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To investigate the effects of sulfite on the chloroplast development, etiolated barley seedlings were treat-
ed with 100 mM sulfite solution every 3 hour by spraying during 96 hours greening period. The effects
were determined by chlorophyll a, b and carotenoids contents, photosynthetic electron transport activity,
chlorophyll fluorescence yield and fluorescence quenching parameters.

The contents of chlorophyll a and carotenoids were decreased than that of control by treatment of sul-
fite over 48 hours greening. PS II s more sensitive to sulfite than PS I is. And by the addition of DPC to
the chloroplasts of the barley seedling treated with sulfite, the photoreduction of DCPIP was not re-
covered. In greening with sulfite treated barley leaves, Fo, Fv and Fv/Fm ratio were decreased with little
difference from that of control. But gP, gqNP and qR were lowed in comparison with those of controls
whereas qE was slightly higher than that of control. Especially, it is interesting that qR was decreased
markedly compared to that of control. The results in the change of PS I activity, Fv/Fm and qP suggest
that the site of inhibition by sulfite is carbon dioxide reduction cycle.
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1.4 &

3} ko] W A A5 AHEeE ke ofahl
7+2(SO7t H7] Fo2 wrEs 3 At SO,& AAdH
E 345t EgelM 4 AAF 24N B ofy

2 d¥gegr &% 24 intact Yol sul-
fite2 A2)ste) ZALeHE WS wo] o]&stel g}
(Shimazaki and Sugahara, 1979; Ghisi et al., 1990;
Veeranjaneyulu et al., 1992).

g} Qg A 2 dejH fale] 2 S E &
o} SO/= A% U9 7138 o WHE Solrkd 4%
A Fye] lAtel] faiel F oAz F3)ste] FAlE
o} E¢i7tc}. SO 71 Eoll Sal=lg 4315}yl HSO
s (bisulfite), SO,%(sulfite), H'Z X35 =] o] & 3}
L0] 252 ¢ 24 92| phosphate translocatorel] 2]
& IEA HFE-E Folrta Fl4tsie} FihAd AAA
o] 4SS v Ac}(Pfanz et al., 1987b; Ma-
damanchi and Alscher, 1991). &3] ~AE2nl9] A%
(pH 8)0ll A= sulfited] Hk-§-Ado] 7] o Fell(Pfanz et
al., 1987a), A &9l 7lxj& S0, =& d¢slr] 9

#2449 dezel =l 0,7F AR 0,9 sul-
fite7} odsjAQl 4Hiul3& U2 AA sulfiter} 1S o
Bt} superoxides(O,, 'O, H,0,, OH & Wo] 34
aledl o]2] superoxides?t §E4 af FHHsla €
gtzolzute] AL A 7= AR e A glod
(Tanaka and Sugahara, 1980; Shimazaki et al.,
1980). =& sulfiter} A A o7 uwhctulal o] disul-
fide 2%} 423} 37(Bailey and Cole, 1959), sulfite
o] g A QA AFete] ) ghedula]e] vks-
8}7] ujF-oll(Davies, 1987) 42} FgA AxpHg
o] Aal"rie 7 ZAFArE glch ubd, sulfited] 2f3}
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ARG A= APH oz FA 1Y AL A8
7] Wl-Folx o] delFol=te] Al FAalste] A
33l o], DCPIPE o] 43 A oA 2 A ¥+ FA
I w84 A 345892 JAldde v3s
gl¢]A(Shimazaki and Sugahara, 1979; Shimazaki
and Sugahara, 1980; Covells et al., 1989) H A<
< JA sl sulfited] HH3F 28497} o}2] w&s}
2| ¢kt

2 Q24 Gl g7t ojsfel LA Algo] &
A sHA HAdste] AE 2Ed ), Qejaye] g}, 4
928 59 &4 Hokel oM A& AP
g B A WY oR §F BA4E AHEstw ol
(van Kooten and Snel, 1990). 3A] 12| M4d &4
H el A= F3pshy 3ol s FgAd ol o] &
I d¥Ee 43 2AFHAY YFe R wEEHedH
(Bolhr-Nordenkampf and quist, 1993), 33}A]d] o
35 v A= 873 aqle] WEAY sBHA 7] Tl W3}
7F A1 FAeE ABege] dEiAeR P
FA Lol A RellqA] o] 8 E&E SAs=d #
23 A B2 A48 4 gltiWeis and Berry, 1987).

