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RESUME
De maintes coproduits a haute valeur ajoutée deméemon valorisés. Cette étude a été proposéelddng de
valoriser les coproduits marins spécialement ceaxs des crustacés. Trois espéces de crustacégagtudiées,
notamment, deux especes de creveRasapenaeus longirostris et Penaeus kerathurus mais également I'espéce de
Squilla mantis a été également étudiée. Un essai a partir d'ones végétale a été effectué a partir des raguedte
figuier de barbari®puncia officinalis.
La concentration de I'enzyme et le fractionnemesgté effectué en utilisant le sulfate d'ammoniumiféérentes
saturations, une centrifugation a froid et a 17p60a été utilisée. L'activité enzymatique de la DA&ns I'extrait
brut et dans les différentes étapes de fractionnemeété mesurée en utilisant la Putrescine comrbstst et
mesurée par spectrophotomeétre a une longueur dda@40nm.
Des méthodes de chromatographies sur gel ont éis&es pour la séparation des protéines en fonstde leurs
tailles (SEC, HPLC). La caractérisation de I'enzymété effectuée en utilisant la technique de SBGP et la
technique d’électrophorése On-chip. Le Spectresdigiition a transformée de Fourrier a été déterminé.

ABSTRACT
Several coproducts with high added value are nowdat valued. This study was proposed with the afm
enhancing marine coproduts especially from crustacelhree species of crustacea, two species omghri
(Parapenaeus longirostris and Penaeus kerathurus) as well asSquilla mantis were used in order to extract and
purify the diamine oxidase enzyme (DAO). An essas\also done from a vegetarian source using pric&br
racket ofOpuncia officinalis as specie.
Concentration and fractionation were performed iy addition of ammonium sulphate, (WRSQ, saturation in
stages and cold centrifuged at 17000 rpm. Enzyrtieitgcof DAO crude and DAO fractionation resultere tested
using substrate Putrescine and measured with &repbotometer at a wavelength310 nm.
Gel chromatographic methods were used for the a@parof proteins and a Size Exclusion Chromatolgya(SEC,
HPLC) method was used for the purification of tieyame. The characterization of the enzyme was thgreDS-
PAGE and on-chip Electrophoresis. The Fourier fans infrared spectroscopy (FTIR) spectrum was mieiteed.

INTRODUCTION The reaction consists in the formation of a Sclaifd
between the primary amino group and the carbonyl

Diamine oxidases (amine: oxygen reductase group of the enzyme followed by a proton subtrarctio

deaminating copper containing EC 1.4.3.6) are eesym from the adjacent a-carbon which is th elimitingpsof

eventually distributed among living organisms (Rilha the reaction (Buffoni & al, 1978) (Buffoni & al, 198

& al, 1982). These enzymes have been often comzider DAO enzyme has been found in several microorganisms

as histamine scavengers in animal tissues (Watorsuch as bacteria (Gale, 1942) (Satake & al, 1968Yi,

1956), hence the trivial name “histaminase” wasand the variety of plants (Liu & Liu, 2004) (Smit888)

attributed to them (Best, 1929) (Buffoni,1966). and animals (Choudhary,1999).

Alasalvar (2011) demonstrated the availability bét DAO enzyme is also widely found in plants such as

enzyme from marine coproducts. beans, mung bean and pea sprouts (Wimmerova &
Moreover the plant enzymes are very active towarcMacholan, 1999). An essay fro@puncia officilnalis
diamines but less toward histamine. was envisaged in our study.

