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Aim. The purpose of the work was to determine the effect of trichloroacetic (TCA) and perchloric
(HC10y) acids on the result of ninhydrin reaction with various amino acids.

Methods. A standard method of amino acid detection using a ninhydrin reagent was applied.
Optical spectra and density of reaction products were determined spectrophotometrically.

Results and conclusions. As a result, it was found that the studied acids change the spectral
characteristics of the products of the ninhydrin reaction with amino acids. TCA significantly reduced
the optical density of chromophores, and HClO, also led to a significant shift of the spectra of the
reaction products into the short-wavelength region. An exception was the reaction with proline, as a
result of which a well-defined maximum appeared in the product spectrum: A = 620 nm in the presence
of TCA and A = 515 nm with HCIO,. At the same time, in the presence of HC10,, the reaction became
highly specific for proline.

The conditions for the ninhydrin reaction with proline upon addition of HClO, were analyzed in
detail. As a result, a new method of highly specific determination of proline in the presence of other

amino acids was proposed.
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For practical purposes, proteinases
are widely used in various industrial
biotechnological processes [1-4] and
medicine [56—7]. The reaction of amino
acids with ninhydrin, which is a well-
known reagent for proteins, peptides, and
amino acids, is most often used to study
proteolytic activity [8]. Moore and Stein
made a significant contribution to the
widespread use of the ninhydrin reaction
[9]. These scientists analyzed in detail
the main indicators and parameters of
the reaction (properties of chromogenic
products, duration of heat treatment and
color preservation time, pH value, intensity
of color and spectra of the products based
on interaction with individual amino acids),
proposed a method of color stabilization, etc.
Thanks to the work of Moore and Stein, the
method of determining amino acids using
the ninhydrin reaction has become routine
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and is widely used in the chromatographic
analysis of the amino acid composition of
proteins, as well as in studying the activity
of proteinases, collagenases, etc. [10].

Despite the ancient history of ninhydrin
reaction, all its features have not yet been
ascertained. Thus, we did not find detailed
information in the literature about how
protein precipitants — perchlorate (HCIO,)
and trichloroacetic (TCA) acids — will
affect the result of ninhydrin reaction with
amino acids. These acids are usually used
to separate the high-polymer molecules
of substrate and enzyme from hydrolysis
products [9], which is important for a more
accurate analysis of proteolytic activity.
Therewith, it should be emphasized that
the ninhydrin reaction is not specific and
the vast majority of amino acids form a
chromogenic product with approximately
the same optical density [8].
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Thereby, the aim of the work was to
determine how TCA and HCIO, will affect
the specificity and peculiarities of ninhydrin
reaction with various amino acids (optical
spectrum, duration of chromogenic products
preservation, time of heat treatment, etc.).

Materials and Methods
L-amino acids (Serva), TCA and HClOy,
dimethylsulfoxide (DMSO), methyl

cellosolve (MC), isopropanol of the “ag”
or “rg”x qualification were used in the
work. Ninhydrin was purified by double
recrystallization from water.

The effect of TCA was studied at a final
concentration of 4.5% and 10%, and the
effect of perchloric acid was in the range of
final concentration from 4.1% to 10.4%. It
is known that the minimum indicated doses
of these acids are sufficient for proteins
separation and low-molecular products
of their hydrolysis [11]. Therefore, lower
concentrations of acids were not studied.

In the experiments, a scheme for detecting
amino acids using a ninhydrin reagent was
used as a standard, as described in [10]. As
a control, a volume of water equivalent to
the volume of acid precipitant used in the
experiment was added to 0.5 ml of a 1 mM
aqueous solution of amino acids. After 15—
20 min ninhydrin solution was poured in
and the mixture was incubated in a boiling
water bath (95+3 °C). The volume of the
ninhydrin reagent and the duration of heat
treatment were varied depending on the
experiment tasks. After cooling the mixture
to room temperature (10 min), a solvent
(ethanol, isopropanol, methylcellosolve,
dimethylsulfoxide or a mixture of the
last two) was added. The optical spectra
and optical density of the reaction

products were determined on a Cary 60 UV-
Vis spectrophotometer in quartz cuvettes
with an absorbing layer thickness of 1 cm.

