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Summary

A method is presented for the purification of human chromogranin from adrenal
glands obtained at autopsy. The procedure involved homogenization of whole glands
in aqueous buffer, salt precipitation, affinity chromatography using a highly specific
monoclonal antibody (LK2H10) and reverse-phase high-pressure liquid chromato-
graphy. Chromogranin purified from autopsy adrenal glands revealed a high degree
of polypeptide heterogeneity when analyzed by silver-stained SDS polyacrylamide
gels. Greater than 90% of the protein was represented by a cluster of polypeptides
with an M, = 70 000 (i.e. chromogranin A), while the remaining protein was highly
disperse in molecular weight. That these various polypeptides were in fact chromo-
granin was shown by Western blotting using monoclonal antibody LK2H10. About
6 nmol of chromogranin were obtained from 97 g of starting adrenals which was
estimated to be a 25% yield and a 250-fold enrichment from adrenal homogenates.
Critical to achieving reasonable yields of this protein was the need for particular low
pH buffers for resuspension of chromogranin after solvent removal steps. Chromo-
granin purified from human adrenal glands was similar in amino acid composition,
and identical in the N-terminal amino acid sequence (24 residues) to bovine chrom-
ogranin A. A secondary sequence representing 25% of the total protein and missing
the first three residues of the N-terminus suggested the possibility of N-terminal
processing of chromogranin in situ. The conservation of the N-terminal amino acid
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sequence of human and bovine chromogranin contrasts with the strong sequence
variability predicted by antisera cross-reactivity and suggests that the N-terminus of
chromogranin may be critical for its biological activity.

chromogranin; adrenal glands; monoclonal antibody affinity chromatography; amino
acid sequence; human; purification

Introduction

Catecholamine containing storage granules of adrenal chromaffin cells contain var-
ious soluble proteins which are released with catecholamines following neural stimu-
lation [1-4]. The released granule proteins were originally referred to as the chrom-
ogranins based on their origin from adrenal chromaffin granules [4]. However, since
distinct proteins such as dopamine beta-hydroxylase and the opioid family peptides
have been identified in the soluble granule fraction (for review see Ref. 5), the term
chromogranin most appropriately describes a complex family of polypeptides rep-
resenting the majority of proteins of the soluble granule fraction. The chromogranins
have a unique amino acid composition, being rich in acidic residues and in proline,
and they also have an acidic p/ (for review, see Ref. 5). In addition, they vary in their
extent of glycosylation [6]. The most abundant of the chromogranins, termed chrom-
ogranin A, has a molecular size (M,) of about 70 000 and represents more than 40%
of all the soluble granule protein (for review see Ref. 5). In addition to chromogranin
A, numerous smaller size (between M, 70 000 and 20 000) as well as some larger size
chromogranin polypeptides (M, 85 000 and > 100 000) have been identified by im-
munological cross-reactivity [7-10] and biochemical similarity [6,11,12]. Although
the exact relationship between these various size chromogranin polypeptides is pres-
ently unclear, recent data implicates both gene duplication [12] and intragranular
proteolytic processing [9,12,13] in the generation of polypeptide heterogeneity.

The function of chromogranin in hormone storage granules is presently unknown.
A number of studies utilizing bovine adrenal chromaffin vesicles have indicated that
chromogranin may help to stabilize granule osmotic pressure by interacting with
catecholamine and nucleotides [14-18]. However, this hypothesis has not been gen-
erally accepted because a direct relationship between amine storage and chromogranin
presence is lacking [11,19]. Recent work by our laboratory and others has shown
that chromogranin can be detected in a wide variety of polypeptide hormone pro-
ducing cells [8,10-13,20-23] and in neural tissue [11,19]. Thus, any function proposed
for chromogranin must account for its widespread distribution as a neuroendocrine
marker.

Our laboratory has been involved in the immunohistochemical detection of human
chromogranin using a monoclonal antibody, LK2H10, produced in mice [8,10]. We
have used LK2H10 to detect human chromogranin [8,10,24,25] within secretory gran-
ules of most APUD type neuroendocrine cells [26] and their associated neoplasms.
In this paper, we describe the use of LK2H]10 as part of a purification procedure for
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generating significant quantities of human chromogranin of high purity from a gen-
erally available source (i.e., autopsy adrenal glands). Using such material we have
extended the N-terminal sequence of chromogranin out to 28 residues and have iden-
tified evidence suggesting N-terminal processing.

