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ABSTRACT

The main point of this work is to evaluate the the secondary structure of
hulless barley protein for the research of its integrated utilization in the
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animal feed and food industries. The structure of hulless barley protein spectrum (FTIR);
was observed with scan electron microscopy. The secondary structures Circular dichroism spectrum
of hulless barley protein were determined using FTIR and CD spectrum. (CDy);

The sizes of hulless barley protein were normally 20-60 microns
(millionths of ameter) across. The mainly secondary structures of hulless
barley protein were B-sheet (44.60 % and 48.27 %), B-turn (35.67 %
and 36.47 %), and the a-helix (19.73 % and 18.15 %) obtained from the
FTIR and CD, respectively. The results showed that the methods of the
FTIR and CD could effectively detect the secondary structure of hulless
barley proteins, and their structural features were spherical and relatively

Secondary structure.

stable.

INTRODUCTION

HullessBarley (Hordeum\ulgareL.) growsand
looks like traditional barley until nearly mature.
Compared to traditional barley, hulless barley is
more attractiveto theanimal and poultry feedingin-
dustries because of higher total protein and digest-
ible energy contentsthan hulled barley*2.

In China, hulless barley isthe main cereal crop
in plateau areas with high altitudes from 2500 to
3000 metersin southwestern of China, in particular
wide distribution among Tibet, Qinghai, and parts
of Gansu, Yunnan and Sichuan Provinces®, which
produced in Qinghai-Tibet Plateau about 550,000-
600,000 tons every year. In fact, in the other coun-
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tries, such as, Canada, barley grainyield wasaround
800,000 tons in 1998“. However, the processing
utilization degree of hullessbarley isrelatively low,
mainly focuses on traditional brewing food, rough
machining products and animal feed in the Tibetan
compatriots. Its comprehensive utilization and re-
search are still at the stage of enlightenment, which
cannot form thefood processing industry.

A Fourier transform infrared (FTIR) spectros-
copy has emerged as a useful tool for the character-
ization of protein secondary structure®. The circu-
lar dichroism (CD) spectrum of a globular protein
can be expressed as alinear equation®. The meth-
ods for correlating the CD spectra and the second-
ary structure of proteins have been developed inre-
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cent decades”.

The main objectives of thisstudy wereto evalu-
ate thethe secondary structure of hullessbarley pro-
tein for the research of its integrated utilization in
theanimal feed and food industries.

MATERIALSAND METHODS

Materials

Hulless barley (Hordeum vulgare L. subsp.
vulgare) was kindly provided by Food Bureau of
Qingha Province. The hulless barley protein was
pruified as described previously by Wang et al. .
The process is. material, socked in water, pulping,
homogeneity, added cellulase, thermostatic mixing,
filter, enzyme deactivation, centrifugation, washing,
protein.

Theprotein structureanalysiswith scan electron
microscopy (SEM)

The gold films of protein samples after the dry-
ing process have been coated by making use of ion
beam sputtering deposition, and were observed un-
der scan electron microscope.

Thesecondary structureof protein analysiswith
FTIR

IR spectra were recorded with an IR Prestige-
21 (Shimadzu Corporation, Japan) Fourier transform
spectrometer equipped withaliquid N,-cooled mer-
cury cadmium telluride detector. Protein samples,
which freeze drying process, wereinserted between
CaF, windowsusing 1:100 (massratio). For al spec-
tra, among the 400-4000 cm™ has been normalized
to unity. The second derivatives, used to resolvethe
overlapping bands with Gaussian, were calcul ated
using the software of PeakFit v4.12.

