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Application of Infrared Spectroscopy to Study on Substance Change in the
Process of Petal Extending of Paeonia ostii ‘Fengdanbai’
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Abstract: In order to understand the petal extension mechanism, both FTIR (fourier transformation
infrared spectroscopy) and Guassian multi-peak fitting were used to explore spectrum properties and
protein secondary structure differences of Paeonia ostii ‘Fengdanbai’ petal at the flower-bud, initiating
bloom and bloom periods. The main results were as follows: The peak intensity at 777, 1 105, 1 155, 1 243,
1447, 1651, 1740, 2853 and 2 926 cm™ were enhanced in sequence with flowering, indicating that the
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metabolism products such as phospholipids, nucleic acids, lipids, proteins were increased during the
process of flowering. A shift from 1 030 cm™ to 1 060 cm™ was observed in petal at flower-bud period and
bloom period, which showed that cell wall polysaccharides of petal were glucomannan and arabinan,
respectively. As compared with the petal at flower-bud period, the number of methyl groups in protein (A
2951 cm/A 2 858 cm™) of petal decrease by 7.97% and 13.38% at initiating bloom period and bloom
period, respectively. The variation in glycoprotein of the samples (A 1 083 cm™/A 1 547 cm™) showed a
downward trend after flowering, it could speculate out that protein regulate the petal extension by
glycosylation in ‘Fengdanbai’ . The result of Guassian multi-peak fitting for the amide I region (1 600 - 1 700
ecm™) indicated that the petal contained p-sheet + side chain + pectin, B-sheet, random coil, a-helix and
loop + turn of secondary protein structure at different stages. And the a-helix, B-sheet and random coil
showed an increase trend after flowering. The result indicated that the presence of low amounts of a-helix
domains in petal at flower-bud period might compensate for reducing protein-water hydrogen band caused
by lack of water. And also ATP was modified, which would provide the material base for petal-extension.
The protein would regulate the complex biochemical processes in petal extension by forming more
functional domains. The research results provided theoretical references for the substance change and the
protein regulation on extension mechanism of petal.

Keywords: Paeonia ostii ‘Fengdanbai’ ; petal; fourier transformation infrared spectroscopy (FTIR) ;

Guassian multi-peak fitting; protein secondary structure

‘RFFE 4P (Paeonia ostii ‘Fengdanbai’ ) PRI AR HR BRI 25 AR E g AAT 12050 Clifi
ZMZEEEEE, 1998) o JUETFORIL R AT HIPFFRR SR R (2% R, HE&Z
FEFRAA ARG, JEHIE o - WRRIR 15 Sl 42.35% (Xl te 4%, 2006; Lietal., 2015) ,
U — PR GO IR Crh A N RIEATE PAEHE 2011 4F58 9 S5 A %) o HPHEM K F HiE
KABNHFIHF B B TR, AT IS W AP TR J7 5T, RisE (2016)
2O T 500 A S BEHFH AR (R BUE BT T 70 280890 IS (2007) #1507 Rt
H AP B Ry BEAE sk oy 244750, SR IAE Bl CRPE ARk BN Mo gslE o 24 1) de AR X
MR 2 HJE—3 A%): Ks 54 (2014) s L BEAt ST FTRIEIEEL, 42 PAFT v eI $5
AP SR, A O PRI R TP AR 2 ) 5 R AR BN AR A R RS E 1 B IR A AL O AN T o
AAH T DAL PHEEA TN 5, IOGHE 7 FV 1 i 2 M BEN T AT AR A Jee R ] e 1 i 4
N

