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In the beginning, the 5-FU drug (0.1 mM) and amino acids (tryptophan and cysteine; 1.0
mM) were prepared separately in potassium phosphate buffer at a physiological conditions
(pH=7.4 and T=37°C). The acidity function and temperature of prepared solutions were
checking continuously, and the spectral measurements were achieved for these solutions
individually. The experimental spectra of reactants (5-FU and amino acids) at pH=7.4 and
T=37°C were showed identical values for the standards (Amax = 266; 280, 190 nm for 5-FU,
tryptophan and cysteine respectively). Then, the spectral lines of molecular complexes
were followed as first order interactions for tryptophan (at 277 nm; k¢ =30.48x1073 min1;
11/2=17.67 min) and cysteine (at 264 nm; k¢ =29.43x1073 min~!; 11 /o= 22.28 min). The
mathematical calculations showed that, the interaction of cysteine with 5-FU was proceed in
forward direction simply by regularity mode with a high stability (Keq=17.67). While, the
molecular complex of tryptophan was behaved as a complicated reversible interaction by
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manner less stability than in cysteine (with; Keq=3.49). The non essential peaks of amino
acids interactions (at 287 nm in tryptophan and 320 nm in cysteine) were explained as
aggregation for transient molecular complexes, or it may be represent different interactions

for the more one kind of reactants. The molecular complexes interactions (5-FU drug with
tryptophan and cysteine) were occurred spontaneously, with free energies favourable for a
physical forces (Van Der Waals forces) or hydrogen bonding (AG° < 10 kJ/mol) by a high
chemical affinity.

1. Introduction

S-fluorouracil (5-FU) drug can be represented the one of chemotherapy compounds which used the most widely for treatment of the different
cancers yet (especially, those associated with the aerodigestive tract, breast, and colorectal system) [1]. It phase specific drug interferes
with nucleic acids synthesis (RNA and DNA) to prevent the replication of cells in human body. 5-FU drug as a pyrimidine analog has a
scientific name 5-fluoro-1H-pyrimidine-2,4-dione (according to [IUPAC system; Figure 1) [2]. The chemotherapy compound (5-FU) have
been important data half time in plasma was small 5—20 min, the metabolized dose in liver and extra hepatic tissues about 60—90% and
the unchanged ratio which excreted in urine about 10—20%. So, the smaller amount of 5-FU drug would be remained in human body to
represent its anticancer activity. Therefore, the bioavailability of this drug (5-FU) was estimated by 18%, while its binding with protein in
human body about 8—12% [1-3]. Here, the spotlighted of importance for achieving the different studies to understanding binding 5-FU drug
with proteins (abundant biological macromolecules).

The protein represents polymers of amino acids, it can be broken down (hydrolyzed) to residue of amino acids by a variety of methods,
and earliest studies of proteins focused on free amino acids derived from them [1, 4, 5]. The proteins (as a biological macromolecules) can
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be described as a distinguished player in many cellular functions including gene expression, catalyzing metabolic reactions, DNA repair
and replication [6]. As well as, the proteins can be operated as a complexes with different biomolecules such as proteins, nucleic acids,
carbohydrates, or lipids. These are complexes can be transient (as a molecular complexes), stable or dynamic, and the association between
them would be controlled by the cellular conditions [7].

Generally, twenty different amino acids were classified into five main classes based on properties of their R groups; and it can be founded
commonly in proteins with different ratios. The two amino acids (under study) tryptophan and cysteine have been existing with a least
abundance in proteins in human body; it can be estimated by 1.4% and 1.9% respectively. The percentage and important biological functions
of these amino acids were initial step in selection for evaluation its interaction with anticancer drug (5-FU) [4, 5].

Tryptophan (an aromatic amino acid) has unique physicochemical properties, it was encountered frequently in membrane proteins
(especially at the level of water-bilayer interface). Although its hydrophobic character, it can be appointed in many types of interactions such
as w—cation, & — 7 interaction or hydrogen bonds. This was supported by the presence of nitrogen in indole ring as shown in Figure 1 which
may facilitate the solubility of proteins, and it has a dipole moment molecule similar to tyrosine (but not phenylalanine) [8]. The distribution
of amino acids in proteins was showed that tryptophan has preferential location in transmembrane proteins in both a-helix and f3-sheet
structures (which is called the aromatic belt) [8, 9].

