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ABSTRACT: Neuroendocrine chromaffin granules of adrenal medulla represent regulated secretory vesicles
that secrete neuropeptides and catecholamines which mediate cell-cell communication for physiological
functions. This study addressed the identification of the major proteins in these secretory vesicles that provide
dynamic storage and secretion of bioactivemolecules. Proteins of the soluble compartment of the vesicles were
separated by two-dimensional gels and subjected to NH2-terminal Edman sequencing for identification and
determination of NH2-termini. Results showed that proteolytic fragments of chromogranin A (CgA) and
chromogranin B (CgB) represent the major proteins of these secretory vesicles. These fragments resulted from
cleavage of their respective precursor proteins at dibasic and monobasic sites, which is consistent with the
known cleavage specificities of prohormone processing enzymes. MALDI-TOFMS analyses of protein spots
similar in molecular weight that possessed a range of pI values were represented by molecular forms of CgA
and CgB proteins. These findings indicate the high prevalence of endogenous CgA and CgB proteolytic
fragments that function in chromaffin secretory vesicles for release of bioactive molecules for cell-cell
communication.

Chromaffin granules of sympathoadrenal medullary chromaf-
fin cells represent secretory vesicles that synthesize, store, and
secrete biologically active molecules consisting of neuropeptides
and catecholamines (1-10) for neuroendocrine cell-cell com-
munication. These biomolecules mediate cell-cell communica-
tion among multiple physiological systems, including those that
participate in stress responses (11-13), and in hormonal func-
tion, including cardiovascular regulation (14, 15).

Numerous neuropeptides are secreted from chromaffin cells
that include the enkephalin opioid peptides, NPY1 (neuropeptide
Y), galanin, VIP (vasoactive intestinal peptide), somatostatin,
and others (1-5). These neuropeptides are produced from their
respective proneuropeptide precursors by proteolytic processing
enzymes that cleave at dibasic and monobasic sites (16-18). The
small, active neuropeptides are stored in these secretory vesicles
for regulated secretion. These neuropeptides are cosecreted with

the catecholamines epinephrine, norepinephrine, and dopamine.
Nicotinic cholinergic receptors stimulate the release of these
bioactive molecules from chromaffin cells for regulation of
neuroendocrine functions.

These secretory vesicles utilize numerous proteins to produce
bioactive molecules include secretory vesicle maturation,
proteolysis of protein precursors for neuropeptide production,
trafficking, and fusion of vesicles to the plasma membrane for
exocytosis. The soluble components of the secretory vesicle are
especially important since they are released to the extracellular
environment upon regulated secretion, resulting in cell-cell
communication by secreted bioactive molecules. The secretion
of these soluble neurohumoral components allows chromaffin
cells to communicate with various target cells to coordinate
physiological functions. Knowledge of the major proteins in the
soluble compartment of chromaffin granules can provide insight
into primary protein functions utilized in this secretory vesicle
organelle. For this reason, the goal of this study was to identify
the major proteins in the soluble compartment of chromaffin
granules.

This study analyzed soluble proteins of purified chromaffin
granules by separation on two-dimensional gels with NH2-
terminal Edman peptide sequencing. Results demonstrated that
nearly all the proteins were identified as proteolytic fragments
of chromogranin A (CgA) and chromogranin B (CgB). More-
over, all fragments were derived from parent precursor pro-
teins by proteolytic processing at dibasic and monobasic
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cleavage sites, consisent with prohormone processing sites.
Complementary analyses of multiple two-dimensional gel spots
by MALDI-TOF MS of tryptic digests of proteins indicated the
nature of numerous proteolytic fragments of CgA and CgB
in chromaffin granules. These findings indicate the importance
of specific proteolytic processing at basic residues of CgA and
CgB proteins to generate numerous CgA- and CgB-derived
fragments for chromaffin granule functions in mediating
cell-cell communication among neuroendocrine systems.