The ninhydrin reaction result (chromogenic
product yield) was expressed in units of optical
density. Experiments were performed in 3—-5
independent repetitions. Data processing was
carried out using standard Microsoft Excel
package: average arithmetic values and their
standard errors were calculated, as well as
graphs were constructed and approximation
equations and their probability level were
obtained.

Results and Discussion

It was found that the ninhydrin reaction
result depended both on the applied
precipitants and on the investigated amino
acids. In the presence of TCA, for all amino
acids (except imino acids), the optical
absorption spectrum maximum of the reaction
products remained unchanged and amounted
to 570 nm, as in the standard method [10].
However, this acid in most cases significantly
reduced the optical density (Table 1).

As it can be seen from the presented data
(Table 1), it is difficult to find a connection
between the structure of the amino acid and
the effect of TCA on chromogenic products
formation of the ninhydrin reaction.
The formation of the colored product is
significantly inhibited when studying amino
acids of completely different groups (noted
in Table 1 with a gray marker). Oxyproline
in the studied conditions did not have a
pronounced peak in the spectrum at all. At
the same time, the minimum studied doses of
TCA practically did not affect the analysis of
glycine and alanine, and the effect of high acid
concentration was relatively moderate.

Table 1. The effect of TCA on the ninhydrin reaction result

Reaction Researched amino acids ™"
conditions Gly Ala Leu Glu Gln Arg Trp His Lis Cys
Control, with- | 1.50/ | 2.09/ | 2.10/ | 2.01/ | 1.73/ | 1.02/ | 1.20/ 1.20/ 1.55/ 1.42/
out TCA 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% 100% 100%
4.5% TCA 1.48/ | 2.00/ | 0.41/ | 0.42/ | 1.16/ | 0.20/ | 0.16/ | 0.73/ 0.66/ 1.25/
070 99% 96% 20% 20% 66% 20% 20% 60% 43% 88%
10.0% TCA 1.20/ | 1.44/ | 0.00/ | 0.00/ | 0.16/ | 0.00/ | 0.00/ | 0.08/ 0.00/ 0.24/
Vo 80% 67% 0% 0% 9% 0% 0% 7% 0% 17%

Note: * — the value of the optical density in the maximum zone of the optical spectrum (A = 570 nm) and
#% _ its level in the experiment compared to the control in % are indicated; experimental conditions — 1.5 cm®
of ninhydrin reagent was added to 0.5 cm® of a 1 mM amino acid solution, the duration of heat treatment was
20 min, the final solvent of the reaction products: 3 cm?® of a mixture of isopropanol and water in a 1:1 ratio.

43



BIOTECHNOLOGIA ACTA, V. 15, No 3, 2022

A special picture was observed when
determining proline. In the presence of TCA
in the reaction mixture, a clearly defined
wavelength maximum of A = 620 nm appeard in
the optical spectrum of the reaction products
(Fig. 1). Furthermore, in the case of proline,
an increase in TCA concentration led to an
increase in the optical density of the resulting
solution unlike the options with other amino
acids.

Compared with TCA, the influence of
HClO4 on the ninhydrin reaction result was
more significant (Fig. 2). For all investigated
amino acids, the maximum characteristic
of the reaction under standard conditions
(A = 570 nm) completely disappeared in the
optical absorption spectra of the chromogenic
reaction product. At the same time, the total
optical density also decreased significantly.
The reaction with lysine and tryptophan
revealed an increase in optical density in a
highly stretched region in the range of A =
460-500 nm. Only with proline, the reaction
product spectrum had a well-defined maximum
at A = 515 nm, absent for other amino acids,
including oxyproline.

Thus, the addition both perchloric acid and
TCA ensured the specificity of the reaction to
proline.

The ninhydrin reagent used as a standard
[10] had a pH value of 5.5. After adding
TCA or HClO, to the amino acid solution, the
acidity of the amino acid mixture with the
ninhydrin reagent increased significantly

and was < 2. The peculiar behavior of proline
in the ninhydrin reaction in an acidic medium
was noted long ago [12]. Various methods of
determining proline using an acidic ninhydrin
reagent were proposed, of which the Bates’ et
al. one became the most popular [13].