i LA e 21 486 1% (Fourier Transformation Infrared Spectroscopy, FTIR) HIHE#AAE T 1] LLIE
k) AN [ A (R R AR iR S W S e W) B 2R, i S T RE i . AR . ARk R 16 o AT A
(Lahlali et al., 2014; Rabaetal., 2015; A{L¥EMIA=, 2016; Sureshetal., 2016) . L4k, f#
L AR e £ A 8 w] ISR R N I A T LD B T A AR A B R B ) i & A
(Kauffmann et al., 2001; Zscherp & Barth, 2001; Lahlali etal., 2014) . FTIR i rpa 5 1 (14
ZHAE 1 650 em™ BT, EESRIET C=0 MRS KR CN THAMS fhiRsh. NH 1A 2
PRz CCN R TEHs)) (Barth, 2007), HAfez)desm im0 5 8 o B B 28 a5 f B UIAHoC, B
PR TR AR B R, AR T B E S5 R (Krimm & Bandekar, 1986)
DRI, — i FH 20k T XS 4R 2l e 45 b 2 1 o — R 45 A R o BT i 52
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FIF FTIR VEAGFE S A 8 U RS W AR A T IR 7 iAo, oAl stk af . 0171
MY — IR YIRE S, R R A0 v K42 FTIR i, 0 Lahlali 25 (2014) {8 ATR (attenuated
total reflectance) - FTIR FiAR R ILAEFIMIE T B2 PTG P LER R A o - B85 12 1 35 1 &3,
BFFCR BN T KM 2 28R, F 288 TR AT, BHE R RS IRAH (KBr) R
45 FTIR B3, HET-J70AN S 5 M0 IR it v 2 5 — e 45 1) 40 A RE &0 (Suresh et al., 2016) o RfI
R E A RAENE G, HERE B = Raii 5 RIREAM 275 (Fitzkee & Rose, 2004) .

HBI FTIR $ERWETT KL S PHE R B R A A 5 i o 1) 28 ) S AR A A, ) 3k
T X34 B WA T i 0 2V FU 5, A0 A A o Sk B b B 0 0 S R T 23 A R s B AR A 3
DU AOG 1 22 FI R 1 044 27 A0 B AR A P AR IR R R BLA S aneT 4 vt P RO B 1k B ity AL
A EE Y M -

1R

1.1 REHR

2014—2015 XTI ZREE) P S PHE B AT IE S Ay, Ik R prc HRAH T 1 4 44
SEAEREAER, T 2015 45 10 ARAE T BT ML SR 5T BT AL PR AEA AR T PSR, P28 4 40 cm x
80 cm, M KIEWBEATEK . MEAE . BRAE DL HUE B a5 #

1.2 HEEMTHRIIMNEE (FTIR) RIE

Oy I VT IARUE TN P 6% 5 4%, RN MEE 1 7 BI5E 3 B Bt fe
W3, SRR LB TK GI8MQ) TEYE, VIE T TRrssgRmp, 75 CHTE, Bk
BEACBE R R (272 um) o B 1 ~2 mg TEEAIRE S5 200 mg T iR AL BT E T I0 ek b, ik
B)sjanky (292 um) o BUDEFES AR R, RIHZLAMEIE (Bruker vertex 70) , LA 2L,
T 4 em™ B HER, FI 128 W JEGEH 400 ~ 4 000 cm™ (Lietal.,, 2014; Suresh et al.,
2016).

1.3 HESHERLNE

FIFH Origin 8.0 ZE i+ # AT X} FTIR JRAEIR A . S T PEANb 8 RFHAT AP GE 115
I LA AR a3, 22% Suresh 5 (20160 SFFEAEM F FTIR i v g AN A i) Wt
FEERI LA QLD AR S P R B2 [ R M 7E, %F FTIR ESH 6 Fhigfl (A)
(I ECAEHEAT T4 . 035 R1I=A2951 ecm'/A2858 cmm™!, RI[=A 1547 cm/A 1656 cm™', RIII =
A1083cm'/A1547 cm™, RIV =A 1743 ecm'/A 1458 cm™, RV =A1743 cm/A 1547 cm™, RVI =
A1458 cm’/A 1547 cm™s

