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ABSTRACT

Identification of protein partners for NIBP, a novel NIK- and IKK B-binding protein

through experimental, computational and bioinformatcs techniques

NIBP is a prototype member of a novel protein fgmi forms a novel subcomplex of
NIK-NIBP-IKK B and enhances cytokine-induced Igkediated NkB activation. It is
also named TRAPPC9 as a key member of traffickamtjgde protein (TRAPP) complex
II, which is essential itrans-Golgi networking (TGN). The signaling pathways and

molecular mechanisms for NIBP actions remain largeknown.

The aim of this research is to identify potentiadtpins interacting with NIBP, resulting
in the regulation of NkB signaling pathways and other unknown signalindppays. At
Dr. Wenhui Hu’s lab in the Department of Neuroscerilremple University, sixteen

partner proteins were experimentally identifiect thatentially bind to NIBP.

NIBP is a novel protein with no entry in the Prat@ata Bank. From a computational
and bioinformatics standpoint, we use predictiosaxfondary structure and protein
disorder as well as homology-based structural niogl@ipproaches to create a
hypothesis on protein-protein interaction betwedBMand the partner proteins.
Structurally, NIBP contains three distinct regioie first region, consisting of 200
amino acids, forms a hybrid helix and beta shesety@omain possibly similar to
Sybindin domain. The second region comprised pf@pmately 310 residues, forms a



tetratrico peptide repeat (TPR) zone. The thirdareds a 675 residue long all beta sheet
and loops zone with as many as 35 strands and2dméjices, shared by Gryzun-domain
containing proteins. It is likely to form two orrte beta sheet sandwiches. The TPR
regions of many proteinsnd to bind to the peptides from disordered regiwfother proteins
Many of the 16 potential binding proteins have Hggyels of disorder. These data
suggest that the TPR region in NIBP most likelydsimvith many of these 16 proteins
through peptides and other domains. It is alssiptesthat the Sybindin-like domain and

the Gryzun-like domain containing beta sheet sacdldea bind to some of these proteins.
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CHAPTER 1

INTRODUCTION

Chronic diseases, cancers and diabetes are assbwidglh dysregulation of many
biochemical cues. These biochemical cues are psotkat regulate cellular activity,
migration and death [1, 2]. The synthesis of th@séeins is regulated by nuclear
transcription factors. One of the most studieddcaiption factors is nuclear factor kappa
B (NFxB), which plays an important role in regulating theression of various
inflammatory mediators [3,4]. Genes that causaimfhation, immunity, cell survival
and neural plasticity are regulated by the siggatihnNFB. Many different proteins
have been identified that regulate the activitiN&kB via canonical and non-canonical
signal transduction pathways. Yet, how these pnsteggulate NkB signaling is still

unclear.

The self-renewal/proliferation, survival, migratiand lineage differentiation of neural
stem/progenitor cells are a series of processdsofttr embryonic and adult
neurogenesis. Complex signal transduction pathwalgerent, and extrinsic factors
firmly regulate neurogenesis. A large variety etirodevelopmental defects and
neurodegenerative diseases are associated withndysial regulation of neurogenesis.
NF«B signaling regulates various stages of neurogsraasl mediates interactions with
other signal transduction pathways such as Notch, ®/ntf-catenin during the
dynamic process of neurogenesis. In additiongBigignaling mediates the effect of

numerous factors such as chemokines, cytokinemugagrowth factors, and



extracellular matrices contributing to neurogenesiaderstanding the process of
regulation of NkkB and identification of associated proteins is imi@ot for developing

drugs to treat various chronic diseases.

NIBP is a prototype member of a novel protein famii regulates NkB signaling in
both canonical and non-canonical pathways. It foaomovel subcomplex of NIK-NIBP-
IKK B and enhances cytokine-induced Igknediated NkB activation. It is also named
TRAPPC9 as a key member of trafficking particletemo (TRAPP) complex II, which is
essential inrans-Golgi networking (TGN). Both NkB and TGN are critical in many

physiological processes and pathological diseases.

NIBP mutation and deletion have been shown to bsety correlated with autosomal-
recessive mental retardation, autism and stroleviéus studies have shown that
NIBP/NF«B signaling plays key roles in neurogenesis. NIBRIso highly expressed in
cancer cells and regulates tumorigenesis. Howdwesignaling pathways and molecular

mechanisms for NIBP actions remain largely unknown.

