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ABSTRACT

Structure elucidation of carotenoids pigments pnése Rhodococcus sp. and Gordonia sp. was perfdrmi¢h
Fourier-transformed infrared spectrometry (FT-IRjgh performance liquid chromatography (HPLC), altiolet-
visible spectrometry (UV-Vis), electrospray ion-mapectrometry (ESI-MS) and proton and carbon raucle
magnetic resonance’ and *C NMR). A HPLC carotenoid quantification method wasveloped, where
antioxidant activity with 2,2-diphenyl-1-picrylhigzyl (DPPH) radical was performed to calculate thaibitory
concentration 50 (lg) of each carotenoid mixture; contribution of eachrotenoid present in mixtures and
possible interactions were determined. Rhodocospusand Gordonia sp. presented two and three eaits
respectively; analytical techniques allowed to segjghat carotenoids present in these strains ntighie structures
similar to the reduced form of 4-oxo retinaldehyd®;apoastaxanthinal and astaxanthin dirhamnoside.
Rhodococcus sp., Gordonia sp. ghdarotene presented and¢gof 1.07, 0.09 y 19.49 ug/mL respectively. Possible
interaction in Gordonia sp. between the reducedmfasf 4-oxoretinaldehyde like carotenoid and astaismn
dirhamnoside like carotenoid was assessed.

Keywords: Carotenoid characterization, DPPH antioxidant égticarotenoid interactions.

INTRODUCTION

Carotenoids are organic pigments classified mainlycarotenes (e.@-carotene, lycopene and phytoene) and
xanthophylls (e.g. astaxanthin, canthaxanthin, aetisin) [1]. Such pigments are important becausg Huppress
reactive oxygen species mainly because of they [mplyene chain, thus having an active role intedectransfer
processes [2-5]. Where such activity depends otetigth of such chain and the presence of polarggovithin the
structure [6-8].
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Most of the bacteria that produce pigments hava m@ated from aquatic environments, comprisingtEnoids as
the major constituents of these pigments [9], idicig actinobacteria [10]. Where the biodiversity rofrine
environments along with their unique chemical feedy allow the discovery of either new bioactivenpounds or
new sources of already known compounds [11]; wherehis regard biotechnological production of marin
carotenoids is an alternative technique for laiggesproduction with the advantage of being ecenfilly and self-
sustainable [7, 12, 13].

2,2-diphenyl-1-picrylhidrazyl (DPPH) is a stablelieal because of the unpaired electron on the mdezompared
to other radicals making it capable of acceptingcebns [14]. It is one of the most used methodsn&asure
antioxidant activity because it is simple, fast][&&d still is a current colorimetric method thande used as a first
approach to assess biological activity of new conmgls [16-23]. However, the presence of pigmentedpounds
can interfere with colorimetric estimation of thelical [24]. The use of high performance liquidamatography
(HPLC) with DPPH radical with carotenoid pigmentashnot been researched, solely tested in herbedotxt
containing mostly polyphenols [24-26]; where it@nsidered that this analytical technique can attoevmeasuring
of DPPH in the presence of pigmented compounds, rtaking it applicable for carotenoids.

When studying antioxidant activity of natural prati) such study becomes complicated because tlatiagsoand
study of individual molecules is expensive and fiegtfve without mentioning the possible synergistiteractions
between antioxidants [27]. Nevertheless with tlghtridata treatment it can be compared the contoibudf each
compound present in extracts as reported by Quil 8012 [28] for peanut shell extracts within axtaie and
therefore we can assess if antioxidants are diffdrem each other.

In this research, structure elucidation of caroi@m@igments present iRhodococcusp. andGordoniasp. was
performed with Fourier transformed infrared spetetry (FT-IR), HPLC, ultraviolet-visible spectromgt(UV-
Vis), electrospray ion-mass spectrometry (ESI-M®) proton and carbon nuclear magnetic resondtarfd**C
NMR). Furthermore a HPLC carotenoid quantificatioethod was developed, where antioxidant activitthwi
DPPH radical was performed to calculate the inbifyitconcentration 50 (I§g) of each carotenoid mixture; the
contribution of each carotenoid present in mixtuaed possible interactions were determined.

