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Flying bird Peacock (Pavo cristatus), Hen (Gallus gallus) and flightless
bird Emu (Dromius) egg Riboflavin binding protein (RfBP) was isolated
from these birds. The Rfbp was purified in two steps, DEAE-Sephadex
A-50 ion exchange chromatography. The final purification of proteins
(Rfbp) was achieved on Sephadex G-100. Emu Rfbp contains more non
specific protein and contaminants. To avoid this non specific protein
column purification repeatedly column filteration.The protein content was
estimated with Lowry method. The purity of the proteins was judged by
cylindrical and slab—gels, Electrophoresis techniques. The final purified
proteins showed a single band on electrophoresis gel's and the molecular
weight was 30 Kilodaltons. Antiserum was raised against these Rfbp’sin
rabbit. This antiserum showed Immunological cross reactivity
(precipitation line) between the two compounds in flying birds. In
flightless birds there was no cross reactivity. This study proved that,
these two birds (flying and flightless birds) are immunologically relative
and phylogentically different from each other.
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INTRODUCTION

Riboflavin Binding Protein (RfBP) or Riboflavin Car-
rier Protein (RCP) wasfirst isolated the chicken egg
whitdY, Itisaphosphor-glycoprotein. Thefaint yellow
color of normal eggwhiteisduetoriboflavin boundto
aspecific protein. Theessential role of RFBP hasbeen
demonstrated from astudy of the homozygousreces-
sivemutant (rd rd) of domestic fowl2.

Binding proteinsfor water-solublevitaminssuch as
Riboflavin binding proteind®4, Vitamin B, binding pro-
tein®8, and Thiamin binding protein®” havebeen dem-

ondgtrated inthe seraand egg white and yolks of theegg
laying hens. All animalsareincapable of synthesizing
theisod loxazineskel eton of Rf and requirethisvitamin
intherangeof 1-10 ug/g diet®. Rhodes first reported
the presence of aflavoprotienin eggwhitewhich bound
riboflavin moreavidly than its coenzyme, but devoid of
enzymatic action. Further, Farrell ,*1% isolated RfBP
from egg white of heterozygous Leghorn hens, raised
antibodiesin rabbitsand found themimmunologically
activefunctiondly inactiveprote ninrecessvemutants.
Theseresultsindicated that these mutants|acked ribo-
flavin binding capacity dueto amutation inthe gene
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codingfor thecarrier protein.

Eggwhite RfBPisaphospho-glycoprotein having
amolecular weight of 29,200 containing219aminoacid
residues¥. Theisolation of RFBPfrom egg yolk was
first published® and improved methods were subse-
quently reportedi*>*3, The Riboflavin binding protein
from peacock (Pavo cristatus ) egg-white was first
isolated*,

Riboflavin-binding protein (RfBP) mediatesthe
deposition of riboflavin during theformation of eggin
birds. Hensof astrain of Single-Comb WhiteLeghorn
chickens, whicharegendticaly unableto produce RfBP,
lay eggscontaininginsufficient riboflavinto sustainem-
bryogenesisbeyond 13 or 14 daysof incubation. Em-
bryosintheseeggsgrow normaly until theday of desth,
and their heart rateis normal within an hour of death.
Theeffectsof riboflavin-deficiency first gopear after 10"
day of incubation when embryosbecome severdly hy-
poglycemic and begin to accumul ateintermedi ates of
fatty acid oxidation. Although the activities of flavin-
dependent enzymes are reduced generally, the 80%
reduction in theactivity of medium-chain acyl-CoA
dehydrogenase further suggeststhat the mgor meta-
bolic consequence of riboflavin deficiency isasevere
impairment of fatty acid oxidation. Theriboflavin-defi-
cient strain providesnumerousing ghtsinto themetabo-
lism of norma hensand chicken embryosand may bea
useful modd for sudden death syndromesin humang™.