Regulation of NFB activity

Many different proteins and other compounds likekmolecules have been
identified as having the ability to regulate d-activity. Yet, how these proteins and
compounds regulate NB is still unclear. Moreover, the regulatory medsars may
be different in different cell types. The differahnamics of NkB activity may be

caused by different signaling pathways. A canorpethway and an alternative non-



canonical pathway for N€B activation have been identified [5]. The canohica
pathway is triggered by stimuli such as Td\#&nd IL-13 and depends on theB

kinase (IKK), which consists of two catalytic sulitsr{IKKa and IKKB) and a
regulatory IKK subunit. The nuclear translocatidriNé-xB dimers (mainly

p65/p50) and the activation of target genes is edilny IKK-mediated
phosphorylation of the inhibitor proteins of R (IkBs) to induce their
ubiquitination and degradation. The alternative-canonical pathway relies on the
phosphorylation of IKi& by NFB inducing kinase (NIK) to induce p100
processing into p52 and the nuclear translocatfdRedB/p52 dimer. The non-
canonical pathway is regulated by destabilizatibNl&< through TRAF-clAP

complex.

NIBP

The transcription factor NdB plays an important role in both physiological and
pathological events in the central nervous sysiéevertheless, the mechanisms of
NF«B-mediated regulation of gene expression, andigm@abng molecules participating
in the NKB pathway in the central nervous system are, te, getorly understood. To
identify such molecules, Dr. Hu conducted a yeasthybrid screen of a human brain
cDNA library using NIK as bait. As a result, a nbdK and IKKp binding protein
designated NIBP was identified that is mainly egsed in brain, muscle, heart, and

kidney. Interestingly, low levels of expression weletected in immune tissues such as



spleen, thymus, and peripheral blood leukocytegraih NkB is known to modulate
immune function. Dr. Hu’s laboratory demonstratealt tNIBP expression in the brain is
localized to neurons. NIBP physically interactshaitlK, IKK 8, but not IKKa, or IKKYy.
NIBP overexpression potentiates tumor necrosi®feapha-induced NEB activation
through increased phosphorylation of the IKK com@ed its downstreankBo and p65
substrates. Finally, knockdown of NIBP expressigrsimall interfering RNA reduces
tumor necrosis factor-alpha-induced wB-activation, prevents nerve growth factor-
induced neuronal differentiation, and decreasesxBaene expression in PC12 cells.
The data from Dr. Hu's laboratory demonstrates W8P, by interacting with NIK and
IKK B, is a new enhancer of the cytokine-induced&kBIBignaling pathway. Because of
its neuronal expression, Dr. Hu’s laboratory pragubthat NIBP may be a potential target
for modulating the NkB signaling cascade in neuronal pathologies depgng®mn

abnormal activation of this pathway.

NIBP is a prototype member of a novel protein fgmi forms a novel subcomplex of
NIK-NIBP-IKK B without IKKa and IKKy and enhances cytokine-induced IgK
mediated NkB activation. It is known to control NdB activation via canonical and
noncanonical pathways. It is also named TRAPPGO9kesy member of trafficking
particle protein (TRAPP) complex Il, which is essainn trans-Golgi networking
(TGN). Both NB and TGN are critical in many physiological proses and
pathological diseases. NIBP mutation or deletiosn ltesen shown to be closely

correlated with autosomal-recessive mental retemdaautism and stroke. Previous



studies at Dr. Hu’s laboratory have shown that NNBRB signaling plays key roles in
neurogenesis. However, the signaling pathways asidaular mechanisms for NIBP

actions remain largely unknown.

NIBP is a novel protein. It is not available iretRrotein Data Bank (PDB) for the
experimentally determined protein structures. ak taarious isoforms in different
species. The most common form of human NIBP pnatensists of 1148 amino acids
(aa) and weighs 128.53 kDa. It is present mainypébrain, muscles, heart and kidney
and in limited amounts in the immune organs. NIBEdnfined to neurons in the central
nervous system, possibly conferring specificityite NFB pathway and playing a part
in neuronal cell differentiation. NIBP is a subuaitthe multiprotein complex TRAPP
(transport particle protein), and is encoded bygiiee TRAPPCO. It might play the role
of a transport protein, responsible for transparrf the ER to the Golgi apparatus,
based on observations on other members of the TRARPIex. Mutations in
TRAPPC9 have been shown to cause mental retardatiliseases like hypoplasia
and microcephaly, suggesting that the protein mpggng a role in human brain

development.



