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Effect analysis of protein motif pattern on protein-
protein interaction and protein-metabolites interaction
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Molecule of the Month: HER2/neu and Trastuzumab

Extracellular
domain

Pertuzumab

Transmembrane

domain

outside cell

Cytoplasmic
domain

C Active kinase ) C; Active kinase g

<4>

Yarden, Y., Pines, G. Nat Rev Cancer 12, 553-563 (2012).
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UniProtZ&3x% 5 P04626

GenBankZE3k=: 2064

KLFF B bR

Aligned_sequences: 2
1:

2:

Matrix: EBLOSUM62
Gap_penalty: 18.©
Extend_penalty: 8.5

Length: 1256

Identity: 1101/1256 (87.7%)
Similarity: 1156/1256 (92.0%)
Gaps: 1/1256 ( ©.1%)

Score: 5983.90

ez X%

PEKING UNIVERSITY

Aligned_sequences: 2
1:

2:

Matrix: EBLOSUME2
Gap_penalty: 16.@
Extend_penalty: 0.5

Length: 1296

Identity: 634/1296 (48.9%)
Similarity: 813/1296 (62.7%)
Gaps: 127/1296 ( 9.8%)

Score: 3167.5

h HER1 (EGFR) 5 h HER2 &[5 /771 LL X}

NCBI BLAST4> 413 & A & FNeedleman-WunschZ4&
EE X & 7R B9 Global Align 51 EE X

KB (NW Score) 2069;

tEENI= (Identities) Ebf51629/1277F01 5 93 LE49%;
IE5ME (Positives) Ltf51807/1277F015 43 LL63%;
22 (Gaps) Ebf5189/1277F1E 4 EE6%.

h HER2 5 m HER2 % [/ 5 51 L3}
RGHECV++C +L.+G PRE+V C+CHPEC PQ +TCG DC+CAHYDP
Shjct 535 LRGQECVEECRVLQGLPREYVNARHCLPCHPECQPQNGSVTCFGPEADQCVACAHYKDPP 594
Query 590  HCVKTCPAGVMGENNTL-VWEYADAGHVCHLCHPNCTYGCTGPGLEGCPTNGPEIP—SI 646
CV CP+GV + + + +WEK+ D C C NCT+ C +GCP P SI
Shjet 5895  FCVARCPSGVEPDLSYMPIWKFPDEEGACQPCPINCTHSCVDLDDEGCPAEQRASPLTSI 654
Query 647 ATGMVGALLLLLV-VALGIGLFMRRRHIVRKRTLRRLLQERELVEPLTPSGEAPNQALLR 705
+ VG LL++++ V GI L ERR+ +RK T+RRLLOE ELVEPLTPSG FPNQA +R
Shjet 655 ISAVVGILLVVVLGVVFGI-LIKRRQQK IREYTMRRLLOQETELVEFLTPSGAMPNQAGME 713
Querv 706 JLEETEFEKIEVLGSGAFGTVYRGLWIPEGEKVEIPVATKELREATSPEANKEILDEAYV 765
ILEETE +K+EVLGSGAFGTVYKG+WIP+GE VEIPVAIK LRE TSPEANKEILDEAYV
Shijet 714 ILKETELREVEVLGSGAFGTVYKGIWIPDGENVE IPVAIEVLRENTSPEANKEILDEAYV 773
Querv 766  MASVDNPHVCRLLGICLTSTVQLITQLMPFGCLLDYVREHEDNIGSQYLLNWCVQIARGM 825
MA V +P+V RLLGICLTSTVQL+TQLMP+GCLLD+VRE++ +G3Q LLNWCHQIAKGM +
Shiet 774  MAGVGSPYVSRLLGICLTSTVQLVTQLMPYGCLLDHVRENRGRLGSQDLLNWCMQIAKGM 833 ttXTJ- Ql:l
Z
Querv 826 NYLEDRRLVHEDLAARNVLVETPOQHVEI TDFGLAKLLGAEEKEYHAEGGEVPIEWMALES 885
+YLED RLVHRDLAARNVLVE+F HVEITDFGLA+LL +E EYHA+GGEVPIEWMALES
Shjet 834  SYLEDVRLVHRDLAARNVLVESPNHVKITDFGLARLLDIDETEYHADGGKVPIEWMALES 593
Query 886 ILHRIYTHQSDVWSYGVTVWELMTFGSKPYDGIPASEISSILEKGERLPQPPICTIDVYM 945
IL R +THQSDVWSYGVTVWELMTEG+KPYDGIPA EI  +LEKGERLPQPPICTIDVYM
Shjet 894 ILRRRFTHOSDVWSYGYVTVWELMTFGAKPYDGIPAREIPDLLEKGERLPQPPICTIDVYM 923
Query 946 TMVECWMIDADSRPKFRELI IEFSEMARDPQRYLVIQGDERMHLPSPTDSNFYRALMDEE 1005
IMVECWMID++ RP+FREL+ EFS+MARDPQR++VIQ ++ + SP DS FYR+L++++
Shjet 954 IMVECWMIDSECRPRFRELVSEFSRMARDPQRFVVIQNED-LGPASPLDSTFYRSLLEDD 1012
Querv 1006 DMDDVVDADEYLIPQQGFF SSPSTSR 1031
DM D+VDA+EYL+PQQGFF S R
Shjet 1013 DMGDLVDAEEYLVPQOGFFCPDPAPGAGGMVHHRHRSSSTRSGGGDLTLGLEPSEEEAPR 1072