Cysteine (a polar uncharged amino acid) can be classified the semi essential proteinogenic amino acid with the thiol side chain. It has
ability on the formation of disulfide bonds (as a disulfide derivative cystine by oxidation process) [10]. After its convert into cystine, it can
be served in important structural role in many proteins, and often participates in the enzymatic reactions as a nucleophile [11]. Although,
cysteine was classified as a nonessential amino acid; but it may be responsible for reduced blood pressure and stroke risk in high protein
diets partially [12]. As well as, proteins containing cysteine have a high affinity for heavy metals, and it has redox-active properties which
lead to contribution with complexes of respiratory chain [13, 14].
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hydrophilic
residues

Aromatic belt
Trp, Tyr and Phe

Apolar, aliphatic
Chemical Structure tesidues and Phe

S-Fluorouracil

Cysteine -~
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Figure 1: shown the position of amino acids in transmembrane protein and structures of 5-FUdrug, tryptophan and cysteine at a physiological conditions
(pH=7.4 and T=37°C) [2, 4, 5, 8, 9]

2. Methods

2.1. Materials

All chemicals were obtained from commercial sources, with a highest available purity. 5-FU was purchased from Sigma Aldrich, USA, with
purity of 99.99%. KH,PO4 and K, HPO, of phosphate buffer solution (has pH=5 ~ 8) were obtained from Sdfine chemical limited-Mumbai,
India. Tryptophan (Trp:Cy1H12N,07; Aromatic Amino Acid), Cysteine (Cys:C3H7N O, S; Polar uncharged Amino Acid) were supplied by
GCC-England with the purity of 99.99%.

2.2. Instruments and method

The all electronic absorption spectra of ultraviolet-visible spectroscopy (UV-Vis) were recorded by Shimadzu (Japan) 1800PC-computrace
spectrophotometer, version 2.42,by using lcm matched quartz cells in aqueous solution of potassium phosphate buffer as a solvent.
Measurements of pH were adjusted by using WTW (Germany) Inolap720 pH meter with electrode Sentix41. The distilled water produced
by GFL (Germany) apparatus was purified via SG ionic exchangers. The prepared deionized water was measured in WTW (Germany)
Inolap720 Conductivity meter. The temperature of all prepared solutions was regulated within 37°C, by using Julabo (Germany) circulator
water bath. All weights were taken by Mettler Toledo (Switzerland) SAB204S, sensitive electronic balance. Some apparatus were used in
different preparation processes such as heater with magnetic stirrer (IKA; India) and Oven with controlled temperature (Heidolph; Germany).

All glassware was thoroughly cleaned with aqua region, and rinsed with distilled water as well as deionized water prior its use. The
deionized water (has conductivity=0.5 ~ 0.7uS/cm) was used to prepare all the solutions.
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2.3. Preparation of drug and amino acids solutions

In the beginning, solution of potassium phosphate buffer was prepared by mixing suitable volume of potassium dihydrogen phosphate
(0.0666M) with dipotassium hydrogen phosphate (0.20M). Continuously, the prepared solution of phosphate bufter was adjusted by using a
calibrated pH meter. Then, the solution of 5-FU drug (M.wt.=130.08 gm/mol) was prepared with concentration of 0.1 mM in potassium
phosphate buffer solution which prepared previously by weight of 0.0013 gm in 100 mL calibrated flask. Then, the amino acids (Trp; 204.23
and Cys; 121.15 gm/mol as a standard materials with concentration 1.0 mM) were prepared in same potassium phosphate buffer solution
which it used to prepared the 5-FU drug (at pH=7.4 and T=37°C). The prepared method of 5-FU drug was used with a different types of
amino acids with simple continuous shaking through the preparation process. As well as, the acidity function and temperature of the prepared
solutions were be measured continually (for guarantee, the achieved of work at a physiological conditions; pH=7.4 and T=37°C).

