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Al&act-2,3,5-TmodoWlc actd (TIRA) at concentratrons of 50 and 100 ppm inhrbns the ftichloro- 
phenoxyaceuc acid (2,4-D) induced growth of soybean hypocotyl secttons by 30-60 per cent. These TIRA 
levels also decrease 2,4-D uptake from the incubatton medmm by less than 25 per cent whrch should not be 
sufRcient to cause the observed growth retardatton. TIRA causes a decrease m trssue dry wt. whrch c8Mot 
fully be accounted for by mhtbitron of sucrose uptake. TIRA accumulates in the ttssue m proporuon to the 
external concentratron and 1s metabohzed to a shght extent when 2,4-D IS present. DNA, RNA, and protcln 
synthesrs rates were deueased by TIBA whde only the trssue RNA level dechnes. The rates of synthesis of 
transfer, ribosomal, and messenger RNAs are apparently mhibtted to the same degree while resprratron is 
not at&&d appreciably Mrcrobrai contammatron appears to be msrgmlicant in the system utthzed 

INTRODUCTION 

A SWIOUS effort is bang made to determme the value of the use of TIBA in crop and frmt 
production.1*2 Even though this plant growth regulator has been studied for some time, 
little is known concerning its biochemical mode of action. TIBA has been shown to affect 
plant growth and morphology markedly.3-5 Kuse6 concluded that auxin transport was 
inhibited by TIBA since treated plants became stunted and lost apical dominance. Later it 
was shown directly that ‘IIBA does interfere with polar auxm transport.7*8 

Respiration of tomato stem shces was depressed to 11 per cent of the control level when 
incubated m a 1000 ppm solution of TIBA.g TIBA at a low level (O-01 ppm) increased 
respnatron of cultured virus tumor tissue from Rumex acetosu by about 30 per cent while a 
higher TIBA level (100 ppm) i&b&d respiration by about 20 per cent.” 

The studies reported here were imtiated to determine which processes are affected m 
soybean tissue when TIBA IS used to mhrbit auxin (2,4-D) induced growth. An etrolated 
soybean stem section growth system” was employed and the processes examined were 
growth, respiration, 2,4-D uptake and release, TIBA and sucrose uptake, and DNA, RNA, 
and protein synthesis. In most experiments these processes were studied usmg 2,4-D at 
5 ppm and TIBA at 50 or 100 ppm. 

* Present address: Department of Agronomy, Universtty of Ilhno~s, Urbana, Ilhnois, U S A. 
1 M. J. BUKOVAC, Am Frzzzt Grower 83,24 (1963) 
2 H. A. L. Gamut and I C. ANDERSON, Crop Scz. 5,229 (1965) 
’ A. W. Gwro~, Am J Botany 3& 356 (1947). 
4 K. V. - and W. D. RUNNER, P&ant Physzol. 23,158 (1948). 
5 P. W WN and A. E. Hrrcucorx, Contr. Boyce Thompson Znst 12,491 (1942). 
6 G. KUSB, Mem COIL Sci. Uzzzk. Kyoto Ser (B) 20,207 (1953). 
’ J. R. ‘HAY, Plant Physiol. 31,118 (1956). 
* E. NIBDBROANG-KAMIBN and F. SKOOO, Physzol. Plant 9,60 (1956). 
g J. E. a R. H. Rumus and A J. Rnmrt, Am J Botzzrzy 37,368 (1949). 

z” L. G. NICKBLL, Am. J. Botany 37,829 (1950). 
zz J. L. KEY and J. C SHANNON, Pkbzt Physiol. 39,360 (1964). 
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RESULTS 

Growth. The rates of fresh wt. mcrease of the hypocotyl sections were nearly constant for 
8 hr and then declined steadily until very little increase could be noted after 24 hr with all 
treatments. Usually, the maximal 24-D Induced growth (mduced by 5-20 ppm 24-D) was 
about 56 per cent m 10 hr and 85 per cent in 24 hr. The controls (no 24-D added) grew 
about 19 and 28 per cent during the same respective time periods. 

