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ABSTRACT

The thermal gelation of rubisco in the presence of ions was previously
published. The critical gel concentration varies according to the ionic strength
i.e. electrostatic repulsion. Nothing was known about gelation of rubisco
with macromolecules. Rubisco was prepared according to laboratory method
and casein was obtained by chromatography; the mixture was heated at
80°C to obtain gelation. It was concluded that excluded volume phenomena

is the main factor of gelation of rubisco with milk constituents.
 2011 Trade Science Inc. - INDIA
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INTRODUCTION

Gelation is obtained with many proteins: the
chondroitin-4-sulfate proteoglycan[1], the á, â poly (N-
2-hydroxymethyl)-DL-aspartamide[2] the bovine serum
albumin[3] the beta-hairpin oligopeptides[4], the
nucleoporin[5]. Gelation occurs in the presence of a
protein and an inert substance: hemoglobin S and bovine
serum albumin[6], alkaline phosphatase and liver alcohol
deshydrogenase[7]. Gelation occurs also with milk
protein. The concentration of -lactoglobulin necessary
to form a gel by heating is about 1 % (w/v) independent

of the ionic strength[8]. At high pressure a total
concentration of at least 4% of sodium caseinate or
whey protein concentrate was required for
homogenization-induced gelation[9].

Ribulose 1, 5-bisphosphate carboxylase oxygenase

(rubisco) is a vegetable enzyme implicated in the fixa-
tion of atmospheric CO

2
 in green plant leaves. As its

weak activity is compensated by its abundance in veg-
etative cells, it is therefore the most abundant protein
on earth. Its thermal gelation varies according to veg-
etative species. That of lucerne (Medicago sativa) is
about 1 g/L[10].

Thus, the thermal gelation of rubisco, in the pres-
ence of various macromolecules, has not been of inter-
est to researchers. Therefore, the aim of this work was
to study gelation of rubisco with milk macromolecules.

MATERIALS AND METHODOLOGY

Preparation of rubisco

The extraction was done by a well-known
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method[11]. The stems of lucerne (Medicago sativa)
were harvested and transported rapidly into a cold room
(4-6°C) where leaves (25 g) were finely chopped, then

ground for 6 minutes in a motorized grinder containing
100 mL of 0.1 M pH 7.5 Tris/HCl buffer containing

0.2 % -mercaptoethanol, 5.0 g/L polyethyleneglycol

6000 and 0.37 g/L EDTA, and polyvinylpyrrolidone

activated as well as 10 g/L of an insoluble casein.

The activation of polyvinylpyrrolidone was done by
heating 25 g in 500 mL of 10 % HCL followed by

washing the pasty formed with water until the washing
water became neutral. The mixture was then filtered
with a 106 µm pore size filter, after centrifuged (7000 g

15 min 4°C). The supernatant was saturated with 40 %

and then 55 % of (NH
4
)

2
SO

4
. The precipitate was in-

troduced in 15 mM, pH 7.5 N - (2 Hydroxyethyl) pip-

erazine N�-(-2 sulfonic) acid (HEPES). After centrifu-

gation (10 000 g, 4°C, 20 min) and filtration on PD-10

column, the solution was allowed to pass trough CL 6B

sepharose gel packed in a 2.6 cm90 cm column. The

chromatograph was attached to a detector set at
280 nm. The linear rate of the elution was 10 cmh-1;
only the first part of the second peak was of rubisco.

Preparation of casein

Total casein had been produced from low fat milk
of a homozygote cow for the main caseins S1, B
and B. The pH of low fat milk was adjusted to 4.6 by
HCl then centrifuged (2,000 g) at ambient temperature.

The precipitate obtained was washed several times with
distilled water, and then the casein was dissolved at
pH 7.0 and lyophilized. The whole casein was frac-

tionated by two successive chromatography on DEAE
cellulose containing urea and  mercaptoethanol, with
a NaCl linear gradient[12].

Protein measurements

The concentration of proteins was determined ac-
cording Beer Lambert�s law using the absorption coef-

ficient of 10 and 24 kDa[12], then 17 and 550 kDa[13,14]

respectively for S1 casein and rubisco, and then tur-

bidity was noted.

Determination of the denaturation temperature

A Setaram (DSC 111) programmed differential

calorimeter incorporated to an automated system and
calibrated with indium and gallium was used. Its tem-

perature varied from 298.0 K ( 25 °C) to 383.0 K

( 110 °C). The speed of temperature rise was

3.00 Kmin-1 and the frequency of acquisition was a
measure each 0.80 sec.

Determination of the critical gel concentration
(Cgel)

One mL of a well-known protein concentration was
introduced in a test tube then covered by 1 mL of par-

affin oil. This test tube was put in an ethylene glycol
bath (80°C, 1 h)[8]. Then, the test tube was put upside
down; the reaction was positive if the gel did not break.

