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Summary: We report a new and facile extraction
method of proteins and polypeptides in the range of
100 to 1 kDa previously separated by high-resolution
SDS/polyacrylamide-gel electrophoresis. Proteins
and polypeptides obtained by chemical or proteolytic
cleavage of proteins can directly be applied to high-
sensitivity N-terminal amino-acid sequence analysis
by gas-phase sequencing. The Coomassie Blue-
stained protein bands are eluted from the gel slices
with 0.1M sodium acetate buffer, pH8.5,0.1% SDS in
high yield and directly applied to the filter disc of the
gas-phase sequencer.

The superior efficiency for the isolation of proteins
and polypeptides from polyacrylamide gels for micro-
sequencing has been documented by a quantitative
comparison of the procedure described here and the

favoured electroblot-transfer method using “C-label-
led marker proteins.

This highly efficient isolation has been successfully re-
produced and applied to the analysis of a variety of
proteins and peptides with rather divergent physical
properties, particularly to hydrophobic peptides iso-
lated from SDS/polyacrvlamide gels. The elec-
trophoretic transfer onto activated glass filters, Im-
mobilon membranes  (polyvinylidene-difluoride
membranes), siliconized or chemically activated glass
fiber supports can be omitted. The method considera-
bly simplifies and speeds up the isolation, and im-
proves the sensitivity as compared to the electroblot-
ting procedures due to the reproducibly high re-
coveries.

Eine einfache Isolierungs- und Priparationsmethode fiir die Sequenzanalyse von Proteinen

und Polypeptiden im Picomol-Bereich

Zusammenfassung: Wir berichten iiber eine neue und
vereinfachte Methode fiir die Isolierung von Protei-
nen oder Polypeptiden in der GréBenordnung von
100 bis 1 kDa, die vorher durch hochauflosende SDS/
Polyacrylamid-Gelelektrophorese getrennt wurden.
Die aus chemischen und proteolytischen Spaltungsre-
aktionen resultierenden Peptide sind in einer fiir die
hochempfindliche N-terminale Aminosiuresequenz-
Analyse direkt geeigneten Form. Die Coomassie-
Blue-gefirbten Proteinbanden werden aus den Gel-
stiickchen mit 0.IM Natriumacetatpuffer, pH 8.5,

0.1% SDS in hoher Ausbeute eluiert und direkt auf
die Filterscheibe des Gasphasensequenators iibertra-
gen.

Ein quantitativer Vergleich zwischen der hier be-
schriebenen Elutionsmethode und der meist ge-
briuchlichen Elektroblot-Transfer-Methode fiir die
Isolierung von Proteinen und Peptiden aus Polyacryl-
amidgelen fir die Mikrosequenzierung wurde mit
“C-radioaktiv markierten Marker-Proteinen durch-
gefiihrt und dokumentiert die iiberlegene Wirksam-
keit der Puffer-Elution.

Enzyme:
Trypsin (EC 3.4.21.4).
Abbreviations:

HPLC. High-performance liquid chromatography: PAGE. polyacrylamide gel electrophoresis: PLP. proteolipid protein (of central
nervous system myelin): PTH. phenylthiohydantoin derivative: SDS. sodium dodecyl sulfate.
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Diese Methode wurde fiir die Analyse von Proteinen
und Polypeptiden mit sehr unterschiedlichen physika-
lischen Eigenschaften. besonders von hydrophoben
Polypeptiden, erfolgreich und reproduzierbar ange-
wandt. Die elektrophoretische Ubertragung auf akti-
vierte Glasfaserfilter, Immobilon-Membran (Polyvi-

nylidendifluorid-Membranen) und silanisierte Glas-
faserfilter werden iiberfliissig. Die Methode verein-
facht und beschleunigt die Isolierung und verbessert
die Empfindlichkeit entscheidend im Vergleich mit
der Elektroblot-Methode durch die reproduzierbar
hohe Ausbeute.

Key words: Protein isolation. peptide isolation. sequence analysis in picomolar range.

