ICC

Iranian Chemical Communication
Payame Noor University http://icc.journals.pnu.ac.ir

Comparison of chelating ability of dipeptide (histidine-f-
alanine) and (tetrakis(4-sulfonatophenyl)porphyrin) (TPPS4)
for in vitro removal of toxic metals

Rahmatollah Rahimia*, Maryam Khosravi2, Mahboubeh Rabbani?, Ebrahim
Safavib

aDepartment of Chemistry, Iran University of Science and Technology, Narmak, 1684613114,
Tehran, Iran

bMember of the World Society of the Anti-Aging Medicine and International Hormone Society,
Niavaran, 11977634461, Tehran, Iran

Received: 28 April 2016, Accepted: 27 September 2016, Published: 1 January 2018

Abstract

Peptides are one of the best candidates for drug development due to their high
specificity and low toxicity and porphyrins are significant macromolecules in
biological systems with important roles. In this work, synthesis of dipeptide (histidine-
[-alanine) was done by solid-phase peptide synthesis method (SPPS) and tetrakis(4-
sulfonatophenyl)porphyrin(TPPS4) was synthesized by Adler method. The molecular
structure of the dipeptide and porphyrin was defined using different methods
such as UV-Vis, FT-IR, *H NMR and LC-Mass spectrometry for dipeptide. Kinetics
study and comparison of the chelating ability of dipeptide (histidine-f-alanine) and
TPPS4 were investigated for removing of metal ions AI®*, Cu?*, Hg?" and Pb?* in
vitro.
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Introduction

Natural and synthetic peptides have
shown promise as pharmaceutics with
the potential to treat a wide variety of
diseases. Peptides are usually selective
and efficacious, therefore need only be
present in low concentrations to act on
their targets. The metabolism of
peptides is superior to other small
molecules due to the limited possibility
for accumulation and result in relatively
non-toxic amino  acid, peptide
metabolites. These properties contribute
towards the overall low toxicity of
peptides, with a limited risk of adverse
interactions [1]. A solid-phase approach
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is the most popular way to synthesize
peptides on small and large scales for
research purposes [2]. Porphyrins are
significant macromolecules applied in
different fields such as photoconverter,
photocatalysts,  photosensitizes  in
diagnosis and photodynamic therapy
and also, with different application as a
drug [3-6]. In this paper, we report the
comparison between dipeptide (his-$-
alanine) and tetrakis (4-
sulfonatophenyl) porphyrin (TPPSs) as
a chelating agents. The ability of
dipeptides and porphyrin to chelate
various metal ions can be investigated
[7-9]. The reason for choosing these
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two compounds and comparing them is
that both are naturally present in
biological systems with important roles
[10-13]. In this paper, molecular
structure and comparison of the
chelating property of synthesized
dipeptide  and porphyin  were
investigated.

Experimental

Chemicals

All chemicals were purchased from
various companies as follows: Wang
resin,  N-Fmoc-N-trityl-L-histidine
was purchased from the Bachem
chemical company. Boc-f-alanine-
OH was obtained from Aldrich

company, hydroxybenzotriazole
(HOBt) was purchased from Fluka
company.  Scavengers  (anisole
andphenol), trifluoroacetic acid
(TFA), piperazine, N,N’-

diisopropylcarbodiimide(DIC),
diethyl ether, dichloromethane, N,N-

dimethyl  formamide, methanol,
acetic anhydride and pyridine,
propionicacid, benzaldehyde,
pyrrole, sulfuric acid, acetone,

sodium carbonate and metal salts
(AICI3, CuClz, HgCl> and Pb(NO3)2)
were obtained from Merck chemical
company.

Sample characterization

PG Instruments T80 Double Beam UV-
Vis spectrophotometer was used for
UV-Vis measurements. The infrared
spectra were recorded on a Shimadzu
FT-IR-8400S spectrophotometer in the
range of 4004000 cm™. Proton NMR
spectra were recorded on a Bruker
DRX250 (300 MHz) spectrometer in
water. LC-MS analyses were performed
on Agilent 6410 Triple Quadruple LC-
MS (USA).

