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P E S DN NIREICHEIGT 2728, MARMEMEZEETS. CTOXSHEREANLA
BT B O, XEYIE YR X D SEZEALEYRNERET S 2 LS TY
%. LU, ZOHEREWZMIT S 7DICRERLGYCET 2P ERE, STk 5155 0 5 ZHIED
KD THB. I, INSRT7ITaIdT—2hn2l ek ehb, NFICXSRRICK DL
B ETDEERVODNBURTH . AERICIEBREREDD NS 728, T &> TR S L&k
THEORDP 2K THS. —F, BHLEERZAVS T LIic X 0 {LEYORGEREHD S Ptk iE 7z T3l
TBHIEMNHEETHS. L LAENS, RO Z THlT 27D, EDREDFHEREENLED
EWVIS I U T o RERPE LN TVARY. Ko TARMZE T, ) XY AR T Y05l
ETROREEE R Db DA TIEZRT T2 L2 HNE Ue. MY XGHMIHRREEGT 29 1
WEVTD, EHNTHIIN AT B L (UV AR B V) BZFNFNO UG T 2L 500E L AR
ZRT T ENHIENTWVS. 2O ehd, “X@MMNET 2R =L LTUVARY MLT—RICH
HU7. WYRSEZE THO SN ETIVRO O EDTH B A XF X FERET B RREWIRED
25, SRR LALLM FCERET 2 EMNRBAEYIE o IR L, FHRERIN D rHLEEE T T
HHEZ STz, E5IC, EHESHMIEEMZ BT LI & > TRDIZUV ART b IV OWLIRFEA At 7% kD5
JIME & LR U7z, Z ORGH, ARUIFE TR LI A2 KRR 2B 8T, ZeawcBir 28
AT RSUR I OS2l 2+ FHIFTRE CTH 2 T LA L. DL eh s, AR, WY —
TP O L EYIERD ATF T USRI HITE T RN ARETH S L E XA BN5.

F — U — F: plant metabolism, Secondary metabolites, Physicochemical properties, Semi-empirical molecular
orbital, PM3, CNDO/S.
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Figure 1. Typical examples of secondary metabolite which
was produced by Arabidopsis thaliana under UV-B stress
conditions. Anthocyanin is the glycoside of anthocyanidin. It

is often modified by organic acids.

DY AT LR HfET % Iz ORI R Tfrbn T
2.

WD 2T BEEEA N L ADHTT, KEEcEENS
W E DRI NEESERB (UV-B, 280-320 nm) 1, DNA %
FlERCTE, BNYOMIcmS TREREEES 2
% [2]. UV-BICHHHIT 2F5HE & LT, Figure 117K
D, RRA BN E 2 AT 2B A EE
N%. TOWT, 7z /—I)REETZ2FEVBED
7Y hYT VB, OB SRR £ B, KIBO
NG ZHEFET 2 EMMSNTVS [3,4]. WYOH
TT ) LY A AWRNTH B0, EF VYL UTH
WHENTEz A XF XF (Arabidopsis thaliana) 1<%t
LC, F4 5385 UV-B 2 3 X O IR ia s
UTeBRIC A sE S N B A 2 MR IICIEZA 2 T M TE
% AR RO—LfitfiEtTo Tz, TORE, 71 /—)Vi
ZH T 2BV RE DL BB 22T Te v T ¥ Vg
HBXUT >V o7 Z VNARSE B TR 8
IHEZRMURE[5].