<5>
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NCBI Conserved Domain Database

Conserved domains on [sp|P04626] view | Concise Results v (@

ERBEZ_HUMAN Receptor tyrosine-protein kinase erbB-2 05=Homo sapiens OX=9606 GN=ERBBZ PE=1 5V=1

LT BT (] Zoom to residue level

135 L] 375 Sod & 1] &TS 1adé 1135 1288

uer
a Y seq. AP binding sits

A A A& AL
ﬂ:\ut site B A A M Y Y
Birding aite Ly
hamad imar u.t.-tm_. actisation losp (f-lospd S04

Specific hits I ——
Superfanilies Emh l Furin-like superfomily 1 Feces_L_dorain supe tm ] --r-dn‘ PKc_like superfamily FimV

Search for similar domain architectures J @ Refine search I @

List of domain hits

Name Accession Description Iinterval E-value
[’] PTKc_HER2 cd05109 Catalytic domain of the Protein Tyrosine Kinase, HER2; PTKs catalyze the transfer of the ... 712890 De+00
[+] GF_recep_IV pfam14843 Growth factor receptor domain IV; This ks the fourth extraceliular domain of receptor tyrosing .. 511-643 4.56e-60
[#] FurinJike pfamDOTET Furin-like cysteine rich region; 188-338 4. 60e-41
[+] Recep_L_domain pfam01030 Receptor L domain; The L domains from these receptors make up the bilobal ligand binging site. ... 52-173 3.21e-32
[+ Recep_L_domain pram01030 Receptor L domain; The L domains fram these receplors make up the bilobal ligand binding site. ... 366-482 1.14e-20
[+ TM_ErbB2 cd 12084 Transmembrane domain of ErbB2, a Protein Tyrosine Kinase, PTKs catalyze the fransfer of the ... 541684 3.18e-07
[+ Fimv super family cI34561 Tip pilus assembly protein Fim\' [Gell motility, Extraceliular struciures]; 1063-1192 2.09e-03

Dimerization arm

HER2
PM
Activated
kinase
Kinase , :
domain i Phospho-

<>

, D.et al. Nature 2021

Diwanji
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ERBB2 association networks
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STRING:

Dimerization ams

ONAR
32 e
2::;;113 (Q_)ERBBZ y ERBB3

S80S0 SB0000S C.iol’..f:tl-..lGilillllll...lli'llil....l!..i..