Statistical analysis and graphs drawing

All measurements were repeated at least three times
and the averages were compared by analysis of vari-
ance (XLSTAT software). Graphs were scanned then
redrawn using Ungraph software (Biosoft, United King-
dom).

RESULTS AND DISCUSSION

After the treatment of Lucerne leaves with
(NH

4
)

2
SO

4
, the fractionation of the extract gave a chro-

matogram in figure 1. The first half of the 2nd peak was
that of rubisco[15].

The fractionation of the whole casein revealed four
peaks, the last of which (around 40th fraction) contains

S1 casein (Figure 2). It was generally agreed that ge-

lation was a two steps process, where the denaturizing
protein was induced by heating and the gel formation
was the consequence of aggregation of the denaturizing
molecules when the concentration was larger than the
percolation threshold[16,17]. The thermal denaturizing of
rubisco occured around 67.7°C[18]. After thermal
denaturizing, rubisco molecules aggregated to form a
three dimensional network. Gelation occured when this
network reached an undefined size.

The mixture of rubisco and áS1 casein gave a ther-

mogram (Figure 3) indicating a denaturizing tempera-

ture around 68.8°C. When the ratio áS1 casein / rubisco

increased, the denaturizing temperature of rubisco in-
creased from 67.3 to 68.5°C then decreases

(TABLE 1).

The rubisco C
gel

 with 2.5 mg/mL áS1 casein was

about 1.00.5 mg/mL. The gelation also occurred be-
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tween á-lactalbumine and bovine serum albumin[19].
The áS1casein diminished very significantly the C

gel

of rubisco while the Tm was increased by áS1 casein.

This behavior was analogous to that observed when
the salt concentration increased in the case of NaCl,
NaH

2
PO

4
 or Na

2
SO

4
: the Tm increased and the C

gel

decreased[10]. This behavior was different from that
observed once the MgCl

2
 or CaCl

2
 concentration in-

creased because the Tm and the C
gel

 reduced simulta-
neously[10].

The áS1casein is a polyanion like those of sulfate
ions or phosphate; but this analogy does not suffice to
explain all the observed effects in the presence of the

áS1 casein which is a macromolecule and possess dis-

tinct properties from those of polyvalent anions. The
phase diagram of the mixture rubisco - whole casein is

shown in table 2. Meanwhile by increasing the concen-

tration of the whole casein (0 to 1 mg/mL), the rubisco

C
gel

 decreased from 5.5 to 1.5 mg/mL.

It seems that in diluted milk, casein still finds its self
in native micelle forms meanwhile in the preparation of
áS1 or whole casein, the micelle structure was greatly

modified. The rubisco C
gel

 with whole casein in the pres-
ence of either 20 or 100 mM NaCl was respectively

7.00.5 and 1.00.5 mg/mL[10].
Moreover, it is known that the rubisco C

gel
 is influ-

Figure 3 : Thermogramm of a mixture of rubisco and S
1
casein.

Analysis was done between 298.0 K ( 25 °C) and 383.0 K

( 110 °C). The frequency of acquisition was 0.80 second

Figure 4 : Phase diagram: effect of milk on the critical gel
concentration of rubsico. The same superscripted letters in-
dicate that there is no significant difference (p<0.05)

Figure 1 : Gel filtration of a (NH
4
)

2
SO

4
 precipitate. The sample

was dissolved in 12 mL, 15 mM pH 7.5 HEPES. A 2.6×90 cm

column packed with CL-6B Sepharose. The linear rate was

14 cm×h-1 and the fraction volume was 10 mL

Figure 2 : Chromatogramm by ions exchanged of casein.
1.65×5 cm column was packed with DEAE cellulose. The elu-

tion was done with a linear gradient of 0 to 0.5 M NaCl. The

linear rate was 12 cm×h-1 and the fraction volume was 10 mL.