This enzyme catalyzes the oxidative deamination o This study was conducted to isolate and charaetéhiz
primary amines to form an aldehyde, ammonia ancDAO enzyme from different species of crustacean:
hydrogen peroxide as shown in reaction (Abdubl&  Parapenaeus longirostris, Penaeus kerathurus and

2015). Sguilla mantis  moreover from vegeterian source:
Opuncia officinalis.
R.CH,.NH; + O, --- > R.CHO+NH3+ H,0,[1] In the present study we describe the steps of the

purification of diamine oxidase.
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The standard reaction mixture (1ml) contained

MATERIALSAND METHODS deionized sterilized water, Na-Phosphate buffer J[1M
pH=7.4, Glutamate Dehydrogénase GLDH
Materials (10mg/ml)p-Ketoglutarate acid 300mM, NADH

Materials used in this study are crustacean specie(10mM) and the amount of sample added. The reaction
Parapenaeus longirostris, Penaeus kerathurus and  was starting by adding substrate Putrescine (50aht),
Squilla mantisand ~ vegeterian  source:Opuncia  then incubates during 30 minutes on incubator Wit
officinalis. Na-Phosphate buffer, Sephadex G-25 andreading at 340nm in 5 min intervals. A control sé&np
G200, BSA (Bovine Serum Albumin), BRADFORD using Diamine Oxidase from porcine kidney was done.
Solution, Putrescine, Histamine, GLDH, NADH, For each molecule of substrate converted by DAO one
standard DAO.AIl other chemicals used were obtainecmolecule of NADH oxidized in the coupled reaction.

as pure commercial products. The change of absorbance per timd=/At) has to be
determined in the linear range of the reaction. The

I solation of DAO enzyme from crustacean coproducts specific activity (SA) of diamine oxidase can be
calculated by dividing by the amount of protein ganet

Crude extract of DAO enzyme in the cuvette was expressed in units/mg. One (Uit

The coproducts were obtained from fresh crustaceaconverts 1 pmol of substrate per minute.

without any pretreatment especially with bisulfites

which are used as antioxidant to avoid the procdss Dosage of protein amount

“black spot” which can be seen on crustacean sanple

The three species were manipulated with the samThe amount of soluble protein was determined uieg

procedure and were collected from the port of LaBRADFORD method (Bradford, 1976) The lecture was

Goulette. Then transported to laboratory, all carried out withbioTekMicroplate Spectrophotometer.

manipulations were carried out at 0°C to avoid the

degradation of the enzyme. Gel Filtration Chromatography

The cephalothorax and teguments obtained fron

Parapenaeus longirostris, Penaeus kerathurus and  Gel Filtration Chromatography was used to ensuee th

Squilla mantis were ground in cold condition by using a size separation of proteins and diamine oxidasseprte

blender and one part of each homogenate was thein the pellet collected from the first step. Gédirédition

added to 3 volume parts of Phosphate Bufferedn8ali chromatography was carried out using a Sephadex G25

(PBS) [0.1M]. The homogenates were then incubated zresin as stationary phase, a glass colsa@o(10ml), a

4°C during 3hours. After incubation a centrifugatio peristaltic pump Gilson Minipuls Evolution). The

step (17000 rpm, 4°C, and 30 minutes) is used taimb mobile phase used was Na-Phosphate Buffer. The flow

the crude enzyme extract from each specie. Thirate used was 14ml/h. The fractions were colleatadg

supernatant “crude extract of DAO” was then sored a an automatic collector (Biorad 2110 model).

20°C. The Absorbance at 280 nm from the different frattio
was determined.

Ammonium sulphate Fractionation: Differential

precipitation HPLC Analysis

The DAO enzyme crude extract was fractionated withThe fractions collected were passed on HPLC (1200
ammonium sulfate using successively 30% and 70%Infinity Agilent System) to ensure at first a size exclusion
ammonium sulfate saturation. The goal of this &ejp separation usingsMB BIOSphercolumn. In a second
insure the separation of diamine oxidase preseouin time fractions were passed on C18 column to ensure
crude enzyme extract from other contaminants.separation. Data analysis, calibration and theyaisabf
Centrifugation was carried out using a SIGMA 3-38 K the enzyme purity were done with tlehemstation
centrifuge (17000rpm, 20 min, 4°C). The supernatdint software.
the 30% precipitation was then collected to enshee
70% precipitation. The final pellet containing diam  Gel Filtration Chromatography
oxidase was then stored at -20°C.
The fractions collected from HPLC analysis werespds
Enzyme Assay on a second gel filtration chromatography and was
carried out using a Sephadex G200 resin (Sigma
Diamine oxidase activity was tested with Aldrich) as stationary phase. The other conditivese
spectrophotometric assay like described on a SIGM#the same used on step2.
ALDRICH data Sheet for the standard of DAO using
BioTek Microplates Spectrophotometer. The reaction
was carried out at 37°C using a thermostatic intarba
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Characterization of the purified enzyme Table |: The determination of protein concentration and
specific activity (SA) in crude extract of differten

