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Physiological Functions of Betacyanin in Photosynthetic Rate, Chlorophyll Fluorescence and Oxidative Stress Tolerance
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Korimoto, Kagoshima 890-0065, Japan.

Abstract Swuaeda japonica Makino is an annual hydrohalophyte belonging to Chenopodiaceae and inhabits salt marshes in
Ariake tidal flats, Japan. One of the distinct traits of S. japonica is the change of the leaf color from green to red-purple and red at
different growth stages in response to environmental conditions. The red leaf coloration is due to the accumulation of betacyanin.
Although betacyanin biosynthesis is induced by stress conditions, the physiological functions of betacyanin have not been fully
elucidated. In the present study, we surveyed the effects of betacyanin on the photosynthetic rate, chlorophyll fluorescence,
oxidative stress tolerance based on chlorophyll degradation.

Betacyanin accumulated in the epidermal tissues and upper palisade mesophyll. The light intensity transmitted to the
betacyanin solution decreased with the increase in the betacyanin content. The betacyanin level varied significantly in leaves,
and was negatively correlated to the chlorophyll content. The rate of photosynthetic oxygen evolution, on a leaf area basis,
decreased with the accumulation of betacyanin, but on a chlorophyll basis, the rate was higher in the green-red leaves containing
some amounts of betacyanin. Betacyanin showed a free radical DPPH (1,1-diphenyl-2-picrylhydrazyl) scavenging capacity, and it
prevented chlorophyll bleaching caused by the hydroxyl radical. In red leaves treated with paraquat, a superoxide anion inducer,
the degree of chlorophyll degradation caused by oxidative stress was alleviated. The value of non-photochemical quenching (gN),
a parameter of chlorophyll fluorescence, was higher and that of photochemical quenching (qP) was lower in red leaves than in
green leaves.

These results indicated that betacyanin acts as a filter for the light intensity transmitted into the leaf tissues to reduce reactive
oxygen species (ROS) generation, and it also acts as a ROS scavenger under stress conditions. Betacyanin may prevent photo-
oxidation and photo-inhibition in S. japonica under the harsh environmental conditions prevailing in salt marshes.
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TOMME WG A, ZORMERLHHEIZONT
a2 fl3iE & A S, KIFE TIAE DR E
WG CTdH 5 v F A V)Y (Suaeda japonica
Makino) # W TEEOBEEN2 5 2 b L AT
Wi 72 AT L 7=,

YFRAYI TR, TAHAYRTY FIROAREREAT
»D. KMIX7 v v (Salicornia europea L.) ¥
KONV~ YT (Suaeda maritime L.) <5 & \f SR
ERECcH 0, WAHETIEIINACEBOA A,
Szl ES O 2 RS = iikic i %
(A, 1987). AW TEISIE Y F 2 v v v P
LHRVINI N T Y (Atriplex gmelinii C. A. Meyer)
R anvYF (Suaeda malacosperma Hara) DN
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Mo Ty F Ay idifEL D BEEAE AWML < X
PL2EZIRTVERMFCE PN TS EHFELLN
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UFRA V) I EHBRBEREEAIMCE T, EE
it Atk KOREEFICEEES. 2<D—
AR L OVEEBNIKE D 5 &R0 Hh T THREET
57, AMUIRFEROLE, EHENHOREL LT
EBEOTC T THIET 5. K O—i%H 2540
WERE TV IV T =vRAuT /4 R ThBH, ¥
FAVI DRI RL T =V THD, POTFHD
AT D, NA VTV ERL LA VRERD—
DTHYD, KFEWET, WHWANTIZES, fErlkD
RFEE LR T 2RO RIS 5. » 5 FEOfH
Y, EEREOSER A L 2P X 5 TR
BT ZUNEMT A ENBE IR TS, T4
75 ¥ b (Mesembryanthemum crystallinum L.) 1358
Kk X OEARTES T T (Ibdah 5, 2002 5 Vogt 5,
1999), 72Y — I (Beta vulgaris L.) 1%, HEWM 2
EERRHEE O, » 25 VBRI KRIZE > T3
BERFIINRNE VTV RERT S (Sepulveda-Jimenez
5, 2004).

