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Deiodination of thyroid hormone substrates

Deiodinase enzymes are critical for tissue-specific and temporal
control of activation or inactivation of thyroid hormones during

vertebrate development.
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Previous screening
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Previous screening results

Potent inhibitors with Hill slopes and IC50 not significantly different between species

Xanthohumol
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Previous screening results

Chemicals for which concentration-response curves differed between species
potentially due to non-competitive (allosteric) inhibition

Kepone Nordihydroguaiaretic acid
CASRMN: 143-50-0 ] CASRN: 500-38-9
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Schweizer et al (2014) determined important catalytic site amino
acid residues using mouse dio3

Dio3-cat
deilodination site =

1s219

Dio3 structure suggests a catalytic hydrogeh bond
network and a Prx-like (thiol) reduction cycle.

Ulrich Schweizer et al. PNAS 2014;111:29:10526-10531
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SeqAPASS V6.0
Level 3

Evaluation
Primary Results

Amino acid residue
alignment with hDIO3.
Other critical residue
positions were highly
conserved.

. Total Match

D Partial Match . Susceptible Yes
D Not a Match . Susceptible No

cle8 T16eS9  C239 A240 Y257

Scientific Name

Homo sapiens

Latimeria chalumnae

Similar Amino Aad Amino Acad A_minn Acid A_milm Acid Amilm Acd
Common Name Susceptibility
Homan I_-_

Clupea harengus

Atlantic herning

Gadus morhua

Atlantic cod

Carassius auratus

Amphiprion ocellaris

Clown snemoncfis |_-_

Sciaenops ocellatus

| EEEmEs

Orecochromis aureus

Blue tilapia

T o

Maylandia zebra

ZIm 0 e

Solea senegalensis

Cottoperca gobio

Thornfishes

Gymnodraco acuticeps

e e

Morone saxatilis

Striped sea-bass 195M

Micropterus salmoides

Largemouth bass 1951

Neoceratodus forsteri

e G . | )

Eleutherodactylus coqui

Puerto Rican coqu |_ 202R

Xenopus tropicalis

202R

Tropical clawed frog |_

Kenopus laevis

200R

Lithobates catesbeianus

203R

s |

Petromyzon marinus

G e |_ 143G 1448 - 216P [ 233A |
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Single amino acid modifications selected to represent variations in

other species at positions critical to enzyme catalytic function

SeC170 Glu200 His202 His219
Xldio3 GKRPLVVNFGS.UPPFMARLQAYRRLAAQHVGIAD FLLVYIEEAHPSDGWLSTDASYQIPOQHOCLODRLAAA
hDIO3 GNRPLVLNFGS PPFMARMSAFQRLVTKYQRDVDFLIIYIEEAHPSDGWVTTDSPYIIPOQHRSLEDRVSAA

mdio3 GTRPLVLNFGS PPFMARMSAFQRLVTKYQRDVDEFLIIYIEEAHPSDGWVTTDSPYVIPOHRSLEDRVSAA

X Kkkhkk ek Kk khkhAkKhkkhkkhkKhkKhkoe ko K%k . AKk kKo e hkhhkkhkkhkhAkhkkhkkhAkhkhkkhookhkkheo * hkhkkhke *eokko K%

Cys239 Tyr257 Arg275
X1ldio3 QLMY OGAPG VVVDTMDNSSNAAYGAIFERLYIVLEGKVVYQGGRGPEGY
hDIO3 LOQZGAPGERALVLDTMANSSSSAYGAMFERLYVIQSGTIMYQGGRGPDGY

mdio3 RVLQOGAPGEAL LDTMANSSSSAYGAIFERLYVIQSGTIMYQGGRGPDGY

* Kk Kk k% ek KAk k kK .**7*¥Y**.. ke e khkkkhkkhkk Kk o kK

C168G, T169S| | C239S, A240R | | Y257A, Y257F
Lamprey Fish Fish Frogs | | Lamprey Lungfish
Catalytic site Cofactor site Catalytic site structure




Molecular
modeling

* Mouse dio3 crystal
structure

* Human homology model
 Catalytic (T4/T3
substrate binding) site

e Cofactor binding site

* |n vivo cofactor
unknown (PRX?)