EXPERIMENTAL PROCEDURES

Preparation of Chromaffin Granule Proteins from Bo-
vine AdrenalMedulla.Chromaffin granules were purified from
fresh bovine adrenal medulla by sucrose density centrifugation,
as described previously (19). The soluble fraction of chromaffin
granules was prepared by lysis (by freezing and thawing) in the
presence of a cocktail of protease inhibitors consisting of 1 mM
EDTA, 10 μMpepstatin A, 10 μm leupeptin, 10 μm chymostatin,
10 μm E64c, and 1 mM AEBSF [4-(2-aminoethyl)benzenesulfo-
nyl fluoride hydrochloride] in isotonic buffer [50 mM sodium
acetate (pH 6.0) and 150 mM NaCl]. Samples were subjected to
ultracentrifugation (Beckman L7-65 ultracentrifuge) at 100000g
in a SW60 rotor for 30 min at 4 �C, and the resultant supernatant
was collected as the soluble granule fraction, as we have described
previously (19, 20). Protein concentrationswere determined using
Bradford assays (Bio-Rad).
Two-Dimensional Gel Electrophoresis of Proteins. Chro-

maffin granule proteins (300 μg protein sample in 310 μL of
rehydration buffer) were separated by isoelectric focusing (IEF)
followed by SDS-PAGE. IEF was conducted at pH 3-6 on
17 cm IPG strips (Bio-Rad) according to the manufacturer’s
protocols. Rehydration buffer for IPG strips consisted of 8 M
urea, 2%CHAPS, 0.2%Biolytes 3/10, 2mMTCEP (Pierce), and
a pinch of bromophenol blue. Following the rehydration of IPG
strips in Protean IEF cell (BioRad) under active conditions (50 V
per strip) for 16 h at 15 �C, proteins were subjected to IEF in steps
of 250 V for 30min, 10000 V for 3 h, 50000 V h, and 500 V. After
IEF, the strips were equilibrated in buffer I [6 M urea, 2% SDS,
0.375 M Tris (pH 8.8), 20% glycerol, and 10 mM TCEP] for 2 �
5 min on a shaker and then in buffer II [6 M urea, 2% SDS,
0.375M Tris (pH 8.8), 20% glycerol, 2.5% iodoacetamide, and a
trace of bromophenol blue] for 2 � 5 min. The strips were then
briefly placed in electrophoresis running buffer and blotted onto
filter paper.

For SDS-PAGE, the IPG strips were cut to fit the top of a
SDS-PAGE gel (1 mm thick, 6% SDS stacking layer, and 12%
SDS separation layer) on a Hoefer electrophoresis system. The
strips in the sample wells were overlaid with 0.5% agarose
solution in running buffer [25 mM Tris, 192 mM glycine
(pH 8.3), and 0.05% SDS]. After 10 min, the gels were electro-
phoresed at constant currents of 20 mA (stacking layer) and
25 mA (resolving gel) per gel.
Protein Analyses by NH2-Terminal Edman Sequencing.

The two-dimensional gels were equilibrated in transfer buffer
[48 mM Tris, 39 mM Gly (pH 9.2), and 10% MeOH] for
15 min, followed by transfer of proteins to PVDF membranes
at 20 V for 1 h according to the manufacturer’s protocol (Sequi-
Blot, Bio-Rad). The membranes were stained with amido black
(0.1% in 10% acetic acid) for 2 min and destained in 5% acetic
acid for 1 h. Selected protein spots were excised and washed with
distilled water five times and air-dried before being subjected to

NH2-terminal peptide sequencing by Edman degradation on an
Applied BiosystemsProcise 494 protein sequencer at theHarvard
Microchemistry and Proteomics Analysis Facility. (It is noted
that the number of proteins subjected to Edman sequencing was
limited by the cost of service fees for sequencing.) Protein
sequences of most recent updates were retrieved from NCBI
nonredundant protein databases for sequence analyses. NH2-
terminal sequences determined by Edman degradation were
queried to find matching proteins by using the BLAST Align-
ment tool fromNCBI. TheBLAST tool was also used to align the
bovine proSAASprecursor sequencewith the human sequence to
predict the signal sequence of the bovine protein.
Analyses of Proteins from Two-Dimensional Gels by