3. Results and Discussion

Analysis of 5-FU drug (0.1 mM) in phosphate buffer solution must be performed at physiological conditions (pH=7.4 and T=37°C), for
ensuring absorption peak corresponded to a standard value Figure 2. The drug of 5-FU has distinguished spectral data involved a maximum
wave length (A=266 nm) with absorption (A=0.673) [2, 15]. Individually, the checking of amino acids (1.0 mM) which prepared previously
by potassium phosphate buffer (at pH=7.4 and T=37°C) was achieved, without any signal or absorption peak interference with 5-FU drug.
Therefore, the experimental applied studies of 5-FU drug with amino acids can be occurred spectrally; for assessment the type of relationship
between them as follow :

3.1. Interaction of 5-FU drug with Tryptophan (as an Aromatic amino acid)

The spectral electronic report of tryptophan (1.0 mM) was involved distinguished absorption peak at 280 nm (with absorbance; A=1.87) in
the solution of phosphate buffer (pH=7.4 and T=37°C). Knowingly, tryptophan was classified as a essential amino acid with aromatic group;
which it is believed main cause for absorption peak in the ultraviolet region [16]. The formation of molecular complex between 5-FU drug
(0.1 mM) and tryptophan (1.0 mM) in potassium phosphate bufter solution (pH=7.4 and T=37°C) was occurred by direct mixing without any
complicated. As shown in Figure 2, The new absorption peak of molecular complex (with a main peak at A=277 nm) has maximum wave
length differ from starting substances (5-FU drug and tryptophan) with a small distinguished peak (as a inside shoulder at 287 nm) prior
main peak.
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Figure 2: The interaction 5-FU drug (0.1 mM) and tryptophan (1.0 mM) with time in potassium phosphate buffer solution at a physiological conditions
(pH=7.4 and T=37°C)

For attention, the inside shoulder peak of molecular complex at 287 nm had changed absorbance value through different measurements
with time (so, it can not depend on it in this study). This is irregular peak may be formed as result of the aggregation for transient molecular
complex (which it is reformatted continuously) between 5-FU drug and tryptophan in the aqueous solution (it is needed more studies by
another techniques in order to its understanding correctly). In oppositely, the regular absorbance of main peak at 277 nm was encouraged
following the interaction between 5-FU drug and tryptophan at physiological conditions in potassium phosphate buffer solution.

3.2. Interaction of 5-FU drug with Cysteine (as a polar amino acid)

The interaction study between 5-FU drug (0.1 mM) and cysteine (1.0 mM) was achieved at a physiological conditions (pH=7.4 and T=37°C).
This means, the same followed conditions and procedures in tryptophan experimental would be repeated in cysteine case.
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Figure 3: The interaction 5-FU drug (0.1 mM) and cysteine (1.0 mM) with the time in potassium phosphate buffer solution at a physiological conditions
(pH=7.4 and T=37°C)

The small peak of molecular complex at 320 nm peak No.l in Figure 3 was not increased by regularity in absorbance value with time
(although the repeat of spectral measurements for more one time). The small wave may be attributed into the transient molecular complex
that reformatted continuously between interaction 5-FU drug and cysteine in the aqueous solution. Generally, the thiol group (-SH) of
cysteine amino acid is absorbed in ultraviolet region at 190 nm, which it can be interfered with resulted wave from dissolved oxygen in
aqueous solutions. As well as, disulfide group (S—-S) of the cystine (as a dipeptide that derivative from bind two molecules of cysteine) has
absorbed peak at 250 nm [17]. Accordingly, the peak of transient molecular complex (at 320 nm) can not be returned into either cysteine or
cystine individually, and it may be represent different interactions for the more one kind of reactants. However, the main peak (No.2; at 264
nm) on the molecular complex was distinguished by regular sequenced absorbance, it is encouraged on follow up of the interaction between
5-FU drug and cysteine at a physiological conditions.

By comparison between Figures 2 and 3, the interaction 5-FU drug with cysteine was more regular than tryptophan in wave lines with
time. Especially, the spectral wave of molecular complex for tryptophan at equilibrium (1440 min) was irregular simply (at top of wave)
although repeating the measurement three times. This confuse in molecular complex of tryptophan may be back into the contribution
negative charge that located on 5-FU drug (as a result presence of fluoro atom) with resonance of aromatic system in indole ring Figure 1.

3.3. kinetic interaction of 5-FU drug as a reversible equilibrium from first order

The apparent values of absorption for 5-FU drug interaction with amino acids were repeated more than three times, in order to ensure the
equilibrium state occurred between interacted molecules. Therefore, the results obtained could be applied in the equation of reversible
equilibrium from first order reaction of 5-FU drug interaction with amino acids Eq.1; Table 1. It can binding between kinetic and
thermodynamic behavior to determine the equilibrium constant Eq. 2 for interaction 5-FU drug with amino acids as a physicochemical
constant [18, 19] as shown in Table 2.