Thesecondary structureof protein analysiswith
CD

The CD spectra were measured with a JASCO
J-715 spectropolarimeter in arectangular quartz cu-
vette of 0.1 cm path length. Repetitive scans (5-10
scans) were recorded and averaged at 25 °C with a
1sintegrationtime, a0.1 nmstep size, andal.5nm
bandwidth. Solvent spectrawere subtracted from the
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measured spectra of protein. The wavelengths of
scanning were 190-250 nm. The optical path of
guartz samplepool was 0.1 cm. Theresolution ratio
was 0.2 nm. The sensitivity was 20 mdeg/cm. The
method was determined as described by Corbin et
a .. Thereported spectrawerethe average of eight
scans. Secondary structure estimationswereobtained
by spectral deconvolution using the software of
Selcon3 to calculate the proportion of secondary
structures.

RESULTS

The analysis of the structure characteristic of
hullessbarley protein under SEM

Figure 1 shows scan electron micrograph of a
sampleinwhich the microscopic surfacetextures of
hulless barley proteins, which their surfaces were
irregularities, were bound up with their particle
sizes. Flakes of material are present on the surface.
Theprofilesof hullessbarley proteinsappear mostly
intact, and were of roughly spheres, |oose arrange-
ment and certain gaps (Figure 1). There were great
differencesin size, which were normally 20-60 mi-
crons (millionths of ameter) across, and there were
little stickiness each other.

Theanalysisof thesecondary structureof hulless
barley protein with FTIR

The absorption peak in 1660.8 cm should be
amide | region. The absorption peak in 1544.3 cm'?
should beamidell region, andin 1245.8 cm* amide
[11 region (Figure 2). Therearedlightly different with
the amide |1l absorption region of genera protein
(1300-1260 cnt). These results might be related to
the nature of the hulless barley protein.

The amide | regions (1700-1600 cm?) of FTIR
spectra of hulless barley protein along with FTIR
spectral enhancement and second-derivative analy-
sis had seven absorption peaks (Figure 3). Accord-
ing to the peak areas of branch fitting to calculate
the corresponding to the proportion of secondary
structure, theresultsshowed in TABLE 1. Themainly
secondary structure was B-sheet, which its content
was about 44.60 %. The content of B-turn structure
was about 35.67 %, and the content of a-helix was
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Figure 1 : Electron micrograph of hulless barley protein (Bar =200um)
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Figure 2 : FTIR spectra of hulless barley protein (4000-400 cm?)
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Figure 3 : Deconvolved amide‘!region of hulless barley protein with well-known secondary structures containing
alapha- and beta-segments
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TABLE 1 : Secondary structure composition of hulless barley protein by FTIR spectra

Frequency/ cm™

Thetypesof secondary structure

The contents of secondary structure/ %

1619.8 B-sheet
1630.6 B-sheet
1637.7 B-sheet
1695.5 B-sheet
1654.2 a-helix
1665.7 B-turn
1677.8 B-turn
1683.7 B-turn

44.60

19.73

35.67

TABLE 2 : Correlation between common protein structures and amide | frequency

Structure Amide | frequency(cm™)
Antiparallel B-sheet/Aggregated strands 1675-1695
3,0-Helix 1660-1670
o- Helix 1648-1660
Unordered 1640-1648
-sheet 1625-1640
Aggregated strands 1610-1628
only 19.73 %. 18.15 %, respectively), the difference was not sig-

Theanalysisof thesecondary structureof hulless
barley protein with CD

There were a positive absorption peak in 191
nm and alittle negative peak in 209 nminthefar UV
region (180-250 nm), whichit wasthe structure char-
acteristic peak of a-helix but there was not the other
structure characteristic peak of a-helix in 222 nm.
Thereareanegative band at near 217 nm and aposi-
tive peak in 194 nm, which it was the characteristic
peak of B-sheets. Moreover, thereisacharacteristic
peak of B-sheets in 205 nm.

The performanceindicesfor each of the second-
ary structuresin solution which calculated by analysis
software packagesrelated by JASCO J- 715 CD, the
content of regular B-sheet was the highest, about
48.27 %, followed the B-turn, about 36.47 %, and
theregular a-helix, about only 18.15 % in Figure4.