RPN FES GO T, X 2 Ro— LfiRfic X
D B ATREZR AL S ORI Z AL T 5728, FEHDS
X, FEEMITHE b, AXBIUOXA AHVERET
Z IR O R (. 0, AXIEB &
UMk LmES) ZFH L, GEEMoZEEMEIC DOV
TTF— 2= ZANOHERER M LTz [6-8]. ZDFEE,
FRYIREICDONT, ARILEMDTr I 1V AR—AMWE
NZNOWITIBNT, T—ZX—=ZAHNDKI90% %
N—=LTWBZEeZHLEMNMI L. TDXS EilA,
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HEHLWMMRTHID T T2 TH BN, W= R
IZ9 OB E R Uz, YAV ERES 2 iEYE D
IR LR 2 Rl g B o sh DRI, BIERI A THE
LB T —ZN—ZATAFT % LA HEZR 18 FlMH
DERICRENT WS, KV ERES 2 GG 2
NS OWHZIFHT ENREETHZDIChAZ, A4 %
RS IR NHEDILEYIN 2 E e i B T2, HETED
FERETHHC DWW TIRRO DY 5 DWBIRTH 5.
—75, EFEORAHEFEER S K UG R O RN
BIIBICE D, WAWAH TR AHEESEITENHVSNS
X Wixoiz. BUETIHENRD FORBIBGETE S BN
&z, FlIZRTBBER OIS, EMNEd %Y
AT LOBRDRA SN TS [9, 10]. BTALERIET
i, BPRICHEDWTEFIREZRRTZ ENT
&, B, LEMEOTAENREL T5. AL
BV LEEE & LT, KRYIEEIC X 2 Rtk
EOREEIRTH BUVARY ML, FRHUARZ B,
BB AR b L7z, (L PkEhbEd 52 e
ARECTH 5. (LAYOREHRIE R IR To—
FICK D —FIPETE BT, FES DD EET
2 A OGN & B A BRI X B Y
FRZHAEDLES T & T, (LEHEHRO MR
DFICFIATEZDTIFEVHIERICEST. LHL,
WO B ab initio 5 FHLERIREZH WS &, IR X R
MERTHZEWVHIT AUy b5, 20k, BA
MG E LK S LT3 RBIRD FICBWTIE, R
DTHGEREE VS ODBIENTH L EZ 1.
AWZE T, 7Y YT ZVHE ST 6D UV-BEA
PRI DWT, R TR EIC K > TR 7z
UV AT MV X UK K 1572 IR 2 L U 7z.
ZORER, FEELNUBZMATMIEICEKD, 2RIEE
HREN Z B e ICH I Z 9 TR TH 2 T &
ZZHHBMMC LTz,

2 SHEAE
2.1 ETEEEM

ETOFHBEIIEMOPAC T ST L 11 R W, fE
B U 7z %) W K 5t %2, PM3 72 (Parametric Method 3) [12]
ZHW T e Uz, ks it (b o B i< "MMOK™",
"PRECIS"F—7 — FIC X D 3 FIIAliEZm A, IR
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Figure 2. Products calculated in this study.

T 7V KD 10015 L < Uiz, Ik U7z
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by, WENETHZ T LR LE. R, B5hiz
WG 2 -V C, CNDO/SIE [13] D—mEHEIC K D 30f D
EIRREZFHR L, IR L RE TR 2R Tz

22 FELALEW

AWFFETIE, RYVIHEFET % UV-BREHPIE DT,
FEEITHE WV TUV AT RV X TV 5 Sinapic
acid, Quercetin, Kaempferol, Cyanidin-3-glucoside,
Anthocyanin (A) 3%, A11* D 6 fEEHD 7 T DIERINAR T

MV EH LTz, Figure 2 ICAHIZE THWW S 75 TR & =
RY

WAL

A3, cyanidin 3-0-[2-O(xylosyl)-6-O(p-coumaroyl)
glucoside] 5-O-glucoside, All, cyanidin 3-O-[2-O(2-
(sinapoyl) xylosyl)-6-O(4 (glucosyl)p-coumaroyl) glucoside]
5-O-[6-(malonyl) glucoside]

3 BEREER

PM33iE 1 K D g {b U 7z W5 3& % Figure 31C /R 9.
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Figure 3. Molecular structures optimized by PM3 method.
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Table 1. Maximum absorption wavelengths and oscillator strengths in the top 5 in order of the oscillator strength which

were calculated by CNDO/S method.

Molecule 1 2 3 4 5
Sinapic acid oscillator 0.896 0.471 0.377 0.361 0.182
wavelength 285.3 192.3 222.8 201.6 189.7
Kaempferol oscillator 1.021 0.791 0.759 0.434 0.358
wavelength 191.3 317.1 198.8 195.0 171.8
Queretin oscillator 1.300 1.034 0.786 0.284 0.254
wavelength 194.5 200.6 316.9 174.3 255.9
Cyanidin-3- oscillator 1.053 0.847 0.432 0.383 0.247
glucoside wavelength 191.5 420.0 189.8 211.6 188.7
A3 oscillator 1.077 0.961 0.754 0.617 0.416
wavelength 285.4 414.1 198.6 210.9 212.2
All oscillator 0.935 0.921 0.883 0.589 0.317
wavelength 285.3 406.7 289.5 211.1 248.8
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IRE— 7 2D EMHIH L.