TIBA, at concentrations lower than 10 ppm &d not inhibrt the 24-D stimulated growth 
of hypocotyl sectrons (Fig. 1). However, at 50 and 100 ppm TIBA inhibited 2,4-D stimulated 
growth when 24-D was present at either 5 ppm (Frg. 1) or at 1 and 20 ppm. 

1 I 
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FIG 1. EFFTXX OF TIBA AND 2,4-D ON THB GROWTH (% INCRJUSS IN FRESH WT ) OF SOYBEAN 
HYPGCOTYL. SECTIONS DDRING A 10 hr INCUBATION PERIOD. 

Tissue dry wt. was measured after an incubation period of 8 hr under standard conditions 
The dry wt. of the control (no 24-D present) sections mcreased by 4.5 per cent durmg thrs 
perrod whrle the fresh wt. increased by 15 per cent. The 24-D concentrations of 1, 5 and 
20 ppm strmulated the dry wt. increase up to 8 per cent while the fresh wt. increase 
was stimulated to 40-60 per cent. One and five ppm TUBA had no effect on the trssue dry 
wt. At 50 and 100 ppm, however, rt caused the dry wt. to decline by 5 per cent during the 
8 hr incubation period with 24-D absent or present at 5 ppm. 

Sucrose accumulation. Any tissue dry wt. mcrease must be due to sucrose or potassium 
phosphate uptake since these substances are the only ones available in the medmm. There 
was 50 mg of sucrose and 3.4 mg of potassmm phosphate present in the 5 ml of incubation 
solution used. Analysis of the medium shows that no phosphate is taken up, but experi- 
ments with 14C-sucrose show that it 1s taken up rapidly (Table 1). In the presence of 5 ppm 
2,4-D, sucrose IS taken up m a rapid and linear fashion for the entire mcubation (22 hr). If 
24-D 1s absent, however, the uptake decreased after 4 hr while TIBA at 100 ppm 
decreased sucrose accumulation very markedly. 
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Tissue dry wt. changes and sucrose accumulation measured after an 8 hr incubation 
are given in Table 1. When 24-D was present alone, the dry weight increase of 6 7 mg could 
be accounted for m slight excess by the uptake of 7.3 mg of sucrose. The TIBA treated 
tissues, however, took up from 26-3-O mg of sucrose, but lost from 2.1-2.8 mg of dry wt. 
This leaves an unaccounted for loss by the tissue of 4.7-5.8 mg with TIBA present. 

2,4-D and TIBA uptake. Experiments were performed to deternune the effect of TIBA on 
24-D uptake since the growth inhibitmg effect of TIBA might be due to a reduced level of 
24-D in the hypocotyls. 

The levels of 24-D accumulated by soybean hypocotyls when incubated with 14C-24-D 
increased during the tirst 4 hr and then decreased sharply (Fig. 2). The rate of 2,4-D uptake 

TABLE 1. TIB RI’F~JX OF TIBA AND 2,4-D ON TISSUE DRY WT AND SUCROSE UP’MKIX” 

Treatment 
2&D 

(5 ppm) &Em1 
Fresh wt Dry wt. Dry wt. sucrose. Tssue loss? 

mcrease (“xl change (“%I change (m& uptake (m& (mB 

20 + 48 +28 49 21 
+ 17 - 34 -21 2.6 

z + 58 35 +110 - 48 +67 -28 7.3 30 d: 58 

* Measured m duphcate afta mcubatlon for 8 br with 2 w 14G&sucrose. 
t Dry wt. loss not accounted for by the sucrose accumulated. 

