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SUMMARY

A Fortran IV computer program is described which identifies, computes, and
statistically evaluates amino acid concentrations determined by an automatic amino
acid analyzer in physiologic fluids. The program accepts retention time and integrated
peak areas from two calibration standards for identification and computational
reference. Two internal standards are used to compensate for variations in injector
performance and ninhydrin decay. Calibration standard responses are statistically
treated to assist in detection of equipment malfunction. The statistical data base is
automatically expanded through inclusion of data from normal patients. Aminec acid
concentrations are printed with appropriate mean and standard deviation values in
a format acceptable as a final report.

INTRODUCTION

The use of computers for repetitive calculations such as those reguired for
amino acid analysis has become commonplace. Dedicated computer systems capable
of receiving and analyzing data from one or more chromatographs are readily avail-
able; alternatively, larger computer systems can be utilized either on-line or through
the use of punched cards. )

Dedicated and on-line computer systems, of necessity, are matched to the out-
put of the chromatograph and their use may be restricted; nevertheless, a2 number of
papers have been published describing'™ the use of such systems. Exss er al.° ex-
perienced difficulty in programming a gradient eluting svstem for identification and
computation because of elution time variations with changing amino acid corcen-
trations. Other considerations complicating identification programs include the oc-
currence of unusual or unexpected peaks, integrator malfunction, and shifts in elution
patterns with buffer decay or column changes. These problems can be easily resolved
by visual inspection of the chromatographic tracing, and in physiclogic samples such
inspections are virtually mandatory to detect drug or other abnormal metabolite
interference. For these reasoans, some workers™* prefer manual intervention using tape
or punched cards which can be modified as necessary before input to a larger more
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versatile computer. Fox” used such a system to not only identify and compute the con-
centrations of amino acids in tissues, but to compare concentrations in & number of
tissues or perform statistical gnalyses on the same tissue.

Amino acid analyses in physiologic fluids are usually performed to detect
changes in concentrations resulting from some metabolic disturbance whether con-
genital, dietary, or drug induced. Detection of such changes requires a knowledge of
normal variatior in the biclogic population and the analytical methodology. It is
desirable to incorporate statistical analysis as a portion of the computational program
to facilitate comparison between groups of individuals and between individusls within
a group.

This report describes 2 Fortran IV program which employs retention time and
integrator output from two standard mixtures with two internal standards to identify
anc compute concentrations of the amino acids in physiclogic fiuids. Running means
and ceefficients of variance are printed out for the standards to facilitate detection of
cquipment malfunction. The computed amino acid concentrations in samples are
compared 1o means and standard deviations for the appropriate age group and sample
typ: (blocod, urine, or cerebrospinal fluid). The aminoc acid concentrations which ex-
ceed the mean value, plus two standard deviations, are identified with the factor by
which they exceed this value. Samples from normal patients are added to update the
statistics and the results are printed in a format acceptable for inclusion in the patient’s
chart. This program wiil also compute concentrations of amino acids in protein hy-
drelysates and is capable of use with multiple amino acid analyzers operating in dif-
ferent modes.

EXPERIMENTAL

The Beckman 121 amino acid analyzer used for the majority of these analyses
was operated in an accelerated mode, partially overlapping the basic amino acid out-
put as ountlined by Beckman®. This analysis program has a 9-h run time using sodium
citrate buffers. Twelve-millimeter cuvettes were used to increase sensitivity; effluent
optical density was displayed graphically on 2 Honeywell recorder and quantitatively
viz an Infotronics CRS 21Q integrator with Teletype print out.

Calibrarion

Physiological amino acid standards (acidic and basic) were obtained from Pierce
Chemical Company and diluted to 0.125 gmoles/m! with 0.1 ¥ HCI containing nor-
leucine and e-aminoguanidinopropionic acid to give a final internal standard concen-
traiion of 12.5 ug/mi.

Internal standards

Bioad serum. Norleucine and c-zminoguanidinopropionic acid were added to
sulfosalicylic acid to give a fina!l concentration of 25ug/ml in 69 sulfosalicylic acid.

Urine. Norleucine and «¢-aminoguanidinopropionic acid were added to pH 2.2
citrate bufier to. give a final concentration of 2.5 pg/ml.

Citrate buffers. Buffers were prepared from sodium citrate and hydrochloric
acid as outlined by Beckman®, using thiodiglycol as an antioxidant and pentachloro-
phenot as a mold inhibitor.
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Ninhydrin. Ninhydrin was prepared according to the Beckman protocolS,
except that titanous chloride rather than stannous chloride was used as an antioxidant.

Sample preparatiorn
Serum and cercbrospinal fluid were mixed with an equal volume of serum in-
ternal standard (sulfosalicylic acid). After centrifugation the supernatant was loaded

directly into the sampling coils. Urinary creatinine was measured by the Jaffe reaction
and diluted, if necessary, with deionized water to a creatinine concentration of ap-

proximately 50 mg/100 ml. Two milliliters of the dilute urine were adjusted to pH
10.0 with sodium hydroxide and lyophilized to remove excess ammonia. The residue
was dissolved in two milliliters of urinary internal standard (buffer plus norfeucine and
e-aminoguanidinopropionic acid) and an aliquot loaded into the sampling coils.