2 QP g4 33 2L o] &3 sul-
fite7} GEA e vlx= FFL A7) 9lsld
oM 718 Bl FAES 5347194 sulfite £
A AdA AZteic} BFF F A3k BAd AdA
A 34 2 G224 353 FAE

2. A5 2wy

2.1 4% A8

AFT & AxLdA ¥ v-& ¥el(Hordeum
vulgare L. cv. Olbory) A5 ZF5ol A AT T 14
2} F<t @7 T4 kvt vermiculiteo] 3}pE3le] 2w}
22+271< FAolA 5U7L 718 o}-& A¥H ABEER o8
gt 2Ade A dgE FolAd 1 en AAZT F 2
em Aol 2 Aeja] ARg-3S .

2.2 Sulfite 2]

Sulfiter} 22) $4129) 33 vlA& JFe Fo}
Bo] A BSE v G4 AL E: 22+
2T, %: 60 pmol - m™?s™" )l A FEAFHA 347k}
o gzl 2H4E, AWTlE FHael 4304
20 100 mM¢] Na,SO,&1¢ 503]4 *Fshaick.

2.3 4z ¥ 23

Sulfite 2|3 0.1 g9 ¥AHE DMSO (dimethyl
sulfoxide) 10 ml7} €] QU= AP P31 65T
e xo 347 T Fof 4F54LE FET F
(Hiscox and Israelstam, 1979), Double-beam Spec-
trophotometer UV-190(Shimadzu)2- A}-4-3oy F3
=5 A3t 954 ast bo] #EH-2 Arnon(1949)
o) byl we} 645 nmo} 663 nmell A FHEE ZA
3l A4z IR E o) = FE-S Liaaen-Jensenil}
Jensen(1971)2] vl wzl 480 nmolA FHEE
2359 gapstodct.

9 xB s 5 EA

2.4 defgo)= Ao 25

Obokata(1987)¢] W& W3 sle] Wzhalzl whapal
ubo]] sulfited M2 Y4 H 1 gzt STN buffer (pH 8.
0, 0.4 M sucrose, 0.05 M Tris, 0.01 M NacCl) 10 ml
E WolA vty F 239 A2z AHstgct. o] o3}
2 300 golld 187 AR sm AAAE oA
600 goll A 1087 A &2lsle 471 A" B STN
buffer (pH 7.8) 0.5 m}s E 53l n & & 73
< 0-4T oA 3Pt

2.5 AAAG &4 A

BA 19 ARAE BA & ool r] 98l Clarky
o] 4AA2AFTE o] &l 20T Atk 2EHFE E3
dledc}. ukS-Yell+= 50 mM Hepes buffer (pH 7.8,
100 mM sucrose, 2 mM MgCl,, 10 mM NaCl)e} 2
mM methyl-viologen, 2 mM NaN;, 1 pM DCMU, 0.1
mM DCPIP, 5 mM ascorbate-Na, 2 mM NH,CI, 25
pg/ml 4 E4-71 3= g cHAtal et al., 1991).

#A 19 AAAT BYE 3 shr] 9sted Spec-
trophotometer3 A}l-£-3]4 DCPIP 34182 314
t}. 50 mM Hepes buffer (pH 7.8)ol] 30 M DCPIP2}
25 pg/ml =27} 319 HF-EB-S cuvetteo] go 1,
330 pmol - m?s79) #& $2EF Ealod =AY F
600 nm el FHE WHE FHole] BHALL
A ArstedtHTerashima et al., 1989). FA] I A3} F
Alel DPC (1,5-diphenylcarbazide)= # % %7} O.
15 mMo] HI£2 ste] B 1 84 H88 zAsdo
(Vernon and Show, 1969).

2.6 454 83 &4

qE4 3G #%& Chlorophyll Fluorometer
(PAM, Walz Co.}& ol&slg o, 1587 oh&2-A2
QdAdde] Mzd 4 3430.1 pmol - m?s")& 24}
&led Fo(3A 19 uhs-F4le] 2% 9% & o gy
Haze WEss Y34)E Fi3lx, 533,000
pmol - m*s™)& ZALsle] Fm(Q,7 #49 Abelel 9l
o] 333)g 8152 Fv= Fmd Fool Aol 2 A4t
glgdct. a8l Fv/Fm B]E 37 19 33t 28 #
F 2 o])&3lgrHDriesenaar et al, 1994). *|4%ql
B4 53(1,330 pmol - m?s')e 2ALEAA Aol x5}
BL 20% F7)2 127 pulse Alsle] ¥4 4~™ g
& Al 383 2 A4+ Oxboroughs} Hor-
ton(1988)8] Wilel ahel Faetx WP 2= qPo
) 33hsty 8% 29l QNPE Fshgich. qNPE qE(e]
W 2]-o] & AH)9) qRIH A )2 v 4 9l
qE+= vlFsshd #¥33 4~de] $8 gele g delzol
=ute] oiqRiste] 93 Aol RS 1 99
HE2E B3 2gelrh

