 141 146 151 156 161 166 174 181 1
no. name name no. Chain no. name name no. Chain Distance & AFTSGEHT D EHLEGALDRFAUFFL---FDESAKDREVNA

1 516 NE2 GIN 111 A <--> 61949 0 SER 12 a 3.51

2 523 ND1 HIS 112 A <--> 61966 CD1 TYR 14 a 3.21

3: 523 ND1 HIS 112 A <--> 61968 CE1 TYR 14 a 3.18

4. 525 CE1 HIS 112 A <--> 61966 CD1 TYR 14 a 3.33

5. 525 CEl HIS 112 A <--> 61968 CEl TYR 14 a 3.62

6. 733 ¢ SER 138 A <--> 61980 NE2 GLN 15 a 3.64

7. 734 0 SER 138 A <--> 61978 CD GLN 15 a 3.67

8. 734 0 SER 138 A <--> 61980 NE2 GLN 15 a 2.46

9. 741 CB ASN 139 A <--> 61980 NE2 GLN 15 a 3.69

10. 742 CG ASN 139 A <--> 61956 CB LEU 13 a 3.47

13 742 CG ASN 139 A <--> 61960 N TYR 14 a 3.45

12. 742 CG ASN 139 A <--> 61972 N GILN 15 a 3.84

13. 742 CG ASN 139 A <--> 61975 O GLN 15 a 3.57

14. 742 CG ASN 139 A <--> 61980 NE2 GLN 15 a 3.30

15. 743 OD1 ASN 139 A <--> 61953 CA LEU 13 a 3.40

16. 743 ODl ASN 139 A <--> 61954 C LEU 13 a 3.13

17. 743 ODl ASN 139 A <--> 61956 CB LEU 13 a 3.38

18. 743 OD1 ASN 139 A <--> 61960 N TYR 14 a 237

19. 743 OD1 ASN 139 A <--> 61961 CA TYR 14 a 3.22

20. 743 ODl ASN 139 A <--> 61962 C TYR 14 a 3.78

21. 743 OD1 ASN 139 A <--> 61964 CB TYR 14 a 3.25

22. 743 OD1 ASN 139 A <--> 61972 N GLN 15 a 3.34

23. 743 OD1 ASN 139 A <--> 61980 NE2 GLN 15 a 3.88 & es

24. 744 ND2 ASN 139 A <--> 61956 CB LEU 13 a 3.37 residues (oneletter)

25. 744 ND2 ASN 139 A <--> 61957 CG LEU 13 a 3.40 //// i

26. 744 ND2 ASN 139 A <--> 61958 CD1 LEU 13 a 3.30 jaction

27, 744 ND2 ASN 139 A <--> 61972 N GLN 15 a 3.62 ce /color

28. 744 ND2 ASN 139 A <--> 61974 C GIN 15 a 3.59 ztttts\i_’_,,_———*'shmu cRsunbol

29. 744 ND2 ASN 139 A <--> 61975 0 GIN 15 a 2.47 c ) "S‘Tft::”=

30. 744 ND2 ASN 139 A <--> 61978 CD GLN 15 a 3.80 O NEb

31. 744 ND2 ASN 139 A <--> 61980 NE2 GLN 15 a 3.04 = ehailidentiies

32. 748 O ALA 140 A <--> 61949 O SER 12 a 3.15 - nt identifier

33. 748 O ALA 140 A <--> 61953 CA LEU 13 a 3.16 \\ S

34. 748 O ALA 140 A <--> 61954 C LEU 13 a 3.49 center |occupancy

35 748 Q ALA 140 ==> 61960 N TYR 14 a 2.9 vdw radius

36. 751 CA PHE 141 A <--> 61949 O SER 12 a 3.37 other properties

37. 754 CB PHE 141 A <--> 61946 N SER 12 a 3.79 Tdel

38. 754 CB PHE 141 A <--> 61948 C SER 12 a 3.77 ~ properties

39. 754 CB PHE 141 A <--> 61949 O SER 12 a 3.58

40 69— CA—SER 1% A —<==> 61938 TGz ILE 10 =& 6%

41. 772 CB SER 143 A <--> 61938 CG2 ILE 10 a 3.40

42. 835 OH TYR 150 A <--> 61956 CB LEU 13 a 3.79

PyMol view of IDE residue 141, which was Residue 141 is labeled with atom names.

PDBSum list of Non-bonded contacts.
colored cyan.



Overview  Visualisation
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Of which VAW clash interactions
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Of which covalent clash interactions

Of which proximal
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Water mediated polar contacts
Weak polar contacts

Water mediated weak polar contacts

Arpeggio overview. Each type of interaction is broken down.
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Undefined-proximity set is depicted by red dashed lines between residues.



