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ABSTRACT

The thermal gelation of rubisco in the presence of ions was previously
published. Thecritical gel concentration variesaccording totheionic strength
i.e. electrostatic repulsion. Nothing was known about gelation of rubisco
with macromol ecul es. 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
isthe main factor of gelation of rubisco with milk constituents.
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INTRODUCTION

Gelation is obtained with many proteins. the
chondraitin-4-sulfate proteoglycan'®, the o, § poly (N-
2-hydroxymethyl)-DL -aspartamide? thebovineserum
albumint® the beta-hairpin oligopeptides, the
nucleoporin®. Gelation occurs in the presence of a
proteinand aninert substance: hemoglobin Sand bovine
serum abumin®®, alkaline phosphataseand liver a cohal
deshydrogenase”. Gelation occurs also with milk
protein. The concentration of 3-lactoglobulin necessary
toformage by heatingisabout 1 % (w/v) independent
of the ionic strength®®. At high pressure a total
concentration of at |east 4% of sodium caseinate or
whey protein concentrate was required for
homogeni zation-induced gdl ation’®.

Ribulosel, 5-bisphosphate carboxylase oxygenase

KEYWORDS

Casain;

DSC;
Excluded volume;
Gelation;
lonic strength;
Milk;
Polyanion;
Rubisco.

(rubisco) isavegetableenzymeimplicated in thefixa
tion of atmospheric CO, in green plant leaves. Asits
weak activity iscompensated by itsabundancein veg-
etativecdlls, it isthereforethemost abundant protein
on earth. Itsthermal gelation variesaccording to veg-
etative species. That of lucerne (Medicago sativa) is
about 1 /L1,

Thus, thethermal gelation of rubisco, inthepres-
ence of various macromol ecul es, has not been of inter-
est toresearchers. Therefore, theaim of thiswork was
to study gel ation of rubisco withmilk macromolecules.

MATERIALSAND METHODOLOGY

Preparation of rubisco
The extraction was done by a well-known
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method*Y. The stems of lucerne (Medicago sativa)
were harvested and transported rgpidly into acold room
(4-6°C) where leaves (25 g) were finely chopped, then
ground for 6 minutesinamotorized grinder containing
100 mL of 0.1 M pH 7.5 Tris/HCI buffer containing
0.2 % B-mercaptoethanol, 5.0 g/L polyethyleneglycol
6000 and 0.37 g/L EDTA, and polyvinylpyrrolidone
activated aswell as10 g/L of an insoluble casein.
Theactivation of polyvinylpyrrolidonewasdoneby
heating 25 g in 500 mL of 10 % HCL followed by
washing the pasty formed with water until thewashing
water became neutral. The mixturewasthen filtered
withal06 pum pore size filter, after centrifuged (7000 g
15 min 4°C). The supernatant was saturated with 40 %
and then 55 % of (NH,),SO,. The precipitate wasin-
troducedin 15 mM, pH 7.5 N - (2 Hydroxyethyl) pip-
erazineN’-(-2 sulfonic) acid (HEPES). After centrifu-
gation (10 000 g, 4°C, 20 min) and filtration on PD-10
column, the solutionwasalowed to passtrough CL 6B
sepharosegd packedina2.6 cmx90 cm column. The
chromatograph was attached to a detector set at
280 nm. The linear rate of the elution was 10 cmxh;
only thefirst part of the second peak was of rubisco.

Preparation of casein

Tota casein had been produced from low fat milk
of ahomozygote cow for the main caseins aS1, B
and kB. ThepH of low fat milk was adjusted to 4.6 by
HCI then centrifuged (2,000 g) at ambient temperature.
The preci pitate obta ned waswashed severd timeswith
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
cellulosecontaining ureaand B—mercaptoethanol, with
aNaCl linear gradient!*Z,

Protein measurements

The concentration of protelnswas determined ac-
cording Beer Lambert’s law using the absorption coef-
ficient of 10 and 24 kDa*?, then 17 and 550 kDal*34
respectively for aS1 casein and rubisco, and then tur-
bidity wasnoted.

Deter mination of thedenaturation temperature

A Setaram (DSC 111) programmed differential
calorimeter incorporated to an automated system and
calibrated withindium and galliumwasused. Itstem-
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perature varied from 298.0 K (= 25 °C) to 383.0 K
(= 110 °C). The speed of temperature rise was
3.00 Kxmint and the frequency of acquisitionwasa
measure each 0.80 sec.

Determination of the critical gel concentration
(C,.)

