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ABSTRACT

Effects of various NaCl concenirations on salt-tolerant callus of tobacco were investigated. Selec-
tion of NaCl-tolerant (S) callus was conducted by subculturing Nicotiana tabacum cv. BY 4 callus
in 200 mM NaCl-containing MS medium for more than 18 months. In spite of the long subculture
period, characteristics of salt tolerance were maintained very stably. Significant differences were
found in ion contents of each callus which was subcultured with treatment of various NaCl concen-
trations: Na* and Cl~ became higher but Mg?™, Ca** and K* became lower with the increasing
external salt contents. Therefore, the ratios of Na*/Ca®" and Na*/K* also increased resulting
close to those of halophytic property. The contents of chlorophylls and carotenoids in $ callus
were estimated to 3.1 and 2.9 times more, respectively, than those of non-selected (NS) callus
(control). The higher content of external NaCl tended to increase the amount of water soluble
proteins and to decrease the amounts of the total sugars, reducing sugars and free amino acids.
The activity of peroxidase was increased with higher contents of external NaCl in § callus, but
it was maintained at a higher level than & callus at lower NaCl, followed by a subsequent decrease
above 80 mM NaCl in NS callus. These results suggest that S callus may have a biological system
converting energy source to efficient growth leading to reduction of the growth inhibition under
stress environment,
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dey and Ganapathy, 1984; Stavarek and Rains, 1984a, b).
olg} o) WdAde] B4 % A ztel B BE QTR
iz} Aty A S B9, AR g, oled 3, &
718 F5 R A o] ) Fe] ehlng A &Fe
a2} =2 o8 7)ZE A

weh], B ole g Zeo] AlgEe @lE
AZ 2 NaCle] WAL Ad AH2E st 4Add
e Aol wlEh NaCle) &3, & Y, o]es] &4,
opm)iz Ak, 3o & L& TAbst W@ fr8He)
HRZAAY AT FAHLAE RS, WDY A
o w4 AZS Ea 24, BRA BLAEE
slmstel AZFEANAY WAL 7)2ke PR B

=
e o
A2 e, welWVicotiana tabacum L)e] B4F E
2q] BY 4% #ZatdzdTs 4 Az YAV =
HAT e zAdA A HeE A A4

Vol. 36, No. 1

AEAE P2 7= 2 g Y ALy Az
Abg-atelet
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HAAL e, ]2 1mg/L 24-D7} HrlEl MS vl
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2218 dojdle] MS 7|2l =)o) A4z="d42 33 uM 24-
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3 F AAFS EAEi

2oloj2e| &gt 2 Ak gl quts] Az AE 70°C, 48
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0.2 N perchloric acids} €7 0°Ce] $dellA ol shgict
oha] <] 2 10,000 goll 4] 203871 ARl st A AS H
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o] 5 AR F FAME AFHaF AREEtgdok
A=k Somogyi-Nelson® 2. & =7 3}¢ic}(Nelson, 1944).
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Fig. 1. Growth curves of selected (S, 200 mM NaCl-tol-
erant) and non-selected (NS) N. fabacum cv. BY 4 calli.
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Vel Be FxeA 1087 Fedt & WA g of
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5 Ak S595 7hebe] Bl sigdch A2 A 15~20
7 vrAEL 520 nmell A 3= 5 SAslyich IEy
A TEE o438} T vhe g 337 AR F
Lt gekg ol24E AbEsldoh