MALDI-TOF MS. Protein spots from the two-dimensional
gels were subjected to analyses by MALDI-TOF MS of trypsin
digests of each spot to gain further information about the
proteins. MALDI-TOF MS of trypsin digests was performed
as described previously (20). Briefly, tryptic digestion was
performed by the automated robot digester ProGest (from
Genomic Solutions) which provides a series of programmed
steps to deliver and remove solutions via nitrogen pressure
through perforated bottoms of 96-well plates. Gel pieces
(∼1.5 mm2) in a 96-well plate were washed and destained with
two cycles of 50 μL of NH4HCO3 (25 mM) and 50 μL of ACN.
The proteins in gel pieces were then reduced with 40 μL of DTT
(10 mM) inNH4HCO3 (25 mM) for 10min at 60 �C, followed by
alkylation with 30 μL of iodoacetamide (100 mM) in NH4HCO3

(50 mM) for 45 min at room temperature. Gel pieces were then
dehydrated with two cycles of 50 μL of NH4HCO3 (25 mM) and
50 μL of ACN prior to trypsin digestion. Trypsin digestion
utilized 10 μL of sequence grade trypsin (250 μg, Promega)
dissolved in 1 mM acetic acid mixed with 15 μL of NH4HCO3

(25 mM) and incubation at 37 �C for 4 h and was stopped by the
addition of 7 μL of 10% formic acid. Peptides were collected by
pressurizing with nitrogen into a collection plate (96-well).

For MALDI-TOF MS, each protein digest sample (0.5 μL)
was mixed with R-CHCA matrix (R-cyano-4-hydroxycinnamic
acid, 0.5 μL) (Agilent Technologies, Inc.) and spotted onto a
MALDI target and air-dried. The mass spectra were acquired on
a PE Biosystems Voyager DeSTR MALDI-TOF mass spectro-
meter with a nitrogen laser, operating in delayed extraction and
reflectron mode (20). The spectral analyses were conducted with
internal calibration to masses of trypsin autolysis or external
peptide peaks (bradykinin, ACTH fragment 18-39, and angio-
tensin I). The resulting peptide mass fingerprints were searched
against the NCBI protein database using the ProFound search
engine within RADARS (Proteometrics, New York, NY) (21)
and by MS-Fit (http://prospector.ucsf.edu) (22, 23). In Pro-
Found, “Expectation Value” (EV) scoring was used, which
indicates the quality or significance of the match (Field, HI).
EV scoring of less than 5� 102 is equivalent to>95%confidence
and was considered significant. In MS-Fit, the “MOWSE”
scoring method, a probability-based scoring system, was used
to evaluate the protein match quality and significant identifica-
tions (22). A score of greater than 70 is considered to represent
significant matches. Data Explorer (Applied Biosystems) was
also used for generating peptide mass lists.

RESULTS

Chromaffin granule soluble proteins were subjected to two-
dimensional electrophoresis by IEF (isoelectric focusing) and
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SDS-PAGE, followed by electrophoretic transfer to PVDF
membranes stained with amido black to visualize proteins.
Multiple proteins ranging from greater than 100 kDa to approxi-
mately 10 kDa were separated by the two-dimensional gel
(Figure 1). The major amido black-stained proteins were excised
for Edman sequencing, indicated by numbers 1-37. Data for
NH2-terminal sequences were grouped by protein identification
information.
Chromogranin A-Derived Proteolytic Fragments. NH2-

terminal peptide sequences indicated that themajority of proteins
represented different molecular mass forms of chromogranin
A (CgA) and chromogranin B (CgB). CgA-related proteins
were identified for protein spots 1-18, 36, and 37 (Table 1).

Data for determined NH2-terminal peptide sequences, apparent
molecular masses of protein spots on SDS-PAGE, apparent
pI values, and protein identifications were compiled (Table 1).
Some protein spots consisted of more than one peptide
sequence (spots 4-6, 36, and 37), as noted by primary and
secondary sequences (1� and 2�, respectively) obtained from
Edman sequencing of CgA (spots 4-6 and 36) and proSAAS
(spot 37).

Importantly, analyses of the NH2-terminal sequences within
the full-length primary sequence of the CgA protein illustrated
cleavage at dibasic and monobasic cleavage sites that generated
the NH2-termini of the isolated CgA fragments (Figure 2).
The CgA fragments were generated by cleavages at dibasic

FIGURE 1: Two-dimensional gel separationof chromaffin granule proteins forN-terminal peptide sequencing.Chromaffin granule proteinsof the
soluble fractionwere subjected to separation via two-dimensional gels achieved by isoelectric focusing (first dimension) and SDS-PAGE (second
dimension). Proteins were transferred to PVDF membranes and stained with amido black to visualize proteins. Selected protein spots were
excised, subjected toNH2-terminal sequencing by Edman degradation, and numbered from 1 to 37. The inset (boxed) is provided tomore clearly
illustrate the indicated group of proteins.

