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SUMMARY 

A computer system for the complete analysis of amino acid chromatograms 
is described. Chromatograms are recorded continuously on punched paper tape 
from which a FORTRAN program measures the area of each peak, identifies the 
amino acid producing it and calculates the amino acid composition of each sample. 
An incremental graph plotter is used to reproduce each chromatogram and to 
indicate the assumed identity of each peak. 

INTRODUCTION 

Automatic amino acid analysers produce large amounts of data which can be 
conveniently analysed using digital computing techniques. Data logging systems’-’ 
have been used to convert the analog output signal to a digital signal from which 
areas of peaks were calculated. Alternatively, data concerning peak areas have been 
obtained from electronic integrators or by manual calculation6-g. More recently, 
however, systems combining automatic data logging with programs designed to 
identify each amino acid peak have been described 10-1z. This technique allows the 
composition of samples to be determined with the minimum of operator intervention, 
provided the amino acid peaks can be correctly identified. 

This paper describes a system based on a paper tape data logger and a 
FORTRAN program which identifies each peak and calculates the concentration in 
mg/l of each amino acid present in a series of samples. A significant feature of this 
system is the use of an incremental graph plotter to reproduce the chromatogram 
from the data supplied and to indicate the identity of each peak. 

MATERIALS AND METHODS 

Chomatography system 
Amino acid separation was carried out on a Technicon TSMl amino acid 

analyser (Technicon, Tarrytown, N.Y., U.S.A.) modified for the “l-hour system” 
using a single column of ion-exchange resin l3 The two-channel chart recorder, . 
which was used to produce chromatograms simultaneously at 570 nm and 440 nm, 
was fitted with retransmitting slide wires. A stabilised power supply, applied to the 
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slide wires, produced analog signals which were input to a Solartron-Schlumberger 
data logging system. The punched paper tape produced* by this device recorded 
voltage measurements in the range O-10 V carried out every 10 set on both channels. 
In this form data from a series of chromatograms, including the intermediate washout 
periods, were transferred to the Glasgow University KDF9 computer. 

Analysis program 
The analysis program, which was written in FORTRAN, consisted of four 

main parts. Firstly, the washout periods were identified in order to separate the con- 
tinuous data into a number of chromatograms. This was followed by the detection 
of peaks and the measurement of their areas. The identification of the amino acid 
which produced each peak was then carried out. Lastly, by reference to norleucine 
internal standards and to standard chromatograms, the amount of each amino acid 
present in each sample was calculated and printed in molar concentrations, molar 
percentages and mg/ml. 

. 

All amino acids, except proline, were measured from data recorded at 570 nm 
(channel 1). Proline produces only a small peak at 570 nm and therefore was measured 
at 440 nm (channel 2). The data input on punched cards included each amino acid 
name and mnemonic, its channel number, its molecular weight, and its expected 
elution time (see below). 

Ident#cation of washout period. During the washout period between chromato- 
grams the signals from both channels fell to almost 0 V. This was significantly below 
the normal baseline of the chromatograms and therefore the washout periods could 
be detected by searching for a series of points below a threshold voltage. The start 
of each chromatogram was identified as the point at which the signal exceeded the 
threshold and remained above it for at least 2 min. This technique was not affected 
by artifacts in the washout period, such as occasional spikes in the signals, and 
allowed accurate determination of the elution times of the peaks in the chromato- 
gram. 

Calculation of peak areas. The calculation of peak areas was carried out in 
four stages, viz. the detection of peaks, the location of the start and end of each peak, 
the location of the baseline and finally integration to find peak areas. The amount 
of noise in the analog signals was sufficiently low that the use of a digital smoothing 
routineI was unnecessary. 