T

b i
OO0 000 1‘.‘n’.‘".----U...0....."..........---UU--UU..

it

A J

KEGG:
Kw Homo sapiens (human): 2064

o)
Entry |2064 DS T01001
Symbol ERBB2, (D340, HER-2, HER-2/neu, HER2, MLN_19, MLN-19, NEU, NGL,
TKR1, VSCN2, c-ERB-2, c-ERB2, pl185(erbB2) 9
Name (RefSeq) erb-b2 receptor tyrosine kinase 2 b y %
KO K05083 receptor tyrosine-protein kinase erbB-2 [EC:2.7.10.1]
Organism hsa Homo sapiens (human)
Pathway hsa01521 EGFR tyrosine kinase inhibitor resistance

hsa01522 Endocrine resistance
hsabl524 Platinum drug resistance
hsab4010 MAPK signaling pathway
hsab4012 ErbB signaling pathway - .
hsa04020 Calcium signaling pathway TCyclm Dland cyclin D2
hsa04066 HIF-1 signaling pathway TMYC

hsa04151 PI3K-Akt signaling pathway TVEGFA

hsa04510 Focal adhesion
hsab4520 Adherens junction

hsa04530 Tight junction J A J A J
hsa05200 Pathways in cancer . - ; - N : ;
hsaB5205 Proteoglycans in cancer Angiogenesis Proliferation Cell cycle Apoptosis  Survival

hsa05206 MicroRNAs in cancer control suppression
hsa05212 Pancreatic cancer
hsa05213 Endometrial cancer
hsa05215 Prostate cancer

hsa05219 Bladder cancer

hsab5223 Non-small cell lung cancer
hsa@5224 Breast cancer

hsad5226 Gastric cancer <8>

Baselga, J., Swain, S. Nat Rev Cancer 9, 463—475 (2009).
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MEGAY :

100 | ERBB3_HUMAN

100 | ERBB3_PONAB

= ERBB4_HUMAN

EPHAS_HUMAN

ERBB2_HUMAN

EGFR_HUMAN

100 LEGFR_MACMU

100 [ EPHA2_MACFA
EPHA2_HUMAN
45 EPHB4_HUMAN
58 EPHB1_HUMAN
o EPHA3_HUMAN

<9>
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PDZD8 (PDZ domain containing 8)

Molecular tethering protein that connects endoplasmic reticulum and mitochondria
membranes. It localizes to ER-mitochondria and ER-late endosome contacts.

Plasma
membrane

~= ER tubules

' ER sheet

op Endosomes
’/ Mitochondria

.. Peroxisomes

QOQ Lipid droplets
Q) oo
.I Al

» MCS

Nuclear enve[ope

Nat Rev Mol Cell Biol . 2016 Feb;17(2):69-82. <11>
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{2 FHUniprotHR BYAlign T 8 X b =51 4B L4

BEI[oNg=I{[eJl 100.00%] 58.80% || 57.96% | 57.05%
Xenopus tropicalis 100.00%] 60.52% || 58.89% | 58.05%
Homo sapiens 60.52% [100.00%] 86.75%

100.00%§ 95.29%

Mus musculus EyAA LTS BEIYASA

95.29%

100.00%

Rattus norvegicus EWEZA EENEA EIREEA

<12 >
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£ FIMEGA 7.032 37 1y {4

Mus musculus

100

Rattus norvegicus
100

Homo sapiens

Danio rerio

Xenopus tropicalis

0.050
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{# FHPhyre23fPDZD8_HUMANA/ISMP-LTDZ; #4915 13 1 7[5 R E 1R

Top model

Model (left) based on template cSyk7A

Top template information

PDB header:lipid transport

Chain: A: PDB Molecule:maintenance
of mitochondrial morphology protein 1;

PDBTitle: crystal structure of mdm12-

mmm1 complex

PDB Entry: PDBe RCSB PDB]

Confidence and coverage

Confidence: pl{[if1L7) Coverage:

183 residues ( 90% of your sequence)
have been modelled with 100.0%
confidence by the single highest scoring
template.

