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Overview of organellar proteomics
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Exocrine pancreas, acinar cells and zymogen granules
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A working model for ZG biogenesis, trafficking
and exocytosis
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AIM - ZG proteomics study

Develop a quantitative model of ZGM
molecular architecture and dynamics

Individual components
The topology, copy numbers of ZGM proteins

Protein complexes on ZGM

Dynamic chagnes upon stimulation and
diseases
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Purification of ZG membrane

Rat pancreatic homogenates
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2D gel map of Na,CO;-washed ZGM proteins




Localization of representative proteins in isolated acini




Localization of representative proteins on isolated ZGs




Summary: new insights in ZG proteins and their
functional organizations
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Protein-protein interaction network analysis
of identified ZGM proteins
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Global topology analysis of ZG
membrane



ITRAQ: reagent design and workflow

Peptide reactive group (PRG)
NHS-
e

Isobaric tag =
(Total mass = 145) ™\ O

Isobaric tags for relative

Reporter group e \ = i
and absolute guantification

(Mass = 114-117) /é %O—N
NS
@

N\) ... A O

Balance group-
neutral loss

(Mass = 31-28)
115 117

114 116 Peptide
Quantification

Intensity

Tryptic iITRAQ iITRAQ-labeled

114H 31 HPRG

30 HPRG

Intensity

29 FPRG | L] |
m/z

28 LPRG Peptide
Identification




ITRAQ-based ZGM topology analysis

| Digestion |
Proteinase K (15 min, 4 °C) l Control
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An example MSMS spectrum of ITRAQ-labeled
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Peptide distributions on different ITRAQ ratios
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Peptide distributions on ITRAQ ratios (PK/CT)

Peptides with known
topology
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Cytoplasmic and luminal peptides had distinct
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The topology model of SCAMP1
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Molecular architecture of pancreatic zymogen granule
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ZG proteins and their copy numbers



GeLC-MRM strategy for ZG copy number
determination
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Development of MRM transitions for a unique
Rab3D peptide

MNIST_Mouse - LLLIGNSSWVGHK, Charge 2
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Development of MRM transitions for a unique
VAMPS8 peptide

NIST_Mouse - NLQSEVEGVK, Charge 2
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Absolute quantification of Rab3D and VAMPS8
using AQUA peptides
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Quantification of Rab3D by WB using GST-Rab3D
as internal standard

y = 9532 4%
R* = 0.8469
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Immunofluorescence and bright field imaging of
Isolated ZGs

Rab3D
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Determination of the size distribution of ZGs by
EM and AFM
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Comparison between pancreatic ZGs and
neuronal SVs

Secretory Average size
vesicles (nm)

Density (molecules/
pm?)

G VAMPS8: 6500 3678
Z
Rab3D: 7400 4187

VAMP2: 70 11003
SV 45
Rab3A: 10 1572

Takamori et al. Cell 2006

Copy numbers per vesicle




Summary

A total of 231 proteins identified using multiple separation
techniques

ZGM localization confirmed for some novel observations
Including Rab11A, Rab27B, Rapl, SNAP 29, Myosin Vc and
Slp 1

ITRAQ-based quantitative proteomics approach used to
systematically ananlyze the enrichment and topology of ZG
membrane proteins

Copy numbers of selected ZG proteins determined by LC-
MRM and AQUA peptides



Future directions

ZG protein complexes by BN-PAGE, co-IP and
xlinking

Dynamic changes of ZG composition upon
stimulation and in diseases (e.g. pancreatitis)
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Selection of Rab3D and VAMPS8 for Absolute
Quantification
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Peptide
position

The topology model of Tm63A
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# of peptides

A mixture model for estimating peptide topology

Experiment #1 Experiment #2

# of peptides

ITRAQ ratio (PK/CT)

Blue: model distribution — cytoplasmic

Green: experimental distribution
model distribution — luminal Dashed: training set distribution
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Quantification of BSA std & GST-Rab3D using Image J
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Resuspend mouse ZGs in 160 ul H buffer

80 ul for characterizing ZGs with different
imaging approaches

=]

ZG density by
hemocytometer:

ZG size distribution:

T~

80 ul for SDS-PAGE

Dilution factor l

Add 80 ul lysis buffer, 4xSDS
buffer etc to 210 ul (~ 2ug/ul protein)

|

Run 50 ul ZG lysate on SDS-PAGE

Cut gel slices and in-gel digestion

— !

For Rab3D in band 9, resuspend tryptic peptide
in 108ul solvent A and injected 5 ul for LC-MS/MS

l AQUA: l AQUA:

Rab3D: 10 fmole VAMPS8: 11.5
for fmole for

\/

VAMPS8: 7439 copies per ZG

For VAMPS8 in band 2 & 3, resuspend tryptic peptide
in 32ul solvent A and injected 5 ul for LC-MS/MS

l AQUA: l AQUA:

VAMPS8: 27.4 VAMPS8: 36 fmole
fmole for for

\/

VAMPS8: 6564 copies per ZG




The working principles of Blue
native/SDS-PAGE

2 .-_: e .'L' .'.-| =1 .11-
A) Ist Dimension - BN-PAGE £l 2nd Dimension; SOS-FAGE

BN - PAGE

Solubilized Sample

1 %4 B-Mercaptocthanol SDS-PAGE

Plant Methods. 2005 Nov 16;1(1):11.



Two dimensional separation of ZGM by BN/SDS-PAGE
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WB results from 2" dimension BN/SDS-PAGE
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GST-Rab3D affinity purification to identify
Interacting partners
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Proteomics analysis leads to new hypotheses
about ZG functions

« Rab27B localized to ZG membrane and plays a
positive role in regulated exocytosis

« Two potential Rab interacting proteins identified
and their interactions with Rab3D and Rab27B

confirmed



ldentification and confirmation of Rab27B on
ZGM

A.
Start - End Observed Mr(expt) Mr(calc) Delta Miss Sequence

12 - 22 1029.58 1028.57 1028.59 .01 LLALGDSGVGK
38 - 47 1168.64 1167.63 1167.63 .00 FITTVGIDFR*
51 - 64 1383.66 1382.65 1382.63 .02 VVYDTQGADGSSGK*
83 - 90 942.50 941.49 941.50 .00 SLTTAFFR

112 - 134 2678.21 2677.20 2677.26 .06 NWMSQLQANAYCENPDIVLIGNK

155 - 172  1974.93 1973.93 1973.94 .01 YGIPYFETSAATGQNVEK*

173 - 183 1277.70 1276.69 1276.69 .01 SVETLLDLIMK Oxidation(M)

ololooNoNoNe)

1 MTDGDYDYL1 KLLALGDSGV GKTTFLYRYT DNKFNPKFIT TVGIDFREKR
51 VVYDTQGADG SSGKAFKVHL QLWDTAGQER FRSLTTAFFR DAMGFLLMFD
101 LTSQQSFLNV RNWMSQLQAN AYCENPDIVL IGNKADLLDQ REVNERQARE
151 LAEKYGIPYEF ETSAATGONV EKSVETLLDL IMKRMEKCVE KTQVPDTVNG
201 VNSGKVDGEK PAEKKCAC

total yAC ZG-cont ZG-memb

Rab27B —




Rab27B plays an important role in acinar
secretion
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Proteomic analysis of ZG membrane helps to
develop hypothesis on functional protein complex

F-actin

F-actin
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% Myosin Vc
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Modified from Nat Cell Biol. 2002 Apr;4(4):271-8



Slplis localized on ZG membrane

A. LNcaP total PNS yAC ZG-cont ZG-memb

Anti-Slp1l (red)
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