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Abstract

BACKGROUND: Traditionally, UV/visible spectra, conductivity, electrophoresis and other methods are commonly applied for
studying the interaction of metal ions and amino acids, but UV-Vis spectroscopy and fluorescence spectroscopy for L-histidine

reacted with silver ion in aqueous solution is rarely reported.

OBJECTIVE: To investigate the interaction between silver ion and histidine using UV/VIS and fluorescence spectra.

METHODS: The influence of pH, multicomponent concentration such as histidine, silver ion, formaldehyde, sodium dodecyl
sulfate and trihydroxymethyl aminomethane, as well as illumination strength and time, on the interaction between silver ion and
histidine were investigated, and the mechanism of reaction was also explored.

RESULTS AND CONCLUSION: Applied pH potentiometer titration method, the dissociation constants of histidine was defined
9.21. The stepwise stability constants of histidine-silver was logK;=5.56 and logK,=4.05, respectively by using half h method. At
20 °C, the electric potential of histidine-silver system was 2.10x10 V. According to pH potentiometer titration and lob method, the
compound was consisted of histidine: Ag = 2:1. Compared with histidine, histidine-silver systems reached a shoulder peak at
295.3 nm, which was assigned to conjugate double bond of imidazole ring that easily generated 1-11* transition. And an absorption
peak close to 242 nm can be assigned to n- = * transition of the C=0 group of the histidine-silver. The fluorescence emission
spectra of histidine-silver systems belonged to °Dy—F; electric dipole transition. Compared with reference solutions under the
same conditions, it not only emitted wavelengths blue shift, but also induced fluorescence quenching. Results showed that,
imidazole ring was involved in the bonding action with silver ion. The reaction process is to firstly generate six-coordination
complex, secondly reduce the silver ion into ultrafine silver particles which are bound by histidine.

INTRODUCTION

L-histidine is an essential amino acid for protein
synthesis and various other functions in cells and
tissues, such as a precursor for histamine. The
histidase gene is isolated from a human genomic
library using the human histidase cDNA as a probe .
The interaction of metal ions to amino acids, peptides
and proteins plays a very important role in biology.
Metal ions with bimolecular in solution may cause a
series of chemical processes such as catalysis,
electron transfer, O, transport and stabilization, etc .
Furthermore, metal ions play a very crucial role in the

organism with three-dimensional biological structures .,

The bio-inorganic chemistry of the silver (1) ion is rich
and fascinating. The silver () ion has long been used as
a bactericide in the form of eye drops for newborns !,
Some of its complexes display remarkable
antimicrobial activities .. The metallothioneins, a
class of small proteins believed to be responsible for
heavy-metal detoxification in mammals, exhibit very
high affinity for silver (1) %, Simple and complex
2-alkylhistamines have been of interest for more than
thirty years as potential histamine agonists and/or
antagonists ***4. The involvement of histamine in the
allergic response has stimulated interest in the
synthesis of numerous antihistamines as well as the
synthesis of different histamine derivatives designed
to study various histamine receptors. Recently,
several of these alkylbioimidazoles have been
explored as antitubercular agents ™. Data on the
influence the solution’s ionic composition and amino
acids (histidine, methionine) have on the anodic
dissolution of silver are presented **. For amino acids
that contain nitrogen-bearing side-chains, i.e.
histidine, tryptophan, their relative silver (l) ion binding

energies are larger than their corresponding copper (1)
ion binding energies. This effect is likely due to more
favorable binding because of Ag (l) ion larger size
1518 and softer properties relative to Cu (1). The
vibrational study of amino acids adsorbed on metal
surface is quite complex, given that the species giving
rise to the SERS records may be the anion, the cation,
or even the zwitterions. Moreover, the interaction with
the metal ion may take place through only one or both
functional groups or even through an additional
functional group present in the side chain. On the
other hand, immobilization of silver ion for metal
affinity chromatography %, as well as interaction
between the surface of the silver nanoparticles
prepared by y-irradiation and organic molecules
containing thiol group %, have been studied. But the
photochemistry for interaction silver with histidine is
rarely studied. Our group have previously recorded
and analyzed the interactions of silver (I) with BSA,
Hb, and y-Gb, Trp, etc 24, as well as the
photochemistry properties on reactions of amino
acids with silver ®®. The present work is aimed at the
investigating the interaction, photochemistry
properties, and mechanism of the silver with histidine
at the molecular level using spectroscopic techniques,
as well as the dissociation constants of histidine,
stability constants of histidine-silver coordination
compound, electrokinetic’s potential of histidine-silver
system were estimated by pH potentiometer titration,
electrophoresis methods respectively.