SHEKE T KB (1600 ~ 1700 e 1y M ZR3dE AT v 0 B0 1E 25 0 A 1R R L2, AR AN R 2R
FUR G IRSNERT, TR LA IR AT B 2 0 G, R IRt 45 i s o O30
P 4l R 15 B0 EEF R 15  RAE R BT TR U TR R, A0 B 5 e e TR B Excel 2010 1548 A1
TREERIPT S L], B Origin 8.0 Gi it AR
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2 HiREN

21 ERFEABRHRRE

ARG RSP AETT AR R A A 2 0 0 S 1 o A M AR, AR S 5 A
WL WIOTIAEETT ) 3 BB (B 1) BEATIHRABR . RITAT ARV, D EAEg A
WX, R, A, IFRAKEOMESEREOES.

B
- Bloom

E1 ‘RAR HFRALEMSRHFE
Fig. 1 The definition of ‘Fengdanbai’ flower with different development

2.2 1EilEES FTIR YGit4E(E

2 %W, M 400 £ 4000 cm™ PEAETEHN,  RIFE SPHERE WIAEAE 13 MRSE, WITT
AR TF AR 2 B0 15 AN RBNEE, MRP RS BRI NS 907 B (a~o0) RoR. PRSP
B, Peah 7 RS 1R 1,

081
0.6 1
3

g5 0.4
K]t F%ITH] Bloom periods
=2

027 FFH Initiating bloom

or M 2 Flower-bud

0 1000 2 000 3 000 4000
P %/em™ Wavenumber

B2 ‘RAB’ £l FTIR BEN L
NG EREITARIE LI AR TE L 1.
Fig.2 Comparative FTIR spectra of ‘Fengdanbai’ petal
Labeled peaks are assigned in Table 1.
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®1 ‘AR EWFTIR BENEEGEREERE

Table1 Wavenumber and assignment of the main peaks in the FTIR spectrum of ‘Fengdanbai’ petal

oy PeH/em" Wave number ) -
W iz 5] 3CHR
Peak No. #Hj YT JETTHA Assignment Reference
Flower bud Initiating bloom Bloom

a 777 777 777 AR C-ClL N HidRE) Zhuetal., 2015
C—Cl stretch of chloroacetate

b — 818 818 75 JIEA PN C-H AMETEIRS) Thring et al.,
C—H out of plane deformation from aromatics 1991

c — 868 868 B S C-H TAMS il HE3) Suresh et al.,
C-H out of plane bending from carbohydrate 2016

d 922 922 922 B S) C-H TAMS il HE3) Suresh et al.,
C-H out of plane bending from carbohydrate 2016

e 1030 1 060 1 060 IR W ORI H B2 R BT B 2605 1) C-OH & TE4R5);  Wang, 2012;
C-O i) Malek et al.,
C—OH deformation and C-O stretch of cell wall polysaccharides 2014

(glucomannan or arabinan)

f 1105 1105 1105 WL C=N RO FRIR3) Wang, 2012
C=N asymmetric of pectic substances

g 1155 1155 1155 FYEZ ) C-O-C IIAXT BRI 4R 5h Wang, 2012
C—O—C asymmetric stretch of cellulose

h 1243 1243 1243 WEARIT. RXIRIY) P=O IRX BRI 4 4 ) Pallua et al.,
P=0 symmetric stretch of phospholipids, nucleic acids 2011

i 1314 1314 1314 FUER N C-H X FRE i3] Sene et al.,
C-H symmetric bending of cellulose 1994

j 1447 1447 1447 FEF. BRAATEN CH; and CH, A RN RSN Pallua et al.,
CH; and CH, asymmetric stretch of proteins, lipids and lignin 2011

k 1651 1651 1651 AN C=0 Mg #aIF N-H 25 i #5) (=3 D Malek et al.,
C=0 stretch and N-H bend (amide I) of proteins 2014

