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SYNERGISTIC EFFECTS OF SULFHYDRYL 
COMPOUNDS' ON CYTOKININ-INDUCED POTATO , 

MICROTUBERIZATION IN VITRO 
A. Chanemougasoundharam, Debabrata Sarkar and Prakash S. Naik' I J , 

:STRACT The synergIstic effects of two sulfhydryl compounds, viz., L-cysteme and 2-mercaptoethanol each at 0, 2.0, 4.0, 6.0, 
80 and 100 mM dunng cytokmm-mduced rnlcrolubenzation were studied in two potato (Solanum fuberosum L. subsp. 
tuberosum) genotypes: The sulfhydryl compounds were tested on induchon medtum based on Murashlge and Skoog's basal 
medIUm supplemented wlth 10 mgl-1 Nb-benzyladenine (BA) and 80 gP sucrose There were sIgmficant genotype x sulfhydryl 
compound mteractIons for rnlcrotuber imbatIon and development Except for cysteine which showed a positive influence on 
rnlcrotuber imtIatIon J'only In early matunng genotype Kufri Ashoka, sulfhydryl compounds m general slgmfIcantly affected 
mlcrotuber development. Cysteme at 2: 4.0 mM mhlblted micro tuber development Mercaptoe~hanol at 20 mM mcreased 
mlcrotuber fresh mass and ffilcrotuber yield. However, mcreasmg concentrailons of mercaptoethanol In the medtum slgmfI
cantly declined miCro tuber fresh-mass and yteld Thus 20 mM mercaptoethanol can be used In the induchon medium to 
improve potato mlcrotuberproduction and utIlization efficiency dunng cytokmin-mduced tubenzatIon in VItro. 

INTRODUCTION 

In potato (Solanum tuberosum L.) 

mlcrotubenzation is an established technique 
for the productIOn of vIrus-free ·plantmg 
matenal (10, 16). Over the past two decades, a 
wide range of physical (5, 26, 28) and 
nutntlonal (2, 14, 18) factors have been 
reported for their varying degrees of 
effectiveness for potato nucrotuber production 
III vitro and its successful integration in seed 

\ production programmes (11, 17, 21) Of these, 
cytokmm-mduced mlcrotubenzatlOn has been 
found to be most effective for large-scale 
nucrotuber production m potato (9, 26). In 
spite of phenomenal success of tlus technology 
in recent years, its effective utilization is 
severely hmlted due to mherent tendency of 
potato microplants to produce small sized 
tubers In Vitro (10). Small mlcrotubers are 
particularly inconvenient for post-harvest 
handlmg and/ or storage (8), dormancy release 
(4) and subsequent field establishment (11, 
17). Therefore, in recent years much attention 
has been dlfected towards increasing the size 

of potato microtubers 

Sucrose synthase (UDPG-D-fructose-2-aa
D-glucosyl transferase, Ee 24.1.13) IS one of 
the major sucrolytlc enzymes present m 
excessive amounts in potato plants (1) It 
catalyzes a reversible reaction yieldmg UDP
glucose and fructose (from sucrose), the 
precursors of sucrose-starch transformation. 
The catalytiC property of sulfhydryl 
(nucleophilic) groups in enzyme molecules IS 

well known. It has been shown that sulfhydryl 
compounds such as cysteine and 
mercaptoethanol markedly activate the 
sucrolytlc property of sucrose synthase (15) 
Since sucrose synthase plays a major role m 
determming smk strength dunng tubenzatlon 
in potato (29), it was of interest to study the 
effects of sulfhydryl compounds on potato 
micro tuber production III Vitro. As to the best 
of our knowledge, there appears to be no 
informa tlOn about the efficacy of sulfhydryl 
compounds on potato tuberization vis-a-vIs 
microtubenzation. We, therefore, decided to 
examine as to how two sulfhydryl compounds, 
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VIZ., cysteme and mercaptoethanol affect potato 
mIcrotuberizatlOn l/l vitro' when exogenously 
supplemented. in the microtuber Induction 
medIUm. / 

/ 
MATERIALS AND METHODS 

Two tetraplOId (2n=4x=48) potato (Solanum 
tuberosllm L. subsp. tuberosllm) genotypes 
belongmg to dIfferent maturIty groups, viz., 
Kufn Ashoka (early maturing) and Kufri 
Chipsona-l (medIUm maturmg) were used m 
the present experiment. These were selected 
for their contrastIng response to in Vitro 
mIcro tuber production (9). Disease-free 
mIcroplants of these genotypes were 
maintaIned and multiphed through shoot 
cuthngs folloWIng the method deSCrIbed earher 
(20). To reduce the carry-over effects of growth 
hormones on subsequent microtuberizatlOn, 
the aXIllary shoot cuttings were pre
condItIoned in hormone-free semisolid (8 gl"' 
agar) medIUm for 21 d (18) 

