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Abstract

It is assumed that genetic diseases affecting the metabolism of cysteine and the kidney
function lead to two different kinds of pathologies, namely cystinuria and cystinosis whereby
generate L-cystine crystals. Recently, the presence of L-cysteine crystal has been underlined
in the case of cystinosis. Interestingly, it can be strikingly seen that cystine ([-S-CH2-CH-
(NH2)-COOH]2) consists of two cysteine (C3H7NO2S) molecules connected by a disulfide (S-
S) bond. Therefore, the study of cystine and cysteine is important for providing a better
understanding of cystinuria and cystinosis. In this paper, we elucidate the discrepancy between
L-cystine and L-cysteine by investigating the theoretical and experimental infrared spectra (IR),
X-ray diffraction (XRD) as well as Raman spectra aiming to obtain a better characterization of

abnormal deposits related to these two genetic pathologies.

Keywords: Al. Biominerals; Al. Computer simulations; A.l. Crystal structure; Al.

Characterization; B1. L-cysteine; B1. L-cystine



1. Introduction

Kidney stone formation, also known as nephrolithiasis is the result of an imbalance
between supersaturated solutes and crystallization inhibitors in urine.!* More precisely, the
low solubility of L-cystine (about 240 mg/L in urine) may explain its crystallization in the
nephrons and formation of kidney stones observed in patients with cystinuria. Due to its very
high water solubility (about 280 g/L), L-cysteine crystal may not form in body fluids or urine,
but L-cystine and/or L-cysteine may accumulate within lysosome cells in patients suffering
from a rare inherited disease named cystinosis which results from mutations of CTNS gene.’

The prevalence and incidence of kidney stones has increased over the past 30 years and
this for reasons that remain incompletely understood.®® Cystinuria is the most common genetic
renal disease that induces nephrolithiasis with a prevalence less than 1:7000 births in an
average worldwide depending on the population (1/2500 among Lebanese Jews, 1/5000 among
Americans, 1/18,000 among Japanese, 1/20,000 among France and 1/100,000 among Swedish).
In Europe, cystinuria accounts for 1% ~ 2% of all kidney stones.” ' Although the amount of
cystinuria patients is smaller than that of calcium oxalate or hydroxyapatite stone formers, the
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formation of such cystinuria is also a very active and multi-recurrent stone disease,
high risk of chronic kidney disease.”* An important inconvenience is that extracorporeal
shockwave lithotripsy is often ineffective because of the relative elasticity of cystine stones,
which makes it insensible to shock wave-treatment. Thus, open surgery is too often the only
answer, especially in developing countries, in affected patients with large and/or multiple
stones, which is very common.

Nowadays, in many cases, percutaneous nephrolithotomy and flexible ureteroscopy are
chosen to treat cystine stones. Additionally, the treatment option with lasers is also efficient
alternative in terms of destroying such stones. As is the case in other types of stones, the
treatment methods rely on the size, location and crystal habits of the stones. However, some
controversies still exist on which method should be selected between simple monitoring and
urological intervention. The growth of the stone is difficult to stop if it is not expelled. Thus, it
is encouraged to release the excretory cavities as soon as possible to hinder the recurrence.

Regarding cystinuria, it seems that L-cystine crystals are the main reason of the clinical
pathology. As reported by Bazin et al.,'* medical treatment may alter cystine crystals. These
authors find that alkalinization with sodium bicarbonate can influence the crystal size of cystine
as observed by means of powder neutron diffraction. Other treatments with molecules that
contain S-H groups may alter the stone structure as shown by scanning electron microscopy

examination.'* These results could provide arguments for studying relationships between drugs



and formation of cystine stone. Therefore, it could be clinically relevant to investigate further
the cystine structure in order to improve cystinuria and/or cystinosis treatment. Combined with
real-time in situ atomic force microscopy, Rimer’s work'> reveals that L-cystine dimethyl ester
and L-cystine methyl ester obviously inhibit the cystine crystal growth of the {100} face which
reduces the aggregation of cystine crystallites. In Rimer’s report,'® it has been indicated L-
cysteine can reduce the crystal size of L-cystine, but does not change the crystallization yield
of L-cystine, thus showing the inability of such L-cysteine in the prevention of L-cystine'
growth in kidney stones.

