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Figure 1. Block diagram of VUVCD spectrophotometer. Abbreviations: POL, polarizer; PEM, photo-elastic modula-
tor; ANA, analyzer; MR, mirror; PM, photomultiplier; S, shutter; HV, high voltage supply; A, preamplifier; GV, gate

valve.
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Figure 2. Block diagram of the optical cell and its temperature-
control unit.
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Figure 3. VUVCD spectra of ammonium d-camphor-10-sulfonate
aqueous solution at 25°C. The solid line and open circles indicate the
spectra measured with the same sample solution using a VUVCD
spectrophotometer and a JASCO J-720W spectropolarimeter,
respectively. The spectra were recorded with a 20-um path length
MgF, cell, a 1.0 mm slit, a 16-sec time constant, a 4-nm/min scan
speed, and 4-16 accumulations.
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Figure 4. (a) VUVCD spectra of amino acids in aqueous solution
at 25°C. (a) L-alanine (=, pH 6.2, concn. 10%), p-alanine (—,
pH 6.2, concn. 10%), L-valine (=, pH 6.0, concn. 3% ), L-isoleu-
cine (—, pH 6.2, concn. 2.5%), and L-leucine (—, pH 6.3, con-
cn. 1.5%). (b) L-proline (==, pH 6.2, concn. 4%), D-proline
(=, pH 6.2, concn. 4% ), L-threonine (—, pH 5.6, concn. 4%),
L-lysine (==, pH 10.3, concn. 3%), and L-serine (=, pH 5.7,
concn. 3%). The cells with 25- and 50-um path length were used for
the measurements. All spectra are recorded under the same condi-
tions as described for Figure 3. Circles indicate the spectra measured
by a JASCO J-720W spectropolarimeter.
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Figure 5. (a) VUVCD spectra of saccharides in aqueous solution
at 25°C. (a) p-glucose (=, concn. 10% ), b-mannose (—, concn.
5%), p-galactose (=, concn. 5% ), p-xylose (=, concn. 10%),
and D-lyxose (=, concn. 3%). (b) maltose (—, concn. 8%),
isomaltose (==, concn. 8% ), cellobiose (==, concn. 8% ), gentio-
biose (—, concn. 8% ), and lactose (—, concn. 3% ). Squares in-

dicate the 20-fold spectrum of maltose. A cell with a 50-um path
length was used for the measurements from 200 to 180 nm, and no
spacer was used below 180 nm. All spectra were recorded under the
same conditions as described for Figure 3. Circles indicate the spec-
tra obtained with a 50-um spacer using a JASCO J-720W spec-
tropolarimeter.
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Figure 6. Chemical structures of monosaccharides and disaccha-

rides.
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Figure 7. Three possible staggered conformations (GG, GT, and
TG) of the hydroxymethyl group at C—5. The C—4 hydroxyl is axial
(a) for p-galactose and equatorial (e) for p-glucose. This is a view
looking down the bond from C-5 to C—6.
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Figure 8. Deconvolution of the VUVCD spectra of D-glucose (a),
p-mannose (b), and D-galactose (c) into the existing conformers a-
GG (—), &-GT (—), -GG (—), p-GT (—), &-TG (—),
and B-TG (—). Black lines show the observed spectra, and circles
represent the spectra reconstituted from the spectrum for each con-
former.
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Figure 9. VUVCD spectra for 15 proteins in aqueous solution at 25
°C. (a) myoglobin (==), hemoglobin (=), HSA (=), and
cytochrome ¢ (=; (b) peroxidase (=), a-lactalbumin (=),
lysozyme (=), ovalbumin (=), and RNase A (—); (c) con-
canavalin A (=), B-lactoglobulin (=), pepsin (=), trypsino-
gen (=), a-chymotrypsinogen (=), and STI (=—). The spectra
were measured at protein concentrations of 0.2-1.0%. All other
conditions were same as those described for Figure 5.
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HEaHRE CD LTSN/ kS HET, Nid
ENTICH N2 X2 VST BEORTH B, o D/ rH1IC
AL FEBCFIENEE ZFE T, ahelix & f-strand % %
N Zh regular (ag, fr) & distorted (ap, Bp) #5155 B
L, turns & unordered ¥ % & /c51 6 FHO kS
EHEOTHNEE % Table 1 1T~ , 24O THKEE
AT ErDENIG, ERIEESE & DICTHREELR L
L, 165nm TIRETH A EBbnrb, T/, kS
FITHANS &, ohelix OFHREE T f-strand L D & &
eI D, KIT, XSG O/ O R
EEHEAEHRE, 165nm £ TR L 7 VUVCD AX7 Fbp
L6 N7 kS & & & i L C Table 2 (27797,

