Reports

New Protein Sequenator with Increased Sensitivity

Abstract. New developments in automated amino acid sequence analysis permit a
10%-fold increase in sensitivity (to ~ 10-picomole level) over that initially described by

Per Edman in 1967.

Interferon was discovered in 1957 (/)
and, despite its potential as both an anti-
viral and antitumor agent (2), has re-
mained uncharacterized for 22 vyears
with regard to its primary structure. This
lack of progress arose from the difficulty
in purifying and analyzing the very small
amounts of interferon available. In this
report, we describe advances in auto-
mated amino acid sequence analysis that
permit us to analyze microgram quan-
tities of scarce polypeptides. In the three
accompanying reports (3), we use this
methodology to provide sequence analy-
sis of several interferon species.

Sequential removal and identification
of amino acids from the amino termini of
polypeptides by automated Edman deg-
radation is the most widely used method
for the primary structural character-
ization of proteins and peptides ). The
original Edman-Begg sequenator was de-
signed for analysis of a few hundred
nanomoles (several milligrams) of pro-
tein. However, since many interesting
proteins are available only in microgram
rather than milligram quantities, much
effort has been devoted to improving the

chemistry and instrumentation for mi-
crosequence analysis. One approach that
permits the analysis of microgram quan-
tities of polypeptides is the biosynthetic
incorporation of - radiolabeled amino
acids into polypeptide chains (5). How-
ever, when incorporation of radiolabel is
prevented by expense or technical diffi-
culties, as is frequently the case, one
generally must have 5 to 20 nmole of pro-
tein for analysis with commercially avail-
able sequenators (5). ‘

In order to increase the sensitivity of
sequence analysis to the subnanomole
level, we previously combined a series of
modifications on a commercial spinning
cup sequenator with changes in the Ed-
man chemical procedure, the use of a
nonprotein carrier (Polybrene), and anal-
ysis by high-performance liquid chroma-
tography (HPLC) of amino acid phenyl-
thiohydantoins (Pth) released by the
sequenator (5). These modifications al-
lowed extended amino terminal analy-
sis of proteins with less than 1 nmole of
protein and as little as 1 nmole of short
peptides. Since this approach did not de-
pend on the. introduction of radiolabel, it

Table 1. Polypeptides analyzed with the Caltech sequenator.

Quantity
. Residues
Polypeptide identified Pico- Micro-
moles grams
Somatostatin from Escherichia coli 14/14 1000 1.5
Human carbonic anhydrase fragment 23/23 200 0.5
Aplysia egg-laying hormone 36/36 500 2.0
Dynorphin (long leucine-enkephalin) 17/17 500 1.0
Sperm whale apomyoglobin 36/153 20 0.3
Human C'4* precursor 25/1800 100 20
Mouse gap junction protein 25/90 100 1.0
Human fibroblast interferon 13/150 18 0.4
Human lymphoblastoid interferon 20/150 75 1.4
Mouse fibroblast interferon 24/150 30 0.6

*Fourth component of complement.
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was a general microsequencing tech-
nique.

In order to apply automated Edman
degradation to even smaller amounts of
polypeptides that are not internally ra-
diolabeled, it is necessary to adapt all as-
pects of the technique— peptide prepara-
tion, reagent purification, - sequenator
performance, and Pth amino acid analy-
sis—to meet the problems posed by mi-
crosequencing. These problems: include
sample loss by washout of the poly-
peptide from the spinning cup during
solvent extractions, side reactions that
block the Edman degradation, in-
complete removal of reagents and by-
products that contaminate the poly-
peptide film, low and nonreproducible
yields of the amino acid derivatives gen-
erated in the sequenator, and insufficient
sensitivity in the analytic techniques
used to analyze these derivatives.

By combining improvements in each
of the elements of the sequencing pro-
cess mentioned above, we have achieved
another tenfold increase in sensitivity
over that which we reported previously
(). This was made possible by construc-
tion at the California Institute of Tech-
nology of a new spinning cup sequenator
with several novel design features. With
this instrument, we can perform extend-
ed amino terminal sequence analysis on
20 pmole of proteins and large poly-
peptides and 200 pmole of shorter pep-
tides. '

A variety of peptides and proteins ana-
lyzed on the Caltech sequenator illus-
trate its versatility and sensitivity (Ta-
ble 1). Thus, we have béen able to an-
alyze submicrogram quantities of both
proteins and peptides. Figure 1 shows
the yields of selected Pth amino acids
from a sequenator run on 20 pmole of
sperm whale apomyoglobin. These re-
sults represent approximately a 10*-fold
increase in the sensitivity of automated
Edman degradation analysis of proteins
over Edman’s original sequenator ).
The overall increase in sensitivity for
peptide analysis is similar.