The isolation of proteins and polypeptides in suffi-
cient purity for amino-acid sequence analysis in the
picomolar range is still a challenging problem. The
main difficulty encountered is the recovery of a re-
spective polypeptide entrapped in the polyac-
rylamide-gel matrix after the separation by SDS gel
electrophoresis of complex mixtures. Because of its
convenience and high resolution SDS/PAGE has in-
creasingly become the method of choice for the final
isolation and purification step. This is of particular re-
levance for low abundance proteins of different origin
such as DNA binding proteins, growth factors, recep-
tors etc. Their complete structure is mainly derived
from ¢cDNA nucleotide sequence data. The key to
these are frequently partial amino-acid sequence data
for the synthesis of the corresponding oligonuc-
leotides as probes for the screening procedures.

A commonly used isolation procedure of submicro,
subnano and picomole amounts is the electroelution
of the stained protein bands from the gel slices!, also
the HPLC separation with volatile solvents by gra-
dient elution” and the direct elution of proteins with
guanidinium thiocyanate which was recently pub-
lished"!. All techniques have numerous drawbacks
such as variable recovery, they are time-consuming
and require expensive equipment. The procedure de-
scribed by Prussak et al.l®! who stained their protein
lanes in the polyacrylamide gel with KCl is limited to
3-5 pg of each protein band and involves some pre-
cipitation steps after protein elution to allow the fol-
lowing proteolytic treatment.
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Fig. 1. Radioscans of "“C-labelled marker proteins separated by SDS/PAGE. Gels were dried onWhatman paper and scanned with
a thin-layer radiochromatogram scanner Rita 3200, Raytest (A). or autoradiographed using a Kodak XAR-5 film (B).

a) Scan before and b) after elution with sodium acetate/SDS buffer, “C-Marker proteins: 1, lysozyme 14.3 kDa; 2. carbonate dehy-
dratase 30 kDa: 3, ovalbumin 46 kDa: 4. bovine serum albumin 69 kDa: 5. phosphorylase b 97.4 kDa; 6, myosin 200 kDa: band 7
corresponds to aggregated protein at the origin. Comparison of the two radioscans a and b shows an elution yield of 100% for peak
1: 95% elution for peak 2: 95% for peak 3; 87% for peak 4; 92% for peak 5; 79% for peak 6.

b) residual radioactive marker proteins of a polyacrylamide gel strip loaded with the same aliquot of radioactive markers for PAGE

as in a) after buffer elution.
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Currently the sensitivity of detection of PTH amino-
acid derivatives, which we detect in the range of 5
pmol with the equipment and the conditions de-
scribed below, and the isolation and preparation of
protein bands separated by SDS/PAGE are the limit-
ing factors.

The direct electrophoretic transfer of polypeptides
from SDS/polyacrylamide gels to several modified
glass fiber supports has been introduced recently.
Glass fiber filters have been silanized either with N-
trimethoxysilylpropyl-N, N, N-trimethylammonium
chloride or aminopropyltrioxysilane*! or with
poly(methyl-3,3,3-trifluoropropylsilane)”. Proteins
were also electroblotted onto polyvinylidene di-
fluoride membranes!® or polybrene pretreated glass
fiber discs!”? and Immobilon membranes!*!. Finally
the electrotransfer and covalent immobilization of
proteins can be carried out to 1.4-phenylene-diiso-
thiocyanate linked to aminopropyl-glass filters for
high sensitivity sequence analysis'”),

Counts x 100

We report here a simple and reproducible method for
the highly efficient recovery of proteins and polypep-
tides from SDS/PAGE ranging in molecular masses
from 1 to 100 kDa by elution in a suitable buffer sys-
tem. The elution mixture can be directly applied to
the filter disc of the gas-phase sequencer for N-termi-
nal and internal sequence analysis. Our procedure
has been compared with electroblotting procedures
(Immobilon and silanized glass-fiber filters) with pro-
teolytic fragments of three proteins, myoglobin,
lysosomal sphingomyelinase and proteolipid protein
from bovine brain, respectively, all very different in
hydrophobicity.

