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Quantities of Canine and Feline in China
99

100

Quantity/million
W ~
o S

[t
%]

B Overweight(BCS 6-7/9)
B Obesity(BCS 8-9/9)
= Normal/Lean(BCS 1-5/9)

2010 2014 2019

B Canine M Feline

https://petobesityprevention.org/2018
White Paper on Pet Industry in China 2010-2019
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Renal and .
urinary disease

. Endocrine disease

Comorbidities
. Cardiovascular S PEIIIVAR Orthopedic and‘

disease neurologic disease

@ Respiratory disease Neoplasia @
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Labrador retrievers

Setmelanotide treatment

14 bp deletion g
of POMC deficiency

* POMC
B-MSH
VI BEe="—""=am
pro-pep B-Endorphin Fat 'fiiri‘_j/"\;s e
E; &/!J POMC
o-MSH
(o] L8 D
Body weight
Trainability?
Temperament?
TAdiposity & TFood Motivation T Frequency Hypermethylation
at the POMC locus
Body Weight in Assistance POMC --oc MSH Food intake
CH, CH, CH, CH, CH,CH, CH, Body welght
Dogs  bbilddl TV ] Je BBDl

| =5
’

Yeo GSH, 2017 .Diabetologia.
Raffan E, et al., 2016 .Cell Metab
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Hypothalamic melanocortin system N Satiety:
Tleptin T CCK
| Tinsulin - T GLP1
| TPYY
" | Ghrelin

PVN Neuron

ARC

Kim KS, et al., 2018 .Nat Rev Neurosci.
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Negative
feedback

Glucose

Reproduction

Energy
balance

Margaret B Allison, 2014. J Endocrinol
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Wabitsch , et al., 2015. N Engl J Med
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R SCHR
Al EAM BRI R 2, {H & |Wabitsch , et al., 2015. N Engl J
YL SR Med
SMEFREIE A R, %84S |[Yupanqui-Lozno,et al., 2019.Gen
i& th%LﬁEiI es
[1]Mazenet al., 2009. Mol Genet
Metab

BB H 8 ] A B A 2 R :
‘ D 2 [2]Shabana,et al., 2016. Biol Res
B SRARE R gywabitsch et al., 2015, J Clin E

ndocrinol Metab

M BRSNS AR E, T EY |Zhao, et al., 2014. Biomed Res In
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Natural variant

Natural variant (VAR_004196) 49 Missing .

Natural variant® (vAR_004197) 94 V— M 4 2 publications

100 D — Y n LEPD; no effect on secretion; does not bind or activate LEPR.
# 1 Blblication Corresponds to variant dbSNP:rs724159998

Ensembl, ClinVar.

Natural variant? (vAR_075144)

Natural variant* (vAR_008094) 105 R — W in LEPD.
dbSNP:rs104894023

Natural variant! (\VAR_011955) 110 V — M. Corresponds to variant dbSNP:rs1800564

¥ 1 Publication

1AXS8 2.40 A

X-ray

A

22-167

PDBe
RCSB ...
PDBj
PDBsum

Corresponds to variant dbSNP:rs17151919

Ensembl, ClinVar.

Corresponds to variant

Ensembl, ClinVar.
Ensembl.
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6E2P X-ray 283A C(C/D 863-933 PDBe
RCSB ...

PDB;j
PDBsum

Region

Region* 467 - 484 Leptin-binding € 1 Publication + b Add % BLAST
Region’ 893 - 898 Required for JAK2 activation & By similarity + | 6
Region'* 898 - 906 Required for STAT3 phosphorylation € By similarity | 9

Byron Carpenter. Structure 2012



3v60 (600 x 400)

2 R SR AR AR

= Leptin receptor

ains: A, B
ength: 206 amino acids
heoretical weight: 23.38 KDa
Source organism: Homo sapiens
xpression system: Escherichia coli
niProt:

o Canonical: &8 P48357 (Residues: 428-633; Coverage: 18%)

ene names: DB, LEFR, OBR
Sequence domains: Obesity receptor immunoglobulin like domain

Structure domains: Immunoglobulins

= Monoclonal antibody 9F8 fab fragment Heavy chain

Chains: C, D LY Molecule details >
Length: 221 amino acids

Theoretical weight: 23.59 KDa

Source organism: Mus musculus

Structure domains: Immunoglobulins

&+ Monoclonal antibody 9F8 fab fragment Light chain
Chains: E, F

Chains: E, F £ Molecule details >

Length: 215 amino acids

Theoretical weight: 23.87 KDa
Source organism: Mus musculus
Structure domains: Immunoglobulins
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ZDOCK M-ZDOCK Help Tools References

Input Protein 1 PDBID ~| | |

Input Protein 2 PDBID ~| | |

Enter your email: ‘

Optional:
Select ZDOCK version |ZDOCK 3.0.2 v
Skip residue selection []

http://zdock.umassmed.edu/
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H_3v6o0 A new.pdb

You do not have Java applets enabled in your
web browser, or your browser is blocking this
applet.

