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A micromethod is reported for the rapid determination of phenylalanine 
and tyrosine in plasma or serum samples by employing a new system of automatic 
amino acid ion-exchange column chromatography previously described, but’ ,pro- 
vided in this case with four resin columns. While two of them are used for analysis 
on two separate channels, the other two are regenerated. In this way ,every fifty 
minute; four analyses are Tbtained. The resin employed is Aminex A5 operated 
in a lithium cycle. Peaks are digitized by simply measuring their heights over the 
base line, as described in the new analytical system. Data processing, including 
determination of weight and molar phenylalanine/tyrosine ratios, by means 
of an Olivetti Programma IOI desk-top computer is described and the program 
instructions for the magnetic card are.also reported. 

INTRODUCTION 

Phenylketonuria is a genetic defect which prevents the patient from properly 
metabolizing the essential amino acid phenylalanine and causes irreversible damage 
to the central nervous system, frequently resulting in mental retardationl. The 
disease is characterized by elevated blood levels of phenylalanine and excessive 
urinary excretion of phenylpyruvic acid; this is caused by a deficiency in the liver 
enzyme, phenylalanine hydroxylase, which governs the first step of the normal 
metabolic pathway of phenylalanine, i.e., its conversion to tyrosines-5. 

It is now generally accepted that if the disease is promptly diagnosed at birth, 
a low-phenylalanine diets will permit the infant’s brain to develop normally. Thus 
the extreme urgency of a prompt and accurate determination is indicated if mental 
retardation is to be avoided. 

Two types of screening procedure. on newborns have been .applied to early 
diagnosis of phenylketonuria. They are based” either on the detection of excess 

r*’ phenylpyruvic acid in the urine or elevated phenylalanine in blood. 
The ferric chloride test for urinary, phenylpyruvic. acid is limited in its accuracy 

‘5. in pl~enylketonuria detection, in that affected newborns may only beginto excrete 
phenylpyruvic acid after 4i8 weeks7” and in some cases this, excretion may not 
be, consistentlo-la. Blood phenylalanine {levels, on the other hand,’ have, been shown 
to reach toxic values after a,few days of lifef%r4. 
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For the determination of blood phenylalanine levels several procedures have 
been developed, although at present only two techniques are generally accepted. 
One was devised by GUTlII<IE ~1~ for mass screening and it is based on, the following 
principle. /3-z-Tllienylalanine inhibits the growth of RnciZl26s subtdis in a minimal 
growth medium. The addition of phenylalanine to the medium reverses the inhibition 
and allows growth of the organism. The GUTHI~IE method is a semi-quantitative 
screening test and it is not specific for phenylalanine, but positive samples can be 
repeated with a more quantitative procedure such as the fluorimetric technique 
devised by M~C.UI:\N AXD ROISINS~~, which is based on the principle that phenyl- 
alanine when reacted with ninhydrin in the presence of L-leucyl-I.-alaninc 
produces a strongly fluorescent cornpound. 

But these two methods, which are widely employed in phenylketonuria mass 
screening, and both at the present time based on the small amount of 1~100~1 that 
can be collected on the small paper discs of the collection card.+ 11), will only 
distinguish (wit11 variable precision) individuals presumed positive for phenyl- 
ketonuria. 

As a matter of fact, it has been shown that an elevated phenylalanine blood 
level in premature infants may be of a transient nature only and not in itself be 
indicative of phenylketonuria. Actually go % of individuals in which the blood 
phenylalanine level is found to be higher than normal at the time of birth are not 
phenylketonuric patients2*2O. They are only newborns in which the metabolic 
system has not reached a state of maturation at the time of birth and in these cases 
a high blood tyrosine level can be observed in addition to the high phenylalanine 
level. 

Thus elevated phenylalanine levels in an infant may not necessarily be indic- 
ative of phenylketonuria, but may be only a transient elevation due to immaturity. 
If in this instance a serum tyrosine determination discloses an elevated tyrosine 
level as well, phenylketonuria may possibly be ruled out. 

Consequently the presumed positive individuals for phenylketonuria must 
additionally be tested for tyrosine. 