Table 1: Identification of CgA and ProSAAS Protein Forms by N-Terminal Peptide Sequencing

spot

N-terminal sequence

by Edman degradation ratio

apparent molecular

mass (kDa) apparent pI CgA/fragment ID

relative level of

protein staining

1 LPVNSPMNKG 153 4.65 CgA low

2 and 3 LPVNSPMNKG 66 4.55-4.62 CgA very high

4 1�, HSSYEDELSE; 2�, LPVNSPMNK 4 to 1 59 4.39 CgA medium

5 1�, HSSYEDELSE; 2�, LPVNSPMNKG 1 to 1 56 4.39 CgA low

6 1�, DDFKEVEKSD; 2�, LPVNSPMNKG 3 to 1 50 4.39 CgA medium to low

7 LPVNSPMNKG 45 4.39 CgA medium to low

8-11 AAPGWPEDGA 27-28 4.68-4.79 CgA medium

12 LPVNSPMNKG 16 4.81 CgA medium to low

13 LPVNSPMNKG 15.5 4.95 CgA medium to low

14-17 LEGEEEEEED 14.5-15 4.60-4.81 CgA medium

18 GWRPNNNRED <14.4 4.47 CgA medium to low

36 1�, ERGEVG_EER; 2�, LPVNSPMNKG ND 24 4.88 CgB and CgA low

37 1�, LPVNSPMNKG; 2�, AAPRGEAAGA 1 to 1 18 4.79 CgA and ProSAAS (PC1 inhibitor) low
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KK, KR, and RR sites, as well as at the monobasic Arg site
(Figure 2a). The determined NH2-terminal peptide sequences (by
Edman sequencing) at these cleavage sites within the full-length
CgA protein are shown in blue in Figure 2b. Thus, proteolytic
processing at dibasic and monobasic cleavage sites generates
multiple CgA fragments that represent abundant proteins in
chromaffin secretory vesicles.
Chromogranin B Proteolytic Fragments. Edman sequen-

cing of multiple proteins revealed the identities of protein spots
19-36 (18 spots) as chromogranin B (CgB) fragments (Table 2).
These CgB fragments ranged in apparent molecular mass (via
SDS-PAGE) from approximately 69 to 24 kDa. Several spots
(27 and 36) exhibited primary and secondary peptide sequences
obtained fromEdman sequencing forCgB (spot 27), aswell as for
CgB and CgA (spot 36).

Mapping of the NH2-terminal sequences of CgB fragments
showed that they resulted from proteolytic cleavages of CgB at
dibasic and monobasic residue sites (Figure 3). These fragments
resulted from cleavage of CgB at dibasic KR and monobasic
Arg sites (Figure 3a). Analyses of Edman sequencing results

also indicated that one of the fragments (spot 27) contains the
NH2-terminus of intact CgB (Figure 3b). Interestingly, a larger
number of CgB fragments (10 fragments) resulted from cleavage
at a monobasic Arg site, compared to those resulting from
cleavage at the dibasic KR site (five fragments). These findings
demonstrate that CgB undergoes specific proteolytic processing
at dibasic and monobasic residue sites to generate multiple
fragments present in chromaffin secretory vesicles.
ProSAAS Protein Fragment. One protein was identified as

a proteolytic fragment of proSAAS, which undergoes proteolytic
processing to generate neuropeptides, as well as an endogenous
inhibitor of prohormone convertase 1 (PC1/3) (spot 37, Table 1).
Its NH2-terminal sequence indicated that this fragment resulted
fromcleavage at aRRdibasic site of proSAAS (figure 4). Because
the majority of proSAAS-derived peptides have been defined in
mouse species, and not in bovine, alignment of bovine proSAAS
sequence with mouse proSAAS is provided to illustrate PEN,
LEN, and related peptide products. Although a proteolytic
fragment of proSAAS was identified, the results of this study
show that fragments of CgA andCgB compose themajor protein