EXPERIMENTAL

Materials

Emu (Dromius) eggswere obtained from turkey
form karimnagar; Peacock (Pavo cristatus) eggswere
obtained fromVanaVignanaK endram, Warangd. Fresh
hen (Gallus gallus) eggs wereobtained from the poul -
try farm. DEAE-Sephadex A-50 used in the present
study was obtained from PharmaciaFine Chemicals,
Uppasala, Sweden. Sephadex G-100 and Freund’s
Compl ete adjuant was procured from Sigma-Aldrich
Chemical Company, St. Louis, USA. Bovine Serum
abumin, acrylamide, N, N, N, N*-Tetramethyl ethylene-
diamine, N, N*-methylene-bis-acrylamide, SDSwere
procured from Loba Chemical Industrial Company,
Bombay, India
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Methods

I solation and purification of emu egg-whiteribo-
flavin binding protein

Emu egg whiteswere coll ected and homogenized
with an equal volume of 0.1 M sodium acetate buffer
pH 4.5. Cheese cloth was used to remove non specific
proteins. The homogenate was centrifuged at 15000 x
g, for 10 minutes. The precipitate was discarded. To
the clear supernatant DEAE-Sephadex previously
equilibrated with 0.1M sodium acetate buffer pH 4.5
was added. The mixture was stirred for 12 hours at
4°C and then suctionfiltered. Thefiltratewasdiscarded.
The DEAE-Sephadex with bound protein waswashed
with excess of 0.1M sodium acetate buffer pH 4.5.
Bound proteinswere el uted with the same buffer con-
taining 0.5M sodium chlorideby suctionfiltration. The
eluted protein fraction was didyzed against water.

DEAE-Sephadex previously equilibrated with
0.1M sodium acetate buffer pH 4.5 was packed into
the column. Partially purified RFBP was|oaded onto
the column. The column waswashed with excessbuffer.
Riboflavin binding protein was € uted from the column
with 0.1M sodium acetate buffer, pH 4.5 containing
0.5M sodium chloride. Twenty fractions, werecollected
and absorbance was measured at 280 nm, 455nm us-
ing UV-visiblerecording spectrophotometer. Values
were expressed as total absorbance at 280 nm and
455 nm per each fraction.

Further purification of Emu egg white RfBP was
achieved by gd filtration column chromatography usng
Sephadex G-100. The column was equilibrated with
0.025 M phosphate buffer pH 7.3 containing 0.5 M
sodium chloride. Theprotein wasdissolvedin 1 ml of
the above phosphate buffer, and loaded on the column
and eluted with the starting buffer. Fractionswerecol-
lected. Proteinin each fraction was determined by the
L owery!*® method of using bovine serum abumin as
standard. Absorbance was measured at 280 nm and
455 nm using UV-vis blerecording spectrophotometer
(Perkin Elmer). Valueswere expressed astotal absor-
bance at 280 nm and 455 nm per fraction. The peak
fractionwerepooled and didyzed againgt distilled wa-
ter and lyophilized. SDS-PAGE was carried out ac-
cordingto themethod of Leammli™*? using sodium phos-
phate buffer containing SDS.The samestepswerepro-
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cessed to purify Emu egg-yolk, Peacock egg-white,
egg-whiteand Hen egg-white, egg-yolk.

UV spectra

TheRiboflavin solution contains 20.0 mg of ribo-
flavin (LOBA) dissolvedin 500 ml of distilled water
and 1 ml of concentrated HCI. Thisstandard solution
wasdiluted with 0.05 M Tris-HCI buffer pH 7.5 and
absorption spectrum wasrecorded using UV-visible
spectrophotometer. The absorption spectrum of the
partially purified RFBP preparationswere a so recorded
by diluting the proteinswith 0.05 M Tris-HCI buffer
pH 7.5 or directly from the el uates of the column after
diluting the solutionssuitably (Figure2).

UMENTATION CENTRE

Figure2: Absor ption spectrum of Emu egg-whiteriboflavin
binding protein (Sephadex G-100 Fraction)

Sodium dodecyl sulphate (SDS-PAGE)

SDS-PAGE was carried out according to the
method of Leammli®*” using sodium phosphate buffer
contaning SDS

Production of antiserum to riboflavin binding
protein (RfBP)

Antibodiesagainst RfBPswere produced adopt-
ing the method of Prasad and Adige,*. Briefly, the
protein wasemulsfied withan equd volumeof Freund’s
complete adjuvant and injected subcutaneously at
weekly intervalsfor 4 weeksinto theanimalsat mul-
tiplesites. Therabbitswerebleed through the ear vein,
7 dayséfter thelast injection. Thepresence of antibod-
iesinthe serum wastested using Ouchterlony double
diffusonandyss.