3. 454 % &

shuistel A B FEALE 3t Q4F a0 AAEH
hALE AlgtAlol FA3] StEs dEA YA
A BgA ZTE ddE ez B gAe] Al

do o [
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Fig. 1. Effects of sulfite on the contents of chloro-
phyll a, b, and carotenoids, and Chl a/b
ratio. Barley seedlings were treated with
100 mM sulfite solution every 3 hour by
spraying during 96 hours greening period.
A, Chl a content (4g/g fr wt); B, Chl b con-
tent (ug/g fr wt); C, carotenoid content (ug/
g fr wt); D, Chl a/b ratio. O, control; e,
100 mM sulfite-treated. The values are the
means of three independent experiments
with three measurements.

tHLee et al., 1983). A olA] wolA]A 5U7 7]& X
7] FAEE FHA7HEA F7]H 22 100 mM sul-
fite -8-o8-& F53le JEA U2 FPA A 9
] = sulfite?] 435 2AIE A3 obL3} 2o

3.1 42 @y
b4 7] Bel #2152 60 pmol - m’s'e] Y

2.2 96417t Ft ¥3A] 71 A sulfite 8-4-& 320w}
o ¥Rt 12417} 7t o2 24 ¥ wEg &
At chFig. 1). =79 954 a, b, ¥ 7}2E ko]
= 2 B2 F 48AAA FAFA 7138}
72417k o]l Fell & tiolA}t FrhetAl Wk, 4E4 a/b
¥ = 2412742 F23) S/ F A9 st ol
t}. 100 mM9] sulfite $4& 7 279 24
a2t b 60A17}e] Auprjol chxT-of ula] §Fe] A
vetd 2 FhR el ol & S 48X NE Aolr} wto
o QGE4 a/b vl 48A1EYE 7t At w8
Aab F 96417%0] HdS w 984 a, b, ¥ JtEE X
ol=2] garo] ztzt 6%, 2%, 12% FAidgonz o
Z4 b ¥rhe 484 adt 2 E kol vlX = 4
o] ot A wel FAEY F3}A] JE4e 72
Elxroj=o] Aol #utstA doiue 48A AR =
(Park et al., 1995) thz=79} He]7r} v]ag HFe
Bgov 1 o]Fe Aejr} vehtr] ARG oenz
sulfited 4847k o|AF A& o7 Mg o M4 ¢
ol dako] vpebidrh. o)) A FEAANM AlF
#] glell SO, 4-94-& fumigationd} sl & of 54 a9} 7}
Zejxol=9) By} FA Aot FF L bis o §o)
Ao+ B3 (Shimazaki and Sugahara, 1980)9} A
L&At B4 a ¥l slRElxo] =) gk A}
ZA vebd AL dach

3.2 AzpHd #A]

Sulfiter} s3gAl AAAG Ao plx]&= dike o
ol ¥ 7] $138led 96417t F4at =3}l HA] sulfiteE 3z
g oA delzole dgdl g &) FA 13 1
o] #8A& 3ot BA [ & Clarkd AlxAdFog
AbA: A2ES EA3Q3 34 T+ DCPIP F3y4
£ o) &5}d 24 5}9dtHTable 1).

