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The influence of salicylic acid (SA) on growth, chlorophyll, and rubisco/rubisco activase and effect
of denaturator on rubisco/rubisco activase activity were studied in tobacco plants grown in vitro with
Cadmlum (Cd) treatment In order to find out the optimum concentration of SA, tobacco plants treated
with 10° mM - 10° mM of SA were grown in MS medlum for 9 weeks, respectively. The most pro-
nounced effect on in vitro growth was found at 10" mM SA. Among the control (not treated with
Cd and SA), SA, Cd, and Cd + SA, the growth and content of chlorophyll were in the sequence of
Cd < Cd + SA < control < SA, and significantly higher at SA compared with others. Similar results
were also observed in the content and activity of rubisco and rubisco activase. These data suggest that
inhibitory effect by Cd was reversed by SA. These results also indicate that SA has a positive effect
on Cd. The effect of denaturants on rubisco activity showed in the sequence of Cd < Cd + SA < con-
trol < SA. Rubisco activity was promoted by L-cysteine and B-mercaptoethanol, not by urea, thiourea,
and guanidium-HCIL. These data suggest that urea, thiourea, and guanidium-HCl are able to act as
denaturator, and L-cysteine and [B-mercaptoethanol are not. None of the five denaturants affected the

activity of rubisco activase.
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7¥ate] mhst 9 £2(20 g)oll grinding buffer (50 mM BTP
pH 7.0, 10 mM NaHCO;, 10 mM MgCl,, 1 mM EDTA, 0.5
mM ATP, 10 mM DTT, 1 mM PMSF, 1 mM benzamidine,
0.01 mM leupeptin, 1.5% PVPP, 3 mM MBT)S H7}3te] 4T
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Racker [26]¢] WH O 2 rubisco?] A4S Z43¥th 1 M
Tris (pH 7.8), 0.006 M NADH, 0.1 M GSH, 0.5 M KHCO;,
0.5% glyceraldehyde 3-phosphate dehydrogenase, 0.025%
3-phosphoglycerate kinase, 0.05% a-glycerophosphate de-
hydrogenase-triose phosphate isomerase, 0.025% ribulose bi-
sphosphate, 02 M ATP ¥ 05 M MgCLEH ZA|3 483
0.94 ml°l| rubisco &9 0.06 mlE 718} 1 mle] SAEAO
Z 3o

UV-VIS spectrophotometer (Scinco S-100)E  ©] &3}
RuBP7} PGA (3-phosphoglycerate)E 8/J 3L, o] 7 o] GAP
(glyceraldehydes 3-phosphate)E 34 wj 4t3}%+= NADH
%S 340 nmol A SAHA T 1 unite 1%F 1 mM RuBPE
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Fig. 2. The fresh weights of tobacco plants grown on MS me-
dium containing 10° mM - 10° mM SA for 9 weeks.

Fig. 1. In vitro induction of tobacco plants on MS medium containing 10° mM - 10> mM SA for 9 weeks. Plants were grown
on MS medium without SA (1), with 10° mM (2), 10° mM (3), 10" mM (4), 10° mM (5), 10” mM (6), 10" mM (7), 1

mM (8), 10 mM (9), and 10> mM SA (10).
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Fig. 3. In vitro induction of tobacco plants grown on MS medium for 11 weeks. Plants were grown on MS medium without Cd
and SA (1), with SA (2), Cd (3), and Cd and SA (4). Cd and SA concentration were 0.2 mM CdCl,-2.5H,0, and 10" mM

SA, respectively.
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2277} 13.37, 1537, 2894 mg/g 02 A (Table 2), FZ 2 acl
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Table 2. Effect of Cd and SA on chlorophyll contents in tobacco

