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[57] ABSTRACT

An apparatus and process are used to cyclicly degrade
a peptide to be sequenced, arriving at a set of amino acid
residues for each cycle. The amount of each amino acid
residue is quantitatively measured in each set, then a
background level is fit to each cycle to obtain a back-
ground fit. A measure of dispersion is then calculated
for the background fit, and the measured amounts of
amino acid residues in each cycle are normalized rela-
tive to the background fit. The largest normalized back-
ground-corrected residue amount in each cycle then
provides a sequence assignment that can be used for
further correction steps if desired.
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1
DETERMINATION OF PEPTIDE SEQUENCES

BACKGROUND OF THE INVENTION

This invention concerns a method and apparatus for
determining peptide sequences, and particularly auto-
mated sequencing by the method and apparatus.

The chemical process employed by protein/peptide
sequencers is derived from a technique originated by
Pehr Edman in the 1950s for the sequential degradation
of peptide chains (Edman, Acta Chem. Scand. 4, 283,
1950; Edman and Begg, Eur. J. Biochem. 1, 80, 1967).
The first step in this degradation is selective coupling of
a peptide’s amino-terminal amino acid with the Edman
reagent, phenylisothiocyanate (PITC), a reaction cata-
lyzed by an organic base delivered with the coupling
reagent. The second step is cleavage of this derivatized
amino acid from the remainder of the peptide, a reaction
effected by treating the peptide with a strong organic
acid. Each repeated coupling/cleavage cycle occurs at
the newly-formed amino-terminal amino acid left by the
previous cycle. Thus, repetitive cycles provide sequen-
tial separation of the amino acids which form the pri-
mary structure of the peptide.

The sequencing process is not completed by the
Edman degradation alone. Once the amino acids are
removed from the sample, they must be analyzed to
determine their identity. Since the cleaved amino acid
derivative, the anilinothiazolinone (ATZ), is not gener-
ally suitable for analysis, it is converted to the more
stable phenylthiohydantoin (PTH) form before analysis
is attempted. In modern sequencers (Wittmann-Liebold
et al Anal. Biochem 75, 621, 1976; Hewick et al J. Biol.
Chem. 256, 7990, 1981), this conversion is accomplished
automatically in a reaction vessel separate from that in
which the Edman degradation occurs, The ATZ pro-
duced at each degradation cycle is extracted from the
peptide with an organic solvent, transferred to the reac-
tion vessel and treated with an aqueous solution of a
strong organic acid to effect conversion to the PTH.
The PTHs produced from each degradation cycle may
be transferred to fraction collector vials until several are
manually collected and prepared for analysis. Alterna-
tively, the PTHs may be transferred directly and auto-
matically from the sequencer conversion vessel to an
on-line analysis system (Machleidt, W. and Hoffner, H.,
in Methods in Peptide and Protein Sequence Analysis, pp
35-47, Birr, ed., Elsevier (1980); Wittman-Liebold and
Ashman, in Modern Methods in Protein- Chemistry, pp
303-327, Tschesche, ed., de Gruyter (1985); Rodriguez,
J. Chromotography 350, pp 217-225, (1985)).

Although a variety of analytical procedures have
been used to identify the amino acids released during
the Edman degradation, only high performance liquid
chromatography (HPLC) is currently in widespread
use. In fact, HPLC on reverse phase, silica-based pack-
ings has revolutionized peptide sequencing. It provides
rapid, sensitive and quantitative analysis of PTH amino
acids and is presently the only technique used for PTH
analysis that can reliably resolve all of the PTH amino
acids in a single chromatograph run. Moreover, because
it provides quantitative data at the picomole level,
HPLC is the only analytical method suitable for mi-
crosequencing by automated Edman sequencers at the
present time.

Ideally, each chromatogram would provide a simple
qualitative answer, i.e., the presence of one and only
one PTH. As a practical matter, this is never the case;
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each chromatogram contains some amount of all PTHs,
and a quantitative evaluation of the relative amounts
must be made in order to make the sequence assign-
ment. Several factors give rise to this problem. First,
protein or peptide samples are unlikely to be pure. They
always contain some level of other peptides or free
amino acids that give rise to PTH signals during se-
quencing. Second, repeated exposure of the sample to
the cleavage acid during the Edman chemistry causes
splitting of the peptide chain at sites other than the
amino terminus. The newly exposed amino terminii
resulting from these internal splits then produce PTHs
after subsequent coupling/cleavage cycles. As a result,
each type of amino acid generally exhibits a background
PTH level that slowly changes during the sequence run,
typically rising through the early cycles and falling
slowly during later ones. The absolute levels of the
background are dependent on the amino acid composi-
tion of the peptide, the Edman chemistry conditions,
and the molecular weight of the peptide. Third, re-
moval of an amino terminal amino acid at any given
cycle of the Edman chemistry is incomplete. Therefore,
some of the amino acid that should have been released
at that cycle will remain for the next coupling/cleavage
cycle and be released then. This carryover, or lag, is
cumulative; multiple failures on any single peptide mol-
ecule will result in a steadily increasing proportion of a
population of molecules being out of phase with the
expected release order. Fourth, the recovery of the
expected PTH is slowly decreased during the run by
side reactions that block the amino terminal group,
physical loss of peptide from the reaction chamber,
internal chain cleavage, and lag. This decrease in signal,
measured as the repetitive cycle yield, occurs simulta-
neously with the increase in noise (due to the factors
described above), making correct amino acid assign-
ment ever more difficult as a sequencing run proceeds
further into the peptide. Fifth, the relative recoveries of
the PTH amino acids from the Edman chemistry vary.
Some are recovered almost quantitatively, while others
are largely destroyed before analysis.

Despite these problems, rigorous interpretation of the
chromatographic data from a sequencer run in terms of
an amino acid sequence has not received as much atten-
tion as the chemistry and instrumentation employed.
Many, perhaps most, sequences are assigned by visual
inspection of chromatograms to distinguish the specific
increase in the PTH level of one amino acid at each
cycle from the general backgroune level of all the
PTHs. This method is remarkably simple and effective,
but it does have limitations. It relies on the scientist’s
pattern recognition abilities, skills that are largely sub-
jective and limited to direct comparison of only two to
three chromatograms at any one time.

Because of these limitations, an increasing number of
scientists are using HPLC peak integration systems to
translate the analog signals displayed on chart recorder
traces into a simpler set-of digital numbers. This allows
the recovery of each PTH at each cycle to be plotted on
a graph that more clearly shows the specific sequence
signals superimposed on the background noise levels.
Smithies et al., see Biochemistry 10, 4912, (1971), were
the first to define the mathematics of the sequencing
chemistry in terms of initial yield, repetitive yield, lag,
and amino acid background and to attempt quantitative
sequence analysis based on peak integration. Machleidt,
W. and Hofner, F., (1981), in High Performance Chro-



4,852,017

3

matography in Protein & Peptide Chemistry, pp 245-258,
Walter de Gruyter, Berlin, have also contributed to this
process, but all of the previous methods have relied on
the subjective grading of the integrated peak values by
the skilled scientist performing the sequence analysis.
The scientist’s subjective interpretation of the relative
importance of an elevated level of one amino acid ver-
sus another at any given cycle has still been required for
the final sequence assignment.

In addition to all of the above difficulties having to do
with background PTH levels, cumulative lag, side reac-
tions, etc., other important problems are associated with
the chromatographic data itself. While most chroma-
tography software available commercially works well
with ideal data (i.e. with large, well-resolved peaks),
they perform much less well with real world data. With
respect to analyses of amino acid derivaties, such non-
ideal data is the rule rather than the exception. Gener-
ally, amino acid analyses involved separations of a com-
plex mixture of closely-related compounds, frequently
at such minute levels that conventional software fails to
provide satisfactory results unless the user provides
extensive manual input to correct the deficiencies in the
software.

In concept, HPLC data systems collect chromato-
graphic data by periodically sampling the output of the
HPLC detector and the process this digitized data.
Quantitation is the performed using peak integration,
which requires locating the start and end points of a
peak, measuring the total signal between these poiats,
and subtracting any background signal. The center
position of the peak (i.e., its retention time) is also re-
quired to identify it as a known component based on
retention times obtained with standards. Then, the mea-
sured area of a sample peak can be converted to a molar
amount based on the measured area of the correspond-
ing standard. This conceptually simple process is, how-
ever, complicated by several factors, e.g. such as chro-
matographic noise, peak overlap, and retention time
drift.

The chromatographic noise arises from the detector
electronics, incomplete mixing of solvents during gradi-
ent chromatography, passage of gas bubbles or particu-
lates through the detector, refractive index changes due
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solvent or column contaminants. At the present time,
conventional HPLC systems deal rather imperfectly
with both low and high frequency chromatographic
noise. Most high frequency filtering relies on hardware
implementations and is performed by analog filters built
into the detector circuitry, and some HPLC systems
attempt to remove low frequency noise (often called
baseline drift) by using point-by-point subtraction of a
blank chromatogram from the sample data. This latter
technique is particularly troublesome since it introduces
additional high frequency noise and because baselines
can vary substantially from run to run. New and less
cumbersome techniques are clearly needed for the re-
duction of chromatographic noise.

Peak overlap, i.e. incompletely resolved peaks are
particularly troublesome to HPLC software. Small
peaks that partially overlap larger ones may be missed
by the slope threshold routines and hence incorrect
chromatogram quantitation can result. When fused
peaks are detected, several methods for splitting the
total area can be used, which are distinguished by the
method by which the baseline under the peak compo-
nents is set. These include (i) a linear extrapolation
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between the beginning and end points of the multiplet
with a linear drop from the valley between the peaks to
the baseline, (ii) a similar extrapolation to set the base-
line of a major component with a tangent skim to set the
baseline of a minor component, and (iii) linear extrapo-
lation between the beginning and end points of each
separate component. The method which gives the most
accurate peak measurements depends on both the de-
gree of resolution between the peaks and the relative
peak heights. It is, therefore, highly sample dependent
and frequently requires user adjustment from one sam-
ple to another in a set of chromatograms in which these
parameters are not constant.

Retention time drift is also a particular problem since
once peaks have been located and quantitated, they
must be identified by matching their retention times to
those of known standards. This is simple if the variation
in retention times from run-to-run is always less than the
time separation between closely eluting peaks within a
run. Typically, software routines are set to search an
elution time “window” centered on the standard elution
time to find the best match of an unknown peak with the
standard. With complex separations that produce
closely spaced peaks, this does not always work since
elution time drift may move one peak outside its win-
dow and place another in it. This problem can be mini-
mized, however, by using easily identified reference
peaks to measure the drift and empirically correct the
search windows for other peaks. The reference peaks
must be well-separated from any neighboring peaks and
present in all chromatograms so their search windows
can be large enough to allow for the maximum observ-
able drift.

What is needed is a method that resolves most of
these problems with chromatogram quantitation and
which can be used by a computer to evaluate the set of
HPLC data derived from a peptide sequencing run to
automatically arrive at an unequivocal call of the se-
quences, without having to rely on the subjective inter-
pretations of especially skilled individuals.

SUMMARY OF THE INVENTION

In accordance with preferred embodiments of the
invention, an apparatus and a process are disclosed for
unequivocally determining the sequence of a peptide.
According to-the method, the peptide to be sequenced
is degraded cyclicly, arriving at a set of amino acid
residues for each cycle. The amount of each amino acid
residue is’ quantitatively measured in each set, then a
background level is fit to each cycle to obtain a back-
ground fit. A measure of dispersion is then calculated
for the background fit, and the measured amounts of
amino acid residues in each cycle are normalized rela-
tive to the background fit. The largest normalized back-
ground-corrected residue amount in each cycle then
provides a sequence assignment that can be used for
further correction steps if desired. These further steps
include correcting at least some of the normalized back-
ground-corrected residue amounts for lag into subse-
quent cycles, thereby obtaining lag-corrected back-
ground-corrected residue amounts for each cycle.
These lag-corrected background-corrected residue
amounts can then be used to correct the original mea-
surements of the amino acid residues in each cycle for
differences in injection quantity between cycles,
thereby obtaining an injection-corrected residue
amount for each cycle. The previous steps of back-
ground correction and lag correction are then per-



4,852,017

5
formed on the injection-corrected residue amounts, and
the largest such amount is determined for each cycle to
arrive at a definitive sequence assignment for the pep-
tide.

In the preferred mode, the initial step of measuring
the amount of amino acid residue in each cycle usually
involves several sub-steps. In particular, as the peptide
is degraded cyclicly using an Edman degradation
scheme, a chromatographic analysis is performed for
each cycle, the raw data providing a determination of
the amount of amino acid of each kind found at each
cycle. In one embodiment, the results of that determina-
tion are then subjected to low pass filtering and high
pass filtering to remove measurement noise resulting in
a baseline-corrected chromatogram. This baseline-cor-
rected chromatogram is then used in the background-
correction process.

In another embodiment, the baseline-corrected chro-
matogram is obtained using a linear, translation-invari-
ant, discrete filter function ay®, where N is a measure of
the filter width and a determines the resolution en-
hancement characteristics of the filter function. In that
embodiment, the chromatogram is first smoothed with
the filter function to suppress high frequency noise
thereby providing a second (filtered) chromatogram
with a first filtered baseline. Then the second chromato-
gram is filtered with the parameter a set for peak resolu-
tion enhancement to obtain a third chromatogram hav-
ing substantially the same filtered baseline. The second
chromatogram is then subtracted from the third chro-
matogram, yielding a fourth chromatogram which has
the baseline removed. The fourth (baseline-corrected)
chromatogram can then be operated on to yield quanti-
tative values of the PTH’s to be used in the background-
correction process.

The apparatus for carrying out the method of the
invention includes a degradation element for degrading
the peptide cyclicly to obtain the set of amino acid
residues for each cycle, a quantitation element for mea-
suring the amount of each amino acid residue in each
set, and a computer element for controlling the degra-
dation element and the quantitation element. The com-
puter element is also for fitting a background level to
each cycle, for calculating a measure of dispersion for
the background fit relative to the measured amounts of
residues in each set, for normalizing the measured
amount of each residue relative to the dispersion to
obtain normalized background-corrected residue
amounts for each cycle, and for identifying the largest
normalized background-corrected residue amount in
each cycle.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a flow chart of a method in accordance
with the preferred embodiment of the invention.

FIG. 1B is a diagram of the apparatus of the inven-
tion. '

FIGS. 2A and 2B show the steps of the method for
quantitating HPLC peaks.

FIGS. 2C and 2D show the steps of the method for

quantitating HPLC peaks according to a second em-

bodiment of the invention.

FIG. 3A(1) shows a raw chromatogram of a standard
PTH mix.

FIG. 3A(2) shows a baseline-corrected chromato-
gram performed according to a method of the invention
for the standard mix having the raw chromatogram of
FIG. 3A(1).
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FIG. 3B(1) shows two components of a house filter
according to the method of the invention.

FIG. 3B(2) shows the house filter formed by adding
the two components of FIG. 3B(1).

FIGS. 3C-3I show the results of applying a filtering
method according to the invention to the standard PTH
mix of FIG. 3A(1).

FIGS. 3C’, 3D’, and 3I' show the results illustrated in
FIGS. 3C, 3D, and 31, but on an expanded scale.

FIGS. 3J-3M show the results of applying the filter-
ing method according to the ivention to a second stan-
dard PTH mix. '

FIGS. 4A and 4B are a flow chart showing the
method used for correction of background levels in the
amount of each amino acid residue measured for each
cycle.

FIGS. 5A-5D are a flow chart of the method used to
correct for lag of each amino acid residue into subse-
quent cycles.

FIG. 6 is a flow chart illustrating the method used to
correct for differences in injection amounts for different
cycles.

FIGS. 7A-7C show the results of the method of the
invention at different stages of the correction process
for the 51st cycle in the degradation of a protein. FIG.
7TA shows the injection-corrected raw data. FIG. 7B
shows the results of the method after performing back-
ground correction on the injection-corrected raw data
of FIG. 7TA. FIG. 7C shows the results of performing a
lag correction after performing the background correc-
tion illustrated in FIG. 7B.

FIGS. 8A-8C show the results of the method of the
invention at different stages of the correction process
for glutamic acid at different cycles in the degradation
of a protein. FIG. 8A shows the raw data (injection-cor-
rected). FIG. 8B shows the results of the method after
performing background correction on the injection-cor-
rected raw data of FIG. 8A. FIG. 8C shows the results
of performing a lag correction after performing the
background correction illustrated in FIG. 8B.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In accordance with preferred embodiments of the
invention, illustrated in FIG. 1A is a flow chart show-
ing a general method for determining the sequence of a
peptide chain. In this method, the various steps com-
prise both direct physical measurements and computa-
tional elements based on those measurements. Since the
method can be implemented entirely automatically,
with the various physical measurements being per-
formed by instruments under computer control, the
language of computer programming lends itself to a
description of the invention. Hence, to be relatively
consistent with that languate, hereinafter each step of
the method will be referred to either as a “program
element” or as a “subroutine”, rather than as a “step” as
the case may be. The term “subroutine” will be used to
describe computer subprograms of the method which
are substantially complete in themselves in performing a
particular computational task. The term “program ele-
ment” will be used loosely to describe one or more
individual steps of a particular computer program or an
identifiable set of steps which make up a complete task,
be it a physical measurement or a computation, but
which. is not in itself necessarily a single subroutine.

The physical apparatus used to implement the
method is illustrated in FIG. 1B and includes a sequenc-
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ing system 51 for performing sequential Edman degra-
dations, a PTH analyzer 53 which provides on-line
PTH analysis using HPLC for the samples provided by
the sequencing system, and a computer module 55,
which acts both as a system controller and as the analy-
sis device for the entire system for performing the vari-
ous steps used to arrive at a quantitative call for the
peptide sequence. As a system controller, the computer
module is responsible for timing and incrementing deg-
radation events in the sequencing system, for transfer-
ring materials to the PTH analyzer, and for controlling
the PTH identification process. As an analysis device,
the computer module stores the data provided by the
PTH analyzer, and performs the various steps described
below to eliminate noise and systematic errors from the
raw PTH values measured by the PTH analyzer in
order to identify the largest relative PTH value in each
cycle and thereby determine the peptide sequence. In
the preferred mode, the computer module 55 is an Ap-
plied Biosystems Model 900A which includes a 16/8-bit
microprocessor such as the Intel 8088, a separate math
co-processor, 640 kilobytes of RAM, a 10-megabyte
hared disk drive, a 360-kilobyte floppy disk drive, a
touchscreen CRT, and a graphics printer. Also in the
preferred mode, the sequencing system 51 is an Applied
Biosystems Model 470A Sequencer and the PTH analy-
zer 53 is an Applied Biosystems Model 120A.

To begin the method, the peptide sequence to be
analyzed is first subjected to an automated Edman deg-
radation cycle at program element 11, and HPLC is
performed by the PTH Analyzer at program element 12
to identify the amino acid released. For that Edman
cycle, the chromatogram is collected in digitized form
by the computer module, and the values of the chro-
matogram are stored. At program element 13, the cycle
number of the degradation just performed is incre-
mented and the process is repeated, until the degrada-
tion and chromatograms are performed for all amino
acids in the peptide chain, each amino acid correspond-
ing to one degradation cycle. At subroutine 15, each
chromatogram is identified and quantitated to deter-
mined the amount of each PTH for each cycle of the
degradation.

Once the identification and quantitation is complete,
a first pass at PTH background noise removal is per-
formed in subroutine 17, and a preliminary sequence
assignment is made. This is followed by a lag correction
in subroutine 19. The lag correction is made to account
for the fact that during the Edman degradation, the
removal of the amino acid residue is only partial, so that
a fraction of the amino acid appears at subsequent cy-
cles.

Once the lag correction is performed, the remaining
. PTH values for each cycle can be used to correct for
any variation in the amount of sample injected into the
PTH analyzer at each cycle, if desired. This injection
correction is performed in subroutine 23. Upon comple-
tion of the injection correction, the background and lag
corrections are repeated and the amino acid assignments
are made in program element 25 based on the largest
corrected PTH signal at each cycle. The second pass
through the background correction and the PTH lag
correction can be accomplished in any number of ways.
The approach shown in FIG. 1A is to set up a program
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the PTH injection correction has been made, and, if it
has been made, to go ahead with sequence selection at
program element 25. If it has not been made, the back-
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ground and lag corrections are repeated. Any of several
equivalent program counters can be used to keep track
of whether the PTH injection correction has been
made. For example, for program element 21, one could
use a counter for the background correction subroutine
17, for the lag correction subroutine 19, or for the injec-
tion correction subroutine 23 itself. Another less practi-
cal, but equivalent approach which is not illustrated is
to avoid using a program counter and a program loop at
all, and to simply repeat the background correction
subroutine 17 and the PTH lag correction subroutine 19
after the injection correction subroutine 23, before mak-
ing the sequence selection.

Each of the various subroutines and program ele-
ments will now be discussed in more detail by referring
to the various figures enumerated above in the Brief
Description of the Drawings. In addition, further spe-
cific details for program elements 17-25 can be found in
Appendix I which provides a specific example of a
preferred source code for carrying out those program
elements.

Quantitation of PTH Yields

Shown in FIGS. 2A and 2B and in FIGS. 2C and 2D
are flow charts providing details of a first embodiment
and a second embodiment, respectively, of subroutine
15 for identifying and quantitating the HPLC peaks.
Although standard HPL.C integration routines can be

used successfully for identifying and quantitating.

HPLC peaks when the amount of peptide being se-
quenced is relatively large (i.e. when the HPLC signal-
to-noise levels are high), modern Edman sequencers can
work with sample levels that severely test these rou-
tines. HPLC peaks can be obscured by both high fre-
quency noise (typically from the UV absorbance detec-
tors used to monitor PTH elution from the analytical
columns) and low frequency noise (typically from both
temperature-induced detector drift and absorbance/re-
fractive index changes that occur during gradient
HPLC elution). Hence, peak analysis should be pre-
ceded by chromatogram filtering to minimize the ef-
fects of both types of noise.