In(Ae=Ayx) = In(Ae)—(ky +k_1 )t (1)

Ae
Keq = 2
T A~ A, )

where A,: absorbance of complex at equilibrium (1440 min), A,: absorbance of produced complex with time, k;: forward rate constant,
k_1: backward rate constant, t :time of measurement (min), (A, —A,) = (a - X,): the absorbance which equivalent to remaining quantity of
molecular complex at equilibrium state, and Keq: equilibrium constant.

Mathematically, the absorbance value of molecular complexes at origin time (A,) can be extracted by intercept of straight line resulted
from the direct plot of (A,) versus time (as shown in Table 1; A, at origin time (4,) = 1.2511; 1.1255 of tryptophan and cysteine respectively).
Then, the value (A, — A,) at equilibrium state between period times (the origin time into 1440 min) of molecular complex can be determined
by equivalent value for it (A, —A,) to extract equilibrium constant. Therefore, the obtained experimental results can represented according to
reversible equilibrium first order equation as a function to absorption within a limited times as following :
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Table 1: Time effect on absorbance of 5-FU (0.1 mM) with tryptophan and cysteine (1.0 mM) at the same conditions (pH = 7.4 and T = 37° C), as a reversible
equilibrium of first order interaction

Molecular complex of 5-FU drug with amino acids molecules as a reversible equilibrium

Tryptophan (at 277 nm) Cysteine (at 264 nm)

t/ min Ay A,—Axy In(A,—Ay) Ay Ae—Ax In(A.—Ay)
0 1.2511 0.5009  —-0.69134 1.1255 0.0675  —2.69562
10 1.301 0.451 —0.79628 1.134  0.059 —2.83021
20 1414  0.338 —1.08470 1.144  0.049 —3.01593
30 1.503 0.249 —-1.39030 1.155 0.038 -3.27016
40 1.585 0.167 - 1.78976 1.165 0.028 —3.57555
50 1.654  0.098 —-2.32278 1.175 0.018 -4.01738
60 1.686  0.066 -2.71810 1.18 0.013 —4.34280
Equilibrium  1.752 — — 1.193 — —

The plotting of In (Ae — Ax) within limited time period (10 — 60 min) would produce straight line with slope represents kinetic behavior
equal to [~ (k; +k_1)], as shown in Figure 4.

35 - ==
3 4.5 1 :
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L 25 ‘Iﬂ 3.5 1
L = o 2.5
2 15 - 2 -
1.5 1
A —0.0392X - 0.3114 1 - L
Fra R* =0.9883 0.5 1 .
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Figure 4: Diagrams show the rates of reversible equilibrium interaction of 5-FU drug (0.1 mM) with amino acids (1.0 mM) time in potassium phosphate
buffer solution (at pH=7.4 and T=37°C)

Subsequently, the rate constants k; and k_; respectively can be calculated according to equation of reversible first order interaction as
shown in Table 2 by combining between the thermodynamic and kinetic behavior represented by Eq. 1 and Eq. 2.

Table 2: The parameters of thermodynamic and kinetic of interaction 5-FU drug (0.1mM) with amino acids (1.0 mM) at pH =7.4 and T = 37°C; as a reversible
equilibrium first order interaction

kx1073 kx 107

- 1 1 1 = —_ 2
5-FU drug with Amino Acids Y=aX-b R (min’l) (min’l) Keq
Tryptophan Y =-0.0393X-0.3114 0.9883 30.48444 8.71555 3.49770
Cysteine Y =-0.0311X-24214 09824 29.43458 1.66541 17.67407

The physicochemical properties (k,k_; and Keq) were gave important indicators of interaction process between 5-FU drug and amino
acids Figures 2 and 3. The backward rate constant (k_;) of interaction 5-FU drug with amino acid cysteine was less than its similarities
of tryptophan. This is mean that the interaction of 5-FU drug with cysteine is proceed in forward direction only, but with tryptophan can
be consider as a reversible interaction. This matter was ensured the belief that 5-FU drug has a net negative charge can be contributed
eminently in effect on the interaction with molecules. As well as, the same mentioned reason explains the decrease of equilibrium constant
for interaction with tryptophan (Keq= 3.49) comparison with cysteine (Keq= 17.67).