Table 1. Effect of Cd and SA on growth of tobacco plants leaves (mg/g fr. wt.)
fr. wt./plant (g)  fr. wt./leaf (g) Chl a Chl b Total chlorophyll
Control" 5.757 33.9 Control' 13.03 20.53 33.56
SA? 6.425 35.7 SA’ 13.20 20.60 33.78
cd’ 3.665 26.8 cd’ 13.50 13.79 27.30
Cd + SA 3.698 28.5 Cd + SA 13.37 15.37 28.94
'no treated with Cd and SA "no treated with Cd and SA
10" mM SA 10" mM SA

0.2 mM CdCl,-25H;0

0.2 mM CdCl,-25H,0
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Fig. 4. Effects of Cd and SA on contents of rubisco in tobacco

leaves. Plants were grown on MS medium without Cd
and SA, with SA, Cd, and Cd and SA. Cd and SA con-
centration were 0.2 mM CdCl,-2.5H;0, and 10 mM SA,
respectively.
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g. 5. Effects of Cd and SA on activities of rubisco in tobacco
leaves. Plants were grown on MS medium without Cd
and SA, with SA, Cd, and Cd and SA. Cd and SA con-
centration were 0.2 mM CdCl:2.5H,0, and 10* mM SA,
respectively.
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g. 6. Effects of Cd and SA on contents of rubisco activase
in tobacco leaves. Plants were grown on MS medium
without Cd and SA, with SA, Cd, and Cd and SA. Cd
and SA concentration were 0.2 mM CdCl-2.5H,0, and
10" mM SA, respectively.
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Z28 M & rubiscod] E4& FAZ L, 53] SA I
3t @37} vj$- 7t} Urea®} thioureat B1A 9] Hls) &
go] k7t BAl Yehd W, guanidium-HCl #f-§- SEA
Bl rubisco®] B4S AAATIE AL e & U
T}(Table 3).

Rubisco activase2| Zhefofl CHSH B H|Q| A&k
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g. 7. Effects of Cd and SA on activities of rubisco activase
in tobacco leaves. Plants were grown on MS medium
without Cd and SA, with SA, Cd, and Cd and SA. Cd
and SA concentration were 0.2 mM CdCl,:2.5H,0, and
10" mM SA, respectively.
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Table 3. Effect of denaturants on rubisco activity

Rubisco activity (%)

Control'  SA” cd® ad +sA

No treatment 100 114 84 87
L-Cysteine 347 375 333 337
B-Mercaptoethanol ~ 358 382 302 325
Urea 96 123 83 86
Thiourea 92 101 77 80
Guanidium-HCl 73 77 70 71

'ho treated with Cd and SA

10" mM SA

0.2 mM CdCl,-25H,0

Table 4. Effect of denaturants on rubisco activase activity

Rubisco activase activity (%)

Control' SA* Cd’ Cd+SA

No treatment 100 106 82 99
L-Cysteine 91 111 84 93
B-Mercaptoethanol 102 119 93 93
Urea 79 101 84 91
Thiourea 104 109 100 106
Guanidium-HCl 109 91 91 107

'no treated with Cd and SA

10" mM SA

%02 mM CdCly-2.5H,0

HAA Y] GES AT 2T, SA AT, 7t=F A
T 2 7t=FH SA £F AT BT L-cysteine, S
-mercaptoethanol, urea, thiourea % guanidium-HCl2 H] %]
2]} mlatste] oF 7k AU W FAE Yo & Ao
7} €19] rubisco activased] Ao 37} ¢le AL E YER
THTable 4).
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o] 29 F, 7189 A Bk ok 27], L] 45 A
o} 2FAY ZHAE Fosle Aoz G A ATH36] E3
abiotic stress®l] <3t EAEA 9 7|5E 3t ACER

HHAL I TH4].

