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ABSTRACT
Diminishing protein aggregatitn hy chaperone is very important factor in medicine and industry. In this paper, it
15 induced the chaperone ahility for fcasein upoa modification of its acidic residues hy Woodward reapent
K({WRK) and examiaed on lvsozyme as a target protein at pH 7.2 aad cutlined the mechanism for chaperone
ability of modified system by UV-Vis and fluoresceace specouscopy and theoretical calculation methods.

Keywords: Modified B-casein; Lvsozvme: Hydrophobicity; Disaggregation; Woodward's reagent K, Accessible
surface area

Ahbreviotions: AM5: 8-Amlioo-1-naphthalenesul fonic 2cid; DT T: Dithiothreiotol; WREK: Woodward's reagent
K ASA; Accessible surface area

INTRODUCTION

f-casein and o €asein have molecular chaperonc like  its surface) which were specifically selected for
properties [1-2]. There are some reports that show  its effeels oo diminishing of aggregation for
caseins decreased turbidity of whey proteins under lysozyme. The carboxylic side chain  of
stress eonditions [3]. o, casein exhibits a considerahle  glwlamale and aspartate residues oa f-casein
anti-aggregution activity [4]. The primary structure of  Surface has been TI'ID{!IﬁEd usmg Woodward's
B- cascia has a highly amphiphilic character [5]. This1s  reagent K, that is an isoxosolium salt [10-18].
playing a crucial function in agegrcgation and The1reul:tl10n of WRK with a carboxylate group is
mucellization processes of this casein [6] and B-cascin outlined in scheme 1. [19].
acts alse as a swiactant molecule in solutien [7].

Because of this property, P-casein is as a namral m’
detergent{ 7]. ik E
There is a short N-terminal hydrophilic pelar domain ‘{ g—C— casell}
| in B-cascin chain, that carrying most of the protcins net “ﬂ"z"*ﬂ’- g
! charges (mostly negative) and a prominent C-terminal m\ |I
hydrophnbic domain _[Ev?], _ - — N e N o
The approach applied throughauot this study is that of ’
the chermeal medification of B-casein especially that of o Keeizmnrre o Emie
catboxyl residues (aspartale and glutamate residues on Scheme 1. Reaction mechanism of WRK.
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The main point to notice is that most recent
studies have shown f-casein acts as a molecular
chaperone when reacts with the proteins that they
have a negative cbarge on their surface. In fact
target-proteins were proteins such as  insulin
[20, 21] and alcohol dehydrogenase (ADH)
[21-23] which have a negauve charge oo their
surface. Since f-casemn has a negative charge on
its surface, so the elecirostatic and hydrophohic
factors act ig the same direction which caused B-
cascin molecular chaperone property.

In this work, we attempt to choose lysozyme at
pH 7.2 which has 8 positive charges [24] as a
targct-protein upoa the effect of normal and
modified fcasem uwsing WRK (aspartatc and
glutamate residues has been modified) o study
the role of elcctrostatic and hydrophobic forces
in chaperone ahility of B-cascin with lysozyme.
We answer 1o this question that does f-casem
play thc rolc of molecular chaperone for the
target-proteins with the positive charge on their
surface?

MATERIALS

Bovine f-cascin, Hep<cgg white  lysozyme,
dithiothreitol (DTT), 2-cthyl-5-
phenylisoxazolium-3-suifopate  (Woodward's

reagent K), S-anilino-1-naphthalensulfonie acid
{ANS) purclhas*:d from Sigma-Aldrich, and other
chemicals used were of analytical grade obtaiped
from Merck.

METHODS

Chemical modificntion of f-cascin

Sclective modification of aspanic and ghuamic
acids of fcasemn’s surface was carried out with
WERK. [(J-msein (04 mgml) was incubated in
150 mM phosphate buffer {pH 7.2} wilh
concentration of WRK (1 mM) at 37°C and
meubated up to 1 b In order to temove excess
WRK. the reaction mixture was dialyzed for 72
h. The abnve sample treated with WRK had an
ghsorption bapd with & A, within 340350 om,
which was not present in the untreated sample.
The stability of WRK is a function of pH, and it
rapidly destrays at pH values above 3.0 [25]. For
this reaspn, we used 2 large excess of reagem
nver the f-casein in order tn compensate the
instabitity of the reagent atpH 7.2 [11].