Without special analytical studies, it is
difficult to estimate the chemical mechanism
of action concerning the investigated
precipitating acids on the ninhydrin reaction
result with amino acids. Perhaps, being
strong oxidants and reagents capable of
nucleophilic substitution, they affect the key
stages of the reaction such as oxidation of
amino acids and condensation of the resulting
products. The role of HC1O, as a cyclization
catalyst is also known [14]. Friedman and
Sigel [15] showed that the reaction of amino
acids with ninhydrin depends both on the
basicity of amino groups and steric features
of amino components.

The high specificity of proline detection
with a ninhydrin reagent in the presence
of HClO, prompts detailed analysis and
optimization of the main conditions for the
procedure. First of all, it is necessary to
analyze the following points:

1) to choose the optimal concentration of
perchloric acid,

2) to specify the dependence of the reaction
results on the duration of heat treatment with
aninhydrin reagent,

3) to determine the shelf life of the
chromogenic product,

Fig. 1. Spectrum of proline reaction products with ninhydrin in the presence of TCA:
1 — proline without TCA, 2 — proline with 4.5 % TCA, 3 — proline with 10 % TCA, experimental conditions:
0.5 cm® of 1 mM imino acid solution, 1.5 cm?® of ninhydrin solution, heat treatment duration was 20 min, after
cooling 3 cm? of isopropanol mixture and water (1:1) were added.
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Fig. 2. Reaction products spectra of the studied amino acids with ninhydrin in the presence of 4.1% HCl1O,:
a) 1 — lysine, 2 — tryptophan, 8 — proline, 4 — histidine, 5 — cysteine, 6 — glutamine;
b) 1 — oxyproline, 2 — arginine, 3 — glycine, 4 — alanine, 5 — leucine;
experimental conditions: 0.5 cm®of 1 mM amino acid solution, 1 ml of ninhydrin solution, heat treatment
duration was 40 min, after cooling 2 cm® of DMSO and MC (1:1) mixture were added.

4) to find out the optimal ratio of the main
components of the reaction mixture (non-
hydric reagent and solvent),

5) to deafine the effect of other amino acids
on the detection of proline (interference of
proline with other components of proteins),

6) to find the linear dependence region of
the optical density on proline concentration.

Elucidation of the above will contribute
to a method development for proline specific
determination. This method will primarily
help to study the importance of this aminoacid
in the protective reactions of organisms, and
will also be useful for studying the functioning
of proteinases, especially collagenases.
The results of the search for the optimal
concentration of HClO, are shown in Fig. 3.
As it can be seen, increasing the acid dose
is responsible for a negative effect on the
detection of the colored product. Perhaps this
is related to the increased destruction of the
aminoacid by high concentrations of perchloric
acid.

The influence of heat treatment duration
on the final product optical density is
given in Fig. 4, from which it can be seen
that the reaction reaches a maximum in an
hour. According to various protocols, the
recommended processing time was from 20 to
60 min [16]. Thus, the obtained results fit into
the specified terms.

The weak point of the ninhydrin reaction
was the relative instability of the colored
products. Different ways of increasing their
stability are known: addition of complexing
cations (Co?", Cu?*, Ca?', etc.), use of non-
aqueous solvents, pH value choice [8, 9, 17, 18].

The results of different solvents using
after heat treatment were compared, as well as
pH value changes (Table 2). It can be seen that
ethanol and isopropanol, as the most frequently
used solvents for ninhydrin reaction products
[8, 9, 16—18] did not provide color stability
under our conditions. Thus, when using
isopropanol, a finely dispersed chromophore
precipitate was noticed in the reaction mixture
already after an hour, which caused a decrease
in optical density indicators. It is known that
one of the colored products of the ninhydrin
reaction, hydrindanthin, dissolves very poorly
in aqueous media and is unstable. Reducing
the acidity of the environment by adding
alkali (options No. 3 and 4) did not give a
positive result. The most effective solvents
were DMSO, MC and their mixture. With their
use, the chromophores remained stable under
these conditions for an hour. Perhaps this was
primarily due to the high solubility of these
substances. The introduction of reducing agents
(dithiothreitol or ascorbic acid) did not protect
the reaction products, but on the contrary,
worsened the result.
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OA