The secondary structures of hulless barley pro-
tein analysis of the dataobtained fromthe FTIR and
CD show that similar results, which are all largely
B-sheet (44.60 % and 48.27 %, respectively), the
rest being mainly in B-turn (35.67 % and 36.47 %,
respectively), and followed by a-helix (19.73 % and
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nificant.
DISCUSSIONS

Infrared signals of microorganisms are highly
specific fingerprint-like patternsthat can be used for
probing theidentity of microorganisms. Thesimplic-
ity and versatility of FTIR makesit aversatile tech-
nique for rapid differentiation, classification, iden-
tification and large-scale screening at the subspe-
cieslevel¥, Because water absorbs strongly in the
most important spectral region, around 1640 cn?,
studiesin aqueous sol ution are difficult unless deu-
terium oxideisused as asolvent™. Inthe spectrum
of concanavalin the lower frequency beta-structure
band has componentsat 1622, 1634, and 1639 cm™.
In proteins where this band is not split, the band
center varies from 1633 cm in the spectrum of ri-
bonuclease S to 1638 cm™ in the spectrum of
trypain*2, Normally, polypeptidesand proteinshave
some characteri stic absorption bandsininfrared; for
example, amide | region is about 1700-1600 cn?,
amidell regionisabout 1550-1530 cm?, and amide
[11 region isabout 1300-1260 cm®. According to the
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Figure 4 : CD spectra of hulless barley protein

descriptions of amide modes derived by Miyazawa
et al."¥ and Krimm et a.*, the amide | absorption
contains contribution from the C=0 stretching vi-
bration of the amide group (about 80 %) with ami-
nor contribution from the C-N stretching vibration,
while the amide || absorption appears to be signifi-
cantly less “pure”, arising from N-H bending (60
%) and C-N (40 %) vibrations®.

CD relies on the differential absorption of left
and right circularly polarized radiation by chro-
mophores which either possesses anumber of chro-
mophores which can giveriseto CD signals. Inthe
far UV region (180-240 nm), which corresponds to
peptide bond absorption, the CD spectrum can be
anayzed to give the content of regular secondary
structural features such as a-helix, B-sheet, and -
turn 9, The CD spectrum in the near UV region
(320-260 nm) reflects the environments of the aro-
matic amino acid side chains and thus gives infor-
mation about the tertiary structure of the protein®,
Thereareanegative peak at near 216 nm and aposi-
tive absorption band in 185-200 nm, when it isthe
structure of B-sheets in samples. The characteristic
absorption peak of B-turn existsin about 206 nm. In
thefar UV region (180-240 nm), thereareapositive
absorption peak at near 192 nm and two negative
features acromion bands in 208 nm and 222 nm,
when a-helixes consist in the samples. It can be sen-
sitiveto reflect solution protein conformation infor-
mation in the far UV region, which it is analyzed
using regular fitting algorithm to deal with the data
of CD, and to work out the proportion of protein

secondary structuresin the solution.

Analysis of the secondary structures of proteins
with low amounts of a-helix has in the past been
difficult’®. Indeed, it was easy to assume that the
small amount of a-helix detected by CD wasinsig-
nificant, especially with spectrathat extended to only
200 nmi*é, With the recent advancesin FTIR spec-
troscopy of proteinsin agueous solution, it has be-
come possible to assign peaksintheamidel region
to different forms of secondary structure. Severd
factorslimit the accuracy with which FTIR and CD
can determine protein secondary structure, such as
sample state, approaches of analysis data, and the
environment of determination. Both methods assume
that elements of secondary structure contribute in-
dependently to the observed spectroscopic property.

CONCLUSIONS

Theresults showed that the methods of the FTIR
and CD could effectively detect the secondary struc-
ture of hulless barley proteins, and the difference
was not significant. Because the contents of S-sheet
and p-turn were about 40 %, both more than a-helix,
structura features of the hulless barley protein were
spherical and relatively stable.
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