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Abstract

A transition metal ion combination of Ni(ll) ion with mixed ligands has been produced,
whereby Valine serves as the secondary ligand and 1,10-phenanthroline (phen) in its
principal role. The ability of the complex to stop the growth diameter of three different
species of fungi - Aspergillus flavus, Aspergillus Niger, and Pencillium was used to measure

its antifungal properties at different concentrations.
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1. Introduction

With the advancement in the field of bioinorganic
chemistry the role of transition metal complexes as
therapeutic compounds is becoming increasingly
important. The use of transition metal complexes as
therapeutic compounds has become more and more
pronounced [1]. Metal ions play an important role in
bioinorganic chemistry and metals such as Fe, Co, Ni,
Cu, Zn, and Cd may exist in trace amounts in
biological systems.  Structural studies of the
complexes of these metals with biological
compounds are extremely important [2]. The study of
the coordinated systems metal ion - amino acids has
become increasingly important in recently from
different points of view. Increasing worldwide
interest was confirmed in 1991, when EC countries
selected "Biocoordination Chemistry" as one of seven
priorities research fields [3]. The ligand 1,10-
phenanthroline (phen) as in figure (1) is a strong field
bidentate ligand that forms very stable chelates with
first row elements of transition metals [4].

Fig. (1) structure of 1,10-phenanthroline
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Although a good number of metal mixed-ligand
complexes containing either 2,2’-bipyridine or 1,10-
phenanthroline with some other ligands are reported
in the literature, there are a few reports on the
synthesis and biological activities of metal mixed-
ligand complexes containing 2,2’-bipyridine and
1,10-phenanthroline as ligands [5]. The 1,10-
phenanthroline (phen) whether in the metal-free state
and coordinated to the transition metals disturb the
functioning of a wide variety of biological system [6].

Table (1) different properties of 1,10-phenanthroline

Molar - Melting
Compound '\gzlrer:z::r Mass A(mlzt)y Point
(gmo)) | P ()

1,10- phenanthroline C12HgN2 180.21 4.27 114-120

Compound [ Physical State [ Solubility (in water) |
1,10- phenanthroline | White Crystalline Powder | Slightly Soluble |

Valine is an o-amino acid with the chemical
formula HO,CCH(NH,)CH(CHs), as Fig. (2). L-
Valine is one of 20 protein genic amino acids. This
essential amino acid is classified as nonpolar. Valine
is branched-chain amino acid. Human dietary sources
include cottage cheese, fish, poultry, peanuts, sesame
seeds, and lentils [7]. Valine has many properties
shown in table (2) [8,9].
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Fig. (2) structure of Valine

Amino acids are organic molecules that constitute
a most important part of biological structure and body
chemistry. In the amino acids, the amino group is
basic portion of the molecule and it is capable of
reacting with both organic and inorganic acids to
form salts, while the acid portion is capable of
reacting with bases [10]. L-Valine complexes belong
to non-centrosymmetric space groups and it is an
essential criterion for nonlinear optical (NLO)
application. L-Valine hydrogen chloride (LVHC)
crystal has been formed by combining L-Valine and
hydrochloric acid and this complex is found to be a
useful NLO material. It has been reported that doping
NLO crystals with organic and inorganic impurities
can alter various physical and chemical properties and
doped-NLO crystals may also find applications in
optoelectronic devices like pure NLO crystals [11-
14].

Table (2) different properties of Valine

Molecular | Densit Molar Melting
Compound Formula | ( lcm33), Mass Point
s (gimol) ()
' 298
Valine CsH1NO, 1.316 117.15 decomposition
[ Compound | Acidity (pKa) | Solubility (in water) |
[ Vvalne [ 2.32(carboxyl), 9.62 (amino) | Soluble

Aspergillus Niger or A. Niger is a fungus and one
of the most common species of the genus Aspergillus.
It causes a disease called black mold on certain fruits
and vegetables such as grapes, onions, and peanuts,
and is acommon contaminant of food. It is ubiquitous
in soil and is commonly reported from indoor
environments, where its black colonies can be
confused with those of Stachybotrys (species of
which have also been called "black mould™) [15].
Some strains of A. Niger have been reported to
produce potent mycotoxins called ochratoxins [16],
but other sources disagree, claiming this report is
based upon misidentification of the fungal species.
Recent evidence suggests some true A. Niger strains
do produce ochratoxin A. [17].

Aspergillus flavus is a saprotrophic and
pathogenic [18] fungus with a cosmopolitan
distribution [19] A. flavus infections can occur while
hosts are still in the field (pre-harvest), but often show
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no symptoms (dormancy) until post-harvest storage
and/or transport. In addition to causing pre-harvest
and post-harvest infections, many strains produce
significant quantities of toxic compounds known as
mycotoxins, which when consumed are toxic to
mammals [20].