Results

In the course of our protein analytical work preced-
ing and accompanying cloning and gene expression
studies we met the need for a fast and highly efficient
separation, isolation and preparation procedure of

Counts x 100
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Fig.2. Radioscans of activated glass fiber 4.5 7
membranes (Biometra) to which the “C-label- 4.0 -
led marker proteins (as in Fig. 1) have been :
transferred by electroblotting forA: 2hand B: 3.5
12 h. Radioscan a: radioactivity of the marker 3.0 4
proteins in the gel before electroblotting: b: ;
radioactivity of the marker proteins after elec- 2.5 |
troblotting onto the glass fiber membrane: c: 204
remaining radioactivity of the marker proteins i
in the gel after electroblotting. 12505
The sensitivity of the scanner was the same for ~ { g
the gel before protein transfer and for the
membrane. The blotting buffer contained 20% 0.5+
methanol as described by Eckerskornetal.l. g g
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Fig.3. Electroblots of marker proteins.

>

A) Prestained standard proteins (BRL) with standard transfer buffers (20% methanol. 50mm boric acid, pH 9.0).

Lanes: 1, Protein markers; 2, protein remaining in 12% acrylamide gel after 2 h; 3, after 12 h blotting time; 4 and 5, marker proteins
transferred onto glass fiber membrane (Biometra) after 2 h (lane 4) and 12 h (lane 5).

B) Same as A except for the transfer buffer (10% methanol, 50mm boric acid, pH 9.0, 0.1% SDS).

Lanes: 1, Prestained protein standard (BRL); 2, protein remaining in the gel after 2 h; 3, after 12 h blotting time; 4, glass fiber mem-
brane, blotting time: 2 h; 5, blotting time: 12 h: 6 and 7 prestained marker proteins collected on a second membrane placed behind

the primary filter, blotting time 12 h.

C) Same as B except for “C-labelled marker proteins instead of prestained proteins. Lane a is identical to lane a in Fig. 1. Lanes b
and ¢ compare the radioactivities captured on the glass fiber membrane (b) and the residual activity in the gel (c).
Protein recovery was quantified by radioscanning with the following distribution: Recording b) 1.8%:2, 15%:3,31%:4.36%: 5,

19%: 6, 17%:;¢) 1.2%:2,5%:3.6%.4.6%: 5, 12%: 6, 7%.

Table. Evaluation of scans b (protein recovery on glass fiber mem-
brane) and c (protein remainder in the gel after electroblotting) in
Fig. 2Aand B.

Duration of A) 2h B) 12h
electroblot
Peak no. b) c) b) c)
Recovery | Remainder | Recovery | Remainder
[%] [%] [%] [%]
1 38 7 45 5
2 33 12 38 7
3 29 32 33 24
4 30 36 43 18
5 26 27 34 21
6 18 45 21 37

proteins and polypeptides obtained by cyanogen
bromide cleavage and proteolytic digestion for micro-
sequence analysis. The method described below was
examplified with a) a comparative quantitative
analysis of radiolabelled marker proteins isolated for
microsequencing by electroblot transfer and by buffer
elution, and b) applied to the water-soluble whale
myoglobin, human lysosomal sphingomyelinase from
placenta, a protein only soluble in detergent-contain-
ing buffers and the most hydrophobic integral mem-
brane protein, proteolipid protein, of myelin from
central nervous tissue.

Recovery of proteins

The most convenient and reliable method for quanti-
tation of proteins separated by SDS/PAGE and either
transferred to membranes by electroblotting or
eluted by the buffer elution method described in this
communication is the use of *C-labelled marker pro-
teins of known specific activity.