CHAPTER 2

EXPERIMENTAL DATA

All biological experiments were done by Dr. Yonggang Zhang, postdoctoral fellow,
and others in Dr. Wenhui Hu’s lab, Department of Ne@roscience, Temple University
School of Medicine, Philadelphia, PA, USA. | partippated as a trainee and as an

observer.

In Dr. Hu’s laboratory, Flag-tagged human NIBP(144Bwas expressed in HEK293T
cells and purified through immunoprecipitation witlag antibody. ImaGenes’ high-
density protein macroarrays (UniPex-1) were incetbatith Flag-NIBP(1148) protein
and detected by standard Western blot with ant-&l&ibody and SuperSignal West
Femto Substrate. The resulting images were analyweulially. The interaction of
positive clones with NIBP was further confirmeddmntimmunoprecipitation and
Western blot analysis (Figure 3). Sixteen parpreteins were detected by ImaGenes’
high-density protein macroarrays (UniPex-1) thatbwith NIBP. Five NIBP partner
proteins are known for stem cell self-renewal aifi@@ntiation, seven are known for

cellular trafficking, and four for heme signaling.
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Figure 1. Efficient interaction of purified Flag- or GST-tagged NIBP fusion
proteins with positive IKK p and brain protein extracts determined by dot bloting.
Data collected and recorded by Dr. Yonggang Zhpogtdoctoral fellow, and others in
Dr. Wenhui Hu's lab, Department of Neurosciencanpke University School of
Medicine, Philadelphia, PA, USA.
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Medicine, Philadelphia, PA, USA.

N

A B

Flag-NIBP{1148)+

Input

Input Flag Input Flag

250KD— Original—

130KD—

EGFP- EGFP-
PIP5K SEC16

250KD—+

96KD—-

TOKD—-

55KD—~ 1gG H

130KD—

EGFP-PIPSK Flag-NIBP(1148) +
a7 — 9 EGFP-SEC16

Flag

WB: @EGFP WB: @EGFP

C Flag-NIBP(1148

EGFP-Clone-X. EGFP-Clone-Y EGFP-Clone-Z

Input 1gG EGFP Input IoG EGFP Input lgG EGFP

250KD—
130KD—-
96KD—~

TOKD—~

55KD—~

WE: @fFlag
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CHAPTER 3

STRUCTURAL MODELING OF NIBP

There is no entry for NIBP in Protein Data Bank B)DIn order to explore or map the
interaction between NIBP and the sixteen poteptainer proteins, multiple approaches
of structural modeling of NIBP are utilized. Protelisorder prediction modeling
provides disordered regions within NIBP. Seconddnycture prediction depicts the
pattern of helix and beta sheet strands. Pfantkmdanalyses coupled with hidden
Markov modeling (HMM)-HMM comparison (HHSearch) prde further indication of

possible domains and details on topology in thigehprotein.

3.1 Disorder Prediction of NIBP

Protein disorder prediction using Neural Networkdshlupred program identified that
NIBP is a highly ordered protein. Figure 4 shohat talmost the whole protein is

ordered. Full NIBP protein sequence was obtainech funiprot. The sequences were
input in neural network based lupred Website[6he Tesultant graphs of predicted
disorder and structured regions were obtainedutjbuts a disorder value between 0 and
1. Above the 0.5 line, especially for extended sege regions greater than 30 aa, means
an intrinsically disordered region of protein. Sheagions above the line may be long

loops in otherwise ordered proteins.
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Figure 4. Disorder tendency of NIBP in Neural Netwrk based lupred

3.2 Secondary Structure Prediction

Secondary structure prediction tools provide tipokogy of the protein. In essence it
predicts the pattern of the helix and betasheahdt in different regions. Bioassembly
Modeler from Dr. Roland Dunbrack’s lab was useds®condary structure prediction.
Second iteration result from PsiBlast was usedsiPied against Uniref 90 database to
obtain high quality secondary structure predictitmthe resulting figures, red stand for
helix and green stands for beta sheets. Analystsecsecondary structure prediction of

NIBP clearly divides the protein into three distinegions based on topology.

