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Abstract-A time course study of changes in the pattern of peroxidase isoenzymes shows that two new 
isoenzymes a and h appeared in hypocotyl cuttings in all culture media except in cycloheximide. Roots were 
also initiated in all media except in cycloheximide. The time of appearance of these isoenzymes in different 
cultures synchronized with the time of root initiation. Two other isoenzymes c and d disappeared, while a new 
fast migrating isoenzyme appeared in cuttings cultured in media containing cycloheximide, even in combination 
with IAA and sucrose. As the development of initiated roots remained arrested in the latter medium, 
isoenzymes c and d appear to be associated with root development. 

INTRODUCTION 

THE SIGNIFICANCE of peroxidase in growth and differentiation has been reported by a 
number of workers.‘- 4 It has also been shown that a complex of hormonal interactions is 
involved in root initiation’ and that a proper balance between auxin and nutrition is 
needed for the optimal production of adventitious roots6 suggesting the involvement of 
both hydrolyzing and oxidative enzymes in the process. A study of the changes in isoenzyme 
patterns during the period of initiation and development of roots on hypocotyl cuttings 
of P. mungo constitute the subject-matter of this paper. 

Rooting response 
RESULTS 

Table 1 shows that roots were initiated at 48 hr on hypocotyl cuttings in IAA, sucrose, 
and IAA + sucrose as compared to 96 hr in water (control) and IAA + sucrose + cyclohe- 
ximide. While 3 roots produced on control cuttings were confined to the lower 0.1 cm 
portion, 8 produced on hypocotyl cuttings in IAA + sucrose + cycloheximide arose from 
the upper 1.5 cm portion. On cuttings cultured in IAA, sucrose, and IAA + sucrose roots 
were distributed all over the hypocotyl, being profuse in sucrose and more so in 
IAA + sucrose. Hypocotyl cuttings did not root in cycloheximide till the termination of 
the experiment. 

’ GALSTON, A. W. and DALBERG, L. Y. (1954) Am. J. Bof&~~ 40, 373. 
2 SIEGEL, S. M. (1953) Ph~&l. Plant. 8, 30. 
3 ALTMAN, A., MONSELISE, S. P. and MENDEL, K. (1966) J. Hort. Sci. 41, 215. 
4 SIEGEL, B. Z. and GALSTON, A. W. (1967) Plant Physiol. 42, 221. 
’ DORE, J. (1965) Encycl. Plant Physiol. 15, 1. 
6 NAYDA. K. K. and JAIN. M. K. (1972) New Phytologist 71. 825. 
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The activity of peroxidase expressed as units per mg of protein. presented in Fig. 1 was 
low initially (0 hr). While in the control the activity increased only slightly. in cuttings 
cultured in IAA + sucrose and even in IAA alone it increased to a higher level within 
4X hr. While in IAA alone the activity did not change, in IAA + sucrose it increased further 
at 96 hr. It may also be noted that in both sucrose and cycloheximide cultures the 
increase was more marked during the period 4X 96 hr and reached a Ic\,el even higher than 
that of the control. although the cuttings did not root at all in cycloheximide. 

Treatment 
Scgmcnts 

rooted 

No. of roots Time ol 
per rooted microscopic root 

segment initiation (hr) 

Water (control) 
IAA 5 1. mg 
Sucrose 1 “(, 
IAA 5 mg;l. + Sucrose 1 “,, 
Cycloheximide I mg’l. 
IAA 5 mg,l. + Sucrose I I’,, 

t qcloheximide I rng I. 

* Avcrapc of 10 rcplicatlons. 

The results of the time course study of isoperoxidases in cuttings cultured in various 
test solutions are presented in Fig. 1. Eight isoenzymes could be observed in cuttings 

FIG. I. PEKOVIDASL ISOLNZ\ bit IB,AT.I~RN ot l-‘htr~wlu.~ HUOK~O ttytwol YL. c I’TTIN;S 4-r 0. 3X ,AW 96 HK 
Ok <‘I ,.,I’HL ,N ,),PI’1_KFh~ TtSI SOL.I’IIOCS. 

Number inside the hands indicates the intensity of the Isoenzymc: and figures at the base. the activity 
of the ewyme per mg protem 
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initially. While a maximum of 10 isoenzymes was observed at 96 hr in cuttings cultured 
in water and IAA + sucrose, the minimum of 5 was resolved at 48 hr in those cultured 
in IAA + sucrose + cycloheximide. 

A survey of the isoenzyme patterns in hypocotyl cuttings cultured in different test 
solutions revealed significant changes only in the isoenzymes designated as a, 6, c, d and x 
in Fig. 1. The description here, therefore, is restricted to these isoenzymes. It is seen that 
isoenzymes c and d that were present initially continued in hypocotyl cuttings cultured 
in water, IAA, sucrose or IAA + sucrose at 48 hr as well as at 96 hr, but disappeared in 
those cultured in cycloheximide alone or in combination with IAA + sucrose. However, 
two new isoenzymes, a and b, appeared in cuttings cultured in sucrose alone or in 
combination with IAA at 48 hr, but in water or IAA + sucrose + cycloheximide at 
96 hr. In IAA cultures, while isoenzyme u appeared at 48 hr, b could be detected 
only at 96 hr. Neither of these two isoenzymes developed in cuttings cultured in cyclo- 
heximide alone, in which c and d also disappeared. 