F X V)T ORLGET B AR BRI A S TS
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4.0°C T 10 5y [ 0 43 B L T3 72 B3O 3% 538nm
2B AR % RO/ R THlE L 72, R4
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(2-(N-morpholino) ethanesulfonic acid) /¥ v 7 7 —
(pH6.0) B XUV T X/ —LERIML, ZhAFhOHE
JE A 100mM B K U50% &b K HICHIRL 72 $i
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B2 )y 7T 15 4 IR L 72 1%, Y LZERIHE (qP)
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—fRICREPERIL 2 b L 2SS BB E & LT,
WP R EREROWEEE A&, PigewE
AL, “RIEEMOAKEIEHES 5 (Mittler,
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Fig.1 Microscopic views of transvers sections of S. japonica leaves.
Micrograph of green (A) and red leaves (B).
Scale bars show 100pm.

(Fig. 1). ZHIEA ML ZBIL 274 2T 5V D
WG THS IR E —~%d 5 (Ibdah 5, 2002).
Stafford (1994) 1ZN% ¥ 7 =V RENIZEHET 5L
HEMETS 7 4 L2 — & UTHREY 5 ATREM: 2 Rie
LTW5, YFAVIYTIZBTERE VT =V OKEE
EHNRDB 728, Nz L7 = IR ONE R & HlE
L7- (Fig. 2). £ OFER, —@EmE DAY L2 2
Ny MIVYF AP L R4 7 =V &
M35 &, WIMEDORINZEVEEREZIZK T L 7.
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Fig. 2 Relations of photon flux density and betacyanin
concentration in extract buffer.
ris Pearson’s correlation coefficients between betacyanin
concentration and Photon flux density.
The asterisk (**) indicates a significant difference at the
1% level.
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WK N 5720, M Th TENHEIRZD
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WY X BN AHIRT 2720, fERE U CiEMRE
DERAEMHIL, KHEZPSZE2REIR TS
(Gould, 2004). ¥ F XV DK HEIZRIRRL WA
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Fig.3 Relations of chlorophyll and betacyanin contents in
leaves of S. japonica.
Betacyanin contents of green (#), red-green ((J) and red
(a) leaves were 5-10, 20-50 and 60-130 (nmol-gFW),
respectively.
ris Pearson’s correlation coefficients between betacyanin
contents and chlorophyll contents.
The asterisk (**) indicates a significant difference at the
1% level.
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FWPHEZME L TWbEEL6N5.

Fig. 3ICi3EHD I/ uu 7 4 L EGREREZY TV
BREDOHBRERLZ. REESTEZ /o T 4L
BEL, NAVTVRIEFEEAEEERTWE S
7. REESGTREBIIRZ T3S son
7 4 035 <, MEROMIZIZADOHEBIBRA D
bRz ruaua T4 ERZYTZVIFWTRE L
AIVBREPIRWEE LTAKEhEZ 06 (B
1981 ; Gins 5, 2002), X&' 7=V DEHKIZIZr T
a7 4 L& ORIZHFEHE OB 25 2 5 & s
B, NI A N (Amaranthus tricolor L) DHEL
i, NAVTZVOEMLUEEO Licyvaa T 4Lk
BHRLLIICERT S0, ruu 7  LO5pfEhtE
DETRBIZHBZRE Y 7=y BFEEL L, REafltd 3
(Iwamoto 5, 2001). AEFFEOER?E, v F A VY
TOLHIEINEITRLD, BEEEEOZEICHES
T, 70ana7 4L bREYT =Y ORRNMEEH Y
Db EEZLN. RBOUDE AT, ESRK
kA L C, (KR, Wk K OMELR L
ICEAIhBEEILNE. N4V T =V DORKITHE
), ERAMRIESE T 5 K UMK (Ibdah &, 2002; Vogt
5, 1999 ; Wang 5, 2006) ZED A b L ZLMHTT
BELENDN, 70T 4 )LD
RETHHI NS, Zhidrzaa 7 4 LOFERET
HBH5-TI VT VRBOBENPHEI NS 72T
» % (Aarti 5, 2007 ; Tewari - ripathy, 1998). Z b
L2374 MUHOEFEFIZLD, R4
VT VABICHOWO N AIE RN T5EE A
N5, rua7 4 LEEOKTIE, KTl —0i
R %W 2, WEHEBRFEORELD 52 LH
REXN TS (FESH, 2004). 722 bL 2LMHT
2B 57887 4 LOWANIEREIZ D 5 F 4
7 4B K OVEHBREOHEICEDS a7 s u—
L, LFYV, TEZRVEIDF LY 5 EOHNEGE
ERI S, EHORKES K OHBRILEE ) & & ©
5Z ENRWMEENTNS (Adams 5, 1994 ; Munné-
Bosch - Alegre, 1999 ; Verhoeven 5, 1997). > F X
VIYIZE TS au T 4 LODIE, KHEFERL RS
EOFF XN BEE Nicb WX, EHEBRROA K
filds FOWHEICH LARIEHT 2L E 26N 5.
Fig. 4A 121N 2 ¥ 7 =V RO B 5 2 G Ok
& & HALBERAE Y 72 D DA BORE OBIfR AR L 7-.
HBE A Y 72 0 DA BOERE 3G OB fEny
ESU, a8 1500pmol - m2 - s FTIRITAIAI L 7=,
FIRIE T O WA IEE ALY 72 0 OB kot 13k i
TG E<, DWThE L RO Rk, ok
Bl L OCERELERE 7 = RO
L7z, Fig. 5SAIS/R L2k 51, HAHERE Y- D
HABEE L 7aa 7 4 V&R EORICIEEVIEDH
BB RD 6Tz, £/, "2y T vEamlHEN