EXPERIMENTAL SECTION

Gordoniasp. andRhodococcusp. were isolated from sediments from the GuliM#fxico obtained during the
oceanographic campaign BIOREPES-2005 [29].

Strain Growth and carotenoid extraction of Rhodococcus sp. and Gordonia sp.

Gordonia sp. andRhodococcusp. were grown in glucose, yeast extract, agarg&Yat 28°C, 10 days; these
cultures were used to inoculate flasks containid@ @L of liquid medium. The flask was incubate®8®C at 150
rom for 6 days. Biomass was separated at 4500 rbrmihutes, and freeze-dried at -70°C, 0.2 bars taed
extraction was performed according to Romero e2@12 [30] with a mixture of dichloromethane, metblaand
acetone (1:1:2).

Carotenoids mixtures were pre-purified with semparative high performance liquid chromatography I(BP
using a General Electric Tricorn 10/150 column matwith silica Hypersep C18 (40-63 um, 60 A) witmiture
of methanol: acetonitrile: ethyl acetate: water:{6520:5) (A) and a mixture of methanol: ethyl atet(50:50) (B)
with the following gradient elution: 55-60 minut&$% B, 70-85 minutes 100% B, 85-90 minutes 100%2A,
mL/min, detection at 450 nm.

FT-IR analysis of carotenoid mixtures

Pre-purified carotenoid mixtures were dissolvedhioroform, and the detection was performed fro@®th 600
-1

cm™.

HPLC and UV-Vis analysis of carotenoid mixtures

Mixtures were observed with HPLC under the samdalitioms reported by Rivera et al. 2011 [31] in até/a
Symmetry C18 (75x4.6mm, 3.5 um) column using asil@ab mixture of acetonitrile, methanol and wateith
gradient elution, 2 pL, UV-Vis spectra was record®80-700 nm) during the analysis with the diodargement
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detector (DAD) and chromatograms were acquired 5t dm. The maximum absorption wavelengih was
assessed and if the UV-Vis spectra presented thig®portion ofx Il in A Il (% 111/11) was calculated.

MS analysis of extracts of carotenoid mixtures

A scanning of compounds present in extract wasopmdd by direct injection with ESI-MS with the folling
conditions: ion trap in positive mode, needle &®0olts 2.6 pAmMps, nitrogen was used as dryingag@50°C, 15
psi, housing at 50°C, nebulizer 25 psi, capilla®dwdlts, spray shield 600 volts, data adquisiti@swecorded for 10
minutes in each sample. Molecular weights were @mstbwith Lipid bank and Carotenoid DB databases.

NMR analysis of carotenoid mixtures
Approximately 20 mg of extract were dissolved inutgeated chloroform at 600 MHz using tetramethidre as
internal standard.

HPLC carotenoids quantification in mixtures

A standard of-carotene was used for this quantification; sohgifrom 5-30 pg/mL were elaborated and filtered i
a Millipore of 0.45 um. With chromatographic comalits previously described; each curve was elabdrate
triplicate different days to determine, linearitsariation coefficient, detection and quantificatiomits according to
the Colegio Nacional de Quimicos Farmacéuticosdgigs [32].

n

An extract curve was elaborated in triplicate raggrom 0.5 to 4 mg/mL, each carotenoid was quiactificcording
to the curve obtained previously and concentratwwase added to assess total carotenoid content X BE€ach
strain.