SDS-PAGE SpeciesIEA: Total Enzymatic activity, PF: Purification Factor

For the determination of the oligomers of the protee TEA | Soluble| sA Yield

insured a sodium dodecyl sulfate- polyacrylamidé ge| Species U/ml | protein | U/mg % PE
electrophoresis (SDS-PAGE). The stunning gel was 59 * mg
saturation and the running gel with 7% saturatian.
BIORAD System was used.

[=)

Penaeus

kerathurus 60 399.44 | 0.15 100 1

Electrophoresis on-Chip Parapenaeus

For the determination of the molecular weight ahd t longirostris 7315 29263 | 0.25 100 1

purity of the enzyme, an On-ship electrophoresis wa :
investigated using &ioAnalyzer Agilent 2100 System. Squilla
The different fractions of each step were passed. mantis 6.3 177 0.035 [ 100 1

FTIR Analysis Opuncia
officilnalis | 50.3 604 0.083 | 100 1

The FTIR Analysis for the determination of the ared
spectra and so the purity of the enzyme was detexdni
using Cary 630 FTIR Spectrometer. Ammonium Sulfate Fractionation

The data analysis and the treatment of the specira

done usingAgilent MicroLab Software. The fractions ~ Fractionation with ammonium sulfate saturation was

collected after HPLC Separations were ana|yzed_ made with 30% and 70 % of saturation. The results
obtained are showed on the table below (tabldrljhe
Study of the purity with HPLC process of fractionation, thBarapenaeus longirostris

sample showed the highest specific activity witB20.
The purity of the enzyme was determined using theU/mg and a Yield of 54.73% followed blyenaeus
Agilent chemstation software. The determination of the kerathuruswith 0.167 U/ml specific activity.
maximum UV-Visible absorption of the purified The Yields (%) obtained, which are around 60 % ,

enzyme was determined. acceptable but not too high may be due to the poese
of impurities in the mixture.

RESULTS Table 11: The determination of the concentration of
protein and the specific activity in the differesgecies

Crude Extract after ammonium sulfate fractionatioreA:Total Enzymatic
activity, PF: Purification Factor

DAO enzyme extraction from different species in the TEA | Soluble | SA Yield

crude extract is shown in Table I. The protein eahbf Species | U/ml protein | U/mg % PF

the crude extract of 399.44 mg and 0.15U/ mg of DAQ * mg

enzyme activity irPenaeus kerathurus,292.630 mg and Penaeus

0.25 U/ mg of DAO enzyme activity fdParapenaeus kerathurus 25 149.32 | 0.167 | 41.66 | 1.1

longirostris,177 mg and 0.035 U/ mg of DAO enzyme
activity for Squilla mantis and 604mg and 0.083 U/mg | paapenaeus
of DAO enzyme activity foOpuncia Officinalis. These longirostris | 41.7 | 1303 | 032 | 56.73 | 1.3
results are quite large and can proceed to thestage
of fractionation with ammonium sulphate.

Squilla
. . . mantis 4.2 86 0.048 | 66.66 | 1.4
As it is known that ammonium sulfate is a salt tlsat
commonly used in the method of purification and :
Opuncia

concentration of enzyme. This is due to ammoniun
sulfate has several advantages such as high sbpiubil
low-cost, low toxicity to most of the enzyme ands la
stabilizing effect on some enzymes (Doris, 2000).