Figure 4 X D Sinapic acid, Quercetin, Kaempferol,
Cyanidin-3-glucoside IC Z2 DD ¥ — 7, A3 & AllIC X3
DOE—INHBZT ENbNE. REMIMEmME LT
| Sinapic acid, Quercetin, Kaempferol 7% £ D /& 7553
F1E350 nm LU F O WK EICWKINA S D, Cyanidin-3-
glucoside, Al, All7%EDRERFITIFIRA 400 nmLL
FOEWEEICE TINE— 205 5. Figure 4 DX
NT PVICEBT 2RI R, X TRz 72
& 0D 7% Table 2 IC/RT .

Table 2IC BT ZAtH TRO BT TFOREHRER,
Sinapic acid D 283.5 nm W& <, T 3 )L F—DR
ERENVTENHLMNEIZ ST, KEWT, Kaempferol,
Quercetin (¥ Z N Z 11 314.8, 3153 nm ZWRIMKICH B,
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Figure 4. Absorption spectrums of each product calculated by

equation (1).

Cyanidin-3-glucoside, A3, All7% & D Cyanidin£Hl3#400
nmTH3EHMI NG TORDERIEEEMICFER
e —8Lr.

Sinapic acid, Cyanidin-3-glucoside, Kaempferol,
Quercetin I 3513 % £ £ M D R KAE O 17 & 72 fife by L
Jo& T 5, HOMO L LUMOM D &R TH 2 n-n* B
THBHTENDN > %577 FDHOMO, LUMOHLE
% Figure SICRS. —MRANICEREBRIN 2 FLEERE, —
HEDOn-t* EROHIEDN SV EPME TN TS
[19]. —75, EHEEMTIEAIOFFEMICHE T Z2HHD
I E— 27 H3281.2 nm IR LT, FEHHE TIX 440 nm &
Wl & — 27 e R e L 7z.
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Table 2. Maximum absorption wavelengths (nm) of absorption

spectra in Figure4 and corresponding experimental values.

Calec. Exp. Reference

Sinapic acid 195.3 229 [14]
285.2 312

Kaempferol 193.9 266 [15]
316.5 366

Cyanidin-3- 190.9 273 [16]

glucoside 419.3 536

Quercetin 195.9 256 [15]
316.0 374

A3 204.9 312 [17]
281.9 440
413.8 524

All 216.4 284 [18]
284.9 296
405.6 539

Z ZCRMATRO I Y — 7 Ofi & FHIED TN
ZZHiIEd %728, Table 2 C/r L7zGIRIC I 1T 2 WX
F 72 K, SCHRE TR S N7z RN B 72 #tlhic 2 U7z
(Figure 6). KD EfE 7oy NGB T « v
TA4YTLEEDTHY, HEEFH1.27, HEGRBUIIHK
0.87 Tdh -7z, MHBBREIE IISEWEZRL, IR &R
HMEIXEENHBE N D B T EDNHE N E R 5Tz, Eie, H
MOEEI127THBT D ,%ET%@&%W@
KRIC 12772000 % T & THEMEISTWEZH#ELET
LEILND.

SEFHICHWZUV-BREEEOH T, A3BXT
ANEFEDT ¥ M7 Z VHOREREE, Ty T =
V2B E LT, KBS Sinapic acid 7k EDERISLE LT
BN (BB LB KT 7 2IVik), RPN SR
ENBHTEPHMENTVS [20]. TNET, YaA X+
AFEPLE LT, 7Y 72V EARBBICHET S
BIETERCHEDSNTE]Z 21 7Y b7 = VHIE
Sinapic acid ¢ & (35472 D, 7/ —)LFEITH U CF ik
EEWS RN W, AR THLNER>Tz. TDIT
HREEDRERIED, 7 b7 Z VOB D2k
ML BEH S 2 A[REENE A BN B,

4 %l:lnFFH
ZREZ RGO RS 2 FEC X, Ytz

WED B VIWHEZFE < BT 2T DRFIIEEIC
EOART PVTF—=2DFHENTE . ZTOHT, K
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Figure 5. HOMO and LUMO of each product. The difference

of colors shows the difference of phase in molecular orbitals.
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Figure 6. Correlation between calculated maximum absorption

wavelengths and experimental values, as shown in Table 2.