Antioxidant activity of Rhodococcus sp. andGordonia sp. pigments with DPPH method

In a HPLC vial 350 pL of pigment and 350 pL of DPB&lution (20 pg/mL) were added, agitation for 28ands,

37°C for 30 minutes, a blank consisting of 350 | fLD®PH solution and 350 pL of ethyl acetate wasduse
determine the peak area of DPPH before antioxitzadtion. The HPLC analysis was done as previalesgribed
where chromatograms were also acquired at 517 ntioxadant activity was calculated according teddture [24-

26], and each measure was performed in triplicAt@robit regression was done to calculate thg, f6r each

pigment. Antioxidant activity of mixtures were coarpd to that op-carotene in concentrations from 5-30 pg/mL.

Percentage in peak area reduction of carotenowisept was used to calculate the contribution df eacotenoid in
the pigments according to Qiu et al. 2012 [28]dakd by a statistical comparison (an independetdsi-and a
one-way ANOVA) to determine significant differendagheir contributions.

RESULTS AND DISCUSSION

Characterization of carotenoids ofGordonia sp. andRhodococcus sp. carotenoid mixtures

In Figure 1, FT-IR spectrum of pre-purified caraiehmixtures ofRhodococcusp. andsordoniasp. are observed,;
where signals corresponding to hydroxyl groups (83862 crit), carbon-hydrogen bonds corresponding foesyl
sp’ hybridizations (2922-2852 ¢ and carbonyl groups (1731 and 1714%were observed. Thus inferring that
the main components of the carotenoid mixturescanthophylls.
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Figure 1. FT-IR spectra ofRhodococcus sp. andGordonia sp. carotenoid mixtures

The carotenoid profile obtained with HPLC shows fRaodococcusp. extract presents two carotenoids at 10.7 (1)
and 11.3 (2) minutes. Whil@ordoniasp. three carotenoids at 9.1 (3), 10.7 (1) and (A).3ninutes are observed
(see Figure 2).
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176
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Figure 2. Carotenoid HPLC profile of Rhodococcus sp. andGordonia sp.

Where the carotenoid with retention time (Rt) df Bhinutes (3) present iBordoniasp. mixture has 3 at 427, 450
and 480 nm with a % IlI/lIl of 25%; based on the Wi spectra we can conclude that this carotenogdhyaroxy
groups and a cyclic ending on the molecule [33]e TESI-MS show a molecular ion of 301.0 m/z, where
comparison with molecular weight reported in Lifidnk [34] and Carotenoid DB [35] databases aredodg
agreement with a structure as the reduced formofodretinaldehyde (Figure 3).

882



Herminia |I. Pérez Méndezet al

J. Chem. Pharm. Res., 2016, 8(5):879-888

- A C | 100%
OH n ]
A 75%
I ]
[ :
o ]
- — —— —— N (- i
- 1 3010
] 20897
B :
25%
| IR DO

Figure 3. Characterization of carotenoid with Rt 0f9.1 minutes (3), where A is HPLC Rt, B is UV-Visgectra, C is ESI-MS analysis and
the structure of the reduced form of 4-oxo retinaléhyde

The carotenoid with Rt of 10.7 minutes (1) preserordoniasp. andRhodococcusp. mixture has & at 480 nm,
indicating the presence of carbonyl groups withieitt structure [33]. The ESI-MS was of 469.4 m/4ere
comparison with previous databases [34, 35], at agditerature [36] are in good agreement witliracsure as 8'-

apoastaxanthinal (Figure 4).
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Figure 4. Characterization of carotenoid with Rt of10.7 minutes (1), where A is HPLC Rt, B is UV-Vispectra, C is ESI-MS analysis and

the structure of 8’-apoastaxanthinal
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Regarding carotenoid with Rt of 11.3 minutes (Zgent in both strains, presents @ 470 nm, which indicates that
its molecule has carbonyl groups [33]. The ESI-M&swf 915.1 m/z, where compared with previous deteb [34,
35] are in good agreement with a structure as asthin dirhamnoside (Figure 5).
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Figure 5. Characterization of carotenoid with Rt 0f11.37 minutes (2), where A is HPLC Rt, B is UV-Vispectra, C is ESI-MS analysis

and the structure of astaxanthin dirhamnoside

Proton and®C NMR spectra were recorded as a mixture of theppréfied carotenoids obtained from freeze-dried
cells of Gordoniasp.,"H NMR chemical shifts in the region of 5.4-6.8 pmmrresponding to the characteristic
isoprenoid skeleton of carotenoids, which is alsseoved as more definite signals'i& NMR from 120-140 ppm.
(Figure 6), similar results were observedRitodococcusp.'H and™*C RMN spectra (figure not shown).