S1: S1 casein, S2: S2 casein, : -casein, : -casein
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enced by the salt concentration; between 0 and
100 mM NaCl, the ionic strength (electrostatic repul-

sion) is high, the less is the C
gel

; it is the main factor
conducting the gelation. Moreover, the ionic strength
explains why the phase diagram corresponding to
100 M NaCl was below that of 20 M NaCl

(TABLE 2). The fact that the two phase diagram (20

and 100 mM NaCl) are not the same permits to think

that the ionic strength is not the only phenomena that
explains the mixture rubisco / total casein phase dia-

gram.
In the cases of 20 and 100 mM NaCl phase dia-

gram, and despite the ionic strength, the rubisco C
gel

increased above 5 and 2.5 mg/mL respectively with the

increase of whole casein concentration up to 5 mg/mL.

When casein concentration increased, the bridges be-
tween denaturized rubisco had difficulties in establish-
ing, so it needed more denaturized rubisco to reach
C

gel
 (excluded volume phenomena). Casein has a flex-

ible conformation in solution which portrays some of its
organic polymer properties. The volume that it occu-
pies in solution is great.

It is possible that in the concentration zone from
0.25 to 2 g/L, where the smallest value of the C

gel
 was

observed, these effects of excluded volume that pre-
dominates in the gelation of rubisco will be facilitated
by its high local concentration. The effects of excluded
volume could be stopped above a casein concentration
of 2 g/L, as this causes the increase in the viscosity of

casein solutions. Solutions present in the medium, and
which did not gelate on their own could interfere with
the thermal denaturizing or upon aggregation. The influ-
ence of solutes on aggregation can manifest in two ways:
by their effects on the conformation attained after heat-
ing, or could be by a direct effect on the aggregative
mechanism: pontage between proteins or steric exclu-
sion[20].

The gelation due to excluded volume has been ob-
served with polymer ionic molecules[21], nucleoporins[22],
polymer surfactant and protein surfactant[23]. A gelation
of rubisco occurs in presence of milk (Figure 4).

Two parts can be distinguished on this phase dia-
gram: the decrease of C

gel
 when the milk concentration

increases from 0 to 5 % (v/v), and the stagnation of

C
gel

 while the milk concentration raised from 5 to
15 % (v/v). Milk is a mixture of many compounds that

interact in rubisco gelation: milk fat globules, lactose,
protein (whole casein and whey proteins) and ions
(Ca2+, Mg2+, Na+, Cl-, SO

4
2-, H

2
PO

4
- )[24].

It is well known that some of these ions bind with
denaturized rubisco and modify their gelling behavior
according to Hofmeister series so as other macromol-
ecules[25-27]. With all theses salts, electrostatic repulsion
between rubisco molecules are progressively screened
so that C

gel
 is lowered until electrostatic repulsions are

TABLE 1. Variation of denaturizing temperature of the mix-
ture of S1 casein/rubisco

 casein/rubisco 
(ratio) 

Denaturazing temperature (°C) 

0 67.3 ± 0.5a 

3 67.7 ± 0.5ab 

6 68.1 ± 0.1abc 

9 68.5 ± 0.4c 

15 68.2 ± 0.2bc 

Mean are followed by standard deviation; the same superscripted
letters indicate that there is no difference between two means
(p<0.05)

TABLE 2 : Effect of whole casein on the denaturizing tem-
perature of rubisco

*CC (mg/mL) Cgel (mg/mL)& 

5.43±0.24
f 

0.00 
1.32±0.20

abcde 

5.43±0.24
f 

0.05 
1.27±0.23

abcde 

1.81±0.11
bcdef 

0.30 
0.91± 0.13

a 

1.86±0.30
cdef 

0.50 
0.94±0.14

ab 

1.81±0.33
bcdef 

0.70 
1.15±0.08

abc 

1.37 ±0.06
abcde 

1.00 
0.91±0.10

a 

1.79±0.22
abcdef 

2.00 
1.29±0.21

abcde 

2.58±0.48
def 

2.40 
1.26±0.24

abcd 

3.21±0.21
f 

3.40 
2.27±0.13

cdef 

5.46±0.43f 
5.00 

2.66±0.21
ef 

*Casein concentration (mg/mL), & Mean are followed by stan-
dard deviation; the same superscripted letters indicate that there
is no difference between two means (p<0.05)
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no longer the limiting factor[10]. Between 5 and 15 % (v/

v) milk concentration, the volume excluded due to dif-
ferent compounds (milk fat globules, lactose and pro-
tein) must be the main factor of gelation procedure.

CONCLUSION

The analysis of the conditions of denaturation and
gelation supposes that the electrostatic repulsion could
be an essential factor limiting gelation. The reduction in
repulsion permits the reduction of the rubisco C

gel
 to

1.5 mg/mL. The presence of casein or milk cause more

reduction in the limit to about 0.8 mg/mL. It seems ions

or macromolecules intervene by different gelation
mechanisms. These solutes can intervene principally on
the thermal denaturation by volume excluded mecha-
nisms.