For microtuber inductIon, pre-condItioned 
double node cuttIngs (DNCs) were used. The 
mductIOn medIUm was based on MS (7) 
medium supplemented WIth 10 mgl'] N'
benzyladenine, 80 gl"' sucrose and different 
concentratIons (0, 20, 40, 60, 80 and 10.0 
mM) of L-cysteme or 2-mercaptoethanol 
(Sigma, Missouri). Three DNCs were cultured 
per tube (25 x 150 mm) 'contaimng 13 ml of 
mductlOn medIUm, and the tubes were closed 
usmg polypropylene closures (Kasablanka, 
Mumbai). Both the sulfhydryl compounds 
were added by filter sterilIzatIon (MIllipore, 
USA) after autoclaving the medium at 121°C 
for 29 min. The micro tuber mduction cultures 
were incubated m the dark at 20°C (S). 

After 60 d of mcubation, observations were 
recorded on the number o(microtubers per 
tube, average microtuber fresh mass (mg) and 
mICro tuber YIeld (g) per tube The experiment 
was conducted In a factorial (2 x 2 x 6) 
completely randomized desIg~ WIth 15 

I 

104 

replIcate culture tubes in each treatment. Before 
statIstical analyses, the data on number of 
micro tubers per tube were transformed into 
square roots' (--ix+O 5), and the 'three-way 
analyses of variance (ANOVAs) were 
computed using the standard procedure (22). 
Means were separated by Least SignifIcant 
DIfference (LSD) or Student-Newman-Keul's 

\ 

\ 
tests. 

RESULTS AND,DISCUSSION 
'\ 

The analyses of variance (Table 1) showed 
that sulfhydryl compounds had SIgnificant (P 
S; 001-0.05) mam effects on induction and 
development of potato microtubers ill vitro. 
VariatIOn due to genotypIC dIfferences was 
also sIgmficant (P S; 001)' SignIficant (P ~ 
a (5) genotype x sulfhydryl compoun~ 
mteraction for microtuber number mdicated ' 
that the effect of sulfhydryl compound for this 
character was not consistent over the two 
genotypes tested. Also there were strong 
sulfhydryl compound x concentration 
interactIOns, suggesting that the effect of 
sulfhydryl compound on microtuberization 
was not umfor~ over the concentration used 
m the expenment. However, there were no 
slgmficant (P S; 0.05) genotype x sulfhydryl 
compound x concentration interactIOns 

Microtuber initiation: The effects of sulfhydryl 
compounds on microtuber mitiation as 
recorded by the number of microtubers 
developed per culture tube (1.e. 3 DNCs) are 
shown In Table 2 In cv. Kufn Ashoka, cysteme 
was effectIve m sIgmficantly (P S; 0 05) 
increasmg the mIcro tuber numb"r at 6 0 mM 
level, and at concentrations beyond thIS level, 
no further sigmficant (P S; 0 05) mcrement m 
mICro tuber number occurred. In companson, 
cysteme did not have any sigmficant effect on 
microtuber imtiatIon m cv. Kufri Chipsona-l. 
The effect of mercaptoethanol on mIcro tuber 
ImtiatIOn was uniform in both the genotypes 
AdditIOn of mercaptoethanol to mductIon 
medium dId not result many signiftcant 
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Table 1. Analyses of vanance for micro tuber growth parameters in sulfhydryl compounds experiment (* = P ~ 005 and 
** = P S 0.(1) 

Source df MSS 
Number of Ave/age mlcrotuber Mlcrotuber 
mlcrotubers fresh mass (mg) y"ld (g) 

Genotype 097** 269013 61*+ 075** 

Sulfhydryl compound I 034" 8891525 .... 039 .... 

Genotype X sulfhydryl co~pound 1 037" 40744 014 
ConcentratIOn 5 023""" 11700536"'+ 099*" 

Genotype x concentraho~ ~ 5 - 003 1091079' 006 
Sulfhydryl compound x concentrahon 5 / 045"* 2]72197** 035** 
Genotype x suHbydryl ~ompound , OilS 386353 003 r 
x conC€ntratlon , 
Error 336 007 48-1627 004 

Table 2. Effects of sulfhydryl compounds on micro tuber number during cytokmm-mduced mlcrotubenzation in potato Data 
in parenthesls repres~nt square TOot transformed values (LSD

o05 
= 013). Average effect means with common letter are not 

SignIficantly different at P S; 005, according to Student-Newman-Keul's test 

ConcentratIOn _--- Cysteme Mercaptoethanol 
(mM) Kutn Ashoktl Ku!1'1 ChlpSOtla-l Average effect" KUJn Ashokn KUJn Chlpsona 1 Average effect" 