* In vitro cofactor DTT
(dithiothreitol)



Molecular Operating Environment (MOE) Chemical Computing Group

Video
showing
mutation
locations




Virtual docking affinity (S) scores through in-silico mutagenesis

Docking limitations:

« Solvent (water) often ignored by docking programs

« Lack of motion (ligand is flexible but protein is rigid)

» Interaction calculations are conducted with simple potential energy functions rather
than more accurate quantum mechanics

« Complexity of the type 3 deiodinase molecule!




Video
showing
kepone
binding
to
cofactor
location



Hypotheses for protein-ligand interactions

o f
» Putative specific competitive inhibitors (Xanthohumol, QW
Fiptonil)
* Hypothesis: difference among catalytic site variants
e C168G, T169S (catalysis) Y257A, Y257F (structure)

* No difference among cofactor site variants
e C239S, A240R (cofactor interaction and catalysis)

* Putative allosteric inhibitors (Kepone, NDGA)

* Hypothesis: no difference among catalytic site variants
* C168G, T169S (catalysis) Y257A, Y257F (structure)
 Difference among cofactor site variants
e C239S, A240R (cofactor interaction and catalysis)




<EPA

United States
Environmental Protection
Agency

Protein expression & deiodinase in vitro screening assay methods

Transfect each
SDM mutant

plasmid construct

into HEK293
cells.
hDIO3 mutants:
C168G
T169S
C239S
A240R
Y257A
Y257F

/

pcDNA3.1/
plasmid

Lyse/sonicate cells. Incubate 3h with
T3 substrate + DTT cofactor in HEPES buffer. Adjust
protein content for activity within optimal dynamic range.

Sandell-Kolthoff assay
detect free 1odide at absorbance of 420
nm in a 96-well plate reader.




Xanthohumol ICouM HillSlope
. o WT 019 -0.91

- = & A240R 0.22 -0.98

" -+ C168G 0.92 -0.84
8 T169S 0.59 -0.88
+ C239S 0.53 -1.00
#* Y257F 0.23 -0.86
Y257A 0.36  -0.97
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Xanthohumol IC,um HillSlope
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o Fipronil ICqouM HillSlope
120- o WT 109 -0.85
= A240R 274 -1.23
-+ C168G 316 -0.82
2 1007 8 T169S 286 -1.05
2 ¥ C239S 293 -0.90
© 80- % Y257F 2.04 -0.90
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Fipronil IC5uM HillSlope
o WT 109 -0.85

A 4+ C168G 3.16  -0.82

Y257A 6.60 -1.03
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Nordihydroguaiaretic acid IC,uM HillSlope
0.27 -0.88

120— HO H,C o @& WT
A = A240R  0.60 -0.92
100— HO CH, o * C168G 1.38 -0.77
. B T169S 063 -1.12
+ C239S 1.07 -1.19

* Y257F 045 -0.88
Y257A 0.18 -0.82
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Nordihydroguaiaretic acid ICsouM HillSlope
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IC.,uM HillSlope

Kepone * WT 819 -2.02
140- = A240R 9.06 -2.63
R 4 C168G 7.85 -3.06
120- B T169S 13.14 -3.05
2 A A % C239S 1499 -2.28
.; 100- #* Y257F 17.78 -1.49
T Y257A 9.07 -1.71
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ICeouM HillSlope
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Summary

* Small differences in IC,s predicted by small differences in affinity scores
* A240R curves/ICc,s were similar to wildtype for all chemicals

 Putative specific competitive inhibitors (Xanthohumol, Fipronil)
» Difference among catalytic site variants
* C168G, T169S (catalysis), Y257F (structure)
 Putative allosteric inhibitors
 NDGA: difference among catalytic and cofactor variants
e C168G (catalysis), Y257A (Structure), & C239S (cofactor)
» Kepone: difference for cofactor site and structure variants
e C239S (cofactor interaction and catalysis) Y257F (structure)
* For theses chemicals: minor implications for species with these amino

acid variations in the type 3 iodothyronine deiodinase enzyme
o
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