FIGURE 2: Cleavage sites of full-length CgA that generate proteolytic fragments in chromaffin granules. (a) Cleavage sites utilized to generate
NH2-termini ofCgAproteins in chromaffin granules. Cleavage sites ofCgArepresentingNH2-termini ofCgA fragments are shownby the arrows.
The protein spots (numbered as in Figure 1) whose NH2-termini correspond to the indicated cleavage sites are shown below the cleavage sites
(shownby arrows). (b) Cleavage sites and biologically active peptideswithin full-lengthCgA.Cleavage sites utilized to generateCgA fragments in
chromaffin granules are illustrated by the arrows at dibasic ormonobasic residue sites colored red.NH2-terminal sequences determinedbyEdman
degradation of CgA fragments are colored blue, within the full-length CgA primary sequence; dibasic residues at cleavage sites are colored red.
Biologically active peptides derived from CgA are shown as lines with peptide names under the bovine CgA primary sequence [NCBI Protein
Database accession number P05059 (30)]; cleavage sites predicted to generate these active fragments that were not identified in this study are
colored purple.
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components in the soluble fraction of chromaffin secretory
vesicles.
Further Analyses of Two-Dimensional Gel Proteins by

MALDI-TOFMS. Analyses of the majority of the spots were

also conducted byMALDI-TOFMS.MALDI-TOFwas used as
further data supporting the identity of proteins from the soluble
component of chromaffin granules, combined with analyses
by N-terminal Edman sequencing. Protein spots subjected to

Table 2: Identification of CgB Protein Forms by N-Terminal Peptide Sequencing

spot

N-terminal sequence by

Edman degradation ratio

apparent molecular mass

(kDa) apparent pI

prohormones/

fragment ID

relative level of

protein staining

19 ERGEVV_ _ EE 69 4.92 [CgB] low

20 ERGEVGGEEE 63 4.76 CgB low

21 ERGEVGREER 53 5.06 CgB low

22-24 SSQEGNPPLE 45-47 4.94-5.05 CgB low

25 and 26 SSQEGNPPLE 41.5-41.8 4.91-4.97 CgB low to medium

27 1�, SSQEGNPPLE; 2�, M(Q)PVDIR_ H_E 5 to 1 42 4.86 CgB low to medium

28 and 29 ALEEGAEYGE 36-37 4.90-4.96 CgB low

30-32 SSQEGNPPLE 32-33 5.26-5.46 CgB low

33 and 34 SSQEGNPPLE 30.5-31 5.16-5.24 CgB low

35 ERGEVG[S*]EER 24.5 4.79 CgB low to medium

36 1�, ERGEVG_EER; 2�, LPVNSPMNKG ND 24 4.88 CgB and CgA low

FIGURE 3: Cleavage sites of full-length CgB that generate proteolytic fragments in chromaffin granules. (a) Cleavage sites utilized to generate
NH2-termini of CgB proteins in chromaffin granules. Cleavage sites of CgB representing NH2-termini of CgB fragments are shown by the arrows.
The protein spots (numbered as in Figure 1) whose NH2-termini correspond to the indicated cleavage sites are shown below the cleavage sites
(shown by arrows). (b) Cleavage sites and biologically active peptides within full-length CgB. Cleavage sites utilized to generate CgB fragments
in chromaffin granules are illustratedby the arrows atdibasic ormonobasic residue sites colored red.NH2-terminal sequences, determinedbyEdman
degradation, of CgB fragments are colored blue within the full-length CgB primary sequence; dibasic residues at cleavage sites are colored red.
Biologically active peptides derived from CgB are shown as lines with peptide names under the bovine CgB primary sequence [NCBI Protein
Database accession number P23389 (30)]; cleavage sites predicted to generate these active fragments that were not identified in this study are colored
purple.



