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Abstract

The conformation of rice globulin (10%, w/v, in deuterated phosphate buffer, pD 7.4) under the influence of pH, chaotropic salts, several
protein structure perturbants and heat treatments was studied by Fourier-transform infrared (FTIR) spectroscopy. Rice globulin exhibitec
seven major bands in the region of 1700-1600tand the spectrum suggests higthelical content with large quantities gtsheet and
B-turn structures. Highly acidic and alkaline pH conditions induced changes in band intensity attributed to intermpisbeletrstructure
(1681 and 1619 cmmt). Addition of chaotropic salts led to progressive changes in band intensity, following the lyotropic series of anions,
whereas several protein structure perturbants caused shifts in band positions. Heating at increasing temperature led to progressive decreg
in a-helical content and increases in random coil structures, suggesting protein denaturation. This was accompanied by intensity increases
the intermoleculaB-sheet transitions.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction secondary structure of the proteins will provide knowledge of
structure—function relationships to improve quality of exist-
Rice globulin is the second major protéir in rice seeds, ing foods or assist the fabrication of new food prodyitty.

which accounts for 10-12% of the total endosperm storage However, researchers have found it is difficult to follow con-
proteins[2]. The structure of rice globulin is known to be formational changes of large proteins, such as seed globulins
similar to wheat seed, glutenin, a polymeric protein which in food systems due to low solubility and lack of biological
has many intermolecular disulfide bonds. Two rice globu- activities[12].
lin polypeptides have been identified: the 26 and 16kDa  Fourier-transforminfrared (FTIR) spectroscopy is avibra-
polypeptideg3,4]. The 26 kDa fractionp-globulin, is the tional spectroscopic technique that can be used to moni-
major polypeptide of rice globulifb,6]. Rice globulin has  tor protein structural changes at any physical state: liquid,
been studied with respect to chemical composition, physic- semisolid or solid and in native, denatured or aggregated
ochemical characterization, polypeptides profile and genetic state[13—-15] The use of FTIR technique for the study of
background[7,8], but there have been few studies on the protein secondary structure is based on the amide | region,
structure and conformation of rice globulin. A previous study composed of €0 stretching vibrations in the region of
revealed that the secondary structure of rice globulin is com- 1700-1600 cm? [16]. The characteristic absorption band is
posed ofx-helix as the main ordered structyss. generally a composite, consisting of overlapping components
The conformation of a protein is a critical determinant of representingx-helices,B-sheetsp-turns and random coils.
its functional propertiegl0]. Hence, a detailed study of the This technique is extremely sensitive to changes in hydrogen
bonding and is therefore useful for obtaining subtle changes

* Corresponding author. Tel.: +852 22990318; fax: +852 28583477. in protein structurgl7]. It provides a global insight into the
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locate the precise three-dimensional arrangement of individ- Table 1
ual structural componen[$8]. Assignment of deconvoluted amideblands in the FTIR spectrum of rice

_globulin in deuterated phosphate buffer

FTIR spectroscopy has been used to study the conforma

tion of various food proteins, such as oat glob(ilie], whey ~ Frequency (cm?) Band assignment
proteins[20,21], soy glycinin[11] and wheat gluterf22]. 1611-1612 Side chain vibrations
Moreover, it has been extended to study changes in proteinl618-1620 Anti-paralie-sheet, aggregated strands
conformation induced by temperatijié, 23} pH[23], pres- o0 1o ;’;tt';sﬁéa"eB'Sheet
sure[24,25], chemicalg[26] and various buffer conditions 1537 B-Sheet
[19]. A previous FTIR spectroscopic study revealed that the 1643-1645 Unordered (random coil)
native conformation of rice globulin possessed highelical 1650-1652 a-Helix
structure§27]. This study aims to study rice globulin confor- 1660 B-Turns
mation under the influence of various buffer conditions and iggg 1682 BAT“."]S
. . — nti-paralleB-sheet, aggregated strands
heat treatments and to evaluate its structural changes quantiyggq B-Type structure

tatively by FTIR spectroscopy.

by centrifugation at 14,000 ¢ for 20 min and recovered
by dialyzing against distilled water and freeze-drying. This
globulin fraction was further purified by repeating the pre-
cipitation at pH 4.5 three times. The protein content was
95%, determined by Lowry assd®9]. The purity of this
purified globulin fraction was evaluated by sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
according to the method of Laemnjii0], and a single band
was observed with an estimated molecular weight of 26 kDa,

2. Materials and methods
2.1. Preparation of rice seed globulin

Thailand grown, dehulled riceOgyza sativa var. Xiang
Mi) seeds were obtained from local market. Globulin was
extracted from milled, defatted rice flour with 0.7 M NacCl

following the procedure of Osborne fractionatif@8]. The di lobulinI5.61. D q
extracted globulin was purified using the isoelectric pre- corresponding tec-globulin[5,6]. Deuterated regents ¢

cipitation method3] with slight modifications. The crude and DCI) were purchaged from Aldrich Chemicgl Co. (Mil-
globulin was dissolved in 2% acetic acid at pH 2.5. NaOH waukee, WI). All chemicals used were of analytical grade.

