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Abstract

Thin layer chromatographic studies of amino acidsrevperformed on three differentially
charged surfaces of silica gel, alumina and cealilavith 40% aqueous solution of five
carbohydrates namely dextrose, fructas@ltose, lactose and sucrose. 40% dextrose-alumina
and 40% dextrose-cellulose TLC systems were idedtibis most favorable for selective
separation of glutamic acid and tryptophan fromrthieture of other amino acids. In addition to
this, several combinations of amino acids have besalved on silica gel and alumina layers
with 40% dextrose as eluent. The lowest detectlbié of glutamic acid and tryptophan,
stability of mixtures of amino acids and reprodiliyp of R values were determined. The
proposed method is environmentally acceptable Isecafithe use of non-toxic nature of eluents
used.

Key words: TLC, amino acids, carbohydrates, eluent, sejmarat

I ntroduction

Because of biological and physiological importan€@amino acids, several analytical technique
such as high performance liquid chromatography fds chromatography [2], thin layer
chromatography [3], cyclic voltametry [4], electhapesis [5], viscometric [6] and micellar
electrokinetic chromatography [7], have been usedheir analysis. Among chromatographic
techniques, thin layer chromatography (TLC) hasldbe most popular for routine analysis of
amino acids because of several attractive featusesh as wider choice of mobile and stationary
phases, flexibility in sample detection, the opend adisposal nature of thin layer
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chromatographic plates, low solvent consumptionnimal sample clean up, reasonable
resolution power and the ability to handle largenber of samples simultaneously.

The extensive survey of literature of last twengass on TLC of amino acids reveals that most
of the studies performed so far include the uselwénts belonging to the following main groups
[8-28]

1. Organic solvents (urea , carboxylic acids, alcehkétones, dimethyl sulphoxide, ethyl
acetate, heptanes, chloroform, pyridine, benzeasieere , xylene, carbon tetrachloride,
methylene dichloride and their mixture).

Inorganic solvents (aqueous solvents of Li, NaRK,and Cs salts).

Mixed aqueous-organic solvents (alcohols, ketorastonitrile, chloroform, and/or

pyridine mixed with water, acetate buffer and castic and mineral acids).

4. Chiral solventsd or - cyclodextrin and ethyl (s) - (+) - lactate).

5. Surfactant mediated solvents (aqueous solutions (f ethyl hexyl) sodium,
sulfosuccinate, sodium dodecyl sulphonate and M4 &N, N-tri methyl ammonium
bromide and their microemulsions).

w N

Of the above eluents, organic and mixed agueousAar olvent systems have been found most
useful for the separation of amino acids. Howevee, toxic nature of most of the solvents
imposes a restriction on their frequent use. Thaanglhganic solvent systems are not as toxic as
organic solvent systems but they are not capablegolve the multicomponent mixtures of
amino acids. Surfactant mediated solvent systemsg@te complex and hence the interpretation
of the chromatographic behavior of analyte becodiffigult. To the best of our knowledge, so
far there have been only two studies [29-30] wahbohydrates other than cyclodexdextrin as a
component of mobile phase.

It was, therefore, worthwhile felt to study the @matographic behavior of amino acids through
differentially charged surfaces of alumina, silgal and cellulose using aqueous solutions of
carbohydrates as eluents. The major advantageesttbluents is that they are non-toxic and
ecofriendly and also worth mentioning is the simip}i of these systems (monocomponent
nature). Another reason for selecting these canb@ltgs as mobile phase was the
physiologically important interaction of amino agidand sugars (in the formation of

glycoproteins) and formation of amino acid-sugadeds [31].

Based on the differential migration, we have ol#disome important separations of amino acids
on silica gel and alumina with 40% dextrose asrelu@ addition to the selective separation of

glutamic acid and tryptophan from other amino acdsalumina and cellulose stationary phase
respectively with fructose as mobile phase.

Results and Discussion

In this study, 5-50% aqueous solutions of fiveboaiydrates namely dextrose, fructose, sucrose,
maltose and lactose were used as mobile phasetharel differentially charged surfaces viz;
alumina G (neutral and inorganic surface),silicd @e (acidic and inorganic surface) and
cellulose(neutral and organic surface) were useobgerve the mobility trend of amino acids.
Mobility (Rg) of all amino acids studied with 5-35% solutioncairbohydrates was in the range
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of 0.94-1.00. So, these eluents were not usefutlfimomatographic studies. Similarly, eluents
with carbohydrate concentration greater than 40%evi@und not useful for separation because
there was very slight change in the 8 amino acids. So, 40% aqueous solution of these
carbohydrates was selected for chromatography.r@dts obtained for the mobility of amino

acids on S1-S3 stationary phases are presentezbiesi1-3.