MATERIALS AND METHODS

Instrumentation

The fluorescence spectra were recorded with RF-540
spectrophotometer fitted with a 150W Xenon lamp. A
slot width of excitation or emission was 10 nm, scan
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velocity was fast, and the sensitivity was low. The UV/VIS
spectra were recorded with UV-265 and Agilent 8453
ultraviolet-visible spectrophotometer. The illumination was
measured with a digitally illuminometer (TES-1330A, Taiwan),
and the light was focused on the cassette by a jaws, which in
control. An 818 model acidometer (Orion CO., USA) has been
check up pH of medium. The electrokinetic’s potential was
performed with electrophoresis apparatus (DYY-11I-A, Beijing).

Chemicals

The silver nitrate (AgNO3, 99.9%) was purchased from
Shanghai Chemicals Co.Ltd. (China), it is 0.03 mol/L of Ag
(NH3)2NO3 solution beforehand prepared. The histidine was
obtained from Sigma-Aldrich Co. The sodium dodecyl sulfate
(SDS) was obtained from Inorganic Chemical Co. Ltd.
(Chong-Qing, China); trihydroxymethyl aminomethane (Tris) as
a buffer was purchased from Chemical Co.Ltd. (Beijing, China).
Used chemicals were of analytical-reagent grade. All chemical
were used without further purification.

Procedures

The aqueous histidine-silver has been prepared by
successively added 3.6 mL of 0.02 mol/L histidine solution,

0.8 mL of 0.03 mol/L Ag(NH3)2NO3, 1.2 mL of 1%(w/v) Tris
buffer solution, 0.4 mL of 4%(w/v) SDS, and 1.0 mL of 0.1%(v/v)
HCHO in 10 mL of centrifugal tube be provided with scale, then
adjusted to pH values with HNO3 or NaOH, and reacted for 90
minutes after the vibration has been fairly well-distributed,
finally added 1.5 mL of 12%(v/v) HAC to stop reaction and
made the final volume up to 10 mL. The sample was
characterized by means of UV/VIS and fluorescence spectra.

RESULTS AND DISCUSSION

The UV/VIS spectra of histidine-silver

Figure 1 shows the UV/VIS spectra of blank histidine and
histidine-silver. The histidine solution was observed with
noticeable absorbance at 195 nm, which was assigned to the
conformation of histidine and n-5* transition of lone-pair
electron of amino-group due to imidazole ring has
tautomerism ®!. Compared with histidine, histidine-silver
system was observed a shoulder peak at 295.3 nm, which
was assigned to conjugate double bond of imidazole ring that
easily generated mr-1* transition. And an absorption peak
could be assigned to n-1* transition of the C=0 group of the
histidine-silver close to 242 nm. Results of the UV/VIS
spectra demonstrated that, the new species are generated
and the colors of solution are changed from colorless,
orange-red to brown-red. The reaction process was that silver
() with histidine first come into being complex, then Ag*
reduced to Ag® by HCHO which acted as a reducing agent,
thus it was bound by histidine, and consequently appeared
broad and smooth band in the range from 400 nm to 500 nm.