The addition of ammonium sulphate was done slowly a
a temperature of 4°C while in-stirrer due to theréase

in temperature due to the dissolution process tassis
magnetic stirrer can cause denaturation and sdajubil
changes.

officilnalis 30.7 163 0.188 | 61.3 | 2.3

An example of the enzyme kinetic fdtarapenaeus
longirostris obtained is shown on the figure 1. The
determination of the specific activity for all spes is
done on the linear zone of the curve.
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Enzyme kinetic observed in Penaeus kerathurus

(Disappearence of putrescine over time)
1.205

1.2‘
5

Table I11: The determination of the concentration of
protein and the specific activity in the differesgecies
after G25 Gel Filtration ChromatographyEeA:Total

— 1195 = Enzymatic activity, PF: Purification Factor
g 1.19 -4.-
g * TEA | Soluble [ SA | Yield
gvll;z ‘-‘ Species U/ml | protein | U/mg % PF
o 1.1? .‘.—"m—. * mg
1165 T T T *"" ] Penaeus
1 2'-'Time3'i'min;'-' oo kerathurus 10 175 | 0.571 | 36.66 | 3.8
. . . . " Parapenaeus
Figure 1: The enzymatic chenetic (disparition of o 30
2 . 16| 208 1.15 | 41.03 | 5.8
putriescine) determined on the crude extra®eavlaeus longirostris
kerathurus. _
Squilla
Gel f||trat|0n Chromatography mantis 31 32 0096 492 27
The results of the protein content of each fractior] O_P‘_J“Cia_‘
measurements are determined. Gel filtration isnighéel officilnalis [ 20.6 | 104.82 | 0.196 | 40.95 | 2.4
to separate the enzyme proteins by size (Holsteir

1975).Molecules move through porous granular layer, ) )
smaller molecules spread farther into the pores and able Ill shows that the protein content is noedily

therefore move more slowly, while larger molecules
move faster.

proportional to the DAO enzyme activity. The highes
specific activity was found foParapenaeus longirostris

To facilitate reading and see the tendency of eachvith 1,15 U/mg followed by 0,571 U/mg fd?enaeus

fraction of the protein content using UV-Visible
absorption. The curve measuring the protein contént
70% saturated (fractions 1-14) can be seen in Eidur
This step was done for all other species.

The Uv-Visible absorption of the different fraction collected
after G25 Gel Chromatography (Penaeus kerathurus)
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Figure 1. UV-Visible absorption of the different
fraction collected after G25 ChromatograpRgr{aeus
kerathurus)

Figure 1 shows that there was a peak (high protain)
fraction number 3 with 1.7DO on 280 nm. This stegsw
done for all other species and the amount of pnstand
the specific activity were then determined. Thecge
activities of the highest pics were calculated fle
especies and the results are shown on table IIl.
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kerathurus, 0,192 for Opuncia officinalis and a the
lowest level was observed for tigguilla mantis with
0.096 U/mg. The raising of the specific activityl@AO
occurs because the DAO enzyme protein has
experienced separation from the other components of
the protein, thus also has higher specific activity

HPLC Analysis

Size exclusion chromatography : SEC-HPLC Analysis

The determination of the purity of the fractiondlected
from the G25 Chromatography was done by HPLC

using the affinity principle with a specific columfihe
chromatograms obtained are shown on figure 2.
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Figure2: SEC-HPLC Analysis, Chromatogram of
DAO StandardA), chromatogram dPenaeus keraturus
Fraction analysis (B)chromatogramRdrapenaeus
longirostris fraction analysis@) chromatogram of
Squilla mantis fraction analysisD).

The concentrations obtained were verified after
establishing the calibration curve of the enzyme,
chromatograms are in correlation with the resuitsas

on table 3.

The results obtained are in correlation with thecsfic
activity calculated for each species. The highhefpeak
(4.908 min) corresponding of DAO, is directly
correlated with the concentration of the enzyme.