Materials and Methods

Monoclonal antibody (LK2HI0) to human chromogranin

The mouse IgG1 monoclonal antibody LK2H10 is secreted by a hybridoma formed
by fusion of NS-1 myeloma cells with splenocytes from a mouse immunized with a
human pheochromocytoma tumor. Details on the production of this antibody and
its specificity for human chromogranins have been described previously [8,10]. Mon-
oclonal antibody containing culture fluid was harvested from late log phase cells and
used for Western blotting studies. Ascites fluids containing antibody LK2H10 were
obtained by injection of 5 x 10° hybridoma cells i.p. in Balb/c mice primed pre-
viously with 0.5 ml pristane. Purified LK2H10 was obtained from ascites fluids by
a two step procedure employing salt precipitation and ion-exchange chromatography.
Briefly, ascitic fluid was precipitated with 1 volume of saturated ammonium sulfate,
adjusted to pH 7 as described by Fahey [27]. The precipitated IgG was dialyzed
against 0.005 M phosphate buffer, pH 7.4, and applied to a DEAE-Sepharose column
equilibrated with the same buffer. The column was eluted by a salt gradient from
0.005 to 0.2 M phosphate buffer, pH 7.4, essentially as described by Peters and Coon
[28]. A small aliquot from each fraction was tested for IgG heavy and light chain
purity by electrophoresis in a discontinuous polyacrylamide gel stained with Com-
massie Blue R250 (details below). Only those fractions containing highly purified
antibody were pooled and used.

Gel electrophoresis and silver staining

Proteins were electrophoresed in 10 x 8§ x 0.075 c¢cm slab gels containing 10%
cross-linked polyacrylamide (37:1, monomer to linker) and the discontinuous sodium
dodecyl sulfate (SDS) buffer system of Laemmli [29]. Samples were heated to 100°C
in SDS-sample buffer containing 2% 2-mercaptoethanol and electrophoresis was per-
formed at 14 mA/gel. Molecular weight standards were phosphorylase B (92 000),
bovine serum albumin (67 000), ovalbumin (43 000), carbonic anhydrase (29 000)
and trypsin inhibitor (21 000).

For silver staining, gels were treated at room temperature in crystallizing dishes
with gentle agitation as follows: (1) fixation in 50% methanol/10% acetic acid for 30
min, (2) 5% methanol/7% acetic acid for 30 min, (3) 10% glutaraldehyde for 1 h, (4)
wash with deionized H,O for 1 h (four changes), (5) dithiothreitol (5 ug/ml) in H,O
for 30 min, (6) silver nitrate (Sigma) 0.1% w/v for 30 min, (7) rinse with 50 ml H,O,
then twice with developer (50 ul 37% formaldehyde in 100 ml 3% sodium carbonate),
(8) reaction is stopped with 2 M citric acid.
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Western blotting

Protein from SDS gels was transferred to 0.45 yum nitrocellulose paper (Millipore)
by electrophoretic transfer using a Bio-Rad Transblotting Cell (Bio-Rad, Richmond,
CA). The transfer buffer and electrophoretic conditions (60 V for 4 h) were as de-
scribed by Towbin et al. [30]. After electrophoresis the paper was gently rotated at
room temperature in glass crystallizing dishes with the following solutions: (1) 2%
bovine serum albumin in 10 mM phosphate pH 7.4 and 0.85% NaCl (PBS) for 30
min (to block non-specific binding), (2) 3 washes in PBS for 5 min each, (3) spent
culture media containing monoclonal antibodies (about 10 pug/ml antibody) for 1 h,
(4) 3 washes in PBS for 5 min each, (5) peroxidase conjugated goat anti-mouse IgG
(1/400 dilution in fetal calf serum in PBS) for 60 min, (6) 3 washes in PBS for 5 min
each, (7) color development in 5',5'-diaminobenzidine (1 mg/m! in PBS) containing
H,0, (0.02%).