TN 01
Joc8 19.6300u 0.005 THS%

|
|

N

""‘{ N

i |
M 7
"-}J‘»/)(‘\/‘u‘.s.’(‘“__,/.....«‘».'--/L ‘

py
N

ok ‘. o

Figure 6.™H (left) and **C (right) RMN spectra of Gordonia sp. carotenoids mixture
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It is to be noticed thaiH signals are weak due to the presence of othepoonds, which can also be observed in
the mass spectra, thus causing loss of signalutisel making hard to predict the carotenoids cleahshifts when
they are within a biological matrix, since the gp&és saturated making difficult their identifigat [37].

HPLC carotenoids quantification in mixtures

A reference curve witl§-carotene (5-30 pg/mL) was developed to quantifptesmoids present in mixtures. With
determination coefficient of 0.9914 with an intgstef -25.40 and a slope of 28.10 with a variatioefficient of
5.06% with detection limit of 0.11 pg/mL and quéngtion limit of 0.35 pg/mL. TCC was calculatedorfin
individual carotenoid quantification (Table 1).

Table 1. TCC ofRhodococcus sp. andGordonia sp. mixtures in pg/mL

Extract dilution (mg/mL | TCCRhodococcusp | TCC Gordoniasp
0.5 0.97+0.0! 0.78+0.3
1.0 2.66+0.32 2.32+0.12
2.0 5.09+0.21 3.38+0.28
4.0 11.7040.42 8.13+2.12

Antioxidant activity of Rhodococcus sp. andGordonia sp. mixtures

DPPH radical presented a retention time (Rt) o6 3mnutes compared to carotenoids presefRhindococcusp.
and Gordonia sp. (see Figure 2) angtcarotene (Rt of 14.04 minutes), thus making pdssib calculate the
reduction percentage of DPPH radical. A concemnatesponse curve was obtained for each carotemaixisire
andp-carotene against DPPH (Figure 7). Whl@dococcusp., Gordoniasp. and3-carotene presented ansy®f
1.07, 0.09 and 19.49 ug/mL respectively; thus aafinly thatGordoniasp. exerts a better antioxidant activity than
Rhodococcusp. andp-carotene based on 4 It was also determined antioxidant activity tegent a dose-
dependent relationship as reported by Gharibzadteali 2013 [38].
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Figure 7. Concentration-response curves df-carotene,Rhodococcus sp. andGordonia sp. mixtures

Observing IG, values of carotenoids mixture of each strain,sittd be noticed that antioxidant activity of
carotenoids obtained from actinobacteria, as i ithis study, might be comparable to carotenoixisaeted from
some plant sources; where Quesada et al. 2011r¢p8}t the IG, based on TCC in two varieties of peach palm
(11.6+0.2 pg/mL for Yurimaguas and 9.1+0.3 pg/mt Eguador varieties), presenting a better antioxicdativity
Rhodococcusp. andGordoniasp.

HPLC antioxidant activity analysis allowed obtaigiof complementary data that made possible thessissnt of
which carotenoid presented the best antioxidannigctvithin a mixture, the peak area of the carutiel before and
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after the antioxidant reaction at different initiebncentrations; the peak area decrease was definethe
contribution percentage, where the absence of @dtk the antioxidant reaction was considered a8%l0
contribution (Table 2). Regarding peak 3 (reduaedhfof 4-oxo retinaldehyde like carotenoid) presar®ordonia
sp. a 100% contribution was observed attributdtstbydroxyl groups [40].