1 1740 1740 1740 HEFERIBEIR LK) C=0 M 4iidiz) Malek et al.,
C=O0 stretch (ester) of lipids and phospholipids 2014

m 2853 2853 2853 JEZSFNER 1K) CHy SRR 4 4% ) Suresh et al.,
CH, symmetric stretching lipid and protein 2016

n 2926 2926 2926 ELNHEIERNER AR CHy SOUFRIP 45 IR 3) Suresh et al.,
Mainly CH, asymmetric stretching of lipid and protein 2016

N 3450 3410 3410 FEFRdE. Wy, RRIEEEIE A 19 O-H 8 N-H [MM4i#5)  Marshall et al.,

O-H or N-H stretching vibrations of alcoholic OH, phenolic OH,

carboxylic OH or amide A

2005; Suresh et
al., 2016

FEREWIANTAE 818 A1 868 cm™ (P 2, b Al c) MIFRENIE, Hirp 818 cm™ RBhIENT N C-H [fi4ME
TEARZ), TERE T HAL S (Thring et al., 1991); 868 cm™ FRENUE NN N C—H [ 425 i #%
3, LA TR . tEAh, 922 em™ AbREHIE ACE TR KL AP C-H KT AN iRz,
ZIEAFAETACIAM) 3 AN B, W E W R 22 5 . WIFF RS TT A AR5 38 AR L, oKL &8
WL, HIFURE T FR S . F, H 94 3 A BILH ¥RshE (777, 1 105, 1155, 1243,
1447, 1651, 1740, 2853 Fl1 2926 con™) WS BHAE TEI (0 4% 7 M0 BT 0 o, 6 W Bt 5 JE 1o
G, . A, JEERIARREY AWML . 1155 cm™ AbHIHRENIE N T4 % | C-0-C 1
X B4R S (Cardenas et al., 2004; Wang, 2012), WEHRAS 38, Y —4RshEA, T 1314 cm™. 1105
em™ AbYRBN G FRZIE T rf C=N [ A BRIR S, WS IR T IR, 2 WIBEAAE MR, 40 Bk (41
HREAY RN AT 4 25 A AT T n o A5 31 1 030 em™ AL HIHRENIEAEAETT G2 48 1 060 em™ &b, ‘& A114>
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B AN BE 2 COH A TE4R SR C-O H4i#ks) (Wang, 2012; Malek etal., 2014) , KU
FIAETF A6 A0 M B 22 423 59 AT H 25 SRR BT R R . 3 MBI BUIAEIAE 3 410 ~ 3 450 cm™
A AFAE BB SR B I, %X SR RSN O—H A1 N-H (R 4idRzh, 3288 T ik & e it
A (Marshall et al., 2005; Sureshetal., 2016).

2.3 RIS ESRE ELET WA

RT 25 U 5 0 ORI 2 LG, R B | Rl oRI
TEMER R B T EAR, e AR R A et R s on
3 A5 T TR R LA 5 2 T R 1
RIT (9728 0 8 2R 1 AR (S e, B
MR E, RIEFTEM (B 3), 50 |
tE, WP A TS RN T 67.16%, T g
BT 80.65%. ﬁ
RIS B AL, SCBEAEIR IR & 220
MRS (3D, FIOTILEEE IRRAR T 4.17%, 2l
IETT I AR T 26.22%. -— .
RIV I2E (IR T IR AR, i o
S KIRB AR /N I R34 (P 3D, e L
SR I AR B, WITT IO, B . o R
167 73.48%, HE TP AT /N T8, (E58R Flowerbud - Initating bloom — Bloom
EEAE IR T 72.29%. B3 RAE’ EMERAEE
RV %fﬂ:@ﬁﬁ—‘lr %ﬂﬁﬁ_j}%“ ( 3 )’ T‘ﬂﬂ:,ﬁﬁ [:[3 Fig.3 The absorbance ratio of ‘Fengdanbai’ petal

TR T 25.59%, BTN FRET 29.81%,
RICIER B N H IR RBEAR IS, RIS B BT T 3

RVI %75 1K 15T L5505 (1784Y, (Gupta et al., 2015), HIRSE W] B39 0 5 ~FAa R Bt (& 3),
B AL, W) IIREFE A RVIBE N T 180.62%, & ITIAR thiéhn T 153.27%, RHIEAR T L
SEHCE B A IR 0 J5 2% T BRI S

24 b EARIREHEEME

R R AR EEE M FTIR a0k T XI8 (1 600 ~ 1700 cm™) BIREITESN, Fikh — 2R 45
¥y o3 AT N AS[A] ) FTIR W47, TEWLEE 2 (Lahlali etal., 2014; Sureshetal., 2016).