Protein dot blotting

Detection of chromogranin was assessed by dot blotting in a Schleicher and Schiill
Minifold 96-well apparatus (Keene, NJ). Nitrocellulose paper (0.45 uM) pre-soaked
in the transfer buffer of Towbin et al. [30] was clamped in the apparatus and the
following solutions were added for 1.5 min and removed by vacuum: (1) 50 ul of a
chromogranin containing solution, (2) wash twice in PBS (100 pl), (3) 100 ul of 0.1%
bovine serum albumin in PBS (previously heated to 100°C for 5 min), (4) wash twice
in PBS (100 ul), (5) 75 ul LK2H10 antibody (spent culture media containing about
10 pug/ml antibody), (6) wash 3 times with PBS (100 zl). The paper was removed from
the apparatus and then placed in a crystallizing dish and gently rotated with the
following reagents at room temperature: (1) 10 min with 0.1% bovine serum albumin
(100°C pretreated), (2) wash twice in PBS, (3) 30 min in peroxidase conjugated goat
anti-mouse IgG (1/400 in 10% fetal calf serum, PBS), (4) wash 3 times with PBS, (5)
develop color with 5',5'-diaminobenzidine (1 mg/ml PBS) containing H,0, (0.02%).
The latter series of steps was performed in the dish rather than in the dot blot ap-
paratus, since lower background staining was achieved by this modification.

Tissue processing

Autopsy adrenal glands in patients without disease affecting the adrenal medulla
were obtained at 8-24 h postmortem and kept at —20°C until used. Glands were
trimmed of excess fat, minced and extracted in 10 volumes of ice-cold PBS in a
Waring blender. Proteolytic inhibitors added to the extraction buffer included phen-
ylmethylsulfonyl fluoride (1 mM), benzamidine (10 mM), N-ethylmaleimide (5 mM)
and ethylenediaminetetraacetic acid (5 mM). The extract was cleared by centrifuga-
tion at 27 000 x g at 4°C. Congealed fat which floated to the top of the tube was
removed by passing the supernatant through gauze. The extract was stored at —20°C;
after thawing, additional insoluble material was removed by centrifugation as above.
The crude adrenal extract was subjected to (NH,),SO, precipitation at 55% satu-
ration at room temperature. The precipitate was spun at 15°C for 10 min at a speed
of 27 000 x g and the pellet suspended in 1/10 original volume in PBS. After several
hours dialysis against PBS, the semi-crude chromogranin preparation was applied to
an LK2H10 antibody affinity column (see below).
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Antibody affinity chromatography

Purified antibody LK2H10 was coupled to Sepharose CL4B beads (Pharmacia) at
a concentration of 8 mg protein/ml of gel using the cyanogen bromide method [31].
Freshly activated gel was coupled by gently rotating overnight at 4°C with LK2H10
in 0.1 M NaHCO;, pH 9.0. Coupling at pH 6.5 as described by Cuatrecasas [31] for
reducing IgG denaturation was no more effective for affinity chromatography than
pH 9.0 coupling. Any uncoupled CNBr active sites were blocked by incubating the
gel for 3 h with 0.1 M glycine pH 8.4. 5 ml of LK2H10 gel was packed into a 1 x
20 cm glass column (Pharmacia) and all buffers were run at a flow rate of 30 ml/h.
The column was utilized and stored at 4°C. The semi-crude chromogranin fraction
obtained after (NH,),SO, precipitation (see previous section) was applied to the
column, and the column washed with PBS until the absorbance 280 nm was < 0.01.
The column was then flushed with deionized H,O (conductivity = 1 uS) to remove
salts, and the bound chromogranin was eluted with 0.5 N NH,OH. 50-ul samples
from the resulting 2-ml fractions were analyzed for chromogranin content by dot
blotting. Samples containing chromogranin were pooled and dried in a Speed Vac
(Savant Instruments, Westbury, NY).

High-pressure liquid chromatography (HPLC)

HPLC separation was undertaken using a Varian model 5560 system in conjunc-
tion with a Vista 402 data system. Separation at 30°C was by a reverse-phase (Supelco
LC318) 30 nm diameter pore C18 column. After the affinity chromatography step,
chromogranin was dried and then resuspended with 2 N acetic acid. 500 ul samples
were injected into the HPLC column. The flow rate was 0.8 ml/min, and elution was
accomplished by a 60-min linear gradient of water to 40% n-propanol, both con-
taining 0.1% trifluoroacetic acid. 0.8-ml fractions were collected and detection was
performed at 280 nm. Samples were dried using a Speed Vac concentrator (Savant
Instruments) and resuspended in appropriate buffer for further assays.

Amino acid sequences and composition

Human chromogranin (about 3 nmol) was sequenced on an Applied Biosystems
470A gas phase sequencer as originally described [32]. The phenyl-thiohydantoin
amino acids were separated and identified by reverse-phase HPLC on an Ultrasphere
ODS column using a step gradient of 25-50% CH3;CN containing 88 mM
NH,4CH;COO, pH 4.9 throughout. The column was eluted at 50°C with a flow rate
of 1 ml/min.