T4 72 0 OFABOEE & ORNCIZE OB R AR
57z’ (Fig. 5B), ZHILFig. 3 TRl 7z& D Ig,
RNALTZVEEDEWVEG T a0 7 1 LEREDME
WiebhkEiohsd., —H KEEICNTSs o
T 440 ORABGEE X, B EERIRRY 22 0 OA
BCHE & [a BRI EARIE 1500pumol - m2 - s TRIFIT %
fdlizm L7225, R Forea 7 LEEYZD
DWABEEIIRE2 7=y rau 7 4 LE &
FAFOES TR EEL, ROTRLE YTV ERD
EWRE, N2V 7 =V EROKORREAYES DIET
K< 572 (Fig. 4B). "E v 7=V abiEg Tty
0a 7 4 Y720 O EGEE BN L 22/ e L
CHill BOEMALAE 2 5h 5. Hill G & X6E
B I IIHBEB R A B B4, NZ LT =V EER
3 % Bougainvillea spectabilis TIZ, #REDIERFEID
AREOEEET Hill KBS KEWZ &ERHE TN
% (Sharma, 1980). 727V I v 7=V A EMT 3
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Fig. 4 Lightresponse curves for photosynthetic oxygen
evolution in the leaves with different contents
of betacyanin, on a leaf area basis (A), and on a
chlorophyll basis (B).
Betacyanin contents of green () , red-green (0), red (a)
and deep-red (@) leaves were 5-10, 50-80, 100-120 and 150-
200 (nmol-gFW), respectively.
Bars show the standard error; # = 3.
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Rosa damascene ¥ & U Euphorbia pulcherrima T 13,
saas I Z bORERICT VP T =V ERNT 5
& Hill IS WEMEALT 22, Thid7z7y ry 7=V
PHZEKRELTHE, yuar 52 PAZLIILE—
EIRET S0 EELZ 5N TW5 (Sharma - Banerii,
1981). Fig. 31T/R L& S IChtaiEG Iz v 7 4
LEEBD N, HAEERTRY 72 D OSBRSS
FEF$55, ThEfidzoicNg sy 7=V Hil
RISEFEL X, vaa7 4 LEEOKOFEES
IZB TN AR L T\ 5 e ahs. Z
DRI DT E S ITHRET 2 XELRH 5.