20 29 (L84)' 3 I (1 89) 30 (186) " 28 (] 80) 34 (196) 31 (188) a 
40 25 (173) 30 (187) 28(180)a 29 (182) 36 (201) 33 (192) a 

60 3 I (1 88) 29 (183) 30(185)a 27 (176) 33 (193) 30(184)a 

80 31(187) 3 1 (1 90) 32 (1 89) .z ~S (171) 29 (182) 27 (I 76) a 
100 34 (195) 31(187) 32 (191) a I 7 (] 43) 24 (164) 20 (1 53) b 
Control 24(167) 29 (1 83) 26 (175) " 23 (1,67) 29 (183) 26(175)a 

mcrease m microtuber number; rather 
mercaptoethanol at > 8.0 mM concentratIon 
was found to decrease micro tuber number 
sigmficantly The average effects of sulfhydryl 
compounds over the two genotypes showed 
that cysteme did not have any effect on 
mlcrotuber initiation, whIle mercaptoethanol 
did inhibit mlcrotuber ImllatlOn when 
supplemented in the inductIon medlUm at a 
concentration of 10.0 mM (Table 2). 

Microtuber development: The effects of 
sulfhydryl compounds on mlcrotuber fresh 
mass are shown in .Eigure L Cysteine 
sIgmficantly (P S 0.05) decreased the 
mICro tuber fresh mass at 40 and 60 mM 
concentrations m cvs Kufri Chlpsona-l and 
Kufn Ashoka, respectIvely However, no 
further sIgmfIdmt declIne in microtuber fresh 
mass occurred with increasing concentratIOns 
of cysteme m both the genotypes In cv Kufn 
Ashoka, a signIficant (P S 005) Improvement 

105 

in micro tuber fresh mass occurred when the 
induction medlUm was supplemented -With 
2_0 mM mercaptoethanol In contrast, 
mercaptoethanol was not effectIve in 
improving the mIcro tuber fresh mass m cv. 
Kufn Chipsona-l However, mercaptoethanoI 
at higher concentratlOns (RO - 10_0 mM) was 
mhibltory to micro tuber development m both 
the genotypes The average effects of 
sulfhydryl compounds on microtuber 
development showed that there was no 
signifIcant (P 5 0 05) improvement in 
microtuber fresh mass when the medIUm 
contamed cysteme (Figure 1), rather cysteme 
at;:: 4 0 mM mhlbited microtuber development 
as mdlcated bY' a reductIOn in average 
microtuber fresh mass Mlcrotuber fresh mass 
was significantly improved at 20 mM 
mercaptoethanol and thereafter, declIned 
gradually with mcreasmg concentratIOns 
(Figure 1). 
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FIg 1 Effects of sulfhydryl compounds on average mlcrotuber 
fresh mass (mg) durmg cytokinm-mduced mlcrotubenzatlOn 
In potato Average effect means with common letter are not 
sIgnifIcantly dIfferent at P :5 a as, accordl1lg to Student
Newman-KeuL's test 

Microtuber yield: The effects of sulfhydryl 
compounds on microtuber y,eld are shown m 
Figure 2. In cv. Kufri Ashoka, a signIfIcant 
Ifnprovement in mIcro tuber y"eld occurred at 
20 mM cysteme, however, It did not have any 
further effect with mcreasmg concentrations 

/ 
In contrast, cysteme decreased the mlcrotuber 
y,eld in cv Kufn Ch'psona-l at ;:" 4.0 mM 
Mercaptoethanol slgmfIcantly (P " 0.05) 
improved the ·mlcrotuber yield at 20 mM 
level in both the genotypes However, a 
SIgnificant declme m micro tuber YIeld was 
observed in both the genotypes with increasmg 
concentrations of mercaptoethanol m the 
mduction medmm The average effects of 
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FIg 2 Effects of sulfhydryl compounds on mlcrotuber YIeld 
(g) dtJnng cytokznln-mduced mlcrotubcrlzatwn In potato 
Average effect m,eans w1th common 'letter are not SISlllflcantly 
dIfferent at P :5 0 05, accordmg to Student-Nerpman-KeuI's 
test 

sulfhydryl compounds showed that cysteme 
dId not have any promoting effect on 
microtuber y,eld, and mercaptoethanol was 
effective m mcreasmg the mlcrotuber yield at 
2.0 mM. Averaged over the genotypes, 
mercaptoethanol was found to decrease 
mlcrotuber peld WIth increasing 
concentrations (Figure 2) 