Samples for amino acid composition were dried and treated overnight with HCl
vapor to hydrolyze the protein. The amino acid analysis utilized the same HPLC
column and conditions described above.

Experimental Results

Stability of chromogranin from autopsy adrenal glands
The value of autopsy glands as a source of chromogranin would depend on the
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ability of chromogranin to be stable in situ for reasonable periods of time after death
(e.g. 24 h) and to maintain stability under storage at —20°C. To directly assess this
issue, a 4 h postmortem adrenal gland was obtained and frozen at —20°C for one
week. After thawing, the gland was minced thoroughly with a razor blade and divided
into four equal aliquots for processing into soluble homogenates (see details in
Methods). One aliquot was homogenized immediately and the others were stored in
a humidified container at 4°C and processed 4, 8 and 24 h later. As seen in Fig. 1,
quantitation of chromogranin by dot blotting showed similar endpoint titer (1/128)
indicating that equal amounts of chromogranin were present in all the homogenates.
Western blotting of these homogenates also showed identical content of the large
and abundant chromogranin species for all homogenates (Fig. 1). The Western blot-
ting results were very similar among autopsy adrenal glands and were essentially the
same as those from surgically excised tumor specimens frozen within 10 min after
excision. The data indicate that chromogranin polypeptides in situ in autopsy glands
are not routinely subjected to postmortem proteolysis during freeze thawing or
maintenance at 4°C.

Purification of chromogranin

Chromogranin was purified from adrenal glands by a four step procedure involving
homogenization in neutral pH aqueous buffer, precipitation with (NH4),SO, at 55%
of saturation, antibody LK2H10 affinity chromatography and reverse-phase HPLC.
(NH,),SO, precipitation at saturation percentages of 40, 50, 60, 70 and 80% were
initially tested and 50% was the lowest value that precipitated the majority of chrom-
ogranin. Although the salt precipitation step only results in a minimal enrichment of
chromogranin (1-2-fold), it helps more by eliminating material that would get
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Fig. 1. Dot blot and Western blotting of chromogranin from an autopsy adrenal gland stored at 4°C for
various hours. A 4-h post-mortem gland was minced and separated into four equal amounts. At the times
indicated the sample was extracted and the amount of chromogranin was assessed by dot blotting (left
hand panel). Western blot in the right hand panel shows that no breakdown occurred of the large main
chromogranin polypeptides (labeled Chg) during the 4°C incubation. Hours of incubation (0, 4, 8, 24) are
listed on top of each figure.
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trapped in the antibody affinity column used in the next purification step. In this
case, when acid or base is added, the trapped material gets eluted from the column
and contaminates the purified chromogranin preparation.

The most significant step in the purification process was antibody affinity chro-
matography in which the salt cut preparations from two sets of adrenal glands were
resuspended in a volume of approximately 20 ml and this was passed once over a
5-ml antibody affinity column. Virtually all available chromogranin was bound to
the column in a single passage. It was also critical to keep the column volume small
since preliminary experiments utilizing a column size of about 50 ml resulted in a
high level of non-specific protein binding which could not be removed by the sub-
sequent HPLC step.

After antibody affinity chromatography, an additional step involving reverse-phase
HPLC was utilized in order to provide highly purified chromogranin for analytical
studies such as amino acid sequencing. From preliminary studies using n-propanol,
2-propanol, CH3CN and both C8 and C18 columns, the most efficient separation of
chromogranin with the best yield was achieved using a C18 column with a gradient
of 0—40% n-propanol. Chromogranin eluted as a single peak at about 30% n-pro-
panol (Fig. 2). Contaminant material absorbing at 280 nm is usually seen eluting
both before and after the chromogranin peak (Fig. 2). The main fractions from the
chromogranin HPLC peak were analyzed by silver staining and Western blotting in
order to assess their polypeptide composition and their reactivity with LK2H10 an-
tibody. As seen in Fig. 3, the main chromogranin fractions (43—-50) contain major
polypeptides of about M, 70 000 with some M, > 100 000 and many polypeptides
visible between M, 43 000 and 28 000 in size. The Western blot (Fig. 3, bottom) of
these same fractions clearly shows that all these various polypeptides are in fact
members of the chromogranin family since essentially all carry the antigenic deter-
minant detected by LK2H10 antibody. The HPLC fractions 43—-50 were pooled from
separate runs and were then used for amino acid composition and N-terminal se-
quencing. The HPLC fractions 51-55 were not used because of the presence of con-
taminating polypeptides, particularly in fractions 52 and 53, which were not detected
by Western blotting with LK2H10 antibody (Fig. 3). About 6 nmol of chromogranin
were isolated from 97 g of whole human adrenal. A summary profile exhibiting the