The region 1 consists of residues 1-170 with altapoof E-H-E-E-E-H-E-E-H E

stands for betasheets and H stands for alpha helix.
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Figure 5. Region 1: residues 1-170, topology = E-B-E-E-H-E-E-H
The region2 consists of residues 200-510. In thisgion all are H-loop-H-oop
H-loop. There are 14 helices in total.
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Figure 6. Region2: residues 200-510: all H-loop-bop H-loop = 14 helices
Region 3 consists of residues 510-1148. In thigren nearly all are beta
sheet and loops with as many as 35 strands and orf#lyhelices (at 970 and
1010).
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Figure 7. Region 3: residues 510-1185: nearly aleba sheet and loops with as
many as 35 strands and only 2 helices (at 970 and1D).

3.3 Pfam and the Clan

Proteins contain one or more functional regionspmonly known as domains. The
function of the protein becomes clear when the dosnaresent in a protein can be

identified.

The Pfam database from the Sanger Institute igge leollection of protein domains and
related families. Multiple sequence alignments BiMMSs represent each protein family.

NIBP has one distinctive Pfam called TRAPPC9-Trs120

12



Figure 8. NIBP Pfam

The Pfam for NIBP is TRAPP(-Trs120; this Pfam is in a clan wigybindir,

Clat_adaptor_s, and sedlin_Gryzun, Gryzun-like, and TRAPPC1Uhree of thesproteins are
small 140 agroteins of similar known structureThese are shown in Figutd. The HMMs are
all about 140 aa as well. These proteins have secgrstructure -E-H-E-E-EH-H, and
resemble Region 1 secondary structure of NIBPr{dare hi to predict to there could |
another one in NIBP)[he three remaining Pfam doma— Gryzun, Gryzurike, and

TRAPPC10 will be discussed further bel

Family: TRAPPC9-Trs120 (PF08626) = ik &

nil o
15 445 seq o
SR Pfam Clan
Domain organisation
This family is a member of clan SNARE (CL0212), which contains the following 7 members:
€lan

Clat adaptor s Gryzun Gryzun-like Sedlin N Sybindin TRAPPCIO TRAPPCO-Trs120
Alignments

Significant Pfam-A Matches
Shows or hide all alignments

: [ ort | o | st | eod | rrom | 7o tonon | _ceore acive snes | Sianmen:

RAPPCO-Tre120 Transport protein Trs120 or TRAPPCS, TRA

Famiy — €L0212 1 1108 1 1108 1 1185 1185 1021.3

Insignificant Pfam-A Matches
Show or hide all alignm

Fami Descripti = o E"e""’e m Bit i redicte Show/hide

PMBR  Pse in-binding repeat Repeat

10.8

Comment= o nd s mail to pfam-help@sanger.ac.uk. ookie policy.

Figure 10. TRS4120 Pfam coordlnate
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Clan0212
Clat_adaptor_

Clan0212 Sedlin Clan0212 Sybindin

Figure 11. Small domains from the NIBP Snare ClanGL0212)

3.4 Analysis withHHSearch

Homology detection & structure prediction by H-HMM comparison, HHPre server

was used to align known Pfam domain to the NIBReon¢ [7]

Pfam Gryzun aligns to 5-1122 of NIBP, and this is almost all of the GryZiflam (2%
554 of 554 lengths This region coincides with almothe entirebeta sheet predicte

region of NIBR and is presumably why TRAPP-Trs120 is in this cla

14



Figure 12. HHSearch Results from NIBP sequence

Pfam TRAPPC-Trs85 aligns to 80-448 of NIBP, andesponds to part of Region 1 and
most of region 2, and is mostly predicted to behalpelical. TPR-repeat containing
proteins of known structure align to 200-500 of RIBconsistent with secondary

structure prediction and nature of NIBP as a paéataffold protein for other proteins.