T2 cHE o 2] olo[ike] EEk Azl 1
gg T0mM <14t 2hE-<(pH8.0) SmLet &4 =43
F 10,000 gofl 4] 2083 2] shsdch 4Rl 0.5 mLej
20% TCA 49 05mLel Egtale] stidt A7) &
thA]  QAR-E]Ete  pellet2 Hshdth 5mle 01N
NaOH=Z pellets 4s)A171 & o] AZHL Lowy 5
(1951)2) whgol oz} 500 nmel A F%EZF HH3T bo-
vine serum albuming ¢]) 838t " Feks AlEsted
o} #3 olvu]x4k2 Yemm3 Cocking(1955)9] ninhydrin
g0 2 ZH3ldck £ A8 1mLel 0.5mLe 02M
citrate buffer(pH 5.0)5 #7}stx o17)ef 0.2 mLe] methyl
cellosolve-ninhydrin 499 ninhydring 5%(w/v)= A me-
thyl cellosolveo] =<l 7112} 1mL2] potassium cyanide-
methyl cellosolve £-2§(0.01 M potassium cyanide§ meth-
vicellosolveZ 50w #)4)-& #risted 100°Col 2] 1587t
AR Bhge] B F FEEE A5 570 nmel| Al
® F9=E 2Hsn ZFAER glycined 439k

Peroxidase2| #A.  295mLe] 0.1 M <141 g8
(pH 5.8, 5 mM guaiacol, 5 mM H;0, £3)e] B A] 5N
50 pL 4T 470 nmel4] 60& ke EAE Z7lE 2
3le] A8 FElsitHZachary and Brent, 1974).
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NaCl thad ZejAo| Mz M. Aargk g A
2]22) ARABME 7 E)7) f)ale] AA AHAE NaCle
A71EA] ek Aol A, A Wl AelAE 200 mM
NaCl& #7kst w24 Zzh 1157 Fob wieksje] Az
e 2y vl gy st AdSsmrl A
Be|adoh =3 AFAgS wges A4 deie Ao
wied £ ooF 75 FHo AAES Jehigz, Qs
Aoz g 11F7R = AS Qeie] ol YT
4 Aol ¥lF 20 g AEHUMFig 1. ]2 vlFo
Ho} Aurg]l NaCl WAl Zals= 200 mM NaCl wj=]e]
M f35A AL & & 3 A4 P28 7
lag phaseZ 7}#)= Ho 2 velgsl T8z 5 Aeise)
Azb okalg w)esh ohal 77 Wl Awse] A
Ao A A9 50%E AR ER o F A4 WwAe
decline phaseel] E2ele o vla] 115 Fof ) A§Zel
E5tr] wlZef osmotic stressell &8 AAbe] Aedl=EE=
He2 g7} Chen %(1980)2 sl 2] ~elA] v 2] 2
X2 49 PRt 27143-S A4 E aale] Egitn
sleic}h. Heysers} Nabors(1981b)= A 2% o)A £7} 79
mM NaClel 4] As14d-s o, Fdal a4 At A2
of nlsted Ato] Ap4-¥]gviy whgivh Watad S(1983)%
whal ol 4] 150, 200 mM NaClel] WAl Ae]~E Hrkslo]
A2t E - vl ag 243 5~104¢] lag phased 713 F
Apety] AlAste] wfof £ 20delle A4k el 50%
AAE vy Bwsbyich a8, A4 As{AE 200
mM NaCl 7Pl 2]ol] A kD 39, A A4} 53
dfate] AlEsle] ofF w¥l 52 Aleled o]H o
Bol, ¥ gl g Ael~E 200mM NaClel| 4] 18
A o4t Adjeiatsled Pelal Aoz A Nall WAl
dHAde] e Aoz ot oo o Az
o] At A el kol oJall A Aol Abfgle], A
A= Z3=e NaCldlx ARE + ol& 7oz o}
elre o(Nabors ef al, 1975, 1980), o]7Zle] whis] A=
el AejAel HEl o7 Qlz], ohlw fHabe] Wi
719l Fojo f4E Aol dHae o] 97 A=
=ojel ghcl

200mM NaCl #HrhelzlellA] gk Aajrrzl ¢Fg
e ade] wig w 77 B4 aadgle]l EAS #
A& ¢ l=vke AAHs7] 993k, g4 e ~E NaCl
F27ha Ao A 1870947 Acul oFgk F NaCl 7jaj ]
HE5te] QA4S 2Abslech Table 1|4 el uial
7] 1st passagedl| A= g Aelsrt FAb A= a2co
BE APl el HE3] Fokor] 200 mMel e
A5 dehlel FH 7R o) 2] 48.6%0l B-sled
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Table 1. Effect of NaCl on the growth of non-selected
and selected salt-tolerant N. tabacwm cv. BY 4 calli in
two passages