IArvnvvIcREESNS L DT, aprotein OF KSR
XSRS LSBT B BT Hh 5B, Bstrand-
rich protein TH 5~V 7Y/ —7 L/ Tid, ohelix DFHl
MRT XS mES LD LR RS2, B-strand IZBIL T
FEWEETTFHEIN TS, SDOXDIC, ohelixrich
protein & B-strand-rich protein T RIKEE 234 5 23,

VUVCD IC & % kS &R RO FHRERITEAICX
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Table 1. Performance indices (6 and r) of six types of secondary s RS I W S AFER X N7, distorted HEdE D5

structure determined from CD spectra in different wavelength % ~ . RNRT g
rogions* HHE op & PpICid, ZNE 1 orhelix & f-strand DARKD

Secondary Wavelength region from 260 nm to

Structure  yg5nm 180nm 175nm 170 nm 165nm 160 nm

Table 3. Numbers of a-helix and S-strand segments determined by
oR X-ray analysis and CD spectra in the wavelength region from 260 to

5 0.069 0.056 0.055 0.059 0.053 0.062 165 nm
0.930 0.953 0955 0.948 0.960 0.944

<

o i a-Helix p-Strand
& 0.055 0.058 0.067 0.060 0.059 0.076 Protein
r 0708 0.658 0.520 0.645 0.674  0.536 X-ray CD  Xeray  CD
Br Myoglobin 8 8.0 0 0
o 0.085 0.076 0.076 0.070 0.061 0.088 .
r 0733 0792 0785 0.829  0.868  0.692 Hemoglobin 8 7.5 0 0
Bo Human serum albumin 31 37.0 0 2.0
& 0.045 0.037 0.035 0.034 0.027 0.034 Cytochrome ¢ 5 5.0 0 3.0
) 7 .81 . ) )
) r 0.69 0.799 0.818 0.836 0.896 0.836 Peroxidase 0 160 s 7o
urn .
5 0.047 0.050 0.047 0.046 0.041 0.052 o-Lactalbumin 9 5.0 3 2.0
r 0442  0.323  0.412  0.468 0.650  0.602 Lysozyme 7 6.0 3 3.0
Unorderel 0053 0068 0066 0066 0064 0.078 Ovalbumin 13 17:5 16 13.0
r 0803 0.677 0679 0.674 0.698 0.628 Ribonuclease A 3 4.5 7 5.5
Total p-Lactoglobulin 5 2.0 10 12.5
J 0.061 0.059 0.059 0.057 0.052  0.067 Pepsin 11 1.5 25 26.0
0.788  0.816 0.825 0.825 0.849  0.754
! Trypsinogen 3 5.5 13 13.0
2 ag, regular o-helix; ap, distorted a-helix; fr, regular S-strand; a-Chymotrypsinogen 6 4.5 14 17.0
Bp, distorted f-strand. Soybean trypsin inhibitor 1 3.5 15 14.0
Concanavalin A 3 6.5 16 10.5

Table 2. Secondary-structure contents of 15 reference proteins determined by X-ray analysis and CD spectra in the wavelength region from
260 to 165 nm

Protein (% ap Pr Fp Turn Unordered )
Myoglobin X-ray 54.9 20.9 0.0 0.0 12.4 11.8 0.035
CD 60.2 20.5 1.5 -0.7 6.5 8.8 :
Hemoglobin X-ray 54.0 21.0 0.0 0.0 14.0 11.0 0.021
CD 50.5 20.6 —-1.4 -0.8 14.3 14.7 :
Human serum albumin X-ray 49.1 20.8 0.0 0.0 14.9 15.2 0.036
CD 42.3 25.3 1.4 0.6 17.4 14.4 :
Cytochrome ¢ X-ray 21.9 19.1 0.0 0.0 21.9 37.2 0.092
CD 14.7 18.7 12.0 6.2 26.4 21.4 :
Peroxidase X-ray 29.2 20.8 0.7 1.3 25.6 22.4 0.030
CD 23.4 20.5 3.4 4.8 25.8 22.1 :
a-Lactalbumin X-ray 19.5 24.4 1.6 4.9 23.6 26.0 0.069
CD 26.8 16.4 5.4 3.0 21.1 27.4 :
Lysozyme X-ray 20.2 21.7 1.5 4.7 30.6 21.3 0.042
CD 24.7 17.5 6.8 4.1 25.0 24.1 :
Ovalbumin X-ray 17.9 12.9 23.0 8.3 16.4 21.5 0.056
CD 15.1 18.1 12.7 6.9 22.9 23.2 :
Ribonuclease A X-ray 11.3 9.7 21.7 11.3 21.8 24.2 0.044
CD 12.2 14.7 14.1 8.7 20.6 28.9 :
p-Lactoglobulin X-ray 5.6 11.1 28.7 12.3 21.6 20.7 0.040
CD 4.3 5.1 35.7 15.6 20.9 20.4 :
Pepsin X-ray 3.0 12.3 26.4 15.3 20.0 23.0 0.056
CD 1.6 1.8 31.6 16.5 20.2 29.9 :
Trypsinogen X-ray 5.3 4.8 20.9 11.4 25.3 32.3 0.033
CD 1.9 10.1 21.9 11.7 20.6 30.6 :
a-Chymotrypsinogen X-rqy 5.1 8.4 20.0 12.0 21.0 33.5 0.015
CD 3.5 6.9 19.0 13.7 20.0 35.5 :
Soybean trypsin inhibitor X-ray 0.0 1.7 19.3 17.7 17.1 44.2 0.080
CD 1.8 8.3 19.7 15.2 25.9 28.4 :
Concanavalin A X-ray 0.0 3.8 32.9 13.5 23.6 26.2 0.080
CD 8.6 11.0 22.1 8.6 21.4 24.0 :