The half time of 5-FU interaction with amino acids could be determined : (tl/z)mm/ =0.693/ky + k_; where; Ax=0.5A, in Eq.1, since the
physicochemical processes from the first order. Then, the forward half time (t; ) 7 = 0.693/ k1 and the backward half time (¢, /)= 0.693/
k_1 could be extracted respectively, by the same method and assumption Table 3 [18-20].
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Table 3: Half time of 5-FU drug (0.1 mM) with amino acids (1.0 mM) in aqueous solution of phosphate buffer at pH=7.4 and T=37°C, as a reversible
equilibrium from first order interaction

. . . e . . Forward interaction =~ Backward interaction
5-FU drug with Amino Acids  Equilibrium interaction (¢, /2),0m1(m1n)

(t1/2) s (min) (t1/2)p(min)
Tryptophan 17.678 22.732 79.512
Cysteine 22.282 23.543 416.113

The half life of interaction with amino acids did not excess half time of presence 5-FU drug in plasma (5 — 20 min) [1, 2] (as shown in
Table 3). The half time of interaction in forward direction [(z; /2) ] was equal approximately for both amino acids. But the backward half
time was ensured that interaction of cysteine in forward direction and revisable with tryptophan. Additionally, the interaction of 5-FU drug
with cysteine more stability as explained in Table 2; Keq=17.67) and extra regularity as shown in Figure 3 from tryptophan according to
Figure 2.

3.4. Gibbs free energy and chemical affinity of 5-FU interaction

The physicochemical property of free energy is considered as a thermodynamic parameter for known the spontaneously of chemical reaction,
it has zero value at equilibrium state (AG=0). So, the standard Gibbs free energy (AG®) consider is more useful in biophysicochemical
processes, which can be calculated depending on equilibrium constant value.

AG° = —RTInKeq 3)

where; R : gas constant (8.314 J/K.mol), and T : absolute temperature (310°K).
Then, chemical affinity (4;; or Helmholtz constant) can be extracted depend on free energy but with different sign, this means Ay; +ve of
spontaneous processes (AG®; —ve) and vice versa as shown in Table 4 [2, 19].

A =—(AG°)Tpn )

Table 4: Gibbs free energy and chemical affinity of 5-FU (0.1 mM) with amino acids (1.0 mM) as reversible equilibrium from first order interaction in
phosphate buffer at pH=7.4 and T=37°C

5-FU with Micelle Keq In Keq AG ° (J/mol)  Aj (J/mol)
Tryptophan 3.49770 1.25210 —3227.10491 3227.10491
Cysteine 17.67407 2.87209 —7402.37518 7402.37518

The high values of Gibbs free energy were indicated on occurrence of interaction between 5-FU drug with amino acids (under study;
tryptophan and cysteine) spontaneously. The only difference, the molecular complexes obtained from interactions between 5-FU molecules
with cysteine were more regular and formed easier by comparison with its similarities in tryptophan.

Generally, tryptophan (as essential amino acid; human body can not synthesis it) is necessary for human nutrition and physiological
functions, it plays a essential role in gut brain functions, bone health, immune regulation, mitochondrial functions, and energy metabolism.
Tryptophan as daily requirement is very important for children and adult, and decrease it effect on health (minimum daily requirement; 250
mg for men and 150 mg for women) [21, 22].

While, cysteine (as a non or semi essential amino acid) can be synthesized by the human body at a physiological conditions [23]. The
thiol group (—SH) of cysteine has a various biological functions (such as; SARS-CoV-2 [24]), and it may be partially responsible for reduced
blood pressure and stroke risk [13]. Cysteine can be oxidized easily to form cystine with disulfide bonds (S-S), it has role in folding and
stability of some proteins (it form 10 —14% in human hair and skin) [23, 25].

4. Conclusions

Experimentally, the obtained results shown occurrence active interaction between 5-FU drug and amino acids in phosphate buffer at pH=7.4
and T=37°C. The spectral measurements of cysteine interactions were more regularity than it similarities in tryptophan. The shoulder peaks
of amino acids interactions are explicated as aggregation for transient molecular complexes, or it may be represent different interactions for
the more one kind of reactants. The resulted molecular complex of cysteine was proceed in forward direction, but interactions of tryptophan
as a reversible form first order. The molecular complex of cysteine exhibits as a simple interaction with high stability, while tryptophan was
more complication and less stability for complete the interaction with 5-FU. The mathematical calculations of amino acids were ensured that
interactions with 5-FU occurred spontaneously by van der Waals forces or by hydrogen bonding (with a high value of affinity).
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