00 290nm
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Fig. 2. HPLC chromatogram showing the location (arrow) of the chromogranin peak eluting at about
30% n-propanol. The material injected was previously purified on the monoclonal antibody LK2H10
affinity column.
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Fig. 3. Analysis of the purity of chromogranin detected after C18 HPLC separation. For the purpose 200
ul of each HPLC fraction (43—55 min) were used for the silver-stained gel and 100 u! of each HPLC fraction
were used for the Western blot. Samples were dried in a Speed Vac and resuspended in 20 ul SDS-sample
buffer prior to SDS-gel electrophoresis. Fraction 45 in the silver-stained gel is estimated to contain about
60 ug of protein based on our experiment with other samples.

protein polypeptide complexity at each step in the purification process from crude
adrenal homogenate to the HPLC step is shown in Fig. 4. Lane 4 of Fig. 5 shows the
polypeptide complexity of HPLC purified chromogranin. As expected, a heterogen-
eous molecular weight profile is seen and all bands visible are reactive with antibody
LK2H10 (see Fig. 3). Densitometric scanning of lane 4 showed that the A, 67 000
chromogranin polypeptide (chromogranin A) represented about 85% of the total
chromogranin polypeptides isolated. As can be seen, the greatest purification oc-
curred at the antibody affinity chromatography step with additional purification
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Fig. 4. SDS-gel electrophoresis and silver staining of proteins present during the successive steps in the
purification of human chromogranin. Lane 1 contains 20 ug of whole adrenal gland extract, lane 2 contains
10 ug of the 50% (NH,),SO, precipitation, lane 3 contains 5 ug of chromogranin purified by LK2H10
affinity chromatography, lane 4 contains 1 ug of HPLC purified chromogranin (pool of fractions 43-50)
and lane 5 contains molecular weight standards.

achieved by HPLC. From parallel experiments, the yield of chromogranin was mon-
itored by assessing end point titers in dot blotting and by measuring protein concen-
tration with the Bio-Rad protein assay. After all purification steps, the yield of
chromogranin was estimated at 25% and a purification of 250-fold.

First wash Second wash (pH 2.3)
N 2 4 816 32 N 2 4 8 16 32

Fig. 5. Dot-blot analysis of chromogranin dried at pH 2.3 and solubilized with buffers ranging in pH
from 2.3 to 7. The dried chromogranin was first treated with 2 N CH3;COOH or 0.5 N CH;COOH (pH
3) and acetate buffers whose pH is listed at the left column. The procedure involved vortexing for 1 min
at room temperature. The tubes were then rinsed and any remaining insoluble chromogranin was solu-
bilized as above by pH 2.3 (2 N acetic acid). Sampies either undiluted (N) or diluted as indicated at the
top of the figure were dot blotted for detection of chromogranin by monoclonal antibody LK2H10.
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Solubility requirements for purified chromogranin

It was noted during the purification process that in several steps where liquid was
removed by vacuum drying, chromogranin could not be readily resuspended in sol-
uble form using H,O with or without neutral pH buffer. Because of the importance
in maintaining good recovery of chromogranin at each step of purification, the effects
of pH on chromogranin solubility were investigated. Fig. S illustrates the solubility
of chromogranin eluted from an LK2H10 affinity column at pH 2.3 and then dried
in equal aliquots. The aliquots were first suspended in various pH buffers, and any
insoluble material was then suspended with 2 N acetic acid (pH 2.3). The dot blotting
analysis in Fig. 5 shows that chromogranin was not efficiently solubilized until buffers
approaching pH 2 were used. These data, together with additional experiments, are
summarized in Table 1. The solubility of chromogranin in neutral pH buffer was
markedly reduced if drying was performed at low pH but not at high pH conditions
(expt. A, Table I). Chromogranin dried at low pH, although relatively insoluble at
neutral pH, was readily solubilized with either low or high pH conditions (expt. B,
Table I). This phenomenon was observed whether drying occurred in glass or in
polypropylene tubes. This requirement of pH extremes for efficient solubilization of
acidified chromogranin was also observed using chromogranin eluted from the re-
verse-phase HPLC column which contains n-propanol and 0.1% trifluoroacetic acid
(about pH 1.8). However, the pH is not the only condition required for efficient
solubilization of chromogranin since 0.1% trifluoroacetic acid (pH 1.8) and 1 N HC]
(pH < 1) were not as effective as were 2 N acetic acid (pH 2.3) or 80% formic acid
(pH < 1).