We used a set of six marker proteins. Their approxi-
mate molecular masses were in the range between 200
and 14.3 kDa. They were separated as described
under Methods, identical examples in adjacent lanes
of the polyacrylamide gel (Fig. 1). The reference lane
was dried on Whatman paper. The second lane was
eluted with the sodium acetate — SDS buffer as de-
scribed under Methods and the residual radioactive
proteins also transferred to Whatman paper for
radioscanning. Fig. 1 compares the radioscans before
(a) and after (b) the elution procedure. Our buffer
elution procedure allows a recovery between 80 and
100% . The distribution of the radioactivity is listed in
the legend to Fig. 1. If, however, other lanes are trans-
ferred to activated glass fiber filters by electroblotting
for 2 h and 12 h, respectively, not only the inefficient
transfer but also the well-known spreading of the
bands of the transferred marker proteins can be seen
in the radioscans of the electroblot membrane, Fig.
2A and 2B. We also observed that during the pro-
longed electroblotting part of the transferred proteins
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Fig.4. SDS/PAGE of cyanogen bromide fragments of myoglo-
bin, stained with Coomassie blue. Lanes: 1-4, Semi-dry blot of
fragments to derivatized glass fiber membrane. 5, 6, Separation
of CNBr fragments of myoglobin on Tricine SDS/PAGE. 7,
SDS 17 marker (Sigma): a, 17.0; b, 14.5; ¢, 10.7: d, 8.2: e, 6.3;
f,2.5kDa.
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Fig.5. Gas-phase sequence analysis over six cycles of a cyanogen-bromide fragment of myoglobin (49 pmol of peptide e in Fig. 4).

a) Isolation by the elution procedure described here, b) after semi-dry blotting. Chromatogram no 1: PTH amino-acids standard;

no. 2-7: cycles 1-6.

Initial yields of PTH amino acids in pmol

Chromatogramno. 2 3 4 5 6 7
a) 20 35 15 28 26 15
b) 16 18 6 18 11 8
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passed the membranes and precipitated on a second
filter (radioscan not shown). Under the conditions
given by Eckerskorn et al.F after 2 and 12 h electro-
blotting only low recovery of the radioactivity was
achieved as listed in the table. Fig. 3 visualizes qual-
itatively the proteins being transferred under differ-
ent conditions and remaining in the gel or pass
through the membrane. e.g. lysozyme, 14.3kDa.The
residual radioactive bands in the gel were also scan-
ned after blotting to Whatman paper. It is obvious
that the marker proteins are transferred to very differ-
ent degrees, an observation also made with the cyano-
gen bromide fragments of the proteolipid protein,
sphingomyelinase and even myoglobin. Reducing the
methanol concentration in the blotting buffer to 10%
and adding 0.1% SDS resulted in a very similar recov-
ery of the radioactive proteins due to the leakage of
the first membrane (Fig. 3B and C).

Recovery of polypeptides

Cyanogen bromide cleavage of whale myoglobin and

human acid sphingomyelinase: Whale myoglobin
was cleaved with BrCN as described before!'”). Excess
formic acid and BrCN were removed by rotary evap-
oration. The residue was dissolved in SDS sample
buffer!"! and applied toTricine-SDS/polyacrylamide-
gel electrophoresis. Total peptides of each sample
were loaded in two separate slots (Fig. 4). One half of
the gel (lanes 1-4) was used for semi-dry blotting!
onto glass fiber membranes (Biometra, Gottingen),
the other half (lanes 5 and 6) for immediate peptide
elution as described in the Methods section (*Separa-
tion of peptides and sample preparation for sequenc-
ing"). The conditions for the semi-dry blot procedure
were those described by Eckerskorn et al.”l. Fig. 5
represents the HPLC analyses of PTH amino acids of
the first six cycles of one of the BrCN fragments of
myoglobin isolated by elution (a) and by semi-dry
blotting (b). Notice the three times higher sensitivity
applied in the detection of the PTH amino acid of the
electroblotted sample. The sequence KASEDL cor-
responds to positions 56—61.