CI8-HPLC Analysis

All the fractions were passed on C18 column for the
separation considering the hydrophobicity with the

chromatogram obtained after G25 gel Filtration

chromatography foPenaeus Kerathurus.

DADT A, $ig=280 4 Ref=off (CACHEM32\1\DATAPROTEINES12015-06-15F ractions coliéctées 25%.D)

140

120

2738

2123 - DAO

Figure 3: C18 HPLC separation for G 25 gel filtration
chromatography fraction d¢fenaeus keraturus. DAO
was eluted on 2.123 minutes.

This step was repeated a lot of times for the
concentration and the collection of the enzyme gisin
automatic collector. The Vials containing the pedf
enzyme were then stored at -20°C.

Characterization of the purified enzyme

Determination of DAO UV-Visible absorption

A spectra analysis was done with HPLC and the
maximum of the absorption was determined. Figure 4
show the 3Dimentionnal analysis and DAO has a
maximum absorption of 480nm in the visible domain
and 278 nm in the UV domain.

Figure 4: the 3 Dimensional analysis of the UV-Visible
absorption of Diamine Oxidase.

FTIR Analysis

The infrared spectra of the standard and the pdrifi
enzyme were determined. Figure 5 shows a highegegr
of similitude between the standard used the puarifie
enzyme, with essentially the identification of assd
groups, a major responsible of the peptides bond.

stationary phase. Figure 3 shows an example of
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separation) but also we have used techniques vgth h
performance (HPLC) to insure the purification and t
study the purity of our enzyme, these techniqu&CS
HPLC and C18-HPLC) exploits the strong affinity of
the enzyme with the type of column used and allaws
rapid purification.

Due to the relatively high expression level of DAD
seafood co-products (lenistea, 1973) we chooseethes
tissues as starting material to develop a puribcat
scheme for this protein. The new procedures edpecia
on the characterization methods used for the enzyme
takes advantages of several proprieties of DAO
concerning protein stability, specific affinity and
conservation of enzymatic activity.

Figure5: the infrared spectra of the DAO standard (A) A lot of studies describing_ t_he purification of shi
and the purified enzyme (B). enzyme were done but are difficult to compare, bsea

of the deference of the DAO assays used and less
sensitive assay methods to determine the enzymatic
activity but also no evidence was provided for the

The on chip-electrophoresis of the DAO standardh a&it homogen_eity _Of the products (Doris,2000), (Kluetz,
same principal of SDS-PAGE like described (Laemmeli 1977), (Rinaldi & al, 1982).

1970) reveals the presence of two equal bonds es th _
arrows on the figure shows, which can corresporttief Several chromatographic methods were also usetthéor

dimers of the enzyme. The two subunits have a Gize purification of this enzyme (Munis & al,1998) but
30K.Da. Figure 6 shows the electropherogramsprocedUre was used for crude material and gaveva lo

obtained. yield.

On-chip Electrophoresis

In summary, the combination of tow affinity
chromatography allowed a scheme simpler and faster

St than the use of other steps such as the anion egeha
., - chromatography as described on (Doris, 2000). The
50 - availability of sufficient pure protein, the usettdpure
32: _ water as mobile phase, despite the number of tepeti
oo f—— necessary to concentrate the enzyme, will faaditat
42 - future studies to elucidate the structure of thigyene
‘;3: and its functions in various metabolic pathways.
.
= — CONCLUSION
— €
32— The steps of purification applied on different speare
= specific and lead to an acceptable purification.
18 - Parapenaeus longirostris shows the highest specific
ij: — | activity with 1.15U/mg followed byPenaeus kerathurus
T P == with 0.571 U/mg and 0.196 U/mg foOpuncia
10 - Officinalis.

L 3
For the reached level we need to characterize th@ D

purified and to determine the biochemical charésties
and its catalytic constant&rf,Vm).

Figure 6 : The electropherogramm of the purified
Diamine oxidase(Sample 3) and the ladder used (L)
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