OnemL of awdl-known protein concentrationwas
introduced in atest tube then covered by 1 mL of par-
affinoil. Thistest tubewas put in an ethyleneglycol
bath (80°C, 1 h)®. Then, thetest tubewas put upside

down; thereactionwas positiveif thege did not break.
Satistical analysisand graphsdrawing

All measurementswererepested at | east threetimes
and the averages were compared by analysis of vari-
ance (XLSTAT software). Graphswere scanned then
redrawn using Ungrgph software (Biosoft, United King-
dom).

RESULTSAND DISCUSSION

After the treatment of Lucerne leaves with
(NH,),S0,, thefractionation of theextract gaveachro-
matograminfigure 1. Thefirst haf of the 2™ peak was
that of rubisco™.

Thefractionation of thewhole casainreved ed four
peaks, thelast of which (around 40" fraction) contains
aS1 casein (Figure 2). It was generally agreed that ge-
lation wasatwo steps process, where the denaturizing
protein wasinduced by heating and the gel formation
wastheconsegquence of aggregation of thedenaturizing
mol eculeswhen the concentration waslarger thanthe
percolation threshold*517, Thethermal denaturizing of
rubisco occured around 67.7°C8, After thermal
denaturizing, rubisco moleculesaggregated toforma
threedimensiond network. Gelation occured whenthis
network reached an undefined size.

Themixtureof rubisco and aS1 casein gave a ther-
mogram (Figure 3) indicating a denaturizing tempera-
turearound 68.8°C. When the ratio aS1 casein / rubisco
increased, the denaturizing temperature of rubiscoin-
creased from 67.3 to 68.5°C then decreases
(TABLE1).

Therubisco C - with 2.5 mg/mL aS1 casein was
about 1.0+0.5 mg/mL. Thegelation a so occurred be-
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Figurel: Gé filtration of a(NH,),SO, precipitate. Thesample
wasdissolved in 12 mL, 15 mM pH 7.5 HEPES. A 2.6x90 cm
column packed with CL-6B Sepharose. The linear rate was
14 cmxh* and thefraction volumewas 10 mL

[ERTI

0.5 +

Energy (mW)

0.1

20 15 70 s 120
Fraction number

Figure3: Thermogramm of amixtureof rubiscoand aS casain.
Analysis was done between 298.0 K (= 25 °C) and 383.0 K
(=110 °C). The frequency of acquisition was 0.80 second

tween a-lactalbumine and bovine serum albumin.

TheaSlcasaindiminished very Sgnificantly theC -
of rubisco whilethe Tmwasincreased by aS1 casein.
Thisbehavior was anal ogous to that observed when
the salt concentration increased in the case of NaCl,
NaH,PO, or Na,SO,: the Tm increased and the Cgel
decreased'?. This behavior was different from that
observed once the MgCl,, or CaCl,, concentrationin-
creased becausethe Tmand theC » reduced simulta-
neoudy*9,

TheaSlcasaeinisapolyanion likethoseof sulfate
ionsor phosphate; but thisana ogy doesnot sufficeto
explainal the observed effectsin the presence of the
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Figure 2 : Chromatogramm by ions exchanged of casein.
1.65%5 cm column was packed with DEAE cellulose. The elu-
tion wasdonewith alinear gradient of 0t00.5 M NaCl. The
linear ratewas12 emxh* and thefraction volumewas10 mL.
aS1: aS1 casein, aS2: aS2 casein, B: B-casein, k: k-casein
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Figure4: Phasediagram: effect of milk on thecritical gel
concentration of rubsico. Thesame super scripted lettersin-
dicatethat thereisno significant difference (p<0.05)

aS1 casein which is a macromolecule and possess dis-
tinct propertiesfrom those of polyvalent anions. The
phase diagram of the mixturerubisco - whole casein is
shownintable 2. Meanwhile by increasing the concen-
tration of thewhole casein (0to 1 mg/mL), the rubisco
C,q decreased from5.5t0 1.5 mg/mL.

It seemsthat indiluted milk, casein till findsitsslf
innativemiceleformsmeanwhileinthe preparation of
aS1 or whole casein, the micelle structure was greatly
modified. TherubiscoC - withwholecasaininthepres-
ence of either 20 or 100 mM NaCl was respectively
7.0+0.5and 1.0+0.5 mg/mL1%.

Moreover, itisknown that therubisco Ce isinflu-
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enced by the salt concentration; between 0 and
100 mM NacCl, the ionic strength (electrostatic repul-
sion) ishigh, thel&sisthecge,; itisthe main factor
conducting the gelation. Moreover, theionic 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 NacCl) are not the same permits to think
that theionic strength isnot the only phenomenathat
explainsthemixturerubisco / total casein phase dia-
gram.