Normally, urine contains two components, i.e., L-cysteine and L-cystine at a neutral pH,
L-cysteine can be partially oxidized to L-cystine.!® !” Dewey et al.!® report the conversion
between cysteine and cystine through evaluating different concentrations in precursor solution
under irradiating condition and how these environments impact the S-H and S-S bonds. This is
like the conversion between di- and mono-hydrated calcium oxalate including weddellite and
whewellite since the unstable weddellite shows a trend to the stable whewellite. In that case,
the crystal conversion still shows a mixture of weddellite and whewellite which can be
determined by IR and microstructures.!” Actually, related IR of such kidney stone while
weddellite converts into whewellite, does not show the exact transition. Also, some subtle
distinctives happen which illustrates an amorphous whewellite is formed during the
dissolution-recrystallization process.

With regards to our work, the in-depth study of the crystal structures of cysteine and
cystine, to understand better cystinosis has a major clinic interest as underlined by our recent
investigation which points for the first time the presence of L-cysteine.?” More precisely, the
complete set of data seems to indicate that cystinosis is linked to the pathogenesis of cysteine
crystallites associated with a rectangular morphology, and to the pathogenesis of cystine, as
evidenced by our observation of hexagonal cystine crystals. So, a major question emerges: The
drug of cystinosis has to avoid the pathogenesis of L-cystine crystals, the pathogenesis of L-
cysteine crystals or the pathogenesis of both L-cysteine and L-cystine crystals?

In fact, cystine crystals normally consist of two cysteine crystal structure, but they have
very different crystal properties in human body. Cystine ([-S-CH2-CH-(NH2)-COOH]2)
displays a hexagonal structure (P6122 space group, a=b=15.412 A, c=55.956 A).2! It’s worth
noting that the monoclinic L-cysteine (C3H7NO:2S) is shown by a = 8.144 A, h=11.937 A and
c=5.416 A with a space group P21.?>?* In order to characterize the crystalline structures at

atomic level of cysteine and cystine, we combine First-Principles geometry optimization with



experimental methods including IR, XRD, Raman to explore the interaction between these two

sorts of crystals.

2. Experimental details
2.1 The preparation of Cystine and Cysteine powders

Cystine (98%) and cysteine (> 98 %) powders were commercially acquired from Merck.

2.2 Measurements

XRD experiments were performed on the MORPHEUS experimental platform at the
Laboratoire de Physique des Solides, Orsay, then carried out on a rotating anode (model RU
H3R, Rigaku Corporation, Japan) using Cu Ka radiation (A= 0.154 nm) delivered by a
multilayer W/Si optics. Before detection, the powders filled borosilicate glass capillaries (1
mm diameter) and were measured by X-ray beam. Meanwhile, two-dimensional patterns were
recorded on a MAR345 detector (marXperts GmbH, Germany) with 150 um pixel size and a
sample-detector distance of 150 mm. Extraction of the scattered intensity as a function of the
20 scattering angle was performed through a home- developed software.

IR experiments on powder analysis were conducted according to the KBr pellet technique
and the transmission mode. Infrared spectra were recorded on a Fourier transform infrared
spectrophotometer Bruker IFS 25 (Japan) covering the range 2.5 - 25 um (4000 - 400 cm™)
implemented in Tenon Hospital. 32 scans were recorded for each spectrum at room temperature

against air as reference.