Table 1: Mobility of amino acids on cellulose (S1) TL C plates with aqueous solution of
car bohydrates as mobile phase.

Mobile phase

N

Amino acids 40% dextrose | 40%fructose | 40% sucrose | 40% lactose | 40% maltose
]

Leucine 0.95 0.93 0.87 0.95 0.93
Norleucine 0.93 0.92 0.95 0.95 0.95
Isoleucine 0.95 0.93 0.94 0.93 0.95
Valine 0.96 0.97 0.96 0.95 0.96
Proline 0.93 0.94 0.87 0.90 0.92
Alanine 0.92 0.94 0.89 0.91 0.93
Tryptophan 0.68 0.52 0.72 0.75 0.76
Methionine 0.92 0.95 0.91 0.94 0.94
Glutamic acid | 0.92 0.88 0.93 0.93 0.89
Serine 0.92 0.91 0.83 0.92 0.92
Tyrosine 0.88 0.76 0.83 0.84 0.80

Table 2: Mobility of amino acids (a) on alumina (S2) TLC plates with aqueous solution
carbohydrates as mobile phase.

Mobile phase
N

40% dextrose | 40%fructose | 40% sucrose| 40% lactose | 40% maltose
Amino acids |
Leucine 0.56 0.50 0.61 0.50 0.58
Norleucine 0.58 0.55 0.53 0.50 0.63
Isoleucine 0.59 0.58 0.53 0.49 0.64
Valine 0.60 0.64 0.52 0.65 0.64
Alanine 0.51 0.55 0.46 0.48 0.52
Tryptophan 0.24 0.54 0.44 0.29 0.29
Methionine 0.39 0.49 0.40 0.44 0.49
Glutamic acid | 0.29 0.22 0.28 0.22 0.20
Serine 0.30 0.35 0.25 0.24 0.32
Tyrosine 0.36 0.55 0.41 0.37 0.30

(a) Proline could not be detected on alumina layer
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On neutral and organic cellulose stationary phaSg),(all amino acids, irrespective of
polarity/charge, due to lack of ionic interactiorthwthe stationary phase, show iR the range of
0.85-1.00 except tryptophan and tyrosine (TableTyjosine has slightly lower Rthan other
amino acids. Amongst all amino acids, tryptophaomghlower R (0.50-0.75) with all eluents.
This may be due to the formation of sugar-tryptapadduct [31].

From Table 2, it is clear that all non-polar amawds except methionine and tryptophan show
Rr in the range of 0.50- 0.65 on alumina (S2).Allgsgahmino acids are strongly adsorbed and
show lower R as compared to non-polar amino acids. This majuleeto the interaction of polar
group of these amino acids with alumina which haishggh adsorption efficiency. Tryptophan,
due to the reason stated above is showing stielesiobility. Methionine with thioether linkage
in its molecule interacts with alumina showing lessebility. Table 3 shows the mobility of
amino acids on silica gel (S3) stationary phase.

Table 3: Mobility of amino acids on silica gel (S3) TL C plates with aqueous solution of
car bohydrates as mobile phase.

Mobile phase | 40% dextrose | 40%fructose¢ 40% sucrose 40% lactpse% rdéltose
N

Amino acids |

Leucine 0.64 0.67 0.69 0.69 0.81
Norleucine 0.65 0.67 0.62 0.70 0.78
Isoleucine 0.70 0.67 0.65 0.70 0.71
Valine 0.85 0.78 0.83 0.75 0.85
Proline 0.65 0.69 0.67 0.73 0.73
Alanine 0.98 0.87 0.81 0.82 0.81
Tryptophan 0.84 0.84 0.79 0.86 0.84
Methionine 0.76 0.80 0.76 0.79 0.80
Glutamic acid | 0.98 0.97 0.87 0.95 0.85
Serine 0.96 0.86 0.78 0.97 0.73
Tyrosine 0.93 0.96 0.71 0.92 0.85

From the results presented in Table 3, it is ctkat all non —polar amino acids except alanine
show R in the range of 0.60-0.85 on silica gel ‘G’ (S&t®nary phase. Alanine shows slightly

higher R (0.81-0.98). This behavior of alanine may be attell to the absence of any extra
ionizable group in its structure. All polar aminads have higher mobility as compared to non-
polar amino acids.