According to the first embodiment, after each chro-
matogram is collected in digitized form by the com-
puter module 55, low frequency noise is filtered from it
by an adaptation of the method described by Goehner,
Anal. Chem 50. 1223 (1978). The entire chromatogram
is first piecewise fitted to a polynomial curve of degree
N. Then all points that are more than selected amounts
(in standard deviation units) above or below the calcu-
lated curve are rejected, and a new fit is made using the
remaining points.. This procedure continues until the
standard deviation between actual and calculated points
reaches a set minimum level (i.e. the fitted curve has
converged on the baseline of the chromatogram). The
polynomial coefficients of the calculated curve are then
used to calculate a baseline point for each point in the
original chromatogram,; the difference between the two
sets of values represents the baseline-corrected chro-
matogram.

In practice, the number of original chromatogram
points and the number of baseline slope changes (which
defines the degree N of the polynomial used for the fit)
generally exceeds the practical computing power of
microcomputers. Thus, the routine is performed se-
quentially on overlapping segments of the chromato-
gram, with each round of the fit routine used to estab-
lish the background for a portion of the total chromato-
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gram. Typically, the first 3/9 of the chromatogram
points are fit first and used to set the first 5/18 of the
baseline points. Then, 3/9 of the points starting at the
2/9 position from the front end of the chromatogram
are fit and used to set the next 4/18 of the baseline
points. Next, 3/9 of the points starting at the 4/9 posi-
tion from the chromatogram front are fit and used to set
the next 4/18 of the baseline points. Finally, the last 3/9
of the points are fit and used to set the last 5/18 of the
baseline points. Since, where possible, only the middle
section of each calculated curve is used, discontinuities
- in the baseline-corrected chromatogram where the indi-
vidual fitted curves meet are minimal.

This baseline calculation process of the first embodi-
ment is illustrated in detail in FIGS. 2A and 2B, which
begins at program element 211, where all program
counters and constants are initialized. In particular, at
least three counters are used, say “i”, “k”’, and “m”. A
counter i is used to index the particular portion of the
chromatogram being fit, a counter k is required to iden-
tify the particular Edman cycle being fit, and a counter
m is used to keep track of the iteration number of the fit.
Similarly, it is necessary to pick the degree N of the
polynomial to be used to fit the chromatograms, and to
decide on the closeness of fit desired for the background
calculation. As a practical matter, N is generally chosen
to be about 6, and the closeness of fit is generally chosen
to be when the standard deviation of the fitted curve to
the background points is less than or equal to a constant
K (typically twice the high frequency noise level of the
detector output). Once the constants and counters are
initialized, the method continues at program element
213 by fitting the i-th portion of a measured chromato-
gram C (t) corresponding the the k-th Edman cycle. On
the first pass, i=k=1 and a polynomial Pi* (t,N) (i.e.
P11 (1,N) on the first iteration) of degree N is used to fit
C,*(t) typically using a least squares approach. At pro-
gram element 215, the standard deviation 7;1%(C) is
calculated for the fit, and a function 8(71%) is defined
which corresponds to the maximum point-by-point de-
viation allowed. Here, 8(r;1%) is chosen to be 0.17;1 %
The magnitude of the standard deviation ;1% is tested at
program element 217 tosee if it is less than or equal to
the chosen constant K. If it is less than K, the counter i
is incremented at program element 223. The counter i is
then tested to see if it is greater than 4 at program ele-
ment 225. If it is not greater than 4, the next portion of
the chromatogram of the k-th cycle is fit in program
element 213, etc.

If at program element 217 the magnitude of the stan-
dard deviation is larger than K, the program increments
m, the iteration counter, at program element 219. Then
at program element 221, a new function C,* (t) (in this
first pass Cy!! (t)) is calculated, hereinafter called the
reduced chromatogram, by removing all points from
the chromatogram for which = |Cp.t%i(t)—P-
mFi(t,N)| > 8(Tim*). This reduced chromatogram has the
same values as the originally measured chromatogram,
but its domain is reduced. Then beginning again at pro-
gram clement 213, this reduced chromatogram is fit
with a new polynomial, and so forth through the pro-
gram elements 213 through 225 until the reduced chro-
matograms for all portions of the chromatogram of the
k-th cycle are fit according to the fit criterion estab-
lished.

Once the polynomial fits are completed for each por-
tion i of the chromatogram of the k-th cycle, the base-
line of the k-th cycle is calculated at program element
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227, the values of the fitting polynomials P/{(t) being
used to calculate the baseline points b4(t) for each point
in the measured chromatogram C,*(t), where 1=max-m
(the last iteration) for the i-th portion. A background-
corrected chromatogram gok(t) is then calculated at
program element 229 by subtracting the calculated
baseline points bX(t) from the measured chromatogram
C.* (1), which corresponds to having removed the low-
frequency background components from the chromato-
gram. Those skilled in the art will understand that the
above approach for filtering out low frequency noise in
this embodiment is but one of many equivalent ap-
proaches. For example, any complete set of functions
could be used for the fitting function rather than a poly-
nomial.

Once these low frequency components have been
stripped from the chromatogram, high frequency noise
is removed at program element 231 using a standard fast
Fourier transform filter as is known in the art. Then
peaks in the filtered chromatogram are detected and
quantitated at program element 232. Several ap-
proaches can be used. For example, time windows set
on.the basis of the observed elution times of each PTH
in a standard mixture can be used to search the filtered
chromatogram C (t) to determine the amount of each
PTH represented in the chromatogram. The amounts
can be determined by standard first derivative peak
finding and peak integration procedures known in the
art, or by fitting the points in each window to a Gauss-
ian curve and calculating the area under the curve (see
Kent et al, in Biotechniques 5, pp 314-321 (1978) or,
more simply, the maximum point value in each window
can be taken as the peak height for the corresponding
PTH. The latter approach is faster but requires good
separation of the PTHs by the HPLC system.

Performing the peak location and quantitation yields
a transformed chromatogram PTH (k) for each cycle k,
which corresponds to the amount of PTH of amino acid
of kind j in the cycle k. The program then tests for the
cycle number at program. element 233, and if all the
cycles required to degrade the peptide in the sample are
not completed, the cycle number k is incremented at
program element 235 and the background-correction
process begins again at program element 213 for a new
cycle.

FIGS. 3A(1) and 3A(2) show the results of using the
technique illustrated in FIGS. 2A and 2B for this first
embodiment- to remove low frequency noise. In FIG.
3A(1), a raw chromatogram C,X(t) is shown with its
many peaks as a function of time for a 5-pmol PTH
standard. The fitted baseline bX(t) is' shown as a rela-
tively smooth dark solid line at the bottom of the curve
Cok (t). FIG. 3B(2) shows C,k(t), the baseline-corrected
chromatogram of the sample as determined according
to the method of the invention at program element 229.

As an alternative preferred embodiment, another
approach can be used to quantitate the chromatogram
which utilizes the techniques of digital filtering. Al-
though digital filtering is generally well known for
smoothing and resolution emhancement of noisy spec-
tra and has been applied specifically to the physical
measurements obtained by ENDOR (electron nuclear
double resonance), it has not apparently been applied to
chromatogram quantitation. (See “Variable Filter for
Digital Smoothing and Resolution Enhancement of
Noisy Spectra,” by Bromba et al, Anal. Chem. (1984),
56,2052-2058, and “Properties of a Variable Digital
Filter for Smoothing and Resolution Enhancement”, by
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Biermann et al, Anal. Chem. (1986), 58,536-539, for a
general discussion of digital filtering in noise reduction).
The particular approach disclosed in these references
pertains to the use of digital filtering which is a discrete,
linear, translation-invariant convolution operation de-
fined by:

Ak—g k
)= T etk = n),

where A denotes the filtering operator, a(n) is the filter
function (kernel), f is the unfiltered spectrum, and Af
the filtered spectrum. In particular, the filter function is
a vertically shifted triangular filter where

1 2a|n|
TNV + D)

2

a(n) = 25:/+ 7 withn = N.

For calculation purposes, this filter function is typi-
cally separated into two parts:

a(n)=al(n)+a2(n)
where al(m)=(N+1-|n|)2a/N(N+1),

a triangular filter, and

azn) = — 2LED N
which is a rectangular filter. Hereinafter, this combina-
tion will be called a “house” filter because filter func-
tions’al(n) and a2(n) when superposed on a graph have
the appearance of a house. (See FIG. 3B(1) for an exam-
ple of a triangular filter superposed on a rectangular
filter, using a=1, N=9. FIG. 3B(2) shows the resulting
house filter.)

In this filter function, N is the filter width and a
determines the degree of resolution enhancement. The
basis for resolution enhancement with this filter is a
reduction in line width since the frequency response
exceeds 1 for a>1 at low. frequencies. At higher fre-
quencies, the frequency response decreases rapidly and
ensures that the high frequency noise in the signal is
suppressed. The properties of the filter vary, of course,
depending on a and N. Generally, a=$} is considered to
be particularly well-suited for signal to noise enhance-
ment of unknown spectrometric functions and approxi-
mates a matched filter and also produces the best high
frequency attenuation. Generally, a=1 is the largest
value which enables frequency responses not in excess
of 1, so that a=1 marks the boundary between smooth-
ing filters and resolution enhancement filters. For a> 1,
the frequerncy response of the filter increases beyond the
frequency f=0, and then falls off rapidly providing
general resolution enhancement. For a.> > |, resolution
enhancement increases monotonically with «, but so
does noise amplification.

Although these digital filtering techniques could be
applied directly to the chromatogram quantitation
problem, the result would still contain residual low
frequency noise due to systematic errors inherent in the
chromatographic technique at the time of measurement.
To avoid that problem, an alternative approach is used
which constitutes a second embodiment of the inven-
tion. This second approach is illustated in the flow chart
of FIGS. 2C and 2D.
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As for the previous embodiment, the calculation be-
gins by initializing constants and counters this time at
program element 238. In particular, the counter k corre-
sponding to the Edman cycle number is set to 1 so that
the calculation can proceed cycle by cycle. At program
element 240, the filter parameter is generally set equal
to a number in the interval between 4 and 1, and in the
preferred mode is set equal to 1. The filter width is set
to match the chromatogram peak width N1 so that in
the preferred mode, the filter function approximates a
Savitzky-Golay filter corresponding to smoothing with-
out resolution enhancement. At program element 242,
the measured chromatogram for cycle k, Cy(t), is fil-
tered by convolving it with the house filter kernel. This
generates a smoothed chromatogram Cg(t), i.e. high
frequency noise has been filtered out. Next, a is set
equal to a number greater than 1 for resolution enhance-
ment at program element 244, which in the preferred
mode in this case has been set equal to 20. At program
element 246, the smoothed chromatogram Cak(t) is
convolved with the new house kernel to yield an en-
hanced smoothed chromatogram Cp*(t). This chro-
matogram typically has substantially the same baseline
as the smoothed chromatogram Cp(t) but with en-
hanced peaks and negative sidelobes since the house
kernel is area preserving. As a result, by subtracting the
smoothed chromatogram Ca(t) from the enhanced
smoothed chromatogram Cp*(t) at program element
248, one obtains a chromatogram Cp(t) which pre-
serves only the peak and sidelobe data. Furthermore,
the low frequency baseline noise has been completely
removed, thereby “eliminating an important source of
error in quantitating the chromatograms. Since the
peaks are the only information of interest, the sidelobes
are chopped off at program element 250, to yield a new
chromatogram Cp*(t). Typically this is done by remov-
ing those points below a given threshold (typically
zero). At program element 252, the conditions for a new
house kernel are established by setting a equal to 4 and
the width N equal to N3, to set up a matched filter for
chromatogram C (t). A new chromatogram Cg(t) is
then calculated using this new kernel at program ele-
ment 254, which essentially just smoothes the chopped
chromatogram Cpk(t). At program element 256, the
peaks of chromatogram Cgs%(t) are detected and quanti-
tated, and at program element 258, these peaks are com-
pared with known reference peaks for different amino
acids, in order to correlate each of the peaks in the
particular Edman cycle with particular amino acids,
thereby obtaining the quantitated values PTH; (k). At
program element 260, the cycle number K is tested to
see if it is greater than or equal to the number of amino
acids in the peptide. If it is, the program continues to
subroutine 17. If not, the cycle number is incremented at
program element 261, and the chromatogram quantita-
tion begins again at program element 240 for the new
cycle. The reference peaks used for comparison above
are obtained by running chromatograms on pure sam-

. ples of each amino acid and running the filtering routine

for each of them to obtain the filtered reference chro-
matograms for comparison with the sample chromato-
grams.

FIGS. 3C-3H show the results of applying the above
smoothing and baseline subtraction method to the stan-
dard PTH mix having the raw chromatogram of FIG.
3A(1). FIG. 3C shows the raw chromatogram of FIG.
3A(1) on a reduced scale. FIG. 3D shows the results of
filtering the chromatogram of FIG. 3C using a house
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filter with N=3, a==1, to remove high frequency noise.
FIG. 3E shows the results of applying the house filter
again (i.e. applying it to the filtered chromatogram of
FIG. 3D), this time with N=3, a=20. FIG. 3F shows
the results of subtracting the chromatogram of FIG. 3D
from the chromatogram of FIG. 3E. FIG. 3G shows
the chromatogram of FIG. 3F after chopping at zero.
FIG. 3H shows the chromatogram of FIG. 3G after
smoothing with the house filter with N=2, and a=34.
FIG. 31 shows the results of scaling the chromatogram
of FIG. 3H (dividing by an arbitrary scale factor of 3) to
obtain a peak height more comparable to the peak
height of FIG. 3C in order to compare the two curves.
To illustrate-the sensitivity of the method, these results
are shown using an expanded scale in FIGS. 3C’, 3D/,
and 3I', which correspond to FIGS. 3C, 3D, and 3I,
respectively.

To illustrate further the sensitivity of the method
using the house filter, the results of applying the method
to a 20 pmole PTH standard are shown in FIGS.
3J-3M. FIG. 3J shows the raw chromatogram for the
sample. FIG. 3K shows the raw chromatogram on an
expanded time scale in the time interval between 14.0
and 16.6 minutes, which clearly reveals a substantial
high frequency noise content in the measured chro-
matogram. FIG. 3L shows the results of using the house
filter to remove the high frequency noise, with N=6,
a=1. FIG. 3M shows the results of applying the entire
digital filtering method to the raw chromatogram of
FIG. 3], and illustrates that the final filtered chromato-
gram is quite smooth and exhibits peaks that are quite
well resolved. The subsequent filtering parameters used
were N==6, =20, for the resolution enhancement, and
N=3, =1} for the final smoothing.

PTH Background Correction

Processing all of the chromatograms from the se-
quencing run with the routines described above in
FIGS. 2A and 2B or 2C and 2D produces a data array
containing raw values for all of the PTHs at all of the
cycles. A plot of any individual PTH versus cycle typi-
cally shows a rising and/or falling background level of
the PTH with one or more cycles where the PTH value
is substantially higher than this background level. This
background level can be stripped from the remaining
PTH yields by a variation of the recursive least squares
fit to a polynomial routine used above for low fre-
quency filtering of the chromatograms. In this varia-
tion, the iterations of the fit algorithm are continued
until the ratio of the standard deviation between actual
and fitted data points for successive iterations is above a
set value, say S. Once the iterations are concluded, the
calculated background PTH values are subtracted from
the raw values to yield background-corrected PTH
values.

Next, an estimate of the dispersion of this background
corrected data is made by performing three iterations of
the least squares polynomial fit routine (with degree of
polynomial=1). The standard deviation of the last itera-
tion then provides an estimate of the variation in the
background level, an estimate that allows assignment of
a probability that elevated levels at particular cycles are
indeed high by a statistically relevant amount. Once the
iterations are concluded, the calculated background-
corrected PTH values are divided by the standard devi-
ation of the background fit to obtain normalized back-
ground-corrected PTH values. This process is then
repeated for each PTH so that the remaining PTH val-
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14
ues are also expressed in units of standard deviation
above (or below) the values calculated from the fitted
background curves. At this point, a preliminary se-
quence assignment is made for each cycle by picking
the PTH whose background-corrected normalized
value is statistically highest in that cycle.

This process is illustrated in more detail in the flow
chart of FIGS. 4A and 4B. Here, the process begins at
program element 411 where required constants and
program counters-are initialized. A program counter,
“j”, is initialized to the value 1. The counter j is used to
index the PTH values to denote an amino acid of kind j.
An integer M is set equal to the number of cycles di-
vided by 12 (rounded to the nearest integer), which
corresponds to the degree of the polynomial that is used
to fit the PTH values. Also, an array 751.1 is set equal to
zero for all s=1 to 20. In addition, the value of S is set
equal to 2, S being the cutoff value of the ratio of the
standard deviation between actual and fitted data for
successive iterations, in order to determine when the
iterations can be terminated in the least squares fit rou-
tine. At program element 415, another counter “l” is
initialized to zero, the counter 1 corresponding to the
iteration number in the least squares fit routine. At pro-
gram clement 417, PTH; (k) is fit with a polynomial
Qj,r+1(M.K) of degree M. Initially this mens PTHj, (k)
(the totality of values for amino acid number 1 as a
function of cycle) is fit with a polynomial Q1,;(M,k). At
program element 419, the standard deviation of the fit
for the j-th amino acid on the 1-th iteration is calculated
and is called o7 (i.e. Ti, initially), and a measure of the
fit function A (7;,)) is calculated. Here A (7;,) is defined
to be the standard deviation 7, for points higher than
the raw data and twice the standard deviation for points
below the raw data. The ratio of 7j/—1 to 7j;is then
calculated at program element 421, and, if the ratio is
greater than S, the program proceeds to calculate the
background corrected normalized PTH amounts at
program element 425. If the ratio is less than S, the
counter 1 is incremented at program element 422, and at
program element 423, a new PTH;, (k) is calculated by
removing those points (i.e. cycles) where
|PTHj;—1(k)-Q;: (|>A (7). Here PTH;,
(k)==PTH;, (k) for all points k common to the domains
of both functions. Once the points are removed, the
fitting routine begins again at program element 417, and
the iteration process is continued until the ratio
Tj,1—1/7j1 is greater than S. An iteration counter m is
then initialized at 424, and, as indicated earlier, at pro-
gram element 425, the background-corrected raw PTH
amounts, PTH'; 5(k), are calculated for each cycle. This
is done by subtracting the last fitted value Q; k) for the
PTH of amino acid j at cycle k, from the measured PTH
amount PTHj,(k). At program element 429, the back-
ground-corrected raw PTH amount PTH'; (k) is fitted
with a first degree polynomial Z; 4 1(k) (Z;,1(k) for the
first iteration). The standard deviation of the fit, 7',
and a measure of the fit function A’(7'; ) is then calcu-
lated at program element 431. Here A'(7'; ) is typically
chosen to be equal to the standard deviation for points
falling above the fitted line and to be equal to 1.67 times
the standard deviation for points falling below the fitted
line. The program then tests the value of the iteration

-counter m at program element 433 in order to stop the
_iterations at three for this particular sequence of fits.

The iteration counter is then incremented at program
element 435, and at program element 437 a new
PTH'j,» (k) is calculated by removing those points from
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the background-corrected raw values where the differ-
ence between PTH';, (k) and the fitted value is greater
than the measure of the fit function. This iteration pro-
cess is then continued twice more, i.e. for a total of three
times, and after the third time a normalized back-
ground-corrected PTH amount PTH; (k) is calculated
at program element 439 by dividing the background-
corrected raw value by the standard deviation calcu-
lated on the last iteration. Once the background-cor-
rected normalized PTH amounts are calculated for
amino acid j, the counter j is incremented at program
element 441 and j is tested to see if it is less than or equal
to 20 at program element 442. If j is less than or equal to
20, the program loops back through the background fit
and correction process, starting again with program
element 415. If j is greater than 20, the method then
proceeds to program element 443 where a preliminary
sequence assignment is made by finding the maximum
normalized PTH amount for each cycle.

. Those skilled in the art will understand that there are
many ways of performing the background correction.
For example, different fitting functions may be used,
and a measure of dispersion different from the standard
deviation may be used for fitting. The important aspect
of this background-correction process is to arrive at a
normalized sequence of PTH amounts so that results
from cycle to cycle can be quantitatively compared.

Lag Correction

After the normalized background-corrected PTH
amounts have been calculated and a preliminary se-
quence assignment has been made, the lag correction is
performed. At each cycle, k, of the Edman degradation,
the removal of the amino acid residue is only partial, i.e.
a fraction of the amino acid appears at subsequent cy-

clesk+1,k+2,..., k+i. At any given cycle, the cou-

pling and/or cleavage failure typically adds 1 to 2% to
the out-of-phase signal, or lag. Since these failures are
cumulative, the observed lag becomes progressively
larger as the sequence proceeds, and in long runs more
signal may appear in cycle n+1 than in cycle n. Hence,
the lag correction is particularly important for accurate
sequence assignments for later cycles.

If one defines “Y,” as the theoretical initial signal,
“b”, as the fraction of reaction failure, and “Y}, j” as the
yield of amino acid 1 appearing in cycle j, and assumes
that no signal is irreversibly lost due to side reactions
that prevent the Edman degradation or physical extrac-
tion of peptide, then:

Y1, =1Y,(1-b)
Y1,2=1Y,(1-b)b

Y1,3=1Y,(1-b)b?
Y1,4=1Y,(1-b)b?

Similarly, for amino acids 2 and 3:
Yo,2=1Y4(1-b)?

Y2,3=2Y,(1-b)?%b
Y2,4=3Y,(1-b)2b?
Y2,5=4Y,(1-b)2b3
Y3,3=1Y,(1-b)?
Y34=3Y,(1-6)’b

Y3,5=6Y,(1-b)3b2
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Y3,6=10Y(1-b)’p?

If the lag yields are expressed as a ratio to the ob-
served primary cycle yield, these expressions reduce to:

NNy =1
Yi,3/Y,1 = 182
Yio/1, = 15
Yp,3/Y22 = 2b
Yi4/Yao = 302

Yas/Yya = 4b3
Y34/Y33 = 3b
Y35/Y33 = 6b%

Y36/Y33 = 1053

In general terms, if Yk is she primary cycle yield (i.e. Yk,k) and
Yx+iis the lag yield (i.e. Yg4+/), then:

Yert/Ye = ([k + 0)/1)b

Yi+2/Yie = ([k + 11/2){k + 0)/1)b?