2.3 Computational details

The Vienna Ab initio Simulation Package (VASP)** %5 has been used to perform all
theoretical calculations. Periodic Density Functional Theory (DFT) was used to apply the
augmented plane wave method (PAW)?S to describe the electron-ion interactions with a cut-off
energy of 500 eV.?”>28 The functional of Perdew Burke Ernzerhof (PBE)*’ was employed, and
the Kohn-Sham equations were solved self-consistently until the energy difference of the
cycles was less than 10 eV. To improve total energy convergence, a Gaussian smearing with
o = 0.1 eV was applied to the band occupations. The atomic positions were fully optimized
until all forces were smaller than 0.01 eV/A per atom. To minimize computational cost, all
calculations were performed only at the I'-point. In order to take into account van der Waals

interactions which were not included in the PBE functional,®® the Grimme D3-correction

method by introducing the Becke-Johnson damping potential.?!- 32



The theoretical X-ray diffraction patterns of L-cystine and L-cysteine were carried out by
the crystallographic calculations program using FullProf software®® which referring the cell
parameters obtained after geometrical structure optimized by DFT method. Moreover, the unit
cell parameters of L-cystine and L-cysteine applied to perform simulations of XRD patterns

were taken from Dahaoui et al.*! and Moggach et al.,?® 2

respectively.

The Density functional perturbation theory (DFPT) was employed to simulate the
vibrational frequencies and intensities of IR,**3® using the relaxed structures for different
adsorption modes investigated. In the dipolar approximation, the intensity of i»» normal mode
of vibration at a frequency w: (EQ. 1), was proportional to the square of the change of dipole

moment associated with the atomic motion along the eigenvector e; of that mode:
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Where, e; 5 (1) was displacement of iz-atom in the eigenvector of the i» normal mode and
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Zog(D) = was the Born charge of the in atom, we obtained these quantities from the

previous equations by employing the DFT implemented in VASP package.** %°

Vibrational spectra have been calculated within the harmonic approximation. This matrix
was computed by the finite difference method followed by a diagonalization procedure. The
eigenvalues of the resulting matrix led to the frequency values. The assignment of the
vibrational modes was done by inspection of the corresponding eigenvectors. The Raman
intensities were then estimated by the derivative of the macroscopic dielectric tensor
(polarizability) with respect to the normal mode, following the method of Fonari and Stauffer.®’

It should be noted that L-cystine supersaturation was the main reason to form stone in
cystinuria and cystinosis. To date, inhibitory factor for such L-cystine stone has not been found
in urine. Furthermore, the solubility of L-cystine depends on the pH values in urine. The lower
the pH value in urine is, the smaller the solubility is. L-cystine crystal do not dissolve under
physiological environment (pH = 5.5 — 7.5), but they gradually dissolve while pH values are
higher than 7.5. Therefore, we considered other conversion types about such crystals under
normal physiological pH value. In this work, all calculations were conducted without taking

into account the pH values.

3 Results

3.1 Geometrical parameters and energetics



The crystallographic information framework (CIF) of L-cysteine used to perform
calculations of this work was taken from Moggach et al.*® This CIF available on
Crystallographic Open Database (COD) was registered with the number of 2009193. The unit
cell contains four cysteine molecules in interaction via H-bonds forming double chains. The
unit cell parameters of L-cysteine obtained after full relaxation (ISIF = 2) with DFT-D3-BJ
level of theory were a = 7.532 A, b =12.647 A, c=5.437 A. Compared to the work reported
by Stephan et al,?? the parameters have a small shift. The unit cell doubled in c-direction was

represented in Figure .
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Figure 1. Unit cell of L-cysteine doubled in c-direction viewed from two directions
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(a) along a-axis; (b) along b-axis.

The L-cystine model used in this work was resolved by Dahaoui et al.?!

After optimizing
at a DFT-level, the unit cell parameters have slightly changes with a = b = 5.40390 A, ¢ =
56.3354 A compared to the original crystal structure where a = b = 5.42503 A, ¢ = 56.35397

A. The unit cell doubled in a-direction was shown in Figure 2.
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Figure 2. Unit cell of L-cystine doubled along a-direction viewed from two directions

(a) along a-axis; (b) along b-axis.

L-cystine was obtained by dimerization of L-cysteine leading to the formation of a S-S
bond between both L-cysteine fragments. The interatomic distances and bond angles obtained
after full relaxation for L-cysteine and L-cystine were reported in Table 1. These geometric
parameters vary very slightly regarding L-cysteine to that of L-cystine. The distance of
calculated S-S bond between two cysteine fragments related to L-cystine crystal was 2.047 A,
while in the gas phase L-cystine molecule was 2.046 A.