The first derivative of each chromatogram was calculated as the differences 
between successive values, and peaks were identified as points at which a positive 
gradient became negative. In order to prevent the detection of slight baseline varia- 
tions, minimum thresholds to the positive and negative gradients were used. The 
start of each peak was assumed to be the last point before the peak at which the 
gradient was zero or negative and similarly the end was assumed to be the first point 
after the peak at which the gradient was zero or positive. If a single peak was being 
processed, the baseline was simply taken as the straight line joining its start and end 
points. If, however, a complex of peaks, during which the signal does not return to 
its baseline, is being processed the baseline is taken as the straight line joining the 
start of the first peak and the end of the last peak in the complex. Fig. 1 shows an 
example of the graphical output produced by the program, the baselines being in- 
dicated by broken lines. ,’ 
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The area of each peak was calculated by summation, from the start to the end 
points, of the difference between each point and the baseline. Hence, the area of a 
single peak was that bounded by the signal and the baseline. However, the area of a 
peak which was part of a complex was that bounded by the signal, the baseline and 
where necessary the perpendicular dropped from the start or end points to the 
baseline. Althought more complex techniques for the resolution of multiple peaks 
are availableL4, the simple technique described here worked well in practice. 

Amino acid identification. A method for the correlation of peaks with the 
appropriate amino acid has been developed using elution time as a basis. It has been 
observed in practice that, although the elution times of amino acids relative to the 
start of the chromatogram are subject to variation, the time intervals between the 
elution of amino acids from the same column are considerably less variable. Average 
elution times, which were calculated From a series of twenty standard chromato- 
grams, formed part of the data input on punched cards. The identification procedure, 
which was applied to the data from each channel separately, was designed to fit the 
actual elution times to the expected average values. If necessary, the program shifted 
the observed elution times without affecting their relative timing. In this way, any 
errors or variation in the start of the chromatogram were eliminated. 

There were two contingencies which the identification routine had to take into 
account. Firstly, small peaks which could occur as rare artefacts had to be discounted. 
Because the occurrence of such peaks could not usually be related to any of the ex- 
pected elution times, they remained unidentified and were subsequently ignored. A 
second problem was the possible absence of an amino acid from a sample. IF none 
of the actual elution times fitted a particular expected elution time, the concentration 
of that amino acid was assumed to be zero in subsequent calculations. The assignment 
of peaks to each amino acid was indicated by printing mnemonics on the graphical 
output (see Fig. 1) and it was therefore easy to verify that correct identification had 
taken place. Although this example shows only data from channel 1, the identification 
of proline in channel 2 was carried out in the same manner and a graphical output 
was also produced. 

Calculation of amino acid content. Each chromatogram included a norleucine 
standard peak which had to be identified correctly by the above procedure before 
peak areas could be converted to amino acid content. A number of standard chromato- 
grams were also included in a series of samples. The first step was to calculate the 
ratio of the area of each identified peak to the area of the norleucine peak (i.e. nor- 
leucine equivalent). The quantity of each amino acid in pmoles was found from: 

NLE 
x 0.025 

NLE(S) 

where NLE is the amino acid norleucine equivalent and iVLE(S) is the norleucine 
equivalent of the corresponding amino acid in the most recent standard chromato- 
gram. These values were expressed as percentages of the total molar amino acid 
content in each sample and were also printed. The absolute concentrations in mg/l 
were calculated From the molecular weights of each amino acid and were printed in 
the format shown in Fig. 2. 
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DISCUSSION 

The system described above is capable of processing a large number of chro- 
matograms in one batch, the only limiting factors being the amounts of paper tape 
and computer time required. Typically, about ten to fifteen chromatograms can be 
analysed with approximately 30 set of central processor time required for each 
chromatogram. Successful operation of this system depends entirely on correct 
identification of the peaks, and therefore the graphical output which indicates amino 
acid assignments is an invaluable aid to the technician. By comparison with the 
charts recorded directly from the amino acid analyser, the graphical output can also 
be used to verify that correct data transfer has taken place. 

Although it has been shown lo that elution time is dependent on amino acid 
concentration, our experience is that this small variation can be taken into account 
by including an error factor in the expected elution times. This feature, coupled with 
the shift facility to account for errors in determining the start of the chromatogram, 
means that mistakes in identification rarely occur. 

The operation of this system is independent of both the number of amino 
acids and their elution times. Hence, if a future modification to the chromatography 
system should result in changes to these parameters they can be re-established after 
a number of trials and input on a new set of data cards. 
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