We have incorporated in the new spin-
ning cup sequenator many of the design
features described previously as modifi-
cations of a commercial sequenator (5,
6). To these, we added additional refine-
ments in design and materials that im-
prove the microsequencing capability of
the instrument. The most important fea-
tures incorporated in the new sequenator
are summarized in Table 2. Use of the
original straightedge-type spinning cup
manufactured by Beckman Instruments
is noteworthy. It supports a thinner
solvent film during solvent extractions
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than does the current Beckman undercut
cup, and, as a result, efficient extraction
of the protein film can be effected with
less than half the solvent required with
the undercut version. The decreased
solvent wash significantly reduces the
washout of subnanomole samples of
polypeptide.

Analysis of the Pth amino acids pro-
duced by the sequenator is performed by
HPLC on a Du Pont Zorbax CN column
with the use of a sodium acetate buffer,
methanol, acetonitrile gradient system

similar to that described (7). By using
highly purified solvents and computer
subtraction of the ultraviolet baseline ab-
sorption of the HPLC solvent, we can
detect less than 1 pmole of the Pth amino
acids (Fig. 2).

Preparation of subnanomole quantities
of peptides and proteins for sequence
analysis requires considerable effort to
eliminate contamination by compounds
that might interfere either with the Ed-
man degradation or with the HPLC anal-
ysis. Removal of nonvolatile buffer salts

is particularly important. With small
peptides, we generally desalt the sample
by gel filtration on a small column of Bio-
Gel P-2 in 1N acetic acid or Sephadex G-
10 in IN NHOH and subsequent lyophi-
lization. Larger peptides and proteins
can be desalted by dialysis against three
changes of 0.15M NaCl containing 0.1
percent sodium dodecyl sulfate (SDS;
Bio-Rad electrophoresis grade) and then
against three changes of 0.02 percent
SDS (12 hours between each change). If
the proteins have been eluted from gels

Table 2. Novel design features of Caltech sequenator.

Component

Benefit

Reagent and solvent delivery valves: pneumatic-actuated, Teﬂon and
Kel-F manifold, leakproof, zero-dead-volume

Spinning cup: straight rather than undercut wall

Vacuum system: high vacuum solenoid valves, liquid nitrogen trap

Vacuum and pressure seals: Teflon and Kel-F rather than rubber O
rings

Inert atmosphere: argon purlﬁed by inline Gettering furnace to < 0.1
ppm of 02 and H,O

Pth conversion system: automated with the use of 25 percent
CF;COOH

Programmer: preset separate cleavage times for glutamine and proline
residues

Prevents cross contamination of reagents and solvents

Improved extraction of polypeptide film with less solvent

More efficient removal of volatile contaminants from polypeptide film

Minimizes seal failure rate and eliminates contamination from rubber
elastomers

Minimizes oxidative and hydrolytlc side reactions

Provides high and reproducible phenylthiohydantoin yields

Minimizes blocking cyclization of amino terminal glutamine residues
and incomplete cleavage of amino terminal proline residues
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Fig. 1 (left). Yields of Pth-Leu, -Val, -Gln, and -Ser from an automated NH,-terminal analysis of 20 pmole of sperm whale apomyoglobin. A
sample (70 percent) from each cycle was analyzed by HPLC, peaks were quantified by comparison of peak heights with values for a standard Pth
amino acid mixture, and yields were normalized to 100 percent injection. Leu is identified at cycles 2, 9, 11, 29, 32, and 40; Val at cycles 1, 10, 13,
17, and 21; Gln at cycles 8 and 26; and Ser at cycles 3 and 35. The repetitive cycle yield averaged 93 + 2 percent. Abbreviations: Leu, leucine;
Val, valine; Gln, glutamine; Ser, serine. Fig. 2 (right). High-sensitivity HPLC analysis of Pth amino acids. Ten microliters of a CH;CN
solution containing 5 pmole of 19 Pth amino acids was analyzed on a Du Pont Zorbax CN column with the gradlent system described in (7). A
background chromatogram (b) was subtracted from the sample chromatogram (a) to allow peak height expansion (c) for improved visualization
and measurement. Subtraction was performed with a laboratory automation computer (Hewlett-Packard model 3354).
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after SDS-polyacrylamide gel elec-
trophoresis, the eluate should be centri-
fuged at 20,000 rev/min (Sorvall SS-34
rotor) for 20 minutes to remove particu-
late matter before dialysis. Coomassie
blue staining of the gels to locate protein
bands does not interfere with subsequent
sequenator analysis.