Table 1. Calculated interatomic distances and angles for L-cysteine and L-cystine

(distances in A and angles in®).

L-cysteine L-cystine
Distance Distance
Cl-C2 1.528 Cl1-C2 1.540
C2-C3 1.535 C2-C3 1.525
C3-S 1.823 C3-S1 1.822
C2-N 1.485 S1-S2 2.047
S-H 1.365 S2-C4 1.822
C1-01 1.276 C4-C5 1.525
C1-02 1.261 C5-C6 1.540
C2-N1 1.487
Angle C5-N2 1.487
C1C2C3 111.4 C1-01 1.281
CIC2N 111.1 C1-02 1.258
C2C3S 114.9
C3C2N 111.5 Angle
C3SH 96.6 C1C2C3 113.2
NC2H 106.9 CI1C2N1 110.4
C2C381 117.3
Dihedral angle S1S2C4 105.0
C1C2C3S -120.9 S2C4C5 117.3
NC2C3S 70.7
Dihedral angle
C1C2C381 -68.8
C2C3S182 79.0
C3S1S82C4 76.2
S1S2C4C5 79.0
NI1C2C3S1 57.7

The crystal binding energy of L-cysteine and L-cystine in this work was determined
and reported in Table 2, which were -117.7 kJ/mol and -351.9 kJ/mol, respectively. With
respect to L-cystine, Yang et al.** have reported a binding energy of -359.2 kJ/mol using
COMPASS forcefield in BIOVIA’s Materials Studio software which was very close to our
calculated results. In addition, one can note that the binding energy of L-cystine was three times
much higher than the binding energy of L-cysteine in absolute value. As L-cystine was a dimer
of L-cysteine, one could expect that the binding energy of L-cystine should be about twice
times than that of L-cysteine.

Table 2. Calculated binding energies (energies in kJ/mol).

Binding energy (kJ/mol)

L-cysteine -117.7
L-cystine -351.9




3.2 XRD analysis

In order to distinguish the phase compositions of L-cystine and L-cysteine crystallites,
XRD analysis obtained by calculation were carried out. Figure 3A(a) and (b) showed the
experimental XRD data of the L-cystine in comparison with the simulated one. As can be seen,
highly similar patterns were observed. The diffraction peaks of synthetic L-cystine could be
successfully indexed in terms of the hexagonal structure with a space group of P6122 which
can be visible elsewhere.'> *° Meanwhile, the XRD patterns of synthetic and calculated L-
cysteine were represented in Figure 3B(a) and (b), respectively. The indexation of the
experimental reflections lines was also consistent with the monoclinic system (space group
P21), in good agreement with the plotted output from the DFT analyses. However, as you see
there is a slight shift of the diffraction peaks of the calculated L-cystine and L-cysteine patterns

regarding the experimental ones, toward higher 26.
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Figure 3. XRD patterns of L-cystine and L-cysteine, (A): experimental (a) and theoretical (b) results of L-

cystine; (B): experimental (a) and theoretical (b) results of L-cysteine.
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3.3 IR analysis

Regarding to S-H and S-S bend appearing in L-cysteine and L-cystine respectively (see
Figure 4a), this fully illustrated the discrepancy between the theoretical results of L-cysteine
and L-cystine. Experimental and theoretical IR spectra calculation of L-cysteine in the KBr
phase in the frequency region 500 - 3500 cm™! were similar and reported in Figure 4(b). The
assignments given in Table 3 were in agreement with those given in the literature by
Pawlukoj c et al.*! and Parker et al.** In Figure 4(b), mainly regarding theoretical L-cysteine
spectrum, the band at ~3068 cm™' and ~2920 cm™! were assigned to the CH2 asymmetric stretch,
which was in line with the range of ~3500 - ~2800 cm™' in experimental IR spectrum.*’ The
absorption peaks at ~2677 cm’!, ~1583 cm!, ~1559 cm™!, ~1351 cm!and ~1161 cm™! belong
to NH3 asymmetric stretch.*! The peaks obtained at ~1382 cm™ and ~800 cm™ were assigned
at COO- asymmetric stretch. The bending vibrations of C-H occur at ~1295 cm™!, ~1262 cm™!
and ~1083 cm’!. The peaks at ~845 cm™ and 568 cm™! were due to the C-C bending vibrations.
The characteristic bands at ~1010 cm™ due to S-H bend. ~961 cm™ and ~718 cm™! represented
characteristic of N-CH stretch and C-S stretch, respectively.** ~541 cm was NH3 torsion
which can be seen in experimental stretch.*? All these characteristic peaks well agreed with the
experimental result.