Yie3/Yi = ((k + 21/3)(0k + 11/2)(k + Q)/1)p°
Yirid Y= @k +i—1/D...

(& + 21/3)([k + 11/2)([k + 0)/1)5'

This expression is not strictly correct because of the
assumptions that irreversible signal losses are nonexis-
tent and that the failure fraction b is the same at each
cycle. However, the former assumption introduces a
relatively small error as long as the irreversible losses
are less than 10% per cycle and therefore does not
interfere significantly with subsequent calculations. The
effect of the latter assumption, which is clearly incor-
rect, is more difficult to evaluate. Empirically, it does
not seem to interfere when b is measured at each cycle
as a cumulative average lag.

The preferred method of the lag correction is illus-
trated in FIGS. 5A, 5B, and 5C. At program element
511, the prelimiary sequence assignment determined
from subroutine 17 is used to define the primary cycle
yield array Y (i.e. Ye=MAX(PTHj(k)). This prelimi-
nary sequence assignment is then used to calculate a
working value for cumulative lag, kb, at each cycle.
This calculation is set out in program elements 513, 515,
and 517. First, at program element 513, Yy k41 is set
equal to PTHj(k+1) for all Edman cycles in the sample,
where j is chosen to correspond to the amino acid se-
lected in the preliminary sequence assignment for cycle
k. A cycle counter “n” is then initialized at program
element 515 so that each cycle is corrected one at a
time, and the working values for the lag coefficients are
calculated for each remaining cycle (i.e. where kZn) at
program element 517 using the formula Yy .-
1/Yr=kb(k). In program element 519, these working
values of kb(k) are then fitted to a polynomial curve
B(k) of degree Z=N/15 (rounded to the nearest inte-
ger), using the method of least squares. Then the mea-
sured values of the lag coefficients that differ from the
fitted values by more than one standard deviation are




4,852,017

17
discarded, and the remaining data points are refitted. To
accomplish this, the standard deviation, o p, of the fit-
ting function B(k) from the actual measurements Y k-
1/Y over the domain N of all Edman cycles is calcu-
lated at program element 521. At program element 523, 5
all points k for which the actual value Y 1Y/ differs
from B(k), the fitted value, by more than one standard
deviation o, are removed from the domain N, forming
a new domain N'. At least squares polynomial fit of

kb(k) is then performed at program element 525 using 19

the new domain. At program element 527, the revised
fitted lag values B'(k) are generated for all cycles k=1
to N. Then the failure fraction b(n), is calculated for
cycle n at program element 529, using the fitted values

of B'(k), and at program element 531 b(n) is used to |5

generate the fitted lag amounts G(n,i,b) into the next

few cycles using the equation G(n,,0)=([n+i—11/7) ..

. ([n+2)/3)([n+11/2)([n+0)/1)bi(n) or all cycles i until

G(n,i,b)<0.01, i.e. until the cycle n+i yield is less than

1% of the cycle n yield. At program element 533, the 2
normalized PTH values are sorted for cycle n to find
the three largest values, Y,!, Y,2, and Y,3 and their
corresponding lags Yu,n45 Ya?2, n+1, Y3, n+i. At pro-
gram element 535, the largest value is tested to see if it
is less than three times as large as the next highest value,
and if it is not (i.e. it is greater than or equal to 3 times
the next highest value), the program leaves the amino
acid assignment as it was by setting Y, equal to Y,! at
program element 537. If, however, Y,! is less than 3
times Y,2 each of the three largest values Y,!, Y2, Y,3

are lag corrected in program elements 535 through 557 0

using the fitted lag based on the original sequence as-
signment to determine if the lag correction would make
any changes in sequence assignment. In particular, each
of the fitted lags Y47 is calculated as G(n,i,b)Y,/ at
program element 543, and if the actual Y/, ,4;is greater
than zero, the yield Y, is corrected for the lag in cycle
n-+i. This correction is made by adding Y,/ to Y,/ if
Y, n+iZ Y, or by adding Y., n+i to Yo/ if Y, ,FF-
>Ysn+i at program element 547. This correction
process is continued for the next few cycles i past the
cycle number n, the criterion for cutoff being that the
fitted lag be less than 1% of the actual value as is tested
at program element 549. This process continues for
each cycle i and each value Y,/ until each Y,/ is cor-
rected by replacing Y,/ with 4

an,n+i

Y, + IMIN .

At program element 553, each of these lag corrections is
tested to find the maximum lag corrected value and the
sequence value Y is set equal to that maximum, and the

amino acid index is determined in order to select the 55

proper sequence call for that cycle n. Once the se-
quence call for cycle n is completed, either after pro-
gram element 537 or after element 553, the fitted lags
for that sequence call are calculated at program element

§59, for the next few cycles past the cycle n, again using 60

the same termination criterion as before, i.e. until the
fitted lag is less than 1% of the actual lag. Cycle n is
then corrected for lag from the later cycles n+i that
have positive lag values using the same cutoff criteria as

before at program element 561 by assignment as it was 65

by setting Y, equal to Y,! at program element 537. If,
however, Y,! is less than 3 times Y2 each of the three
largest values Y,!, Y,2, Y,3 are lag corrected in pro-
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gram elements 535 through 557 using the fitted lag
based on the original sequence assignment to determine
if the lag correction would make any changes in se-
quence assignment. In particular, each of the fitted lags
Y+ is calculated as G(n,i,b)Y,/ at program element
543, and if the actual Y./, n+1iis greater than zero, the
yield Y, is corrected for the lag in cycle n-i. This
correction is made by adding Y,.#7 to Y,/ if Y-
n+i>Yy+#7 or by adding Y/, n+i to Yn if Yo7
>Y,/, n+i at program element 547. This correction
process is continued for the next few cycles i past the
cycle number n, the criterion for cutoff being that the
fitted lag be less than 1% of the actual value as is tested
at program element 549. This process continues for
each cycle i and each value Y,/ until each Y,/ is cor-
rected by replacing Y,/ with

an,n-{-i

Y,/ + EMIN
nj+i

At program element 553, each of these lag corrections is
tested to find the maximum lag corrected value and the
sequence value Yn is set equal to that maximum, and the
amino acid index is determined in order to select the
proper sequence call for that cycle n. Once the se-
quence call for cycle n is completed, either after pro-
gram element 537 or after element 553, the fitted lags
for that sequence call are calculated at program element
5§59 for the next few cycles past the cycle n, again using
the same termination criterion as before, i.e. until the
fitted lag is les than 1% of the actual lag. Cycle n is then
corrected for lag from the later cycles n+i that have
positive lag values using the same cutoff criteria as
before at program element 561 by are other approxima-
tions that can be made in arriving at the effects of the
lag correction. For example, instead of using the highest
three values of the normalized PTH’s, one could use
just the highest value, or one could use the two highest
values to see if the sequence assignment changes, and if
it does, go back and check for other sequence choices.

5 Similarly, one could choose more than the three highest

values if after lag correction the sequence call still ap-
pears to be equivocal.

Injection Correction

Once the background and lag corrections have been
made, the remaining PTH values at each cycle can, if
desired, be used to correct for any variation in the
amount of sample injected onto the PTH analyzer at
each cycle. For each cycle, all but the two highest PTH
values are averaged. Since the corrected PTH values
are in standard deviation units, this average would be
near zero if the injection for any given cycle were pre-
cise. Any nonzero average for a cycle is used to correct
the raw PTH yield data for that cycle by subtracting
from each raw PTH value the product of the corrected
cycle average and that PTH’s standard deviation unit
(calculted in the PTH background correction routine).
This procedure, in effect, uses the set of nonassigned
amino acid values at each cycle as an internal sampling
standard. Thus, injection corrections can be made in the
absence of any added internal HPLC standard.

Shown in FIG. 6 is a flow chart illustrating the injec-
tion correction. First, at program element 611, an array
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{Z;n} is defined, where the element Z;, represents the
value of the PTH amount of amino acid of kind j at
Edman cycle n, as calculated from the lag correction
subroutine 19. At program element 613, the array is
sorted by amino acid to determine the two largest val-
ues, say Z;,n and Z;",n for each cycle. The array is then
averaged at program element 615, for those amino acids
other than the two highest, yielding a column array
defined as {Z,}. An injection corrected PTH value is
then calculated at program element 617 by the equation
INJjn=PTH;n)—Znoj,;, where PTH;, (n) is the raw
PTH value found in subroutine 17 on the last iteration 1
for amino acid j. Finally at program element 619, the
array PTH;4(n) is set equal INJ;, to set up the name
required for the PTH array to be used in subroutine 17.

Once all the injection corrections to the raw PTH
data set are made, the PTH background and lag correc-
tions must be recalculated using this adjusted data.
Once this is done, the subsequent amino acid assign-
ments should be as error free as is possible given the
starting chromatograms.

Utility of the Invention

Appendix II is a sequence of Tables that illustrate at
several steps of the method, results of the series of cor-
rections described above. Table 1 shows the raw data
resulting from quantitation of 60 cycles of an Edman
sequencing of an 18 Kilodalton chain (i.e. through pro-
gram element 15). Table 2 shows the same raw data
with the first column, aspartate, background-corrected
according to program element 17. Table 3 shows the
results of the next loop through the background correc-
tion subroutine 17 in order to correct for background in
the second column, asparagine. As described earlier,
this background correction process is repeated until the
PTH amounts for each amino acid are background-cor-
rected. Then a preliminary sequence assignment can be
made. Table 4 shows the results of the background
correction.

The circled elements in Table 4 are the maximum
PTH values in each cycle and correspond to a first
preliminary sequence assignment.

Using the preliminary sequence assignment, the lag
correction subroutine 19 is then performed which is
followed by the injection correction. subroutine 23.
Once the injection correction is completed, the injec-
tion-corrected sequence of PTH’s is then background-
corrected at program element 17. The results of the lag
correction on the background corrected data for cycles
1-37 are shown in Table 5. For comparison, Table 6
shows the results of the lag correction on the back-
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ground-corrected data for cycles 1-38. Table 7 shows
the results of the lag correction for all 60 cycles. The
results of the injection correction for cycle 1is shown in
Table 8. Table 9 shows the results of injection correc-
tion for cycles 1 and 2. This injection correction process
is then continued for each cycle until all cycles-are lag
corrected. The results are shown in Table 10. Table 11
shows the results of background correction on the in-
jection corrected data of FIG. 10. FIG. 12 shows the
results of lag correction for all cycles of the background
corrected data of FIG. 11. Again, the maximum values
in each cycle correspond to the sequence assignment,
which is seen to be different from the preliminary se-
quence assignment shown in Table 4, now that the in-
jection correction-has been performed.

This difference in sequence assignment can be seen
more clearly in FIGS. 7A, 7B, and 7C which show
results of the above sequence of steps for cycle 51 of the
18 Kilodalton protein. In FIG. 7A, a preliminary assign-
ment would appear to be lysine for that cycle. Once the
injection correction has been made and the background
has been corrected, as illustrated in FIG. 7B, the selec-
tion for cycle 51 is-not so clear, but appears to be histi-
dine. This selection is then confirmed on performing the
lag correction as seen in FIG. 7C. The effects of the
correction process can also be viewed in terms of a
particular amino acid, as illustrated in FIGS. 84, 8B,
and 8C, which show the results of the correction pro-
cess for glutamic acid by cycle. FIG. 8A shows the raw
data (injection corrected) for glutamic acid by cycle.
FIG. 8B shows the results after background correction
of the data of FIG. 84, and FIG. 8C shows the results
after both background and lag correction.

Those skilled in the art will appreciate that there are
many equivalent ways of implementing the above
method and different combinations of apparatus can be
used to accomplish the method. For example, many of
the computational program elements could be imple-
mented separately from the computer module as long as
the apparatus used for those computations were under
appropriate control of the computer module. In addi-
tion, it should be appreciated that the particular pro-
gram counters and constants chosen in the preferred
embodiment may vary, for example, depending on the
number of cycles being degraded, on the desired accu-
racy of the calculations, and on the desired time to
complete the sequence call of the peptide. For these and
other reasons, it is intended that the scope of the inven-
tion be interpreted with reference to the appended
claims and equivalents thereto and not be limited to the
specific example chosen to describe it.

APPENDIX 1

INTEGER SCALAR #CYCLES \ number of cycles in raw data file

SCALAR #AAS \ number of amino acids (AAs) in raw data file
SCALAR CYCLE# \ current cycle number

SCALAR AAf \ current AA number

SCALAR AA.FIT.TIMES \ maximum number of fit iterations
SCALAR AA.POLY.TIMES \ background fit polynomial degres
SCALAR LAG.POLY.TIMES \ lag correction polynomial degree
SCALAR LAGCYCLES \ lag calculation loop counter

SCALAR TYPE%# \ data array type

SCALAR COLCR! \ graphics color |

SCALAR COLOR2 \ graphics color 2

SCALAR COLOR3 \ graphics color 3
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SCALAR COLOR4 \ graphics color 4
SCALAR COLORS \ graphics color §
SCALAR COLORE \ graphics color &
SCALAR POINTS! \ array subset counter
SCALAR POINTS2 \ array subset counter
SCALAR INDEX! \ array subset counter
SCALAR INDEXZ \ array subset counter
SCALAR INDEX3 \ array subset counter
SCALAR INDEX4 \ array subset counter
SCALAR N \ house filter parameter
SCALAR N! \ house filter parameter
SCALAR M \ array size counter
SCALAR PN \ number of HPLC data points
SCALAR PS \ HPLC plot offset
SCALAR PR \ number of HPLC plot pcints
SCALAR PEAK.WINDOW \ search window for AA peaks
SCALAR REFPEAK! \ HPLC reference peak | position
SCALAR REFPEAKZ \ HPLC reference peak 2 position
SCALAR REFPOINT \ HPLC reference midpoint
SCALAR REFSHIFTt \ REFPEAK! HPLC shift
SCALAR REFSHIFT2 \ REFPEAK2 HPLC shift
SCALAR CYCLE.OFFSET \ HPLC data file name offset
SCALAR DATA.OFFSET \ HPLC data start point offset
SCALAR EGAFLAG \ display type
SCALAR HPFLAG \ graphics output site
SCALAR PAPERFLAG \ HP plotter paper size
SCALAR PRINTFLAG \ text output site
SCALAR FDPLOTFLAG \ HPLC plot data type
SCALAR S'FLAG \ include S' peak in calculations?
SCALAR STOFLAG \ PTH standard HPLC?
SCALAR SCALEFLAG \ plot Y scale method
SCALAR FULLFLAG \ print full peak listing?
SCALAR FITFLAG \ number of fix segments

INTEGER DIML 2002 1 ARRAY AA.POS.DATA \ raw data peak position array
DIML 102 1 ARRAY SEQUENCE# \ AA numbers assigned by CALL.SEQUENCE
DIMI 1@@ 1 ARRAY PP \ HPLC peak positions
DIML 1@@ 1 ARRAY RiP \ Reference peak 1 shifts
DIML 182 1 ARRAY RZP \ Reference peak 2 shifts
DIML 25 1 ARRAY CYCLE.POS \ HPLC BA peak positions

. DIML 25 1 ARRAY SP \ HPLC standard AA peak positions

REAL SCALAR AA.MAX.DISCARD \ high limit for acceptable data point in fits
SCALAR AA.MIN.DISCARD \ low limit for accepiahle data point in fits
SCALAR AA.VAL \ value (amount) of AA
SCALAR- AA.STD.DEV \ standard deviation value of fit
SCALAR STD.DEV \ standard deviation of fit
SCALAR BETA \ single cycle lag value (Yn+!/Yn/n)

'SCALAR BETA.POINT \ single cycle lag value (Yn+i/Yn+i-1)

SCALAR INJECT.DEV \ raw cycle data correction set by INJECT.CORRECT
SCALAR CYCLE.SCALE \ value used to set Y axis scale in plots

SCALAR REP.YIELD \ calculated repetitive yield value

SCALAR ALPHA \ house filter parameter

SCALAR ALPHA! \ house filter parameter

SCALAR ALFHA2 \ house filter parameter

SCALAR LOW.THRESH \ HPLC Y value minimum

SCALAR STD.PMOL \ number of pmol in HPLC standard‘

REAL DIML 2000 1 ARRAY AA.RAW.DATA \ raw data array
DIML 200@ 1 ARRAY AA.BACK.DATA \ backoround corrected data array
DIML 2008 1 ARRAY AA.LAG.DATA \ lag/background corrected data array
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FIT.INDEX \ AA.BACK.FIT dynamic X values

FIT dynamic Y values

WORK.DATA \ AA.BACK.FIT raw AA values
POLY.DATA \ AA.BACK.FIT fitted AA values

T (raw - fitted) AA values
ues vs cycle

BETA.WORK \ acceptable raw lag values vs. cycle

cycle
of AAs assigned by CALL.SEQUENCE
deviation values vs AA

values vs.

deviation values vs AA
FIT iterative deviations
values (Yn+i/Yn)

, 23
DIML 1@© 1 ARRAY AA,
DIML 100 1 ARRAY AA.FIT.DATA \ AA.BACK.
DIML 120 1 ARRAY AA.
DIML 120 1 ARRAY AA.
DIML 120 1 ARRAY AA.RESIDS \ ARA.BACK.FI
DIML 100 1 ARRAY BETA.VAL \ raw lag val
DIML 120 1 ARRAY
DIML 120 1 ARRAY BETA.FIT \ fitted lag
DIMI 120 1 ARRAY SEQUENCE.VAL \ values
DIML 25 1 ARRAY AA.STD.DEV! \ standard
DIML 25 1 ARRAY AA.STD.DEVZ \ standard
DIM[I 18 1 ARRAY STD.DEV.WORK \ AA.BACK.
DIM[ 1@ 1 ARRAY BETA.DATA \ fitted lag
DIML 13920 1 ARRAY RD \ raw HPLC data
DIML 1920 1 ARRAY FD \ filtered HPLC data
DIMI 1920 1 ARRAY SD \ scaled HPLC data
DIML 102 1 ARRAY PV \ HPLC peak values
DIML 25 1 ARRAY SV \ HPLC standard AA p

DP.REAL SCALAR RDPLOT.MAX \ raw data Y va

eak values

lue plot maximum

SCALAR FDPLOT.MAX \ filtered data Y value plot maximum

DP.REAL DIML 25 1 ARRAY CYCLE.VAL \ HPLC AA peak valuss

B@ STRING AA.RY.NAME N\ AA label for repetitive yield report

4@ STRING PROTEIN.NAME \ protein name label

40 STRING TYPE.NAME \ desta iype label

20 STRING EXEC.NAME \ string execution name

16 STRING CYCLE.NAME \ cycle name label

14 STRING FILENAME \ disk data filename

14 STRING AANAME \ AA name label

12 STRING LINEZ2.LABEL \ plot label

12 STRING LINEZ.LABEL \ plot label

12 STRING LINE4.LABEL \ plot label

2 STRING DRIVE.LETTER \ dist drive indicater

\ full name AA plot labels

14 STRING AA1 14 STRING AAZ 14 STRING AA3 14 STRING AA4 14 STRING AAS

14 STRING AABE 14 STRING AA7 14 STRING AAR 14 STRING AAY 14 STRING AATQ
14 STRING AAT! 14 STRING AAIZ 14 STRING AAITZ 14 STRING AA14 14 STRING AAIS
t4 STRING AAIE 14 STRING AA17 14 STRING AAIB 14 STRING AALY 14 STRING RAZ0Q
14 STRING AAZ! 14 STRING AAZZ 14 STRING AAZZ 14 STRING AAZ24 14 STRING AAZS
\ 2 letier code AA plot labels

2 STRING tAA 32 STRING 2AA 3 STRING ZAA 3 STRING 4AA 3 STRING GAA

3 STRING BAA 3 STRING 7AA 32 STRING BAA 3 STRING S9AA I STRING 10AA

3 STRING 11AA 3 STRING 1ZAA 3 STRING 13AA 2 STRING 14AA 3 STRING 15AA

2 STRING 16AA 3 STRING 17AA 3 STRING 18AA 3 STRING 18AA 3 STRING Z20AA

3 STRING Z21AA 3 STRING Z22AA 3 STRING 23AA 3 STRING 24AA 3 STRING 25AA

\ default parameters
19 #AAS
& AA.FIT.TIMES
B AA.POLY.TINES
5 LAG.POLY.TIMES
B NI
1740 PN
I PS ¢
® CYCLE.OFFSET :
8@ DATA.QFFSET :

o =
]

"=
1=
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EGAFLAG :=
HPFLAG :=
PAPERFLAG
PRINTFLAG
FOPLOTFLAG :=
S'FLAG :=
STDFLAG :=
SCALEFLAG :
FULLFLAG :=
FITFLAG :=
.@1 RDPLOT.MAX :=
.01 FDPLOT.MAX
I. AA.MAX.DISCARD :
.6 AA.MIN.DISCARD :=
1. ALPHA1 :=
20. ALPHAZ :=
. LOW.THRESH :=
1. STD.PMOL :=
@ RIP := ‘
0 RZP :=
@ CYCLE.POS :=
0. AA.RAW.DATA :
2
2
0
1

—-——89 - -0 88 —

. AA.BACK.DATA :=
. AA.STD.DEVH
. AA.STD.DEVZ :
. SV =
0. CYCLE.vAL :=
16 GRAPHICS.DISPLAY.MODE
-1 2 FIX.FORMAT

\ default full name AA lahels

" ASPARTIC ACID" AAT ":i= " ASPARAGINE" AAZ ":= ° SERINE" AAJ ":=

" GLUTAMINE" AA4 ":= " THREONINE" ARS ":= " GLYCIME" ARG ":=

" GLUTAMIC ACID" AA7 ":= " ALANINE" AAB ":= * HISTIDINE" AAZ ":=

" TYROSINE" AA1D ":= " ARGININE" AAll ":= " PROLINE® AAI2 ":=

" METHIONINE" AA13 “:= " VALINE" AA14 ":= “ TRYPTOPHAN" AAIS ":=

* PHENYLALANINE" AAIE ":= " ISOLEUCINE" AA17 ":= " LYSINE" AAIG ":=
" LEUCINE® AA1§ ":= " SERINE'" AA20 ":i= * " AAZI ":i= " * AA22 ":=
"UAA2E "i= " Y AAZA = " AAZS “i=