SAE 0] QoA 48HH AEH 2% UV-B A
a3t glom12], L.o] FAke] FopA] AT 2EH 2o v
A4 &3t Qeai7] SelA vk Wl AE savh el
AR FEAZA 4B S AR 42T ATHE,
L3 SAE FtEFY A4 98 Jeue &AagE QA
e A4S e Aoz BuEi i
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2 SAY EA)| stolMe AASH AT, o]& SAT} 7tEH
o 535 4871 Aatolr]. o= Be] f4=ZM SAT}
FH=F9 548 43 YE Metwally 52019 Aztel ¥
A gt

FIEFLS 4549 A4S A st=H[16], ©]= amino-
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I Az} do3]. BEE Mad d5L2d A tEE
3 SAY] EFHE a7 94, PELY FFES 2 A,
24 adll A oF1He] Aol 7} Mﬁii‘/} A JE4 g 7=
F AYTF < H=FH SA EFTF < EHZ‘_TL SA A 274
A2 Z71etg e, oe FlERd 93 g2a9 JR S
SA7} S| EAIASE Hol FaL Sl Drazmﬂr Mihailovic [9]
< O fFAE 99 A4 454 FEFL Ttewel o A

5] rlo o,

atH SA7} EAGAE TtEFS Ouﬂ%i gz}%k #AEE
ol ste] Fxol wet SATE Tt=H Fe %
= 837} 9S8 B8l 21, Pancheva 5[24]% H
2] 100 M - 1 mM SA9) o8 =4 §hako] ZHadtia
2 AT AFe} Aol BTk

Catalase, superoxide dismutase, ascorbate peroxidase 2
glutathione reductase®} 22 4+3l &4 FF A< SA9}
7H=F9 A7 FRE A2 H[6], SAT A=A WA Tt=F
9] EAd g3 Yeluye &HEHE g7 Ao B
a9t} 0|8} o] =R 22 FE& T s
Zole Aol SASH A#sto] "*5“4«] CO, IAHHSE&
Zuvj8l= rubiscod} ©]9] A8 @42 rubisco activased]]
g A= wfs Fasith
olo] B Ao M= FL=F SA9 93 F =5 = rubisco
g EA o tg A5 E vl JJ-O}°4 7tEE9 a3 o
St SAS] s 2ANGE A¥, JlEF AT < 7FEET SA
T <X <SA AT A= e o] Skt
Aok x4 vuste 7leg A7t e AL 7tEF
o] rubiscod] F#FY L& JATHSS Uehll= HLoE,
rubisco®] A H 9o EA) 5= A 2H Y SH 7]d 7=
o] Agsto] o] EA e &S IAEA 7] wWTolt}37]. x
TRt SA A2 7} =& AL SAV} rubisco?] FHEFm FA4S
LA A S Ve T 3 7= F AT 7Jl=EF SA
3 A& vl 7l=Fo 93t rubiscod] FHEI &
AAE SA7} S HAIFASS & & AeH, o] A
A" 7hEHFC] SA &) A AU WE o2 At 474
AFLE vu AI= SAV} rubiscod] FHFI S
MNAATE Z&ol #ATS BT Yok

Rubiscoo] 3+ 71=5 7} SAS] A}7} rubisco activase}
#HAH o] 7%= AFE Y38 7] 93l rubisco activase
o &y A4S 43 A, rubiscod] A} TE FHE
SEF S Btk 2Tk sty Jt=H ATt

ALY
[ yo,

JP

lo,

=
1
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AC;

v
ko Ao Jle o] rubisco activase? &t BAS A s}
QoS E271EY SA A7} %3 2L SA7} rubisco ac-

tivased] 33 A4S 2RSS UERE A0 2 A, 47)
APTE vudozn =gl o8 AAE rubisco acti-
vase®| &z o] SAd 98 FBPOo =R SATF 7jA
7 9SS dusit) o] Fl=Fo s SAe ¢3}
e Bl frA=[20], 7 FA=[91A BaEa glom,
of 7)) A& A NaClel 9]t &7 SA7F Zas 9T
< dtths R = S1ohH4]. Rubisco9} rubisco activaseo] o g
A7t 2t AL SA7F SHA S E 247} rubisco9} rubisco
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wo] BAE ARG o] F A8 dMA 33 725 2