3.5 TPR Repeat Proteins

The tetratrico peptide repeat (TPR) proteins tengind other proteins or peptide
regions from disordered regions of other proteisa structural motif, it mediates
protein—protein interactions and the assembly dtiprotein complexes [9]. Proteins
containing TPRs have been reported to be invoivedvariety of biological processes,
such as neurogenesis, mitochondrial and peroxispno&tin transport, transcriptional
control, and protein folding [10,11]. TPR domales/e been associated with molecular

recognition and protein—protein interactions [FeTstructural and thermodynamic

15



studies of the TPR domains of Hsp70/Hsp90 orgagipitotein (Hop) 12] show a
detailed description of prote—protein interactions mediated by TPR dom: TPR
domains mediate protetprotein interactions in a variety of way#wree tandem TP
motifs arethe smallest functional unit that is widely usedn€ave face of the repe

receives binding residues and binds the res with high specificity.

3.6 HHSearchto Build Model Based on 3ro3 TPI

The following figure shows the alignment of 3ro3R Bresent in NIBP protei

!l >3ro3_A PINS homolog, G-protein-signaling modulator 2; asymmetric cell division, protein binding; 1.10A {Mus
musculus}
Probab=97.86 E-value=0.00051 Score=69%9.99 Aligned _cols=152 Identities=15% Similarity=0.198 Sum_probs=0.0
Q ss_pred hechhhhhhhhhhHEEEhCCHHHEHEHHHEHHHEHhcCchHHHHEHHHEHHEEHHHERhCeCCecccecceccecoccececcece
0 sp|Q96005|TPPC 199 RRCQGRMRKHVGDLCLQAGMLQDSLVHYHMSVELLRSVNDFLWLGAALEGLCSASVIYHYPGGTGGKSGARRFQGSTLPA 278 (1148)
Q Consensus 199 kR~~GR~~K~lGDl~LlaG~~~dAL~~Y~eA~~~1ks~~D~1lW~A~ALEg~~~a~~ll~~~~~~m~~~m—~~ r~-nssl~~ 278 (1148)
B I B B B O B T ) [P SR
T Consensus 5 lg~~y g A al-i lg~~y 63 (164)
T 3ro3_A 5 RAAQGRAFGNLGNTHYLLGNFRDAVIAHEQRLLIAKEFGDKAAERIAYSNLGNAYIFLG 63 (164)
T ss_dssp HHHHHHHHHHHHHHHEHTTCHHHHEEHHHEHHHEHHHETCHHHHEHHHHHHHEHHHETT
T ss_pred HHHEHHHHHHEEHHHEHCCCHHHEHHHHEEHHHEHHHCCCChHHHHHEEHHEEHHEHECC
Q ss_pred cececceCCCeceocceccccoccccccccccccchhhhhecCCEHHRHEEHAREEREEhheeCocEEREHHERHRHEEhhee
Q sp| Q96005 | TPPC 279 EAANRHRPGAQEVLIDPGALTTNGINPDTSTEIGRAKNCLSPEDIIDKYKEAISYYSKYKNAGVIELEACIKAVRVLAIQ 358 (1148)
Q Consensus 279 ~—-~k-r P! l1-~~~i~~~y~-~Ai~-~Y~k~~~~~~ le~ea~~k~~-r~-1-~~ 358 (1148)
B LR h o b O & S S
T Consensus 64 ~~A al 1 102 (164)
T 3ro3_A 64 EFETASEYYKKTLLLARQLKDRA-VEAQSCYSLGNTYTLL 102 (164)
T ss_dssp HEHHHHHHHHEHHHHEHETTCHH-HEHEHHHEHHHEEHHET
T ss_pred HEHHHHEhHHEEhhhhhhhcec-ccchhhhHHEEHEHER
Q ss_pred cchHHHHHHHHEhhhechhhCcHEHHHHHEHHHEHHHheCCchHhhHHHHHHEEH
Q sp|Q96Q05|TPPC 359 RRSMEASEFLQNAVYINLRQLSEEEKIQRYSILSELYELIGFHRKSAFFKRVAA 412 (1148)
Q Consensus 359 ~~~~eaa~~L~~a 1-~1~~~eq La~vy~~1G~~RK~AF~1Rla~ 412 (1148)
totittatitottosiemtama e aane LT R R R e Tk I
T Consensus 103 et A a la -A- al 156 (164)
T 3ro3_A 103 QDYERAIDYHLKHLATAQELKDRIGEGRACWSLGNAYTALGNHDQAMHFAEKHL 156 (164)
T ss_dssp TCHHHHHHHHHHHHHEHHHTTCHHEEHHHEHHHEHHHEHHTCHHHHHHHHHEHEH
T ss_pred hhHHHHEHHHEEHHHEHHHcCchEHHHHEEHHHEHHHEHCCCHHHHHEHHHEEHR
Figure 13. Alignment of 3ro3 TPR present in NIBP proteir

