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me quantitative evaluation of a chromatogram 05tained from an automatic 
amino acid analyzer is a time-consuming repetitive operation comprising integration 
of ffie area of each peak. after comparison with an appropriate standard_ These 
operations can be accomplished by desk-top calculators’ and electronic integrator&‘_ 
Several authors have described the use of these devices in this field and how to reduce 
analysis co&, how to simplify the software even in the case of analyses of complex 
mixtures such as those of physiological fhGds5, how to minimize the e&cts of noisy 
outputs and variable retention times6, how to detect the critical points of the chroma- 
togram and how to prevent guctuations in the base line’. However. the price of these 
devices (which represents 1525% of the total cost of the apparatus, even for the 
simplest models) and the need for some knowledge of computer language put them 
out of reach of most laboratories. 

Such repetitive routine calculations can be performed with the new program- 
mable pocket calculators, whose prices are much lower than those of the instruments 
mentioned. Of course, in this case the calculator cannot be interfaced with the amino 
acid analyzer_ Thus some parameters of the chromatogram peaks, such as height and 

width, must he measured manually, but once this is done the time required to process 
data is drastieahy shortened and the possibility of error is greatly diminished compared 
to full manual evaluation. 

Buchanan8 reported a program for processing amino acid data with a Hewlett- 
Packard Xl?25 calculator; however, this machine has a limited number of program 
steps and memories, and it can process the information for only one amiuo acid at a 
time. For each peak, 1.5-2.0 min are required to evaluate the amount in nmoles, Le., 
the procedure must he repeated eighteen times for protein hydrolysates, making the 
full elaboration of data tedious and time-consuming. 

The program described in this paper is written for a Texas 1nstrnment.s TI59 
calculator which offers a larger number of steps and memories_ It enables calculation 
of the whole amino acid composition just by entering in separate steps the data 
calculated manuahy (total heights, baselines and widths), which are then processed 
automatically, The program is divided iu two sections: one for calcuIating correction 
factors from a calibration run with a standard mix%ure (this se&on requires 83 steps 
and 58 memory registers); and another to evaluate the ammo acid composition of the 
sample (this section requires 150 steps and 59 memory registers). 
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In the procedure proposed, the amino acid content is expressed as a percentgge 
of the total recovered amino acids and as mg per g N (N = nitrogen). However, the 
program can easily be modikd according to spa<c needs and the resuIts can be 
expressed as desired (e.g., residues per mole of protein, g per 100 g of protein, mg per 
g N, residues percent, g per 16 g N)_ Partial results can be displayed in any step ofthe 
pro-z in order to record &em on data sheets_ The program described is designed 
for the evaluation of the amino acid composition of fully hydrolyzed samples (Le., 
eig!xtetm amino acids), but can be modified to pracss more amino acids, as is required 
in the case- of physiological ffuid analysis- 

The calculator needs only a few _Feconds to proazss all the data; of corn-se,, more 
time is zequired to manually enter the parameters of each peak. However, the whole 
pro&lure ta!zs less than 6 min. 

In our program the amount of each amko acid is expressed either as a per- 
centage of the toti recovered amino acids or as mg amino acid per g N, in which case 
the nitrogen content is determined by direct analysis of the sample- This method of 
expressing data is partkdarly useful in the analysis of food proteins. Moreover, by 
rciating the determined data to the nitrogen content separately assayed, instead of to 
the total recovered amino acids, it is possible to correct the results for losses during the 
preparation and hydrolysis of the sample. 

Table I shows the sequence in which the data .for eighteen amino acids are 
processed. It also lists the memory addresses for total heights, net heights, baselines, 
widths, mg x I@ of each amino acid, expansion scaIe and optical pathway, nitrogen 

TABLE I 

MEMORY ADDRESSES OF AMINO ACID DATA 

Ex_pznsion SC& factor 2nd optic4 pathwz~‘: 19. g N/ml’ (only if 1 ml is the injected voIum~): 
59. Total mg x lff: 39. Counting memories: 00.20 and 40. 
c = <H&$%WUS =A_ x WI~**~..=.lj~~omO~l,~~ ..a- x MW x IO.aao. 