Worldwide Protein Data Bank (wwPDB)
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crystal structure of human insulin-degrading enzyme in com
DO 10.2210/pdb2G56/pdb

Classification: HYDROLASE

Organism(s): Homo sapiens

Expression System: Escherichia coli

Mutation(s): Yes @

Deposited: 2006-02-22 Released: 2006-10-24
Deposition Author(s): Shen, Y., Tang, W.-J.

[ PEEVETR © Download Files ~

plex with insulin B chain

Experimental Data Snapshot wwPDB Validation @ ©3D Report | Full Report
Method: X-RAY DIFFRACTION Metric Percentile Ranks Value
Resolution: 2.20 A Riree ME— o 0.214

R-Value Free: 0.225 Clashscore IE—— — 12
© 3D View: Structure | Electron Density | R-Value Work: 0.205 Ramachandran outliers I 0 S— 0.1%
Ligand Interaction R-Value Observed: 0.205 Sidechain outliers I S— 5 5%
RSRZ outliers I D 2.1%

o wase e

wwPDB summary of structure 2g56.

Entity ID: 1

Molecule Chains Sequence Length Organism Details

Insulin-degrading enzyme A, B 990 Homo sapiens Mutation(s): 1 @
Gene Names: IDE
EC: 3.4.24.56

Entity ID: 2
Image Molecule

Insulin

2G56

crystal of human insuli ing enzyme in complex with insulin B chain

X-RAY DIFFRACTION

Crystallization
Crystalization Experiments.
ID Method pH Temperature Details

1 VAPOR DIFFUSION, HANGING DROP 7 298 PEGMMES000, dioxane, tacismate, hepes, pH 7.0, VAPOR DIFFUSION, HANGING DROP, temperature 298K

Crystal Properties

Matthews coefficient Solvent content

38 67.67
Crystal Data

Unit Cell Symmetry

Length (A) Angle (*) Space Group P65
2=262.25 a=90

b=262.25 p=90

©=9061 y=120

Experimental data for structure 2956, which was determined
using x-ray diffraction.

Chains Sequence Length Organism Details Image

€, D: 30 NIA Mutation(s): 0 @

Breakdown of proteins in structure. In structure 2G56, there are two IDE chains and two insulin chains.



DATA/RESULTS

Protein Data Bank structures | analyzed: - BT ;*,u A’&(
< )
2G47 2WBY
Crystal structure of Crystal Structure Cryo-EM structure of Crystal structure of
IDE in complex with Analysis of Fabl-Bound IDE in complex with IDE in complex with
insulin B chain IDE in Complex with insulin B amyloid-beta and

insulin A insulin A and B chain




RESULTS

111 GIn
139 Asn
140 Ala
141 Phe
199 Trp
824 Arg
831 Tyr

108 His
112 His
142 Thr
150 Tyr
198 Ala
202 Phe
339 Gly
359 Leu
361 Gly
363 GIn
436 Lys
683 Met
820 Phe

115 Phe
143 Ser
182 Glu
189 Glu
220 Thr
332 His
360 Val

362 Gly
374 lle

431 Arg
609 Tyr
679 His
680 GIn
834 Phe

47 lle
48 Lys
49 Arg
138 Ser
192 Lys
331Gly
335 Gly
336 His
341 Glu
364 Lys
429 Arg
432 Gly
677 GIn
816 Ser
849 lle




o0 0000

Atom Atom Res Res Atom Atom Res Res

no. name name no. Chain no. name name no. Chain Distance
1. 8203 ND1 HIS 108 B <--> 15671 CB HIS 10 b 3.74
2. 8205 CE1 HIS 108 B <--> 15671 CB HIS 10 b 3.62
3t 8233 OEl GLU 111 B <--> 15691 CG2 VAL 12 b 3.27
4. 8268 CD2 PHE 115 B <--> 15690 CGl1 VAL 12 b 3.75

In structure 6BFC, residue 111 makes a side chain
VDW contact with residue 12 of the insulin B chain.