\ default 3 letter code AA labels

" fAsp” 1AA “":= * Asn" 2AA ":= ° Ser” 3AaA4 “:= " Gln® 4AA ":= " Thr' GAA “:
" Gly" BAA ":i= " Glu” 7AA  “i= " Ala’ 8AA “":= " His” 9AA "i= " Tyr" 10AA ":
“" Arg" 11AA ":= " Pro" 12AA ":= " Met" 13AA ":= " Ual" 14AA ":= " Trp" 1GAA ":=
" Phe" 16AA ":= " Ile" I7AA “:= " Lys" 18AA ":= " Leu” 19AA ":= " 5'° 20AA ":=

" " 21pA “i= = =

" t22RA M= "O23AA M= " Z24AA M= " 25RA i

\ Set graphics display colors.
: DISPLAY.COLORS

EGAFLAG
CASE
© OF 1 COLORY :=
I COLORZ :=
COLOR3 :=
COLOR4 :=
COLORS :=

1
1
1
{ COLORB := ENDOF

it 0

]
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1 OF 7 COLOR! :=

4 COLORZ

1 COLOR3 :

14 COLOR4 :=

13 COLORS :=

2 COLORG := ENDOF
ENDCASE
COLOR! COLOR

\ Set HP plotter colors.
¢ PLOT.COLOQORS

COLORt
COLOR2 :=
COLORT :=
COLOR4 :=
COLORS :=
COLORE :=

U~ N =

\ Change color display type.
:+ SET.EGAFLAG
." COLOR DISPLAY (@) OR ENHANCED COLOR DISPLAY (1) » " #INPUT DUP
EGAFLAG :=
CASE
@ OF 6 GRAPHICS.DISPLAY.MODE ENDOF
I OF 16 GRAPHICS.DISPLAY.MODE ENDOF
ENDCASE

\ Set graphics output parameters.
: BGET.HPFLAG

HPFLAG
CASE
9 OF GRAFPHICS.DISPLAY
AXIS.DEFAULTS
DISPLAY.COLORS
COLOR! COLOR
.15 .@ VUPORT.ORIG .8 1. YUPORT.SIZE ENDOF
1 OF HP7475
PLOT.COLORS
COLOR! COLOR
PLOTTER.DEFAULTS
®. @. VUPORT.ORIG 1. 1. UUPORT.SIZE
PAPERFLAG @ =
IF
7.65 10.3 PLOTTER.SIZE
DEVICE.INIT
THEN ENDOF
ENDCASE

§

\ Set graphics output site.
i SET.HPFLAG
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CR ." OQUTPUT TO DISPLAY (@) OR HP PLOTTER (1) > " ¥INPUT
HPFLAG :=
GET.HPFLAG

Set text output site.
SET.PRINTFLAG

CR- ." OUTPUT T0 DISPLAY (@) OR PRINTER (1) > " #INPUT DUP
PRINTFLAG :=
CASE
@ OF CONSOLE ENDOF
1 OF QUT>PRINTER ENDOF
ENDCASE »

Set HPLC plot data type.

¢ SET.FOPLOTFLAG

CR ." PLOT RAW (@) OR FILTERED (1) DATA > " #INPUT FDPLOTFLAG :=

Set HPLC plot window.

: SET.PS

CR ." ENTER PLOT OFFSET IN MINUTES > " #INPUT
N1 1@. * » | + P§ :=

CR ." ENTER PLOT RANGE IN MINUTES > " #INFUT
N1 10, * * PR :=

Set HPLC data start point offset.

¢ SET.DATA.OFFSET

CR ." ENTER DATA OFFSET IN PQINTS (" DATA.OFFSET . ." ) > " #INPUT
DATA.OFFSET :=

Set HPLC data file name offset.

: SET.CYCLE.OFFSET

CR ." ENTER CYCLE.OFFSET > " #INPUT
CYCLE.OFFSET :=

Set HPLC parameters.

: SET.HPLC.PARAMETERS

CR ." DATA ACQUISITION RATE (" N1 B / . ." ) > " $INPUT DUP B. » Nt :=
15 + PEAK.WINDOW :=

CR ." DATA OFFSET POINTS (" DATA.OFFSET . ." ) > " RINPUT DATA.OFFSET :=
CR ." CHROMATOGRAM MINUTES (" PN NI 1@. + / FIX . ." ) > " #INPUT

N1 1@. * * DUP PN := PR :=
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Change default full name AA labels.
SET.AANAMES
NORMAL .DISPLAY
CR .* AAl —-—- " AAl "TYPE . AAL4E -— " AAT4 "TYPE
CR ." AAZ -- " AAZ "TYPE ." AARTS -- " AAIS "TYPE
CR ." AA3 -~ " AA3 "TYPE ." AALE -— " AALE "TYPE
CR ." AA4 -- " AA4 "TYPE ." ARLT -- " AATT7 "TYPE
CR ." AAG -- " AAS “TYPE ." AAI8 -- " AAIB "TYPE
CR ." AABE ~-- " AAG "TYPE ." AA1S -~ * AAYTS "TYPE
CR ." AA7 -- " AAT "TYPE ." AAZ@ -- " AAZ20 "TYPE
CR ." AARB -- " AAB "TYPE .° AAZ21 -- " AAZ21 "TYPE
CR ." AAS -- " AA9 "TYPE ." AAZ2 -- " AAZ22 "TYPE
CR ." AAID —- " AALDG "TYPE ." AAZ3 ~- " AAZ3 "TYPE
CR ." AAT! -=- " AATL "TYPE ." AAZ4 -— " AAZ4 "TYPE
CR ." AA1Z -- " AAIZ “TYPE . AAZS —-- " AAZS "TYPE
CR ." AAI3 -~ " AAIZ "TYPE ." EXIT ROUTINE > 0"
CR CR ." AMINO ACID NUMBER > " #INPUT DUP AA% :=
e =
IF
ELSE

CR CR ." AMINC ACID NAME > "INPUT

" AA" AR .M 32 "COMPRESS "CAT EXEC.NAME ":=

EXEC.NAME “EXEC

MYSELF
THEN
Select full name AA label.
GET.AANAME
" AA" AAE ." 22 "COMPRESS "CAT EXEC.NAME ":=
EXEC.NAME "EXEC
AANAME ":= '
Change 3 letter code AA labels.
SET.AACODES
NORMAL .DISPLAY
CR ." 1AA -- " 1AA "TYPE ." 14AA -- " 14AA "TYPE
CR ." Z2AA -- " 2AA "TYFE ." 15AA -- " 15AA "TYPE
CR ." 3RA -- " ZAA "TYPE .° 16AA —= " 1BAA "TYPE
CR ." 4pAA -- " 4AA "TYPE ." 1784 —— " {7AA "TYPE
CR ." G&AA -- " GAA "TYPE ." 18AA -~ " 18AA "TYPRE
CR ." BAA -- " BAA "TYPE .“ 19AA -— " 18AA "TYPE
CR ." 7AA -- " 7AA “TYPE . 2886 -- " Z20AA "TYFE
CR ." B8AA -- " 8AA "TYPE ." 21AA -— " 21AA "TYPE
CR ." 8AA -~ " 8AA “TYPE ." 2284 -- " 22AA "TYPE
CR ." 10AA -~ " 1QAA "TYPE ." 23AA ~-=- " 23AA "TYPE
CR ." 11AA -- " 11AA "TYPE ." 2480 —— " 24AAR "TYPE
CR ." 12AA -- " 12AA "TYPE ." 25AA -- " Z5AA "TYPE
CR ." 13AA -~ " 13AA "TYPE .° EXIT ROUTINE > @ "

CR CR ." AMING ACID NUMBER > " #INPUT DUP AA% :=
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Q=
IF
ELSE

CR CR ." AMINDO ACID NAME > " "INPUT

AA% M. 32 "COMPRESS " AA" "CAT EXEC.NAME ":=

EXEC.NAME “EXEC

MYSELF
THEN

Select 3 letter code AA label.
: GET.HECODE

AARE "." 32 "COMPRESS " AA" "CAT EXEC.NAME ":=
EXEC.NAME "EXEC

Set raw data array parameters for fits.

: SET.SEQUENCE.PARAMETERS

CR ." TOTAL NUMBER OF CYCLES > " #INPUT #CYCLES :=
CR ." FIT IN ONE (1) OR TWO (2) SEGMENTS > " #INPUT DUP FITFLAG :=
1 =
IF
$CYCLES INDEX4 :=
ELSE
#CYCLES 2 / 5 + INDEX4 :=
THEN
Q INDEX3 :=
INDEX4 12 / FIX DUP AA.POLY.TIMES := 1 + AA.FIT.TIMES :=
AA.POLY.TIMES 2 < :
IF 2 AA.POLY.TIMES
AA.POLY.TIMES & >=
IF B AA.POLY.TIMES := 6 AA.FIT.TIMES := THEN
#CYCLES 15 / FIX DUP LAG.POLY.TIMES :=
0 =
IF 1 LAG.POLY.TIMES := THEN
CR ." NUMBER OF AMINO ACIDS > " #INPUT #¥AAS :=
CR ." PROTEIN NAME - AMOUNT > " "INPUT PROTEIN.NAME ":

THEN

Change default fit parameters.
SET.FIT.PARAMETERS

CR ." NUMBER OF FIT ITERATIONS (" AA.FIT.TIMES . ." ) > "
RINPUT AALFIT.TIMES 1=

CR ." DEGREE OF AA POLYNOMIAL FIT (" AA.POLY.TIMES . ." ) > "
$#INPUT AA.POLY.TIMES :=

CR ." DEGREE OF LAG POLYNOMIAL FIT (" LAG.POLY.TIMES . ." ) > "
$INPUT LAG.POLY.TIMES :=

CR ." HIGH DISCARD LEVEL (" AA.MAX.DISCARD . ." ) &

$INPUT AA/MAX.DISCARD :=

CR .” LOW DISCARD LEVEL (" AA.MIN.DISCARD . ." ) > °

#INPUT AA.MIN.DISCARD :=
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Calculate background vs cycle for each AA in raw data set.
Generate AA.BACK.DATA values.
Generate AA.STD.DEV values from linear polynomial fit to AA.BACK.DATA values.
Normalize AA.BACK.DATA values using AA.STD.DEV array values.
Generate display plots of raw and fitted AA values vs cycle.

: AAR.BACK.FIT

GRAPHICS.DISPLAY
DISPLAY.COLORS
FITFLAG @ DO

#8AS 1 + 1 DO \ Loop will repeat for each AA.

STACK.CLEAR

INDEX4 DUP DUP

POINTSt := POINTSZ :=

REAL RAMP

AA.FIT.INDEX SUBL t , INDEX4 1 := \ Initialize fit array index.
INDEX4 @ DO \ Fill fit array with AA values.

AA.RAW.DATA [ J I INDEX3 + #AAS * + 1 \ Get AA value from AA.RAW.DATA.
AALFIT.DATA [ I 1 + 1 := \ Load into fit array.

LOOR
AA.FIT.DATA SUBL 1 , INDEX4 1
AA.WORK.DATA SUBL 1 , INDEX4 1 := \ Make working copy of fit array.

Q. STD.DEV.WORK := \ Initialize working standard deviation array.
AAFIT.TIMES © DO \ Loop through iterations of polynomial fit.

STACK.CLEAR

STD.DEV.WORK [ 192 1 ©. > \ Check for fit stop flag.

IF LEAVE THEN \ Leave loop after this fit iteration if stop flag was set
\ in previous iteration.

AA.FIT.INDEX SUBL 1 , POINTS! 1 \ X index values.

AAFIT.DATA SUBL 1, POINTSY 1 N Y raw valuss.

AA.POLY.TIMES LEASTSQ.POLY.FIT \ Least squares polynomial fit,.

INDEX4 REAL RAMP SWAP POLYI[X1 DUP \ Generate Y fit values
\ over entire range of cycles.

AA.POLY.DATA SUBL 1 , INDEX4 ] := \ Make copy of fit values.

AA.FIT.INDEX SUBL 1 , POINTS! 1 \ Select fit values at cycles
LOOKUP \ with acceptable data points.

AA.FIT.DATA SUBL 1 , FOINTS! 1 \ Calculate residuals between

SWAP - DUP \ fit and raw data.

AA.RESIDS SUBL 1 , POINTS! 1 := \ Male copy of residuals.

VARTANCE SQRT DUP DUP \ Calculate standard deviation.
AA.STD.DEV = \ Load value into AA.STD.DEV.
CR . \ Display value on monitor.
STD.DEV.WORK T I 1 + 1 := \ Load value into STD.DEV.WORK.
I @ %>\ Is this other than first fit?
IF \ If so, test for stop condition by calculating ratio
\ between standard deviation for this and previous fit.
STO.DEV.WORK [ I 1t + 1 2 » STD.DEV.WORK [ I 1 >
IF N If ratio is < 2 set stop flag.
t. STD.DEV.WORK [ 10 1 :=
THEN
THEN
I1 @ =\ Is this first iteration?
IF \ If so, lower acceptable raw values will be within .
N L2 x AALMIN.DISCARD standard deviation units of fit.
AA.RESIDS SUBL 1 , POINTS! 1 AA.MIN.DISCARD 5. / NEG *
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ELSE N If not, lower acceptable raw values will be within
\ AA.MIN.DISCARD standard deviation units of fit.

AA.RESIDS 5UBL t , POINTS! 1 AA.MIN.DISCARD NEG =
THEN
AA.STD.DEV L<1 \ Find lower acceptable raw values.
AALRESIDS SUBL | , POINTS! 1 AA.MAX.DISCARD *

AA.STD.DEV [<]1 \ Find upper acceptable raw values.

MIN DUP \ Find lower AND upper acceptahble raw values.

[ ISUM POINTSZ := \ Count them and set subarray index.

TRUE.INDICES \ Use indices of acceptable raw values

AAFIT.INDEX SUBL 1 , POINTS! 1 \ to find corresponding

SWAP LOGCKUP DUP \ fit array index values.

AA.FIT,INDEX SUBL 1 , POINTSZ 1 := \ Reset X values for next iteration.
AA.WORK.DATA SUBL 1 , INDEX4 1 \ Use reset X values to

SWAP LOOKUP \ select new Y values.

AA.FIT.DATA SUBL 1 , POINTSZ 1 := \ Reset Y valuss for next iteration.
POINTSZ2

POINTS! := \ Reset subarray index.

0P

LORZ2 COLOR

DEX4 REAL RAMP INDEX3Z +

WORK.DATA SUBL 1 , INDEX4 1}

LAUTO.PLOT \ Plot raw data.

LOR3 COLOR

DEX4 REAL RAMP INDEXZ +

.POLY.DATA SUBL 1t , INDEX4 1}

.DATA.PLOT \ Plot fit data.

-WORK.DATA SUBL | , INDEX4 1 \ Take work array data.
.POLY.DATA SUBL 1t , INDEX4 ] ~ DUP \ Subtract fit array data.
WORK.DATA SUBL 1 , INDEX4 ] := \ Make background subtracted
LFIT.OATA SUBL 1, INDEX4 1 := \ work and fit array data sets.
ACK.CLEAR

DEX4 DUP DUP \ Prepare to calculate standard deviation of linear

POINTS! := POINTSZ := \ fit to background corrected data.
REAL RAMP
AALFIT.INDEX SUBL t , INDEX4 1 := \ Initialize fit array index.
AA.POLY.TIMES 2 =
IF
2
ELSE
3
THEN
@ DO \ Loop through 2 or 3 iterations of polynemial fit.

STACK.CLEAR

AA.FIT.INDEX SUBL 1 , POINTSt ] \ X index values.

AA.FIT.DATA SUBL t , POINTS! 1 \ ¥ raw values.

t LEASTSQ.POLY.FIT \ Least squares polvnomial fit.

INDEX4 REAL RAMP SWAP POLYIX] DUP \ Generate Y fit values over
\ entire range of cycles.

AA.POLY.DATA SUBL t |, INDEX4-1 := \ Make copy of fit values.

AA.FIT.INDEX SUBL 1 , POINTS! 1 \ Select fit values at cycles
LOOKUF \ with acceptable data points.

AA.FIT.DATA SUBL 1 |, POINTSI ] \ Calculate residuals betuween

SWAP - DUP \ fit and raw data.

AA.RESIDS SUBL 1 , POINTST ] := \ Make copy of residuals.

UARIANCE SQRT DUP \ Calculate stsndard deviation.
AA.STD.DEV := \ Load value into AA.STD.DEV.
CR . \ Display value on monitor.
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1 @@=\ 1Is this first iteration?
IF \ If so, lower acceptable raw values will be within
\ .4 x AA.MIN.DISCARD standard deviation units of fit.
AA.RESIDS SUBL 1 , POINTS! 1 AA.MIN.DISCARD 2.5 / NEG *
ELSE \ If not, lower acceptable raw values will be within
\ AA.MIN.DISCARD stendard deviation units of fit.

AALRESIDS SUBL | , POINTS! 1 AA.MIN.DISCARD NEG =«
THEN
AA.STD.DEV [<1 N Find lower acceptable raw values.
AA.RESIDS SUBL 1 , POINTS! 1 AA.MAX.DISCARD »

AA.STD.DEV (<) \ Find upper acceptable raw values.

MIN DUP \ Find lower AND upper acceptable raw values..

[ JSUM POINTS2 := \ Count them and set subarray index.
TRUE.INDICES \ Use indices of acceptable raw

AAFIT.INDEX SUBL 1 , POINTS! 1 \ values to find corresponding
SWAP LOOKUP DUP \ fit array index values.

AALFIT.INDEX SUBL 1 , POINTSZ 1 := \ Reset X values for next iteration.
AA.WORK.DATA SUBL ! , INDEX4 1 \ Use reset X valuss to

SWAP LOOKUP \ select new Y values.

AA.FIT.DATA SUBL | , POINTSZ 1 := \ Reset Y values for next iteration.
POINTS2

POINTSY := \ Reset subarray index.

Loor
AA.FIT.DATA SUBL 1 , POINTS2 1 \ Calculate standard deviation
UARTANCE SQRT \ of acceptable data points.
DUP AA.STD.DEV :=
INDEX3 @ =
IF
oM :=
AA.STD.DEVY T I 1 := \ Load value into AA.STD.DEVI.
ELSE
5M =
AALSTD.DEVZ T I 1 := \ Load value intoc AA.STU.DEVUZ.
THEN
INDEX4 M DO \ Load bachkground corracted-normali-ad data into AA.BACK.DATA.

AA.WORK.DATA [T I 1 + 1 \ Get baclkground corrected data value.
AA.STD.DEV / \ Divide by standard deviation.
AABACK.DATA [ J 1 INDEX3 + #AAS » + 1 := \ Load into AA.BACK.DATA.

Loor
LOOP
INDEX4 1@ - INDEX3 :=
#CYCLES INDEX4 - 1Q + INDEX4 :=

LOOP

Generates best guess sequence call from AHLCBACE  DATA,

\ Uses sequence call to fill BETA.VAL with raw lag values.

Fits BETA.VAL to polynomial to generate fit lag velues.
CALCULATE.LAG

STACK.CLEAR :

LAGCYCLES CYCLE# + #CYCLES > \ Set start/stop limits for seguence
IF #CYCLES CYCLE# - LAGBCYCLES := THEN \ call/lag calculation loop.
LAGCYCLES CYCLE# + CYCLE# DO \ Generate raw lsg data array.

*¥PAAS 1 + 1 DO \ Get values for every AA in an individual cycle.
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AALAG.DATA [ I #AAS J 1 - * + 1 \ Get AA value from data array.
CYCLE.VAL [ I 1 := \ Load into CYCLE.VUAL.
LOOP
CYCLE.VAL SUBL 1 , #AAS 1

SORTRINDEX \ Sort CYCLE.VAL values.

[ $AA5 1 AAL = \ Get number of AA with highest value.

[ #AAS 1 \ Get value of this AA.

AA.BACK.DATA [ AAY #AAS T * + 1 \ Get value of this AA in next cycle.
SWAP 7/ \ Take ratio (Yn+1/Yn).
"BETAWWAL [ I 1 =\ Load into raw lag data array.

LOOP
#CYCLES 1t - REAL RAMP \ X index values.
BETA.VAL SUBL 1 , #CYCLES { - T \ Y raw lag values.

LAG.POLY.TIMES LEASTSG.POLY.FIT \ Least squares polynomial fit.
#CYCLES 1 - REAL RAMP

SWAP

POLYLX] DUP \ Generate fitted lag values.

BETA,FIT SUBL 1 , #CYCLES 1 - 1 := \ Make copy of fitted lag values.
BETA.UAL SUBL 1 , #CYCLES ! - 1 \ Calculate standard deviation

=~ VUARIANCE SQRT \ between raw and fitted lag values.

STD.DEV := \ Make copy of standard deviation.

BETA.VAL SUBL t , #CYCLES 1 ~ 1 \ Make working copy of fitted lag values.
BETA.WORK SUBL t , #CYCLES 1 - 1 :=

#CYCLES | DO \ Find and mark unacceptable raw lag values.

BETA.FIT [ I 1 \ Get fitted lag value.
BETA.VAL [ I 1 \ Get raw lag value.
- DUP * SQRT \ Calculate absolute value of difference.
STD.DEV > \ Is difference larger than fit standard daviation?
IF \ If so0,

@. BETALWORK [ 1 1 := \ set raw lag value to 0.

THEN
LOOP
BETA.WORK SUBL 1 , #CYCLES | - 1 @. [+<~] \ Find indices of non-zero values
TRUE.INDICES \ to serve as new X axis index.
DUP
BETA.WORK SUBL 1 , #CYCLES | - 1 \ Find non-zerc values to serve

SWAP LOOKUP \ as new Y lag values.