Fluorescence emission spectra of histidine-silver

Table 1 has listed the excitation and emission wavelengths of
histidine-silver systems as well as its relative fluorescence
intensities. It had been found that emission wavelengths of
histidine reference and histidine-silver were longer than
histidine solution. Also we noticed that the relative
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fluorescence intensities of complexes were lower than
reference solution; this phenomenon belonged to static
fluorescence quenching. As is known to all, protein consists
of twenty amino acids, in which only Trp, Try and Phe have
internal fluorescence and the ratio of its relative intensities is
100: 9: 0.5, respectively 27,

195 O

242 .0nmn

445 Onan

Absorbance
o
1]
LLLLLESS ol

1

200 300 400 500 600
wavelength(nm)

(1) Histidine solution (reference: H,0); (2) Histidine-silver (ref-
erence: histidine, Tris, SDS, HCHO, and HAC)

Figure 1 The UV/VIS spectra of histidine-silver

Table 1 Fluorescence emission spectra of histidine-silver system

Excitation wave- Emission wave- Fluorescence

Histidine length (nm) length (nm) intensity
Solution 279.2 313.1 53
Reference 282.3 340.7 39.7
His-Ag 280.8 336.9 16.1

Reference includes histidine, Tris, SDS, HCHO, and HAC

Although histidine has no fluorescence characteristic, its
reference solution has fluorescence due to Tris, SDS, HCHO
and HAC are added, the cause as follows: @O System is
changed. The repulsive interaction of -NH>-NH,- and of
intra-intermolecular hydrogen bond all increase by adding SDS
and HCHO, then form random coil structure, thus T-1*
transition energy decrease and generate fluorescence. @The
ligand for amino acid absorb light energy, then the energy is
transferred to central silver (I) ion through exchangeable role of
resonance that results in silver (l) generate fluorescence.

The fluorescence emission spectra of histidine-silver systems
belong to *Dy—F, electric dipole transition. With generation of
new complexes, not only the emission wavelengths show blue
shift as compared with reference solutions, but also
fluorescence quenching occurs (Figure 2). It is likely that n-11*
and 1-11* transitions need more energies after histidine reaction
with silver (1).

Effect of pH

The change o f the Soret bands in UV/VIS spectra for
histidine-silver system with pH

Figure 3 provides the changes of the Soret bands in UV/VIS
spectra for histidine-silver with pH. The maximal absorbance at
Soret band increased with increasing pH from 3.08 to 6.05, but
it generally decreased with pH was more than about 6.05. This
interpretation is that the coordination seems to be saturated at
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pH 6.05. Generally, the coordination of the amino acid to silver
() ion seems to occur through the amino-group or carboxy
group, forming two or four coordinate complexes. But histidine
contains imidazole group that three-stage nitrogen atom has an
unshared-pair electron, therefore, it easily reacts with metal ion
and forms coordination bond ?®?%, Based on the results, it is
deduced that histidine-silver is six coordinate complexes
(Figure 4).

" 40 01 - 40, 0
A
20 0- / \ L 20 0
/&
b

0.0 T 0.0

305. 0 400. 0 450.0
2/nm

relative fluorescence intensity
(x]

(a) Reference solution (include: histidine, Tris, SDS, HCHO, and HAC);
(b) Histidine solution; (c) Histidine-silver system

Figure 2 The fluorescence emission spectra of histi-
dine-silver system

0.9+
0.7+
0.5+
0.3+

Absorbance

0.1 1

-0.1

Figure 3 The change of the Soret bands in UV/VIS spectra
for histidine-silver system with pH

Figure 4 Proposed structure of the histidine-silver complex

Potentiometer titrations

The pH dependence of the complex formations was determined
by the potentiometric titrations. The 10 mL 0.01 mol/L HNOg,
100 mL 0.2 mol/L KNOs (for kept ionic strength) and 4x

5500

10 mol/L AgNO; were placed in a flask. The mixture was
titrated potentiometrically with 0.04 mol/L Na-His solution. In
each addition (0.2 mL), the pH electrode of the pH meter (Orion
818, USA) was dipped into the aqueous phase and pH values
were measured soon after each addition of the titer. Variation of
the pH, as a function of ml of the Na-His solution added, was
pictured. Same procedure was applied to 0.04 mol/L histidine
described as follows.