Perchloric acid concentration, %

Fig. 3. The influence of different concentrations of HC1O4 on the chromogenic product yield in the ninhydrin
reaction
Optical absorption (OA) at a wavelen%th of A=515nm.
Experimental conditions: 0.050, 0.075, 0.100, 0.125, 0.150 cm® of 45% HCIO,4, 1 cm? of ninhydrin rea%
were added to 0.5 cm® of 1 mM proline solutlon after heat treatment (45 min) and cooling (10 min), 2 ecm® of a
mixture of DMSO and MC (1:1) was added. R?is the reliability value of the linear approximation.

OA

Duration of heat treatment, min

Fig. 4. Quantity dependence of the obtained colored product (optical absorption, 515 nm) on the duration of
treatment in a boiling water bath (mln)
Experimental conditions: 0.5 cm?® of 1 mM proline solution with 0.05 em?® of 45% HCIO,4, 1 cm® of ninhydrin
reagent; after the end of heat treatment and cooling (10 min), 2 cm? of a mixture of DMSO and MC (1:1) was
added. R? is the reliability value of the polynomial approximation.

It also was found that the stability of the
ninhydrin reaction products depended not
only on the solvents used, but on the duration
of heat treatment as well (Table 3). As it can
be seen from the presented data, stability
was achieved when the reaction mixture was
heated for 30 min and above. At the same time,
high values of optical density, convenient for
analysis, were provided.

The ratio of its components is important
for the reaction optimization. Naturally, an
increase in the relative dose of the ninhydrin
reagent and a decrease in the amount of
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solvent (Tables 4, 5) leads to an increase in
the value of the optical density of the reaction
mixture. From the data presented, a tendency
to stabilize the color could be observed with
an increase in the relative proportion of the
solvent. However, excessive dilution of the
mixture with a solvent significantly impaired
the analytical significance of the measurement.

From the given data (Tables 3-5), it
can also be assumed that the ninhydrin
reaction requires a certain time to stabilize
the chromogenic products. This requires
about 30 min after heat treatment. Thus
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Table 2. Stability dependence of ninhydrin products with proline on the solvents composition in
perchloric acid presence

Reaction conditions: the solvent com- Optical density change (%) in time after the start of
No. of | Position of the reaction products; the measurements (min)
option final pH value in the mixture
0 30 60 90 120 | 150 | 180
1 Ethanol + water (2:1); pH < 2 100% | 87 | 80 | «» | «=» | «=» | «>
2 Isopropanol+water (1:1); pH< 2 100%* 53%* 36™* «» 247% | «—» «»
3 Isopropanol+water (1:1); pH 5.5-6.5 100%* 55%% 39%% «» 287% | «—» «»
Isopropanol+water (1:1)+9 MM NaOH; | 100% | 49*F | 41" | «» |[29"" | «» | «>»
4 pH 5.5-6.5
5 DMSO; pH < 2 100% | 93%* | 90** | 87** | 81%* | 77¥* | 73**
6 | MC;pH<2 100% | 89** | 80" | 76" | 67" | 65°F | 63"
7 | DMSO + MC (1:1); pH<2 100% | 97" | 90** | 89" | 677" | 67°" | 62**
8 | DMSO + 10 MM dithiothreitol; pH < 2 100% | 77 | 70" | 66" | 637" | 61°" | 57
9 DMSO + 10 MM ascorbic ac; pH < 2 100% | 54% | 37%F | 29%% | 22%% | 20" | «—»

Note: * the initial measurement of the optical density of the reaction products was carried out after 30 min

after completlon of the reaction, the value of which was taken as 100 %

— the final value of the optical density in comparison with the initial value;

«—» — measurements were not performed.
Experimental conditions: 0.5 cm? of a 1 mM solution of proline with 0.05 cm? of 45% HCI1O,4 (in option Ne.