Another case where both blood phenylalanine and tyrosine levels must be 
determined is when heterozygosity for phenylketonuria has to be checked21. 
Taking into account that according to PERRY et aLa2 possibly I: in 70 persons may 
be a heterozygote for phenylketonuria, it is to be hoped that information concerning 
heterozygosity for phenylketonuria will become widely requested in genetic coun- 
selling. Moreover, in genetic counsclling of close relatives of phenylketonurics this 
information will be used to eliminate unnecessary worrying by prospective 
parents or prevent the birth of phenylketonuric infants. 

By determining, by means of two spectrofluorimetric techniques, the fasting 
serum phenylalanine level and the fasting phenylalanine/tyrosine ratio, PERKY 
et aLa were able to classify accurately about two-thirds of the subjects tested 
for heterozygosity, although the remainder of the subjects tested fell into the 
zone of overlap between homozygous normal and heterozygous individuals and 
hence could not be classified accurately. PI?RRY et aZ.22 in a more recent paper re- 
ported that this poor degree of precision is partly due to the fact that two fluori- 
metric techniques had to be used, one for determining the phenylalanine level and 
the other for the tyrosine level. Tyrosine contributes at least 5 0h fluorescence relative 
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to phenylalaninez3 and t lius adversely affects the phenylalaninejtyrosinc ratio, 
For this reason automatic amino acid cllromatography was recoinmended for ob- 
taining this ratioz2, in that it simplifies the test and increases its relisbility, in spite 
of the fact that the analytical technique employed required G h for one response. 

In this paper a particular application of a new system of automatic ion- 
exchange amino acid analysis previously described by MONDINO~~~~~ is reported. 
Four short resin columns eluted with a lithium buffer are used and allow four 
determinations of phenylalsr~ine and tyrosine every fifty minutes. 

.4PPARA’IUS AND iLI.4TERIAI.S 

An apparatus for automatic amino acid analysis described by MOXDIXO 

in a previous papera and at the present time manufactured by Optica Co., Milan, 
was employed. Accordin’g to the flow diagram in Fig. I, four resin columns were 
employed on two separate channels. Each channel consisted OI three pumps 
(one for the buffer employed for eluting the chromatogram, one for the ninhyclrin 
color reagent and one for the ‘buffer employed for the equilibration of the resin), 
two columns, a flow switch, a reaction coil, a photometer and a recorder and both 
channels could operate simultaneously. 

. 
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I 1 
Fig. I. l?low clinjiram of the analytical system. (I) (2) (3) Pumps of the first channel ; (4) (5) (G) pumps 
of the scconcl channel ; (7) (8) colut~~~~s of tIy2 first chnnncl; (9) (IO) columns of the scconcl channel; 
(I I) wstcr circulating bath for columned thermostaking; ( .IZ) flow switch of the first channel; 
(I 3) glow switch of the. scconcl channel; ( r-1) 100’ reaction bath containing the coils of both channels; 
(15) colorimcter of the first channel ; (16) recorder of the first channel : (17) colorinwtcr of the second 
channel; (18) rccorclcr of the second channel. 

The pumps for the eluting buffer are operated at I ml/min while the ninhydrin 
color reagent pumps operate at 0.5 ml/min. The pumps which deliver the equi- 
librating buffer operate at x,4 ml/min. 

. 4 
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Four Pyrex glass columns of 0.7 cm I.D. were employed. Their total length 
was 30 cm, while the resin bed was only 15 cm high. While one column of a 
channel is doing the analysis the other one is washed with lithium hydroxide and 
equilibrated with the working buffer. The columns are jacketed and thermostated 
in parallel at 55.2 o by means of a thermoregulated circulating water-bath. 

Flow swJA?clu?s 

Two flow switches specially developed by the Optica Co. were used, one for each 
pair of columns. These valves allow connection of each column of a pair either to 
the reaction coil (when the column is under elutiori), in which case they operate 
also as mixing devices for the column effluent and the ninhydrin color reagent, or 
to waste (when the column is under regeneration). 