(0.5N) was gradually added with vigorous stirring to bring ]
the pH to 4.5. A white, cloudy precipitate was formed. 2-2- Sample preparation

The precipitate (pH 4.5 insoluble fraction) was separated . L . )
Rice globulin dispersions (10%, w/v) were prepared in

0.01 M deuterated phosphate buffer (pD 7.4). All protein
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Fig. 1. FTIR spectra of crude rice globulin (A) and purified rice globulin (B) ~ Fig. 2. Stacked plot of deconvoluted infrared spectra of rice globulin (10%
(10% in 0.01 M deuterated phosphate buffer, pD 7.4): (a) original spectrum in 0.01 M deuterated phosphate buffer) at different pH: (a) control (no pH
and (b) deconvoluted spectrum. adjustment); (b) pH 3; (¢c) pH 5; (d) pH 7; (€) pH 9; (f) pH 11.
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dispersions were prepared inpO instead of HO since the desired concentrations. The concentrations selected were

D,O has greater transparency in the infrared region, based on preliminary experiments which showed conforma-

1600-1700 cm! [19]. In order to ensure complete hydrogen- tional changes in rice globulin. For heating experiments, an

deuterium exchange, samples were prepared 1 day beforeDmega temperature controller (Omega Engineering, Stan-

kept at £C and were equilibrated to room temperature prior ford, CA) was used. The samples prepared in 0.01 M deuter-

to infrared measuremenit9]. ated phosphate buffer with 0.2 M NaCl, pD 7.4, were heated
To study the effect of pH, protein dispersions with the from 40 to 110C at 10 or 20C increments (with an accu-

desired pD (pD=pH+0.4) were prepared by the addition racy of+0.5°C) and allowed to equilibrate for 4 min at each

of 1M NaOD (dissolving NaOH in RO) or 1N DCI with temperature prior to data acquisition.

mixing in a magnetic stirrer, and the dispersions were stirred

for an hour at room temperature to allow pD to equilibrate. 2.3. FTIR spectroscopy

Chaotropic salts including sodium chloride, bromide, iodide

and thiocyanate, and some protein structure perturbants Infrared spectra of rice globulin dispersions were recorded

including sodium dodecyl sulfat®-ethylmaleimide (NEM), in a Bio-Rad Excalibur FTIR spectrometer (Bio-Rad Labora-

ethylene glycol (EG), dithiothreitol (DTT) and ureawere pre- tories, Cambridge, MA) equipped with a deuterated triglycine

pared in 0.01 M deuterated phosphate buffer, pD 7.4 to give sulphate (DTGS) detector. Samples were held in an IR cell
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Fig. 3. Plots of integrated intensity of several infrared bands of rice globulin (10% in 0.01 M deuterated phosphate buffer) at different pHs Eepoebant
standard deviations of the means.
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with 25um path length Cag-windows. A total of 32 scans  3.2. Effect of pH
were averaged at 4 cmh resolution. Preliminary data (not
shown) showed that increasing the number of scans from Fig. 2 shows the infrared spectra of rice globulin disper-
32 to 512 did not significantly improve the resolution of the sions at different pH anBlig. 3shows the integrated intensity
IR spectra. Hence, 32 scans were selected for all the heatingof several major bands of infrared spectra at each pH. At pH
experiments to minimize the time duration. Deconvolution of 3, the band attributed f8-sheets (1637 crmt) was shifted to
infrared spectra was performed using the Merlin Software, lower wavenumber (1634 c) with a marked decrease in
Version 1.2 (Bio-Rad Laboratories Inc., Cambridge, MA, intensity. The intensity of the 1681 crhband was increased
USA) according to Kauppinen et §B1]. The halfwidthused ~ with a shift to 1680 cr. The results indicate a change in
for deconvolution was 10 cnt and the narrowing factorwas  hydrogen bondingB8] or a change in conformatidai]. At
2.0. To ensure that the spectra were not overdeconvoluted, thgH 3, the carboxyl group of the Asp residue was not ionized
acquired spectrawere judged by evaluating the second derivaand this would tend to decrease self-association, which may
tive spectra, comparing the number and position of bands with explain the decrease isheet content at acidic ga9]. The
the deconvoluted spectra. Band assignment in the arhide | absence of an aggregation peak at 1618%is an indica-
region (1600-1700 cm') was according to Susi and Byler  tion of the inflexible structure at acidic pH, inhibiting protein
[16]. Quantitative analysis of secondary structure compo- unfolding[39].
nents was performed using Gaussian peaks and curve fitting The IR spectra at pH 5 and 7 were similar to that of the
models according to the method of Byler and J@&i and control (in DO buffer without pH adjustment). Most proteins
the least squares analysis described by Jackson and Mantschre stable near its isoelectric pH range where repulsive forces
[33]. All FTIR experiments were performed in duplicates are low and the proteins remain in their native state. The
and reproducible data (with standard deviations < 10%) were isoelectric pH of mixed rice globulin and the major fraction
obtained. were found to be 6.4 and 4.5, respectiviglyl0]. Padhye and
Salunkhd41] also reported that the isoelectric point of milled
rice globulinsrange from5.85t0 7.27. Hence, the present data