Determination of stability constants of the complexes
Simple interactions between metal (Ag™*) and ligand (L-histidine)
and then equilibrium expressions were formulated as follows:

Ag'+LT—AgL,  ki=[AgL]/[AgT[L] (@)

AgL+L"—Ag(L)2", ko=[Ag(L), V[AgLIIL] ")

The k; and k, are formation constants of the corresponding
complexes. Formation function of complexes was obtained as
follows:

- [AdRAdla]l g [LR2kk L) ®
" [AgAgLIHALT, ] 1+ [LIHg ka[L]? :

Or
= CL-{(Cy-H HRWH Y iy @
Oy
e I N y
I Call /L0 R 5)
(1-m)[L] (1-n}

Where L™ represents the His; C. and Cy are the total
concentration of ligand (His) and acid, respectively, and Ky is
the ion product of water. The stability constants of the
complexes were calculated using half n from data of series [n]
and [L].

The protonation equilibrium of histidine (L) expressions were
formulated as follows:

HeL=HL,  B™=[HLI/[H][LI=k" ©6)

H+HL=H,L, B"=[H.L]/[H][L]=k"™:k", )

The formation function of H,L is

2 H i
it (-1’
£

= 3 . (®)

= 8 ey

=

Here into

Fo = ©)

After recomposition:
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iy 1 mME ] H . H
— - lH_ By + By (10)

(-7 HIH'] (- )
Where:
1
_ Cg - [H]+Ew{HY
RPN (1)
L

Where C,, Cy are total concentration of ligand (His) and acid,
respectively. And K, is ion product of water. Same, the
protonation constants (i.e. reciprocal of dissociation constants)
of the histidine (L) were calculated using half n from data of
series [n] and [L7] (Figure 5).

-
=]

[—J T B — R |

PlHis]

Figure 5 Plots of n vs p[His](-Ig[His])

Applied pH potentiometer titration *”, we obtained that the
dissociation constants of histidine was 9.21, which was
adjacent that with research of Jia et al®™ and the stepwise
stability constants as follows: log K; and log K, of histidine-silver
were 5.56 and 4.05, respectively.

Determination of stoichiometries of the complexes
Stoichiometries of the complexes were determined using Job
method (Continuous variation and mole ratio method). Two
series of solutions were prepared. In the first series, the
ligand (histidine) and Ag(NHs)," concentration both was kept
equality (0.0x10° mol/L to 9.6x10°® mol/L), but was changed
additive volume; In second series, the Ag (NH3),"
concentration was kept constant and very large (2.4x

10°% mol/L) while the ligand concentration was increased in a
regular (1.2, 2.4, 3.6, 4.8 ..x10°8 mol/L).

The absorbance of the solutions in each series was plotted
against the concentration of the variable component (Figure
6 a, b). Two lines were obtained with different slope values.
The ratio of the Ag (NHs)," to ligand (mol/L) was calculated
from the ratio of the slopes of the lines. In Figure 6a, the
maximum at a Chis/Cag Of equal to 0.64/0.33=2:1 was
obtained, and in Figure 6b a junction of two lines was at a
Chis/Cag Of equal to 4.7x107° mol/L/2.4x10°® mol/L=2:1, i.e.
nag/Nhis=1:2 was obtained, both were indicated a 2:1
complex.

ISSN 1673-8225 CN 21-1539/R CODEN: ZLKHAH
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Figure 6 Continuous variation (a) and moleratio (b) plots of
the absorbance of histidine-silver complexes

Effect of other species (Ag (NHs),", Tris, SDS, HCHO)
concentrations

The maximum absorption peak of fluorescence spectra for
histidine-silver was increased when [Ag (NHa),"] was higher
than 2.4 mmol/L. The explanation was that increased
concentration of [Ag (NHs),'] is benefit to reaction process. The
effects of concentration of [Tris] and [HCHQ] were little to
reaction. SDS not only was surfactant but also reduced the
sedimentation of silver gel when histidine reacted with silver (l),
and it is benefit to the formation of complex as increased
concentration of [SDS] (Figure 7).