WL SIS B E AR Y MV T — X2 DR
—HZ L EREEDORE L AT DI L, =Nk
HR 269 210 A & AHBIBIfRD 242 /R DI
Awbsinsg. 3 TICETLLEOREY) Z R RE X
NTEIled, R A& M AiE s iz sdd 9 %
DHARY MIVTF—=RZFTXTHWEDTIE%EL, 7+ b
BAF—R7 LA MHER TRz UV ARY ML T—2 0D
H, BrRIWEINSEL N2 HREEMLORMA/ S —
VXS THEREN B Y AART ML ENZNDREER
DRESEMF L, TS U TCicidikd 5 2 &
2. XoT, RFETEDPNHARY MILT—2DRE
ELTUVARY MVLTF—RICEHL, ERNICUV R
N7 FIVHHIEE N TV 5 UV-BRAEYIE 6 I DL
T, m AL ARIRIC K 2 WP & Sk D R ERfE & 7% L
WU, 7Y Fo 7 2 VEAEGKREBEOHREYEH TS 2
Cyanidin-3-glucoside 35 &K U ZEMNCH S NE 7 > b
T7ZyELT, A3BXUAL, 7YY TZUORNHE
IZBHH#9 % Sinapic acid B XU T IR/ —)VO—TH S
Kaempferol 35 & U Quercetin Z 217 7 & Uiz, PREER

J. Comput. Chem. Jpn., Vol. 18, No. 2



M FHBEFHRETH % PM3IEE N T TN S D5 T O
EEEL 21TV, 155 N7 T CNDO/STAIC K D il
R E 2 T 72, B I N 3 )V F—ZfiEd
52 LickD, FEMEL mOHHEIN D 5 2 L 2 S DI

L7z.

WHRICHD EFS5NTW5 Quercetin Bl LHET 5%
< OBEFERBYIOEERMEE T ZU LT N TWERN
b, BHEFFEICK S TIE, SBOMYRE
DRIBICKRELAHET B LEZAOND. FEHOWMILEN
WETZT—IAT—y a3 Y EHOERTERITIX, @
J§ 75— R PLE S C H % TD-DFTIC &K % Figure 21 %)
T UL S ORI S0 S 1 RFRILL BT
Holz. —J5, AW TR U ERERN ) F#uEE &
SR TEIEDNTE 7 Uiz, AL T, TOXIICHE
BR 72 KIEICHIR U DD & RN FHLER R ED &
DOHEZRT B —DDFEERL, FEERIEDOWIRE AN K 7%
FRT BT LI L.

S1RIE, WPIDAEET B 2 hx ZEY 2RI =
L EETR TR S NRIMER I RO REDT— 2y
b 2B CHEYNICBE L, —a—I )by U=
75 & OGRS Fiki 2 O CHERMEZ K K R
5. ThUc kD, FHEZEIGT 5 LHANEETH D
B2 75 AP O Py B L2 2 S S T3 5 1
N DIRTF 2 T ENRWICHITFTE 3.
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Plants can produce various types of compounds classified as primary and secondary metabolites to survive and
adapt against their given environments. These plant secondary metabolites have large chemical diversities in terms
of their physicochemical properties. However, in most of the cases, information on the physicochemical properties
of these compounds can be obtained by referring to articles. As it takes a tremendous amount of time due to curating
published papers manually, the development of novel computational methods for prediction of these properties to
shorten time with high accuracy, is needed. One of the key scientific fields, quantum chemical calculation has a poten-
tial ability because compound structures can be directly used as parameters to represent compounds' physicochemical
characteristics. Thus, we aimed to develop a novel method for improving the accuracy of spectroscopic data of second-
ary metabolites predicted by quantum chemical calculation when comparing publicly-available data. We chose the six
representative metabolites that are accumulated by UV-B irradiation for this study. The UV-vis absorption spectrum of
each compound was obtained by CNDO/S semi-empirical molecular orbital calculation at the optimized structure by
PM3 one. Subsequently, obtained data for several excited states were corrected by Gaussian fitting and the regression
analysis was employed for these data. The absorption maximum of the corrected UV-vis spectrum was corresponded
reasonably well with the reported experimental data. Our method enables us not only to shorten the data acquisition

time, but also to predict spectroscopic data of every compound from the corresponding chemical structures.
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