Analysis

Chromatography of the amino acids followed the Beckman protocol®. Re-
tention times and integrated peak areas from the integrator and the recorder tracing
were inspected to assure proper equipment functioning. The integrator output was
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Fig. 1. {g) “Standard™ subroutine. (b) “Patient’ subroutine. (c} “Patient™ subroutine.

keypunched along with appropriate patient identification data, then presented to the
computer for data reduction.

The computer analysis of the output from the automatic amino acid analyzer
was designed as a set of two programs and one permanent datz file. The programs are
used independently, but each uses the permanent data file. This set of programs could
be adapted for use on any relatively large computer with capability for permanently
storing data on either disks or tapes.

The first program, and the larger of the two, was actually a statistical and bock-
keeping package composed of four main subroutines called Imitialize, Store, Standard,
and Patient; all of them need not be executed each time. This program was designed
to create and update the data file. The subroutine “Initialize™ erased all storage foca-
tions used by the permanent data file. The subroutine “Store’ filed information needed
by the programs such as names of amino acids and concentration of each amino acid
in the standard solution. Subroutine “Standard™ using information derived during
calibration of the instrument, averaged retention times and integrated values (inde-
pendently) for two standard chromatograms. These averages were stored for use in
identification and quantification of amino acid concentrations in the samples. A
running average of these values and their coefficient of variance was computed as an
aid in detecting changes in instrumental performance. Fig. la is a diagram of this
subroutine.

Running average was computed as

<Xy = (1 <X>p+ Koo/ + 1)



298 I H. BROWN, S. WALKER, I.. CASTO, R. R. HOWELL

where X was either the retention time or integrafed value of the peaks and # was the
number of samples.
Standard deviation was computed as:

Grsr = VEDaey — {XD%:0)

where
{EDror = (&, + X )iln + 1)
Caoefiicient of variance was computed as:

V= G[ITL
Xesy

The fourth part, called subroutine “Patient”, considered the sample analysis
and is diagrammed in Figs. 1b and Ic. It required entry of information desired for the
final report, including patients name, sex, age, hospital number, location (hospital or
town), physicians name, sample type (serum, urine, or other), creatinine concentra-
tion (if urine), laboratory number, date of receipt, date of analysis, and dilution facter
if necessary. These data were followed by reiention {imes and integrator responses
for ali the peaks in the chromatogram. This subroutine searched through the retention
times of the sample and compared them to the known average retention times ob-
tained from subroutine “‘Standard”. Amino acids were identified on the basis of the

cak retention times of the sample that closely approximated the known average from
the calibration standard. Extra unidentifiable peaks were sorted out and missingamino
acids (if zny) were identified.

Having ideniified which amino acids were present, the subroutine computed
the quantity of each present in the sample using the following appropriate equation:

CON INSTI! DIL

K1 =SAMA e INST DSt~
or
CON INST DIL
X, = SAMA- AVEA INS2 DILST K
where

X = amount of amino acid present in sample; | = acidic or neutral, 2 — basic
aming acid

CON = concentration of amino acid cglibration standard (gmoles/ml}

AVEA = the average integrated response value for the calibration standards

INST! = the average integrated response for the first internal standard

INST2 = the average integrated response for the second internal standard

DILST = the dilution factor of the calibration standaré solutions

SAMA = the integrated response for the sample

DIL = dilution factor of the sample

INSi = the integrated response for the first internal standard in the sample
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INS2 = theintegrated response for thesecond internal standard in the sample

K = appropriate units for the type of output needed

This program was inteaded for serum or urine samples obtained from four
different age groups and it maintained a running average of the values from all the
normal patients to establish a mean or ““‘usual™ value for age and type of sample. It
also kept an average of all patients including pathological cases as a matter of interest
to compare with only normal patient values. The subroutine then computed the stan-
dard deviation of the normal values from the mean.

QUANTITATIVE AMINQ ACIO ANALYSIS
ANALYZED 8Y THE LABORATQORY OF BIOQCHEHICAL GENETICS
QEPARTHENTY QF PEOTIATRICS
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PATIERT USUAL
RESULT VALUE STAKDARD BEAK REY - PEAK
AHING ACIO HICRC ¥/ FOR AGE OEYIATION NGe TIME AREA
G CREAT.
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PHOSPHOETHANGLAKMINE “2.7 38L.8 £78.5 2 33.0 1866&48,C8
TAURINE 326.3 4885 &20.7 I &5¢C £&35696.6
ASFARYIC ACID 367 278 258 % &5.C 223STWC
THREONIHE 2eZ6 2eGe7 18%.2 G g2.8 L53L7L.0C
SERINE 533.6 SE3e3 2atal [ 3«8 4096628
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ELAKINE 6468 G178 Z73.0 £z 16&.8 §5E6523.C
A-EMIMOADIPIC ACEOD 529 122.7 £5%.6& 1z 175.8 L£546L.6
A=AMINO~-X-BUTYRIC A 682,.1% S&el 66.2 14 1862 &S74706
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GETA-ALANINE G.Q 3¢8& 4el 22 33Ce T Ge@
8~AMINOISOGBUTYRIC & 6£33.5 943.2 525.6 23 345.80 2386370
ORNITHINE 255.9 585:8 263.& 2& 392.8 2Z2LL38.C
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ARGIMINE 939 583 2793 2¢ 568.0 7E5L%eC
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Fig. 2. Computer output: Patient copy.
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The second program was devised in the interest of economy, to protect the
statistical gata from errors, and to assist in proof reading of data. It is an abbreviated
version of the first program using identical techniques for sample analysis, but per-
forming no statistical bookkeeping. It uses the information stored on the permanent
datz file when nesded. The second program produces a very specialized output suit-
abie for inclusion on a patient’s chart by a physician.