Check the warning message from your browser
and/or enable Java applets in
your web browser preferences, or install the Java
Runtime Environment from www.java.com

Spin

Select Residues to Block from the Binding Site:

H_3v60 A new.pdb

431 Chain AASN A
432 Chain AILE

433 Chain A ASN
434 Chain AILE

435 Chain A SER
436 Chain A CYS
437 Chain A GLU
438 Chain A THR
439 Chain A ASP
440 Chain AGLY W

H_1ax8.pdb

3 Chain AILE ~
4 Chain A GLN

5 Chain A LYS

& Chain A VAL

7 Chain A GLN

8 Chain A ASP

9 Chain A ASP

10 Chain A THR.

11 Chain A LYS

12 Chain ATHR. W

H_1lax8.pdb

Select Binding Site Residues:

H_3v6o0 A new.pdb

431 Chain AASN A,
432 Chain AILE

433 Chain A ASN
434 Chain AILE

435 Chain A SER
436 Chain A CYS
437 Chain A GLU
438 Chain A THR
439 Chain A ASP

440 Chain AGLY ¥

H_1lax8.pdb

3 Chain AILE A
4 Chain A GLN

5 Chain A LYS

6 Chain A VAL

7 Chain A GLN

8 Chain A ASP

9 Chain A ASP

10 Chain A THR

11 Chain ALYS

12 Chain ATHR ¥

You do not have Java applets enabled in your
web browser, or your browser is blocking this
applet.

Check the warning message from your browser
and/or enable Java applets in
your web browser preferences, or install the Java
Runtime Environment from www.java.com

Spin
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H complex.LEP LEPRa 467-484 (600 x 400 )

ZDOCK M-ZDOCK Help Tools  References

Contact filtering removed ALL predictions from the ZDOCK output file.
You may want to select fewer residues to force into the binding site.
For your reference, below is the ZDOCK output file without filtering.

Download Files

( Get prediction number:

ZDOCK Output
Receptor PDB
Ligand PDB Get
Top 10 Predictions

-
L

Top 5 Predictions

You do not have Java applets enabled in your web

browser, or your browser is blocking this applet.
Check the warning message from your browser and/or

enable Java applets in N o

your web browser preferences, or install the Java Model 3

Runtime Environment from www.java.com 1

[ l7op 500

odel 4

Color By:
(®) Model
() chain

Spin
DStereo

Cartoon
DWireframe

D Spacefill
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Services Research | Training About us

EMBL-EBI
Protein Data Bank PDBePISA
in Europe
Bringing Structure to Biology
«{ Share # Feedback
PISA Query.

© Submission Form @ Structure Analysis ()Database Searches

@ PDBentry[agch || Analyse | View

(O Coordinate file

© Analysis: 1 amino acid chain and 7 ligands in ASU
Most probable assembly: € 6-mer
Process ligands: @] S04 GOL
Processing mode: @[Aute ]
Interfaces Monomers Assemblies

PDBe PISA v1.52 [20/10/2014]

BPDBe is a member of @ rvipaasank
= Trorgven e rrorgven

c Gamma

Crystallographic information not found. You may give the cell parameters and the space symmetry group in the fields above. You may also submit without crystal data, in which case no symmetry mates will be explored.

Monomers | Assemblies
PDBe PISA v1.52 [20/10/2014]

https://www.ebi.ac.uk/msd-srv/prot_int/cgi-bin/piserver
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PISA Interface List.