Species of Pencillium are ubiquitous soil fungi
preferring cool and moderate climates, commonly
present wherever organic material is available.
Saprophytic species of Pencillium and Aspergillus
are among the best-known representatives of the
Eurotiales and live mainly on organic
biodegradable substances. Commonly known as
molds, they are among the main causes of food
spoilage, especially species of subgenus Pencillium
[21]. Many species produce highly toxic mycotoxins.
The ability of these Pencillium species to grow on
seeds and other stored foods depends on their
propensity to thrive in low humidity and to colonize
rapidly by aerial dispersion while the seeds are
sufficiently moist [22].

2. Materials and Methods

2.1 Preparation of complex

Complex was prepared in general method of
mixed ligands metal complexes [23,24]  with
preparation a solution of 1,10- phenanthroline
(0.180 g, 1 m.mol) in aqueous ethanol (1:1:10 ml) and
solution of L-Valine (0, 234,2 m.mol) in aqueous
ethanol (1:1:10 ml) containing sodium hydroxide
(0.08, 2 m.mol) were added simultaneously to a
solution of NiCl,.6H20 (1 m.mol) in aqueous ethanol
(2:2:10 ml) in the stoichiometric ratio [2Val:M:phen]
as Scheme (1). The above solution was stirred for
lhoure and allowed to stand for overnight. The
product formed was filtered off, washed with aqueous
ethanol (1:1 ml) and dried in air.

2.2 Antifungal activity test

Fungi were obtained from the University of
Mustansiriyah and diagnosed based on the taxonomic
keys in Domch&Gamas. The antifungal activity was
determined on the potato dextrose agar which it was
solidify. According to the manufacturer's instructions
Attended by dissolving 39 g of powdered middle-
ready and as directed by the manufacturer in 1000 ml
of distilled water and acidic function seized to 5.6 and
infertility medium, added 1ml of prepared complex
and added the media after let go solidifies. The
percentage of inhibition was measured by the
following equation:

The growth of fungus en the contrel medium - The

percentage of inhibition = growth of fungus on the Medium with complex =100

The growth of fungus on the control media
3. Results and Discussion

Generally, the complexes were prepared by
reacting the respective metal salts with the ligands
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using 1:1:2 mole ratio, i.e., one mole of metal salt:
one mole of 1,10-phenanthroline and two moles of
sodium valinate.

The synthesis of mixed ligand Metal complexes
may be represented as follows
2Val H +2NaOH — 2Val- Na* + 2H,0
2Val Na* + phen + MCI — [M:(Val):(phen)] + 4H,0 + NaCl
where phen is 1,10-phenanthroline and Val H is
amino acid L-valine)

The formula weight, molecular weight, color and
melting points are given in table (3).

Based on the physicochemical characteristics
(table 3), it was found that all the complexes were
non-hygroscopic, stable at room temperature.

Table (3) different properties of complex

Molecular Melting Point | % Metal

Compound Weight Color °C) Theory
. Light
[Ni(phen)(Val)2] 471.18 Green 273 12.46

The results of the antifungal activity of different
concentrations of complex [Ni(Val)2(phen)] on the
radial growth of plant pathogenic fungi compared
with the control, the concentration 0.01M is the best
among the concentrations, where it was diameter in
cm unit of growth Aspergillus Niger a solid medium
1.5cm and Pencillium 2.6cm while a growth
Aspergillus flavus 1.2cm while the concentration
0.001M was ranged affect between weak and had to
growth of Aspergillus Niger as reached diameter of
growth 2.5cm, and Pencillium 3.8cm to a high
effect on Aspergillus flavus as growth zone was
2.6cm compared with the control media in growth of
three fungi, finally the concentration 0.0001M was
absent in effect on Pencillium in growth zone was
4cm Equal with control medium and semi-absent
effect on Aspergillus Niger in growth zone was
3.8cm Comparison with control medium which stood
at 4cm while effect on Aspergillus flavus was
highest and it was growth zone 3.4cm Comparison
with control medium which stood at 4cm.

Although the Aspergillus flavus was the best
among the three fungi in growth in the control media,
but it was most sensitive direction of the chemical
complex. The results were viewed in table (4).

Table (4) antifungal activity of different concentration of
complex on radial growth rate of Aspergillus Niger,
Aspergillus flavus, Pencillium sp.

Complex Growth

. Control . . %
Fungi (cm) Con(cr:rtlegltlll'-a)tlon Dl?(r:r:)ter Inhibition
Aspergilus 0.01 15 62.5
Niger 4 0.001 35 125
0.0001 38 5
Aspergillus 0.01 1.2 76
flavus 5 0.001 26 48
0.0001 34 32
6 0.01 26 35
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Pencillium 0.001 3.8 5
Sp. 0.0001 4 0

The results of affect the different concentrations
of complex on plant pathogenic fungi show below in
the Fig. (3).

Affect of complex on diameter.
growth of Pencillium sp.

Affect of complex on diameter
growth of Aspergillus Niger

Affect of complex on diameter

Growth of Aspergillus flavus

Fig. (3) Effects the different concentrations of complex on
types of fungi

References

Printed in IRAQ 15



Iragi Journal of Scientific and Industrial Research
Volume 3, Issue (3), July-September 2024, pp. 13-16

[1] Eshwikaetal, (2004), Metal complexes of 1, 10-
phenanthroline-5,6-dione alter the susceptibility
of the yeast Candida albicans to Amphotericin B
and Miconazole, in Bio metals, Vol.17,p. 415-
422.