Fig. 6 ICide FuFv oo nickss7uu7r 4L
DE[ AR L. TR ATOEA + > &gtk
FZOT 2V P VRIBCE > TR Fa® v SV &%
X, raa T 4 LOEARIRNT 288k
RIREORINZAE NI L 7= (Fig. 6A). L2 L, N
R ToZURMETEE 00 T 4 LOEIZEMN X
N, EEHREIRISEICHRNT 227 = VgD
BIMZEMKC R L7 (Fig. 6B). 2D Z &id~Rav 7
U DNTEMEBE AL, 2 ua T 4 LD E RN

% 50
S A
5 40 °
S r=088 ¢
(] IU)
& 30 °
¥E
3=
o g 20 °
3
S MR
= 10 * o
. o
2 $
B o
0 100 200 300 400 500 600
Chlorophyll contents (umol-m2)
% 50
c B
.o
5 401 o
S~ |
o o r=-087
o 30
¥E
X<
° 3
S 3
¢ .
o 10 @
5
2 °
0 : . * ! * 2. '.
0 100 200 300 400
Betacyanin contents (umol-m2)
Fig.5 Relations between photosynthetic oxygen evolution

rate and contents of chlorophyll (A) and betacyanin
B).
ris Pearson’s correlation coefficients between betacyanin,
chlorophyll contents and photosynthetic oxygen evolution
rate.

TWBZEARELTWS, AEEZEA/STT— 1
EHWEEEBE T RSN (Fig. 7). 757 2 — M3k
HA4E T T1L%5% 1 @ NADPH » 6 % 1 % &, IS
FA-LTVANERD, BT EBRRITEL XA —5—
AR T A VEEKT S, MRS, ST T— ML
BECAER L 7205 BFRIC LD 7 aa 7 4 LRSS 5
M, VFAVITTIE, ST a— MUEIckhRg v
T VEROVEWEG T OO T 4 LERPKEL
WAL, Rz 7 v E L EORGHES T 0
O7 ANDFRIIEEAE LN S5T2. TOT LIERA
VT VURHIBLEEAE L TWAEZ L EREBL TN
5.

NE LT =V OPIBALREERNRZ 72012, v F AV
VY DEGIPERE LT =V A REEL, 7)) —
7 ¥ 51 )L Cd % DPPH OIHJAEST % JlE L 7= (Fig. 8).
Z DR, DPPH OREAFHRIINZ v 7 =V OYRE L5
ZHEOMET L, miFRICIZEOAOHBR R D 6
Nz, ZhODFERMS, VFAVITOXRNZ LT =
Vi, E—bFRTVYIUHADONZ LA v ERRIC,
MBLREA T2 Z RN Lz RavT =
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Fig. 6 Chlorophyll bleaching induced by H,O, (A) and
effect of betacyanin on chlorophyll bleaching caused
by 2% H,0, (B).
Bars show the standard error; # = 3-4.
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Fig. 7 Effect of paraquat on chlorophyll degradation in the
leaves with different contents of betacyanin.

Betacyanin contents of green, red-green and red leaves
were 5-10, 50-80 and 100-120 (nmol-gFW™), respectively.
Bars show the standard error; 7 = 3-4.
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7o, qPIERRGIES TREL, R4V T =V OEMIC
PEVE T 2N - 72, —fRIS, L RICHER
BIINE—FIT, AL AREOBINCEONIRD
T332 ENHE TN TS (Mohammed 5, 1995 ;
Tanyolagc 5, 2007). qP MK T L 722 &I, s
SR o2DA MV 2EZITTVAT & ERBL TN
B, ZOZLRERIVTZVDOERMNA ML A2k -
THBEINBZLnb iR Eh 5.
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AT &, ThEth, S b T74 DT =¥ A4
ZHKL, ET7FHFVFUDEENEL GBI L
MG XN T b (Munné-Bosch - Pefiuelas, 2004;
Thiele 5, 1996). XZ L T7=URFH U T 4Lk
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Fig. 8 Effect of purified betacyanin on DPPH degradation.
Bars show the standard error; # = 3-4.
r is Pearson’s correlation coefficients between betacyanin
concentration and DPPH residual ratio.
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Fig.9 Kinetics of photochemical quenching, qP (A) and
non-photochemical quenching, N (B) in leaves with
different contents of betacyanin.

Betacyanin contents of green (@), red-green (), red (a)
and deepred (@) leaves were 815, 20-30, 40-50, 60-70
(nmol- gFW), respectively.

Each value is the average of three to four measurments.
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