Interactive 3D view in JSmol

For other options to view your

Image coloured by rainbow N — C terminus downloaded structure offline see the
Model dimensions (&): X:62.146 Y:64.289 Z:39.387

FAQ

Template

Alignment Coverage 3D Model Conﬁ:ence

Template Information

PDB header:lipid transport
Chain: A: PDB Molecule:maintenance of mitochondrial morphology

19 protein 1;

PDBTitle: crystal structure of mdm12-mmm1 complex

PDB Entry: PDBe RCSB PDBj

<14 >
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ER- mltochondrla tetherlng by PDZDS

regulates Ca** dynamics in
mammalian neurons

Yusuke Hirabayashi,»>*** Seok-Kyu Kwon,"*** Hunki Paek,"*?
Wolfgang M. Pernice,” Maéla A. Paul,>>? Jinoh Lee,“?* Parsa Erfani,>3
Ashleigh Raczkowski,” Donald S. Petrey,®?® Liza A. Pon,*® Franck Polleux'-%3+

SMP domains from yeast MMM1 represent a structural and
functional ortholog of the SMP domain of metazoans PDZDS.

ci ccC
*
ci ccC
—

B 1 353
PDZD8 TM  SMP :PDZ
PDZD8 ™-swp — - HA
92 353
PDZDS ™ SMP PDZ
MMMA 191 409

MIVIM 1 SMP-POZDE-Full gy -

<15>
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lehthyophonus_hoferi-00010

Pirum_g 030
Pirum_gemmata-00029

o 100009

C n _perkinsi 19
——— Trichoplax_adhaerens-7995
] _sapiens-17848
Takifugu_rubripes-20474

Thecamonas _trahens-7030
Fonticula_alba-59
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Thecamonas_trahens:
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[

Nvj2

it el
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Gaertneriomyces_semiglobifer-00112 %
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Saccharomyoes_cerevisiae-3420 %%
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" Rhizoclosmatium_globosum-00116%
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Globomyces_paliinis_pini-00109 4k
Entophiyetis_helioformis-00110 3k

“—— Homolaphlyctis_polyrhiza-00111%k
~————— Ministeria_vibrans-00016

. multformis-00040
Iehthyophanus_hoferi-00011
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Trichoplax_adt
Homo_sapiens-22752
Tekifugu_rubripes-2278
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Parvularia_atlantica-00028
@

Pirum_gemmata-00032

Syssomonas_multiformis-00038

Syssomonas_multiformis-00039
bustus-0004:

& |
®_ Orpinomyces_sp-00078
——— Chytriomyces_sp-00051
[ Rhizoclosmatium. globosum-00089

4= Spizellomyces._punctaius-00093
— Globor

o

myces_polinis_pini-D0065
Entophiyctis_helioformis-00055
Batrachochytrium_dendrobatidis-1623
Homolaphlyclis_polyrhiza-00070
Chromosphaera_perkinsii-00021
————— " Pium_gemmata-00031
C  Syssomonas_multiformis-00037
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i-538; I ’ Y
S -
Chromosphaera_perkinsii-00023 S M

Creolimax_fragrantissime-00002 | e P
Sphaeroforma_arctica-5353

Fungal SMP-X

CORRESPONDENCE

[version 1; referees: 2 approved]

Jeremy G. Wideman ““' 1.2, Dario L. Balacco

Thomas A. Richards!