20ppm 2,4-D 

1 I I I I 

0 2 4 8 21 

Time. hr 

FIO. 2. A CCUMULAmON OF 2,4-D IN SOYBEAN woco~y~ SECTIONS WITH 2,4-D PRESENT AT 5 AND 
20 ppm AFIl3R INCURATION WITH 14G2,4-D THB SESSIONS WBRB REMOVED pao~ THE MEDIUM, 

RPISBD AND H0M00JnwzED IN WATRR AND AN ALIQUOT WAS COUNTRD. 



1216 JACKM.WIDHOLM and RONALDSMFFBR 

16- . 

I I 
0 24 

, 
6 20 

Time, hr 

FICJ. 3. ‘~-HE EFFBCT OF TIBA ON TEE AC ~UMULA~IONOF~~DINSOYBEAN~~~O~SECTI~NS 
hlELwRBDBYINcuBATIN~INTAB PRFSEN~BOF'~CS~-I).ATTBB~MW SEOWNTEESBtXlONSWERE 

REMovmANDTHERADIoAm PlzlmNTMBASURBDAsMPIO.2. 

as measured for 1 hr periods, is high for the 8rst 3 hr and then decreases markedly. This 
uptake rate data is what would be expected from the accumulation levels shown in Fig. 2. 

TIBA (50 ppm) somewhat Inhibited 24-D accumulation by soybean stems during the 
first 4 hr of incubatron (Fig. 3). After 8 hr, however, the TIBA treated stems contain more 
24-D than the untreated ones. TIBA treatment hkewrse inhtbits the rate of uptake of 2,4-D 
by about 20 per cent durmg the first 3 hr; thereafter, the TIBA treated sections take up the 
labeled 2,4-D more raprdly than those treated with 24-D alone. 

When soybean sections which had previously been incubated for 1 hr wrth 14C-24-D are 
placed m medmm without 14C-2,4-D the radioactrvlty IS released mto the external medium 
rapidly for the 8rst 30 min. Thereafter the 14C appeared in the medmm at a linear rate for 
the next 4 to 5 hr at which time the tissue 14C concentration about equaled that of the 
external medium. The higher the ongmal internal 14C level, the lugher the release rate. 
The presence of 2,4-D or TIBA m the medmm at the usual levels Qd not effect the release 
rate appreciably. 

The uptake of TIBA from the medmm was measured usmg 14C-TIBA and the results are 
shown in Fig. 4. The TIBA is taken up rapidly and reaches the peak levels between 4 and 
8 hr, then the tissue levels dechne somewhat. The peak levels attamed m the tissue are pro- 
portional to the TIBA concentrations present m the medmm at least for those concentrations 
shown m Fig. 4 (20,50 and 100 ppm). It IS also evident that the presence of 5 ppm 24-D in 
the medmm increases TIBA accumulation somewhat. 

All the radioactivity found in the TIBA treated tissues cbromatographed identically to 
the 14C!-TIBA standard except in treatments where 24-D was present. Then 3-24 per cent 
of the radioactivity remained near the origm after chromatography while the remainder 
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E?ro. 4. ACCUMULA TI~NOF~AIN.?OYRRAN~HXOTYL SECTIOM IN TEE PRE3RNCR OR ABSRNCE OF 
2,4-D. Tm UPTAKE WAS MBASURED BY INCUBATINC~ WlTH 14C-TIBA POR THE m= SHOWN AND 

THE RADmAcnvrIYWrmIN TIIBTIR3UJJWASMEMURRD As IN FM. 2. 

chromatographed like TIBA. The material near the origin appears simrlar to an unidentified 
metabolite noted in animal~.~~ 

Respiration. Since the mode of action of TIBA might be concerned with respiration, the 
effect of TIBA on the rates of respiration were measured. Results of a typical experiment are 
given in Fig. 5. 

When compared with untreated tissues, those treated with 50 ppm TIBA showed shghtly 
depressed respiration for the first few hours (Fig. 5). After 22 hr, however, the TIBA treated 
sections respired more than untreated sections. The presence of 2,4-D was necessary for 
sustained oxygen uptake. TIBA had little effect on oxygen uptake in the presence of 2,4-D. 