LAG.POLY,TIMES LEASTSQ.POLY.FIT \ Repeat least squares fit.
#CYCLES 1 ~ REAL RAMP

SWAP

POLYIX1 \ Generate revised fitted lag values.

BETA.FIT SUBL 1 , $CYCLES 1 - 3 :i= \ Make copy of these values.

For current cycle (n), use fitted lag value from BETA.FIT (cycle nt+!) to
calculate lag values for subsequent cycles (n+i),

For current cycle, call sequence; use lag to assist call.

Use actual value of sequence AA and theoretical lag values to correct
data array (cycles n through n+i).

CORRECT.LAG

STACK.CLEAR

I LABCYCLES := \ Initialize counter.

@. BETA.DATA := \ Initialize theoretical lag ratios,
BETA.FIT [ CYCLE# 1 DUP DUP

BETA.POINT :=
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BETA.DATA [ 1 1 := \ Store (Yn+l/Yn).
CYCLE% /
BETA := \ Calculate (Yn+i1/Yn/n).
CYCLE# #CYCLES 1 —- < \ Chechk to see if there are more cycles in data array.
IF \ If s0, calculate (Yn+i/¥Yn).
t1 2 DO
I LAGCYCLES :=
CYCLE# I + | - I / BETA * BETA.POINT % DUP \ Calculate next (Yn+i/¥n).

BETA.PQINT :=

.01 <\ Is this value less than .017

IF LEAVE THEN \ If so, exit loop after this value.

BETA.POINT

BETA.DATA [ I 1 := \ Store (Yn+i/Yn).

I CYCLE® t + + #CYCLES > \ Check to see if there are more cycles.
IF LEAVE THEN \ If not, exit loop.

LOOP
THEN
#AAS 1 + 1 DO \ Fill CYCLE.VAL array with AA values for current cycle.

AA.LAG.DATA [ I #AAS CYCLE% ) - * + 1 \ Get AA value.
CYCLE.VAL [ T 1 := \ Load into CYCLE.VAL array.

LOOP

CYCLE.vVAL SUBL 1 , #AAS ]

SORT&INDEX \ Sort CYCLE.VAL values.

SUBL #AAS 2 - , 3 1 CYCLE.VAL SUBL 7 , 3 1 := \ Select 3 largest
_SUBL #AAS 2 - , 3 1 CYCLE.VAL SUBL 4 , 3 1 := \ CYCLE.VAL values.

CYCLE.VAL L 6 1 CYCLE.VAL [ 51/ 3 < \ Is largeat value < 3 times
\ size of next largest value?
IF \ If so, check to see if addition of lag will affect sequence call.
CYCLE.VAL SUBL 4 , 3 1 CYCLE.VAL SUBL 1 , 3 1 := \ Make working
\ copy of 3 largest values.

- : . -

3 1 DO\ Test effect of lag correction on 3 largest values.
11 1 D0

CYCLE.VAL [ J 3 + 1 BETA.DATA [ I 1 * \ Calculate theoretical (Yn+i).
BETA.POINT := \ Make copy of this value.
CYCLE.VAL [ J B + 1 #AAS CYCLE# ' - I + * + \ Calculate array index
N\ of (Yn). )
INDEX2 :="\ Make copy of this value.
AA.LAG.DATA [ INDEXZ 1 0. >= \ Is actual (Yn+i) > @7
IF \ If so0, make correction.
AA.LAG.DATA [ INDEX2 1 BETA.POINT > \ Is actual (¥Yn+i) >
\ theoretical (Yn+i)?
IF N\ If so,
CYCLE.VUAL [ J 1 BETA.POINT + \ add theoretical
CYCLE.WAL [ J 1 := \ (Yn+i) to (Yn).
ELSE N\ If not,
CYCLE.VAL [ J 1 AA. LHG DATA [ INDEXZ2 1 + \ add
CYCLE.WAL [ J 1 := \ actual (Yn+i).
THEN
THEN
BETA.DATA [ I 1 + 1 .@! < \ Is next fitted lag value: .017
IF LEAVE THEN \ If so, exit loop.

LOOP

Loopr
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CYCLE.vAL SuBL 1 |, 3 1
SORTRINDEX \ Sort lag corrected AA values,
[ 3 1 INDEX! := \ Pick largest of thess.

CYCLE.VAL [ INDEX! & + 1 AAt := \ Set AA number.
CYCLE.VAL [ INDEX! 3 + 1 AA.VAL := \ Set AA acid valus,
ELSE \ If largest is clearly largest, call it the sequence residue.
CYCLE.VAL [ 9 1 AA# := \ Set AA number.
CYCLE.VAL [ B ] AA.VAL := \ Set AA value.
THEN

11 1 D0 \ Correct AA.LAG.DATA array values.

AA.VAL BETA,DATA [ I 1 *+ \ Calculate theorstical (Yn+i).
BETA.POINT := \ Make copy of this value.
AA¥ #AAS CYCLE# 1| - » + DUP \ Calculate array index of (Yn).
INDEXt := \ Make copy of this value.
$¥AAS T * + \ Calculate array index of (Yn+i).
INDEXZ := \ Make copy of this value.
AA.LAG.DATA [ INDEXZ 1 0.000! »>= \ Is actual {Yn+i) non-negative?
IF \ If so, make correction.
AA.LAG.DATA [ INDEX2 1 BETA.POINT > \ Is actual (Ynti) >
\ theoretical (Yn+i)?
IF \ If so,
AA.LAG.DATA [ INDEXZ2 1 BETA.POINT - \ subtract theoretical (Yn+i)
AA.LAG.DATA [ INDEXZ2 1 t= \ from actual (Yn+i) and N
AA.LAG.DATA [ INDEX! 1 BETA.POINT + \ add thecretical (¥Yn+i) to
AA.LAG.DATA [ INDEX! 1 := \ actual (Yn).
ELSE AA.LAG.DATA [ INDEX! 1 AA.LAG.DATA [ INDEXZ 1 + N\ If not, add
AA.LAG.DATA [ INDEX! 1 := \ actual (¥Yn+i) to (¥Yn) and
0.0001 AA.LAG.DATA [ INDEXZ2 1 := \ set actual (Yn+i) to 0.
THEN
THEN
BETA.DATA [ 1 1 + 1 .01 < \ Is next fitted lag value less than .17
IF LEAVE THEN \ If so, exit loop.

LOOP

\ Generates lag/background corrected data array.
¢ REMOVE.LAG

NORMAL .DISPLAY

STACK.CLEAR

AA.BACK .DATA SUBL 1| , #CYCLES #AAS =+ 1 \ Get AA.BACK.DATAH.

AA.LAG.DATA SUBL 1 , #CYCLES #AAS * ) := \ Set working copy of AA.LAG.DATA
\ that will be corrected one cycle at a time.

#CYCLES 1 -

LAGCYCLES := \ Initialize upper limit for CALCULATE.LAG loop.
#CYCLES 1 DO

I . \ Display cycle number on monitor.

I CYCLE# := \ Set current cycle for lag correction.
CALCULATE.LAG \ Calculate fitted lag values for this iteration.
CORRECT.LAG \ Correct AA.LAG.DATA for current cycle.

LGOP

\ Correct AA.RAW.DATA array for HFLC sampling errors.
INJECT.CORRECT



4,852,017
47 48

NORMAL .DISPLAY

#CYCLES © DO

STACK.CLEAR S
£AAS 1 + 1 00 \ Fill CYCLE.VAL with AA values for individual cycle.

AA.LAG.DATA L I J 19 » + 1 \ Bet AA value from AA.LAG.DATA,
CYCLE.VAL [ I 1 := \ Load into CYCLE.VAL.

LOOR

CYCLE.VAL SUBL 17, #AAS ]

SORT \ Sort CYCLE.VAL.

SUBL | , #AAS 2 - 1 \ Calculate avarage of all but

[ISUM #AAS 2 - / DUP \ 2 highest AA values in CYCLE.VAL.
INJECT.DEV := CR . \ Mate copy of this value and display on menitor.

¥AAS 1 + 1 DO \ Correct each AA value in current cycle in AA.RAW.DATA

\ based on this calculated CYCLE.VAL average. MNew AA.RAW.DATA
\ value is (old value - [average x AA standard deviationl).
AA.RAW.DATA [ I J #AAS * + 1 INJECT.DEV
FITFLAG 2 = J #CYCLES 2 / FIX > AND
IF
AASTD.DEVZ [ T 1
ELSE
AASTD.DEVI T 1 13
THEN
* - AALRAW.DATA [ I J #AAS * + ] :=

LOGP

LOOP

\ Select AA data array for calculations.
: SET.AAR.DATA.TYPE

NORMAL .DISPLAY

CR ." 1 -- RAW DATA" :

CR ." 2 -- BACKGROUND CORRECTED DATA"

CR ." 3 -- LAG/BACKGROUND CORRECTED DATA"
CR ." 4 -- RAW PEAK POSITION DATA"

CR CR ." CHOICE > " ®INPUT TYPEH :=

\ Set AA data for calculations.
: USE.DATA.TYPE

TYPES

CASE
I OF AA.RAW.DATA ENDOF
2 OF AA.BACK.DATA ENDOF
3 OF AA.LAG.DATA ENDOF
4 OF AA.POS.DATA ENDOF

ENDCASE

\ Calls sequence use choice of AA data arrays.

\ Generates arrays of AA numbers and values from seguence calls.
\ Outputs sequence to choice of monitor and/or line printer.
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: CALL.SEQUENCE
STACK.CLEAR
SET.AA.DATA.TYPE \ Select AA data arravy.
SET.PRINTFLAG CR \ Select output mode.
PROTEIN.NAME "TYPE CR CR

1 INDEX1 := \ Inmitializes monitor full? counter.
#CYCLES 1 + 1 DO

$AAS 1 + 1 DO \ Fill CYCLE.VAL with AA values from individual cycle.

USE.DATA.TYPE \ Get AA value from specified data array.
[ 1T %AAS J 1 = » + ]
CYCLE.WAL [ I J := \ Load into CYCLE.VUAL.

LOoP

CYCLE.VAL SUBT 1 , #AAS ]

SORT&INDEX \ Sort CYCLE.VAL values.

[ #AAS 1 SEQUENCE# [ I 1 := \ Load number of highest AA in SEQUENCE%.

[ #AAS 1 SEQUENCE.VAL [ I 1 := \ Load value of highest AA in SEQUENCE.VAL.
SEQUENCE# [ I 1 AA% :=

GET.AANAME \ Get name of AA.

3 0 FIX.FORMAT I "." "TYPE \ Print cycle number,
9 1 FIX.FORMAT SEQUENCE.UAL [ I 1 "." "TYPE \ AA value,
L " AANAME "TYPE CR \ and AA name.

INDEX1 1t + INDEX! := \ Increment monitor full? counter.
INDEX! 24 >\ Is monitor full?
IF \ If so,
1 INDEX1 := \ reset counter,
PRINTFLAG @ = \ and if output is to monitor only
IF \ pause to allow viewing.
" HIT ANY KEY TO CONTINUE"
PCKEY 7DROP DROP
NORMAL .DISPLAY
THEN
THEN

LoorP

PRINTFLAG 0 =

-1 2 FIX.FORMAT

IF \ If output is to monitor only,
CR ." HIT ANY KEY TO CONTINUE" \ pause to allow viewing seguence,
PCKEY 7?DROP DROP

ELSE
12 EMIT \ else advance paper and return to monitor only output.
CONSOLE

THEN

Set plot labels.

¢ SET.LABELS

TYPE#
CASE
- 1 OF " (PEAK" LINEZ.LABEL ":=

" AMOUNT" LINE3.LABEL ":=

" pmol)" LINE4.LABEL ":=

" RAW DATA " TYPE.NAME ":= ENDOF
QF " (STD." LINE2.LABEL ":=

" DEV." LINE3.LABEL ":=

3% ]
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" UNITS)" LINE4.LABEL ":=

* BACKGROUND CORRECTED DATA" TYPE.NAME ":=
S OF " (STD." LINEZ.LABEL ":=

" DEV." LINE3.LABEL ":=

" UNITS)" LINE4.LABEL ":=

" LAG/BACKGROUND CORRECTED DATA" TYPE.NAME "

ENDCASE

Plot labels.

¢ PLOT.LABELS

SET.LABELS

.0t .55 POSITION " AMOUNT" LABEL
.01 .5 POSITION LINEZ.LABEL LABEL
.@1 .475 POSITION LINE3.LABEL LABEL
.01 .45 POSITION LINE4.LABEL LABEL
.5 .86 POSITION PROTEIN.NAME LABEL

Plot AA values vs. cycle - core routine.

: PLOT.AA.DATA.CORE

STACK.CLEAR
VUPORT.CLEAR
TYPEE 1 =
IF
SU [ ARE 1 AALVAL :=
ELSE
1 AA.VAL =
THEN
#CYCLES @ DO

USE.DATA.TYPE
[ AAE T ¥AAS » + 1]
DUP
AALUAL / AA.WORK.DATA [ I 1 + 1 :=
AA.BACK.DATA [ AA% I $AAS * + ]
FITFLAG 2 = I #CYCLES 2 / FIX > AND
IF

AA.STD.DEVZ [ AA% ]
ELSE

AA.STD.DEVI [ AAR ]
THEN
. -

AALVAL /7 AALPOLY.DATA L I 1 + 1 :=

LOOP
GET.AANAME
#CYCLES REAL RAMP
AA.WORK.DATA SUBL | , #CYCLES 1
[ IMIN DUP
0. <
IF
NEG AA.WORK.DATA SUBL 1 , $CYCLES 1 +
ELSE
OROP AA.WORK.DATA SUBL | , #CYCLES 1}

THEN

ENDOF

ENDOF

52
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XY.DATA.FIT
XY.AXIS.PLOT
COLOR3 COLOR
" o" SOLID&SYMBOL
AA.WORK.DATA SUBL | , #CYCLES 1
Y.DATA.PLOT
SOLID
TYPE$ | =
IF
COLOR2 COLOR
AA.POLY.DATA SUBL 1 , #CYCLES 1
Y.DATA.PLOT
THEN
HPFLAG 1 =
IF
COLOR! COLOR
NORMAL . COORDS
.02 .06 POSITION AYMAX "." “ FULL SCALE" "CAT LABEL
.5 .06 POSITION " CYCLE" LABEL
PLOT.LABELS
.5 .9 POSITION AANAME LABEL
TYPE® 1 =
IF

TYPE.NAME " WITH CALCULATED BACKGROUND " "CAT TYPE.NAME ":=

THEN

.5 .84 POSITION TYPE.NAME LABEL
ELSE

SCREEN.CLEAR

. AMINO ACID"

CR ." NUMBER >" AA% .

CR CR AYMAX .

CR ." FULL"

CR ." SCALE"
THEN

Plot AA values vs., cycle.
: PLOT.AA.DATA

CR ." NUMBER OF CYCLES » " #INPUT #CYCLES :=
SET.AA.DATA.TYPE
- SET.HPFLAG

CR CR ." AMINO ACID"

CR ." NUMBER > " #INPUT AA% :=

100 @ DO

R

()

PLOT.AA.DATA.CORE
CR CR CR ." AMINO ACID"
CR ." NUMBER > " #INPUT DUP AAt :=
Q:
IF
LEAVE
ELSE
GET.HFFLAG
THEN

L.OOP
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\ Bar plot AA values for |
: BAR.PLOT.CYCLE.VAL.CORE

STACK.CLEAR
VUPORT.CLEAR
CR .* AUTO (G) OR"
CR ." FIXED (1)"
CR ." SCALE >
1 =
IF

CR CR ."
THEN
HPFLAG 1 =
IF

CYCLE SCALE

4,852,017

" $INPUT DUP SCALEFLAG

HORTZONTAL NO.LABELS

INDEXT 2 =
IF

" CYCLES " CYCLE® t - ".”

CYCLE.NAME ":=
ELSE
" CYCLE
CYCLE.NAME ":=
THEN
THEN
SCALEFLAG 1 =
IF
6@ REAL RAMP DUP

" CYCLE# ".

"CAT

1 - B0 / CYCLE.SCALE «

XY.DATA.FIT

XY.AXIS.PLOT
THEN
COLOR2
2 0 00

COLOR

¥AAS 1+ 1 DO
USE.DATA.TYPE
[ I CYCLE# INDEX1
TYPEY | =
IF
SV [
THEN
CYCLE.VAL T I 1

I 17

LOOP
$AAS REAL RAMP 3 *
CYCLE.vVAL SUBL 1t ,
SCALEFLAG 1 =
IF
XY .DATA.BAR
ELSE
102-=
IF
XY.AUTO.BAR
ELSE
XY.DATA.BAR
THEN
THEN
INDEX1 2 =
IF
CYCLE# 1

+ CYCLE% :

- #AAS * + )

I__

$AAS ]

"CAT

n

or 2 cycles - core routine.

> " #INPUT CYCLE.SCALE :=

"CAT CYCLE® ".

"

56
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COLOR3 COLOR
ELSE

LEAVE
THEN

LOOP
HPFLAG | =
IF
COLORt COLOR
NORMAL .COORDS
.162 .1 POSITION 1AA LABEL

.202 .1 POSITION 2AA LABEL
.242 .1 POSITION 3AA LABEL
.282 .1 POSITION 4AA LABEL
.322 .1 POSITION SAA LABEL
.262 .1 POSITION BAA LABEL
.402 .1 POSITION 7AA LABEL
.442 .1 POSITION 8AA LABEL
.482 .1 POSITION SAA LABEL
.522 .1 POSITION 10A8A LABEL
.562 .1 POSITION 11AA LABEL
.5@2 .1 POSITION 12AA LABEL
.642 .1 POSITION 13AA LABEL
.582 .1 POSITION 14AA LABEL
.722 .1 POSITION 15AA LABEL
.762 .1 POSITION 16AA LABEL
.802 .1 POSITION 17AA LABEL
.842 .1 POSITION 18AR LABEL
.882 .1 POSITION 19AA LABEL
"#AAS 20 =
IF

.922 .1 POSITION 20AA LABEL
THEN

PLOT.LABELS
.5 .9 POSITION CYCLE.NAME LABEL
.5 .84 POSITION TYPE.NAME LABEL

.02 .06 POSITION AYMAX "." " FULL SCALE"™ "CAT LABEL
ELSE :

SCREEN.CLEAR °

." CYCLE"

CR ." NUMBER >" CYCLE® .

CR CR AYMAX .

CR ." FULL"

CR ." SCALE"
THEN

Bar plot AA values for 1 or 2 cycles.
: BAR.PLOT.CYCLE.VAL

SET.AA.DATA.TYPE

CR ." SINGLE (1) OR DOUBLE (2) CYCLE > " #INPUT INDEX! :=
SET.HPFLAG

CR CR ." CYCLE"

CR ." NUMBER » " #INPUT CYCLE#% :=

102 @ DO

BAR.PLOT.CYCLE.VAL .CORE
CR CR CR ." CYCLE"
CR ." NUMBER > “ #INPUT DUP CYCLE% :=
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0 =
IF

LEAVE
ELSE

GET.HPFLAG
THEN

Loop
ONERR:
BELL
NORMAL .DISPLAY
CR ." ERROR #:" ?ERROR% . ." DETECTED"
CR ." FIXED PLOT SCALE MAY BE TOO LOW®
CR ." HIT ANY KEY TO CONTINUE"
PCKEY ?7DROP DROP
MYSELF

\ Plot cumulative lag vs. cycle.
: PLOT.LAG.DATA

STACK.CLEAR

SET.HPFLAG

#$CYCLES 1 - REAL RAMP

BETA.WORK SUBL 1 , #CYCLES t ~ 1 100 +
XY.DATA.FIT

XY.AXIS.PLOT
COLOR3 COLOR
" +" SYMBOL
BETA.WORK SUBL 1
Y.DATA.PLOT
COLORZ COLOR
SOLID
BETA.FIT SuBL t , #CYCLES 1 - 1 100 +
Y.DATA.PLOT
HPFLAG 1 =
IF

COLORt COLOR

NORMAL .COORDS

.5 .05 POSITION " CYCLE" LABEL

.92 .6 POSITION " LAG" LABEL

.025 .55 POSITION " (%)" LABEL

.5 .96 POSITION PROTEIN.NAME LABEL

.5 .9 POSITION " CUMULATIVE CYCLE LAG DATA" LABEL
THEN
CR ." HIT ANY KEY"
CR ." TO CONTINUE"
PCKEY 7?DROP DROP

, ®CYCLES 1 ~ 1 100 »

\ Calculate repetitive vield for each AA with multiple cycles,.
\ Display on monitor or print to line printer.
¢+ PRINT.REP.YIELD

SET.PRINTFLAG \ Set output device.

PRINTFLAG @ = .

IF NORMAL.DISPLAY THEN

CR PROTEIN.NAME “TYPE CR CR

$AAS 1 + 1 DO \ Test each amino acid for repeats calls.
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STACK.CLEAR

{ INDEX!1 := \ Reset counter for number of calls.
#CYCLES t + 1 DO

SEQUENGCE# [ I 1 J = \ Does call for this cycle match loop index?
IF \ If so,
I AA.FIT.INDEX { INDEX! 1 := \ record this cycle number in AA.FIT.INDEX
SEQUENCE.VAL [ I 1 AA.FIT.DATA [ INDEX! 1 := \ and record its value
\ in AA.FIT.DATA.
INDEX1 1 + INDEX! := \ Increment number of calls counter.
THEN

LOOP
INDEX!1 2 > \ Were any repeats found for this amino acid?
IF \ If so, calculate and print repetitive yield.
INDEX! 3 = \ Were only 2 calls made for this amino acid?
IF \ If so, calculate repetitive yield by nth root.
AA.FIT.DATA [ 2 1 AA.FIT.DATA L ¥ 1 / LN \ Calculate natural log
N oof (YJ)/(Yi),
AA.FIT.INDEX [ 2 1 AA.FIT.INDEX [ 1 1 - /7 EXP 100@. *« \ Divide this
\ by (j-i), take exponential, and multiply by 100 {o get percent.
REP.YIELD := \ Set repetitive yield value. .
ELSE \ If not, calculate repetitive yield by least squares.
AA.FIT.INDEX SUBC t , INDEX! 1 - 1.\ Get ¥ values.
AA.FIT.DATA SUBL 1 , INDEX! | - 1 \ Get Y values.
LEASTSQ.EXP.FIT \ Parform least sguares exponential fit.
[ | 1 EXP 100. # \ Take exponential of slope term and multiply
\ by 100 to get percent.
REP.YIELD := \ Set reapetitive yield value.
THEN
I AAE = \ Get AA number for this round.
GET.AANAME \ Look up full AA name.