New technologies such as the im-
proved amino acid sequencing method
described above lead to new research
opportunities. With the greater sensitivi-
ty provided by this technique, we now
can obtain amino acid sequence informa-
tion on both proteins and peptides with
submicrogram (picomole) quantities.
This sensitivity should permit analysis of
biomedically relevant molecules—such
as the interferons—that can only be ob-
tained in microgram quantities, and this
ability opens possibilities for further
study of these molecules. For example,
knowledge of the amino acid sequence
permits the synthesis of corresponding
DNA probes and opens the possibility of

new strategies for isolating genes, such
as those for interferons, that express low
levels of messenger RNA’s (8).
MicHAEL W. HUNKAPILLER
Leroy E. Hoop
Division of Biology, California Institute
of Technology, Pasadena 91125
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Human Fibroblast Interferon: Amino Acid Analysis and

Amino Terminal Amino Acid Sequence

Abstract. The purification of human fibroblast interferon has been simplified to a
two-step procedure consisting of affinity chromatography on Blue Sepharose and
sodium dodecyl sulfate polyacrylamide gel electrophoresis. A preliminary amino
acid composition and the sequence of the 13 amino-terminal residues of homoge-
neous interferon prepared by this method is reported.

Since the discovery of interferon, its
purification and chemical character-
ization have been primary goals of inter-
feron research. Although their attain-
ment has been slow because of the small
quantities of interferon proteins avail-
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Fig. 1. (a) Fractionation of crude interferon on
a large column of Blue Sepharose. Elution of
interferon with 50 percent ethylene glycol in
column buffer begins at fraction 1. (b) Small
Blue Sepharose column. Fractions 7 to 17 in
(a) were pooled, passed through the small col-
umn, and eluted with 50 percent ethylene gly-
col in column buffer (fractions 1 to 20).
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able, purification to homogeneity has
now been achieved with some inter-
ferons. However, only microgram quan-
tities have been available for character-
ization—human fibroblast interferon (/,
2), human lymphoblastoid interferon (3),
human leukocyte interferon (4), mouse
interferon (5)—and only limited structur-

 al information has been acquired ¢, 6).

A thorough understanding at the mo-
lecular level of the numerous phenomena
that are caused by interferon in cells in
culture and in animals will not be pos-
sible until the elucidation of primary and
secondary structures of the interferon
proteins is achieved. This structural in-
formation will permit (i) comparison of
amino acid sequences of interferons
from various cell types and animal spe-
cies, (ii) identification of the polypeptide
segments involved in binding to inter-
feron-specific cell-surface receptors, and
(iii) chemical synthesis of interferons.

We now report an improved procedure
for the purification of human fibroblast
interferon that can be used to provide
enough protein for structural studies.
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Using the automated protein micro-
sequencing technique described in (7),
we have determined the sequence of
the 13 amino acid residues at the amino
terminus of the interferon prepared by
this method. We also report a prelimi-
nary amino acid composition of the pro-
tein.

Human diploid fibroblast cells (FS-4)
were cultured and interferon was pro-
duced (/). Interferon was assayed by a
microtechnique (8) with vesicular stoma-
titis virus as the challenge virus. Inter-
feron units are given in National Insti-
tutes of Health human fibroblast inter-
feron units.

The crude interferon, 10 to 15 liters
produced in the absence of serum, was
made 1M in NaCl and passed at room
temperature through a column (4 by 10
cm) of Blue Sepharose (Pharmacia, Inc.)
equilibrated with 0.02M sodium phos-
phate buffer, pH 7.2, containing 1M
NaCl. The interferon was retained
whereas more than 95 percent of the to-
tal protein passed through the column.
The interferon was eluted with a mixture
of the column buffer and ethylene glycol
(1:1), and each fraction was diluted im-
mediately with 0.5 volume of the buffer
(Fig. 1a). Fractions containing interferon
activity were pooled, diluted with two
volumes of the column buffer, and
passed through a small (1 by 6 cm) Blue
Sepharose column for concentration.
The interferon was eluted as described
above (Fig. 1b).

Fractions containing interferon were
pooled, dialyzed against 1 mM tris-HCI,

Table 1. Amino acid composition of human
fibroblast interferon.

Composition
Amino i
acid Mole Residues per
percent 20,000 daltons
Asp 11.1 18.9
Thr 4.0 6.8
Ser 6.2 10.5
Glu 15.9 27.0
Pro 1.6 2.7
Gly* 4.6 7.8
Ala 5.9 10.0
Cyst 1.0 1.7
Val 3.5 6.0
Met 1.7 2.9
Ile 5.3 9.0
Leu 12.0 20.4
Tyr 4.4 7.5
Phe 5.5 9.4
His 2.9 4.9
Lys 6.8 11.6
Arg 6.4 10.9
Trp# 0.6 1.0

*Includes correction for free glycine present in
unhydrolyzed protein. tDetermined after per-
formic acid oxidation. fDetermined after hydrol-
ysis with mercaptoethanesulfonic acid.
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