Pdz8

o5t e SRR 707 = GNCTI

a-haemoglobin Mus musculus
a-haemoglobin Homo sapiens

B-haemoglobin Homo sapiens
B-haemoglobin Mus musculus

Mdm1l2

Creolimax_fragrantissima-00001
|« Fungi

‘Sphaerofon
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Anaeromyces_robustus-00044
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Orpinomyces_sp-00080

Pirum_gemmata-00035
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Mdm34
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Fungi (D

Holozoa -
Nuclearids/Thecamonas -

® 1.0/90
© 0.80/50

e 7 %
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PDZD8 is not the ‘functional ortholog’ of Mmm1, it is a paralog

3, Tim Fieblinger24,

a-orthologs
paralogs homologs

B-orthologs

<16 >
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) HSMART xtPDZD83#

TEME DT

Domains within Homo sapiens protein PDZD8_HUMAN (Q8NEN9)

PDZ domain-containing protein 8

[+][=][=][Introns | [ SAVE

'700

SIRFRIRIESD B 53 FHHIRF

1)

'800 900 '1000

Confidently predicted domains, repeats, motifs and features:

Mame

transmembrane
redion

low complexity
low complexity
low complexity
PDZ

low complaxity
low complexity
c1

coiled coil

low complexity

Start &

53

67

176

373

588

611

1028

1069

End

24

65

94

195

449

602

630

891

1064

the fe

qture r

£

E-value

N/A

N/A

N/A

N/A
4.98e-10
N/A

N/A
0.00000231
N/A

N/A

1100

e 7 %

PEKING UNIVERSITY
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PTMs

Posttranslational modifications

PTM annotation is taken from PTMcode, a re

There are 24 PTMs annotated in this protein:

PTM Count

[Pl Phosphorylation 20
@b  Ubiquitination 2

#&  Acetylation 2

TreeFam P 4745 R

: ™ C53B4.4, Celegans
R CG10362, Fruit fly

[ % PDZD8, Zebrafish

" ! N/A, Chicken

Information

Architecture Interactions

Orthologous groups

Orthology information is taken from eggNOG, a database of orthologous groups of genes.

This protein is named ENSP00000334642 in eggNOG.

Orthologous group Description

ENOG4109W1U
ENOG410DHAX
ENOG410RXHZ
ENOG410UJES
ENOG410v702
ENOG410ZV0OK
ENOG4112PN4
ENOG4116FAF
ENOG411AXXQ
ENOG411CS11
KOG3532

St
' |PDZD8, Human

PDZD8, House mouse

. PDZD8, Norway rat

PDZ domain containing 8
PDZ domain containing 8
PDZ domain containing 8
PDZ domain containing 8
PDZ domain containing 8
intracellular signal transduction
PDZ domain containing 8
PDZ domain containing 8
PDZ domain containing 8
PDZ domain containing 8

PDZ domain containing 8

PTMs Orthology

Taxonomic class

Bilatetia (no rank)

Chordata (phylum)
Hominidae (family)
Mammals (class)

Animals (kingdom)

ez XY

PEKING UNIVERSITY

Orthologous groups containing this protein are listed below.

All erganisms (ho rank)

Opisthokonts (no rank)

Frimates forder)

Supraprimates (superorder)

Vertebrates (no rank)

Eukaryotes (superkingdom)
PDZ 2
DUF2404 . C.l
e A
a ¢
A ¢
a a

<18 >
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STRING M 3543 #r 45

RABZ23

Crystal structure of the PDZD8
coiled-coil domain - Rab7 complex

<19 >
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cGAS-STING Pathway

Cytoplasm

% VA 7N

Bacterial DNA Viral DNA Micronuclei Mitochondria Genome DNA

/

wn
o
(=
=
Q
(0]
S,
o
(2]
o)
z
>
o=

’

’ B
]
J

\

—
Lysosomal
degradation
B
N7
Degradation
NF-xB
Type | IFNs H—
ISGs »
responses
Proinflammatory
\/ )
Nucleus \YZA\Y/:\Y/, cytokines
Trends in Cell Biology < 21 >