His 01 21 41 01 

% 03 02 23 22 42 43 : 
03 24 4a 04 

I-xlr 05 25 45 OS 
scr 06 26 6 06 
GIU 07 27 47 07 
Pro OS 28 48 OS 
GIY 09 29 49 09 
Ah IO 30 50 10 
CYS 11 31 51 I1 
Vai 12 32 52 12 
Met 13 33 53 I3 
Ik 14 34 54 14 
Leu 15 35 55 15 

cc 16 I7 36 37 56 57 I6 17 
Trp 1s 38 58 18 

- 

* These data must be entered by the opzztor. 
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content of the sample and percentages of total remvcred amino acids. Notice that 
when one amino a&d is zbse~t, the values 0 for toti height, baseline and width and 
1 for tzmre&ion factor must be et&red. 

A schematic diagram of the program is shown in Fig. I. Further dSai& are 
given in Tabie II. 

PragraIiI 
stess 

ODa-039 

Data Entr Total heights and 
base lines 

Calculation of Net half heights 
net heights and dispEayed, net 
net half heights heights stored 

Data Entry 

Widths, correction 
factors, selected 
scale and optical 
sat&ray, 9 Nfml 

040-079 CaLculation of 
the mount of 
each a.a. 

Result stored 

080-099 Calculation of 
theaxmuntof 
recovered amino Result stored 

acids 

100-l 40 Calculation of 
am.5110 acid % and Final results di- 

n9 amino acid/q= splayed 

Rg. 1 _ Block diagram of the program. 

With the suggested pmcedure the cafculator Grst computes and dispIays net 
half-heights, which indicate where to evaluate the widths of the peaks and, after these 
data have been measured and entered, it calculates and displays the percent of each 
amino acid to two decimal places and the values of mg per g N approximated to an 
integer. However, other partial results can be displayed if the instruction “2nd Pause”, 
which interrupts the program for 0.5 set, is inserted after the sequence of instructions 
which define them. 

Correction factors for each amino acid are calculated by modifying the main 
program after step 039, as shown in Table III. In this case the molecular weights of the 
amino acids must be entered in memories 41-58. Once calculated. correction factors 
are automaticaliy stored in the same memories_ 

The performance of the main program is checked by hvo dif&rent types of 
tests. A preliminary run can be done: if, for all total heights, the digit 2 is entered and 
the digit 1 for baselines, widths, correction factors, expansion scale and g N, the 
program should dispIay, in turn, 5.56 % and 1. Alternatively, in routine dperation, the 
number 18 dispIayed at the end of each cycle indicates the correct completion of a 
program section. After each section, the key-stroke run/stop must be pressed in order 
to move the program forward. 

Once correction factors are calculated and stored, eighteen peaks in a cbroma- 
togram are processed in less than 6 min, in&ding entering the data, but excluding the 
manual evaIuation of baselines, total heights and widths which depend on the skill 
of the operator. 

The program steps can be recorded on magnetic cards for quick re&e. In 
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001 
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003 
004 
0s 
Oc6 
007 
00% 
003 
010 
Oil 
012 
013 
01: 
0:s 
016 
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027 
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20 
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ST0 
CO 
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1 

Sux 

S% 
20 

St??4 
CO 

Valaes for ecua-lng 
izenories are set. 

Total heights recalled: 
base lines subtracted. 

Set beiqhts ara stozed 
am? c?iv+deed by 2: base 
lines s-d. 