The following figure shows the model of t3ro3 TPR present in NIBprotein build

with the program MODELLE[8].
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Figurel4. Model of the3ro3 TPR present in NIBP protein

3.7 NIBP Structural Model

NIBP structural modeling shows three distinct regio The first regiorresidues 1-170,
topology is E-H-E-E-BH-E-E-H, whichseems to be similar to Sybindin and Se
domains The second region consists of residues510: all H-loop-Hloop H-loop =
14 helices. Itis the TPR region known for bindingwother proteins through peptic
and other domains. The third region is the resdilg-1185: nearly all beta sheet a
loops with as many as 35 strands and only 2 he{ate370 and 1010). It resbles a

bunch of beta sheet sandwiches. It resembles tyru@idomain.

1 170 201 510 114¢
Sybindin TPR Beta-sheet sandwiches
Sedlin Gryzun

Figurel5. NIBP structural mode!

Sybindin is associated with spinogenesis. It ifigslogical syndec:2 ligand. It is
found on. small protrusions on the surface of diéesl called dendritic spines tt
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receive the vast majority of excitatory synapsgsdecan-2 induces spine formation by
recruiting intracellular vesicles toward postsymapttes through the interaction with
synbindin[13,14,15,16,17,18,19]. Sedlin is a 14@&dein with a commonly accepted
role in endoplasmic reticulum-to-Golgi transpopo8dyloepiphyseal dysplasia tarda, a
progressive skeletal disorder is caused by sewmasslense mutations and deletion
mutations in the SEDL gene, which result in proteimcation by frame
shift[20,21,22,23,24,25,26]. Gryzun is distantliated to the Trs130 subunit of the
TRAPP complex. RNAi of human Gryzun (Q72392) pweally blocks Golgi exit. As

part of the TRAPP complex, the Gryzun family ilkto be involved with trafficking

of proteins through membranes [27,28,29,30,31 8R}hese features in NIBP structure
support previous finding that NIBP is a key membief RAPP complex involved in
trans-Golgi networking. We predict that NIBP playgortant role in regulating

spinogenesis and axonal transport.

3.8 TRAPP Complex Proteins

We also examined the proteins in the TRAPP com@&x34,35] using HHSearch to
determine what the topology of the various comptesn The results are shown in

Table 1.

The smaller proteins (TRAPPC2, TRAPPC2-like, TRABPTRAPPC3-like,
TRAPPC4, and TRAPPCG6) are all small proteins of-240 amino acids. Three of them
contain the small members of Pfam Clan0212, whestemble each other (Figure 11).

An additional three proteins contain the TRAPP dioni@ld (TRAPPC3, TRAPPCS3-
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Table 1. TRAPP complex proteins

Protein Uniprot Length Domains/Secondary structure

TRAPPC2 TPC2A_HUMAN| 140 Sedlin_N

TRAPPC2L | TPC2L_HUMAN | 140 Sedlin_N

TRAPPC3 TPPC3_HUMAN| 180 TRAPP

TRAPPC3L | TPC3L_HUMAN| 181 TRAPP

TRAPPC4 TPPC4_HUMAN| 219 Sybindin

TRAPPC5 TPPC5_HUMAN| 188 TRAPP

TRAPPCS8 TPPC8_HUMAN| 1435 Alpha-beta (1-230); TPB0(660); beta-sheet-region (650-1435)
(Gryzun)

TRAPPC9 TPPC9_HUMAN| 1148 Alpha-beta (1-160); TPR¥(510); beta-sheet-region (520-1148)
(Gryzun)

TRAPPC10| TPC10_HUMAN| 1259 Alpha-beta (1-170); TRR&-570); beta-sheet region (570-1259)
(TRAPPC10)

TRAPPC11| TPC11_HUMAN| 1133 Alpha-beta (1-180); TRRR0-570); beta-sheet region (570-1133)
(Gryzun-like)

TRAPPC12| TPC12_HUMAN| 735 TPRs (270-735)

like and TRAPPC5), which is also an alpha-beta &tdough with a different topology

than Sedlin_N and sybindin.