Passage Concentration Fr wt (g/flask) of
of NaCl(mM) Nop-selected  Selected
1st 0 164+ 14 17.9+25
(40 days) 120 2.8+06 144+ 18
200 0.9+0.2 8724
2nd 0 155+ 24 20524
(45 days) 120 168+ 26 17.8+ 2.0
200 6.9+ 25 220+ 2.0

aSelected salt-tolerant callus was subcultured on the
NaCl-free medium for 18 months before this experi-
ment.

v}, 22w, 2nd passaged] AE o] Abeldte] 200 mM
A% AR Asge] 43 gAste] Az ¥
32ue] A2 veEhdeza wE A Wide 3
Bag o 4 glddvh zaz A4 A e AHF, 120
mMeil 48] AAFo] 15} Al a FolAE 2.8 g2 A7)
A st o} 23} A e el M= 168 g0 RA A2l T-2}
s o) o)z} gdod, Beh F-2 200 mMelAE 6.9
gomA Awg Aejse] AAF 220 g®] 32% 7\=F
fedon}, F7)7t wlokd A4 o] olake] AAFH Tk
FHslx eatch

Dyjo|2e &#a 9% NaCld o|& Zelz=w 7
o] o] gt=F W2 =Alg A3 Mg?', Ca*t, K& NaCl®]
®Tr} ZrVE4E Astged), Nateh G2 F43
=Askadck Nat/Ca?t, Nat/K 2] ®|&E A4 27}l
AYAE ol gknl e B4 BgrHTable 2). d
Aoz 9)3e) NaCl $=7} 27145% Na*, Cl7e] A
Tz Ff7l Zolxlvtm BHu=e] gleviCroughan

Vol. 36, No. 1

et al., 1978; Tal et al., 1978; Nabors ef al., 1980; Heyser
and Nabors, 1981a; Ben-Hayyim and Kochba, 1983), K*
Pepol WSl o)e] glol LAY AL MR
(Croughan et al., 1978), 2@} Eejre] Z4-& Zha
== (Tal et al., 1978; Ben-Hayyim and Kochba,1983), =
wje] A 79 Wide] glek(Nabors et al, 1980)1L X
ook B A% AL, 49 £A4) FAe v Az
K+ stefe] ure} Ben-Hayyim=}d Kochba(1983)¢] ZA3tet
A shnt QubAo s AEA7) AAshs #79) NaCle)
oyl Z/4a5E AU Nat, - o] F7iskaL Ca*,
K* oleo Zasts Ade] v o Wi T
A#g Jepl gt

AAAEL FAAEE} A x| B Natg A
glovrt o2 Qg A S H2AZL F dE 71EE AR
glew, Na*/K* ratior} 1.0 o]4el B4 vz e
(Yeo, 1983), & Algoj A A3t WdA] A9 Na'/K*
w7} 38602 AT 5A4E Harh

HEA A ZIRE| 0| BE vl 2 NaCl %7}
Z7Vgel wheh Wl Aelae foke] 42 WEkH
gon, AT 924 FHE Zrlegn & AAAZY
o] 24 ko] g AAEH 22.1 ugdl ¥, 200 mM NaCl
WA AeliE 84 a b BF F7Pshed 69.0 pgel et
w8, slEElxels 8k 4] 86ugelA 250pge 2 F
7}sledci(Table 3).