Session Map € (4=500-u-520 Interfaces in H_complex.LEP LEPRa 467-484.pdb
Start Interfaces Interface Search —_
Monomers
Assemblies
Interfaces @ | XML View Details Download || Search
wo Structure1 x Structure 2 interface AG AG  Nyg Nsp Nps  CSS
NN «» Range 'N; N, Surface A’ Range 'N; 'N.. Surface A> area, A> kcallmol P-value

1 (@ A 68 19 11080 ¢ B 81 21 7074 725.0 -11.2 0.177 3 0 0 0.000

View Details Download Search



B:LEU 39 79.78 11.24 || 0.18

4 éj\¥Xj‘j:§é:§%‘iﬂz1ﬂ B:ASP 40 130.38 37.14 ||| -0.18

B:PHE 41 188.97 161.78 [N 2.18
Hydrogen bonds No disulfide bonds found B:ILE 42 29.15 24.25 || 0.26
##  Structure 1 Dist. [A]  Structure2 0 covalentbondsfound B:PRO 43 95.51 83.93 [l 1.34
1 A:HTS 467[ NE2] 2.60 B:PHE 41[ o ] o saltbridgesfound B:GLY 44 13.58 5.20 ||II -0.06
2 A:SER 470[ N ] 3.65 B:PHE 41[ O ] B:LEU 45 18.98 0.00 0.00
3 RA:SER 473[ 0G ] 2.30 B:ASP 135[ oD1] B:HIS 46 93.87 26.74 || 0.326
B:PRO 47 18.95 15.50 [ 0.02
A:TYR 466 31.95 4.63 || 0.03 Zfi:ﬁ :2 zi'jz :z'zz m”ml E'zg
AHIS 467 3920 31-93 [l 0-89 B;THR 50 33:2? 0:00 0:00
A:ARG 468 103.46 39.99 |||l -0.18 e o —
A:SER 469 31.97 27.08 ||l -0.07 — ve as o 0 5 o0
A:SER 470 114.34 s5.65 |||l -0.05 tvs oo 5 20 e o 20
A:LEU 471 111.51 61.27 |IIllI 0.97 I o o o 00
A:TYR 472 124.77 6.17 | -0.04 ince st 5 29 o 0o 5 00
A:CYS 473 49.69 0.00 0.00 _
A:SER 474 85.80 45.99 I 0.04 BiGIN 50 5340 099 °-99
A:ASP 475 149.34 36.20 ||| 0.02
A:ILE 476 135.86 104.30 || 1.50 S 1 e o 0 5 00
A:PRO 477 52.63 1.22 | -0.01 vmr o b6 16 o 0o 5 00
A:SER 478 51.48 4501 ||IINN 0.45 e : o
A:ILE 479 66.79 53.90 || 0.34
A:HIS 480 50.47 34.47 |l -0.31 B:ARG 128 34.53 26.44 ||l -0.73
wos  mei i
A:ILE 482 142.26 81.99 ||l 1.29 B:GLN 130 31.57 6.17 || -0.10
A:SER 483 21.98 3.44 || 0.06 1GLY 131 21.03 1242 [ 0.09
A:GLU 484 105.33 21.76 ||| -0.16

B
B

B

B:GLN 134 85.73 62.55 [[IINII -0.08
B:ASP 135 39.26 35.74 [Nl -0.27
B:MET 136 1.51 0.00 0.00
B:LEU 137 44.88 7.36 || 0.12
B:TRP 138 142.95 88.25 ([l 1.13
B:GLN 139 24.68 15.55 [[|IllI -0.18
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https://pdb101.rcsb.org/motm/149
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» Insects use their remarkable olfactory
system to detect and discriminate
different chemicals signals from the
surrounding environment to locate the
food sources.

\

~ . &
\ Agrotis sj&unj;

- ‘i&‘.»
N

@

: Spodoptera exigua

» To find suitable oviposition sites and
mating partners, and to avoid predators

Gallery in wood,

Hou, 2020. Lund University



® Odor
OBP

°o € oo

Kenyon cells

<T L%/‘ 1
< >—

Signals from other neurons

Projection neurons
Antennal lobe

Figure 1. Schematic representation of the insect olfactory system

Local neurons

7

Mushroom body

i\

suoJnau uloy |eisje]

Lateral horn

Hou, 2020. Lund University
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& (@ Odour chemical molecules enter
into sensilla through small pores
(@ They are captured by olfactory
binding proteins(OBPs) in lymph
B " BmorPBP* (U) BmorPBP* (T) BmorPBP*(R) . ESAAAE (3 Then transported to the odorant

-_H+ y 1 ?/“)

A «%‘%5

receptors(ORs) expressed on the
dendritic membrane of OSNs

‘0.’-_'»

(@) The interaction of receptors and

Pore " Denditic ligands elicit the transduction of
ikt Uptake (L) Tearspa () Release (R) ~ membrane chemical signals to electric signals.
1 1
C Bombykol Non -physiological ’
o] |, ligands L (5) The chemical molecules will be
(« afterward inactivated by odorant
0 T T T T i T T : —0