Reaction coils 
- Two reaction coils made of Teflon tubing of 0.5 mm I.D., each 30 m long and 

immersed in the same boiling water-bath, were employed. The total flow rate of 
I.5 ml/min (I ml of eluate plus 0.5 ml of color reagent) means that the reaction 
misture remains at rooO for 4 min. This reaction time allows precise and accurate 
results. 

Pllotonaeters 

The system employs two photometers equipped with interchangeable inter- 
ference filters both reading at 570 nm and containing cylindrical flow-cuvettes 
with lo-mm light paths. The photosensitive element is a photomultiplier, whose 
electronic circuit includes a range expander which permits a choice of sensitivity 
of either 0.1, 0.25, 0.5, 1.0 or 2.0 O.D. units for a full-scale deflection and gives 
a linearized signal. For this work the sensitivities employed were 1.0 and 0.5 O.D. 

Recorders 
Two solid-line recorders were employed, one for each channel, which recorded 

the linearized signal coming from the photometers at 3-in/h chart speed. Other 
chart speeds are available. 

Aminex Ag resin purchased from Biorad (Mtinchen) was employed in a lithium 
cycle as already described by MONDIXO et al. in a preceding notesa. 

The buffer employed for eluting and equilibrating the resin columns is a lithium 
citrate buffer used as previously reported s&~ for the analysis of basic amino acids 
and related compounds. It has a pH of 4.52 and the following composition: lithium 
concentration, 0.6 N; citrate concentration, 0.2 M; lithium citrate tetrahydrate, 
56,4 g/l,; concentrated hydrochloric acid, 17.5 ml/l; IO y0 Brij solution, z ml/l; 
phenol, z g/l. The correction to pH 4.52 is made by addition of hydrochloric acid. 

An aqueous solution of I .W lithium hydroxide (23.95 g/l) is employed for 
washing the columns after each analysis. 
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~Qinltydrin color reagents 
This was prepared according to the method described by MONDINO in previous 

papers24s 26. 

PItenylala&w and tyrosine calibmting solaction 
A solution containing 62.5 ,umoles/l of phenylalsnine and tyrosine and of all the 

other acidic, neutral and basic amino acids and related compounds normally found 
in biological fluids, was niade by employing chemicals purchased from Fluka (Buchs 
F.G., Switzerland) 

A pool of human blood plasma obtained from the clipical laboratory of the 
local hospital and blood samples obtained from 30 adult normal healthy and fasting 
volunteers were employed. For deproteination a 10 % solution of sulfosalicylic acid 
is added to an equal volume *of plasma. The solution is then shaken and centrifuged. 
0.4 ml of supernatant, corresponding to 0.2 ml of plasma, are loaded on to the 
columns. If small centrifuge tubes are employed, 0.3-0.4 ml of plasma is enough 
for a determination. 

Suppose that columns 8 and IO, as illustrated in the flow diagram in Fig. I, 
are equilibrated and ready for analysis just as columns 7 and g have finished a 
chromatogram. On the drained surface of the resin of columns 7 and g, 2 ml of I N 
lithium hydroxide are carefully introduced, then the columns are filled with pH 
4.52 buffer and equilibration is started, On the drained surface of the resin of columns 
S and IO, 0.4 ml of the solution which has to be analyzed and then 0.4 ml of 
pH 4.52 buffe rare forced in under air pressure. The columns are then filled with buffer 
and the analyses are started. After 25 min the peaks of tyrosine and phenylalanine 
are completed and the analyses are finished. At the same time columns 7 and g 
have been washed and equilibrated and are ready for a subsequent analysis. At 
this point the flow switch of the first channel is operated in order to connect column 
7 with the color reagent stream coming from pump I and with the reaction coil, 
and also to send to waste the eluate of column 8. The flow switch of the second 
channel is simultaneously operated in order to connect column 9 with the color 
reagent stream coming from pump 4 and with the other reaction coil, and to send 
to waste the eluate of column IO. For columns 8 and IO the operation of washing and 
equilibrating can now take place while a new analysis can be set up on columns 
7 and I). 

Operating in this way, every 25 min two analyses can be obtained and a routine 
daily schedule can give thirty to forty such an=alyses. . 