Article Biochemistry, Vol. 48, No. 23, 2009 5259

MALDI-TOF analyses, after tryptic digestion, are illustrated by
groups of proteins representing forms of CgA or CgB (as well as
proSAAS), and individual proteins designated by letters within
each group (Figure 5). Masses of tryptic peptides were found to
represent sequences from CgA and CgB (Supplemental Tables A
and B of the Supporting Information, respectively). These data
indicated that groups of proteins with similar apparentmolecular
masses, yet with different pIs, represented multiple forms of CgA
and CgB (illustrated in Figure 5). Proteins that corresponded to
CgA are indicated as groups of CgA-I to CgA-IX. Similarly, pro-
tein spots corresponding to CgB are indicated as groups CgB-I to
CgB-IX. Additionally, two protein forms of proSAAS (a and b)
were identified (Supplemental Table C of the Supporting In-
formation). The combined NH2-terminal sequencing results and
MALDI-TOF MS data demonstrate that proteolytic fragments
of CgA and CgB represent the abundant protein components of
chromaffin granules.

DISCUSSION

Analyses of the major proteins in chromaffin granules by two-
dimensional gels and NH2-terminal Edman peptide sequencing

revealed that proteolytic fragments of CgA and CgB represent
abundant proteins in this dense core secretory vesicle organelle.
Notably, the NH2-terminal sequences of the identified proteins
indicated that they were generated by proteolytic processing
of full-length CgA or CgB at dibasic and monobasic residues.
These results demonstrate that the major chromaffin granule
proteins, CgA and CgB, undergo specific proteolytic processing
at designated basic residue cleavage sites that generates numerous
fragments ranging in apparent molecular mass from approxi-
mately 70 to 10 kDa. It is significant that among the proteins
analyzed, no other type of protease cleavage site was observed.
These findings suggest that specific proteolytic processing at
dibasic and monobasic residues of CgA and CgB is required for
chromaffin granule functions.

The distinct specificity for proteolytic cleavage at the COOH-
terminal sides of dibasic and monobasic residue sites of CgA and
CgB is consistent with the known cleavage specificity of prohor-
mone convertases 1 and 2 (PC1/3 and PC2) that reside within the
chromaffin granules (16-18). The determined cleavage sites for
proteolytic fragments of CgA andCgB suggest PC1/3 and PC2 as
key processing enzymes of CgA and CgB in these secretory

FIGURE 4: Cleavage site of the proSAAS proteolytic fragment. (a) NH2-terminal cleavage site of the proSAAS fragment. The Arg-Arg cleavage
site is illustrated by the arrow. (b) ProSAAS-derived peptides and cleavage sites. The arrow at residue 29 indicates the cleavage site of proSAAS
determined byNH2-terminal Edman sequencing from its protein spot obtained from the two-dimensional gel (Figure 1). The bovine sequence for
proSAAS is aligned with the mouse proSAAS sequence, with active mouse peptides indicated. Since proSAAS-derived peptides have been
characterized in mouse tissues (rather than bovine tissues), the proSAAS peptide fragments are shown for mouse proSAAS [NCBI Protein
Database accession number Q9QXV0 (39-41)] and aligned to the bovine proSAAS sequence (accession number NP001077149).
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vesicles. Cleavage at the COOH-terminal sides of these dibasic
and monobasic residues is typically followed by removal of the
COOH-terminal basic residues by carboxypeptidaseE (CPE, also
known as CPH) which is present in chromaffin granules (16, 24-
28). Utilization of only dibasic and monobasic residue cleavage
sites of the major proteins of chromaffin granules suggests
specific and ordered proteolytic mechanisms for posttransla-
tional modification of a major portion of proteins in this
secretory vesicle organelle.

The cleavage sites identified for CgA correspond to processing
sites required for producing biologically active peptides derived
from CgA, including catestatin that regulates blood pressure
(20, 29). The two-dimensional Edman sequencing results
show cleavage at the COOH-terminus of vasostatin (30), at the
NH2-terminus of pancreastatin (30), at the COOH-terminus of

theWE-14 peptide (31), and at the COOH-terminus of catestatin
(Figure 2b) (29, 30). Thus, it is likely that the CgA fragments
detected on the two-dimensional gels may represent intermedi-
ates leading to production of CgA-derived biologically active
peptides. It is also possible that the identified CgA fragments
themselves participate in chromaffin granule mediation of bio-
logical functions.

CgB undergoes proteolytic processing to generate the active
peptides BAM-1745 (32) and secretolytin (33, 34) that are located
within the COOH domain of CgB (30). The observed cleavage
sites in the midregions of CgB in this study suggest that those
processing sites may be involved in generating BAM-1745 or
secretolytin. Alternatively, the CgB fragments identified from the
two-dimensional gels may themselves have functional properties
in the chromaffin granules.