Similarly lysosomal sphingomyelinase purified from
human placenta was localized by Coomassie Blue
staining of the preparative SDS/polyacrylamide gel.
The gel piece with the sphingomyelinase 70-kDa band
was excised, washed with water and BrCN-cleaved in
the gel slice. The solution was concentrated by rotary
evaporation. Peptides were separated by Tricine-
SDS/polyacrylamide-gel electrophoresis as de-
monstrated in Fig. 6. Three of the six peptide lanes (5,
6, 7) were used for semi-dry electroblotting to a
siliconized glass fiber membrane. Bands 1 and 2 of
lanes 2, 3 and 4 were eluted and sequenced directly.

Vol. 371 (1990)
a b
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Fig.6. Separation of BrCN peptides of human placenta
lysosomal sphingomyelinase. a) Tricine-SDS/PAGE of cyano-
gen bromide fragments: b) Semi-dry blot of peptides to a glass
fiber membrane.

Lanes 1 and 8, Protein marker; lanes 2—4, cyanogen bromide
cleavage: lanes 5-7, Semi-dry blot of CNBr fragments. Bands 1
and 2 were applied to the gas-phase sequenator.
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Fig.7. Tricine SDS/PAGE of tryptic digests of the strongly hy-
drophobic PLP.

Lane 1, Protein marker (SDS 17 marker, Sigma), lanes 2 and 3.
tryptic peptides of PLP.

Tryptic fragments of proteolipid protein isolated from
myelin of bovine brain: Myelin of bovine brain was
isolated according to Norton!™ and extracted with
chloroform-methanol. Proteins of the organic extract
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Fig.8. Gas phase sequencing of 28 pmol tryptic frag-
ments of proteolipid protein indicated by the arrow in Fig.
7. The HPLC analysis of PTH-derivatives of six cycles is
presented (Asn*-Glu™®),

Initial yields of PTH amino acids: Chromatogram a, 20
pmol PTH amino acids standard: b, 18 pmol; ¢, 14 pmol;
d, 17 pmol: e, 14 pmol: f, 19 pmol; g, 18 pmol.
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were precipitated with five volumes of methanol at
- 20 °C overnight and then sedimented by centrifuga-
tion (15000 rpm, 30 min, at 4 °C). The sediment was
dissolved in 0.1% SDS, reduced with mercapto-
ethanol and carboxymethylated.

Proteins were separated by SDS/PAGE and the pro-
teolipid protein (PLP) band excised after Coomassie
Blue staining. The gel piece was washed with water,
and treated with trypsin in the appropriate buffer and
the fragments isolated as described for myoglobin.
The peptide mixture was separated by Tricine-SDS/
PAGE (Fig. 7). The band marked by an arrow was
applied to the gas phase sequencer for Edman degra-
dation. The recordings of the first six HPLC analyses
of the PTH derivatives of the tryptic fragment (Asn™
to Glu™) of PLP are listed in Fig. 8.

Discussion
The most frequently used method for the isolation of
separated protein or polypeptide bands from polyac-
rylamide gels is their electrotransfer to membranes of
different surface coating and binding properties. The
variables in the modification of this general principle
of electroblotting are:

1) the properties of the protein or polypeptide to be
transferred (size. hydrophobicity. hydrophilicity).

2) binding properties of the membrane,

3) transfer conditions (voltage settings, transfer buf-
fer conditions. temperature, contact of membrane
and gel, blotting time).

These are the critical points for the transfer results

which are hardly transferable and reproducible from

one protein to the other and therefore lead to very di-

vergent recoveries from the polyacrylamide gels. In

our hands proteolipid protein. a strongly hydro-
phobic myelin protein (31 kDa) could not be transfer-
red under several conditions (0.1% SDS, changing
the'methanol concentration from 20 to 5%, pH from
7 to 10).

A procedure which would give a high — if not almost
quantitative — recovery of proteins or polypeptides di-
rectly from the respective gel slices by direct elution
with appropriate solvents should not only facilitate
microsequencing but also speed up the analysis.