The ninhydrin color reagent containecl in the pumps of both channels is 
500 ml in volume; considering that the reagent consumption per analysis is less 
than 15 ml, one charge will last a day. 

The chromatograms obtained are evaluated by simply measuring in millimeters 
the heights of the peaks over the base line. This is the most interesting feature of 
our analytical system and, as previously cliscussed2~~2G~27, is due to the exact 
repeatibility which can be obtained from chromatogram to chromatogram; as 
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has been demonstrsted27, in our system this method of peak digitizing gives greater 
precision than that of the method of height x width integration, and moreover 
is much faster. 

I<ESUY.TS AND DISCUSSIOS 

Thirty-two chromatograms of 0.4 ml of the calibration mixture containing a 25 

nmoles of tyrosine and phenylalanine were run on the four columns. The results are 
reported in Table I’. The mean values, the standard deviations and the coefficients 
of variation are also given for evaluating the degree of precision. It can also be 
seen that there is no appreciable difference from column to column. 

In order to evaluate the degree of accuracy and the linearity of response of 

ItEPEATED DETERMINATLONS OF 25 IlMOLES OF TYROSINE AND PNENYLALANJNE 

The results are expressed as pcalc heights in nmi over the base lint. 

Col1crnn 

I 2 3 4 

%jr Plie T‘YJ’ P/l c 7jJ Ph.9 TYV I%-- 

69.8 62.2 68.2 01.1 70.0 62.4 70.0 62.5 
Gg.0 61.3 69. I G1.G Gg.6 01.9 70.2 GJ.g 
09.2 G2.0 Gg.0 Gr.3 69.0 Gr.4 70,o G2.0 

69.2 62.1 08.9 01.9 69.2 01.4 68.9 G1.g 
09.0 61.7 G8.g 61.4 09.1 61.5 68.6 61.8 
70.0 GI.O (39.5 61.2 08.6 Gr.o 69.2 G1.3 
69.0 Gr.g Gg.o 61.0 69.0 61.3 69.2 61.0 
69.5 G2.5 70.0 02.0 70.1 G2.2 68.9 GI.2 

Mean 69.3 61.8 69.1 61.6 69.3 6r.G G9.4 G1.7 
SD. 0.39 0.48 0.50 o-34 0.51 o-47 o.Go 0.48 
Cod. of variation 0.5G 0.77 0.72 0.56 o-73 0.76 0.84 o-77 

the analytical system and at the same time the efficiency of the deproteination 
method, t!$e following experiment was performed. 

Eight chromatograms were run on eight aliquots of the pooled plasma, which 
were processed as follows. To 0.5 ml of plasma, 0.5 ml of IO Y. sulfosalicylic acid 
solution was added. After centrifugation, 0.4 ml of the supernatant was loaded 
on to the columns. 

Eight chromatograms of 0.4 ml of a standard solution containing 25 nmoles 
of tyrosine and phenylalanine in 0.4 ml of 5 o/O sulfosalicylic acid solution were 
also run. This standard solution was prepared by diluting with an equal quantity 
of water a solution containing 50 nrnoles of the two amino acids in 0.4 ml of IO "/" 

sulfosalicylic acid. 
d Finally, eight chromatograms of eight aliquots of the pooled plasma, which 

were deproteinated by addition of an equal volume of the IO oh sulfosalicylic acid 
solution containing 50 nmoles of tyrosine and phenylalanine per 0~4 ml, were run. 
In this way, to the 0.4 ml of the supernatant loaded on to the columns, 25 nmoles 
of the two amino acids were added. The heights of the peaks obtained were expected 
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Calibralion mixtarre Pooled pCasma Calibration ntixturv 
(2-j ~llr?~OZC.~) (25 wlloles) pllts 

/~oolCd plasllia 
- --.- 

%j/p Ph! ‘I jV PJU %jV PJW 
_.- ---_-_ - 

70.0 G2.0 49.9 27.8 x17.5 SS,7 
70,o 62.0 49.2 28.0 I rY.2 89.2 

GS.5 Gr.0 48.4 27.5 I r9.o 8g.0 

GS,8 Go.5 ’ 49.2 28.2 116.5 .87.5 
68.8 61.0 q-).2 28.0 JfG.0 87.4 
GS,5 Gx.2 48.4 27.5 .I 17.5 SS.9 
Gg,o Gr.5 4Q.O 28.2 117.2 89-G 
Gg,0 GI.1 4S.5 28.0 JIY.2 88,G 