ACKNOWLEDGEMENTS

The authors thank Dr. V.Aguie-Beghin, Dr.
R.Douillard, M.G.Genier (National Institute of Agro-
nomic Research, Reims and Lusignan Stations - France)
and M.D.Libouga Li Gwet for their collaboration.

REFERENCES

[1] B.Ghebrehiwet, D.K.Galanakis; BEHRING INST
MITT, 93, 214-223 (1993).

[2] G.Giammona, G.Pitarresi, G.Cavallaro, G.Spadaro;
J.Biomater.Sci.Polymer Edn., 9, 969-987 (1999).

[3] L.Donato, C.Garnier, B.Novales, S.Durand,
J.L.Doublier; Biomacromol., 6, 374-385 (2005).

[4] T.H.Larsen, M.C.Branco, K.Rajagopal, J.P.Sch-
neider, E.M.Furst; Macromol., 42, 844-8450
(2009).

[5] C.Ader, S.Frey, W.Maas, H.B.Schmidt, D.Gorlich,
M.Baldus; Proc.Nattl.Acad.Sci.U.S.A., 6(107),
6281-6285 (2010).

[6] R.C.Benedict, L.Fall, S.J.Gill, B.Hedlund;
Biophys.Chem., 13, 245-252 (1981).

[7] M.Gonnelli, G.B.Strambini; Biophys.Chem., 104,
155-169 (2003).

[8] D.Renard, J.Lefebvre; Int.J.Biol.Macromol., 14,
1127-1132 (1992).

[9] E.Venir, G.Marchesini, M.Biasutti, N.Innocente;
J.Dairy Sci., 93, 483-494 (2010).

[10] D.G.Libouga, V.Aguie-Beghin, R.Douillard;
Int.J.Biol.Macromol., 19, 271-277 (1996).

[11] B.Ranty, G.Cavalie; Planta, 155, 388-391 (1982).
[12] J.C.Mercier, J.L.Maubois, S.Poznanski, B.Riba-

deau-Dumas; Bull.Soc.Chem.Biol., 50, 521-530
(1968).

[13] R.Douillard, A.Porcheron, M.Lila, P.Guy, G.Genier;
Agronom., 10, 273-284 (1990).

[14] L.L.Hood, S.G.Cheng, U.Koch, J.R.Brunner;
J.Food Sci., 46, 1843-1850 (1981).

[15] R.Douillard; Sci.Aliments, 6, 81-89 (1986).
[16] A.H.Clark; �Physical Chemistry of Foods�, In:

H.G.Schwartzberg, R.W.Hartel, Eds.; Marcel
Dekker, New York, 263 (1992).

[17] D.C.Viehman, K.S.Schweizer; J.Chem.Phys., 28,
128 (2008).

[18] V.Beghin, H.Bizot, M.Audebrand, J.Lefebvre,
D.G.Libouga, R.Douillard; Int.J.Biol.Macromol.,
15, 195-200 (1993).

[19] N.Matsudomi, T.Oshita, K.Kobayashi, J.Kinsella;
J.Agric.Food Chem., 41, 1053-1057 (1993).

[20] K.Suematsu, M.Kohno; Phys.Rev.E.Stat.Phys.
Plasmas.Fluids Relat.Interdiscip Topics, 62, 3944-
3953 (2000).

[21] I.Nakamura, A.C.Shi; J.Chem.Phys., 132, 194103
(2010).

[22] P.M.Diesinger, D.W.Heermann; Eur.Biophys.J.,
39, 299-306 (2010).

[23] La Mesa; J.Colloid.Interface Sci., 286, 148-157
(2005).

[24] R.E.Johnson; �The Composition of Milk�, In:

B.H.Webb, A.Johnson, J.A.Alford Eds.; Funda-
mentals of Dairy Chemistry, The Avi Publishing
Company, Inc., Westport, Connecticut, 1-57
(1983).

[25] F.B.Ahmed, P.A.Williams; J.Agric.Food Chem.,
47, 3359-3366 (1999).

[26] Y.A.Adebowale, K.O.Adebowale; Int.J.Biol.Ma-
cromol., 40, 119-125 (2007).

[27] T.Becker, C.Yon Goh, E.Jones, M.J.McIldowie,
M.Mocerino, M.I.Ogden; Chemi.Commun.
(Cambridge Englang), 33, 3900-3902 (2008).