TABLE I

Effects of pH on the solubility of human adrenal chromogranin

Expt. A Expt. B
Drying® Suspending Solubility® Drying Suspending Solubility®
pH pH pH pH
23 7 - 23 2.3 ++++
3 7 + 2.3 3 +++
4 7 + + 2.3 4 +
5 7 ++ + 23 5 -
6 7 ++++ 2.3 6 -
7 7 ++++ 2.3 7 -
8 7 ++++ 2.3 8 +
9 7 ++++ 2.3 9 ++
10 7 ++++ 2.3 10 ++ +
11 7 ++++ 2.3 11 +++ +

* All samples were dried under evaporation. The pH 2.3 and 3.0 were achieved using 2 N and 0.5 N acid,
respectively. The composition of buffers pH 4-7 were 0.1 M acetate, pH 8 and 9 were 0.1 M Tris, and
pH 10 and 11 were 0.1 M carbonate.

® A ++ + + reaction was equivalent to 100% solubility assayed by performing end-point titer in a dot
blotting assay with monoclonal antibody LK2H10. Conditions for solubilization involved vortexing for
1 min at room temperature.
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An experiment was performed to determine if the above described solubility prop-
erties of chromogranin were typical of other adrenal homogenate proteins. For this
purpose, whole adrenal homogenate diluted in 2 N acetic acid (pH 2.3) or neutral
pH buffer was dried and those proteins not soluble at neutral pH were analyzed by
SDS gel electrophoresis (Fig. 6). The experiment shows that essentially all detectable
proteins dried under acid conditions were not solubilized at neutral pH, indicating
that this property was not unique to chromogranin. The above described pH effects
on the solubility were also observed for human serum IgG but not for the serum
protein albumin (data not shown).

Biochemical analysis of human chromogranin

Human autopsy adrenal chromogranin, purified by salt precipitation, antibody
affinity chromatography and reverse-phase HPLC (fractions 43-50) was subjected to
analysis by amino acid composition and N-terminal amino acid sequence. As seen
in Table II, the amino acid composition of human chromogranin is typical of this
protein, being rich in acidic type residues (Asx and Glx), particularly Glx and having
very low levels of Cys.

TABLE 11

Amino acid composition of bovine chromogranin A and human chromogranin

mol/100 residues Residues/mol?

Bovine Human Bovine Human

chromogranin A®* chromogranin® chromogranin A€ chromogranin®
Asx 8.0 72 44 47
Glx 22,5 229 144 149
Ser 7.1 10.0 47 65
Thr 2.6 2.8 13 18
Cys 0.2 09 3 6
Met 1.4 1.7 10 11
Pro 9.2 6.9 54 45
Gly 8.1 10.3 49 67
Ala 8.5 7.6 55 50
Val 3.9 43 22 28
Leu 7.3 8.1 46 53
Ile 1.4 1.8 6 11
Phe 1.7 1.5 9 10
Tyr 1.0 1.1 6 7
Trp 1.4 NDe¢ 7 ND
Lys 8.4 5.3 54 35
His 1.9 1.8 10 12
Arg 6.0 5.6 41 36

® Cohn et al. [35].

® Purified by LK2H10 affinity chromatography.
¢ Data from references 34 and 35.

Based on molecular weight of 70 000.

¢ ND = not done.
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Fig. 6. SDS-PAGE and silver staining of adrenal gland extract proteins with differing pH solubilities.
Adrenal extract was dried under acid conditions (pH 2.3) and those proteins solubilized by vortexing for
1 min and at 25°C using a neutral pH buffer were discarded. The remaining proteins were solubilized by
boiling in SDS and were compared with an original untreated sample. The dilution series (a—¢ represent
2-fold dilutions) shows that the acid treatment affected the solubility of a portion of all proteins in the
adrenal extract.

The N-terminal amino acid sequence was defined for the first 28 residues (Fig. 7).
Those residues given in parentheses are presumptive and are based on best expected
yields or on comparison with the known bovine chromogranin sequence (i.e. Cys).
Interestingly, a secondary sequence missing the first 3 residues of the main sequence
was detected. The 1°-3 sequence represented about 25% of the total protein and was
identical for all residues which could be detected. The 28 residue sequence is identical
with all 20 known residues for human chromogranin A [33] and the 24 residues
known for bovine chromogranin A [11,34,35].

