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ABSTRACT

We report some details of the Fe@ihmobilized in chitin.
The polymer was characterized by infrared and Mdssbauer
spectroscopy. Chitin modified with iron (CH-Fe) was used as a
support for thin layer chromatography and column chroma-
tography for separation of phenolic compounds. The results show
that CH-Fe can be used as an alternative support for immobilized
metal affinity chromatography (IMAC).
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INTRODUCTION

Immobilized metal affinity chromatography (IMAC) was introduced by
Porath et al in 197%nd since then has been adapted for purification of many
proteins. In all cases, the selectivity of IMAC was very high. Selectivity and
retention on those adsorbents are adjusted by changing the type of the metal
and the properties of the compounds to be sepatatéétnost without
exception, commercially available IMAC supports utilize iminadiacetic acid
(IDA) as the metal - chelating grodp.

Fe(ll)-IMAC has found application in the separation of phosphorylated
macromoleculed. IMAC - IDA-Cu (Il) has been used to adsorb human, serum
albumine? cellulose - based chelating support, Chelat-Granecel-Cu (Il), and
exhibit high affinity to human growth hormone.

Chitin is a natural biopolymer with a physical and chemical similarity to
cellulose which is often used in chromatographyFree amino groups on the
surface of chitin have chelating properfieand, therefore, may be a good
stationary phase for the separation of the metals capable of formation of
coordinated bonds. The stationary phases chitin modified ByiGhs may be
used for separation of amino acfds.

Phenolic compounds have received attention because of their ubiquity in
nature and due to the many different functions they perform within the plant and
its environment. Phenolics are widely present in food plants and in many
popular beverages; therefore, there is a current interest in them and in the effects
on the human body. There has also been a renewed interest in the use of
phenolics, and especially flavonoids, as medical dfugs.

Silica gel has been widely used for separation of phenolic non Bolar,
mixtures of dihydroxy and trihydroxybenzoic acid which are separated by
microcrystalline cellulosd. Isoflavonoids are separated on polyaniftie.
Glycosylflavone mixture can be resolved by cellulseln this paper, we
describe the preparation, characterization, and chromatographic properties of
chitin modified by iron ions, for separation phenolic compounds.

MATERIALS AND METHODS

Preparation and Characterization of Support

Chitin (CH) (85% N-acetylated) was obtained according to the literature
method from shrimp shelf$. Chitin-Fe (CH-Fe) complex was prepared by
stirring chitin power overnight in 1.0 M Fe{(Sigma Aldrich) at pH 1.The
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solid was subsequently filtered and exhaustively washed with distilled water,
methanol and acetone, to remove the excess ofl@@ldried under vacuum at
room temperature. The quantity of iron adsorbed on the polymer surface was
determined using a Hitachi model Z-8000 polarized Zeeman atomic absorption
spectrophotometer. The infrared spectra were obtained as KBr disk on a IR-FT
Bomen MB-100 spectrophotometer.

Mossbauer spectroscopy measurements were obtained from solid samples
of complexes with Wissel equipment operating at constant acceleration, using a
radioactive source of’ Co on the (Rh) matrix with initial intensity of 10 mCi
and 0.26 mm/s of line width, when measured against a sodium nitroprussate
absorber as a standard. Isomeric shift is given relatiaeiton, at the measured
temperature.

Thin Layer Chromatography

The methods used to coat a glass plate (2,5 x5 cm) with a thin layer sorbent
CH and CH-Fe was a spreading, and the calcium sulfate (20 %) was used as a
binder. TLC was also performed on plates precoated with 0.25 mm layer of
silica gel 60 Hks4 from Merck.

A solution containing pyrogalol, cathechol and mixtures of two compounds
were stopped on the TLC plates and eluted with methanol:chloroform (85:15).
The compounds were detected by spraying £€é2% in ethanol) solution, or
visualized under UV light (254 nm).