RESULTS

Fig. 2 represents the computer-generated report. Since it is more rapid and
economical to print mukiiple reports for laboratory and physicians’ files than make
copies, four copies of the report were printed, followed by the data shown in Fig. 3.
The size of the normal population, with which the patient was compared, was listed

PATIENT NAHES LEB HC. 3&I6F

THIS PATIEMT ®AS COMSIDERED ASNORMAL
£1 MO, OF MGOMAL PATIENTS ACCUHULATED IM THIS AGE GROUP.

THE FOLLOKING YERE IDENTIFIEC 4S5 ExTRA PEAKS OR INTERMAL STANDARDS.

RET, TIHE PEAK RREA
St.d 4263288 .4 UREA
670 20676% .8
Tiel 522638.0
172.C g7EL.C
1350 205G
23£.C 57288
263l ?623432.8 FIRST INTERKAL STEKDARD
37t.6 25a478.0 SUFFER CHANGE
3az.C ki r-6-%%:3
3gg.0 26532375.0Q
E5L.0 TL13265.0C
4568 FTEPE.G
4778 146357.0 SECOND INTERNAL STAHDERQ
8870 148535,.8
&983¢C £13636.8
5i£.0 £6GT80.8
5430 6£195.8

THE FOLLOEING PEAKS EXCEED (HEAM ¢ 2 STQ UEVIATIONS!

BATIENT USUAL RETIO
RESULTY YALUE STANDARD FEAK PAY/
AREHC ACIC HICRC H¢ FOR AGE DEVIATIQHE #3. {He2S1
& GREAT:
ASEARAGIKE £30%¢5 5823 i68.2 T L8
PROLIKE Q&30 93 €%9.5 8 3.5
A=-RAHINC=K=BUTYRIC A &22¢% Geqd 68.2 % 3.2
CYSTIHE 237 2.5 SeS 16 22

Fig. 3. Computer cufput: Evaluation of sample (laboratory only)h
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with retention times and peak areas of unidentified ninhydrin-positive components.
Abgnormal amino acid concentrations were identified and the factor by which they
exceeded the mean plus two standard deviations was printed.

Other statistical information recovered included the number of normal patients
accumulated in each age group with the mean values, and the total aumber of patients
in each age group. with the mean concentrations for amino acid, as shown in Fig. 4.
In addition, mean retention times and integrator responses for calibration standards
(Fig. 5) were filed with their coefficient of variance for compariscn with current stan-
dards.

DISCUSSICN

Computer identification of amino acids eluted from a column is a formidable
task, particularly when physiologic fiuids are the source. This task is more reliably
performed where technical interaction with the computer is possible. Qur solution to
this problem was the simplest approach consistent with reliable performance. Re-
tention times were determined with each new buffer and ninhydrin preparation and
the standard mixtures were analyzed again just before the buffer supply was exhausted.
It was assumed that buffer (and ninhydrin) decay is a linecar phenomenon and that
averaging these standard retention times (and responses} would closely approximate
the true values over a one-week period. A small variation in retention time, determined
by the operator, was allowed. If an amipno acid had a greater variation in retention
time it would not be identified by the computer but would be printed out as an un-
identified peak. The operator would, at his discretion, assign the proper retention time
by manipulation of data while punching cards.

Another problem zssociated with amino acid analysis in an automated system
is that of nonreproducible responses, whether through variations in sample appli-
cation or ninhydrin reactivity. The use of internal standards was an effort to compen-
sate for these effects, and since we used a two-column system, two internal standards
were desirable. This program normalized the response of the unknown amino acids
with that of the calibration standard since both had the same concentration of internal
standard.

Although other programs, some of which are quite elaborate, have been pub-
lished for identification and computation of amino acids, none analyze and present
physiclogic data in a format acceptable as a final report. [kt is our opinion that this is
a desirable option which should be available to those who have access to computers
of requisite capacity. Modification of the program by limiting the number of popu-
fations and thus the statistical dats file could diminish this requirement, though not
sufficiently for use with desk top calculators. Use of programmable calculators in
amino acid analysis will be the subject of a future report.
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