Another interesting point is that isoenzyme x with high electrophoretic mobility was 
detected in cuttings cultured in cycloheximide alone as a faint band at 48 hr which 
resolved into two by 96 hr. This isoenzyme was detected also in cuttings cultured in 
IAA + sucrose + cycloheximide at 96 hr. 

DISCUSSION 

The results presented in this paper show that isoenzymes a and b develop in culture 
solutions which enhance root initiation, but not in cycloheximide which inhibits rooting 
completely. This is suggestive of their association with adventitious root formation in this 
system. Streptomycin which inhibits rooting in mung bean hypocotyls is also reported to 
suppress some peroxidase isoenzymes that are associated with rooting.’ 

The isoenzymes c and d although present in cuttings at initial stages (0 hr), disappeared 
in those cultured in cycloheximide alone or in combination with IAA + sucrose. The 
isoenzymes a and b. however, appeared in the latter case at 96 hr. As stated earlier, root 
initiation also occurred in IAA + sucrose + cycloheximide at 96 hr although root develop- 
ment remained arrested. The isoenzymes c and d thus appear in some way to be associated 
with the development of roots. 

The appreciable increase in rooting in sucrose over control but only slight in IAA, 
indicates that the level of endogenous auxin in these cuttings was adequate to trigger the 
synthesis of new proteins (isoenzymes) concerned in root initiation. An increase in the 
activity of peroxidase as a whole in cuttings cultured in IAA substantiates this hypo- 
thesis. Exogenously supplied IAA is known to promote the synthesis *-lo as well as 
activity’ .1 ’ of peroxidases. The limited number of roots that are produced, however, may 
be ascribed to inadequate nutrition, as is evident from the fact that rooting of cuttings 
cultured in IAA + sucrose increased markedly. It has been already shown that a proper 
balance between auxin and nutrition is necessary for optimal production of adventitious 
roots.‘2.‘3 In contrast to IAA, cycloheximide causes the inhibition of fresh synthesis of 
’ CHANDRA, G. R., GREGORY, L. E. and WORLEY, J. F. (1971) PIanr Cell Physiol. 23, 317. 
s GALSTON, A. W., LAVEE, S. and SIEGEL, B. Z. (1968) in Eiochrmisrry ant/ Physioloyy of Pht Growth 

Substuncrs (WIGHTMAN, F. W. and SETTERFIELD, G., eds.), pp. 455, Runge Press, Ottawa. 
’ LAVEE, S. and GALSTON, A. W. (1968) Am. J. Bofany 55, 890. 

lo RIYZERT, R. W. and TURIN, B. A. (1970) Phyrochemistry 9, 1701. 
I1 BOLL, W. G. (1965) Can. J. Botany 43. 885. 
I2 NANDA, K. K., JAIN, M. K. and MALHOTRA, S. (1971) Physiol. Planf. 24, 386. 
I3 NANDA. K. K. and JAIN. M. K. (1971) NL’M~ Phyfo/ogi.st 70. 945. 
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isoenzymes c and d and these disappear in such cultures as soon as the isoenzymes 
present initially are lost through enzyme decay. The loss of enzyme through decay has 
been shown by some workers.” 

An interesting point that emerges from this investigation is that cycloheximide treatment 
which does not allow the synthesis of isonenzymes n, h, c and d, causes the production of 
a fast migrating isoenzyme X. not seen in any other treatment. The production of a 
totally new kind of isoperoxidase in a system in the presence of cycloheximide. a potent 
inhibitor of protein synthesis, is rather novel and a little harder to understand. It appears 
that cycloheximide is not an inhibitor of all proteins. This isoenzyme may be an IAA 
oxidase which may decrease the auxin content to a level lower than is needed for the 
initiation of roots. The fact that root initiation did occur in IAA + sucrose + cyclo- 
heximide cultures though delayed to 96 hr. supports this contention. Endo’” and Yoneda 
and Endole have shown that certain peroxidase isoenzymes act as IA.4 oxidascs. Similar 
effects of cycloheximide have been reported by other workers.17 l9 In fact, Nanda et ~1.~’ 
have shown that cycloheximide causes stimulation of GA,<induced differentiation of leaves 
and floral buds in 1mputiew.s hul,samina. 

EXPERIMENTAL 

&/l~reria/. Healthy uniform seeds of black gram were germinated in the dark on a thin layer of cotton in 
sterilized Petri dishes (15 cm dia.). After 6 days. when the hypocotyls were 5 cm long. cuttmgs wcrc prepared 
by excismg them 3 cm below the cotylcdonary node. The shoot apex, the leaves and the cotyledons were 
also excised. retaining about 3 cm of the epicotyl with the hypocotyl. 