Column Chromatography

The mixture of 150 mg of pyrogalol and 150 mg of catechol was eluted in
chromatographic columns (150 x 10 mm) containing 5 g of CH, 5.7 g of CH-Fe
and 8,7 g of silica gel. The mixed compounds were eluted with
methanol:chloroform (85:15) and fractions of 5 mL eluent were collected. The
compounds were monitored for TLC using silica gel 60 plates and detected
according to methods shown above.

RESULTS AND DISCUSSION
Preparation and Characterization of Support

The quantity of iron in the solid was 9.6 m§.determined by atomic
absorption spectroscopy. This result showed that the chitin poskiieses
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Velocity (mmis)

Figure 1. Méssbauer spectrum of CH-Fe.

chelating capacity due to thew quantity of amino group in polymeric chain
(15%). The Mossbauer spectrum of CH-Fe complex, Figure 1, exhibits an
isomer shift §) of 0.19 mm.3. This is typical of low spin Fe(ll) complex with

o- donor ligand. Furthermore, the asymmetric doublet with quadrupolar
splitting A= 0.36 mm.8, indicates the existence of a distorted octahedric
complex produced by the presence of the ligand of a different nature.

The Mossbauer spectroscopy parameters are charactefittie low spin
Fe(ll) species, indicating the reduction of FeBy chitin*® Another conclusion
is that Fe(ll) is coordinated with two amino group of chitin.

The IR spectrum of CH-Fe (Figure 2(A)) exhibits characteristic absorption
band at 1650, 1555, and 1320 troorresponding to the amide I, Il and Il
bands® The spectrum of CH-Fe exhibits the same bands of chitin, Figure 2(B)
and can be attributed to low amount of iron on the surface of the chitin.
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Figure 2. Infra-red spectra: A) CH-Fe; B) CH.

a0

Fregency ()

Table 1

Difference Between R Value of Phenolics, Pure and
the Mixture, on the Studied Support

Rr (cmzs) Pure Compound

Support  Cathecol

Silicagel 0.7&0.03
CH 0.82+0.02
CH-Fe 0.7#0.02

Pyrogallol

0.550.04
0.4%0.05
0420.06

R (cmzs) Mixture

Cathecol

0.760.03
0.720.03
0.730.03

Pyrogallol ARg

0.530.05 0.230.06
0.430.04 0.3&0.05
0.4%0.06 0.320.06

ARE - Recatn. - Repyr (in mixture). S = standard deviation for n=3.
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Figure 3. Possible interaction of CH-Fe with catechol A; CH-Fe with pyrogallol B.
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Table 2

Efficiency of Different Supports Studied
in the Separation of Phenolic Mixtures

Catechol + Recovered

Cathecol Pyrogallol Pyrogallol Initial Mixture
Support  mg % mg* % mg? % %
Silicagel 89 59 86 57 116 38 97
CH 57 38 55 37 50 18 60
CH-Fe 108 72 100 67 43 14 82

! Pure compounds.
2 Impure compounds.

Chromatographic Behaviour

The retention parameterRor the investigated pure compounds &Ry,
mixture compounds, in three adsorbents, are report in Table 1. Catechol is
better separated than pyrogallol on CH and CH-Fe than of silica gel.

On CH and silica gel beds, the migration distance is longer for compounds
than with a surface modified with iron. In silica gel the separation between
phenolics was not satisfactory.

The retention of phenolic compounds in the chitin surface occurred due to
interaction by hydrogen bonding with variety of functional groups on the surface
(OH-group, free or acetylated amino grofip).

The adsorption of catechol and pyrogallol on CH-Fe involves interaction of
the compound with iron while displaying one or more of the weakly bound
ligands such as water and chloride ions.

In the support CH-Fe, the high&Rr between catechol and pyrogallol can
be attributed to interaction of catechol with one iron ion, while with pyrogallol,
the interaction occurs within the two iron ions, Figure 3.