Aoke A4Ed 2% BAE 7HA AL Sl o] How
ujFo] Kol B Ao 9] L-cysteine, Smercaptoethanol,
urea, thiourea, guanidium-HCl- rubisco$} rubisco activase
o Sl &S vE AR Alrdh k= SAd o3
rubisco®] &7 SA &3 Ft=H<] JaFe] et 55 W
AAY AARE 2A Y, BE WA 7tEE AT <
7FEEH SA T < U2 <SA AT eXE 4

Haow, o] eAe MY A {79k Faglol Wt
;.

L-cysteine¥®} Bmercaptoethanol> SH 7]& 7}X| 1 9] o]
SS A3s ddgozN WAS freshed, 7Jl=FT SA &=
A3 A E rubiscod] S-S FXA7 = EHE YERY O £

AN7e A7E BloH, 53] SAd tigt axrt vf¢- Fich

o] rubiscod] A H9]¢) SH7|o| AgH 7=H[37]] AA
o #oJste= SAY F8-& Lcysteine? Smercaptoethanol 0|
A

AN Az F5ET
Urea, thiourea, guanidium-HCl-2 @34 ujo] &x)st=
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yeht a77F A9 itk v guanidium-HClE vi-§- B
UEY rubisco®] €4S JAATIE 7L AS5S & 5 A
Ak O]E agrg BeAge] gtad 71QlE o] Aol @ 2
=

2 FZ5Hh DTT7F goll 93t rubisco®] HAol| sl of
Lo ;qsw S ZHAgE Bzt 9T,

Fl=F3 SA Z7A3FAA rubisco activase?] &Ao| ru-
bisco®} ABE o] O P F  rubisco activase?] Ao w3t
WAl FFE FAFSFATE Lcysteine, Smercaptoethanol,
urea, thiourea ¥ guanidium-HCl2 rubisco activase] &
Aol a7} gle Ao Z YE T Rubisco activase® ru-
bisco®t= T2 A WA 3 A FFS TA F= A
o2 Yyl HAA7} rubisco activase?t 135 9] rubisco
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X2 JlE20| o] RE=l S AlSol MZE HAEZAQL rubisco/rubisco activased| CHEH salicylic
acide| Mg ot
TEH - 2
(Avgoista =3t
FIEg o3 fF=sv Bl A, 954 8, rubisco®} rubisco activased] HX= SA9] g, o]

3 AAA a2 A7atd 2 WA E sAd HFEEE 27 Y, 10° mM - 10° mM SAES
Al skl 977 AFAZ A3}, 10° mM SASA 7P S AZES BAh SAS FIEES 49 AF T ET,
SA, 7t=¥F, 7t=F + SA)Z 3t A, HE4 T 2 rubisco®} rubisco activase] FH E4& SH3 21,
7FEHE > 7FEF + SA < 2T <SA £AoIleH, 2T E‘ﬂr 7IEES AYAS o ok, 2R SAY
A E=tom, 7tEH Bt SAM A EA YEsT o)e FtEE i) FEE A diFe] SAd o v E S
oulsl= AL 2, SAE Tl &9 7WHAA, 9E4 2 rubisco/rubisco activased] i3t Fl=F &4 a3
NAA 71 positive effect 28-S k= A2 2 YESTE Rubiscod] Ao tigt WA £ 7=F > 71=
+SA < QR <SA ¢AZ 35 YERW 2T, o] F L-cysteine?} B-mercaptoethanol> &<
urea, thiourea, guanidium-HCl> A A Ft}. o] L-cysteineZ B-mercaptoethanol2 WAl Fojst=] &
urea, thiourea, guanidium-HCl> Ao #38t95S ¢ W] gt} Rubisco activase®] &/dol g WA E
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