MC~l.11 Gg,.t Gr.3 LI_‘)*O 27.9 J ‘7.5 SS.6 
S.ID. o.Go 0.52 0.5J 0.20 0.97 0.78 
Cocff. vnricztion 0.87 0.85 I *04# 0.93 0.85 0.90 

Expectccl vnlucs . r18.1 89.2 

Iiccovcries 99.5 99.3 “A, “A, . ---_- _-I- 

TABLE III 

RIZSULTS OF I’LASMA I~ROBI I5 NORMALLY IIEALTIIY FASTING ADULTS 

42.0 24.5 I.37 0.83 
43.5 2G.o I.42 0.58 

51.0 23.0 I .G7 0.78 
51.0 23.5 1.6s 0.80 

54.2 32.0 J.79 1.0s) 

55.5 32.0 I.S3 I.09 

42.0 22.0 1.38 0.75 

43.0 22.5 I .42 Q-77 
52.5 30.0 I.73 1.02 

52.5 30*0 I.73 I .02 
4-8.0 31.5 1. .5S 1.07 
49.0 32.0 r.GJ. I *og 

48.5 27.2 1.00 0.93 
49.0 26.0 J.GI 0.Q 

55.0 28.0 I.81 0.95 
54.0 27,o 1.78 0.92 

48.5 32.8 1.60 I.12 

SK.2 34.2 J.G9 T.IG 

45.5 24.8 I.48 0.83 

45.5 25.0 I.48 0.84 

52.5 2505 J. .7 I o.HG 

53.5 25.2 1.71 0.85 

42.5 28.0 I.39 0.94 
42.0 27.5 I.37 0.92 

48.5 30.0 I .58 1 .OI 

0.3 3080 r.57 .I . 0 I 

50.2 24.8 1 .G.~ 0.83 
48.9 2307 1.59 0.79 
54-S 34-O I.79 1.14 
54.7 33.5 1.78 1.14 

o,Go 
o.G2 

0.47 
0.48 
o.Gr 
0.00 

0.54 
0.54 
0.59 
Oa.59 
0.68 
0.07 
0.58 

0.55 
0.53 
0.52 
0.70 
o.Gg ,, 
0.50 
0.56 ir* 

0.50 
0.48 
o.G7 
0.67 
0.63 
o.G4 
0.50 
0.49 
o.G3 
0.64 

o.GG 
o,GS 
0.51 

0.52 
o.G7 
o.GG 
0.59 
0.59 
o.Gq 
0004 
0.74 

0073 
0.03 a 
o.Go 
o,gs 

0.57 
0.77 
O-75 
o,Gs 
O,GI 

OS.55 
0.52 
0.73 
0.73 
o,Gg 
0.70 

0.55 
0.53 
0.69 
0.70 

-- -- 

I 
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to be equal to the sum of the heights of the peaks of plasma alone plus the heights 
of the peaks of the standard solution. 

The results obtained, reported in Table II, can be considered very satisfactory 3 

in that the values found for tyrosine are 99.5 OX, and those of phenylalanine are 
99.3 yO of the calculated values. 

In Table III the results for 15 blood plasma samples, collected from 15 adult 
healthy fasting volunteers found in our laboratory, are reported. The blood samples 
were centrifuged and deproteinated immediately after collection ; the analyses 
were performed in duplicate. It should be noted that the phenylalanine/tyrosine 
ratios are rather lower than the mean value reported by PERRY el a.L22 when employ- 
ing a chromatographic method of analysis. It would be advisable that a screening of 
very large populations from different countries or regions were carried out in order 
to ascertain if different life conditions or genetic factors may have some influence on 
this ratio. 

It must be stressed that the determination of these two amino acids must 
be carried out on plasma samples processed immediately after collection from 
the patient if true values are to be obtained2Y. 