28

Chaperoae -like aetivity assay " |
The aggregation of DTT-induced lysozyme
{0,177 mg/ml) in 150 mM sodium phosphate
buffer (pH 7.2) was monitored at 360 nm at 37°C
for 80 min by Cary Varan UV-Vis
spectrophotometer model 100 Bio. In order to
reduction of lysozyme aggregatioa was added
200 ul oormmal f-casem and modified B-casein
{04 mgmlin to 300 pl reactioa solution
{tysozyme 0.1% w/w and 10 mM  DTT)and
carried to 600 pl cuvette, |'I]

ANS fluoreseenee Spectroscopy I

The ANS fluorcscence of lysozyme was recorded

on Cary Eclipse Varian  fluoresccc
spectrophotometery,  The following  solutions
were prepared: [

a) lysozyme with concentration 0.177 mg/ml in
150 mM phosphate huffer at pH 7.2, l¥sozyme
congentration (0.177 mg/ml in the presence of 0.4
mg/ml modified P-caseio, ¢) lysozyme with
congentration .177 mg/ml m the presence ol
0.4 mg/ml pormal B-casem. All above solutions
was carried (o 0.4 ml cuvctic and measired their
fluorgscence in presence of 10 mM ANS ar A,
365 nm at 37C with a 10 nm band. width for
EVETY Teasurement. ¥ |

Theoretical approach |

p-casein 30 model generated by the MODELER
9 software based on homology ¥ modcling
procedure. | |,'

To study the modified casein acted oa the
lvsozyme, 3 WRK atfach to an “accessible
aspartate of casein and then the WRK-casein
docked to lvsozyme via the HEX5 software. The
docking energy would represent estimation of
protemn-protein interaction affinity. The same
procedure performed for unmodified casein.

)
RESULTS AND DISCUSSION
Molecular chapernnes are group proteins and
they act nnt noly in proteetinn hut also act
folding cnrrecdon nf mappropoately fulded,
retnlding, targeting, and the dcegradatinn nf
defective prnteins or their undesired forms
[14, 35]. This 18 duc tn their hipding io the
exppsed  hydmphnhic  patches | nf  the
denaturing / unfolding proteins. U is revealed
that bovine milk cootains about 80% cascins
which 35% is [-casein [27], it was found that B-
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casein has remarkahle anti ageregation properties
[, 2], but B-casein hasn't ability to prevent
aggregation of lysozyme and doesn't show
chaperone ability wnder our experimental
conditions (pH 7.2). In order to revive ehaperone
ability of Pcasein via hydrophobic moiety,
aspartate and glutamate residues on its surface
were modified using WRK. In fact modification
of acidic residuss of f-casein induced chaperone
propertics for modified f-cascin upon effect on
lysozyme at pH 7.2 in the eondition of net
negative charge.

The UV -Vis absorbance speetra of the native
and WRK modified f-casein are shown in Fig. 1.
The mndification of the f-cascin hy WRK shows
a new absorptioa peak in the wavelength range
340-350 nm, establishing the modification of
aspartate and glutamate residues 25,2829}, The
first step is formed ketoketenimineand then
reacts with carboxylate group to give enol ester
[30]. This indicates an ahsorhanee peak at 34i-
350 nm at room temperaturg,
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Fig, 1.UV-V1s absorbance spectre of normal and
medified p-casein. |I—) normal p-casein; (m) p-cascin
+ WERK {1mM); The p-caseiu eoncentration was 0.4

mgml at pH 7.2 at toomn temperature,

FL 43

Fig. 2, sbows the status of chernical
aggregation of lysozyme in the absenee and
presence of f-casein, WRK and WRK-mnditied
Pcasein at 37°C. Hnwever in the presence of
modified B-casein ngeregation was diminished.
Amino acid sequence shows that there are 5
ghitamate and 2 aspatate residues on the f-casein
surface. The modification of acidic residucs does
not change the net nepative ehorge due to the
existent of WRK sulfonate aniou (see scheme 1)
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[19]. So, what is the reason of aggregation
diminishing?
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Fig. 2, Chemical aggregaliom assay of the lysozyme
using DTT ar the presenee of normal and modified p-
casein as a fanction nf Hme at 360 om at 37-C .
Lysozyme 0.1%( - - - -); lyzozyme (.19 at the resenes
of rormal f-eascin 0.4 mg/ml (=); lysozyine 0. 1% at
the presence of modificd f-cazein 0.4 mg/ml {m};
lysozyme {1.1% at the presenes of W RK 30 pM (&)