="
—

degrading enzymes(ODEsSs) rapidly
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« Chemosensory Proteins (CSPs): 1k 2% 8% &
]’ HIREA

« Odorant Binding Proteins (OBPs): S k45 & & H

« Odorant Receptors (ORs) : & 5 52 44 —

* lonotropic Receptor (IRs): & F i 52 &
- HEA
* Sensory Neuron Membrane Protein (SNMP):

Fe U e #22 Te i R

« Odorant Degradation Enzyme (ODEs): < bk [ fift Fif



* MbraA6CSP

* Access Number: 1n8u
« Resolution:1.14A

* Method: X-ray

> CSPsRribEH, H15-2560&H
B SR EE A RIS 5 ik

> H110-130 R MR bk 2 4 A
> AR R E R R
> 64> a IR K — N BRIREH

Campanacci et al, 2003. PNAS
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SignalP-4.1 prediction {euk networks): Sequence

286 C-score
2 10 ¢ Sscore ——— T
- Y-score
Z 08 1
- 06 1
= @
- <
: S
o 04 r 1
02 ‘
oo LT
MELLILVALSCYAFACGRPASTYTDKWOHINVDEI LESNALLKEAYV EC LMDORGRCT PDAKEL KET LPDA
0 10 20 30 40 50 60 70
Position
# Measure Position Value Cutoff signal peptide?
max. C is 0.493
max. ¥ 8 0.876
max. S5 8 0.973
mean 5 1-17 0.919
D 1-17 0.807 0.450 YES

SP='YES' Cleavage site between pos. 17 and 18: ACG-RP D=0.807 D-cutoff=0.450 Networks=SignalP-
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A 1 atgaaggtcataattatcttegttctegeccttgetgegetegettecgecegeceegaa A 5000
MKVITIFVLALAALASARPE 55 Kd=9.408
61 gageactataccgaccgttacgataacgtgaatcttgacgagattctcgagaacaagegt =
EHYTDRYDNVNLDEILENEKR £ 4000
121 ttgetggtgecttacateaagtgeatgetegaccagggeaagtgeteceeggatggeaag E
LLVPYIKOMLDQGKCOSPDGEK s
181 gaac acgetet cgaggte 5 3000
ELKSHIRDALENYOEKOTEYV 2
241 tat teatcaaccatgagcecgettactgg g
QKNGTRRVIGHLINHEPAYVW = 2000
301 geegaget &
AELTAKYDPQHQYVTEKYEKE =
361 cteegeaccgtcaaggectaa R 1000
LRTVEKAH® 1
B M 1 2 3 4 M 5 0
170kd 170Kd 0 5 10 15 20 25
130Kd 130Kd [1-NPNJpM
100Kd ! 100Kd
T0Kd wee T0Kd wa G
55Kd - 55Kd 6-Methyl-S-hepten-2-one 04
40Kd = tea= 40Kd - Methylsalicylate
35Kd O e — ~&— a-Pinene
0.3+
35Kd Ethylheptanoate
— —
25Kd 25Kd ~4—  Pentadecane z
- 024
15Kd : 01
20
o W 61D BKd i i
igands)uM
(Ligands)u ot
Meth! sl 6Metnt-Sbepien oo Pentadecane By bepamcsic
Ligands

REESKEREES, BETRE. IR, alpha TRMSAGERE 5Bl 2 BROLA IR
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Pentadecane \

g/

Methyl salicylate

X H TR 5 B T AR

/ Butyl heptanoate

\ a-Pinene

6-Methyl-5-hepten-2-one

RMSD (nm)

1.0

0.8

CSP16-Methyl salicylate
CSP16-6-Methyl-5-hepten-2-one
CSP16-Pentadecanc
CSP16-Butyl heptanoate

0.6

0.4 —+

02

Aokt
' km'é’fﬁﬂm‘

0.0

Time (ns)



(@) MM/PBSAJTIEIASE AWM AR )

CsasCSP165 B4y FHIZE & B HHBEFNLE 43

AetR B I RE
P 1=
1582 JufEES  (kd/mol) AR HREERAILAE (kd/mol) 48 (KI/mob)
. (kJ/mol) (kJ/mol) .
Ligand name Val der Waals . - Nonpolar solvation Binding energy
Electrostatic force Polar solvation energy
energy
K% R Pl -82.466 -18.084 61.336 -11.103 -50.264
Methyl salicylate (0.682) (0.850) (0.750) (0.055) (0.702)
66Mffl55ﬁ;]ﬁ§ﬂ -93.570 -16.158 55.604 -11.428 -65.551
yone P (0.927) (1.325) (0.973) (0.061) (1.080)
+HEE -164.748 -0.969 49.259 -19.537 -136.035
Pentadecane (0.845) (0.069 ) (0.848) (0.089) (1.047)
BRIRT Bg -109.800 -1.567 33.365 -15.787 -93.805