As far as the resin is concerned, a crushed Amberlite IR-rzo prepared as 
previously described by MONDINO 2% zG was also tried and eluted with sodium and 
lithium buffers. Sodium buffers were also tried for the elution of Amines A5 resin. 
The best results in the shortest time were obtained by employing the Amines A5 
resin in a lithium cycle, accorcling to the conditions previously indicated. In this 
way a very heavy working schedule giving satisfactory repeatability is feasible, 
even if the operating conditicns, as far as resin equilibration is concerned, do 
not rigorously fulfil the conditioning requirements. As a matter of fact the working 
schedule reported here, which permits 4 analyses every 50 min, allows only 20 min 
for washing t&resin with lithium hydroxide and equilibrating it with the working 
buffer. These operations are carried out by introducing z ml of I N lithium. hy- 
droxide into the column over the drainecl surface of the resin bed and pouring 
over them the 0.6 N buffer of pH 4.52, which afterwards is pumped through the 
resin at 1.4 ml/min. The am.ount of hydroxicle is the least that permits the release 
from the resin of the amino acids, polypeptides and com.pounds contained in the 
sample, but the quantity of working buffer fed to the resin and particularly the 
time of conditioning are not enough for a thorough equilibration of the resin column 
to occur, In spite of this, the Aminex A5 resin gives perfect reproducibility as far as 
the required determination of tyrosine and phenylalanine is concerned. But it m.ust 
be emphasized that, if the chromatogram were continued after the phenylalanine 
separation, separation of subsequent amino acids and related compounds would 
not be obtained, owing to the incomplete equilibration of the resin bed. 

Furthermore, it must be mentioned that in this case a spherical resin having 
a narrow classification degree, such as Aminex A5, is to be preferred to a crushed 
one as far as the column packing is concerned. If one considers that this system,\.+ 
is capable of perform&g more than 200 analyses weekly, it is advisable that at 
least once’ a week the resin be washed on a suction funnel with strong hydro- 
chloric and nitric acids and with boiling hydroxide24saG. Consequently once a week 
a new packing of the four columns is recommended. Using this spherical resin a 
perfect packing can be easily obtained even if a slurry in an equal volume of a 
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pE_I 4.52 buffer is employed. This is not possible with a crushed resin2O. Since the 
resin bed einployed has a volume -nO higher than half that of the glass columns 
used, the packing of the resin can beb obtained by filling the glass column with the I : I 

resin slurry and then by pumping the bliffer,‘which will settle the resin bed at half the 
h,eight of the column. This operatibn doe+ not last more than 30 min. Consequently, 
if the operator does have an extra resin batch available, clean and suspended in 
PI-I 4.52 buffer, changing the resin in all the columns will not seriously interfere with 
his working schedule. 

The use oE a lithium buffck is justifie’d because for the elution of these amino 
acids from the resin a Li-1- molarity of 0.6 is required. This molarity is not very far 
from the molarity of the li.ydroxide required ‘for satisfactory washing of the resin. 
If sodium buffer were employed this difference would be greater and consequently 
the equilibration of the resin in the time available would be less complete. As a mat- 
ter of fact, even if sodium buffer is employed the molarity of the sodium hydroxide 
cannot be less than I and the quantity to be employed cannot be less than 2 ml; 
on the other hand the sodium working buffer cannot have a molar strength as 
high as that of the lithium buffer for obtaining the tyrosine and phenylalanine 
chromatography. 

In Fig. 2 chromatograms of the calibration mixture and of some plasma 
samples are shown, Concerning the evaluation of the peaks, it must be stressed 
that because it can be done by simply measuring their heights over the base line, 

(b) 

i I 

! ” i 

.._ ._.... i, 

. ( . 

TtT: 
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_ _ _ _ . . _ 

20 
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Fig. 2. (a) Exa,mplcs of chromatograms obtained with a calibration solution containing all the 
amino acids. Tyrosine and phenylnlaninc, whose pcalcs cmcrgc just aftcr the acidic and neutral 
amino acids brcalc through, have a concentration of 25 nmolcs. (b), (c) Examples of chromato- 
grams obtained from 0.2 ml of normally healthy plasma. 
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the time required for digitizing so many results is reduced to a few minutes per 
day and the necessity of employing expensive and complicated automatic integra- ._i 
tors, which would also affect to some extent the accuracy of the results, is -‘c> 
avoided. Possibilities of clerical errors are also reduced, for the evaluation becomes 
much more objective. 