F2 FATHERSHEOR_REM XIS RITEE FTIR ML

Table 2 Selected area are used for curve fitting and protein secondary structure calculation on the basis of FTIR

= RIS Be/M#/om™! B KAt /em™! T {t/em™

Code name Secondary structure Minimum value Maximum value Intermediate value
B+S+P B-H1& + fEE + YLK B-sheet + side chain + pectin 1610 1620 1615

B B - #1 & B-sheet 1630 1640 1635

R JE#iA i random coil — — 1648

o o - 12iE a-helix 1 648 1 660 1654

L+T I+ #:AH loop + turn 1662 1678 1670

B+T B-#& + ¥ M B-sheet + turn 1682 1690 1686
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FRA 2 1 5T S5 R AL XS 1 600 ~ 1700 em™ YU A FTIR 3w 2 il 5 (18 4), Wi
AN I IR o R T R R PR AE S 22 e o i S SRR 1S B AT v i e S, SRS DA
WA AR (K 2) N IEAL 5, 158D origin 8.0 XHULA Bl th G HEAT Wi i WL (45
RIEWE 4 BETTR) o

TS A 6 PR E R 45ty SHREAER -8 (B+S+P) B-#& B &
MG (R). o - e (o) HEHEM (L+T). B- B 5HM B+ T); YR HEM S
AR B+T 2 A& S MEAR R4 (- 4.

008 . %3l Flower bud ~— [0 4 Original spectra 0.15 FIJFH Initiating bloom
& LA Single peak fitting = JF {414 /& Original spectra
012+ o LA Single peak fitting
o 0.
§ 0.06 + %
£ £
= =]
£ 2 009+
2 =Rl B 4 o
o 0041 o
= ~ gé
ol R = 0.06 -
= L’ ‘4:,393‘ . N = Le” :\-;’g.: e
< AT S, soo B . eS8l
0021 o eesla$Zlicamanaa. i TS ¥ >-Sugu) : - ",o' Sizotels.
0.03] we=z22l---" R Treallize
0.24 - m3p# Bloom 1600 1625 1650 1675 1700
~=— GG & Original spectra I H/em™ Wavenumber
g 0.18F IR Single peak fitting
g
<
2
Z 012}
fuud
Se= PRX -~
0.06 - .’ PEIGIOLINL
‘ L 24 ’ [N
L L’ P4 \’>\
d ’ Phd P SRS e
.--::::-:::-" Sd2alzau.n

1600 1625 1650 1675 1700
P %/cm Wavenumber

4 ‘RAR’ . WFAMBFHESETEEL (1600~1700 cm™) KEAHLEME
L. T. R S P. o MO B 2 MRAEFR. Beff. TORUE M. UBE. SRBC. o - IR B - $7.
Fig. 4 Curve fitting of the amide I region (1600 -1 700 em™) of ‘Fengdanbai’ petal at flower-bud, initiating bloom and bloom periods

L, T, R, S, P, aandf indicate loop, turn, random coil, side chain, pectin, o-helix and B-sheet, respectively.