Fuigly] KAl 5L H3bst A sulfited 22 H-E o
BA 19 AL G HAHA2%) HA [+ o
6% 7tAdg e o2 sulfited Heslge W 4 19
ARG HAlo] FA 1 A Bl v] 4387 go] o
A=Egict. a2 FA T ukgFA ez AxE A 7
o 8l= DPCE #7}3l{x DCPIPY #3U&2 A9
3| ¥ 2 gskrl. o] & Shimazaki ¢ Sugahara
(1980)7} A% Yol sulfite £4-3 EFHL o sul-
fiteol] 213} FAle] A ¥-¢l FA 19 Abs}y-¢) wo}
= FA I 8b-3FAl el 71bA Y s3A 19] g ¢jatn

Table 1. Effects of sulfite on PS ] and PS [ electron transport activity (H,O0—DCPIP) of chloroplasts iso-
lated from barley leaves. Barley seedlings were treated with 100 mM sulfite solution every 3
hour by spraying during 96 hours greening period. The DCPIP and DPC concentration were 30
EM and 0.15 mM, respectively. The values are the means of three independent experiments with

three measurements

PS activity Addition Control Sulfite
Oz uptake = - 218.0(100%) 214.0( 98%)
(zmol Oy mg Chl'-hY
DCPIP photoreduction - 165.5(100%) 156.0( 94%)
(zmol-mg Chl'-h ") +DPC 178.0(100%) 169.3( 95%)
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Fig. 2. Effects of sulfite on the yield of chlorophyll
fluorescence. Barley seedlings were treated
with 100 mM sulfite solution every 3 hour
by spraying during 96 hours greening
period. A, Fo; B, Fv; C, Fv/Fm ratio. O,
control; ®, 100 mM sulfite-treated. The
values are the means of three independent
experiments with three measurements.

doxFFF A

w3 3 dAsdch 2oy ¥ AdelA sulfiteo]
A Aaf Fmo} eloketel F) W Aol Yo o
obusl flalAe dE4 W 54 g ol gkt

Fig. 2+ 28 FAEE 5334 sulfiteg Aels)
9e W 484 W WS e Aoloh. Husw
Hel $4F8 5330S o For ¥3hxrle) 343
7betg e 1 % AHA zFastedch Fvel Fv/Fme
3t27)0l Fool Z7buch gt 3718 vgow o
Mg AP £2F fAshdch SuY v 4
% FEshdA sulfited H2|E 9 Fos} Fvaelxw
HA 1 vEFAe #F3ex 54 xF9 Fv/Fm
(Bolhr-Nordenkampf and quist, 1993)¢] v & jx7
o} fALEHA el Foi= Qu7F 943 Absl Abelef) Q)
& AEL 4 FAHFL A o el A 1
etellvt o) of7] oAyt Wb FA LR AR
23la §s}og wrEs]= zlo]l= 2 (Harris and Heb-
er, 1993), sulfite 2] A] For} s =272} -§-AgF Al o2
Bol tellvt HAelA] wHb-gFAl o 29l oz o)
AAHA] AkES & F Urh. Sulfite A2 Fog} 7+
o] Fv/Fm 8| & d|Z2F2} zto]7} ¢lel o2 sulfite 2
Foll A= ubFA 228 QA HAPEE &
Foll A9 AL vAA] 2 Ho2 APz olefzt
2 A3}z Table 144 RAzPAGHA WA Jehd
Astel dxstoint Bustd nel §4EL HHaw
4] UV-B (Park and Chung, 1998)% ] 2]3]& ujo]x=
He]re] ¢ E4 §ekm Fo 18] 7 Fvis H31A ko] 7|
gl et dx27 Bl 24 Aojrt vehytoy e
(Park and Chung, 1996)& *2]gl& of g4 ¥
3} Fo 2|3 Fv7b sz e} Abe]7h A o] velhz] ¢
tom £ Ayl sulfited Hel& ofol= fx27
2} 3polz} 7o) vtebia] odgpeh. o] o2 Mol 3wz}
d ug] FA g9 4547 2EdE 9 UV-BE 934
oF FA 1ol & o] Fd uld &3} sulfite
S0t A 1l vlxl= A o] A= AL & 5 9
By we] {FAES 33hsdA sulfited A3z
e o JEA AL M-S dolry] sl F=
& 3o $43AcHRE 3). 3% 2 FolA B
Aol 7h4se o7 Clvz]e Fs}eby o]fo] Fr}
Hozm o] FasE A& qPela stz v}t
A o =AYF 9 £"9& gNPlz ¥
(Horton and Hague, 1988; van Kooten and Snel,
1990).