The comparative mobility pattern of all amino acedamined with M1 and M2 mobile phases
on all stationary phases S1-S3 has been presenkedures 1 and 2.

From these figures, it is clear that amino acidsmore strongly adsorbed on alumina compared

to other stationary phases. This is due to the tfzadt the most important interaction affecting
sample retention on the surface of the stationbage in planar chromatography is the hydrogen
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bonding [32] and mean hydroxyl group density ofnaiha is about 13pmol/m33] whereas
mean hydroxyl group density of silica gel is ab®8ftmol/nf [34].
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Figure 1. Comparative mobility of amino acids on S1-S3 stationary phases with M1 maobile
phase.
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Figure 2: Comparative mobility of amino acids on S1-S3 stationary phases with M2 mobile
phase.

Because the mobility of glutamic acid on S2 angtiwphan on S1 stationary phase is quite
different from all other amino acids under studyewiM2 was used as eluent, S2-M2 and S1-M2
TLC systems were identified as the most favorabl€ TSystem for selective separation of
glutamic acid and tryptophan from the complex migtwontaining amino acids of different
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nature. When the mixture of glutamic acid and otlenino acids under study were
chromatographed with S2-M2 TLC system, other anaoiols moved from the origin (point of
application) to the middle of the platefR 0.56) leaving glutamic acid near the
origin(R=0.26).Thus, glutamic acid was selectively sepdrfitem other amino acids. It seems
that amino acids exists as ion- pairs, i.e., in @egular form during the separation process.
Similarly, tryptophan was selectively separatearfrother amino acids on S1-M2 TLC system.
But here tryptophan moved up to the middle of ttegfR-=0.54) while mixture of all amino
acids moved up to the top of the platef®82) with the eluant.

As a result of the differential migration of amiaocids on S1-S3 layers with M1 andM2 eluents,
various combinations of amino acids were resolveainf their complex mixtures. The
experimentally achieved separations of amino abelenging to the same group or different
groups have been summarized in Table 4.

Table 4: Separations of amino acids experimentally achieved on different stationary phases
(S.P) with various maobile phases (M .P).

S.P M.P Amino acids separated Remarks
Silica gel | 40% Valine(0.83)- Leucine (0.63),Valine(0.84)- Intra group
dextrose | Norleucine(0.67), Valine(0.84)- Isoleucine(0.71) separation of
Alanine(0.95)- Proline(0.65) , Alanine(0.95) - | non polar
Leucine(0.67), Alanine(0.95) - Norleucine(0.66) ,amino acids
Alanine(0.93) - Isoleucine(0.65), Alanine(0.96) -
Valine(0.84), Alanine(0.95) - Methionine(0.77)
Silica gel | 40% Glutamic acid(0.98)- Leucine (0.65), Glutamic | Inter group
dextrose| acid(0. 96) - Norleucine(0.66), Glutamic acid(0] separation of

97) - Isoleucine(0.72), Glutamic acid(0. 97) - acidic amino
Valine(0.85), Glutamic acid(0. 95) - acids from non
Methionine(0.76), Glutamic adi@d. 97) — polar amino
Proline(0.66) acids

Silica gel | 40% Serine(0.94) -Proline(0.68), Tyrosine(0.93) - Inter group

dextrose| Proline(0.65), Serine(0.93) - Leucine (0.67), separation of
Serine (0.95) -Norleucine(0.65), Serine(0.93) 1 non polar
Isoleucine(0.72), Serine(0.94) - Valine(0.80) amino acids
Serine(0.93)- Methionine(0.76) from polar
amino acids
Alumina | 40% Glutamic acid(0.98)- Other amino acids(0.56) Select
fructose separation of
glutamic acid
from other
amino acids
Alumina | 40% Leucine (0.54)- Tryptophan(0.25), Leucine (0.55)nter group
dextrose| Tyrosine(0.33), Leucine (0.58)- Serine(0.27), | separation of
Norleucine(0.55)- Serine(0.28), Isoleucine(0.50)non polar
Serine(0.28), Valine(0.60)- Serine(0.30), amino acids
Valine(0.55)- Tyrosine(0.35) , Isoleucine(0.57)-| from polar
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Tyrosine(0.32) , Norleucine(0.55)- Tyrosine(0.3pamino acids
Valine(0.58) — Tryptophan(0.26),Isoleucine(0.61)-
Tryptophan(0.23),Norleucine(0.56)-
Tryptophan(0.25)
Cellulose | 40% Tryptophan(0.54)- Other amino acids(0.82) Selective
fructose separation of
tryptophan
from other
amino acids
Alumina | 40% Leucine (0.58)- methionine(0.34) , Inter group
dextrose| Norleucine(0.55)- methionine(0.35), separation of
Isoleucine(0.59)- methionine(0.37), Valine(0.59)acidic amino
Methionine(0.39) acids from non
polar
hydrophobic
amino acids