The separation of the mixture of phenolics in the liquid chromatography
experiment was performed using the same parameter. amount of sample, height
column, flow-rate, and polarity of the solvent in order to compare the efficiency
of three supports.
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The results are shown in Table 2. The results were in good agreement with
those obtained for TLC experimenig., supports with highR: (CH and CH-
Fe) were more efficient.

Another interesting observation is that the lowest yield of pure compounds
and initial mixture recovered was when CH was used with the support. This fact
can be attributed to strong interaction between amino groups that are free of CH
(15%) and OH in the phenolic compounds, resulting in retention of large
amounts of compounds in the column. On the other hand, when silica gel was
used with the support, all of the initial mixture was recovered. However, a
large proportion was of the impure compounds.

The results of this investigation demonstrate that CH-Fe can be utililized
with alternative supports for IMAC for the separation of phenolic compounds as
flavonoids and biflavonoids.

ACKNOWLEDGMENT

This work was supported by grants from CNPq, PIBIC/ProPPEX/

UNIVALL.

REFERENCES

1. J. Liesiené, K. Racaityté, M. Morkeviciené, P. Valancius, V. Bumelis, J.
Chromatogr., A.764,27-33 (1997).

2. L. D. Holmes, M. R. Schiller, J. Liq. Chromatogr. & Rel. Techral,. 123-
142 (1997).

3. G. Muzynska, G. Dobrowolska, A. Medin, P. Ekaman, J. O. Porath, J.
Chromatogr.604, 19-28 (1992).

4. G. M. S. Finette, Q. M. Mao, M. T. W. Hearn, J. Chromatogr7@3,71-90
(1997).

5. J. Nahlik, I. Derdowska, W. Neugebauer, G. Kupryszewski, Chem.
Analityczna,30, 39-46 (1983).

6. C. A. Rodrigues, A. O. S. Savi, V. Schlemper, F. Reynaud, V. Cechinel-
Filho, Chromatographia7, 449-450 (1998).



10: 34 24 January 2011

Downl oaded At:

PROPERTIES OF CHITIN MODIFIED WITH Fegl 769

7. J. W. Park, M. O. Park, K. K. Park, Bull. Kor. Chem. S8c108-111
(1984).

8. I. Malinowska , J. K. R6zylo, Biom. Chromatodrl, 272-275 (1997).
9. H. Peck, A. W. Stott, J. B. Turner, J. Chromat@§7, 289-292 (1986).
10. E. HeftmmanChromatography-Part B, Elsevier, Amsterdam, 1992.
11. G. W. Rigby, U.S. Patent, 2,072,771 (1936).

12. C. A. Rodrigues, E. Stadler, M. C. M. Laranjeira, V. Drago, J. Braz. Chem.
Soc.,8, 7-11 (1997).

13. J. M. Nieto, C. Peniche-Covas, J. Del Bosque, Carbohydrate Pol@ner,
221-224 (1992).

Received April 15, 1998
Accepted May 30, 1998
Manuscript 4770



Downl oaded At: 10:34 24 January 2011

Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request
Permission/Reprints Here" link below and follow the instructions. Visit the
U.S. Copyright Office for information on Fair Use limitations of U.S,
copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materialsis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our Website

User Agreement for more details.

Order now!

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081JL C100101697


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=JLC&title=PREPARATION%2C+CHARACTERIZATION%2C+AND+CHROMATOGRAPHY+PROPERTIES+OF+CHITIN+MODIFIED+WITH+FeCl3&offerIDValue=18&volumeNum=22&startPage=761&isn=1082-6076&chapterNum=&publicationDate=03%2F11%2F1999&endPage=769&contentID=10.1081%2FJLC-100101697&issueNum=5&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+10%3A41%3A23&publisherName=dekker&orderBeanReset=true&author=C.+A.+Rodrigues%2C+F.+Reynaud%2C+E.+Stadler%2C+V.+Drago&mac=RRjUGlFVKuQFMcXqXBB7Yg--