1 5 10
19 (75%) H2N-Leu-Pro-Val-Asn-Ser-Pro-Met-Asn-Lys-Gly-Asp-Thr-
19-3 (25%) H2N-(Asn)-Ser-(Pro)>-Met-Asn-Lys-Gly-Asp-Thr-Glu-Val-Met-

15 20

Glu-Val-Met-Lys-(Cys)-lle-Val-Glu-Val-lle-Ser-Asp-

Lys-(Cys) -lle-Val- X -Val-lle-Ser~Asp-Thr- X - X ~

25 28

Thr-Leu-Ser-Lys

Lys- X - X - X
Fig. 7. N-Terminal sequence of human adrenal chromogranin. The main sequence (1°) is shown for 28
residues while the secondary sequence missing the N-terminal first three residues (1°-3) is below. All Cys
residues are in brackets since they are inferred from the lack of any other residues and are consistent with

previous sequence data [32). Other residues in brackets are the best fit based on yields. x indicates that
no residue could be determined.
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Discussion

This paper presents a relatively simple method to purify significant quantities of
the endocrine granule protein, chromogranin, from a readily available source of
human tissue (i.e., autopsy adrenal glands). The procedure involved homogenization
of tissue, salt precipitation, monoclonal antibody affinity chromatography and re-
verse-phase HPLC. Surprisingly, adrenal glands taken from 4-24 h post-mortem au-
topsies provided a stable source of chromogranin which was indistinguishable in
chromogranin polypeptide complexity from chromogranin isolated from surgically
excised normal adrenals and tumors. The stability of chromogranin in autopsy glands
allowed us to generate about 6 nmol of chromogranin from 97 g of adrenals. The
adrenal medulla represents about 10% of the total adrenal gland and contains the
chromaffin cells that produce chromogranin.

An interesting and unexpected finding was the difficulty encountered in suspending
chromogranin in aqueous buffer following vacuum drying under acidic conditions.
When drying was performed at low pH, then chromogranin could only be efficiently
suspended using either acidic or basic conditions. This phenomenon was a property
of all polypeptides in the adrenal homogenate and affected serum IgG but not serum
albumin. Under our experimental conditions (see Table I), we did not observe these
effects when drying was performed under basic conditions (NH,OH). For this reason,
we chose NH,OH to elute chromogranin from the antibody affinity column during
the purification process. However, in practice, we often observed that after removal
of NH,OH under vacuum, low pH conditions (2 N acetic acid) were also required
to ensure that all the chromogram was resuspended. Unusual solubility properties
have not been previously described for chromogranin, however, the use of pH ex-
tremes, and complete solvent removal, to our knowledge, have not been associated
with previous chromogranin purification schemes.

A unique characteristic of chromogranin which should be discussed is the complex
polypeptide pattern that is revealed when total chromogranins are analyzed for mo-
lecular weight in SDS gels. As seen in Fig. 3, silver staining of the fractions of the
HPLC protein peak reveals a high degree of molecular weight heterogeneity from M,
50 000 to M, 20 000. The fact that these polypeptides are chromogranins and not
contaminant protein is revealed by the Western blot which shows that all polypep-
tides carry the antigenic determinant detected by our highly characterized LK2H10
monoclonal antibody [8,10]. The immunological identity of these polypeptides cannot
be explained by spurious cross-reactivity since this complex polypeptide pattern for
chromogranin has been observed previously by other investigators using conven-
tional polyclonal antisera [7] as well as monoclonal antibodies [12]. What is important
to appreciate is that the various smaller size chromogranin polypeptides are only
minor components of our purified chromogranin preparation, with the majority of
material represented by chromogranin polypeptide(s) exhibiting an approximate M,
70 000. This conclusion is based on the observation that the polypeptide complexity
is only readily seen when large amounts of protein are loaded onto the gels (such as
from the HPLC peak fractions) and highly sensitive detection systems such as West-
ern blotting and silver staining are used for protein detection. In fact, Coomassie
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blue staining of SDS gels shows only the main M, 70 000 polypeptide and not the
smaller chromogranins. In addition, silver staining of the HPLC pool (fraction 43—
50) as seen in Fig. 4 reveals a single major cluster of polypeptides (M, 70 000) at the
concentration of protein used; the smaller polypeptides were visualized only when
much larger amounts of protein were analyzed. Thus, our purified chromogranin
preparations contain mainly a M, 70 000 polypeptide(s) which by subsequent chem-
ical analysis (N-terminal sequence) represents chromogranin A, and in addition con-
tains a small amount of other chromogranin polypeptides heterogeneous in size.
Chromogranin has previously been purified from bovine adrenal glands [11,12,35]
and more recently from a human pheochromocytoma [36] by a process employing
granule isolation and subsequent chromatographic separation of the main protein
species (i.e., chromogranin A). Whether these procedures also purify the smaller or
larger size chromogranin polypeptides as does our method cannot be determined
unless sensitive protein detection methods along with heavily loaded gels are utilized
as we have done.