Nucleic acid and protein synthesis. The effect of TIBA on nucleic acid and protein syn- 
thesis was investigated by measuring incorporatron of ‘*C-labeled precursors into the 
appropriate macromolecules (14C-thymidine, 14C-uridine, and 14C-L-leucine into DNA, 
RNA and protein, respectively). 

The first effect of TIBA (100 ppm) was found to be an inhibition of the uptake of the 
14Glabeled compounds (Table 2). This inhibition of uptake resulted in a lower 14G 
precursor concentration within the tissue so that the incorporation values alone would 
appear to be invalid comparisons of the synthesis rates. Percent incorporation values should 
allow a better comparison of the synthesis rates under these conditions. These values 

I’ W. M. BARKER, D. J. THOmN and J. H. WARE, Fedmzth~ Proc. 26,568 (1967). 
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FIG. 5. RJXQ'IRATION OF SOYBEAN HypocoTn SSCTIONS bl3 OR TEN W SSCTIONS WERE 
INCUBATXL3INSTERILBWSSSLS WITH KOHINTHE~E~ER~ELLIN AGESONDW~RBNTULRBSPIRO- 
~READING~WEREMADBAT~~~~~V~FORAPBRIODOF~~TODBTBRMINB EACHPOINI 

SHOWN THesBCONDITIONSALUlWEDANORMALGRO~RATB 

represent the per cent of 14C-labeled compound m the tissue which was incorporated into 
acrd msoluble mate&. 

When the hypocotyl sectrons were Incubated for 6 hr with the 14Glabeled precursors, 
TIBA (100 ppm) mhrbrted uptake and mcorporatron of all three 14C-labeled compounds 
(Table 2). The tissue growmg m the presence of 24-D alone synthesrzed the 3 macromole- 
cules at a greater rate than d 24-D IS absent (percent incorporatron IS assumed to be a 
measure of syntheses rate). Longer mcubatlon periods allow thrs synthesis enhancement 
caused by 2,4-D alone to be even greater. 

If the 6 hr mcorporatron penods are started by the addition of the 14C-precursors to the 
medmm 6 or 21 hr after the mcubation of the sections has begun we find incorporation 
results similar to those obtamed when the 14C-precursors were present from trme zero 
(Frg 6). Figure 6 lsplays the present mcorporation values obtamed durmg the three mcor- 
poration time periods wrth 24-D present alone or wrth 2,4-D and TIBA present together. 
Clearly TIBA inlubrts the syntheses of DNA and RNA at all times. Protein synthesis is 
likewise mhibited, but to a lesser extent. 

Frgure 7 shows the quantities of nucleic aads and protein present m the hypocotyl 
sections as measured by chemical means during the mcubatlon period. The RNA level was 
depressed markedly by TIBA, but increased by 24-D alone. The presence of 24-D alone 
also increases the DNA level and may increase the protem level by 24 hr. The DNA and 
protein levels change httle when TIBA IS present. 

When 14C-urrdine labeled RNA Isolated from TIBA treated and untreated tissues was 
analyzed by sucrose densny gradrent sedrmentatron, the 14C and absorbancy tracmgs 
comade qmte closely. The spec& actrvlty of the RNA Isolated from the TIBA treated 
tissue IS lower, however, as measured by the ratio of cpm to the absorbancy at 260 nm. 
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Fro 6. ~CORPORATION OF “C~~~ mm DNA, RNA, AND p~cnxm BY ~~YBBAN - 
~YIYL SESSIONS IN THE PRESENCE OF 5 ppm 2,4-D ALONE (0) OR 5 ppm 2,4-D PLUS 100 ppm TIBA 
(0). ?-Ii8 SECTIONS WERS INCURATED POR 6 hr PERIODS WITH THR 14~PRPmRSORS AND THB MCOR- 

PORATION D- ASINTABLB~. 