AANAME " (" “CAT AA.RY.NAME “:= \ Add left parenthesis to name.
INDEX! 1 DO
AA.RY .NAME AA.FIT.INDEX [ I 1 FIX “." "CAT AA.RY.NAME ":=
\ Add number of called cycle to name.
I INDEX!1 1 - < \ Are there more called cycles?
IF \ If s0,
AA.RY.NAME " ," "CAT AA.RY.NAME ":= \ add comma,.
ELSE \ If not,
AA.RY.NAME " Y * "CAT AA.RY.NAME ":= \ add right parenthesis
THEN
Loor
5 1 FIX.FORMAT REP.YIELD "." "TYPE ." % " AA.RY.NAME "TYPE CR \ Print

\ repetitive yield, AA name, and cycle numbers.
-1 2 FIX.FORMAT
THEN

Loagr
PRINTFLAG | =
IF 12 EMIT THEN
CONSOLE \ Return output to monitor.
CR ." HIT ANY KEY TO CONTINUE"
PCKEY 70R0OP DROP \ Pause for keyboard input.

Retriave HPLC data from disk.

¢ GET.CHROMATOGRAM
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FILENAME DEFER> FILE,QPEN
STOFLAG 1 =
IF

SET.HPLC.PARAMETERS
THEN
t SUBFILE FILE>UNNAMED.ARRAY SUBL DATA.QFFSET , PN 1 RD SUBL 1 , PN ] :=
FILE.CLOSE
STACK.CLEAR

House convolution routine.

¢ HOUSE

{ISIZE M := \ Get size of HPLC data array.

N 1 + REAL RAMP \ Generate triangle array.

N REAL RAMP REVL t 1

CATENATE

2 ALPHA # N / Nt + / \ Scale triangle array.
»

2 N + 1 + REAL RAMP DUP \ Generate sguars array.

[=]

2 ALPHA = N1 + » N =N/ 2N = 1 %+ / \ Scale square array.
*

- \ Combine iriangle and sguare arrays to make house array.
CONV,APER \ Convolve with HPLC data array.

SUBL N t + , M 1 \ Get convolved data.

House convolve raw data and store as filtered data.

: HFILTER

STACK.CLEAR
ALPHA1 ALPHA := \ Set alpha for frequency matched filter.
N1 N := \ Set N to match peak width.
RD SUBL !t , PN 1 HOUSE \ House convolve RD to generate smoothed data.
DUP \ Make copy of smoothed data.
ALPHAZ ALPHA := \ Set alpha for resolution enhancement.
HOUSE \ House convolve smoothed data to generate resolution enhanced,
\ smoaothed data.
SWAP - FD SUBL 1 , PN ] := \ Subtract smoothed data from this and load in FD.
PN t + 1 DO \ Chop points below LOW.THRESH (usually @) to @,

FD [ I 1 LOW.THRESH <«
IF

@FD L I ] :=
THEN

LOoP
.5 ALPHA := \ Set alpha for simple smooth.
N1 2 / N =\ Set N to match filtered data peak widths.

FO SUBL { , PN 1 HOUSE \ House conveolve chopped filtered data.
3. / FD SUBL t , PN 1 :=\ Scale and lcad in FD.

@. FD SUBL 1 , Nt 2 » 1 := \ Sat heginning points to 0.

@. FO SUBL PN N! 2 * 1 — = [ NI 2 » ] 1=\ Set end points to Q.

House convolve raw data to remove high freguency noise.

: HSMOOTH
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K.CLEAR .
Al ALPHA := \ Set alpha for freguency matched filter.

=\ S2t N to match peabt width.
UBL 1 , PN 1 HOUSE \ House convolve RD to generate smoothed data.
UBL 1 , PN 1 := \ Load in FD.
data maxima for HPLC plots.
PLOT.SCALE

FIX.FORMAT
R ." CURRENT SCALE MAXIMUM FOR RAW DATA PLOT IS" RDPLOT.MAX

." CURRENT SCALE MAXIMUM FOR FILTERED DATA PLOT IS" FDPLOT.MAX

R ." DO YOU WANT TO CHANGE PLOT SCALES (Y) > " "INPUT

." ENTER RAW DATA SCALE MAXIMUM > “ #INPUT RDPLOT.MAX :=

." ENTER FILTERED DATA SCALE MAXIMUM » " #INPUT FDRLOT.MAX :=
FIX.FORMAT

te peaks in filtered data by looking for local maxima.

.PEAKS
t= \ Initialize peak position array.

V :=\ Initialize peak value array.

= \ Initialize number of peaks counter.

X3 1 DO \ Search from first to last data point in search windouw.
[ INDEX! 1 + 1 FD [ INDEX1 1 > \ Is nt! point > n point?

\ If so, this signals start of peak.
INDEX! 1 + INDEX2Z := \ Set start of peal.
42 1 DO \ Initiate search for top of peak.

1 INDEXt + INDEX! := \ Increment n counter
INDEX1 INDEX3 »>= \ Is n last point in search window?

IF\N If so,
LEAVE \ leave routine.
ELSE

FD [ INDEX! t + 3 FD [ INDEX! 1 < \ Is n+! point < n point?
IF \ If so, n point is top of peak so:

M1 + M t=\ Increment number of peaks counter.

INDEXT PP L M 1 := \ Load n in PP.

4@ 1 DO \ Search for end of peak.

INDEXT 1+ INDEX! := \ Increment n counter.
INDEX1 INDEX3 »= \ Is n last point in search window?
IF \ If so, integrate peal and store in Y.
FD SUBT INDEXZ INDEX! IMNDEXZ = 1t ¢ 1T [ISUM FU I M ] &=
LEAVE ’
ELSE \ Checl for peak end.
FD [ INDEX1 1 + 1 FD [ INDEXt 1 > \ Is n+t point > n point
FD [ INDEX! § + 1 @. = OR \ or equal to 07
IF \ If so, then n was end of peak so integrate and store in PV,

FD SUBL INDEXZ2 , INDEX!1 INDE¥Z -~ 1 + 1 [ISUM PV I M ] =
f. PUL M1+ ] 1=\ Store dumny value in PV as pgak found fla
INDEXT 1 ~ INBEX1 &=

LEAVE \ Start looking for next peak.
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THEN
THEN
L.OOP
PUL M1+ 11, =\ Was peak found?
IF LEAVE THEN \ If so, look for next peak.
THEN

INDEX1 INDEX3 >= \ If n was not top of peak, is n past last point
\ in search window?
IF LEAVE THEN \ If so, exit peak top search loop.
THEN

L.OOF
ELSE \ If n+! is not start of peal,
INDEX1 1 + INDEX! := \ increment n counter.
THEN
INDEX1 INDEX3 »= \ Is n past last point in search window?
IF LEAVE THEN \ If so, exit peak search locp.

LOOP \ If not go to next point in search windou.

\ Locate reference peak position and determine shift from its standard position.
4 BGET.SHIFT

STACK.CLEAR
Nt 7 * 1 + INDEX1 + INDEX3 := \ Set last point in peak search window equal
\ to first point + 43 seconds of points.
FIND.PEAKS \ Locate peaks in reference peak window.
M1 >\ Were multiple peaks found?
S IF N IF so,
PV SUBL t , M 1 SORTZINDEX \ sort peak values,
{ M 1M :=\ choose largest peak,
PP L M1 \ and get its position.
ELSE \ If not,
PP L 1 1\ get position of the single peak.
THEN

\ Get HPLC AA peak values and positions from CYCLE.VAL and CYCLE.POS and load
\ them into AA.RAW.DATA and AA.PUS.DATA.
: SET.PEAKS

CYCLE.VAL SUBL 1 , #RAS 1 \ Get CYCLE.VAL data for this cycle.

AA.RAW.DATA SUBL 1 CYCLE® 1 — #AAS * + |, $AAS 1 := \ Load into AA.RAW.DATA.

S'FLAG | = \ Is S data being used?

IF \ If so, add its value to Serine value in AA.RAW.DATA.
CYCLE.VAL [ #AAS | + 1 AA.RAW.DATA [ 3 CYCLEH® 1 - #AAS » + 1 +
AARAW.OATA [ 3 CYCLE® | - #AAS +» + 1 :=

THEN

CYCLE.POS SUBL 1 , #AAS 1 \ Get CYCLE.POS data for this cycle.

AA.POS.DATA SUBCL t CYCLE# 1 - #AAS = + | #AAS 1 := \ Load into AA.POS.DATA.

\ Locate AA and other peaks in HPLC.

\ Store AA peak values and positions.
1 GET.PEAKS
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STACK.CLEAR
REFPEAKY N1 3.5 % = INDEX! := \ Set start point for reference peak } search
\ to REFFEAK! - Z1 seconds.
GET.SHIFT \ Locate position of reference pealk | in HPLC.
REFPEAKT - QUP REFSHIFT! := RIP [ CYCLE# 1 := \ Subtract REFPEAK! to get

\ reference peak t shift.

REFPEAKZ Nt 3.5 » - INDEXI := \ Set start point for reference peak 2 search

\ to REFPEAKZ - 21 seconds.

GET.SHIFT \ Locate position of reference peak 2 in HPLC.

REFPEAKZ - DUP REFSHIFT2 := R2P [ CYCLE# 1 := \ Subtract REFPEAKZ to get
\ reference peak 2 shift.

#AAS S'FLAG + 1 + 1 DO \ Locate peak positions and values for each AA,

"SP L I 1DUP \ Get standard HPLC AA position.
REFPOINT < \ Is it before REFROINT?
IF \ If so,
REFSHIFT! + \ add REFSHIFTI.
ELSE \ If not,
REFSHIFT2 + \ add REFSHIFTZ2.
THEN
PEAK.WINDOW - DUP INDEX1 := INDEX4 := \ Subtract peak window to set
\ start of search window for AA peak.
PEAK.WINDOW 2 » INDEX1 + INDEX3 := \ Set end of search windou.
FIND.PEAKS \ Locate peaks in AA window. -
M@ >\ Was any peak found?
IF N\ If so:
M 1 >\ Was more than one found?
IF \ If so: ' '
PP SUBL t , M 1 PEAK.WINDOW INDEX4 + - ABS \ Calculate absolute
\ distance from peak positions to midpoint of window.
SORTRINDEX \ Sort these valuss.
[ t I M :=\ Select the one closest to midpoint.
PP L M 1 CYCLE.POS [ I 1 := \ Load its position in CYCLE.POS.
PU I M 1CYCLE.WVAL I I J := \ Load its value in CYCLE.VAL.
ELSE \ If only t peak was found:
PU L 1 ) CYCLE.UAL [ I 1 := \ Load its value in CYCLE.VAL.
PP L 7 J CYCLE.POS [ I 1 := \ Load its position in CYCLE.POS.
THEN

ELSE \ If no peaks were found:
SP I I 1\ Get standard AA positicn and
CYCLE.POS [ I 1 = \ load into CYCLE.FOS.
0. CYCLE. VAL T I 1 = \ Load @ in CYCLE.UAL.

THEN
LOOP
SET.PEAKS \ Store cycle data in AA.RAW.DATA and AA.F05.DATA.
1 INDEX! := \ Set search window start point to t.
PN INDEXZ := \ Set search window end point to number of HPLC points.
FULLFLAG 1 = \ fAre all peaks in HPLC needed?
IF \ If s0,
FIND,PEAKS \ locate them.
THEN

Scale HPLC data for plots by removing Y offset and chopping at scale maxima.
¢ GET.SCALEDATA

FOPLOTFLAG 1 =
IF

FO SuUBL PS , PR 1 DUP [IMIN - 10000Q00.0 /



4,852,017
71 72

SD SUBL PS , PR 1 :=
ELSE

RD SUBL PS , PR 1 DUP [IMIN - 10000Q00.0 /

SD SUBL PS , PR 1 :=
THEN '
PR PS + PS DO

FDPLOTFLAG | =
IF
SD [ I 1 FDPLOT.MAX
IF
FDPLOT.MAX SD [ I 1 :=
THEN
ELSE
SD [ I 1 RDPLOT.MAX >
1F
RDPLOT.MAX SD [ I 1 :=
THEN
THEN

o

Laorp

List HPLC peaks on line printer.

: LIST.PEAKS

NORMAL . DISPLAY
OUT>PRINTER
. STOFLAG 1 =
IF
." PTH STANDARD" CR CR
ELSE
." CYCLE" CYCLE# . CR CR
THEN
J"OMIN AREA PHIL AMIND ACID" CR CR
$AAS S FLAG + | + 1 DO

I AAE = GET.AANAME
5 2 FIX.FORMAT CYCLE.POS [ I 1 N1 10. * /
12 @ FIX.FORMAT CYCLE. VAL [ I 1 DUP FIX
120 «
IF

11 2 FIX.FORMAT SV T T 1 7/
ELSE

THEN
- " AANAME "TYPE CR

LOOP
CR CR
FULLFLAG | =
IF

Mt + U DO

5 2 FIX.FORMAT PP T I 1 NI 10, * /
12 @ FIX.FORMAT PV T I 1 1.0 » FIX
"CAT "TYPE CR

LooP
THEN
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12 EMIT

CONSOLE
-1 2 FIX.FORMAT

Plot HPLC data and report AA values.

: PLOT.PEAKS

STACK.CLEAR
GET.SCALEDATA
GET.HPFLAG
?PLOT.ROTATED
IF '
ELSE
PLOT.ROTATE
THEN
@. .5 VUPORT.ORIG !. .5 VUFORT.SIZE
PR REAL RAMP PS 1 - + NI 10. * /
PR REAL RAMP t - PR /
FDPLOTFLAG | =
IF
FDPLOT.MAX *
ELSE
RDPLOT .MAX *
THEN
XY .DATA.F1T
XY.AXIS.PLOT
PR REAL RAMP PS 1| - + NI 1@. * /
SD susl PS , PR ]
XY .DATA.PLOT
@. ©. VUPORT.ORIG 1. t. VUFORT.SIZE
NORMAL . COORDS
STOFLAG 1 =
IF
.47 .98 POSITION
" PTH STANDARD" LABEL

ELSE

.51 .98 POSITION

" CYCLE" CYCLE# "." "CAT LABEL
THEN

.63 .52 POSITION “ MIN" LABEL
.02 .45 POSITION
-1 4 FIX.FORMAT
FDPLOTFLAG [ =
IF
FDPLOT.MAX "." " AUFS" "CAT LABEL
ELSE
RDPLOT.MAX "." " AUFS" "CAT LABEL
THEN
.087 .36 POSITION
" AA" LABEL
174 .36 POSITION
" MIN" LABEL
.3 .36 POSITION
" AREA" LABEL
.42 .26 POSITION
" PMOL" LABEL
1 1 DO

.28 .32 1 .03 *+ - POSITION
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I AA# := GET.AACODE LABEL
S 2 FIX.FORMAT
(157 .33 I .03 » - POSITION
CYCLE.POS [ I I NI 10, * / “." LABEL
8 @ FIX.FORMAT
.25 .33 1 .03 * - POSITION
CYCLE.VAL [ I 1 FIX “." LABEL
7 2 FIX.FORMAT

393 .33 1 .05 » - POSITION
CYCLE.WAL [ I 1SV L I 1/ "." LABEL

LooP

.567 .36 POSITION

" AA" LABEL

.654 .36 POSITION

" MIN" LABEL

.78 .35 POSITION

" AREA" LABEL

.90 .36 POSITION

" PMOL" LABEL

$AAS S'FLAG 1 + + 11 DO

56 .33 1 10 - .03 » - FOSITION
I AA% = GET.AACODE LABEL
5 2 FIX.FORMAT
637 .33 1 1@ - .03 + - POSITION
CYCLE.POS [T I 1 NI 10. = / "." LABEL
8 @ FIX.FORMAT '
73 .33 1 10 - .03 » - POSITION
CYCLE.VAL I 1 1 FIX "." LABEL
I 20 <
IF

7 2 FIX.FORMAT

873 .33 1 1@ - .03 » ~ POSITION

CyCLE.vAL [ I 1SV [ I 17/ "." LABEL
THEN

Loop
PLOT.ROTATE
GRAPHICS.DISPLAY
FULLFLAG 1 =
IF

LIST.PEAKS
THEN
-1 2 FIX.FURMAT

Plot raw and filtered HPLC data.

: RDFDPLOT

STACK .CLEAR
SET.PLOT.SCALE
SET.HPFLAG
HPFLAG 1 =
IF
?PLOT.ROTATED
IF
ELSE
PLOT.ROTATE
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THEN °
THEN
@ FDPLOTFLAG :
GET.SCALEDATA
.15 HPFLAG 1.5 =+
PR REAL RAMP
PR REAL RAMP
XY.DATA.FIT
XY.AXIS.PLOT
PR REAL RAMP
SD SUBL PS ,
XY.DATA.PLOT
STACK.CLEAR
1 FDPLOTFLAG
GET.SCALEDATA
.15 HPFLAG 1.5 * 10
PR REAL RAMP PS 1 -
PR REAL RAMP 1 - PR
XY.DATA.FIT
XY.AXIS.PLOT
PR REAL RAMFP PS 1 -~
SO SUBL PS , PR 1
XY.DATA.PLOT
@. 0. VUPORT.ORIG 1,
NORMAL ,COORDS
STOFLAG 1
IF

.45 .88 POSITION

" PTH STANDARD"
ELSE

.437 .98 POSITION

" CYCLE" CYCLE# ™.°
THEN
-t 4 FIX.FORMAT

10
PS 1 -
i - PR

/
N

+

N

/
+
/

N

N

1.

LABEL

.02 .54 POSITION ROPLOT
.53 .54 POSITION “ MIN"
.02 .04 POSITION FOPLOT
.53 .04 POSITION " MIN"
-1 2 FIX.FORMAT
HPFLAG 1 =
IF

PLOT.ROTATE
ELSE

3

.1 VUPORT.ORIG .7
CR ." HIT ANY KEY"
CR ." TO CONTINUE"
PCKEY ?7DROP DROP

THEN

¢ DISPLAY.STANDARDS

NORMAL.DISPLAY \ List 3 letter AA

STACK.CLEAR

1

1

~ @ VUPORT.ORIG .8 HFFLAG 5.

!

1
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- .5 VUPORT.ORIG .8 HPFLAG S. / + .5 VUPORT.SIZE

10, = /

ROPLOT.MAX =

10. /

/ o+

.5 VUPORT.SIZE

19, » /

FDPLOT.MAX =

10.

*

/

VUPORT.SIZE

“CAT LABEL

MAX ™.
LABEL
MAX ",
LABEL

" AUFS" "CAT LABEL

AUFS" "CAT LABEL

9 VUPORT.SIZE

codes and current standard peak positions.

"t - " 1AA "TYPE " - " SP [ 1 ]

" 14 - " 146/ "TYPE " - " SFP [ 14 1 . CR
2= " Z2AA "TYPE " - " SP L 21 .

! 15 - " 16AA "TYPE ." - " SP [ 15 1 . CR
"3 - " 3AA "TYPE . - "SSP L 3 1.

! 16 - " iBpA "TYPE " - " SP { 16 1 . CR
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L4~ 4AA MTYPE " - " SP L 41 .
. 17 - " 1784 "TYPE . - " SP [ 17 1 . CR
.“' 5 - " 5AA "TYPE ." - " SP L 51 .
. 18 - " 18AA "TYPE ." - " SP L 18 3 . CR
." 6 - " BAA "TYPE ," - " SP [ 6 1.
- 19 — " 13AA “TYPE ." - " 30 [ 1% 1 . CR
L7 - " 7AA "TYPE L = M SPLTT
. 20 - " 2@0AA “TYPE . - " SP L 20 1 . CR
"8 - " BAA "TYPE . - " SP L 81 .
I 21 - * 21AaA “TYPE . - " SP L 21 1 . CR
"9 - " 9AA "TYPE " - " SP L 8 1.,
- 22 - " 22AA “TYPE " - " SP [ 22 1. CR
18 - " 1AM "TYPE L - " SP T 1G] .
I 23 - " 23AA “TYPE ,* - " SP [ 22 1 . CR
LUt - A CTYPE LY - " SP DT T
. 24 ~ " 24AA "TYPE " - " SP L 24 1 . CR
JU12 - " 12AA "TYPE L - " SP L 12 ]
- 26 - " 25AA "TYPE . - " SP T Z5 1 . CR
12 -t 13AA CTYRPE W - " SP L 13 ]

- @ - EXIT ROUTINE" CR CR

AA.POSITION.PROMPT

GET.AANAME

AANAME "TYPE ." POSITION > " #INPUT INDEX! =+ FIX DUP DUP

INDEX2 := GP [ AA% 1 := CYCLE.POS [ AA% 1 := CR

PP SUBL 1 , M 1 INDEX2Z - ABS \ Locate peak closest to standard position.
SORTRINDEX

[ 1 1 INDEX2 :=

PY [ INDEXZ2 1 DUP CYCLE.VAL [ AA% 1 := STD.PMOL /7 SV L APE 1 := \ Load
\ peak value in CYCLE.VAL and SV.