FIGURE 5: Series of chromaffin granule protein spots from two-dimensional gels subjected to analyses byMALDI-TOFMS.Two-dimensional
gels of the soluble fraction of purified chromaffin granules yielded numerous protein spots (indicated by arrows) which were subjected to
analyses by MALDI-TOF MS after excision and trypsin digestion. Proteins that were identified by both MALDI-TOF MS and N-terminal
sequencing are listed: CgA-I-(d), CgA-II-(e,g), CgA-III-(h), CgA-IV-(a), CgA-VI-(b,c), CgA-VII-(a), CgA-VIII-(b,c,d), CgB-III-(c), CgB-VI-
(b,c), CgB-VIII-(d,e,g), CgB-IX-(b,c), and proSAAS-(b). Also, proteins that were identified by N-terminal sequencing only are indicated by
lines (from Figure 1). MALDI-TOF results (see Supplemental Tables A-C of the Supporting Information) showed that most of these spots
represented CgA and CgB, while two minor spots represented proSAAS (Supplemental Table C). Proteins with similar apparent molecular
masses but with a range of isoelectric points (pI) are grouped and indicated as proteins groups CgA-I to CgA-IX, CgB-I to CgB-IX, and
proSAAS(a,b). These data demonstrate the preponderance of CgA- and CgB-derived proteolytic fragments in the soluble fraction of
chromaffin granules.
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Further analyses of two-dimensional protein spots by
MALDI-TOFMS of trypsin digests provided data in support
of the multiple protein forms of CgA and CgB. CgA was
found to be represented by nine groups of protein spots,
designated CgA-I to CgA-IX, similar in apparent molecular
mass yet different in pI value. Likewise, CgB was also found
to be present in the two-dimensional gels as groups of
proteins designated CgB-I to CgB-IX, with each group
consisting of proteins with similar apparent molecular masses
that show a range of varying relative charge properties
illustrated by their differing isoelectric points.

In addition to proteolytic processing of CgA to generate
biologically active peptides, including catestatin that participates
in the regulation of blood pressure, CgA regulates the biogenesis
of dense core secretory granules (35-37). Downregulation of
CgA in the neuroendocrine PC12 cell line by antisense RNAs
resulted in loss of secretory granules and impairment of regulated
secretion of peptide hormones. Alternatively, overexpression
of CgA induced formation of dense core secretory granules. On
the basis of results from this study, the presence of proteolytic
fragments of CgA in chromaffin granules raises the interesting
question of possible roles for CgA polypeptide forms in
biogenesis of dense core secretory granules.

While this study with Edman sequencing and MALDI-TOF
approaches indicates that proteolytic fragments of CgA and CgB
represent the majority of chromaffin granule protein compo-
nents, our previous study using different proteomic approaches
(microcapillary LC-MS/MS of tryptic digests of gel slides
obtained from one-dimensional SDS-PAGE gels) for protein
identification in these chromaffin granules demonstrated the
presence of a multitude of proteins with distinct functions for
prohormones, proteases, catecholamine neurotransmitter meta-
bolism, protein folding, redox regulation, ATPases, calcium
regulation, signaling components, exocytotic mechanisms, and
related functions (38). The proteins with these functions were
identified as 63 proteins in the soluble fraction of chromaffin
granules and 80 proteins in the membrane fraction. It is likely
that further analyses with different proteomic strategies will yield
identification of further novel protein components of chromaffin
granules.

In summary, analyses of chromaffin granule soluble pro-
teins by two-dimensional gel proteomics using Edman se-
quencing have demonstrated CgA and CgB proteins as major
protein components. Significantly, specific proteolytic pro-
cessing at dibasic and monobasic residues is utilized to
generate these protein fragments of CgA and CgB. Clearly,
proteolysis of these chromogranins does not occur in a
random manner but occurs primarily at basic residue motifs.
These findings illustrate that proteolytic fragments of CgA
and CgB represent the major proteins of the chromaffin
secretory vesicles that produce and secrete biologically active
neuropeptides and catecholamines.
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