An intriguing issue that remains unsettled pertains to the relationship between the
various size polypeptides of the chromogranin family. Chromogranin A and some
intermediate sized chromogranins are known to be glycosylated and to differ in their
carbohydrate composition [6]. Whether this plays a significant role in chromogranin
polypeptide heterogeneity is presently unknown. Recent N-terminal amino acid se-
quence analysis of different bovine chromogranin polypeptides (i.e., M, 65 000,
75 000, 85 000) showed very similar yet distinct sequences, suggesting the possibility
of polypeptide heterogeneity through gene duplication events [12]. In vitro translation
of poly(A) mRNA isolated from endocrine tissues has been used to determine if
chromogranin is synthesized as a large precursor (for proteolytic processing) or is
synthesized from various sized mRNA’s. Two such studies have identified a major
translation product(s) which is appropriate in size as a precursor for chromogranin
A [9,13], while another study identified a variety of different sized chromogranin
translation products [37]. Thus, it is unclear whether chromogranin structural het-
erogeneity occurs before or after protein translation.

Proteolytic breakdown of chromogranin A in bovine chromaffin granule lysates
provided direct evidence for the possibility of chromogranin post-translational pro-
cessing in situ [12]. In addition, N-terminal processing enzymes for opioid precursors
which are present in chromaffin vesicles have been suggested as potential processing
enzymes for chromogranin [19]. The fact that we found 25% of our chromogranin
sequence was missing the N-terminal 3 residues would appear to be consistent with
the notion of in situ proteolytic processing. However, we cannot eliminate the pos-
sibility that our secondary sequence resulted from the use of autopsy tissue as a
chromogranin source. On the other hand, it should be noted that the f chain of
human chorionic gonadotropin has similarly been reported to have a secondary
amino terminal sequence representing 30% of the material and missing the N-ter-
minal 3 amino acid residues [38].

The function of chromogranin is presently unclear. The abundance of this protein
in adrenal chromaffin granules led to experiments indicating a role in catecholamine
storage and granule stability [14-18]. However, the present understanding of chrom-
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ogranin distribution is not consistent with that of amine distribution [11,19]. A pos-
sible breakthrough in the function of this molecule might come when the sequence
of the protein is determined and is found to be homologous to other known proteins.
The N-terminal 28 residues identified in this report for human chromogranin are
identical at every comparable position with the 20 known residues of human [33] and
the 24 known residues of bovine chromogranin A [11,34,35]). We do note that our
sequence is identical except for one residue with the sequence of bovine chromogranin
A provided by Settleman et al. [12], however, recent studies of bovine chromogranin
A have disputed this difference [35,36]. We compared our 28 residues with 3061 protein
sequences present in the data bank of the National Biomedical Research Foundation,
Washington, DC. However, no significant sequence homologies were demonstrated.

The recent human chromogranin N-terminal 20 residue sequence by Kruggel et al.
[33] together with our data extending to residue 28 shows identical homology between
the bovine and human sequence at all residues which can be compared (residues 1-
24). This was unexpected since conventional antisera to bovine or human chromo-
granin A are not usually cross-reactive [11]. In addition, our monoclonal antibody
LK2H10 to human chromogranin cross-reacts only with monkey and pig adrenal
tissue but not with bovine or any other species [8). These data suggest that species
divergence in the sequence has occurred at sites distal to the N-terminus. Thus, the
N-terminal sequence of chromogranin appears to be highly conserved through evo-
lution and as such may contain the residues most critical to the function of this
molecule. Monoclonal antibodies generated against a synthetic peptide coding for
the N-terminal sequence should provide a reagent useful to detect chromogranin
from all animal species.
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