Set HPLC standard AA and reference pealk parameters,
SET.STANDARD

5100

NORMAL .DISPLAY

CR ." PMOL IN STANDARD > " #INPUT STD.PMOL :=
CR ." NUMBER OF AMINGQ ACIDS > " $INPUT #AAS :=
CR ." INCLUDE S ¢ Y ) > " "INPUT

“ y" "= IF | S'FLAG := ELSE @ S'FLAG := THEN
CR ." WILL NUMBERS BE ENTERED AS DATA POINTS ( @ ) OR MINUTES ¢ 1 ) >
#INPUT | =
IF

N1 1@, * INDEX! := \ Convert minutes to datae points.
ELSE

1 INDEX! :=
THEN
CR ." REFFEAK! POSITIONW » " #INPUT INDEX! = FIX REFFEAK] :=
CR ." REFPEAK2 POSITIONM > " #IMPUT INDEX! + FIX REFFEAKZ :=
CR ." REFPOINT POSITION » “ #INPUT THDEX1 + FIX REFFOINT =
CR CR ." ARE THESE PARAMETERS CORRECT (v) » " "INPUT
vy e

IF LEAVE THEN
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LOOP
CR CR .* DO YOU WANT TO SET ALl né STANDARD FOSITIONS (Y) > " "INPUT
"y el
IF
$AAS. S FLAG 1| + + 1 DO

I AA% =
DISPLAY.STANDARDOS
AAPOSITION.PROMPT

LOoP
THEN
50 1 DO

DISPLAY.STANDARDS

CR ." AMINO ACID NUMBER > " RINPUT DUP AAL :=

Q =

IF
LEAVE

ELSE \ Enter new standard AA peak position.
AA.POSITION.PROMPT

THEN

Loop

Ask for filename.

: FILENAME?

CR ." DATA DISK DRIVE ( A: B: C: ) » " "INPUT "DUP DRIVE.LETTER ":=
CR ." FILE NAME > " "INPUT "CAT FILENAME ":=

Get HPLC standard from disk, set HPLC parameters, and set standard AA data.

¢ GET.STANDARD

STACK.CLEAR

Q. SV =\ Initialize HPLC standard AA peak value array.

@ SP := \ Initialize HFLC standard AA peak position array.

1 STDFLAG :=

FILENAME?

GET.CHROMATOGRAM \ Get HPLC data from disk.

HFILTER \ House convolve raw HPLC data and store as filtered data.

1 INDEX1 := \ Set search window start point to .

PN INDEX3 := \ Set search window end point to number of HPLC points.

FIND.PEAKS \ Locate all peaks in HPLC.

GRAPHICS.DISPLAY

PR PS 1 - - REAL RAMP PS | - +

FD SUBL PS , PR PS 1 - - 1 XY.AUTO.PLOT \ Plot filtered HPLC on monitor.

_OUT>PRINTER CONSOLE.QFF

M1+ 1 D0\ List all peal positions (as data points) and values on printer.
PP LI 1 .PYLTI1.CR

LOOP

12 EMIT 12 EMIT
CONSOLE

CR ." FIND AA"
CR ." PEAKS AND"
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CR ." HIT ANY KEY"
CR ." TO RESUME"
PCKEY 7DROP DROP \ Pause to mark AA and reference peaks on printer output.
SET.AANAMES \ Change full AA names as necessary.
SET.AACODES \ Change 3 letter AA codes as necessary.
SET.STANDARD \ Set HPLC standard and reference parameters and peaks.
NORMAL.DISPLAY
CR ." PRINT PEAK REPORT IN SHORT (@) OR FULL (1) » " #INPUT FULLFLAG :=
CR ." QUTPUT TO PRINTER (@) OR PLOTTER (1) » " #INPUT DUP HPFLAG :=
1 =
1F

SET.PLOT.SCALE \ Set plot scale.

SET.PS \ Set plot offset.

SET.FDPLOTFLAG \ Set plot dats tvpe.

CR CR ." INMSERT PLOTTER PAFPER AND HIT ANY KEY TO CONTINUE"

PCKEY ?7DROP DROP

PLOT.PEAKS \ Plot HPLC.
ELSE

LIST.PEAKS \ List peaks on line printer.
THEN :
12 EMIT
@ STDFLAG :=
@ HPFLAG :=

Store AA.RAW.DATA on disk.

: STORE.AA.RAW.DATA

FILENAME?
FILE.TEMPLATE
2 COMMENTS
REAL DIMI 20@@ 1 SURFILE
REAL DIMI 2000 ] SUBFILE
REAL DIMI 2000 1 SUBFILE
INTEGER DIMI 200@¢ 1 SUBFILE
REAL DIM[ 25 1 SUBFILE
REAL DIM[ 25 1- SUBFILE
REAL DIM[ 25 1 SUBFILE
INTEGER DIM[ 10@ 1 SUBFILE
INTEGER DIMI 100 1 SUBFILE
INTEGER DIMI 25 1 SUBFILE
END
FILENAME DEFER> FILE.CREATE
FILENAME DEFER> FILE.OPEN
SUBFILE AA.RAW.DATA ARRAYIFILE
SUBFTLE AA.BACK.DATA PRR&Y FILE
SUBFILE AA.LAG.DATA ARRAYIFILE
SUBFILE AA.POS.DATA ARRAYFILE
SUBFILE AA.STD.DEV!I ARRAYXFILE
SUBFILE AA.STD.DEV2 ARRAY>FILE
SUBFILE SU ARRAYMFILE
SUBFILE R1P ARRAYSFILE
9 SUBFILE R2P ARRAY>FILE
10 SUBFILE SP ARRAY>FILE
FILE.CLOSE

W~ U s N

Should AA.RAW.DATA be stored on disk before proceeding?

t STORE.AA.RAW.DATA?
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CR ." THIS ROUTINE WILL ALTER THE AA.RAW.DATA ARRAY"
CR ." DO YOU WISH TO STORE THE ORIGINAL AA.RAW.DATA ARRAY (Y) > " "INPUT
noyn ona
IF
STORE.AA.RAW.DATA
THEN

86

Recall AA.RAW.DATA from disk.

: GET.AA.RAW.DATA

FILENAME?

FILENAME DEFER> FILE.OPEN

SUBFILE FILEXUNNAMED.ARRAY AA.RAW.DATA :
SUBFILE FILE>UNNAMED.ARRAY AA.BACK.DATA :=
SUBFILE FILE>UNNAMED.ARRAY AA.LAG.DATA :
SUBFILE FILE»UNNAMED.ARRAY AA.POS.DATA :=
SUBFILE FILE>UNNAMED.ARRAY AA.STD.DEVI :=
SUBFILE FILE>UNNAMED.ARRAY AA.STD.DEVZ :=
SUBFILE FILE>UNNAMED.ARRAY SV :=
SUBFILE FILE>UNNAMED.ARRAY RIP :
SUBFILE FILE>UNNAMED.ARRAY RZP
19 SUBFILE FILE>UNNAMED.ARRAY SP :
FILE.CLOSE

WO~ oI -

Set analyze HPLC parameters.

: SET.ANALYZE.PARAMETERS

SET.DATA.OFFSET
SET.CYCLE.OFFSET

CR ." PRINT PEAK REPORT IN SHORT (@) OR FULL (1) > " $INFUT FULLFLAG :=
CR ." QUTPUT TO PRINTER (@) OR PLOTTER (1) > " #INFUT DUP HFFLAG :=
‘ = .
IF
SET.PLOT.SCALE
SET.PS
SET.FDPLOTFLAG
THEN

Perform HPLC analysis.

¢ HPLC.ANALYZE

GET.CHROMATOGRAM
HFILTER GET.PEAKS
HPFLAG 1| =
IF
CR CR ." INSERT PLOTTER PAPER AND HIT ANY KEY TO CONTINUE"
PCKEY ?DROP DROP '
PLOT.PEAKS
ELSE
LIST.PEAKS
THEN
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\ Process single chromatogram, report data, and store in AA data files.
: ANALYZE.CHROMATOGRAM

SET.ANALYZE .PARAMETERS

FILENAME?

FILENAME 46 "NUMBER CYCLE.QFFSET - CYCLE%# :=
HPLC.ANALYZE

\ Process multiple chromatograms, report data, and store in AA data files.
: ANALYZE.CHROMATOGRAMS

SET.ANALYZE.PARAMETERS

CR ." DATA DISK DRIVE ( A: B: C: ) » " "INPUT DRIVE.LETTER ":
CR ." FIRST DATA FILE NUMBER > " #INPUT INDEX! :=

CR ." LAST DATA FILE NUMBER > " #INPUT 1 + INDEXZ2 :=

INDEX2 INDEX?! DO

I CYCLE.OFFSET - CYCLE%® :=
DRIVE.LETTER I “.," 32 "COMPRESS "CAT " .DAT" "CAT FILENAME ":=
HPLC .ANALYZE

LOoP

: COMPRESSED 15 ASCII" "TYPE j
: PICA 18 ASCII" "TYPE ;

: ULON 27 ASCII" "TYPE 45 ASCII" "TYPE 49 ASCII" "TYPE ;
¢ ULOFF 27 ASCII" "TYPE 45 ASCII" "TY¥FE 42 ASCII" "TYPE ;

¢ PRINT.ARRAY

SET.AA.DATA.TYPE

CR ." ENTER HEADER INFORMATION >" CR “INPUT
QUT>PRINTER CONSOLE.OQOFF

COMPRESSED ULON "TYPE CR CR

ULOFF ." " ULON ." PTH AMINO ACID" CR
." CYCLE" ULOFF ." “ ULON ." Asp”
$AAS 1 + 2 DO
ULOFF ." "
I AAL = GET.AACODE
ULON "TYPE
LOOP
ULOFF CR

#CYCLES © DO

4 @ FIX.FORMAT
I 1+ "." "TYPE
7 1 FIX.FORMAT
$AAS 1 + 1 DO
USE.DATA.TYPE [ 1 J #AAS » + 1 "." "TYPE

LOOP
CR
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LOOP
12 EMIT PICA CONSOLE -1 2 FIX.FORMAT

System menu.

: MAIN.MENU

NORMAL .DISPLAY
STACK.CLEAR
-1 2 FIX,FORMAT

CR ." @ - EXIT.MENU" ." 16 - SET.HFLC.PARAMETERS"
CR ." t = AABACK . FIT" .° 17 - SMOOTH.CHROMATOGRAM®
CR ." 2 - REMOVE.LAG" ." - 18 - GET/LIST.PEAKS”
CR ." 3 - INJECT.CORRECT" ." 19 - GET/SET.STANDARD"
CR ." 4 - CALL.SEQUENCE" ." 20 - ANALYZE.CHROMATOGRAM"
CR ." 5 - PLOT.AA.DATA" ." 21 - PLOT.RAW/FILTER.CHROMATOGRAM"
CR ." & - BAR.PLOT.CYCLE.VAL" ." 22 -~ SET.PLOT.WINDOW®
CR .* 7 - PLOT.LAG.DATA" ." 23 - SET.DATA.OFFSET"
CR ." 8 - PRINT.REP.YIELD" ." 24 - SET.CYCLE.OFFSET"
CR ." 9 - SET.DISPLAY.TYPE" ." 25 - SET.PLOT.SCALE"
- CR ." 10 - SET.FIT.PARAMETERS" ." 26 - PLOT.PEAKS"
CR ." 11 - SET.AANAMES" .*" 27 - ANALYZE.CHROMATOGRAMS"
CR ." 12 - SET.AACODES" ." 28 - GET.AA.RAY.DATA"
CR ." 13 - SET.SEQUENCE.PARAMETERS" ." 29 - STORE.AAH.RAW.DATA"
- CR ." 14 - AA.BACK.FIT/REMOVE.LAG" ." 3@ - PRINT.DATA.ARRAY®
CR ." 15 - AA.BACK.FIT/REMOVE.LAG/INJECT.CORRECT"
CR CR ." CHOICE > " #INPUT
NORMAL . DISPLAY
CASE .
@ OF ABORT ENDOQF
1 OF SET.SEQUENCE.PARAMETERS AA.BACK.FIT ENDOF
2 OF REMOVE.LAG ENDOF
3 OF STORE.AA.RAW.DATA? INJECT.CORRECT ENDOF
4 OF CALL.SEQUENCE ENDOF
5 OF PLOT.AA.DATA ENDOF
§ OF BAR.PLOT.CYCLE.VAL ENDOF
7 OF PLOT.LAG.DATA ENOOF
8 OF PRINT.REP.YIELD ENDOF
9 QF SET.EGAFLAG ENDOF
1

@ OF SET.FIT.PARAMETERS ENDOF

i1 OF SET.AANAMES ENDOF

12 OF SET.AACODES ENDOF

13 OF SET.SEQUENCE.PARAMETERS ENDOF

14 OF SET.SEQUENCE.PARAMETERS AA.BACK.FIT REMOVE.LAG ENDOF

I5 OF SET.SEQUENCE.PARAMETERS AA.BACK.FIT REMOVE.LAG STORE.AA.RAW.DATA?
INJECT.CORRECT ENDOF

16 QF SET.HPLC.PARAMETERS ENDOF

17 OF HSMOOTH ENDOF

18 OF GET.PEAKS LIST.PEAKS ENDOF

19 OF GET.STANDARD ENDOF

20 OF ANALYZE.CHROMATOGRAM ENDOF

21 OF RDFDPLOT ENDOF

22 OF SET.PS ENDOF

23 OF SET.DATA.OFFSET ENDOF

24 OF SET.CYCLE.OFFSET ENDOF

25 OF SET.PLOT.SCALE ENDOF

26 OF PLOT.PEAKS ENDOF

27 OF ANALYZE.CHROMATOGRAMS ENDOF

28 OF GET.AA.RAW.DATA ENDOF
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29 OF STORE.AA.RAW.DATA ENDOF
30 OF PRIMT.ARRAY ENDOF
ENDCASE
MYSELF
ONERR:
BELL -
NORMAL .DISPLAY
CR ." ERROR #:" ?ERROR% . ." DETECTED"
CR ." HIT ANY KEY TO CONTINUE"
PCKEY ?DROP DROP
MYSELF

APPENDIX II

18K PROTEIN - Raw Data TABLE 1
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CYCLE
40
4
12
43
44
]
16
41
18
49
50
5
52
53

54

55
56
57
58
5
€9

18K _PROTEIH - Rau Dats (Rsp

PR AALKD AELD

Bz
7.5
7.9
64
7.6
6.2
.0
T4
6.9
6.8
6.9
5.8
8.5
b
6.5
8.5
75
8.3
49
5.7
6.1
5.4

fsn
9.0
9,1
8.2
9.8
3.8
9.8
9.7
9.6
9.7
9.3
9.2
3.0
9,1
9,1
9.2
13.7
12.0

3.5

3.5
8.8
8.5

Blu
#.0
4.2

ns

0.4
26.6
2.5
5.6
25.4
23.8
3.3
2.0
2.6
26.4
5.4
1.4
20.6
19.4
171
19.1
1.3
18.1

§ln
2.0
16.9
1.6
15.7
5.5
15.5
15,1

14.0

1.4
13.8
13.4
13,5
13.7
13.3
13.6
12.6
12,3
1.4
12.6
12.1
1.6
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3.6
36.2
3.1

bl
1.1
3.2
5.0
9,1
9.8
13.5
13.0
167

19.7

19.4
1.0
18.0
8.4
16.6
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6.0
5.0
5.4
3.8
4.1
5.9
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1.5
17,9
13.3
15.7
20.8
21.3
21.8
3.6
26.9
26.4
3.9
5.1
3.4
.9
361
3.0
3.5
122.5
60.8
39.1
34.0
3.8
3.5
3.0
85.9
48.0
3.2
29.6
30.6

-5.7
3.8
-2

A3
-3

3

-1.4

-1.9
21

29.0

Ni;

1.0
33
2.3
-5

-1.3

-1.0
1.5
-6

=
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-7 -6 -t 10,5
2.7 -5 -56 30.2
e -3 -3 43
N L S B
25 12 A .S
-4 g0 -4 A
2.5 2 .3 .0
4.8 .3 4 22
3.0 .8 A 9
L N R
1.8 J So-14
24 -2 b -4
.0 23 4 52
3.6 0 .9 g
AboLe L2 -
-6 <33 15 -2
.2 10t 1.9 3
8 0 -5 9
NN BN .4
TABLE 8
Ser Iy frg Pro
3.7 L3 0 -0
7.4 23 J049
7.1 539 2040
6.8 4.7 4 60
£5 7.9 4 106
7.0 9.2 7130
8.2 89 .4 152
9.1 1.5 40138
10,9 1.0 .6 229.0
15.0 143 .7 8.0
13.3 14,8 8 405
1.9 170 11 8.0
1,3 11 L 2.3
8.1 20.0 9 4.8
333 093 1,0 M
8.4 29.0 .9 2.2
150 2.3 L4 4.6
WMo N5 6 260
13.6 81 1.3 261
12,6 9.3 1.1 2.0
54.0 283 1.4 M4
0 W0 L2 2.5
15.3 8.5 1.2 8.2
1.9 299 Lh 1
10 88 L1 .0
0.3 3.0 10 290
0.0 254 11 50
890 Lt 76
9.9 48.0 1.1 25.0
9.0 3’3 1.2 S
9.4 .7 9 6.8
%6 215 L0 2.2
9.0 213 .y

-3.4
-9
1.1
1.4
-0
2.0

-1

LI e 4
- i

D O B Oy e

2.0
3t
3.4
LAY
3.9
37
31
3,2
3.2
35
4.4
7.0
1
7.0
6.8
6.9
7.0
6.1
5.7
5.5
5.8
b1
6.0
6.1
6.5
6.5
6.5

}

-1.5
-2.5
-4.2
1.8
-0
-1.2
-3
3.7
3.8
4
1.6
1.5
37
L0
-1.2
-5
-1.0
=2
A4

Yal

L7
5.5
41
6.3
13.5
18.3
2.0
19.5
265.5
82.9
3.9
2.9
19.2
0.8
2.5
26,1
26.0
26.0
26.8
2.0
2.0
28.0
2.6
2.0
2.1
2.3
3.9
8.2
%1
0.0
2.5
1.8

108

3.4
1.7
.8
33
-5
-8
24
1.1
.0
1.1
i1
3
1.9
.5
-2
2.6
2.8
11
1.4

Irp
5.8
4.9
5.0
5.6
5.8
5.6
12.0
5.3
5.5
4.9
6.0
5.0
5.4
3.8
41
5.9
5.8
5.7
5.4
7.5
6.0
5.1
5.1
4.8
5.9
5.2
5.5
5.3
5.0
4.2
4.4
18.6
9.5

Phe
-2.2
31
.1
17.4
18.0
18.0
2.0
0.4
.3
3.0
29.5
94,1
4.0
31.8
2.3
29,6
32.4
2.3
.7
.3
B
3.0
1.3
3.0
3.9
3
3.1
3.0
3.9
2.0
3
3.3
1.4

Ile

6.1

5.6

[N

7.0

7.2
101
18.1
12.1
13.4
16.1
17,9
18.2
17.4
18.0
19.8
2.5
2.1
3.4
2.4
0.9
2.5
1.9
19.7
19.5
0.0
19.0
19,0
17.3
59,5
30.6
AR
16,7

Lys
"-8.0
5.4
2.0
.9
4.2
51.8
4815
10,4
82.9
7.0
7.
79.0
86,0
85.3
89.0
93.1
93.8
94.0
9.3
255.5
132.3
97.1
9.7
84.6
82.0
7.7
146.0
104.0
83,5
76.5
7%.3
2.9
5.0

Ley
-4.2
9.2
9.3
3.8
EiN]
1.
2.4
22.2
U.8
26.0
0.5
.5
3.3
3.3
5.0
3.3
3.1
155.0
158.5
.2
40.0
30.6
.4
i3
3.2
3.0
3.1
3.2
3.0
3.2
3.0
KN
3.5
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18x FREGIEIN - Raw Data (Cycle | Injection fnrected)

TABLE 8 — CONT.
PTH S1INC ACID
OOE fso Asn  Glu Blo Ihr Gy fla His S Ty Ao Pro Het Ual lrp  Phe
HO95 41 360 196 99 34 0 30 02 2.2
H 93 %4 LS 193 123 w0 4 24 122 %61,
¥ 84 88 A6 161 83 BIY 94 26 91 U2
I 80 95 468 176 7.6 3.0 M6 27 87 49
BN L0 5 OBO 69 BS B0 24 80 1D
/85 %3 M2 Baooes T B3N b wa
0 75 90 3.0 240 S8 3B 82 24 Y ua
1y %1 42 169 51 30 %2 27 19 14
2 64 82 5 e e 80 By 1T 61 109
#0016 98 04 157 48 W0 M5 25 65 0.0
62 %6 266 155 69 301 44 21 65 190
% ne 9.8 0.5 1S5 60 3|2 8.2 41 68 .7
% 74 97 56 151 47 38 M2 20 0 198
769 %6 254 18 44 30 34 200 62 195
8 68 97 238 14 45 32 ME 18 AT 183
¥ 60 93 B3 138 40 .7 84 L7 D 109
50 58 9.2 20 134 38 205 MY L0 &5 1
8 65 9.0 2.6 135 38 5B 2.3 b &7 165
264 91 264 137 3% 58 2.2 25 60 169
65 91 54 133 33 286 5 21 60 163
8495 92 44 136 e 80 07 20 56 172
S5 WS 137 26 126 31 A7 186 1B 60 157
5% 63 120 134 123 34 230 108 1S 4 146
57 49 95 1% 1429 20 164 14 4B IS
857 95 190 126 28 2.0 1.0 14 48 183
1.6
1.4

—
re

le lys Leu
3.2 67 295 50 31O o164 72 36
8.7 52 87 36 2 OI51 M3 1T
a0 85 290 35 35 140 995 335
8.8 7.0 205 35 3.9 154 825 3.
6.2 6.0 200 L& 306 10 NS 325
%8 54 w2 32 304 141 680 320
7053 B3 LT AT 135 654 321
#4051 84 31 B5 O130 624 9.5
e 45 136 25 2.6 1.7 532 3.8
a4t We 26 25 123 59,8 M
%450 27 L8 o126 S8 300
2 49 %82 30 25 1272 9.7 8.9
2.6 45 240 25 2.4 120 S0 202
2.7 47 B8 24 65 16 547 5.8
7O S N7 B N N I A A N N
2.3 40 286 25 285 1.6 5.8 55
3 M0 e 21 5.0 1L 534 52
481 B4 WS 18 85 BS
194 55 215 7 239 1 S0 2.
193 42 05 23 2.6 1.3 488 2.0
M9 38 0.5 27 233 W8 5.2 235
18,3 40 135 22 22 10.2 4.8 1218
183 28 1% 1 24 103 453 267
126 17 L4 0 9.8 4.8 208
0o 26 170 24 04 %7 M0 e
18130 1 22 48 99 4.8 2.2
19 28 169 1.9 228 %2 4.5 20

I
[

-3 =3 w0 O oo

89 61 88 183 121 30 2.8 167 51 IR
60 54 85 181 t6 30 2.2 M3 ERIBERA R

LN oh O Oh o DN Gy O O Oh ON G0 Gy ON O U1 O O~ co oo

18K PROIEIN - Raw Data (Tyclas 1-2 Injocti -~
! au lata (Cycles 1-2 Im.c Corrected) TABLE 9

PTH IS ALIB

QOLE Bso Bsn Glu Gl The Oy Ma Ms Ser Iy Ag Do Mt lal frp Phe e Ly Lley
v o240 27 33 .0 -23 203 4006 .5 37T -3 8 20 -t 4 5B <42 5 B0 -42
2 14 44 27 -3 %2 %0 3 S6 09 .0 28 -1 10 43 10 50 .2 5.8
I 44 8 B0 50 674 28 1 2 T 53 .2 40 4 55 50 81 56 240 9.3
438 14 om0 %1 el 25 88 2 68 47 1 60 10 41 56 174 1IN 3.0
§ 34 14 1ng 98 650 29 IS5 3 65 79 4 e 9 63 S8 180 7.0 4.2 30
6 33 L6 148 135 90 280 179 4 0 9.2 7 130 3 135 560 180 7.2 5L 24
T2t 14 133 130 55 390 133 5 82 B9 .4 152 0 183 120 4.0 101 4915 24
8 40 27 156 167 620 34 157 6 9t WS 4 130 31 2.0 53304 00 104 2.2
$ 30 otz 243 137 104 35 0.8 .8 109 1.0 L6 2290 34 195 55 I3 141 8.9 4.8

029 30 B3 14 13 B30 230 7 150 M3 7 80 30 2655 49 30 134 M0 260
W3t 40 1m0 82 407 2.8 .7 133 148 .8 405 39 829 6.0 269.5 161 7.6 30.5
1247 35 202 180 %9 1800 286 .8 139 4T 1 0 37 339 5.0 941 1.9 79,0 35
1343 50 3.8 8.4 W0 260 269 .9 123 1.7 L0 2.3 31 229 54 460 182 860 31.3
"4z 49 34 66 %2 %29 %4 9 WY o200 9 M5 32 192 38 3.8 174 853 353
1540 58 35 182 31 o609 3.0 .8 33 9 L0 M0 32 208 41 283 18.0 890 350
16 41 59 338 8.6 17.8 135.0 3/ .7 184 0 9 W2 35 2.5 59 296 19.8 931 363
1743 62 34190 1.8 1510 34 L 150 203 14 246 44 60 58 3.4 225 948 3.