Wz T4 P %34S AR F 3647747 7}
g F 24T qNPE 48417474 Z7hsglclrl o
F zFastRoh. 5314 sulfites MdA& o qPo}
gNPL 964 2k7hx) A8t g o 247 27%3} 13% 7
askelth ole{qt AFHE Ho} sulfited A|&HH o2 A
2latd FapetaA] 4w v)gsieta] sge vixe A
ol »F AR, 53] FsetA 2o JdFE FZA
PlAlE S 4 S Arh qPE Qa0 AbsYEE Ve

4 1 oy

£
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Fig. 3. Effects of sulfite on fluorescence quenching
coefficients of barley seedlings during 96
hours greening period. A, qP; B, qNP; C,qE;
D, gR. O, control; @, 100 mM sulfite-treat-
ed. The values are the means of three in-
dependent experiments with three meas-
urements.

o] Qa8 Absled s FPA BAHUS 2o o3
88 Wwou(Chun et al., 1993), =3 & AFdA
sulfiteg *2]3& o Fv/Fmr} dz7-9} A2 o]t
Uslen g qPY Fd= Qu ol AxHY HF 27 o
AM=d7] dFeletx AztE 4 vk Veeran-
janeyulu, K. $(1992)& F o) sulfites 2z Y&
o FAArE} we= FA 18T s ge] oA
oty wargl wp ook vl FEgAd 2EE oA e
W " Zole o) o x| ste] 2jg £ A qES
A QAAtrste] 2| T2 Hot FAHZ A A
E & 8 & 237 4Egl gRel 9lri(Horton and
Hague, 1988; Schreiber and Bilger, 1993). 3} &
Az ¥ qEw F8HA2to] el utet AR Y FoME
Hglod, =314 sulfited H2jslgd& o qgE= HZ2F
o} FArst =dl 96417 At Foll = dZ ol vl o
5% F7etgdr. o] ehzte] Sulfite 22|72 qE7t =
7 X AuisiAt FUME AL detzele e A
28 H'Y Fxie]7} iz Fell4 vr} acte 3L 9
u]sto g sulfite 2] 2 & E¥aA 2 PQ pool?] A
ARG A2 ¢dston ATP §Ado] U&3 o] F
o] AR WhEE o & AUrk N we] FAES

=318 of qRE- 53X & 3642 74A] AW EkA]
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o Zolslcirl 1 F Al oo, sulfite A2i3& o
dl F3Exrel vliT FA7t AMAL AFHe2
Z}4aste] 96417 o] A dFds dER2T Bl 42% 7HA
ek, 2222 sulfite 2] 2 913 qRe] 27 B
v} A Gy el EAelw qP7f hxT Bl ZA
Faslgdon AnsA Rt qEv= HE TR S8 2
BA T BAEL 7ArIg FA4E 29l Z1eg Hol g4
d 2o FF¥E wol £ Aoz A=A, Pzt
2y §FA4ES B39 2E2E HE S o= Fo
9} Fve dlz79 FASIE v gEE 278 o A
Aoz zA Fadeded qRE ETFel vls Auls}
2%k Z7}8F Z(Park and Chung, 1996)3} £ A& o
A sulfite x2]ol 23 qE+= 2o 8] 7=l
Z718t9l 3L qRE R Tl vls) ZA A Zel &
ol oz sy we FAEY (S AU UL
o 222 A Hell odskg o] FAUL B Aol
sulfite xj2]slo2 w1434l 320 3¢S Wo] F9
=3 qRe| 2T vl&] ZA FAad HAe] EAel}

W& o] 43l sulfiter} 54 2
& A7) HEhe haeA FE B
9647 Eot =3 47|"4 100 mM sul-
A rgeky) A Az HdG &
A s ot

sl A sulfites x| &Hos BT
8t ol 48417 o] 4] Hulell A M4 ko] TraE
A3 58] PB4 b Hrhe F4 as) FhEE o) =9)
&2 7Hart AA el 34 1 Bode 3A 1T 84
of) sulfite7} 7] x| = °d &Fo] z}.2.9, DPCol| &34 34
I &4-& Ao HE=A dggrl. Fool Fv ¥ Fv/Fm
HEe} vleqt oS Bgont Mg 4£EE BAY
7 3} sulfite x&] oA gNP Bt} qP7} ti27 Ho
AA 23 gNP FollA] qE= Fvlsta| e dz+
o vl&] A Jetwts qRE =T B} A 4
dct. FA 1 AT AEFA F& £4% AHE Bo}
sulfite A2l 93} 1327} JAEgon] =3
qRe] ZA 7F4g Ze] EAlelr}.

ke 2
o] dF& 1996 % W&F 7| &2FE8A 7y
BSRI-'96-44042] x| el 93t} A7 AF ). o]l
W ate] ZAL=]ch
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