The lowest possible detectable amounts of trypto@ma glutamic acid with S1-M2 and S2-M2
TLC systems were 0.15upg and 0.20 pg/spot, resgdgetiv

Stability is an important and essential aspectatithation in thin layer chromatographic analysis.
Highly sensitive samples should not decompose duilgvelopment of the chromatogram and
should be stable in solution and on the adsorl¥m. intensity of spots on the chromatogram
should be constant at least for 1h. No significaminge in the intensities of the spots was
observed after storage of developed plates, pextfedm light for periods up to 72h, indicating

good stability of the mixture on the adsorbent.

Because no change in the Yalues of the spots was observed whew#&ues of spots obtained
from the freshly prepared solutions were compargd those obtained on 30 consecutive days,
it was concluded that the solutions were suffidiestable.

Another important property of the method is itsrogjucibility, defined as the precision under
different conditions, for example when the methaasvperformed by different analysts and by
the same analyst on different days. The variationR¢ values of individual amino acids
measured by three different analysts and by theesamalyst on three different days did not
differ by more than 0.15(x15%) from the average/&ue indicating a good reproducibility.

Effect of surfactant in the mobile phase
Surfactant was found to have a positive effectlan mobility of amino acids when present in
mobile phase. CTAB enhanced the mobility of all onacids by 1.5-11% [35].

Effect of metals

No significant effect on the mobility of amino asi@as observed with any of the metal solution
in the mobile phase.
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Effect of organic additives
Organic additives increased the mobility of all amiacids up to 10%.This may be due to the
increased solubility of amino acids in organic siols.

Material and Methods

Experimental: All experiments were performed at 30 + 1 °C.

2.1. Apparatus

A thin layer chromatographic applicator (Toshniwatia), 20cm x 3cm glass plates and 24cm x
6cm glass jars were used for the development bfoncatographic plates. A glass sprayer was
used to spray reagent on the plate to detect thie Sppette (Werthlim, Germany) was used for

spotting of analyte.

2.2. Chemicals and reagents

Silica gel ‘G’, alumina (neutral) ‘G’, cellulose 'GN-cetyl N,N,N-trimethyl ammoniumbromide
(CTAB), potassium nitrate, cadmium nitrate, alumami nitrate and amino acids (CDH, India),
maltose, fructose, sucrose, dextrose, lactose pabpaacetone, and acetonitrile (Merck, India)
were used.

2.3. Amino acids studied

Amino acids | Mol. wt. | Extra pKiof a- | pKoof a- | pKsof extra | pl
ionizable COO- NH3- ionizable
group group group group
present
Non-polar amino acids
Leucine(Al) | 131 2.4 9.6 6.0
Norleucine | 131 2.4 9.6 6.0
(A2)
Isoleucine 131 2.4 9.7 6.1
(A3)
Valine(A4) 117 2.3 9.6 6.0
Proline(A5) | 115 Pyrollidine | 2.0 10.6 6.3
Alanine(A6) | 85 2.3 9.7 6.0
Tryptophan | 204 Indole group 2.4 9.4 5.9
(A7)
Methionine | 149 Thioether | 2.3 9.2 5.8
(A8) group
Polar uncharged
Serine(A9) Hydroxyl 2.2 9.2 5.7
group
Tyrosine Phenol 2.2 9.1 10.1 5.7
(A10)
Acidic
Glutamic y-carboxyl | 2.2 9.6 4.3 5.9
acid(All) group
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2.4.Test solutions
The test solutions (1% woif)all the amino acids under study were prepangdlibsolving
appropriate weight (0.1 g) in double distilled watE0 ml).