Set half heights d.IpLayed 
The zigit in -To;)iS 
cBzQarad wit32 t, 
If Se vdlce Is LlB the 
cycle is repeated, If = 
18, is St-@. 

v&es for cotxlting !=e!29- 
ries are reset. 
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095 
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097 
098 
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100 
101 
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103 
104 
105 
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107 
018 
109 
4-10 
111 
112 
113 
114 
115 
116 
117 
t18 
119 
120 
121 
122 

RCL 2nd ma 
00 

RCL 2:d IND 
20 

RCL 2:d m 
40 
0 

RCL 
19 

ST0 2Zd IEi 
a3 
RCL 

1% 
2nd x=t 

& 
0 

ST0 
00 

SXI 
39 

2nd LB1 
C 

Sk 
Co 

RCL 2nd rND 
00 
STJX 
39 
ECL 
00 

INV 
2nd x=t 

0 
ST0 
00 

2nd Lb1 
D 
1 

SE4 
cm 

RCL 2nd IND 
Do 

F&i 
39 

r 
: 

Znd=Fix 
2 

2nd Pause 
2nd Pause 
2nd Pause 
2nd Pause 

Het heights reeal- 
1ed,inultipliedby 
widths, divided by 
correction factors, 
multiplied by expan- 
sion scale factor. 

mg 0 IO2 stored. The 
digit In nernory 00 is 
ccmqared wFi& t_ 
If the vaIue is 418 
tixe cycle is repeated, 
if = 18 is stoppd, 
0 is set in the coun- 
tznglzesmxy. 
Maory 39 Is cleared. 

mg i +2 
10 recalled, 

sumed and stored. 

The digit in memry- 
00 is ccmp.zmai with 
t, If the vsllue is 
C78the cycle in re- 
perted. if = 18, is 
stopped. 

0 is set In the coun- 
ting memory. 

The fourth loop is la- 
beled. 
Counting program 

ng L fOf2 recalled, di- 
vided by total rag s 
102, naltiplied by 100, 

Aminotid percentage 
to 2 decimal places 
dis_olayed. 

(chmkladonp.74) 



PrcrgMm~ew gcv tzmmazs 

123 EL 2nd E4D ng 6 lo’+ recalled 
121 00 &1c cz3&-s?i~ by sx'/=l- 

125 126 & 
127 59 

128 129 2nd=Fix 
I 

Results to inteer 
130 0 

I 

.ZiSpla~F22- 
131 2nd 1ause 
132 2nd Pause 
133 2nd Prose 
134 2nd Pause 
135 The digit Ia nezmosy 
136 mis CfmpEedvlth 

137 t. If the v.due is 
13s 2nd x=t 4;s the eycLe is =a- 
139 peated, if = 19 is 
14s stopped. 

TABLE m 
PROGRAM FOR THE CALCUJAIoN OF COPSCIXON FACTORS 

A0gnan-P~ am- 

wcFo38 TT3e sazdz as in theisafnpmgram 

075 

076 
1377 
07a 
079 
m0 
OS1 
1282 
063 

0 
STG 
00 

2 
0 

sT0 
20 
4 
0 

Si!O 
CO 

2nd IbI 
3 

S&s 

S% 
20 

SEX 

40 
X-L 2nd RiD 
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l 

RCL 2nd ISO 

2c 
* 
4 
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XCL thd Eii 
40 
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z.cL 
19 

ST0 2:d JXD 
4G 

2nd Mx 
2 

EcL 
00 
SW3 

2nd x=t 
a 

WS 

Value for cuurlting 
prograz3 are set. 

The secocd ko_~ is 
lakEled_ 
Couating progm. 

Xet heights recalled, 
rmltipl%ed by wid*Szs. 
multiplied by lOGGO.and 
divided by nanazoles 
of each aa/zl of cali- 
bratloa Efxture (=40), 
divided by wlecul~ 
vei9hts. multiplied by 
expansion scale factor. 

Correction f actos to 
Zdecizalglaces sto- 
red. 
The dfgit in =ezcorf 00 
is caqared vLth t. If 
the value is 4 18, the 
cycle is repeated, if 
= 18, 2s stopped. 