In comparison to other procedures. where additional
steps (e.g. salt or detergent removal) are involved, we
describe a new, rapid and convenient two-step
method. In the first step the protein is eluted and at
the same time a proteolytic or chemical cleavage is
performed. In the second step the polypeptides are
concentrated by rotary evaporation or Speed Vac and
applied directly to aTricine-SDS gel. No detergent or
salt removal is necessary during this procedure.

The eluted peptides from the Tricine-SDS gel can di-
rectly be transferred to the gas phase sequencer even
if they contain a SDS concentration of 6% . These high
detergent and salt concentrations do not interfere
with chemical reactions of the Edman degradation.
The PTH amino acid HPLC chromatograms do not
show any background. additional elution peaks or
any baseline drifts.

The solvent extraction method described here was
tested with three proteins of rather different
physicochemical properties: the water-soluble whale
myoglobin, the lysosomal sphingomyelinase requir-
ing low concentrations of detergents for solubiliza-
tion and the water-insoluble strongly hydrophobic
proteolipid protein from bovine brain myelin.

Our method was applied to the cyanogen bromide or
tryptic fragments separated by the high resolution
Tricine SDS/PAGE.

The results of the microsequencing analyses were re-
producible and the background observed was surpris-
ingly low. Needless to say that a prerequisite of the
method is the purity of the sample and rough quanti-
tation which has to be assessed with scrutiny before
starting the Edman degradation by gas phase
sequencing.

Materials and Methods

The derivatized glass fiber membrane (siliconized glass fiber purch-
ased from Biometra) was used for electroblotting in the Sarto blot-
ting chamber I1S following the experimental details described by
Eckerskorn et al."l. Electroblotting was extended to 2 h for myo-
globin, 5 h for sphingomyelinase. and 2 to 12 h for proteolipid pro-
tein. An efficient contact between gel and membrane was guaran-
teed by a 2 kg weight on the cover of the blotting chamber.

To reduce the contamination of separated proteins and peptides to
a minimum. only highly purified solvents and reagents (methanol.
acetic and formic acid ete.) with at least p.a. or better HPLC grade
quality were used.

Gel electrophoresis grade acrylamide and N, N-methylenebisac-
rylamide were purchased from Bio-Rad. Miinchen. sodium acetate
(HPLC grade) from J.T. Baker. Phillipsburg. protein sequencing
grade proteinases from Boehringer. Mannheim. p.a. SDS from
Sigma. Deisenhofen. For all solutions. gel buffers. electrophoresis
buffers etc. only highly purified water from a milli Q reagent water
system (Millipore. Eschborn) was used. The protein elution. cleav-
age reactions, rotary evaporations were only done in silanized
Sovirell glass tubes to reduce loss of protein due to hydrophobic in-
teractions.

Dererminarion of protein recovery and the efficiency of the elution
Protein concentrations recovered from the gel slices were esti-
mated from the comparison of integrated PTH amino-acid peaks of
the standard mixture and the first cycles of the microsequencing
analysis. The completeness of the protein elution from the gel slices
was ascertained by subsequent staining with silver nitrate!".
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Cvanogen bromide cleavage of whale mvoglobin

Myoglobin (100 ug) was dissolved in 500 i/ 70% formic acid with
500 pg BrCN and stored at room temperature in the dark over-
night. The solution was dried by rotary evaporation and dissolved
in SDS sample buffer (4% SDS. 100mm Tris/HCI pH 8.0. 2% B-
mercaptoethanol, 10% glycerol and 0.1% bromphenol blue), The
peptide mixture was separated electrophoretically on a Tricine-
SDS/polyacrylamide gel (10.5% T. 3% C-system)!*l.

For comparison lanes with the BrCN fragments were transferred
from an unstained gel by semi-dry blotting to a glass-filter mem-
brane (Biometra). stained with Coomassie Blue. bands were ex-
cised and used for sequencing.

Coomassie Blue-stained polypeptide bands of a second gel were ex-
cised. washed for 2 h with water. Peptides were eluted at 37 °C over-
night with 0.1% SDS. 100mm sodium acetate pH 8.5 keeping the
volume of the elution buffer as small as possible (between 100 and
600 wl). The eluate was concentrated in a Speed Vac if necessary
and directly transferred for gas-phase sequencing.