Jupd o= NaCle AlEe] #itdg AMsista 549
s el 2qleoE odEd glont B AdddAe
ols} Al AnE Zhxgrl ol WA AFZAA
24 066 mg/L 24D7 §§=o] sl ul, 24-DE A=
A9 dFoR o) 249 ek FiAly)=v NaClh
246 Aeisiie W Aedze JFas spEExe|S
grake] 288 Z7bak AJA2 NaClak 24D afelofiz oF
Zgha el Zge] glo] GEAL HAE A s 257
oA ghckm A2 4= 9)e0, NaCl WA A== 24-D7}

Table 2. Effect of NaCl on the contents of the inorganic ions of N. tabacum cv. BY 4 calli“ cultured for 5-7

weeks
Concentration of Contents (%) of Ratio of
NaCl (mM) Na* K* Ca?* Mg** Cl- Na*/K*  Na*/Ca’*

0 0.25 546 0.90 0.20 248 0.04 0.28
40 1.03 4.89 0.85 0.20 7.15 0.21 121
80 290 413 071 0.18 1131 0.70 4.08
120 2.10 352 6.53 0.14 13.30 0.60 3.96
160 4.80 340 0.55 0.15 17.93 141 8.73
200 9.54 247 0.34 0.10 15.15 3.86 28.04

“Maintained for more than 18 months at the same NaCl concentration that treated respectively in this experiment.
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Table 3. Effect of NaCl concentrations on chlorophyll
and carotenoid contents of N. tfabacum cv. BY 4 cali“

NaCl Effect on Salt-tolerant Cellus

cultured for 7 weeks

(unit: pg/g fr wt)

NaCl 4 Chib Chl a+b Chl a/b Carotenoid
(mM)

0O 86 135 221 064 86
40 106 133 239 080 71
80 126 192 321 067 103
120 157 185 340 085 12,0
160 236 350 586  0.67 188
200 314 376 690 084 25.0

“BY 4 calli were maintained for more than 18 months at
the same NaCl concentration that treated respectively in
this experiment.
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Fig. 2. Sugar contents in N. fabacum cv. BY 4 callus
cultured on NaCl-containing medium for 7 weeks. The
BY 4 calli were maintained for more than 18 months
at the same NaCl concentration that treated respectively
in this experiment.

FEATCR FHE AzAdn WAe] ole AR F
zgr}. 283 NaCl WA Aeizrt 4Eas 44 49
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Weg Al Aelarl A Aaje] vlEle] ZE=Y o )
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Fig. 3. Effect of NaCl on the contents of soluble protein
in N. tabacum cv. BY 4 callus cultured for 7 weeks. The
BY 4 calli were maintained for more than 18 months
at the same NaCl concentration that treated respectively
in this experiment.

NEE A%E AR AzEe] Folelee] PR oo
o 8 UL Y o ol s PRE TS
NaCle] %ol w2 2l 3hae At @49 3] NaCl

271948 daotyckFig ). 2et £44 @
P PAZ NaCl 327} F749e meh 371
= AP oriFig ), obolnyt FaFE P ohas
A= gass A¥E UehidnFig 4. R B 24
ol & @A ws) A e AL T AFA
e Foltt obelabel st A 2t hehd 2
o= oo} Bol oh& Et Fabgs) weiel sk A 2ok

Tz}
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Z NaClo] 4% v zu = $4 AEeel g
—,—Oi Az HAEAE o '}— A4 #f#-ef NaCle
FaA = aﬂrge-] A4S WEHA wheA

Az dabrt fgstA A=A Relm wat, AEH Y
dekdy 1 %Ta fsted AyAe] ARG et
(Nabors et al., 1980). 4 Z2] osmeotic shockE do7|+
NaCl #2v} A &3e]l+= heat shock ¥ anaerobiosis
stress®] A-f-obE ©hE SA frael WEE fodth
Heat shocke]#|1} anaerobiosis stress®] 7-$-ofl= AZ4
Gl A tatell le stress proteinolzl & 4 3lE
A2 cpalde] AAE grtel ghfdde] LAFEE ¢
H) &), salt stress®] 7J$-oll&= net protein &reke] Z7}=Erl
(Aliza et al., 1967). Hurkman3} Tanaka(1987)+ salt
stress2 &= He)e] el ] 23t bulde zAE) 2
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Fig. 4. Effect of NaCl on the contents of free amino
acid in N. fabacum cv. BY 4 callus in 7 weeks after cul-
ture. The BY 4 calli were maintained for more than 18
months at the same NaCl concentration that treated res-
pectively in this experiment.