3. Results and discussion suggest that at the isoelectric pH range (pH 5-7), rice globulin
exhibited native conformation.
3.1. Spectral assignment At pH 9, the emergence of a 1622 cthmband may be

associated with the formation of intermolecular hydrogen-

Fig. 1 shows the infrared spectra (1600—1700¢&)nof bonded anti-parallgd-sheet structurgf0,42] A decrease in
crude and purified rice globulin dispersiorsl(0% in deuter-
ated phosphate buffer) before and after deconvolution. Seven
major bands were observed in the amitieegion. Table 1
shows the frequencies (crh) and assignments of decon-
voluted amide’l components of rice globulifii6,34] Both
crude and purified globulin samples exhibited similar spec-
trum having all the major bands in the region of interest. The
prominent band was observed at 1651 éwith a maximum
band intensity followed by the band intensities at 1644 and
1637 cnt? (Fig. 1).

From the infrared spectra of the native protein, the sec-
ondary structure composition of both crude and purified rice
globulin, estimated by integrating the major bands, was found
to be predominantl3-sheets and turns (over 50%), followed
by a-helices (about 30%) and random coils (about 20%). A
previous FTIR study showed that globulin from cultivated
and wild rice contains-helix as the main ordered structure
[35]. However, many seed globulins from monocotyledonous
and dicotyledonous plants were found to possess low levels a
of a-helix and high levels g8-sheet secondary structUgs].
Other rice storage proteins, for example, rice albumin, have a
predominanp-turns structure, whereas prolamin and glutelin
exhibit a-helices and random coils as the major secondary Wavenumber (cm™)

structure437]. Although both crude and purified rice glob-
S{ ] 9 P g Fig. 4. Stacked plot of deconvoluted infrared spectra of rice globulin (10% in

ulin (mamly thea-g_lobulm frz?l(_:tlon) exhlblted similar FTIR 0.01 M deuterated phosphate buffer, pD 7.4) in the presence of 1M chaotropic
spectral characteristics, purified protein sample was used forsayts: (a) control (no added salt); (b) sodium chloride; (c) sodium bromide:

subsequent experiments. (d) sodium iodide; (e) sodium thiocyanate.
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the intensity of 1651 cm! band and increases in the intensi- The appearance of two prominent bands at 1622 and

ties of other three bands at 1644, 1680 and 1622'suggest 1680 cnt! can be attributed to the formation of anti-parallel

transition from ordered conformation to random coils and aggregated strand0,42} Highly alkaline pH could lead

aggregated strands. The shift in band position from 1637 to ionization of the Asp carboxyl groups, which would tend

to 1633 cnt?! indicates transition op-sheets tg3-strands. to increase self-association and thus increasgsstrands

Previous studies have reported that the major subunit of conten39].

rice globulin,a-globulin, undergoes a pH-dependent partial

aggregation, which tends to forms pentami3]. Partial 3.3. Effect of chaotropic salts

protein unfolding due to increases in pH may allow more

solvent within the protein molecule, which could enhance  In the presence of 1.0 M sodium salts, the 1651 &ifar-

hydrogen bonding39]. helix) and 1637 cm! (B-sheet) bands were progressively
At highly alkaline pH (pH 11), changes in spectral char- shifted to lower wavenumbers, 1650 and 1633 ¢mespec-

acteristics were more pronounced. The 1637 tmand was  tively (Fig. 4), following the order of the lyotropic series

shifted to lower wavenumber (1634c) and the band  Of anions, Ct >Br~>I">SCN" [44]. Progressive reduc-

intensity was increased. There was a marked increase in thdion in a-helical band intensity was accompanied by inten-