Methods
Dipeptide synthesis
Dipeptide  (histidine-f-alanine)  was

manually synthesized on solid phase

using standard Fmoc and Boc strategy
[14,15]. Briefly, the peptide sequence
his-p-alanine was assembled on Wang
resin  (1).N-Fmoc-N-trityl-L-histidine
(2.47 g, 2 equivalents)(2), and two
equivalents of HOBt (0.26 g) and
DIC(1mL), as a coupling reagent, were
added to the reaction vessel. The
mixture was shaken for 2 h. Then, first
amino acid is loaded to the resin, the
unreacted sites must be end-capped
with 2 equivalents acetic anhydride and
2 equivalents pyridine to ensure that
future reactions do not react at those
unloaded sites. Removal of the Fmoc
group (3) was obtained by the addition
of 10% piperazine, shacked for 30 min
under nitrogen atmosphere. The
monitoring of the completion of the
Fmoc cleavage was performed with
color detector (acetaldehyde/chloranil)
for detection of free terminal amino
groups (4)[16]. Second amino acid
Boc-f-alanine-OH(0.189 g, 2
equivalents)(5) was treated with
coupling reagents HOBt and DIC added
to the resin and shaken for 1.5 h at
room temperature. In the last step of the
synthesis, peptide was cleaved from the
resin with a mixture of trifluoroacetic
acid TFA (1 mL), anizol (0.3 mL),
phenol(0.3 g) and was shaken
mechanically at room temperature for 2
h. One important consideration when
selecting the cleavage cocktail are
scavengers, such as anizol, phenol,
triisopropylsilane  (TIPS), 1, 2-
Ethanedithiol (EDT), thioanisole or
water. Scavengers are often added
because during the course of cleavage,
highly reactive cationic species can be
generated that can cause damage to the
structure. The purpose of a scavenger is
to extinguish any reactive species that
may be generated during revelation
from TFA cleavage[17]. At the end of 2
h, the resin was filtered and washed
with DMF (5 mL x 3*) and DCM (5
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mL x 3). The filtrate was evaporated
under reduced pressure and the
resulting mixture precipitated by adding

O%“ l@q g(@
59
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©
2eqHOBT. DIC (2hr'  (5)

diethylether. The presence of the
peptide was confirmed by LC-
MSanalysis [18,19].
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Scheme 1. Steps of dipeptide(his-g-alanine) synthesis

Synthesis of (tetrakis(4-

sulfonatophenyl) porphyrin) (TPPS4)
Pyrrole 1.9 mL and benzaldehyde 2.7
mL were reacted for 30 minutes in 100
mL of refluxing propionic acid. After
cooling down, the product, meso-
tetraphenyl porphyrin  (TPP), was
precipitated in saturated sodium acetate
solution, and was washed with
methanol-water solution and dried.

Thep-sulfonation on phenyl rings was
achieved by reacting 0.1 g tetraphenyl
porphyrin with 4 mL sulfuric acid and
it was kept in Bain Marie for 8 h. The
product was neutralized with Na,COs
solution and extracted using methanol
as solvent. Solid TPPSs was obtained
after methanol evaporation [20,21]
(Scheme 2).
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Scheme 2. Steps oftetrakis(4-sulfonatophenyl)porphyrinsynthesis (TPPS4)

Results and discussion

Characterization of synthesized dipeptide
(histidine-g-alanine)

Dipeptide was successfully synthesized
via the standard BOC method [14,15].
The synthesis of dipeptide (histidine-f-
alanine) was structurally confirmed by
UV-Visible, FT-IR, *H NMR and LC-
Mass techniques. The UV-Visible
absorbance spectra of histidine-f-
alanine was obtained in water at 25 °C,
the UV absorptions appeared at 214 and

268 nm which can be related to
electronic transitions of m—n* and
n—n*respectively. The  following
spectral data for dipeptide was obtained
from the FT- IR spectra (KBr, cm™)
with vmax: 3238 (NH2), 2613-3300(OH),
1643 (N-C=0), 1564 (-C=N), and from
'H NMR spectra (300 MHz, D20, §):
7.48 (imidazole ring); 4.69(2H, CH:zN),
4.24 (d, COzH). The LC-MS analysis
revealed a single mass peak in [M+H]"
and [M]~ which corresponds to the
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calculated molecular weight of the
dipeptide,  CoH14sN4Os3,  calculated:
226.23, found: m/z [M+H]": 227.000
and m/z[M]: 224.800. For all above
data, please refer to the supplementary
information.