[2] Canpolat et al, (2004),  synthesis,
characterization of some Co(Il) complexes with
Vic-Dioxime ligands and their antimicrobial
properties. Turk. j. chem.28, 235-242.

[3] Yuichi Shimazaki, Masako Takanib and Osamu
Yamauchi, Metal complexes of amino acids and
amino acid side chain groups. Structures and
properties Dalton Trans.,7854-7869(2009).

[4] Lee, J.D concise Inorganic chemistry, 4th ed.,
Chapman and Hill: London; (1991); pp 607-
1074.

[5] Hazel, A.; Simonsen, O.; Wernberg, O. Acta.
Cryst. 1986, C42, 1707.

[6] Deegan et al. (2007). Nomenclature and
symbolism for amino acids and peptides
(IUPAC-IUB Recommendations, Pure Appl.
Chem. 56(5): 595 (1984).

[71 Dawson, R.M.C., et al., Data for Biochemical
Research, Oxford, Clarendon Press, (1959).

[8] Weast, Robert C., ed. (1981). CRC Handbook of
Chemistry and Physics (62nd ed.). Boca Raton,
FL: CRC Press. p. C-569. ISBN 0-8493-0462-8.

[9] Venkata et. al. Bull.chem. soc. Ethiop.
(2009). Vol.23, No.2, p.197-204.

[10] C. Krishnan, P. Selvarajan, T.H. Freeda
(2008). J. Crystal Growth 311:141.

[11] S. Goma, C.M. Padma, C.K. Mahadevan
(2006). Materials Letters (60):3701.

[12] P. Selvarajan, A. Sivadhas, T.H. Freeda, C.K.
Mahadevan (2008). Physica B 403: 205.

[13] N.P. Rajesh, V. Kannan, P.S. Raghavan, P.
Ramasamy, C.W. Lan (2002). Mater. Lett.
(52):326.

[14] Samson RA, Houbraken J, Summerbell RC,
Flannigan B, Miller JD (2001). Common and
important species of fungi and actinomycetes in

.
'|0

LISIR

indoor environments. In: Microorganisms in
Home and Indoor Work Environments. New
York: Taylor & Francis. pp. 287-292. ISBN.

[15] Abarca M, Bragulat M, Castella G, Cabafies F
(1994). "Ochratoxin A production by strains of
Aspergillus Niger var. Niger". Appl. Environ
Microbiol 60 (7): 2650 .

[16] Schuster E, Dunn-Coleman N, Frisvad JC, Van
Dijck PW (August 2002)."On the safety of
Aspergillus Niger - a review". Applied
microbiology and biotechnology 59 (4-5): 426—
35.

[17] Masayuki Machida; Katsuyai Gomi (2010).
Aspergillus: molecular biology and genomics.
Horizon Scientific Press. pp. 157.

[18] Ramirez-Camejo, L. A.; Zuluaga-Montero, A.;
Lazaro-Escudero, M. A.; Hernandez-Kendall,
V. N.; Bayman, P. (2012). "Phylogeography of
the cosmopolitan fungus Aspergillus flavus: Is
everything everywhere?". Fungal Biology 116
(3): 452-463.

[19] Agrios, George N. (2005). Plant Pathology:
Fifth Edition. Elsevier Academic Press. p. 922.

[20] Samson RA, Seifert KA, Kuijpers AF,
Houbraken JA, Frisvad

[21] JC. (2004). "Phylogenetic analysis of
Pencillium subgenus Pencillium using partial
beta-tubulin sequences” (PDF). Studies in
Mycology 49: 175-200.

[22] Pitt JI, Basilico JC, Abarca ML, Lépez C.
(2000). "Mycotoxins and toxigenic fungi®.
Medical Mycology 38(Suppl 1): 41-46.

[23] P.K. Bhattacharya, H.J. Lawson, J.K. Barton,
(IH NMR Studies of Nickel(ll) Complexes
Bound to Oligonucleotides: A Novel Technique
for Distinguishing the Binding Locations of
Metal Complexes in DNA) Inorg. Chem. 42,
8811-8817 (2003).

[24] K. Brugger  “Coordination  Chemistry
Experimental Methods” London butter worth's
England (1973).

© All Rights Reserved

ISSN (print) 2079-4630 (onling) XXXX-XXXX

Printed in IRAQ 16


http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/0-8493-0462-8
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC201698
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC201698
http://books.google.com/books?id=cDe0afASrnkC&pg=PA157
http://books.google.com/books?id=cDe0afASrnkC&pg=PA157
http://books.google.com/books?id=cDe0afASrnkC&pg=PA157
http://www.cbs.knaw.nl/publications/1049/part5.pdf
http://www.cbs.knaw.nl/publications/1049/part5.pdf
http://www.cbs.knaw.nl/publications/1049/part5.pdf