3, another 0.05 cm® of 0.1 N NaOH was added), 1 cm? of ninhydrin reagent; after heat treatment (30 min) and

cooling (10 min), 2 cm?® of a certain solvent was added (in option Ne. 4, 0.2 cm3 of 0.1 N NaOH was added to the

solvent).
Table 3. Color preservation of the ninhydrin products with proline in the presence
of perchloric acid at different times of heat treatment
Optical density change (%) in time after completion
Duration of heat Initial optical of the reaction (min)
treatment (min) density
10 30 40 60 120
5 0.120=+ 0.004 100* 79%%* T4%% T3%%* T70%%*
10 0.250=+ 0.008 100* 89#* 8% 85%* T79%%*
20 0.700=+ 0.022 100* 94 %% 93%* 90%* 83#*
30 1.100=+ 0.034 100* 95%* 94 %% 91%* 83#*
40 1.260+ 0.038 100* 95%* 94 %% 91%* 83#*
60 1.440+0.044 100* 96+* 93#* 91%* 83#*
120 1.510=+ 0.045 100* 95%* 93#* 91%* 84

Note: * — the initial measurement of the optical density of the products was carried out after 10 min after
completion of the reaction, the value of which was taken as 100% ;

*%* — the final value of the optical density in comparison with the 1n1t1a1 one.

Experimental conditions: 0.5 cm® of 1 mM proline solution with 0.05 cm 3of 45% HCIO,4, 1 cm® of ninhydrin
reagent; after the end of heat treatment and cooling (10 min), 2 cm? of DMSO+MC (1:1) mixture was added.
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Table 4. Products stability dependence of the ninhydrin reaction with proline in the presence
of perchloric acid on the ratio of proline solution volumes and ninhydrin reagent volume
and the volume ratio to the volume of reaction solvent mixture

) Changes of
Ninhydrin re- Vg::llil::z ;(?ltlll(;i(())iltt}:)e Solvent Solvent volume ra- Initial o(};tlcal del.lSIty
agent volume, | P volume, tio to the total vol- optical (%) over time,
3 the volume of the 3 . . min
cm . . cm ume of the mixture density
ninhydrin reagent
30 60
0.25 1.0:0.5 3.75 0.83:1.00 0.42+0.01 100 107*
0.50 1.0:1.0 3.50 0.78:1.00 0.61=0.02 100 102*
1.00 1.0:2.0 3.00 0.67:1.00 0.97=0.02 100 98*
1.50 1.0:3.0 2.50 0.56 :1.00 1.11+0.04 100 96+
2.00 1.0:4.0 2.00 0.44:1.00 1.38+0.04 100 93*

Note: the initial measurement was made after 30 min after completion of the reaction and cooling (10 min),
which value was taken as 100% ;

* — optical density value compared to the initial one.

Experimental conditions: 0.5 cm?® of 1 mM proline solution + 0.05 cm? of 45% HCI1O,; the volume of the
reaction mixture in all versions is constant (4.50 cm3); duration of heat treatment — 45 min; solvent was a
mixture of DMSO+MC (1:1).

Table 5. Ninhydrin reaction optimization with proline in the presence of perchloric acid according
to the solvent volume ratio to the reaction mixture volume

Solvent volume, . Changes of optical density value (% ) of the reac-

em®, (total volume Solvent volume ra- Initial tion products in relation to the initial measure-

of the reaction tio to the volume of optical ment during observation (min)

ixt the reaction mixture density

mixture, cm") 30 min 60 min 90 min
1.5 (3.05) 1:1.0 1.09+0.04 100 98* 94 %
2.0 (3.55) 1:1.3 1.04+0.03 100 98* 93*
2.5 (4.05) 1:1.7 1.00+0.03 100 99* 95%
3.0 (4.55) 1:2.0 0.98+0.03 100 99% 97*
4.0 (5.55) 1:2.7 0.83+0.03 100 102* 100%
4.5 (6.05) 1:3.0 0.83+0.03 100 105* 105*

Note: the initial measurement was made after 30 min after completion of the reaction and cooling (10 min),
the value of which was taken as 100% ; * — optical density value compared to the initial one. Experimental
conditions: 0.5 cm?® of 1 mM proline solution + 0.05 cm® of 45% HCI10,4; volume of ninhydrin reagent — 1 cm®;
the total volume of the reaction mixture in different versions is not the same; duration of heat treatment was
45 min; the solvent was a mixture of DMSO+MC (1:1).