RNA, labeled wrth 14C-urrdme, was analyzed also by chromatography on MAK columns. 
Here agam 14C and absorbancy comcided well. The only difference noted m the 14C and 
absorbancy profiles for the RNA samples m this case, as wrth the sedimentation experrments, 
is that the TIBA treated RNA has a lower speafic activrty for all fractrons. 

DISCUSSION 

Since microbral contammatron can mvahdate mcorporatlon expenments such as thesei 
we present evidence which indicates that these expenments were not srgniGcantly contami- 
nated. Smce nucroorgamsms usually resprre raprdly, we measured the oxygen uptake of 
mcubatron solutions whrch had been previously incubated for 22 hr wrth stem sectrons. The 
greatest uptake measured was 2 pl/hr or 0 6 per cent that measured for the soybean tissue. 

Secondly, contammatmg nucroorgamsms rf present m srgmficant quantitres, would very 
likely mcorporate a high percentage of the added “C-labeled compounds mto then cellular 
materrals.13J4 Thus, bacterral RNA would be expected to be highly labeled when 14C- 
uruhne was present durmg the mcubatron. Sucrose densrty gradrent sedimentation and 
MAK chromatography can allow one to drstmgmsh higher plant nbosomal (pea and 
potato) from bacterial (Escherichia co11 and BuciZh subtdrs) rrbosomal RNA since their 

I3 K. K L~NBITR~+H~LM, Nuture 213,454 (1967). 
l* B. HOCK, Plant Physrol. 42,1149 (1967). 
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FIG 7 RFUTIW. AMOUNTS OF DNA, RNA, AND PROTIZN PRDENC IN SOYBEAN ENpoCGTYLTE3SLJE 

AFTER INCUBATION WITH 5 ppm 2,4-D (a) OR 5 ppm, 2,4-D PLUS 100 ppm TIBA (A). IN EACH CASE 
THJIORIGlNALTTSKJELEWLISSETEQUALTO~~ 

profiles drffer.15*16 Smce soybean and pea ribosomal RNA possess almost identrcal sedi- 
mentation properties (unpublished), sedimentation and MAK chromatography should allow 
the determmation of contaminatron m these experiments also. When 14C-uridme labeled 
soybean RNA was analyzed by sucrose density gradrent sedrmentation and by MAK 
chromatography no deviation between radioactivrty and absorbancy was ever found. Thrs 
mdrcates little or no contammatron. 

We have shown that TIBA at growth-mhrbitmg concentratrons does mhrblt 24-D up- 
take. However, as shown m Frg. 3, the 24-D level IS not depressed by more than 25 per cent 
at any time by TIBA. Since 5 and 20 ppm, 2,4-D rllicrt the same growth response, yet the 
&sue 2,4-D concentratron for 5 ppm 2,4-D is less than half that for the higher level (Frg. 2), 
we conclude that the slight lowering of the trssue 2,4-D level by TIBA is msufficrent to cause 
the growth mhrbitron. 

It IS evident that since the trssue fresh wt. increases proportionately more than the dry 
wt. durmg incubation (Table 1) that the enlargement measured is largely due to water 
uptake. 

The reason for the decrease in dry wt. of the TIBA treated trssue IS not clear. TIBA 
does decrease the uptake of sucrose (Table l), but apparently not sufficiently to cause the 
observed weight loss. Thrs loss m weight nught be explained by a TUBA induced increase in 
energy usage, but data presented here shows that TIBA does not mcrease respiration srgmfi- 
cantly durmg an 8 hr incubatron period. Since sucrose uptake was inhibited markedly by 

Is R. E GLICK and B. L. TINT, J. Mol. Biol 25,111 (1967). 
I6 A E fbOl’A, C. J. LEAVER and J. L. KEY, Plant Physiol. 43,907 (1968). 
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TIBA, perhaps less of the exogenous sucrose was used as energy by the TIBA treated tissues 
resulting m more of the tissue dry weight bemg used for thrs purpose. Another possibility is 
that the TIBA treated &sue mrght have lost some cellular matenal mto the medium. This 
posslbrhty was not explored, however. 