Erreur ! Source du renvoi introuvable.4(c) showed the L-cystine’s coincidently theoretical
and experimental result, also detected between 500 - 3500 cm™!, combined with Table 4, the
appearance of ~1654 cm™, ~1639 cm™, ~1589 cm™!, ~856 cm!, ~825 cm™ and ~760 cm™
adsorption peaks showed the NH3 asymmetric bend.** ** ~1507 cm™ group confirmed the
presence of stretching vibration of COO".** ~3042 cm™!, ~1383 cm!, ~1323 cm’!, ~1282 cm™!,
~1238 cm™! and ~1086 cm™! adsorption bands were the stretching and bending vibrations of C-
H.%>% The ~1349 cm™!, ~1161 cm™ and ~1109 cm™ peaks were generated by C-C stretching
vibration.** 7 ~1036 cm™! belonged to C-N stretching.** In addition, the peaks at ~532 ¢cm’!
were marked in blue in the spectrum and assigned to the S-S stretch.¢ Noting that the bending
stretch ~532 cm! appeared in both L-cysteine and L-cystine, but indicated different chemical

groups.
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Figure 4. IR spectra of L-cysteine and L-cystine between 500 - 3500 cm™,

(a) theoretical comparison of L-cysteine and L-cystine; (b) theoretical and

experimental L-cysteine; (c) theoretical and experimental L-cystine.

Table 3. Theoretical and experimental IR comparisons of L-cysteine (values in cm™) and assignments.

Wavenumber (cm™)

Assignment

Theoretical results

Experimental results

3068, 2920

2677, 1583, 1559, 1351, 1161
1382, 800

1295, 1262, 1083

845, 568

2403, 2350, 1010

961

718

3500-2800

2800-1600, 1586, 1541, 1346, 1137
1394, 803

1296, 1268, 1063

867, 538

1003

942

695

12

CH; asymmetric stretch
NH; symmetric bend
COO-

C-H stretching

C-C stretching

SH bend

N-CH stretch

C-S stretch



541 538 NHj; torsion

Table 4. Calculated and experimental IR comparisons of L-cystine (values in cm™) and assignments.

Wavenumber (cm™)

Assignment
Theoretical results Experimental results
3042 3500-2800 CH>-S asymmetric stretch
2785, 1654, 1639, 1589, 856, 825, 2800-1700, 1656, 1622, 1584, NH;3 asymmetric bend
760 872,845,778
1507 1485 COO-
1349, 1161, 1109 1372, 1197, 1125 C-C stretching
1383, 1323, 1282, 1238, 1086 1338, 1295, 1263, 1091 CH stretching
1036 1035 C-N stretching
532 538 S-S stretch

3.4 Raman analysis

Raman spectra of the L-cysteine and L-cystine were calculated using DFT method.
Different molecular vibrations were shown in Figure 5 and referred vibrations regarding the
experiments completed by other researchers, listed in Table 5, which can also help to
distinguish the discrepancy of the L-cysteine and L-cystine. Apparently, similar to above IR
results, the peaks at ~2452 cm™, ~2407 cm!, ~942 cm™!, ~858 cm™!, ~798 cm™!, ~764 cm™! and
~528 ¢cm™! corresponded to the S-H group stretching frequency which did not generate in L-
cysteine’s Raman spectrum. In comparison, a peak at ~470 cm™ appeared according to the
Raman plotting of L-cystine, which was associated to the S-S bond. More specifically, other

bands and related stretches can be found in Table 5.
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Figure 5. Theoretical Raman spectrum of L-cysteine and L-cystine.