(Tables 4, 5), it is exactly after this time the
optical density of products slowly decreases (no
more than 1-3% per hour.

Based on the experiments, we can
recommend the most optimal conditions
for conducting the ninhydrin reaction with
proline in the presence of perchloric acid: to
0.5 cm? of the proline solution it need to add
HCIO,4 solution to a final concentration of
4-4.1%, to add 1 cm?® of the ninhydrin reagent
(according to the prescription work 10), to
hold in a boiling water bath for up to 60 min,
to cool to room temperature and at the end to
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add 3 cm? of the DMSO + MC mixture. To make
the measurement at a wavelength of 515 nm
30 min later.

The proposed method is also convenient
from the point of view that the same
ninhydrin reagent can be used both for the
specific determination of proline and for
the determination of other amino acids by
conventional methods.

Despite the fact that separately all the
studied amino acids did not show a noticeable
reaction with ninhydrin in the presence of
perchloric acid, it is necessary to check their
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effect on the detection of proline by analyzing
mixtures of amino acids (Table 6). To assess
the interference of amino acids with proline,
the deviation degree of the reference values
obtained for proline from the optical density
indicators of the mixtures was calculated.
As can be seen from the table, a significant
part of the investigated amino acids in
equimolar ratios with proline (glycine, alanine,
oxyproline, arginine, glutamic and aspartic
acids, etc.) have a weak influence on the
determination of proline.

The SH group is a nucleophile, therefore
it can participate in nucleophilic addition
or substitution reactions and compete with
NH, groups of amino acids for the reaction
with ninhydrin [15, 17]. As a result of such
competition, the amount of chromogen in the
ninhydrin reaction of proline in the presence
of methionine and cysteine was decreased. The
increase in color with lysine is associated with

the interaction of ninhydrin with the g-amino
group of the amino acid [8].

For comparison, a similar analysis was
performed according to the widely used
method of Bates et al. [13], which is considered
a reference. In the most cases, the proposed
method provided greater specificity for
proline determination in the presence of other
amino acids and was superior to the reference
method.

A number of successive dilutions of proline
were prepared to construct a calibration graph.
Proline solutions with a concentration from
0.01 mmol/dm? (0.576 ng in the analyzed
sample of 0.5 cm?®) to 20.00 mmol/dm?
(1151.300 pg in the analyzed sample) were
analyzed.

The range of application of the proposed
method, that is, the preservation of the
linear relationship between the optical
density and the amount of amino acid,

Table 6. Proline interference with other amino acids in reaction with ninhydrin
in the presence of perchloric acid

The degree of deviation of the optical density (% ) of the mixture of
Amino acids amino acids in relation to the values for proline
The original method The method of Bates et al., 1973
Proline 1 MM 0.0 0.0
Proline 1 MM + glycine 1 MM +0.5 +7.2
Proline 1 MM + alanine 1 MM +1.6 +18.2
Proline 1 MM + valine 1 MM -4.8 +14.5
Proline 1 mM + oxyproline 1 MM +0.2 +3.3
Proline 1 MM + threonine 1 mM -5.0 +5.8
Proline 1 MM + methionine 1 MM -8.3 +19.6
Proline 1 MM + arginine 1 MM -1.2 -4.5
Proline 1 MM + asparagine 1 MM -1.6 +11.9
Proline 1 MM + glutamine 1 MM -1.8 -8.6
Proline 1 MM + lysine 1 MM +5.8 +4.9
Proline 1 MM + leucine 1 MM -2.0 +3.2
Proline 1 MM + isoleucine 1 MM +0.2 +9.4
Proline 1 mM + cysteine 1 MM -3.3 -3.2
Proline 1 MM + histidine 1 MM -6.0 +19.7
Proline 1 MM + phenylalanine 1 MM -5.9 -1.2
Proline 1 MM + tryptophan 1 mM +1.6 -18.6
Proline 1 MM + tyrosine 1 MM +1.5 +8.3
Proline 1 MM + glutamic acid 1 MM -1.2 +5.3
Proline 1 MM + aspartic acid 1 mM +1.3 -12.9

49



BIOTECHNOLOGIA ACTA, V. 15, No 3, 2022

OA

Proline concentration, mmol/dm3

is maintained up to a concentration
of 4.00 mmol/dm? (230.26 ng in the analyzed
sample) with an approximation coefficient of
R2= 0.992 (Fig. 5). Proline detection limit:
0.01 mmol/dm? (0.576 pg in the analyzed
sample); the limit of quantitative determination
is 0.02 mmol/dm?® (1.151 pg in the analyzed
sample). The average standard error (SE) for the
entire range of measurements is 3.32% of the
optical density of the samples.