2.5. Detector
Amino acids were detected using 0.3 %( w/v) ninlrydplution prepared in acetone.
2.6. Stationary phases
The stationary phases investigated were S1 (Cskul@’), S2 (Alumina ‘G’) and S3 (Silica gel
‘G).

2.7. Mobile phases

40% aqueous solutions of carbohydrates viz; degfrivactose, maltose, sucrose and lactose and
1:1 v/v mixtures with aqueous solution of surfattaqueous solutions of metal salts and
organic solvents were used to investigate the ntpliend of amino acids.

S.No | Mobile phase Composition
1 Aqueous carbohydrates | 40% aqueous solutions déxtrose(M1),
solution fructose (M2), sucrose (M3), maltose(M4) and
lactose(M5)
2 Mixed aqueous M1 + 5% KNG;(M6) , M1 + 5% CANQ@M7), M1 + 5%
carbohydrates-metal salt| Al,NO3(M8)
solution
3 Mixed aqueous M1 + propanol, M1 + acetone, M1 +acetonitrile
carbohydrates- organic
solution(1:1)
4 Mixed aqueous M1+ CTAB
carbohydrates-surfactant
solution

2.8. Preparation of TLC plates

A TLC applicator (Toshniwal, India) was used to tt@®dcm x 3cm glass plates with the
stationary phases. The desired stationary phasg) (@&s homogenized with 60 ml double
distilled water by constant shaking for 5 min ahd tesulting slurry was coated immediately
onto 20cm x 3cm glass plates as a 0.25mm layerdansiof a TLC applicator. The plates were
dried at room temperature. After drying, the platese activated by heating at 100 ¥Clfor 1h

in an electrically controlled oven. After activatiothe plates were cooled to room temperature
and then stored in a closed chamber’@pbefore use.

2.9. Procedure

Thin layer chromatography was performed on silie§ glumina and cellulose layers in glass
jars. Test solutions (0.050 pl) were applied by mseaf a tripette (Werthlim, Germany) 2cm
above the lower edge of the plates. The spots wieied at room temperature (8.
Chromatography was performed in 24cm x 6cm glasswéth lids. Chambers were presaturated
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with mobile phase vapour for 10min. before intradgcthe plates for development. The plates
were developed in the chosen solvent system bggbending technique. The solvent ascent was
fixed 10cm from the point of application in all eas After development, the plate was
withdrawn from glass jars and dried at room temipeea and a glass sprayer was used to apply
the detector (ninhydrin) to the plates to locate piositions of analyte spots. All amino acids
except proline appeared as violet spots on hgdtirC plates for 15-20min. at 6C, proline
appears as yellowish spot. The retention sequehnamino acids by different stationary phases
under different experimental conditions was measureterms of retardation factor (i.exR
value). For determining fralue, the R (Rr of leading front) and R(Rg of trailing front) values

for each spot were determined and overall thgdRie was calculated as

Rr = (R + RT) x 0.5

For the mutual separation of closely related anaomls, equal volumes of amino acids to be
separated were mixed and 0.Q8®f the resultant mixture was loaded on TLC plaldte plates
were developed to 10cm height with 40% aqueousraextsolution (M1), the spots were
detected and thesalues of the separated amino acids were detednine

2.10. Limit of detection

The limit of detection of glutamic acid and trypt@m was determined by spotting different
amounts of these amino acids on the TLC platesdoaith alumina (S2) and and cellulose ‘G’

(S1), developing the plates with M2 mobile phasd datecting the corresponding spots. The
method was repeated with successively decreasmaunts of tryptophan and glutamic acid

until no spot was detected. The minimum detectableunts of amino acids were taken as limit
of detection.

2.11. Chromatographic parameters

The stability of the colour intensity of amino ag@ots on the chromatogram was observed
visually. The developed chromatoplates were preteétom light and the spot intensities were
compared after every 12h for a period of 100h.

To investigate the stability (ageing effect) of toibe of amino acids under study, the mixture
was chromatographed using M1 — S3 system aftey&4dr for the duration of 10 days. The R
values of amino acids so obtained after every 2#tharval were compared with the values
obtained from the freshly prepared mixture of amanals.

The reproducibility of R values was checked by determining theoRthe same sample by three
independent analysts and by the same analyst ¢eratif days under identical experimental
conditions, in the same laboratory, using the sapparatus.
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