Table 2. Contribution % of carotenoids present inRhodococcus sp. andGordonia sp. carotenoids mixtures at different concentratios

Rhodococcusp. Gordoniasp.
8'-apoastaxanthinal like Astaxanthin dirhamnoside rgﬁilljg:ﬁyé-;ﬁlge 8'-apoastaxanthinal like Astaxanthin dirhamnoside
carotenoid (peak 1) like carotenoid (peak 2) h carotenoid (peak 1) like carotenoid (peak 2)
carotenoid (peak
[] Cont. % [1] Cont. % [1] Cont. % [1] Cont. % [1] Cont. %
0.79 71.36 0.18 44.96 0.07 100.00 0.52 67.13 0.1y 1.03%6
2.09 54.80 0.56 49.89 0.21 100.00 1.55 68.65 0.54 1.22%6
4.08 44.69 1.07 47.48 0.31 100.00 2.20 53.45 0.8p 5.1%
8.1t 47.1¢ 2.51 55.9¢ 0.6¢ 92.3¢ 4.9¢ 54.5% 2.1: 57.1(

[] concentration in pg/mL; Cont. %, contribution %

Carotenoids present in the mixtures of both strpiesented a different behavior in their contribntbecause of the
presence of the reduced form of 4-oxoretinaldeloatetenoid like of5ordoniasp. [41]. Observing Figure 8A and
8B each point represents a different initial cotiaion, where in the case &hodococcusp (Figure 8A),
contribution of each carotenoid reaches a maximuapproximately 40% of the antioxidant activityltaled by a
decreaseGordoniasp. (Figure 8B) contribution increases linearlyckéag maximum contribution at approximately
80% of the antioxidant activity followed by a dease.

A

—4—8"-apoastaxanthinal like (1)

contribution %
IS
3

20 8- astaxanthin dirhamnoside like (2)

0 20 40 60 80 100
antioxidant activity %

80

60 reduce form of 4-oxo retinaldehyde like (3)

Contribution %

K =>=3"-apoastaxanthina! {1)

astaxanthin dirhamnoside like (2)
40

20

0 20 40 60 EY 100
antloxidant actlvity %

Figure 8. Contribution of carotenoids present inRhodococcus sp. (A) andGordonia sp. (B)

The statistical comparison between the carotenpidsent in both mixtures (8-apoastaxanthinal astéxanthin
dirhamnoside like carotenoids) demonstrate thabxsidiant activity of 8’-apoastaxanthinal like cazabid could be
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equivalent to astaxanthin dirhamnoside like carogsnwhere Del-Toro et al. 2015 [42] demonstratbat t
hetheranthin, an astaxanthin derivative presentantioxidant activity comparable to astaxanthine fresence of
the reduced form of 4-oxoretinaldehyde like caroténsignificantly enhances the contribution of aatathin

dirhamnoside like carotenoid (T value of -2.06,0.05), which suggests a possible synergism betwexh

carotenoids, thus explaining wiBordoniasp. mixture presented a better antioxidant actiignRhodococcusp.

mixture.

Structure characterization with FT-IR, HPLC, UV-\4pectrometry, ESI-MS, databases and NMR was pesib
propose that carotenoids present in both strainddcbave structures similar to the reduced form4edxo
retinaldehyde, 8’-apoastaxantinal and astaxantirachnoside; without isolating compounds presertarotenoids
mixtures.

The analysis of DPPH radical scavenging activitycafotenoids with HPLC allowed the assessment gf ¢
strains ang-carotene, wher&ordoniasp. was the pigment that presented the best atitiokiactivity; based on the
follow-up of the carotenoids contributions with thtatistical comparison, carotenoid similar to 4@tinaldehyde
was the carotenoid that presented the best ansiokidctivity. Likewise the statistical comparisohastaxanthin
dirhamnoside like carotenoid present in both ssaimllowed suggesting a possible interaction betweeth
carotenoids.
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