The following equations will be applied in obtaining from tile digitized values 
of the chromatograms either the milligrams of amino acid per x00 ml of Jllasma 
or the micromoles per liter: 

mg/lOO ml of plasma = 
H.nM.MW 

Ns’V’104 

HenM 
pmoles/l = NT 

S 
(2) 

where H = peak height in mm of the amino acid on the sample chrornatogram ; 

nM = nmoles of the amino acid, which has given H,s on the standard chromatogram; 
WV = molecular weight; Hs = peak heigilt (mm) of the amino acid on the standard 
chromatogram ; V = volume of plasma loaded on to the column (ml), calculated 
by dividing the volume of the deproteinated plasma solution applied to tJle column 
by the dilution factor. 

An Olivetti Programma IOI desk-top electronic computer can be used with 
advantage for doing these calculations ; the program instructions for the magnetic 
card are reported later in this paper. As will be shown, the operator has only to 
insert into the computer the heigllts in mm of the tyrosine and phenylalanine peaks 
and the computer will print the plasma concentrations in mg/roo ml and in ,umoles/l 
of both amino acids and also the phenylalanine/tyrosine ratios, both by weight 
and molar. 

The high number of daily analyses which can be obtained, the ease of 
digitizing peaks and the small volume of sample required suggest that this system 
could be used with advantage in centers for newborn phenylkctonuria screening, 
where it could be employed in all those cases for which the methods for mass screening 
give a presumed positive response and consequently for which a more precise deter- 
mination of phenylalanine and tyrosine blood levels is required. 

Moreover, it could be used with advantage in centers for eugenic counselling, 
as far as the phenylketonuric heterozygous “depistage”’ is concerned, for which 
PERRY et nLxf have already stated that amino acid chromatography is pre- 
ferred since the phenylalanine/tyrosine ratio must be determined. As a matter 
of fact the tedious use of two different spectrofluorimetric assay methods for the 
two amino acids, requiring in this case absolute precision and accuracy, can be 
avoided. Since the ratio of these two amino acids, rather than their absolute values, 
is utilized in the test, small undetected technical errors in sample size are not as 
important as they would be in two separate’ spectrofluorimetric analyses, and,,*:,, 
moreover, little changes in the ninhydrin reagent or some faulty column charging ,.,. !: 
operation should affect both tyrosine and phenylalanine pealcs equally, since these 
amino acids are eluted very close together, giving a practically unaltered ratio. 

Furthermore, this test could also be applied to the parents of newborns 
presumed positive for phenylketonuria. in which only moderately elevated con- 
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Fig. 3. Program instructions for tlzo Olivetti Programma IOI desk-top olcctronic computer. 
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centrations of blood phenylalanine occur. If one or both parents give a phenylalanine/ 
tyrosine ratio not showing lleterozygosity for phenylketonuria, a diagnosis of tran- 
sient hyperpl~enylalaninemia only will be given f&r the child. 

Ollvcrttl l programma 101 
* 

PROGRAMME INSTRUCTIONS CARD. N. ,. 
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We would also like to mention that in our laboratory the possibility of sub- 
mitting to this, kind of analysis blood samples collected on filter paper is under 
investigation. Preliminary results obtained by employing an ultramicro method 
of amino acid extraction from the card and of deproteination, along with an 
amplification of the sensitivity of the photometric system, suggest that the chro- 
matographic determination of tyrosine and phenylalanine could be routinely pos- 
sible even from a single blood drop30. 

PIIOGRAM INSTRUCTIONS FOR OLIVETTI PROGl<A;\IMA 101 COMPUTER 

The desk-top Olivetti Programma IOI electronic computer receives program 
instructions by the insertion of a magnetic card on which the instructions, given 
in Fig. 3, have been stored previously by means of the computer itself. 