Chen C et al., 2022, Trends Cell Biol



Regions and motif of STING

P> Region
» Region
» Region
P> Region
» Compositional bias

» Motif

1-190

153-340

340-379

341-370

346-362

363-366

human STING

§ Je £ X ¥

PEKING UNIVERSITY

Mediates interaction with ZDHHC1 and ZDHHC11 | ¥ 2publications| BLAST @ Add

Cyclic dinucleotide-binding domain (CBD) | " 1 publication |

C-terminal tail (CTT) [™ 1 publication |

Disordered | Automatic Annotation |

Polar residues | AutomaticAnnotation_]

pLxIS motif

_ n 1 Publication |

S5TBKItH B 1EH

Transmembrane domains C-terminal tail

_frw}ﬁ-mg-[mg{w@-(c-di-sw binding domain (CBD) { CTT )

Cheng ZL et al., 2020, Signal Transduct Target Ther

BLAST

BLAST

BLAST

BLAST

BLAST

@ Add

@ Add

@ Add

@ Add

&y Add

<22 >



Interaction between STING and IRF3

GO »
AT EE
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<23 >

Zhao BY et al., 2016, PNAS



Evolution of STING PIFPE

PEKING UNIVERSITY
2 STING_NEMVE
61 STING_DROME
10 STING_CRAGI
STING_DANRE
38 STING_CHICK
STING_XENTR
STING_MOUSE
100 STING_HUMAN
100 STING_RAT
Key:
I =T™M domain B - STING domain I - TIR domain B =crT
Choanoflagellates -HHHH
Cnidarians -HH-
Lophotrochozoans
Arthropods
— Fish
_[ Amphibians
Mammals
<24 >

Shally R Margolis et al., 2017, Trends Immunol



Mutation Sensitivity of STING
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C-di-GMP binding domain

AGI KDRVY

SNSILYELLENGORAGTCNY L EXATPLOT LEAMSQOY SOAG

233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278
Sy 7 7 =4t 28

A BERRTFENTRRESXERNE D

<25>
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STING-associated vasculopathy, infantile-onset (SAVI)
\ n 3 Publications:]

Note | The disease is caused by variants affecting the gene represented in this entry

Description | An autoinflammatory disease characterized by early-onset systemic inflammation and cutaneous vasculopathy,
resulting in severe skin lesions. Violaceous, scaling lesions of fingers, toes, nose, cheeks and ears progress to acral

necrosis in most of the patients. Some patients have severe interstitial lung disease.

Seealso | MIM:615934[7

Natural variants in SAVI

VARIANT ID POSITION(S) CHANGE DESCRIPTION

VAR_071878 147 V>L in SAVI; dbSNP:rs587777611 42 | M 1 publication |
VAR_071879 154 N>S in SAVI; dbSNP:rs587777609 [2 | N4 Publicationil

in SAVI; constitutively active mutant that promotes the production of type | interferon in
absence of cGAMP ligand; dbSNP:rs587777610 [ | ™ 3 publications |

VAR_071880 155 V>M

AT e SEIECBDI XA B S RTFSHSTINGEH BE, SliE 5 % iRSAVI
147, 154, 155U RE ALK ENBRERE

7

<26 >
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Reporter:G06D_XIJ7T Ay,
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RNA-protein interface is crucial for function of RBP

Linker

Domain

RRM

KH (type |
and type )

dsRBD

ZnF-CCHH

InF-CCCH

51

PAZ

PIwI

Topology

of

o

of

Little
reqular
secondary
structure

B
af
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RMNA-recognition surface

Surface of B-sheet

Hydrophabic cleft formed by variable
loop between B2, B3 and GXXG loop.
Type |l: same as type |, except variable
loop is between o2 and B2

Helix ce1, N-terminal portion of helix
o2, and loop between 1 and B2

Primarily residues in a-helices

Aromatic side chains form hydrophobic
binding pockets for bases that make
direct hydrogen bonds to protein
backbone

Core formed by two B-strands with
contributions from surrounding loops

Hydrophobic pocket formed by OB like
f-barrel and small afy motif

Highly conserved pocket, including a
metal ion that is bound to the exposed
C-terminal carboxylate

<28 >



Methods developed to find RNA-binding peptides
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RNA interactome
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Evolutionary conservation between Drosophila and humans
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Chemical basis of RGG region
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Thanks for listening!
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