The present study clearly established the 
synergIstic effects of sulfhydryl compounds 
on cytokmm-lnduced microtubenzation 
process in potato. However, this synerglStIc 
effect was more conspIcuoUS for mICro tuber 
development than their mltIation. Mlcrotuber 
mitiation m potato IS essentially hormonal 



(13, 25) There are numerous evidences in 
potato that upon tuber formation, the activity 
of sucrose synthase inqeases (1) resulting in a 
shift from apoplastic' unloadmg m stolons to 
symplastIc unloadmg in tubers (12, 23, 24) In 
view of this and consldermg the fact that 
sulfhydryl comppunds are involved 111 

, activatmg the enzyme sucrose synthase (15), It 
is likely that their effects are confined to 

I / 

micro tuber deyelopment rather than 
microtuber mitiation as reported m the present 
'study. Between th~ two sulfhydryl compounds 
tested in the pr~sent investigation, cysteme 
did show some benefiCial effect on mlcrotuber 
imtIatIon at higher concentratIOns in early 
bulkmg (maturmg) g~otype Kufn Ashoka, 
WhICh IS known to rmcrotubenze earlier III 

pltro (19) ThIS benefIciaJ effect IS difficult to 
explain, but It may perhaps be due to some 
pOSItive interactions between cysteine and 
endogenous hormonal balance of the 
genotypes, In numerous studies on potato 
microtuber induction, such sort of favourable 
mteractions between the exogenously applIed 
growth additives and endogenous growth 
regulators have been reported (6). 
Furthermore, thIS benefICIal effect of cysteine 
on mICro tuber initiation may perhaps explam 
as to why it did have a negative effect on 

\ micro tuber development (mIcrotuber fresh 
mass) at higher concentrations in both the 
genotypes. It IS well established that there 
always eXists an mverse relatIOnshIp between 
micro tuber number and micro tuber fresh mass 
dunng In Vitro tubenzation m potato (18, 27). 

Mercaptoethanol exhIbIted a positive 
1l1fluence on mIcrotuber development 
(mlcrotuber fresh mass) at 2.0 mM 
concentration. ThIS IS m agreement WIth Its 
mode of activating effect on cleavage activity 

\ 
of potato sucrose synthase at thiS level (15) 
Although the sucrose cleavage activity has 
been shown to be markedly activated by 
mercaptoethanol at concentrations ~ 60 mM 
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(15), It was found to exert a detrimental effect 
on potato mIcrotuber fresh mass when 
supplemented m the mductIOn medium at 
concentrations > 6.0 mM as recorded m the 
present study Kim et al. (3) reported an 
mcrease in sucrose synthase activity up to the 
attamment of 109 microtuber fresh mass 
dunng mlCrotubenzatlon m potato. However, 
m the absence of any report on potato sucrose 
synthase actIvity during mlcrotuberizatIOn 
process 111 the presence of sulfhydryl 
compounds, thIS detnmental effect of 
mercaptoethanol on mIcrotuber development 
at hIgher concentrations IS difficult to explain 
A pOSSIble explanatIon may be that It somehow 
at lugher concentratIOns mterferes adversely 
m metabolic proce;s(es) to mhibit the sucrose
starch transformatIOn, which IS essentially 
assocIated WIth tuber development. The 
superionty of mercaptoethanol to cysteme m 
micro tuber development as reported in the 
present study can further be substantiated by 
greater activating effect of the former as 
compared to the latter on sucrose synthase 
activity (15). 

The results further showed that addItion 
of 2.0 mM mercaptoethanol to mduction 
medIUm resulted in about two-fold mcrease 
m micro tuber YIeld This mIcrotuber yield 
Improvement (affected by mercaptoethanoi) 
was more conspicuous m early maturmg 
(bulking) genotype than that 111 medium 
matunng one The greater effectiveness of 
mercaptoethanol in mcreasing mIcrotuber yield 
can be attnbuted to the mcrease m mIcrotuber 
fresh mass It has been shown earlIer that 
average micro tuber fresh mass has maximum 
direct effect on mICro tuber yield during 
cytokinin-induced 'microtubenzatIOn m potato 
(11) Thus It can be concluded that inductIon 
of potato micro tubers on 2.0 mM 
mercaptoethanol-supplemented medIUm 
durmg cytokmm-mduced In VItro tubenzation 
would affect sIgmhcant improvement m 
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microtuber fresh mass vis-a-vis microtuber size 
and yield. MiCrotubers with greater fresh mass 
are more amenable to effective storage and 
utilization ITI seed' potato productiOn 
programmes. 

/' 
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