Ouchterlony doublediffusion analysiswascarried
out asfollows: Agar / Agarose plates (1%) were pre-

pared in 0.05M phosphate buffer, pH 7.9 containing
0.9% NaCl. The antiserum was placed in the central
wel| and the proteinsdissolved in the samebuffer were
placedin the adjacent wells. The appearance of pre-
cipitation lineindicated the presence of specific anti-
bodies.

RESULTS& DISCUSSION

Partial purification of emu egg-whiteRfBP using
DEAE-sephadex

Emu egg-whiteswere collected from 30 eggsand
homogenized with an equal volumeof 0.1 M sodium
acetate buffer pH 4.5. The homogenatewas processed
asdescribed under Materia and Methods. Tothe crude
yellow supernatant (1800 ml), DEA E-Sephadex, pre-
vioudly equilibrated with 0.1 M sodium acetate buffer
pH 4.5, was added and stirred overnight at 4°C. The
DEAE-Sephadex waswashed extensively with0.1 M
sodium acetate buffer, pH 4.5 asdescribed under Ma-
teriasand Methods. The bound proteinswere eluted
with samebuffer containing 0.5M NaCl by filtration.

Eluted protein was loaded onto the DEAE-
Sephadex columnand washed withthe0.1 M sodium
acetate buffer pH 4.5. The bound protein was el uted
with samebuffer containing 0.5M NaCl. Fifteenfrac-
tionswerecollected. Protein concentrationineach frac-
tion was estimated by measuring absorbance at 280
nm. The absorbanceat 455 isdueto riboflavin bound
to the protein. Peak fraction was diayzed and lyo-
philized.

Further purification wasachieved by gel filtration
on Sephadex G-100. The RfBPfraction obtained from
DEAE-Sephadex equilibrated with 0.025 M phosphate
buffer, pH 7.3 containing 0.5 M NaCl. Collected frac-
tions and the absorbances were recorded at both 280
nm and 455 nm. Thefraction having high absorbance
both at 280 nm and 455 nm were pooled, dialysed
againg distilled water and lyophillised. Theabsorption
maximum for theflavoprotein wasinthe spectra range
of 456 nmfor freeriboflavin. Theisolated flavoprotein
absorption maximaat 376 nm and 457 nm.

Electrophoresison anaytical polyacrylamideges
(7.5%) were conducted at pH 8.3. Chromatography
on DEAE-Sephadex, asone mgjor band correspond-
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ing to RfBP along with afew minor bandswere ob-
tained with the DEA E-Sephadex fraction. Complete
purification was achieved by Gel-filtration chromatog-
raphy on Sephadex G-100. A comparison of theelec-
trophoretic mobilitiesreveal ed that the hen egg-white
had a molecular weight marker approximately
29,000kD.

After centrifugation 440 ml of thepdeydlow egg-
white solution was used for batch adsorption onto
DEAE-Sephadex. Theunbound protein wasremoved
by washing the DEA E-Sephadex with excessof chilled
buffer on aBuchner funnel. The bound protein was
eluted with 0.25 M sodium acetate buffer pH 7.3 con-
taining 0.5M NaCl filtration by suction. The elutant
wasdialysed and | oaded onto aDEA E-Sephadex col -
umn. After washing the column the bound protein was
eluted with 0.025 M sodium acetate buffer, pH 7.3
containing 0.5 M NacCl. Fractions were
collected.(Figure 1) The pesk fractionswith thehighest
absorbanceat 280 nmwere pooled and dialysed againgt
distilled water. Theprotein content inal fractionswas
also estimated. Polyacrylamidegel electrophoresisat
pH 8.3 of the DEA E-Sephadex e uted proteinfraction
revea ed the presence of contaminating proteins, sug-
gesting partid purification of RFBP a thisstage.
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RfBP fraction from batch elution was loaded onto the DEAE sephadex
column and was eluted with 0.025M sodium acetate buffer pH
7.3, containing 0.5 M NaCl

Figure 1 : Emu egg-yolk RfBP elution profile on DEAE-
sephadex
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Production of antiserum of riboflavin binding
protein