EAFge] 26kD 3} 27kD]I 2709) AlZ2 band S H13
k3 Bagiel, & Age)A vebd NaCle] Er)el o2
Szl ghekel S BEE Az TEme] ofd
A&er7] fsted AFY AALES Fo)7] 9% o=
AZrE™ NaCl F-ZH7be Ao A g Adwkel g Aejxst
A Ao wldle] A Fo] FL AR o] F FHutd
got. ol whE chitgg wiEel tlale] 7o} F7}
HAHEQl g3} olulmalel Fuke] FaslE oS gt
Hek ol FHF FHIL AE7) F4Er] s
B 27 AR} A7} o] LulE Aeln, AEute
T ulAY o) FFE aFee NaCld] 23l o4
otz Az 2802 stressell H-5517) f51e] A
I e k& F7AA AEHeR oia] WS
Hashs Zeg Alsdo),

Peroxidaseo| #hd. Peroxidase®] @42 A4} 77
22t WP Ael~7ke] zlelr} Faio] vielul WgA A
gel M= NaCl $571 271855 Z4ilo) Erlske A
e ugo), A4 AoAE S0mMAA] £& 2
& FASL o) Faste AYE ek Fig 5).
Peroxidase dutdez »3e} DA ze Aoz o
#A gle], Vg4 A xelA NaCle) F271 Zvlsledxs
B4 e] "elxA] gk 72 Ak Bajsel] w)s NaClell
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Fig. 5. Effect of NaCl on peroxidase activity in selected
(8) and non-selected (NS) N. tabacum cv. BY 4 calli in
5 weeks after culture,

Aejg oz HEEe] x37l A W=7 wEa A
22 A4Ew 1Fee NaClAx &5 2= ox
A ARE ¢ o= A% Aedo] glvia A= v,
A4 A2 e NaCl 37t 2713 wa) 37}
whe A zlPxle] o] FAEAMe] v zeozm AztEc)
e 2 ol A NaClel 214 peroxidase?] A& By ¥
ut7h Aol glond, AlepRola AAb geiel peroxidase
4-2 NaClo] gls of vlmd £z NaCle] 248 o=
AR e R Ul slel(Hagege ef al, 1990) & Ax}s}
dAgdel, 2E5L =3 Nall 57} Folxd A4l 2
#12229] peroxidase #4-2 Fogriay ¥ wselon o]e
g e AT 822 3Hnon-lignification)7} per-
oxidase #Ale] z]3l3 <l o zichi shedch

H 2

WA =l (Nicotiana tabacum cv. BY 4)2] ZAsj~3%
AER sto] NaCle] %o B2 SA43} &35 Fs)
224 stk A4 W4 Beixe] AR NaCl 2371
w2 el 2] 1870 WEt Alivi kgl el = A A HAH
LArk ATy Frlele Fuke] wH= 2% NaCl #7t
o we} sl Mg, Ca?*, K*& NaCl9 5%7} &
7VE48 Fastdent Nat, C- & 333 Frlslglen,
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Na*/Ca®", NélJ’/K+ W] D] Frlete] GAAEY o]
kel vlsgk A8 Rooh =g Jda Awle] o
B4 g 7}iﬁ11\‘—°15—4 Tz Frbshs AL Bolok
= =l olw|imAbe] 3teke NaCl &7t £714494E 4a
shedem =44 whale) ekl Sriske AdE el
Wioh Peroxidased] #42 g U]~ 3% NaCl
TR E3F 71 AiE By °‘~]- A Az e
80 mM71A] ¥L $5& R ST ol % Fadhe AES

vehligich olabe] BAL U AZY F A8
Al A VA FFAE Aol EEHoE AFAL 5
= AEA AlzwlE zhar glo sfel & AAAAE
dr He ¥ £ 95& Jehidkz Absdch
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