Atom Atom Res Res Atom Atom Res Res
no. name name no. Chain no. name name no. Chain Distance
" 478 CD2 HIS 108 A <--> 15760 CB LEU 15 o] 2.81
2. 479 CE1l HIS 108 A <--> 15760 CB LEU 15 C 3«TL
e 1 480 NE2 HIS 108 A <--> 15760 CB LEU 18 = 3.43
4. 480 NE2 HIS 108 A <--> 15764 D TYR 16 {5 3.78
5. 505 OEl GLN 11T A <--> 15759 o LEU pE.. [+ P
6. 506 NE2 GLN 113 A <--> 15766 N LEU 17 C 51
7. 506 NE2 GLN 111 A <--> 15767 CA LEU 17 c 3.42
8. 506 NE2 GLN 111 A <--> 15770 CB LEU 17 5 3.24
9. 515 CEl1 HIS 112 A <--> 15769 o LEU 17 { o] 3.84
10. 516 NE2 HIS 112 A <--> 15764 o TYR 16 C 77
11. 132 CG ASN 139 A <--> 15771 N VAL 18 3 3.89
In structure 2G47_2WBY, residue 111 of In structure 5WOB, residue 111 forms In structure 2G56, residue 111 forms a side chain
IDE (shown in cyan) forms a side chain a side chain H-bond with residue 12 of VDW contact with residues 15 and 17 of insulin.

H-bond with residue 20 of AB and residue insulin.
1 of insulin.



o0 0000

Atom Atom Res Res Atom Atom Res Res
no. name name no. Chain no. name name no. Chain Distance

1. 8203 ND1 HIS 108 B <--> 15671 CB HIS 10 b

2. 8205 CEl HIS 108 B <--> 15671 CB HIS 10 b 3.62
3. 8233 OEl GLU 111 B <--> 15691 CG2 VAL 12 b 3.27
4. 8268 CD2 PHE 115 B <--> 15690 CGL VAL 12 b 3.75
5. 8270 CE2 PHE 115 B <--> 15690 CGL VAL 12 b 3.66
6. 8270 CE2 PHE 115 B <--> 15691 CG2 VAL 12 b 3.84
7. 8460 CG ASN 139 B  <--> 15684 CD2 LEU 11 b 3.86
8. 8460 CG ASN 139 B <--> 15685 N VAL 12 b 3.86
9. 8460 CG ASN 139 B <--> 15692 N GLU 13 b 3.73
10. 8460 CG ASN 139 B <--> 15695 O GLU 13 b 3.70
11. 8461 ODl1 ASN 139 B <--> 15678 CA LEU 11 b 3.83
12. 8461 oDl ASN 139 B <--> 15679 C LEU 11 b 3.79
13. 8461 OD1 ASN 139 B <--> 15681 CB LEU 11 b 3.53
14. 8461 OD1 ASN 139 B <--> 15684 CD2 LEU 11 b 3.76
15. 8461 OD1 ASN 139 B <-—> 15685 N VAL 12 b 2.81
16. 8461 OD1 ASN 139 B <--> 15686 CA VAL 12 b 3.53
17. 8461 OD1 ASN 139 B <--> 15689 CB VAL 12 b 3.44
18. 8461 OD1 ASN 139 B <--> 15691 CG2 VAL 12 b 3.86
19. 8461 OD1 ASN 139 B <--> 15692 N GLU 13 b 3.39
20. 8462 ND2 ASN 139 B <--> 15681 CB LEU 11 b 3.57
21. 8462 ND2 ASN 139 B <--> 15682 CG LEU 11 b 3.84
22. 8462 ND2 ASN 139 B <--> 15683 CDL LEU 11 b 3.80
23. 8462 ND2 ASN 139 B  <--> 15684 CD2 LEU 11 b 3.58
24. 8462 ND2 ASN 139 B <--> 15692 N GLU 13 b 3.70
25. 8462 ND2 ASN 139 B <--> 15694 C GLU 13 b 3.72
27. 8466 O ALA 140 B <--> 15670 O HIS 10 b 3.37

I ctructure 2G56. recidue 139 of IDE In structure 2G47_2WBY, In structure 5YVOB, rgsidue In structure -GBFC, t:esidue
: ) - - residue 139 of IDE forms a 139 forms.a snde. chain 139 forms §|de cham VDW

(shown in green) forms two side chain main chain H-bond with H-bond with residue 14 and contacts with residues 11,

H-bonds with residue 18. residue 20 of AB and a residue 15 of insulin. 12, and 13 of insulin.

water-mediated contact.



Amino acids that mediate substrate degradation are not part of the

polyanion binding site

Minimal off-target effects

Research tells us how to make mutations with minimal disruption to

substrate interactions

Hypothesis was accepted

o Although polyanion binding site and active site partially overlap, most of the

residues that likely mediate lipid headgroup interactions are not used to bind
substrates



FUTURE DIRECTIONS

e Protein docking

o Predict orientation of ligand when bound to enzyme

® Promising candidates to mutate in-lab

e If you can selectively inhibit IDE, you can slow degradation of insulin or even
improve length of time over which insulin acts
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