In the cases of 20 and 100 mM NacCl phase dia-
gram, and despite theionic strength, therubisco C
increased above 5 and 2.5 mg/mL respectively with the
increase of whole casein concentration upto 5 mg/mL.
When casein concentrationincreased, the bridges be-
tween denaturi zed rubisco had difficultiesin establish-
ing, so it needed more denaturized rubisco to reach
Cg . (excluded volume phenomena). Casein hasaflex-
ible conformationin solutionwhich portrayssomeof its
organic polymer properties. Thevolumethat it occu-
piesinsolutionisgrest.

Itispossiblethat in the concentration zonefrom
0.25t02 g/L, where the smallest value of the C , was
observed, these effects of excluded volumethat pre-
dominatesinthegelation of rubiscowill befacilitated
by itshighloca concentration. Theeffectsof excluded
volume could be stopped above acase n concentration
of 2 g/L, as this causes the increase in the viscosity of
casein solutions. Solutions present inthe medium, and
which did not gelate on their own could interferewith
thetherma denaturizing or upon aggregation. Theinflu-
enceof soluteson aggregation can manifestintwoways
by their effects on the conformation attained after heeat-
ing, or could be by adirect effect onthe aggregative
mechanism: pontage between proteinsor steric exclu-
son@,

Thegelation dueto excluded volume has been ob-
served with polymer ionic molecules?, nucleoporing?,
polymer surfactant and protein surfactant’?d. A gelation
of rubisco occursin presenceof milk (Figure 4).

Two parts can bedistinguished on thisphasedia-
gram: thedecreaseof C_, whenthemilk concentration
increasesfrom 0to 5 % (v/v), and the stagnation of
C,, While the milk concentration raised from 5 to
15 % (v/v). Milk is a mixture of many compounds that

TABLE 1. Variation of denaturizing temper atureof themix-
tureof aS1 casein/rubisco

o, casein/rubisco

(ratio) Denaturazing temper ature (°C)

0 67.3+0.5%
3 67.7+0.5®
6 68.1+0.1%°
9 68.5 + 0.4°
15 68.2+0.2%

M ean arefollowed by standard deviation; the same super scripted
letters indicate that there is no difference between two means
(p<0.05)

TABLE 2: Effect of wholecasein on thedenaturizing tem-
peratureof rubisco

*CC (mg/mL) Cge (Mg/mL)*

0.00 5.43+0.24'
' 1.32+0.20%%cde
0.05 5.43+0.24'
' 1.27+0.23%c
1.81:0.1 15
0.30
0.91+ 0.132
1.86+0.30%
0.50 "
0.94+0.14
1.81:£0.3 3bcdef
0.70 e
1.15+0.08
1.37 £0.06%%
1.00
0.91+0.10?
00 1.79:£0,23cdef
' 1.29+0.2 1%
010 2.58+0.48%
' 1.26:+0.24%
240 3.21+0.21
' 2.27+0.13%
5.46+0.43f
5.00 o
2.66+0.21

*Casein concentration (mg/mL), ¢ Mean are followed by stan-
dard deviation; the samesuper scripted lettersindicatethat there
is no difference between two means (p<0.05)

interact in rubisco gelation: milk fat globules, lactose,
protein (whole casein and whey proteins) and ions
(Ca*, Mg*, Nat, CI', SO %, H PO, )4,

Itiswell known that some of theseionsbind with
denaturized rubisco and modify their gelling behavior
according to Hofmei ster series so asother macromol -
ecules®?1, With all theses salts, e ectrogtatic repulsion
between rubisco moleculesare progressively screened
sothat Cg - islowered until electrostatic repulsonsare
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nolonger thelimiting factor!?. Between5and 15 % (v/
v) milk concentration, thevolumeexcluded dueto dif-
ferent compounds (milk fat globules, lactoseand pro-
tein) must bethemain factor of gelation procedure.

CONCLUSION

Theanaysisof the conditions of denaturationand
gelation supposesthat the e ectrostati c repulsion could
beanessentia factor limiting gelation. Thereductionin
repul sion permitsthe reduction of the rubisco Cuto
1.5 mg/mL. The presence of casein or milk cause more
reductioninthelimit to about 0.8 mg/mL. It seems ions
or macromolecules intervene by different gelation
mechanisms. These solutescaninterveneprincipaly on
thethermal denaturation by volume excluded mecha-
nisms
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