Smce TIBA does not affect soybean trssue respiration rates appreciably, it would appear 
that this compound does not manifest its growth retarding effect by altermg respiration. In 
addnron to the data reported here, Malhotra and Hanson” found that TIBA drd not 
uncouple oxidative phosphorylation m isolated corn nntochondria even when present at the 
very hrgh level of 10S3 molar, but did reduce both oxygen and phosphate assimilatron 
markedly. 

In our experiments oxygen consumptron did not parallel the growth rate. The data in 
Frg. 5 shows that the oxygen consumptron with 2,4-D present is greatest after 22 hr of 
incubation at which trme growth had almost ceased. 

The synthesis rates of DNA, RNA and protein are depressed by growth inhrhtmg TIBA 
concentratrons wrth protein being least affected (Fig. 6). This evidence suggests that nuclac 
acid synthesis is a&ted more duectly by TIBA than is that of protein, and that inhibition of 
RNA synthesis results in less growth. 

When 14C-uridine-labeled RNA was fractionated by sucrose density gradient sedimenta- 
tion and MAK column chromatography, no apparent alteration m labeling pattern was 
observed due to TIBA treatment of the donor plant tissue other than a uniformly lower 
specific activity. It appears then that TIBA depresses the synthesis of transfer, ribosomal, 
and messenger RNA to approximately the same extent. 

EXPERIMENTAL 

Soybean hypocotyls (Gfycure mux, var. Harosoy 63) were prepared and about 1 gm were incubated m 
sterile me&a m a s& fashion to that descrrbed by Key and Shannon I1 

The kthyhunine salt of TIBA and the 2,4-D acrd were used. Rmg labeled ‘%2,4-D (Calbmchem, 
@2 w/Fole), carboxyl labeled r*GTIBA- (gtft of L. Spnxnagie, Purdue Umversity, 0 2 &mole) and l*G 
thyrmdine, l*Gundme, 14GL-leucme, and umformly labeled r*Gsucrose (ICN Corp ) were the radioacttve 
compounds employed. 

Dry wt. were determined from secttons which had been druxl for 48 hr at 60”. MAK column chromato- 
graphy was camed out as described by Mandell and Hershey I8 Ra&oactmty measurements were made in 
Bray’~~~ solutton by hqutd scmtdlatton spectrometry. 

To determme tf TIBA was altered after entermg the ttssue, homogenates of tissues whtch had been m- 
cubated wrth 14GTIBA were acid&d to pH 10 wrth HCl and extracted 4 x 50 mi of EtzO. The E&O extract 
was evaporated to dryness and the residue dissolved in a small amount of acetone for apphcatron to sihca gel 
G TLC plates for analysts. The plates were developed wtth petroleum ether-proptomc acrd (10.1, v/v). 

DNA, RNA and protem were measured chenncally after fracttonation of the final precrpitate obtamed by 
the Key and Shannon procedum.11 This pmctpnate was mcubated overmght at 37” wrth 1 ml O-3 N KOH. 
An equal vol of cold 0 8 M HCIOe was added and the tubes were placed on ice for 1 hr. After centrifugatron, 
the supematant was decanted and saved for the chenncal determma tton of RNA.zo The precrpttate was 
washed wtth 1 ml of cold 0 5 M HClO, and the supematant was added to the RNA solutton above. After the 
addmon of 1 ml of 05 M HCIO, to the prectpuate, the tube was heated to 95” for 10 mm and then cooled on 
rce for 1 hr The resultmg prectpnate was collected by centrrfugatton and the supematant decanted and saved 
for the chenucal determmatton of DNA.*’ The pmctpttate was then suspended m 2 ml of 0 3 N KOH and 
the amount of protem present determmed chermcally.** 
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