Four members of this complex, including NIBP/TRAPRR&semble each other in their
secondary structure predictions and the proteidsPdams that may be aligned to the
sequences. These are TRAPPCS8, TRAPPC9, TRAPPCAO,RAPPC11. All four
contain a region of 160-230 amino acids that a#terietween two or three sheet
strands and alpha helices, thus resembling sybmdiisedlin_N. Then there is a region
of 300-400 amino acids in each protein of longdedibroken up by predicted coil
regions, aligning to TPR-containing proteins. Tast region consists entirely of beta
sheet strands separated by coil regions. The PGymuin, Gryzun-like, and
TRAPPC10 all align to these regions in one or najréhese four proteins, as
demonstrated by HHSearch[7]. Thus we propose lteetet four proteins are

homologous, arising from a single common ancestor.
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CHAPTER 4

PARTNER PROTEINS

4.1 Disordered Regions in Partner Proteins

Many of the NIBP partner proteins identified by fino macroarray are extremely

disordered. For example, in humans, REST gene esdRi1-Silencing Transcription

factor (REST), also known as Neuron-Restrictiver&ier Factor (NRSF). It acts as a

silencer. REST represses neural genes in non-nguwelfs. Alterations in the REST

expression pattern putatively cause many genetmrdeérs. Huntington Disease,

neuroblastomas, and the effects of epileptic seizand ischaemia are also associated

with REST [36,37]. PIP5K1C or Phosphatidylinosilephosphate 5-kinase type-1

gamma is an enzyme encoded by the PIP5K1C genenars [38]. Transport protein

Secl6A is required for secretory cargo traffichte Golgi apparatus from the

endoplasmic reticulum [39].

>2i 1301897974 I refINP_005603 .31 REl-silencing transcription factor [Homo sapiens]
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Figurel7. Disorder tendency of REST RE-1 Silencingranscription Factor
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Figurel8. Disorder tendency of PIP5K1C

Figure19. Disorder tendency oTransport protein Sec16A
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4.2 What TPRs in Pfam bind to:

The following table shows what TPRs in Pfam bindTiBRs are known to bind to
peptides, HSP90, SCP2 and so on. NIBP contaimnsgtiad region of TPR repeats. From
the HHSearch results of NIBP, the following TPRsevimund as shown below in Tables
2. Protcid database was used to browse and fenefidlams that bind to these specific
TPRs. It was interesting to observe if these Pfarasn common with partner protein

Pfams.

Table 2. Pfams that bind to NIBP specific TPRs

Pfam
TPR id Name Pfam Domains
Tetratricop
TPR_1| PFO051%ptide peptide | Hsp90 Ras SCP2 YopD GerE ClathrjiArhinotra Pfam- | Respons
repeat g_ch n5 B 6614 |e_reg
APC_CDC2| Aminotran_| (fn3)_(BR
TPR_11 PFI3414TPR repeal o ije | HsP9O scp2 YopD 6 5 _(T))_(
Tetratricop|
TPR_12 PF13424eptide peptide Bacillus_Pap
repeat Response_reg Pfam-B_6614 Pfam-B_11yB5
Tetratricop|
TPR_14 PF13428eptide
repeat
Tetratricop|
TPR_16 PF13432eptide peptide | HSP90
repeat APC_CDC26
Tetratricop
TPR_17 PF1343]eptide peptide | HSP90
repeat
Tetratricop
TPR_2 | PFO771%ptide peptide | Mdvl DUF3249 Response_regg  AminotraAPEC_CDC?2
repeat 6
Tetratricop|
TPR_3| PFO772Ceptide peptide | Ras YopD UQ_con
repeat

4.3 Possibilities of binding with other partner pioteins

Our structural models show that NIBP has threardistegions. The TPR region is

well known for mediating binding with other proteinHowever, it is possible that the
first region resembling Sybindin domain and thealsdteet sandwich region can also be
involved in binding. Figure 20 shows the modethad TPR region in NIBP. The model

is done with HHPred[7].
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re 20. Model of the TPR region in NIBP with HHPred.

c

Fig

The TPRs bind to other proteins through Peptidelsatiner domains. Figui21l shows
TPR 3ro3 of NIBFbinding with a peptid:

Figure 21. 3ro3 TPR present in NIBP binding with Rptide.