Butyl heptanoate (0.787) (0.211) (0.782) (0.079) (1.191)




MM/PBSAZRAT HL 2 8 vk B 45 & H FH RE
Z PA aa He
FERENES B HEHTTE
HBE{EFSBE Interaction energy/(kJ/mol)
IR F " " e BE
Volatiles ligands BE BE BE Range(< -5.0
Range(>2.0) Range(-1.0 ~ -3.0) Range (-3.0 ~ -5.0) g )
KR F s
Methyl salicylate Tyr28, GIné4, Thré8 Leud5, Ala52, Cys57, Cys60, Val71 - 1le49
6-H 3-5- B¢ I -2 Met32, 1le49, Leus3, 11e72, Leu75,
6-Methyl-5-hepten- Arg50 Trp83, Leu86, Thr87 Tyr96, Val 97, Thro0 -
2-one Tyr100
TRk Leulbs, lle18, Leul9, Met32, Leu45,
Asp91, His94 Leu53, Leu75, Trp83, Leu86, Thr87, 1le72, Throo lle49, Val71
Pentadecane
Tyr96, Val97
Leul5, Leu25, 11e29, Met32, Leu45,
R T - Leu53, Cys57 Thr68, Val71, Trp83, 11e72, Thr90 1le49

Butyl heptanoate

Leu86, Val97, Tyr100
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A B
| s ! | I I I | 1 S
vt .
I Tyrioo
= -2 L e i
1 = tier2 Lo o
de Trevo
20 60 80 "')0 T T
Residue Number 20 40 60 80 100
C D Residue Number
Methyl salicylate 6-Methyl-5-hepten-2-one
4 W .
. . o
| —‘é !
Zo - - =
T ! ] Z
= 2 - | Z
& el S £ 3
- 2
-4 — 5 a4
6 . - 54
20 40 6’0 80 00 -
Residue Number 20 40 60 80 00
e mber
Pentadecane Butyl-heptanoate

SRR (11e49) | HAEFRTL (Val7l) « B=AMRT2 (11e72) FHEAMRI0 (Thro0) &R IR

Bl =
Jtou
Ak
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N Methy! salicylate

N < =
N & m
~ < . -
CYS:60 h u% %m
~
N = e
o
N il
S =
\ Pentadecane Run L honeancoate
CYS-57, ~
A B N
m% 4
e
ALA-52 “?”( | 4
V. evmte
: e m = = = = = Shetig] salicylate D 6-Methyl-5-hepten-2-one
y, - - - c

Butyl-heptanoate
Pentadecane
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cAMP ATP

Leal et al., 2013. Annu Rev Entomol
Fleischer et al., 2018. Cell Mol Life Sci



Butterwick et al.,2018.Nature
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S3-S4 loop
b

» Potential extracellular facing odor-binding pocket

» Side view of Orco highlighting the location

Butterwick et al.,2018.Nature



Phyre2-HvarOR20 = 4 #% 78 Fi ]

i Template Alignment Coverage Conﬁ;lenee
1 c6c70D
©0

dihkga -
3 00

cly66D E—
4 b
g CdaqE [Ainment

% i.d.

12

Template Information

PDB header:membrane protein
Chain: D: PDB Molecule:odorant receptor;
PDBTitle: cryo-em structure of orco

i hw: Run Investigator

12

Fold:DNA/RNA-binding 3-helical bundle
Superfamily:"Winged helix" DNA-binding domain
Family:Replication initiation protein

i hw: Run Investigator

13

Fold:DNA/RNA-binding 3-helical bundle
Superfamily:"Winged helix" DNA-binding domain
Family:Replication initiation protein

i hw: Run Investigator

26

PDB header:de novo protein

Chain: D: PDB Molecule:engrailed homeodomain;

PDBTitle: dioxane contributes to the altered conformation and2
oligomerization state of a designed engrailed homeodomain3 variant

P h”: Run Investigator

PDB header:membrane protein

Chain: E: PDB Molecule:acetylcholine receptor gamma subunit;
PDBTitle: gating movement in acetylcholine receptor analysed by time-
resolved?2 electron cryo-microscopy (open class)
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