In order to Hlustrute the changes in hydrophubie
parts of lysozyme, we used ANS for monitoring
the effect of aommal f-casein and modificd -
casein on hydrophobic parts of lysozyme. Fig. 3,
shows that flvorescence intensity which has
ereased in the prescnce of modified -cascin and
decreased in the presence of normal P-casein. The
results obtained from extrinsic fluorescenee of
lysozyme indicate that there is interaction between
exposed hydropbobic patehes of modified p-
casein and exposed hydrophobic patches of
lysozyme, consequenily modified  f-casem
prevents direct intcraction hetween lysozvme
hydrophobie patches that caused lysozvme
ageregation. Based on ANS fluorescence spoctea
results, the chiemical medification of carboxyl
residues causced the conformational change of p-
casein. It seems that the hydrophobic and
clectrostatic imteractions play an important role
and they compete each other in this case To
understand the mechanism of medified f-casein
for diminishing aggregation of lysuzyme, we
calculated polar ASA and non polar ASA of
normal and modificd Pcasein in lysozyme-p-
casein complex.  The proteins caleulations
demonstrate that polar accessihic surfaee area
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[ASA) and non-polar ASA of modified P-cascin
decrcases 13% and incrcases 3% respectively in
lysozyme- modified P-casein complex with
comparing normal f-cascin (see Table 1). Based
on mmage 1, 2 {A) the remained 10% i3 relative to
buried residues at interface between modified B-
cascin and lysozyme in complex. The image | (A)
shows modified B-casem clectrostatic potential
{EP} has not penstrated to the lysozyme core, bul
normal  J-casein  electrostatic  poicatial  (EP)
penetrates to the Iysozyme core and fit to it (image
2 A) . The resnlts obtained from calculation (data
not shown) reveal that aspartate 152 15 more
accessible than the other carboxyl residues
(plutamate and asparate) on P-cascin surface,
Images I, 2 (B) show different mtcraction betwecn
aspartate 132 on surface of ngrmal and medified (-
casein m P-casein lysozyme complex.  In the other
words, aspartate 152 on modified fcasein surface
is more involving in the interaction with lysozyme,
therefore the modified cascin  has  lower
clectrostatic interaction than the unmodified one.
This eonfirms that the altering of charge position:
reduction of ASA polarity and cnhancermnent of
hydrophohicity, induced the chaperone ability for
madhified fcasein upon the interaction with
lysozyme at pH 7.2. The change of position and

ol
reduction of positive-ncgative ch'fljrgcs interachon
revitalized the chaperone ability for f-casein. It has
been figured out by our study that, the sigmificance
role of charge — charge interaction has been seen in
appear or disappear of chaperone activity. This
important issue has becn  pointed |at o
mvestigation about molecular chaperone features
and taunch another factor in studies of chaperone
treatment, that charge-charge interaction 15 an
umportant factor in chaperone ablht}" | l|
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Fiig, 3. ANS fluorescence specira lysozyme 0. 1% 1
the presence uf the normal and medified f-¢asein 0.4
me/ml in the presence of DTT. Buffer phodphate pH
7.2(....]) pormal f-Casein (— ) modified p-
Cazeinf &), Lysozyme{ — ——) Lysezyme + normal
frcavein (0} kysozyme + modified p-casein { m) at
7L, ' l|
|

Table 1. ASA value for normal P-casein, modified f-casein and lysozyme. Delta ASA is defined: difference polar
and non polar aceessible surface arca of nurmal and medified [Fcasein 1o casein-lysozyme complex in percent

|
delts ASA I '
casein | Lysozyme medlled- |- (modified ! '
casein cxagin -
casein) |
Pxlar
ANA 4454 281 IE92 -i3
nan-polar
ASA Fah1 3752 TR2T 3 I |
Total
ASa 12036 £362 11720 -3 i
. I
CONCLUSION =

It is concluded that positive charge-negative
charge intcractions remove chaperone ability.
while hydrophobic interactions support that.
However when lhe clectrostatic interaction is
ohstacle to appear chaperome activity, hy
increasing hydrophohic imteractions, we ¢an
increase chaperonc activity. In this study about
p-casein, we showed tow changing of charge
positinn  without ¢hanging of net charge, it

30

|
caused mereasing hydrophohic  intéractions
between  pcasem and  lysozyme  and
congequently revive chaperone activity of -
casein. Our data clearly indicate j that the
modificd B-casem hus chaperone ahility and it
protects lysoryme against chemical aggregation.
It scems that the vhange of charge position and
charge-charge interaction play an important role
in preventing aggresation. ! FI
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Image 1. f-casein-lysozyme-WRE the dark color SWISS pdb viewer produced electostatic potential surface
ndicate meified casein and the light color is lysozyme( A), The wbe structures indicate Bcasein protein and the

-

nbbon one shows the lysuzyme protem, The ball structures used to indicate aspartaie 152 and WRK added (B),

[mage 2. B-casein-lysozyme; the dark color SWISS pdb viewer produced electrostatic potential surface indicate
unmodified casein and the light color one is lvsozyme {A), The tube structures indicate Frcascin protein and the
ribbon one shows the lysozyme protein. The ball structures used to indicate aspartate 152 on unmodified f-
casein surface (B).
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