Figure 22shows the model of the sandwiched beta sheet redibihBP obtainec

through HHPred[7].
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CHAPTER 5

CONCLUSION

5.1 Regulation of NB activity via NIBP and Partner Protein Interactions

The novel proteins, NIBP (NIK and IKK2 binding pemt), has been demonstrated to
increase IKK2-mediated NdB activation and be required for growth and differation
of neuronal cell line PC12. NIBP is renamed TRAPBEBause it is a key member of
trafficking protein particle (TRAPP) complex I, ptying its importance in regulating

trans-Golgi networking and the TRAPP family of giotcomplexes.

NIBP apparently binds with many partner proteinsclvhis evident from the Protein
Macroarray experimental results in Dr. Hu’s labhefe is further evidence of binding
from Co-IP and Western Blot results in Dr. Hu’s lalbhough further investigation is

warranted.

For example, Homo sapiens RE1-silencing transoriptactor (REST) binds with NIBP
to control neural stem cell self-renewal. PIP5K®gulates spermogenesis and stem cell
differentiation. Similarly, based on macroarrayajaixteen different proteins bind to
NIBP to perform certain functions in stem cell satiewal and differentiation, cellular

trafficking, or heme signaling.
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5.2 Correlation of Experimental, Computational andBioinformatics Models

The experimental and bioinformatics analysis shoasmilities of docking between

NIBP and some of the partner proteins. Experimignta. Hu' lab demonstrated that
there is initial evidence of interaction betweerBRland the partner proteins. NIBP
structural modeling shows three distinct regiombe first region: residues 1-170,
topology (= E-H-E-H-E-E-H) seems to be similar ghbBdin domain. The second

region consists of residues 200-510: all H-loojwsbip H-loop = 14 helices. Itis the

TPR region known for binding with other proteinsatingh peptides and other domains.
The third region is the residues 510-1185: nedllgeta sheet and loops with as many as
35 strands and only 2 helices (at 970 and 10li0esembles a bunch of beta sheet
sandwiches. It resembles the Gryzun domaime TPR region is well known for mediating

binding with other proteins, especially with peptd However, it is possible that first region
resembling Sybindin domain and the beta sheet sahdwgion resembling Gryzun domain can

also be involved in binding.

5.3 Uncertainties in Experimental, Computational, ad Bioinformatics Models

There are uncertainties in Macroarray and Co-IPté/asBlot experiments mainly from

lack of reliable antibodies. Five antibodies wieoeight and tested in co-IP but only two
confirmed the interaction. The other three antibedlid not work well by themselves for
Western Blot and IP. Further experimental evidaaceeded to validate the interactions

of NIBP with its partner proteins.
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Computational and bioinformatics analysis are bag®uh probabilities. These
uncertainties require further careful analysisoilfiormatics use many algorithms and
software tools that are untested in specific protgiconditions in question. Machine
learning approaches sometime help in making thisvaoé tool or algorithm learn.

Machine learning methodologies were not used irptbhgct.

Positive controls using IKKor NIK as the established partners for NIBP shduad

picked up for the computational modeling in theufat

5.4 Future Work:

The data obtained in this research effort can lee t further investigate the intricacies
of protein-protein interactions between NIBP anel plartner proteins. First,
experimentally each domain may be expressed hlf déisd tested for their function in
mammalian cell system. The first domain may ineldell 70 or 1-250 residues. Second,
it may be worthwhile to run ab initio structure giction like I-Tasser on the first
predicted domain (sybindin/Sedlin), the second isted domain or region of TPRs, and
the third predicted domain (Gryzun/Gryzun-like)ndty, mutations of conserved
regions within each domain can be performed taigisthe interactions with partner

proteins.
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