Thus, the study of the effect of acid
precipitants of proteins made it possible
to propose a method for the specific
determination of proline using a standard
ninhydrin reagent. The main results of the
work can be formulated as follows.

Trichloroacetic (TCA) and perchloric
(HC104) acids change the spectral
characteristics of the products of the
ninhydrin reaction with amino acids.

In the presence of TCA, the optical density
of reaction products decreases for most amino
acids without TCA shifting the maximum
of the optical spectrum. In the presence of
HCI10,, for most amino acids, the maximum
characteristic of the ninhydrin reaction under
standard conditions (A = 570 nm) completely
disappears and the optical spectrum of the
chromophore shifts to the short-wavelength
zone. At the same time, the total optical
density of the chromophore also decreases
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BIIJINB KUCJOTHUX OCAIKYBAYIB ITPOTEIHIB HA CIIEITU®IYHICTH PEAKIIII
HIHTTAPUHY 3 AMIHORHCJIOTAMUI

B.A. Tonmikos, I.1. Pomanoscvka
dizuko-ximiuawnii incruryt im. O. B. Borarcskoro HAH Ykpainu, Omeca
E-mail: v.a.toptikov@gmail.com

Mema. BusnaunTtu Bnaus tpuxyoponrosoi (TCA) Ta nmepxmoparsaoi (HClO4) Kucior Ha pesyabTat
peaxIrii HiHTiApUHY 3 PiBHUMU aMiHOKMCJIOTAMMU.

Memodu. 3acToCOBYBaJIM CTAaHIAPTHUI METO/] BUABJIEHHSA aMiHOKHCJIOT 3 BUKOPUCTAHHAM HiHTiAPUHHOTO
pearerTa. OOTUYHI CIIEKTPH Ta I'YCTUHY MPOAYKTIB peakIlil BU3HAUAIN CIIEKTPOPOTOMETPUUHO.

Pesyavmamu ma eucHoéxku. BuaBieHO, IO OCHifKyBaHiI KUCJIOTH 3MiHIOIOTH CIEKTPAJbHI
XapaKTepUCTUKMU MPOAYKTIB HiHrigApuHHOI peakilii 3 aminHokucaoramu. TCA cyTTeBO 3HUIKYE ONTUUYHY
ryctury xpomodopis, a HClO, mo Toro kX IpusBOAUTH O 3HAYHOT'O 3MiIl[eHHs CIEKTPiB IPOJYKTIB peaKIii
Y KOPOTKOXBUJILOBY 00JIacTh. BUHATKOM € peakIlis 3 IPOJIiHOM, ¥ Pe3yJabTaTi AKO0i ¥ CIIEKTPi MIPOAYKTiB
3’ABIAETHCA YiTKO BUpakeHUH MakcuMyM: A = 620 M 3a npucyTtHocTi TCA Ta A = 515 ™M 3 HClO,. Ilpn
nromy 3a npucyTtaHocTi HClO4 peakiiia crae BucokocmenudiuHOO II[0A0 IPOIIiny.

AmnanizoBaHO yMOBU INpOBeJeHHA HiHrizpmuHOI peakiii 3 mposinom mpu pomaBanui HClO,.
3amporoHOBaHO CIIOCi0 BUCOKOCIeIu(piuHOT0 BUBHAUEHHS MPOJIiHY 3a MPUCYTHOCTI iHIITX aMiHOKHCJIOT.

Knwuosi cnosa: HiHTifpUHHA peaKIlisd, aMiHOKUCIOTH, IIPOJIiH, TPUXJIOPOIITOBA KUCJIOTA, IIePXJI0opaT-
Ha KHCJIoTAa.
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