Characterization of the synthesized
(tetrakis(4-
sulfonatophenyl)porphyrin)(TPPS,)
The synthesis of TPPS4 approved using
UV-Visible spectra, Amax= 412 nm
(Soret band), 512, 550, 578, and 632

1.2

nm (Q bands) shown in Figure 1. FT-
IR spectra (KBr, cm™),vmax: 1000-1380
(=C-N, S=0), 1336 (C=C exocyclic
pyrrol), 1382 (C=C endocyclicpyrrol),
1560 (-C=N), 2800-3010 (C-H aliphatic
& aromatic), 3000-3600 (N-H pyrrol,O-
H). IH-NMR spectra (300 MHz, D,0O)
8=8.12 (d, d, 16H, CgHas), 5=7.63 (S,
8H, p- Pyrrole). For all above data,
please refer to the supplementary
information.

530 580 630 680

350 400 450

Wavelength (nm)

550 600 650 700

Figure 1. UV-Vis absorption spectrum of TPPS,

Optimization of concentration of
dipeptide and porphyrin

Different concentrations of metal salts:
AICl3, CuClz, HgCl2 and Pb(NO3)2, (10°
1 10% 103 10* and 10° M) were
prepared to study the Kkinetics with
chelators  [dipeptide  (histidine-f-
alanine) and TPPS4]. The changes of
absorption in the wavelength of 214 nm
(maximum wavelength of dipeptide and
412nm  (maximum  wavelength  of
TPPSs) were investigated by UV-
Visible  spectrophotometer  while
theconcentration of chelators were kept
constant at ~10° M vs. metal ions. The
kinetic study was done using a Kinitic
mode of spectrophotometer  with
amaximum wavelength of chelators.

Study of in vitro chelating property of
dipeptide  (histidine-g-alanine) and
Tetrakis(4-
sulfonatophenyl)porphyrin(TPPS,)

The UV-Visible absorbance spectrum
was investigated to study kinetics of

[histidine-g-alanine  (~10°M)  and
TPPS; (~10°M)] with  different
concentrations (~10? to ~10°M) of
metal ions (APP*, Cu?", Hg?" and
Pb?"). The interactions of the dipeptide
and TPPSs with various concentrations
of metal ions show that; the maximum
absorption band of dipeptide (214 nm)
and TPPSs (412 nm) reduced and
shifted to shorter and longer
wavelengths. In respect to the size of
metal ions, we observed significant
changes on the four Q bands in the
visible region in such that they reduced
to two bands due to the structural
symmetry increase from Czy t0 Duan
point groups [9]. The results show that,
at initial times (about 5-10 minutes),
chelating with metals; which have the
same concentration with chelators (10°
>M) were faster, but these reactions of
metals with concentrations higher than
chelators were slower. To compare the
chelating ability of dipeptide and

Page | 4



Comparison of chelating ability of dipeptide (histidine-s-alanine) and ...

TPPSs (Figures 2-4), the optimal
concentration of metals was found to be
~10° M for chelators. In terms of rate
of reaction, the experimental process of
chelating shows that the reactions are
completed in the first ten minutes. In
this regard, based on the rate law, the

of Ln[A]= kt+Ln[Ao], the rate constant
(k) was determined from the plot of —
Ln[A/Ao] vs. time which gives a
straight line with a slope of k.

In Figure 2, it is shown that the
order of rate constant increase for
(AP) is such Kdipeptice>Ktppsa, Which

reactions were found to be first order.
Using the integrated first order rate law

indicates that the reaction of dipeptide
with APP* is faster than TPPSa.