124 © May 2004 Vol.17 No.3



EHFHPRE 1 BEAEZEIMAEESBETHC L 2EED T OBERT

BERPEENTNDH2D, ap & fp DEP S N EDOERE
HFET S ENTEDR, ZOREREE X MG mHEE &
H# L C Table 3 1277 F, ohelix DA$E, o-helix-rich
protein % HR O I X R AL S L WEHABR LN, B
strand & £ARMICEH CTFHEEELE LN TS, TD X
212, CD AT v b ZREEE DA =TT 52 &
i, WO CDEBETHRETHD, BRENFIRE T
CD AXRZ FIVAETRRES A 2 LI D TAREIC /%, SHIC
KEZ V7 BOR &R, LVEREETAXY b
BIEZIRT A LICED, TNHOFHENEREIL LD dEE
INBHOEHREINS,

4. &HYIC

AR ORISR RIE,  AERE ORE S AT <0 NG
T, EOBESHREE LI\ e B IRH# 53 C 2ol
WIRDD 220, ZOEEKIE~EE-> T\ b, FF
I, MEEYFOSE T, XERESESERTZIE0
O, EEWHOEMITICKE B ZREL w5, £
BB\ TIKRF O DR COMSE R ANETH
D, ZETH > TCD MERBEDOHAESED N TV 5,
SV, RFICHE S NHEHOERITER X SRR OB FEIC
RETHY, TOHERSAVER LI LICLD, Fxid
KB A T140nm £ TCD AR 7 OVl E W] #E 7%
VUVCD 4 #Gt OBFBICHEI L, INE CTREBTH -
AL E—BRICE S WA ERFI VST Ok
DB RS T A ATREIC L 7o TRV VR A N EBE
WREICHEE L IFERNTET, LEWEORSWITIC & -
TRMRICEE R WEE > T 5b, %72, S/NI
DY RRLBILAR 7 POV D FRFHITE 7 £\ < D OFEIT
L TWaAD, Fax2ERAMBICHEE OGNS TET
B0, Stk BWGHTOEHAREINS, KEERE
PR ORBICEB CENRXEN OBV TH 5,

HE

AW, IRERFEBHER e X =DA% 5T
L L, HFEBIEEFROL KB B > THIOTH
BBLie-7cdbDTY, %72, HAGHHASHAZIILON
NO% L OJj«DTIRE &, FeEpiseE (12559007)
KUBRTDOBERT (BUIHIE) OB =/ TiIrbhx L
oo CTIKESEHOBERZRL £,
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Structure Analyses of Biomolecules using Synchrotron Radiation Circular
Dichroism Spectrophotometer
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Abstract

We constructed the vacuum-ultraviolet circular dichroism (VUVCD) spectrophotometer, which is capable of
measuring circular dichroism spectra to 140 nm for aqueous solutions at temperature from — 30 to 70°C, using a
small-scale SR source at Hiroshima Synchrotron Radiation Center (HiSOR). This spectrophotometer was used for
structural analyses of amino acids, saccharides, and proteins in water. The obtained results demonstrate that a
synchrotron radiation VUVCD spectroscopy provides more detailed and new information on the structures of
biomolecules, based on the high energy transitions of chromophores such as hydroxyl, acetal, and peptide groups.
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