W 600 Jm

1: 0.5%; 2: 1.0%; 3: 2.0%; 4: 3.0%; 5: 4.0%
Chis=7.2x10"° mol/L, Cag:=2.4x10° mol/L

Figure 7 The UV/VIS absorbencies of histidine-silver in
different concentrations of sodium dodecyl sul-
fate
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Electrokinetic potential of histidine-silver system

We found that histidine-silver systems were carried on negative
charges and moved to positive polar with electrophoresis
method #? The electrokinetic’s potential is expressed as:

U €=41rn/DeuL/E*9x10* V

(12)

that the effect of ultraviolet light was greater than visible light,
the cause of it was ultraviolet light can provide with more
energies which was benefit to reaction in the same illumination.

1.8

Where ¢ is electrokinetic’s potential, and D and n are the
dielectric constant (81) and viscosity (n20=0.010 poise) of
aqueous disperse medium respectively. E is the voltage of the
two electrodes of infliction on electrophoresis tube. U is a
proportion of the moving distance (cm) of solution boundary by
electric field force in time t (sec). L is the distance (m) of two
electrodes. The values of electrokinetic’s potential of
histidine-silver systems are summarize in Table 2. The results
showed that have formed electric double layer between the
silver and amino acids.

Table 2 The electrokinetic potential of histidine-silver system

(20 C)
Aminoacid Electrophoresis time (s) E/v L/m
Histidine 150 117 5.3x107
Aminoacid Moving distance of boundary/m u cm/sec eV
Histidine 5.0x10° 3.33x10°  2.10x10™*

1.6
1.4
1.2

b
1.0

]

1.8

=
=16

S
2.4
4 ]2_
0.0]
-0.2
-500 0 500 1000 1500 2000 2500 30003500

illmnination/Lux

Figure 8 The UV/VIS spectra of histidine-silver systems in
different illuminations

Effect of illumination strength and time
The data of fluorescent spectra for histidine-silver in different

illuminations is presented in Table 3. As compare with reference
solution, the fluorescence intensity was minished with
increasing illumination, namely fluorescence quenched.
Moreover, the bigger illumination was urged to the more
evidently the fluorescence quenched.

Table 3 The fluorescence emission spectra of histidine-silver
system in different illumination intensities

Table 4 The UV/VIS spectra of histidine-silver system in different
illumination time
(600£20 Lux, Cis=7.2x10° mol/L, CAg+=2.4><1O'3 mol/L)
Light Time 30 min 45 min 60 min 75 min
Visible Amax/nm 443.4 447.0 447 .4 445.4
Amax 0.085 0.276 0.385 0.385
Ultraviolet  Apa/nm 459.8 446.6 449.6 458.8
Amax 0.111 0.316 0.328 0.596
Light Time 90 min 105 min 120 min
Visible Amax/nm 455.6 456.2 460.8
Amax 0.571 0.698 0.915
Ultraviolet  Apax/nm 452.2 455.0 459.4
Amax 0.607 0.906 1.135

The present study showed that the reaction belonged to
light-assistance chemical reaction. It had been pointed out
halogenation’s silver or silver compound must absorb photo
energy if it was photosensitized. According to photochemistry

Histidine-Ag
lllumination
(Lux) Excitation wave- Emission wave-  Fluorescence
length (nm) length (nm) intensity
Reference 281.8 340.0 33.0
solution

0 278.9 340.3 24.9

30 278.7 340.3 23.8

300 278.6 337.9 21.4

700 279.0 339.3 18.0

1200 279.3 338.2 13.3

3300 269.3 346.1 10.0

Cis=7.2%10"° mol/L, Cag:=2.4x10° mol/L

It was found that the variable tendency of UV/VIS and
fluorescent spectra changes for histidine-silver in different
illumination time was resemble (Figure 8 and Table 4). The
maximum absorbance at Soret band increased significantly with
increasing illumination time from 30 minutes to 120 minutes, but

the relative fluorescence intensity decreased (Table 6). It
showed that the coordination was complete and the complex
was stable as illumination time increased. The difference was

5502

principle, halogenation’s silver absorb a photo, and then
generate an electron-hole pair, thus carboxy group is capture
agent of hole 334,

The fluorescence quenching curve and quenching
constant of histidine-silver

The fluorescence quenching process is divided dynamic and
static quenching. The interaction between quencher with
excited state molecule of fluorescence substance lead to
dynamic quenching, and the process adhere to Stern-Volmer
equation B

Fo/F=l+KqToCQ:1+KSVCQ (13)

Where Fo, F are respectively fluorescence intensities when
quencher is not added it and added it, Ky is bimolecular
quenching rate constant, 1o is mean life of fluorescence
molecule with no quencher (the 1, of the macromolecule is
about is 10 ® s) ¥, Ky, =Ko, it is Stern-Volmer quenching
constant, and Cq is concentration of quencher Q.