0.1
u Dipeptide (10%)- AICB(10%)

¥ = 0.0094x+ 0.0049
R*=0.993

= 0.06 + TPPS (10°%)- AICIy(10°)
3 y= 0.0073x+0.006
= R*=0.9455
3 0.04
0.02
0 I —
=0 t=2 t=4 t=6 t=8  t=10

Time (min)

Figure 2. Kinetics study of dipeptide (histidine-s-alanine) (10° mol L ) and TPPS, (10
mol L %) with AICI;

Study of chelation ability of the
chelators with Cu?* was shown in
Figure 3 ktppsa>k which

represents that the reaction of TPPS4
with Cu?* is faster than dipeptide.
dipeptide,

0.05 q *Dipeptide (10%)- CuClz (10-3)
y = 0.0025x+0.0016
R»=0.9514

= TPPS (105 -CuCl; (10%)
y=0.0051x+ 0.0018
R?=0.9638

o2 4 6 8 =0
Time (min)

Figure 3. Kinetics study of dipeptide (histidine-g-alanine) (10 mol L) and TPPS,

(10°mol L) with CuCl,

Study of chelation ability of
chelators with Pb?" was shown in
Figure 4 Kdipeptide>KTPPss,  Which

represents that the reaction of dipeptide
with Pb?" is faster than TPPS..
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0.25 *Dipeptide (10-5)- Pb(NOs)2 (10
¥=0.0216x+ 0.0002
0.2{ R2=0.999

s TPPS(10)- Ph(NO3)2(10)
¥ = 0.014x + 0.0004
| R2=0.09966

-Ln (A7 Ao)
I
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bt
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Figure 4. Kinetics study of dipeptide (histidine-g-alanine) (10-° mol L) and TPPS4(10-*mol
L%) with Pb(NO3)

Study of chelation ability of
chelators with Hg?* was shown in

Figure 5 kTPPS4>kdipeptide, which

represents that reaction of TPPSs with
Hg?* is faster than dipeptide.

0.16] =TPPS (10-)- HgClz (107)
¥=0.0153x-0.0192
R?=0.9248

0.12] +Dipeptide (105)- HgCl (10%)

_ y=0.00663-0.005

= R*=0.9375

3 0.08

=

=

0.04

ol ‘

t=0 =2 t=4 (=6 =8 (=10

Time (min)

Figure 5. Kinetics study of dipeptide (histidine-s-alanine) (10° mol L) and TPPS, (10 mol
LY) with HgCl,

Comparision of chelating ability of
the chelators can depend on the size of
the metallic cation, ligand-to-metal
ratios, and the ionic strength of the
supporting solution [22] and structure
of the chelator. The results indicate
that, for AIP* and Pb?, the rate
constants of dipeptide are relatively
higher than TPPS4 and for Cu®* and
Hg?*, TPPS; show  maxiumum
chelating rate. The order of the
observed strength chelating adsorption
are: APF*(10°M) and Pb*(10° M):
Kdipeptide>KTpps4;
Cu?*(10*™m)
Krpps4>Kdipeptide-

andHg?*(10° M):

Conclusion

In this work, dipeptide (histidine-f-
alanine and TPPSs as chelating agents
were synthesized. The chelating
properties of dipeptide and TPPSs (in
vitro) by UV-Vis absorbance spectra
were investigated. The results revealed
that chelating activity depends on the
concentration of metals, molar ratio,
kind of metals and structure of the
chelator. It was found that both of the
natural biologic chelators can be
selected as chelating agentor removal of
A" Cu?*, Hg?* and Pb?* with different
doses and different effective times.

Page | 6



Comparison of chelating ability of dipeptide (histidine-s-alanine) and ...

Acknowledgements

The financial support of this study,
by Iran University of Science and
technology is gratefully
acknowledged.

References

[1] D. Goodwin, P. Simerska, 1. Toth,
Current Medicinal Chemistry, 2012,
19, 4451-61.

[2] F. Garcia-Martin, N. Bayo-Puxan,
L.J. Cruz, J.C. Bohling, F. Albericio,
QSAR & Combinatorial Science. 2007,
26, 1027-35.

[3] R. Rahimi, P. Hambright, J
Porphyrins Phthalocyanines., 1988, 2,
493-9.

[4] A. lIsidro-Llobet, M. Alvarez, F.
Albericio, Chemical reviews., 2009,
109, 2455-504.

[5] F.H. Duijnhoven, R.I. Aalbers, J.P.
Rovers, O.T. Terpstra, P.J. Kuppen,
literaturereview. Immunobiology. 2003,
207, 105-13.