1644 cnt! band intensity and decrease in the 1652&m  sity increases of random coil (1644cm) and -strand

band intensity, suggesting extensive protein denaturation.(1634-1633 cm?') bands Fig. 5). A gradual disappearance
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Fig. 5. Plots of integrated intensity of several infrared spectral bands of rice globulin (10% in 0.01 M deuterated phosphate buffer, pD 7.43én¢keopre
1 M chaotropic salts: control (no added salt); CI: chloride; Br: bromide; I: iodide; SCN: thiocyanate. Error bars represent standard deviatimeso$th
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of the 1629 cm! band was observed with a shift in band
position. There were also progressive intensity increases in
the 1618 and 1682 cnt bands associated with the formation

of aggregated strands. Hence, the results show progressive
conformational changes in rice globulin along with protein
aggregation, following the order of the lyotropic series of
anions.

Salts could significantly perturb protein conformation
by affecting electrostatic and hydrophobic interactions via
a modification of water structur@l5,46] The extent of
water structure modification is dependent on the nature of
anions, following the lyotropic seridd4]. Anions (I” and
SCN~) higher in the series could reduce the free energy
required to transfer the non-polar groups into water. They
may also weaken intramolecular hydrophobic interactions
and enhance the unfolding tendency of prot¢#¥. I~ and
SCN-~ are destabilizing agents due to their high hydration
energy and steric hindrance which promote unfolding, disso-
ciation and salting-in of proteing9]. In contrast, Ct and
Br~ could promote salting-out and aggregation due to their
higher hydration molar surface tension and could stabilize
protein conformation.

1643
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3.4. Effect of protein structure perturbants Wavenumber (em™)

The effect of some protein structure perturbants on the Fig. 6. Stacked plot of deconvoluted infrared spectra of rice globulin (10%
IR spectral characteristics of rice globulin is demonstrated in in 0.01 M deuterated phosphate buffer, pD 7.4) in the presence of protein
Fig. 6. In the presence of 40 mM SDS, loss of the 1637ém perturbants: (a) con_trql (no additive); (b) 40 mM sodium dodecy! _sul_fate; (c)
ba_nd @-sheets) and broadeniljg of thg ;64¢énﬁrand_qm iE;gl?ﬁ(fl\)/lé\/'-velzt:r);I:ale|m|de; (d) 40% ethylene glycol; (e) 40 mM dithiothre-
coils) band were observed, with a shift in band position to
1641 cntl. The appearance of a minor 1612 chtransi-
tion (side chain vibrations) was also observed. Pronouncedcould shift the conformation of protein molecules to a state
increase in the 1680 cm band intensity was also observed that contributes much less to the unfolding transif@n.

(Fig. 7). Based on these observations, a significant proportion  In the presence of 40% (v/v) EG, the intensities of the
of B-sheet structures was converted to random coils, indicat- 1637 cn* (B-sheet) and 1630 cnt (-strand) bands were
ing protein denaturation. SDS is an anionic detergent which decreased markedlig. 7), suggesting loss of ordered struc-
can bind to proteing by non-covalent forces, and the p0|ypep- tures. It was reported that organic solvents such as EG could
tides could unfold due to increased negative charge and ionicdestabilize protein conformation. They can lower the dielec-
repulsion[48]. tric constant of the medium and weaken the hydrophobic

Addition of 30 mM DTT caused the disappearance of the €ffect, thus, enhancing hydrogen bond formation and electro-
1637 cnr! bandB-sheet and broadening of the 1643¢m static interactionf16,49] The perturbation promotes protein
band (random coil) Rig. 6). There was a shift in the unfolding and refolding into an-helical conformatiorf50].
1629 cn! band @-strand) to 1632 cmt with an increase in Moreover, it has been revealed that EG has a high enough
intensity. Pronounced increases in the 1681 and 1618cm dipole momentto disruptintramolecular hydrogen bonds and
band intensities were also observefgig( 7), suggesting has a low enough dielectric constant to reduce the hydropho-
the formation of hydrogen-bondegtsheet structures asso- biceffecttoinduce formation ef-helices in soybean glycinin
ciated with aggregate formation. The disappearance of the[50].