Table 5. Calculated Raman modes wavenumbers (in cm™!) and assignment with the type of vibration.
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L-cysteine

Present theoretical
band

Assignment

Assignment
Literature

3028

2987
2700

2452
2407

1661
1631

1589

1555
1410
1380

1334
1289

1248

1179

1146

1140

1058

1010

942

858

CH stretch

NH stretch
O-H

SH stretch

CO; asymmetric stretch
NH;" bend

NH;* bend

NH;* bend
CH; bend

COzsymmetric stretch
CH; bend

CH; bend
NH, rock

CH;, wag
NH; rock

CH, twist
NH; rock

CH, wag
NH; rock

CH; twist
NH3; rock

CN stretch
CH; twist

CH, -CH stretch

SH bend
CH; rock

CH; bend
SH bend
C-CO; stretch

14

463040 NH stretch
46,2950

46,2554
382350, 2545

~1300 - ~1700, CH, bend, COO- stretch,
NH3 bend.

38-.1633 NH; bend asymmetric; ~1662 CO»
asymmetric stretch

between ~1000 - ~1300 signals of SH bend,
CH; twist, CH, wag, CH bend

~1180 CH; twist
~1200 CHa twist
~1107 - ~1162 NH; rock

~1107 - ~1162 NH;3 rock
~1180 CH; twist
~1200 CH; twist

~1107 - ~1162 NH3 rock

47-1083 C-N stretch
~999 CH,-CH stretch; ~600 - ~1000 are
observed C-S, C-C link vibrations. also

bending vibrations of COO-

~961 - ~987 S-H in-plane bend

~918 C-CO»-stretch



SH bend

798 COssymmetric bend ~600 - ~1000 CO; bend
SH bend
764 CH; bend
692 C-S stretch ~692 C-S stretch
644 C-S stretch ~662, ~680 C-S stretch
570 lattice vibrations ~200 - ~600, vibrations of CCC, CCS, CCN
SH bend
528 CH, bend ~346 - ~439 S-H out-of-plane bend
445 CCN bend ~469 CCN bend
370
CCN bend
322 CH, rock ~300 CCN bend
232 lattice vibrations ~200 - ~50 lattice vibrations
98 . L
65 lattice vibrations
L-cystine
Present theoretical
band Assignment Assignment Literature
NH stretch
3024 CH stretch
~2967
2977 CH stretch 2966 and ~2912
2783 NH stretch
1685 NH; asymmetric bend
1655 NH; asymmetric bend ~1611 NH; bend
NH; bend
1584 COO- asymmetric stretch
1508 NH3 wag
1378 CH; bend ~1407 COO- symmetric stretch.
COO- symmetric bend ~1384 CH bend
CH; bend
1355 COO- symmetric bend
CH bend
1323 COO- symmetric bend
1289 CH,, twist

15



CH, twist

1166 CH bend
CH; twist
1124 NHj; rock
1035 CH; twist
1028 CH, twist
CH,-CH stretch
956 NHj; rock
CH; rock
856 NH, rock
822 CH; rock
CH; rock
767 HCN bend
C-S stretch
676 CH;, wag ~677 C-S stretch
NH; rock
C-S stretch
614 CH; rock
NH3; torsion
540 CH,-CH-N bend
470 S-S stretching ~498 S-S stretch
455 CH;-CH-N bend
387 CH,-CH-N bend
CH;-CH-N bend
293 CH; rock
250-0 Lattice vibrations
4 Discussion