[6] H.M. Wang, J.Q. Jiang, J.H. Xiao,
R.L. Gao, F.Y. Lin, X.Y. Liu,
Chemico-biologicalinteractions., 2008,
172, 154-8.

[7] C.E. Brown, W.E. Antholine,
Journal of Physical Chemistry, 1979,
83, 3314-9.

[8] S.p. Datta, B.R. Rabin, Short
Communications, Preliminary Notes.,
1956, 19, 572-4.

[91 X. Huang, K. Nakanisha, N.
Berova, Chirality., 2000, 12, 237-55.
[10] B. Janssen, D. Hohenadel, P.
Brinkkoetter, V. Peters, N. Rind,
Diabetes., 2005, 54, 2320-7.

[11] A.A. Boldyrev, Nova Science
Publisher, New York., 2006.

[12] G.D. Venosa, L. Hermida, H.
Fukuda, M.V. Defain, Journal of
photochemistry and photobiology B,
Biology., 2009, 96, 249-54.

[13] A.R. Hipkiss, J Biochem Cell
Biol., 1998, 30, 863-8.

[14] W. Ahmad, F. Shaheen, Y. Zhou,
L. Zhang, Journal of Cancer Research
and Experimental Oncology., 2013, 5,
8-109.

[15] S. Khoshbakht, F. Kobarfard, D.
Beiki, O. Sabzevari, M. Amini, F.
Mehrnejad, K. Tabib, S. Shahhosseini,
J Radioanalytical Nuclear Chemistry.,
2016, 307, 1125-34.

[16] E. Kaiser, R.L. Colescott, C.D.
Bossinger, P.l.  Cook, Analytical
Biochemistry., 1970, 34, 595-8.

[17] G.B. Dolors, R. Francesc, G.
Ernest, Journal of Peptide Science,
2011, 17, 32.

[18] R. Rahimi, M. Khosravi, M.H.H.
Tehrani, M. Rabbani, E. Safavi,
Journal of the Brazilian Chemical
Society., 2016, DOI: 10.5935/0103-
5053.20160064.

[19] B. Bonkowski, J. Wieczorek, M.
Patel, Ch. Craig, A.L. Gravelin , T.
Boncher, Modern  Chemistry &
Applications., 2013, 1:4.

[20] R. Rahimi, M. Jeddi, S.M.R.
Ravanfar, Asian Journal of Chemistry.
2009, 21, 3988-3994.

[21] Zzh. Song, A.O. Adeyemo, J.
Baker, Sh.M. Traylor, M.L. Lightfoot,
Georgia Journal of Science., 2011, 69,
89-101.

[22] M.L. Branham, P. Singh, K.
Bisetty, M. Sabela, T. Govender,
Molecules., 2011, 16, 10269-91.

How to cite this manuscript: Rahmatollah Rahimi, Maryam Khosravi, Mahboubeh
Rabbani, Ebrahim Safavi. "Comparison of chelating ability of dipeptide (histidine-p-
alanine) and (tetrakis(4-sulfonatophenyl)porphyrin) (TPPS4) for in vitro removal of
toxic metals". Iranian Chemical Communication, 2018, 1, 1-7.

Page | 7


http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Duijnhoven%20FH%5BAuthor%5D&cauthor=true&cauthor_uid=12675268
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aalbers%20RI%5BAuthor%5D&cauthor=true&cauthor_uid=12675268
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rovers%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=12675268
http://www.ncbi.nlm.nih.gov/pubmed/?term=Terpstra%20OT%5BAuthor%5D&cauthor=true&cauthor_uid=12675268
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuppen%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=12675268
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hipkiss%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=9744078
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwiwmpvG6_jNAhXGCJoKHQZxBd4QFggtMAI&url=http%3A%2F%2Fwww.scilit.net%2Fjournals%2F5885%2F80%2F10%2FNewest&usg=AFQjCNEe0gKliSK_iIPYkqH1kTiRa1Xt_Q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwiwmpvG6_jNAhXGCJoKHQZxBd4QFggtMAI&url=http%3A%2F%2Fwww.scilit.net%2Fjournals%2F5885%2F80%2F10%2FNewest&usg=AFQjCNEe0gKliSK_iIPYkqH1kTiRa1Xt_Q