Antibodies against hen egg-white, peacock egg-
white, peacock egg-yolk RfBPswereproducedinthe
rabbits adopting the method of Prasad and Adigd*® as
described under Material sand Methods. Ouchterlony
doublediffusion analysiswas carried out usngAgar/
Agaroseplates. Theantiserum raised against hen egg-
white RfBP could crossreact with (i) Purified peacock
egg-white RfBP, (ii) Purified peacock egg-yolk RfBPR,
and (iii) & (iv) Purified hen egg-white RfBP, asreveded
by the appearance of the crossreacting precipitin lines.
Further the antibodies rai sed against hen egg-white
RfBPcould crossreact with peacock egg-white RfBPR,
peacock egg yolk RfBPand hen egg-white RFBP. How-
ever, the antiserafailed to show any crossreactivity
with purified emu egg-white RFBP asno crossreacting
precipitinline (Figure 3) could be obtained.

1. Purified peacock egg-white RfBP (Sephadex G-100 fraction)
2. Purified peacock egg-yolk RfBP (Sephadex G-100 fraction)
3. Purified hen egg-white RfBP (Sephadex G-100 fraction)

4. Purified emu egg-white RfBP (Sephadex G-100 fraction

Figure3: Ouchterlony doublediffusion analysis

RfBPfromthedomestic fowl hasbeeninvestigated
most thoroughly. RfBP or RCPisthe most abundant
egg-whitevitaminbinding protein. RFBP containsasingle
polypeptidechain of 219 aminoacidsof molecular mass
29.2kD. RfBPbindsriboflavintightly (K ,= 1.3mm)in
al:1raio. RfBPundergoesanumber of following post-
trandationd modifications. Formation of ninedisulphide
bonds. Extensiveglycolysation and phosphorylation of
eight serinesidechains. Undergoeslimited proteolysis
with thecleavage of al7-residuesigna peptidefrom
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the N-terminusand two arginineresiduesfrom the C-
terminus

Thesefeaturescoupled withtherdatively smal size
of theprotein and exceptiona high thermo-stability of
RfBP, makeit aninteresting proteinfor further studies
such as: (1) Isolation and purification from different
sourcesfor acomparative study (2) Mode of biosyn-
thesis, post-trand ational modificationsand hormona
induction and (3) Themode of transport of ligand and
related functional aspectsof RfBP.

Inthe present study work RfBPwas purified from
both the hen and peacock eggsfor thefirst timeand
immunological characterizationwascarried out, asno
detailed study was undertaken earlier on RfBP from
peacock eggs.Inthe present study theholoprotein com-
plex fromheneggwhitewasinitidly isolated usng batch
adsorption onto DEA E-Sephadex, followed by column
chromatography again on DEAE-Sephadex. It was
found that abetter purification could beachieved using
two successive ion-exchange-binding steps. Nearly
homogenous preparation of the RfBP was obtai ned at
thisstageof purification, whichwasreveded by SDS-
ge dectrophoresis. However, find purificationwasac-
complished using gel-filtration on Sephadex G-100.
RfBP constituted |essthan 1% of thetotal proteinsin
hen egg white, and adopting thistwo-stage purification
method, RfBP could be purified to homogeneity.

Thesetechniqueswereimproved during thelarge-
scale purification of RfBP from peacock egg-white.
Partid purification of the RfBP could be accomplished
by batch adsorption of peacock egg-white homoge-
nate to DEA E-Sephadex followed by a column elu-
tion. The bound protein could be eluted asone major
sharp peak with 0.5M NaCl. Dialysisof thisfraction
agang digtilledwater followed by centrifugation resulted
inaclear yellow supernatant. Gel electrophoresis of
the DEAE-Sephadex fraction reved ed the presence of
only onemgor protein band, which had mobility simi-
lar to that of the purified RfBP, and additional minor
protein bands. Further purification was accomplished
using Sephadex G-100 column chromatography. Thus
inthe present study the peacock egg-white RfBP could
be purified to clear homogeneity asjudged by the SDS-
Page (7.5% gelswere used). Further, the purified pea-
cock egg-white RfBP also migrated asasingle band
during electrophoresison SDS-PAGE. Themolecular

weight appeared to be nearly the same asthat of hen
egg-whiteRfBP.