Figure 1 and 2 were the configurations of L-cysteine and L-cystine. The changes of
related unit cell parameters occurred during the optimization, but the result was in agreement
with the experimental values according to the X-ray result,'®> which can provide more accurate
configurations for the latter calculations. In terms of the distance of S-S bond, the calculated
one was a little less than the general length (~2.05 A). The stretching of the S-S bond observed
in the crystal may be due to the hydrogen bond interactions undergone from the neighboring
L-cystine molecules. Indeed, the S-S bond was a center of symmetry in the L-cystine molecule.
Thus, the interactions acted simultaneously on both groups located on both sides of the S atoms
of L-cystine, causing the stretching of the S-S bond. This difference can be explained by the

possibility of the isolated L-cystine molecule to reorganize itself and reach a much more stable

16



configuration. In fact, L-cystine was present in its ionic form (-CH(NH3")-COO") which was
rearranged when it was isolated (-CH(NH2)-COOH). But the rearrangement did not occur in
the case of isolated L-cysteine. This can be concluded that the energetic difference occurred
between L-cystine and double L-cysteine molecules, indicating that the L-cysteine crystal was
more stable than that of L-cystine crystal.

Based on this, the phase composition of these two types of crystals was deeply studied
as well combined with XRD, IR and Raman spectrum. For the XRD analysis, the difference
between the experimental and theoretical results may be caused due to the DFT-D3 correction
method. It took into account the van der Waals interactions, thus leading to a slight change in
the calculated unit cell parameters with regards to L-cystine and L-cysteine. Collectively, the
experimental XRD results showed the phase compositions of L-cystine and L-cysteine which
were well verified by DFT methods according to specific molecular modellings. In order to
further analyze the chemical groups in L-cystine and L-cysteine, IR spectra were studied as
shown in Figure 4. In contrast, as seen from Figure 4(a), the differences mainly appeared on
S-H bend (only formed in L-cysteine) and S-S stretch (only found in L-cystine), which
connected double L-cysteine and formed L-cystine crystal) between L-cystine and L-cysteine
crystals. Apparently, according to Figure 4(b, c), small shift led to discrepancy between
theoretical and experimental IR results of L-cysteine and L-cystine. This can be interpreted by
the presence of van der Waals interactions. More specifically, the calculations in this work
were carried out at 0 K, but the experiments were performed at around 300 K which more or
less affected the spectrum detection. Additionally, the small shifts related to the experimental
and theoretical results of L-cysteine and L-cystine may also be caused by the pressure in the
reaction context. Therefore, these aspects negatively impacted the harmonic oscillator
approximation. The theoretical results regarding the L-cysteine and L-cystine were well agreed
with the experimental ones, which inferred the chemical components appeared in both types of
crystals. Also, it indicated that the difference happened between crystals we studied, connected
by the S-S bond. In order to further prove the difference about the S-H and S-S bonds, the
theoretical Raman result obtained for L-cystine and L-cysteine were found to be in good
agreement with the experimental ones reported by Michal Ejgenberg, Yitzhak Mastai and
Rimer."> 17 As we mentioned before, Raman results can well display the S-H and S-S stretches
with respect to the different sorts of crystals. This can provide clear conception for
distinguishing the existence and relationship of the L-cystine and L-cysteine.

From the molecular view and chemical characterizations of the L-cystine and L-

cysteine, we can understand their relationship deeply in order to study how L-cystine divided
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into two L-cysteine. Today, drugs carrying SH groups are commonly used, such as cysteamine
for the treatment of cystinosis or d-penicillamine and mercaptoporpionylglycine for the
treatment of cystinuria. Thereby, our experimental and theoretical data could be of interest to

develop new treatments for cystinuria and cystinosis.

5 Conclusion

L-cystine, as a urinary stone component in pathological cystinuria and as cells deposits in
cystinosis was associated with L-cysteine only in cystinosis. In our work, the interaction
between L-cysteine and L-cystine were analyzed by combining theoretical and experimental
methods. Especially IR spectra and Raman spectra systematically illustrated the presence of
functional groups of these two matters which can be apparently distinguished by the S-S bond.
The XRD result apparently confirmed the structural identity of the L-cystine and L-cysteine
crystallites. It is probably assumed that L-cystine crystals related to cystinuria and cystinosis
as well result from the conversion of L-cysteine. Then a phase transition can occur in cystinosis

disease resulting in a mixing of L-cysteine and L-cystine.
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