Cvanogen bromide cleavage of human lvsosomal
sphingomyelinase

Human lysosomal sphingomyelinase was purified to homogeneity
by using a set of affinity columns and a preparative SDS gel in the
last purification step (unpublished results). The gel was stained for
about 15 min with Coomassie Blue and destained (for about 15-20
min) until the protein bands were just visible. A short time of stain-
ing and destaining minimizes contamination of the proteins (espe-
cially with formaldehyde. an impurity of methanol) and increases
the recovery of polypeptides from polyacrylamide gels. The gel
slice with the sphingomyelinase 70-kDa band was excised and
washed with water to remove methanol and acetic acid. The gel
piece was covered with a solution of 70% formic acid, 0.1% SDS.
0.1% mercaptocthanol and 1 mg BrCN. The reaction was per-
formed in a silanized Sovirell glass tube in the dark for 15 h at room
temperature. The supernatant was concentrated in a rotary
evaporator to remove the formic acid and residual BrCN. The solu-
tion should not be concentrated to dryness. since this often causes
insolubility of the peptides. This has been observed with other pro-
teins as well. The solution was therefore concentrated to 100-200
pd final volume. diluted with water to 500-1000 wf and again con-
centrated to approximately 100 uf to reduce residual formic acid
and BrCN.

The concentrated solution was brought to 10% glycerol, 0.1%
bromphenol blue and 1% mercaptoethanol, heated at 42°C for 1 h
and finally applied to a Tricine/SDS polyacrylamide gel**l.

Separation of peptides and sample preparation for sequencing

Human lysosomal sphingomyelinase was purified to homogeneity
(unpublished results). Whale myoglobin was purchased from
Sigma. Myelin was isolated according to Norton!"! and proteolipid
protein purified from the chloroform/methanol extract (2:1 v/v) by
preparative SDS-PAGE. Peptide mixtures were concentrated in a
Speed Vac or by rotary evaporation to a volume of 50— 100 /. If the
volume exceeds 600 w! a microdialysis in dialysis tubes with 1000
Da cut off or an ethanol precipitation at — 20 °C overnight was car-
ried out to reduce the high salt or detergent concentration which
would affect the subsequent PAGE. We used the Tricine-SDS/
PAGE for the separation of peptides with high resolution in the
range between 1 to 100 kDal™l, Peptide bands were stained with

Coomassie Blue R250 and cut out of the gel. The gel pieces were in-
cubated in the smallest volume possible (< 600 pf) of 0.1M sodium
acetate pH 8.5, 0.1% SDS overnight at 37 °C. The supernatant of
up to 600 w! was directly applied to the filter disc of the sequencer
successively in 30-u/f aliquots and dried in the N, stream of the se-
quencer. Peptides in volumes larger than 600 w! are precipitated
with ethanol as described above.

Protein sequence analysis

Sequence analysis was carried out by Edman degradation using the
protein sequencer model 477A from Applied Biosystems. PTH
amino acids were separated by microbore HPLC using a C5 micro-
bore (2.1 mm) HPLC column (Applied Biosystems). a Brownlee
HPLC pump, a Spectroflow 773 detector (Kratos division) and a
pneumatically controlled Rheodyne injection valve. Type 7125
(Latek, Heidelberg). Integration of HPLC peaks were carried out
by the Kontron Integration Pack 450 adapted to an IBM PC AT
compatible. All peptide solutions were applied directly in 30-u/
aliquots to the sample filter. dried under nitrogen in the reaction
cartridge chamber of the sequencer. Larger volumes were applied
up to 600 wf in aliquots, Samples should be dried for 5 min.

The standard Applied Biosystems “begin cycle™ preceding the first
Edman degradation cycle removed SDS and salts. Each Edman
degradation cycle lasted 43 min separated by 15 min intervals for
equilibration. the HPLC run for PTH amino-acid identification
lasted 30 min.
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