Initidly, RfBPfrom chicken egg-yolk waspurified
by Ostrowski*9, and later by Hamazume*. The con-
centration of RfBP of theegg-yolk isnot muchlessthan
that of itintheegg-white, largeamountsof lipidsand
other proteinsmake purification moredifficult. Infact,
Ostrwoski* extracted the egg-yolk suspensionwith
ether toremovelipidsbeforeempl oyingtheammonium
sul phate preci pitation step. Further, during the purifica-
tion of hen egg-yolk biotin binding protein, White®
prepared an egg-yolk acetonedried powder to remove
themost of thelipids. On the other hand, Murthy®!
could isolate crude egg-yolk RfBP from egg-yolk
homogenates directly by adsorption onto DEAE-Cd -
luloseat pH 7.5. The bound RfBP with the other con-
taminating proteinswereeluted with 0.1 M Tris-HCl
buffer, at pH 7.5 containing 1 M NaCl. Gel-exclusion
chromatography of thiscrude RfBP resulted in the pu-
rification of RfBPto homogeneity. Later, Hamazume™
used the anion-exchanger, DEAE-Sephadex and par-
tidly purified RfBPfrom hen egg-yolk by adjusting the
pH of the yolk suspension to 5.5. Non-specific pro-
teinswere removed by washing the DEA E-Sephadex
with 0.1M and 0.15M NaCl beforeeluting the bound
protein with the 0.5M NaCl.

The partialy purified and completely purified hen
egg white, hen egg-yolk, peacock eggwhite and pea-
cock egg-yolk RfBPswerealso characterized by re-
cording the absorption spectra. The near ultraviolet
absorption spectrum of theriboflavin aproprotein com-
plex indicated that the protein had an absorption maxi-
mum at 274.3 nm and ashoulder at about 290 nm. This
result isinfull agreement with the data published by
Nikhikimi and Kyogoku®, Further the visible absorp-
tion spectrareveal ed that the RfBPs had absorption
maximaat 370 and 456 nm characteristic of riboflavin-
apoprotein forms (holoproteins). Thefreeriboflavin
showed absorption maximaat 374 and 445 nm. Bind-
ing of riboflavinto the protein (holoprotein) resultedin
the shift of the absorption peak at 445 to 457 nm and
shoulders appeared at about 435 and 480 nm. At the
sametimethe absorption at 375 nm showed remark-
abletheantiserum obtained fromtested againgt purified
peacock egg-white RfBP by immunodiffuson. Smilar
singleprecipitinlineswerea so obtained by testing this

—— %jogecﬁnofo_qy

A Tudéan Journal



256

Immunological characterization of flying and flightless birds based

BTAIJ, 3(4) December 2009

FULL PAPER o

antiserum against peacock egg-white crude homoge-
nate and partially purified peacock egg white RfBP.
Theselinesshowed areaction of identify with theline
obtained by reacting theantiserumagaingt purified RFBP.
Immunodiffusion studieswerea so carried out to de-
terminewhether therewasimmunological cross-reac-
tivity between (1) Peacock egg-white RfBP and hen
egg-white RfBP (2) Peacock egg-white RfBPand pea-
cock egg-yolk RfBPaswell asand (3) Hen egg-white,
egg-yolk RfBP.

Studiesusing theanti serum raised against purified
peacock egg-yolk RfBP showed crossreactivity with
the purified RFBPsfrom hen egg-yolk, hen egg-white
and peacock egg-yolk. However, thisantiserumfailed
to crossreact with RfBP isolated from emu egg-yol k.
Asexpected, ouchterlony doublediffuson andysisus-
ing purified peacock egg-yolk RfBP could clearly show
immunologica crossreactivity withthe RfBPsobtained
from (i) Peacock egg-white, (ii) Peacock egg-yolk, and
(iif) Hen egg-white.

Theantiserum produced animmunopredpitationline
whendlowedto diffuseaganst peacock egg-yolk crude
homogenate, partialy purified peacock egg-yolk RfBP
and purified peacock egg-yolk RfBP. Ontheother hand
theantissrumfailedtointeract with thepurified henegg-
yolk RfBP. Theseresultsindicate that hen RfBPand
peacock RfFBP may immunologicaly distinct and differ-
ent from each other.
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