1690 cnr* band further suggests protein unfolding. DTT is  Addition of 6M urea caused marked increases in band
a reducing agent which can break up disulfide bonds and dis-intensity at 1618, 1682 and 1643 cfrand decreases at 1637,

sociate oligomeric proteins into subunits, thus, causing major 1651 and 1690 cm'. The results show enhanced forma-

structural changes and promoting aggregation. tion of aggregated strands and random coil structure at the
Under the influence of 10 mM NEM, only minor reduction  €xpense of3-sheets and-helices. Urea markedly disrupts

in the intensity of 1666 and 1660 crhbands B-turns) was the hydrogen-bonded structure of water and facilitates protein

observedfig. 6). The results imply that NEM could protect ~ unfolding by weakening hydrophobic interactigs]. It can

the native protein structure without causing marked confor- alsoincrease the “permitivity” of water of the apolar residues,

mational changes. NEM is a sulfhydryl-blocking agentwhich causing loss of protein structure and heat stabjiig].
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Fig. 7. Plots of integrated intensity of several infrared spectral bands of rice globulin (10% in deuterated phosphate buffer, pD 7.4) in thefsesence
protein structure perturbants: control (no additive); SDS: 40 mM sodium dodecyl sulfate; EG: 40% ethylene glycol; NEMA&8tmiNmaleimide; DTT:
40 mM dithiothreitol; urea: 6 M. Error bars represent standard deviations of the means.

3.5. Effect of heat treatments

l I a 40°C

Fig. 8 shows the FTIR spectra of rice globulin disper- 11 E t mwe
sions heated from 40 to 12C€. Major changes observed g \ z ¢ e
were band intensity decreases at 1651 and 169%and ' e

increases at 1682, 1620, 1634, 1644 and 1614'crro-
gressive decreases in the intensity of ghkelical band and
concomitant increases in the random coil band suggest the
transition from ordered to unordered structy&s. Increase
of the 1634 cm! band intensity could be associated with the
formation of3-strands fronB-sheet structures. There was a
general increase in band intensities in the amideelgion
(1600-1500 cm?) (Fig. 8), indicating changes in secondary
structure[34,53] 1700 1680 1660 1640 1620 1600 1580 1560

Heating also led to progressive intensity increases in bands Wavenumber cm’!
associated with the formation of intermolecular anti-parallel ig. 8. Stacked plot of deconvoluted infrared spectra of rice globulin (10% in
B-sheet sltrUCt.ures and aggregf’ﬂed strands (1618_1620 an .01 M deuterated phosphate buffer, pD 7.4) continuously heated from 40 to
1682 cnt?) (Fig. 9. A progressive decrease in 1690t 1}y (a) 40°C; (b) 60°C; (c) 80°C; (d) 90°C; (€) 100°C: (f) 110°C. The
(B-type structure) band intensity has been associated witharrows indicate either increase or decrease of band intensities with increasing
the onset of protein unfoldin§0]. The appearance of a heating temperature.
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band at 1614 cm! indicates the presence of intermolecu- B-lactoglobulin showed that the DSC onset temperatZizg (
lar B-sheet networks, which could occur during aggregation rather than the peak temperatuig)(was related with the
and gel formatior{26,42] The intensity of the 1668 cr denaturation temperature based on the anlidarid of FTIR
band @-turns) was changed during heating. Turns can be a spectra, and thafy seems to be more indicative of aggre-
product of unfolding of any higher order structures whereas gation [39]. In rice globulin, the DSC onset temperature
anti-parallelB-strands can be formed in aggregated protein (89.5°C)[55]is also close to the temperature () at which
moleculed32,54] denaturation was observed by FTIR, while the DSC peak
The present data reveal marked changes in protein confortemperature (98.5C) [55] is again close to the temperature
mation when rice globulin was heated at around 900  (100°C) at which distinct aggregation bands were observed
and the appearance of bands associated with the formatiorin the FTIR spectra.
of anti-parallel 3-strands indicates the onset of aggrega-

tion at this temperature range. FTIR and DSC studies of
4. Conclusions

LT TG 162z em? The present study demonstrates that conformation of rice
—e— 1682 cor’! globulin was influenced by various buffer environments and
heat treatments. The data can provide some insight into
the relative importance of different chemical forces (non-

0.8 -

}/k,{)—f covalent and disulfide bonds) in maintaining the conforma-
tion of rice globulin. The present study shows that FTIR
spectroscopy is appropriate technique to study plant proteins

0.4 : o : . _
with low solubility, such as rice globulin. Moreover, it can
also be used to monitor heat-induced protein aggregation in

situ.
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