Trratmmta. The cuttings were planted in holes on tin foils stretched over specimen tubes (3 x 7.5 cm). each 
containing 25 ml of the following test solutions and kept in the dark for 8 days: (a) (control): (h) IAA 
5 mg I.: (c) Sucrose I “,,: (d) 1.4.4 5 mgl. + sucrose I “o, (e) Cy c o 1 h eximide 1 mg;l.; (f) IAA 5 my, 1. + sucrose 
l:‘,, + cycloheximide 1 mg/l. All test solns were prepared in 30 PM chloramphenicol. including the H,O control 
and the test solns uerc changed every 24 hr to prevent microbial growth. 

A~ztrromicc~l sr~dir\. Hand sections of the hypocotyl samples were cut from each test soln at 12 hr 
intervals and were stained with safranin fast green to note the precise time of microscopic root initiation. 
Observations on the number of rooted cuttings and Iroots were recorded after 7 days and the analyses of 
peroxidases were made on samples at 24 hr mtervala. The data of only 48 and 96 hr ham been included in 
this paper. 

EII-)W prc~purcrriorr. The 3 cm portions below the cotyledonary nodes (from whrch roots are initiated) of 80 
hypocotyl cuttings from each treatment were washed and homogenized separately at 4 and the crude enzyme 
was extracted in 0.1 M TI-is buffer pH X.0 containing 17”,, sucrose. 0.1 ‘I,, ascorhlc acid and 0.1 ‘I<, cysteine 
hydrochlol-ide. The extracts were centrifuged at low speed and the supernatant clarified by centrifuging at 
16000 q for 20 min. A11 operailons were carried out at 5 The extraction procedure is similar to that of 
Staples and Stahmann.” The resultant cell-free extract was assayed for total peroxidase activity in a colori- 
meter at 710 nm using benlidine-hydrogen peroxide as substrate” and is expressed as units of activi14 pel 
mg of protein that was determined. using Folin reagent.2’ 

E~:?.IJIL’ (ISSLIJ’. Gel clectrophoresis was effected with a disc system (running pH X-.? with Tris glycine 0.01 M 
buffer in electrode compartments in lO”,, polyacrylamide gel at 4 ). The method is essentially similar to that of 
Ornstein” and Davis.” All enzyme preparations on the gels were normalized with respect to their total protein 
content and the space ahove the gels was ovcrlayered by 60”,, urea solution. Each run was terminated when 

” ~‘IL~EK. P.. WRAY. J. L. and VARNER. J. E. (1969) Scirrtw 165. 35X. 
” ESI>O. T. (196X) P/LW Cell Physiol. 9, 333. 
I’ YONEDA, Y. and ENDO. T. (1970) Plum Cell Ph~,siol. 11, 503. 
I’ MA(-Do~AI.L). I. R. EI US. R. J. (1969) .Yuf~c> 222, 791 
I8 EI-I-IS. R. J. and MACDOILAI.L>, 1. R. (1970) P/m/ Physiol. 46. 227. 
“) LFF T. T. (197 1 ) Phr P/qCol. 48, 56. . 
“’ NA~\L)A. K. K.. KUMAR. M.. SAWHNFY, S. and SAWHNEY. N. (1973) An!?. Botany 37. 107. 
‘l SIAPI ES. R. C. and QAIIMALZ. M. A. (1964) Phytopharhol. 54. 760. 
” MURA. R.. J~GAN~LAIH. D. R. and BH~TIA, c’. K. (1970) Phytochemistry 9. 1843. 
” LOWRY. 0. Il.. ROSEBROI GF%. N. J.. FARR. A. L. and RAPIIIAI I. R. J. (1951) .I. Biol. C/WW 193. 265. 
” ORSSTEI~, L. (1964) 4~ N. 1’. Ac~l. Sci. 121. 321. 
” DAVIS. B. J. (1964) 4~. ,Y1’. -I&. SC,. 121. 404. 
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the tracking dye reached the lower ends of the vertically oriented gels. Gels were removed by rimming and 
stained with 0.3 y,, benzidine in 25 “/ HOAc mixed with an equal vol. of 0.01 :b H,02. The intense blue bands 
that developed were recorded immediately. The results of electrophoretic separation of isoenzyme assay on the 
gel matrix have been presented schematically, with mobihties calculated as the relative distance traversed by the 
band with respect to the distance travelled by the bromophenol dye (= 1.0). The experiment was repeated 3 x 
with similar results. The intensity of isoenzyme bands in Fig. 1 is given as score numbers arbitrarily fixed on the 
basis of visual observations. The higher the score number, the higher is the intensity of the isoenzyme. 

Acknowledgrmrnts-This work has been financed by a grant from U.S. Department of Agriculture. The supply 
of cycloheximide by Sigma Chemicals, St. Louis, U.S.A. is gratefully acknowledged. 