P.O. Box 1200, Shenyang
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Table 5 The fluorescence emission spectra of histidine-silver
system in different illumination time

Ultraviolet light His

Time (min) o Emission
Excitation Fluorescence
wavelength (nm) ESEEL intensity
(nm)
Reference 281.6 340.5 32.8
30 278.1 338.3 25.0
45 279.5 337.1 20.6
60 278.9 337.7 20.2
75 279.7 336.5 16.1
90 279.9 336.0 16.2
105 279.7 335.4 14.0
120 279.2 336.3 11.8
Visible light His
Time (min) L Emission
Excitation Fluorescence
wavelength (nm) wavelength intensity
(nm)

Reference 281.6 340.0 32.8
30 278.4 339.7 24.0
45 278.7 336.7 215
60 279.5 336.0 18.9
75 279.1 337.4 18.7
90 279.0 336.6 16.5
105 279.0 337.2 15.3
120 279.0 338.2 13.3

Table 6 Stern-Volmer quenching constant of the histidine-silver
system

Linear regression equation Fo/F=2.102+5.427x10° Co

R 0.995 6
Ke(x10% L-mol™) 5.427
Kq(x10™ L-mol™.s™) 5.427

We obtained that Ks, on the basis of the slope of quenching
curve, and calculated Kq (Figure 9), the results were listed in
Table 5. It is found K¢>2.0x10" Lemol™+s™ of the dynamic
quenching rate constant that showed the collision and diffusion
do not cause the fluorescence quenching function of silver (l)
ion with Histidine, but the formation of histidine-silver complex
results in the fluorescence quenching, this phenomenon
belongs to static quenching.

1.2 + T T T
0.5 1.5 2.9 3.9

Cag (X107°mol/L)

Aex=281 nm; Aem=337 nm; pH=6.08; C(His):7.2x10'3 mol/L

Figure 9 The Stern-Volmer plot for the histidine-silver

ISSN 1673-8225 CN 21-1539/R CODEN: ZLKHAH

DISCUSSION

In the study, it has been found that many conditions have
influence on the reaction of histidine with silver (1) ion, the
influential degrees all relate to the categories and structures of
amino acids, and reaction surroundings. Such as pH of medium,
the concentration of Ag (NHs)," and amino acid, illumination
strength and time have the greatest influence on the reaction
than the concentration of HCHO, SDS and Tris, etc. Histidine
contained an imidazole ring, with silver (I) formed six coordinate
complex. Previous studies rarely noticed it. The reaction
process was that silver (I) with histidine firstly formed new
complex, then Ag* was reduced to Ag® which was bound by
histidine, thus appeared broad and smooth band from 400 nm
to 500 nm in UV/Vis spectra. The results showed that the
reaction of histidine with silver (I) ion was a thermodynamics
spontaneous process without additional energy, but when light
introduced into the system the reaction rate would be
significantly changed. There processes are light-assistance
chemical reactions. The studies point out the optimum condition
for the interaction between histidine with silver (1) as follows: pH
is about 6.05, the concentration of histidine was up to 7.2
mmol/l, Ag(NHs)," up to 2.4 mmol/L, Tris up to 1.0%, SDS up to
4.0%, HCHO up to 0.08%, reaction time is 90 minutes,
illumination intensity is higher than 300 Lux.

The chemical functional groups such as the carboxylate anion
and the amidogen from of histidine play an important part in
binding the Ag*. The mechanism of the Ag” with histidine
involves a redox course; the soluble Ag” is reduced to the
elemental Ag® by the formaldehyde. The results of the
experiment is believed that silver (I) could coordinate with
oxygen atom of a -carboxy group, nitrogen atom of
a-amino-group and of imidazole ring.
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