MR RER U — g P T AR ST L (B S) RTINS AR e
Ml AR 7 > LLREAT AL, BRIRHER B - F& (B + S + P) By (1 2 LUAEAE e e i
FAAE/NIE T RS, SR IMILL, YT N T 0.75%, BT TRE T 1.60%; #5558 (L+T)
HIPR R B, WITFMILE I N T 17.07%, BT T 21.85%; LM (R) Ay Ll
FEAEME M RS RE P B 22, WITFII LR 008G 0 1 40.26%, JEITHIHEIN T 64.37%; o - #5hE (o)
It iy EEIAEAE T I e R B A7 AE R a3, WG K T 18.42%, BEJT I T 20.19%:; B -
I (B HILSCHIn)E FRErE .
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Fig. 5 The percentage of protein secondary structure of ‘Fengdanbai’ petal based on multi-peaks Guassian fitting

3 e

FTIR $i A O &3 N FH T RIAA KL I, Lahlali 28 (2014) FJJH FTIR JGiEE AR R T HUbe
i S AR R b IR BRI A B AR A B4 Lakshmi (2015) FJFH FTIR AR MBS KL o % 5 %
PLA4; Chatjigakis 55 (1998) Jilik FTIR ¥R AMFIT T BEA Szl B I SRR ERAL AR . AWF5T
A FTIR HEARKI RFFE AP GEI . WITT A 2T A B ok R 2B o oy A7 e
A, B, WA EALAAE S IR S (818 em™) , BEBIEZLEM, J5 WIRIL A
WITIAREE . Hovk, S4MBEZL /ARSI R R (1105 em™) MILTHEZERIRBIIERE (1 155 cm™)
(Cosgrove, 2005; Wang, 2012) FfEALHFI RS WG 0R, ULIAAN MY K AR K TR 25 i 2 I R
M2, R0 EEH 5 A 413 (Schopfer, 20060 . FRk, SBENET. M. NEEFE G %R
FH DR PR 250 e it P55 A1 B A I T A 7 T8 T 1 i o 8 T T A2 A S 4 BB 1) 32 24 BB 43 (Mashaghii et all.
2013) , BEMRIREOY I 2, S5 A AN RELL I (AR Ak, JE— DR WA AN M (4 oKk A= K bk, AT
SELEACE RN, WA TR
FEZFACH PR, R T A A A T ) ARG 0 R i S S I T A . R T R
JE BT B A RO P FE R o . FERIRIAFI YL R 454 (Lee etal., 2005). AHFFEH I H R
Fity FF S D 7 400 T 300 R T 3140 50 B 192D 1 7.97%F0 13.38%, B 2% (A R AS S FE 1% (A 1 083 em™/
A1547 em™) SPUF BRI, RPRELALER A A SR A, FORPER AT BAL N, RSt
(SREENTI NPt BuRs S Py e SRR LR AR N NN E RS SUN
UEAh, BRI s b B 0 23 TR A 2 R A s M AT 25 R B . AFT Bk R
ANTF I AR IS & A Z AN RN 2R 1 0 — 5 o o - WETELE AR AT S i) I a9 . FE
R o - B & A K Z A 2 A0, W sl S SRR SRR A R, SEeRRL
1o - BRI PR A THAE R RS2 B S A, o - SRR IR B (Wolkers & Hoekstra, 19955
Lahlali etal., 2014) . JERbHEN, FEIMAETE WA b SKERL, SEEAR—KZ AR D,
FUR I BRAG o - BRTER BN B K IE B AR BEE, U R EP RER, AZOKEE ) TR £,
W o - e B ZRHTE L . p- TS HHWAN ATP AR AT I, ATP A EUIRER, p- 1S5
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B, M ATP #B1E (n ATP SR YD) , SR (TR —gahi), i g - 185 B

(Liu & Barth, 2003) o AW RIVE I B - #r8 & E8AG, 7T LHEN ATP #&M, RIAelEK
RE G T, ARG, ATP 208 LU B 810, A AEY R Y e R 3t
1. O IR R T I RESE AR S X I (Williamson, 1994) o ANHF7T45 R EoR
TR MAE 3 A BLT I E L I, A e e e g AR O e T S 2 DRl 2
B, LA RO 2 KB B2 R
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