V 
69925 S 

61*2 5 

1’00 b0 

42 s 
21-5 s 
1*37 A0 
O-82 A0 
0*59 A0 

7S*60 A0 
49*63 A0 
0.65 A0 

2.00 00 

51 s 
23 S 

1.66 A0 
O-77 A0 
0.16 A0 

91-61 A0 

46.61 A0 
0.50 A0 

Fig. 4. The first two numbers after V indicntccl with S arc the peak heights (mm) ._ __. _ _ __ . 

3.00 BO 

51*2 s 
32 s 

l-l? A0 

1@07 A0 
Oa60 A0 

97#6E A0 

64a76 A0 
O-66 A0 

of tyrosinc and phenylalnninc from the stxmclard chroniiltogram ancl arc rntro- 
duccd into the computer by the keyboard bcforc beginning the computation. 
With b 0 is inclicntecl the sample iclentification number which the computer 
prints by itself in that a counter is incluclecl in the computation progrsm. 
The first two clntn following the s;mlple identification number and indicated 
with an S iwe the pcdc heights (mm) of tyrosine and phcnylalaninc, which sre 
introduced into the computer for each sample. The following data inclicatccl 
with A 0 are nutomaticnlly printed out by the computer and in order :wc: 
mg/xoo ml of tyrosinc, mg/ I oo ml of phcnylalaninc, ~~hcnylslat~inc/tyrosine 
ratio by weight, ~~molcs/l of tyrosinc, /.tmolcs/l of phenylalanino and phcnyl- 
nl?nine/tyrosinc molar ratio. 

The following data are memorized on the card as variable constants: (a) nmoles of ,:- 
tyrosine and phenylalanine, which have given III.9 on the standard chromatogram, on 
register D/; (b) the molecular weight of tyrosine on register D ; (c) the molecular weight 
of phenylalanine on register E/; (d) the volume of plasma (ml) loaded on to the 
column, multiplied by x04, on register IL 

.J, Clwomalogr., G7 (1972) 49-62 



In this way, if necessary, a rapid substitution in the program of the 
values of (a) and (d) is possible before beginning the computation of a daily 
set of analyses. The operating procedures are as.foll,ows: (I) set decimal wheel on 2; 
(2) introduce the magnetic card into the ‘computer; (3). press V; (4) introduce the 
height in mm (Ifs) of tyrosine, obtained from the standard chromatograms, by 
typing it on the computer keyboard and then pressing S; (5) introduce the height 
in mm (Us) of phenylalanine, as above; (6) the computer will print out x.00 as the 
counter for sample identification starts to operate (the subsequent data then 
relate to sample I) ; (7) introduce the height in inm (N) corresponding to the tyrosine 
peak on the chromatogram of sample no. I; (8) introcluce the height in millimeters 
(N) corresponding to the phenylalanine peak on the chromatogram of sample no. I ; 

(9) the computer will print the mg/Ioo ml of plasmaof tyrosine; (IO) the computer 
will print the mg/roo ml plasma of phenylalanine; (Ix) the computer will print 
the phenylalanine/tyrosine ratio by weight; (12) the computer will print the 
klmoles/l of plasma of tyrosine ; (13) the computer will print the pmoles/l of plasma 
of phenylalanine; (14) the computer will print the phcnylalanine/tyrosine molar 
ratio ; (IS) the computer will print the number 2.00 (counter) and subsequent data 
on the strip chart will refer to sample no. 2; (rG) for the second and subsequent 
samples loop to (7). 

In Fig. 4 a computer printout example of some calculations is given. 
Since it is advisable, before starting to analyse a daily amount of samples, 

to run one standard chromatogram on each dolumn, the H,s values of 
phenylalanine indicated at points (4) and (s), respectively, can be the 
of four determinations. 

The authors wish to express their thanks to Mr. L. T.WI for his valuable 
assistance in doing the experimental work, to Dr, A. P.4cn’lur of the Marketing Depart- 
ment, Microcomputer Division of the Olivetti Co., Ivrea, for his kind cooperation 
in preparing the computer program instructions and to Mrs, S. MARSER OJ.IVETTI, 
to whom the authors are particularly indebted for financial support. 
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