18 49 60 3.8 150 .91 740 3% 1.3 140 295 16 260 7.0 260 57 3.3 221 9.0 185.0
19 48 56 351 181 94 486 34 L4 136 B0 13 260 1 %60 54 37T B0 9.3 158.5
0 51 58 408 8.1 96 425 30 1.8 126 %3 L1 80 20 268 .5 I3 N4 255 782
2 5P 63 %4 14 90 3BO NS LY 540 283 L4 M4 68 20 6D 30209 13.3 400
265 63 34 180 8.8 /6 0225 20 M B0 12 65 69 2.0 S0 MO A5 91 306
3 74 80 9.3 181 9.0 433 608 21 153 285 1.2 8.2 0 280 51 33 2.9 %22 34
#0182 56 1 B2 40 3% te 19 209 021 6t 266 4.8 3.0 197 846 30,3

561 83 %0 180 123 4.0 3019 110 288

2.0 57 70 59 39 195 820 332



CYCLE
26
u
28
2
3t
3
32
b4
EL]
E4]
3
Ly
3
3
40
1
42
1
4
15
46
4
48
49
50
51
52
53
54
55
56
51
58
5%
60
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18K PRCTEIN - Raw Data (Cycles 1-2 Inj=cts -+ Corrected)

Bsp  Bsn  Blu  Gln  Ihr By
9.3 85 101 190 106 41.2
63 1.2 48.2 161 69 354
8.0 81 396 180 8.4 303
8.2 82 32 181 83 3.3
2.0 81 3.7 180 85 3.5
8.1 85 3.4 183 1.7 3.3
7.6 87 335 195 1.0 356
8.0 9.5 3.1 0.0 17.0 37.8
35 %1 30 196 9.8 384
9.3 94 %S 193 129 3.0
8.4 88 |6 161 8.3 3.9
8.0 9.5 468 1726 7.6 3.0
.8 40 35 W0 6.9 355
8.5 9.3 3.2 51 66 37
.5 90 3.0 .0 58 37
7.9 %1 4.2 169 51 3
64 82 2.5 146 46 28.0
.6 98 3.4 157 4.8 300
6.2 96 266 155 6.9 0.

.0 9.8 20,5 155 60 3.2
4 9.7 256 150 47 1.8
6.9 9.6 254 140 44 334
6.8 9.7 238 W4 4% 302
6.0 9.3 233 138 40 2.7
58 9.2 2.0 134 38 2.8
65 9.0 226 135 3.8 5.8
61 91 26,4 13,7 L5 5.8
6.5 9.1 254 133 33 .6
85 %2 244 136 L8 8.0
7.5 137 0.6 2.6 34 U7
6.3 1.0 194 123 3.4 230
49 95 1 14 29 A0
57 95 191 126 L8 22,0
61 8.8 18.9 12t 30 218
54 85 181 1.6 30 2.2

Rau Data (Inrection Corrected)

18K PRCTETH -

Pl BAIND ACIO

~
- D
L ()
=}

RBsp Blu @n e Bly
27 -39 .0 -A3 3
A DT LY -1 %2
A 2.0 50 6.4 58
30106 9.0 5.7 5.9
g o130 99 653 .6
§ 147 135 B9 2509
5 3.6 131 5.8 395
2.6 1562 166 6.7 3.7
60 2.5 190 83 344
29 2.3 9.2 b3S
1 237 169 8.0 0.2
1.3 5.6 17 8.7 187
4.7 298 18.0 9.5 AL
5.0 3.2 168 9.0 %41
5.8 3.6 18.2 %2 6.1
5.9 330 18.6 17.9 13%.0
5.9 305 18.6 9.6 1431

Ma
3.8
0.5
3.0
85,9
1.0
5.2
23.6
30.6
3.0
4
9.4
0.6
23.0
8.3
8.2
26.2
A
2.5
4.4
5.1
1.2
.4
.8
9.4
1.7
A3
AN
20.5
0.7
18.6
1.8
16.4
17.0
16,7
0.3

Bla
400.6

Foed
b=
n

—JN\:\:mm-»WNNL-JU’II

=R -]

- 16,0 88.9

4,852,017

TABLE 9 - CONT.

ser Iy Ay
10.3 3.0 1.0
10.0 5.4 11

9.9 8.0
9.0 3.3
9.4 297
9.6 21.%
9.0 2.3
0.2 2.2
12,2 26.6
9.1 M2
8.7 249
8.0 4.0
ne 2.7
[N
S EIR
61 179
6.5 20.0
6.5 19.0
6.8 207
7.0 19.8
8.2 190
6.7 18.3
7.0 1.9
6.5 17.7
5.7 165
6.0 16.9
6.0 161
5.6 1.2
6.0 15.7
4.6 146
1.8 13.5
4.8 183
51 1S
RN

N ON O O ON 0N O Th O O TN O U O O O L O O D OBl D D G0 D S D O e

TABLE 10

=3

Ser o
1 -3
5.6 .9
89
65 45
6.8 8.2
6.9 9.1
8.4 91
8.8 10.3
%.0 9.5
4.3 138
[ER L N
1.8 182
1.0 166
w7 ow0s
3400
18,4 23.0
1.7 2.3

—_ -

[ R R - T BT R i e R N ]

Pre
2.0
25.1
2.1
5.0
0.5
26.8
2
.7
9.2
0.7
28.0
28.8
2.1
26.8
%.7
2.4
2.6
iz
0.4
2.2
3.6
0.7
2.1
2.3
2.3
0.4
19.4
19,3
2.9
18.9
1.3
1.2
12,0
1,1
17,9

fro
-2.0
2.8
4.0
5.7
1.0
12.9
15.5
12.6
226.8
9.2
40.3
.7
5.7
5.2
.2
N.2
31

flet
5.5
5.8
6.1
6.0
6.1
6.5
6.5
6.5
6.7
5.2
9.5
7.0
6.0
5.4
5.3
51
4.5
1.8
5.0
4.9
1.5
47
4.2
4.0
110
8.1
5.5
4.2
3.8
1.0
2.8
2.4
2.6
30
2.8

b 4
e
pi-a

~ — [
—_— e D WO e —

(TR TN
o o

2.8
3.9
3.5
2.8
i3
3.2
3.9
4.1

lal
0.1
2.3
23.9
28.2
9.1
2.0
2.5
.8
9.5
28,7
29.0
0.5
8.0
16.2
5.3
8.4
3.6
1.8
a1
5.2
240
3.0
20,7
28.6
21.8
3.2
.5
2.5
20,6
19,5
17.9
17.7
17,4
17.0
16,9

112

Irp

)

5.5
5.3
50
4.2
1.4
18.6
9.5
5.0
36
3.5
3.5
3.6
3.2
31
31
2.5
%6
2.8
3.0
2.5
2.4
2.1
2.5
I8
2.4
27
2.3
2.7
2.2
21
2.4
24
2.2
1.9

Irp
5.8
1.3
5.0
5.5
5.5
5.6
121
5.2
4.8
1.7
5.9
4.6
1.9
4.0
11
5.9
5.3

Phe
i
31
3.0
3.9
3.0
I
3.3
3.4
3.0
2.2
5
1.9
0.6
0.4
7.3
3.5
.6
1.5
'
2.5
4
%.5
2.9
5.5
5.0
4.5
3.9
2.6
3.3
.2
1.4
0.1
0.4
4.8
2.9

Phe
-2.2
1.0
8.1
1.1
18.4
17.9

.3
30.0
B
0.2
269.3
92.8
4.4
3.5
28.4
29.6
3.9

Ie .

0.0
19.0
19.0
17.3
59,5
0.6
.1
16.7
16.4
15.1
14.0
15.4
14,0
14,1
13.5
13.0
m?
12.3
12.6
12.2
12.8
1.6
1.2
11.6
.7
1.8
1.1
1.3
10.8
10.2
10.3

9.8

9.2

9.9

3.2

o l

10.2

9.9
1.0
13.0
16.0
1.3
17.4
17.7
18.0
19.8
u.?

Lys
8.7
146.0
104.0
83.6
76,5
6.3
2.9
5.0
75.2
.3
9.5
82.5
7.5
68.0
65.4
62.4
53.2
59.9
58.1
5.7
56.0
5.7
54.6
53.8
53.4
50.5
82.0
4.8
51.2
46.8
5.3
42.8
4.0
4.8
12.5

Lys
-8.0

4.0
LN
.1

-5L.6

192.2

109.5
7.4
2.0
1.0
75.9
82.1
7.0
83.2
931
89.9

Leu
3.0
3
3.2
3.0
1.2
3.0
i
3.5
3.6
BT
3.5
EN
3.5
3.0
2.1
2.5
38.8
3.1
30.0
8.9
2.2
5.8
26,1
5.5
5.2
23.5
1.1
3.0
3.5
2.8
2.7
1.8
U.6
0.2
20,1

Ley
-4,2
5.8
9.3
IS
.6
1.0
2.8
21.6
0.3
H.7
0.3
29.5
28.8
36.4
5.2
36.3
3,6
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18K PROTEIN - Kaw Dsta (Iniection Cerrecied)

oveLE
18
19
20
2
2
i)
]
%
2%
il
28
i)
30
3
)
3
H
35
%
EY4
38
3
4
i
2
3
7]
4
46
1
48
4
50
51
52
53
54
5
5
5
58
59
£0

PTH R4IND RCTO

fsp
$.2
37
4.9
5.0
6.3
6.9
.2
8.0
9.2
6.8
7.9
8.2
1
.9
.7
8.5
8.8
9.0
8.5
7.4
7.7
8.4
7.4
8.1
.1
7.9
6.4
6.8
7.3
.0
6.7
6.0
5.7
6.5
59
6.3
9.0
14
6.4
5.3
5.7
6.0
5.5

Bsn
5.6
5.4
5.4
5.2
6.2
1
8.2
8.2
8.4
7.5
8.0
8.2
8.2
8.4
8.7
9.2
8.7
9.2
8.9
9.1
8.9
9.2
8.9
8.7
9.0
18.0
9.1
9.6
9.6
3.7
9.6
9.3
9.1
9.0
5.0
.0
8.9
13.6
121
9.8
9.8
8.7
8.5

Bly
2.9
#
.3
36.0
3.7
%54
57.9
89.6

100.5
50.3
11
.2
#.2
.7
3.8
i3.8
.4
3.9
2.2
1.9
.t
3.6
0.3
1.3
M2
3.0

2.1

2.2
5.0
2.1
3.3
3.2
2.5
2.5
25.5
(AR
2.6
19.9
0.0
19,2
19.4
18.3
18.5

Bl
18.4
17.9
17.6
1.3
17.8
1.7
17.5
17.9
18.9
16.5
1.9
18.1
18.1
18.2
19.5
19.5
19.0
15.0
16,2
17.1
359
.0
19,9
171
15.8
16.0
15,7
15.3
15.0
14,1
1.3
13.8
13.3
13,5
13.5
13,1
13.1
12,5
1.4
1.8
12,8
12.0
1.7

The
[
8.6
1.8
8.7
8.2
.4
3.4
12.0
10.2

By Hla
£9.7 - 2.4
.0 Ha
B8 3.3
747
.5 12
4.1  56.6
.4 396
9.5 333
0y
3.6 346
%.5 328
3.4 86.0
#.2 4.9
£I1H9
7198
e 20t
3.5 299
%0 30.4
#2248
5 289
L2 8
1.4 2.0
33 ns
3.6 2.8
s a4
0.6 5.4
0.7 280
EA A R
s 249
3.4 0.8
9.9 W5
2.6 9.3
.2 N
5.7 2.2
6.4 W7
8.1 20,0
6.6 193
1.3 182
3.3 182
2.1 116
2.0 1.0
2.5 16,3
AR BRI

(Iniection Correcteds

18K PROTEIN - Backoround Corrected Data

3
~C
S -
pa
fas]

uom‘lmm—aw'\)—tl

PIH_AHIND ACID

fisp
53.0
16.4
1.0
-0
W2
A
-1.7
2.4
-1.8

fisn

- 16.9
-1.0
-1
1.8

N

-4
3.4
2.9

3.8

<
=

1

I
i

v
o —

2010
17.9
3.4
2.0
1.6
-1.9
-2.9
9

Ou

lekd
=
=

-1.2
5.1
1.2
.7

8.9
14.9

s

Thr
-2
A
80.4
37
"1
47
-2
66.8
1.2

by Ha
§.1191.2
6 LS
-3 -2
LA
138
6.7 2.2
35 -
42 -9
16 13

His
5.3
11
-1.2
2.2
-3
3
1.6
1.9
2.7

4,852,017

114

TABLE 10 - CONT.

Ser lw frg Pro Mt Ul Imp
120 0.9 45 237 65 A1 S0
129 2.5 1.3 5.3 49 8.3 5.1
10,9 28.0 1.0 260 6.k 252 6.9
5.7 8.1 t4 A4 67 2.7 59
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What is claimed is: ground-corrected, injection-corrected amounts of

1. A method of determining the sequence of amino
acids in a peptide comprising the steps of:

degrading the peptide cyclicly to form a set of amino

acid residues for each cycle;

measuring the amount of each amino acid residue in

each set; )

fitting a background level of amino acid residues for

each amino acid in said peptide over a plurality of
cycles-to obtain a background fit;

calculating a measure of dispersion for the back-

ground fit reltive to the measured amount of each
residue in each set;

normalizing the measurement of the amount of each

amino acid residue in each set by subtracting the
background level from the measured amount of
each residue in each set to obtain a background-
corrected residue amount, and dividing the back-
ground-corrected residue amount by the measure
of dispersion to obtain a normalized background-
corrected residue amount for each amino acid in
each cycle;

finding the largest of the normalized background-cor-

rected residue amounts in each cycle to provide a
sequence of selected amino acids corresponding to
the sequence of the peptide.

2. The method of claim 1 wherein the measure of
dispersion is standard deviation.

3. The method of claim 1 further comprising the step
of correcting at least some of the normalized back-
ground-corrected residue amounts for lag into subse-
quent cycles to obtain lag-corrected background-cor-
rected residue amounts for each cycle.

4. The method of claim 3 wherein the step of measur-
ing the amount of each amino acid residue in each set
comprises injecting the set of amino acid residues in
each cycle resulting from said degradation into a chro-
matographic apparatus to obtain a chromatographic
measurement of the amount of each amino acid residue
in each cycle.

5. The method of claim 4 wherein the step of measur-
ing the amount of amino acid residue in each set further
comprises filtering said chromatographic measurements
to obtain baseline-corrected amounts of amino acid
residues in each cycle as the measured amount of amino
acid in each cycle.

6. The method of claim 4 after the step of obtaining
lag-corrected background-corrected residue amounts
for each cycle, further comprising the step of correcting
the amount of each amino acid residue measured in each
set for differences in injection quantity between cycles
to obtain an injection corrected residue amount for each
amino acid in each cycle.

7. The method of claim 6 further comprising the step
of correcting the injection corrected amounts of each

residue in each cycle for background to obtain a back- -

ground-corrected, injection-corrected residue amount
for each amino acid in each cycle.

8. The method of claim 7 further comprising correct-
ing at least some of the background-corrected, injec-
tion-corrected amounts of residues in each cycle for lag
into subsequent cycles to obtain lag-corrected, back-

amino acids in each cycle.

9. The method of claim 8 further comprising the step
of determining the largest lag-corrected, background-
corrected, injection-corrected amino acid in each cycle
to obtain the sequence of amino acids of the peptide.

10. A method of determining the sequence of amino
acids in a peptide comprising the steps of:

degrading the peptide cyclicly to form a set of amino

acid residues for each cycle;

measuring the amount of each amino acid residue in

each set;
fitting a background level of amino acid residues over
a plurality of cycles to obtain a background fit;

calculating a measure of dispersion for the back-
ground fit relative to the measured amount of each
residue in each set;

normalizing the measurement of the amount of each

residue in each set to obtain a normalized back-
ground-corrected residue amount for each amino
acid in each cycle;

finding the largest of the normalized background-cor-

rected residue amounts in each cycle to provide a
sequence of selected amino acids corresponding to
the sequence of the peptide.

11. The method of claim 10 further comprising the
step of correcting at least some of the normalized back-
ground-corrected residue amounts for lag into subse-
quent cycles to obtain lag-corrected, background-cor-
rected residue amounts for each cycle.

12. The method of claim 11 wherein the step of mea-
suring the amount of each amino acid residue in each set
comprises injecting the set of amino acid residues in
each cycle resnlting from said degradation into a chro-

. matographic apparatus.

13. The method of claim 12 after the step of obtaining
lag-corrected, background-corrected residue amounts
for each cycle, further comprising the step of correcting
the amount of each amino acid residue measured in each
set for differences in injection quanitity between cycles
to obtain an injection-corrected residue amount for
each amino acid in each cycle.

14. The method of claim 13 further comprising the
step of correcting the injection-corrected amounts of
each residue in each cycle for background to obtain a
background-corrected, injection-corrected amount of
residue for each amino acid in each cycle.

15. The method of claim 14 further comprising cor-
recting at least some of the background-corrected, in-
Jjection-corrected amounts of residues in each cycle for
lag into subsequent cycles to obtain lag-corrected, back-
ground-corrected, injection-corrected amounts of
amino acids in each cycle.

16. The method of claim 15 further comprising the
step of determining the largest lag-corrected, back-
ground-corrected, injection-corrected amount of amino
acid in each cycle to obtain the sequence of amino acids
of the peptide.

17. An apparatus for determining the sequence of
amino acids in a peptide comprising:
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degradation means for degrading the peptide cyclicly
to form a set of amino acid residues for each cycle;

quantitation means coupled to said degradation
means for measuring the amount of each amino
acid residue in each set;

computer means coupled to said degradation means
and to said quantitation means for controlling said
degradation means and said quantitation means, for
fitting a background level of amino acid residues
over a plurality of cycles, for calculating a measure
of dispersion for the background fit relative to the
measured amounts of residues in each set, for nor-
malizing the measured amount in each residue rela-
tive to the dispersion to obtain normalized back-
ground-corrected residue amounts for each cycle,
and for identifying the largest of the normalized
background-corrected residue amounts in each
cycle.
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18. Apparatus as in claim 17 wherein said computer
means further comprises lag means for correcting at
least some of the normalized background-corrected
residue amounts for lag into subsequent cycles to obtain
lag-corrected background-corrected residue amounts
for each cycle.

19. Apparatus as in claim 18 wherein said quantitation
means comprises a chromatographic apparatus and an
injection means for injecting the set of amino acid resi-
dues in each cycle into said chromatographic apparatus.

20. Apparatus as in claim 19 wherein said computer
means further comprises injection correction means for
correcting the amount of each amino acid acid residue
measured in each set for differences in injection quan-
tity between cycles based on said lag-corrected back-
ground-corrected residue amounts to obtain an injec-
tion corrected-residue amount for each amino acid in

each cycle.
* * * * *



