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SUMMARY 

Derivatives from 3-indolyl(2-14C) acetic acid and 2,4-dichlorophenoxy 

(ring UL-14C) acetic acid were bound to sRNA upon reaction with a H202- horse- 

radish peroxidase system. No radioactivity was incorporated from 3-indolyl- 

(I-14C) acetic acid or from 2,4-dichlorophenoxy(2-14C) acetic acid indicating 

decarboxylation of the indole acetic acid and loss of the acetate moiety by the 

phenoxyacetic acid upon activation or binding. These results demonstrate that 

H202- oxidized peroxidase can produce reactive auxin derivatives that bind co- 

valent]y to cellular nucleophiles. This activation may be required to produce 

the ultimate phytohormone in vivo. 

I NTRODUCT I ON 

It is presently believed that oncogenic aromatic amines including N-OH- 

acetylaminofluorene require metabolic activation to express their biological po- 

tential in vivo (1,2). Investigation of N-OH-AAF activating systems with puri- 

fied horseradish peroxidase and tobacco tissue preparations has indicated that 

H202- oxidized peroxidase was particularly efficient in generating reactive com- 

pounds that combined with nucleic acid (3,4,5). Subsequent experiments revealed 

that indolic compounds such as 3-indolyl acetic acid could significantly inhibit 

this reaction (6). Because both indolic and phenolic compounds are known to 
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react with peroxidases (7,8) the natural auxin IAA and the synthetic auxin 2,4-0 

were examined if they could be activated by oxidized peroxldase. It is axiomatic 

that phytohormones have to interact with specific cellular components in order to 

express their biological activity in vivo. The exact nature of this interaction 

is not known, but is generally believed to be non-covalent (9). This report pre- 

sents evidence for an oxidized-peroxidase activation of auxins and their cova- 

lent binding to sRNA. 

MATERIALS AND METHODS 

The auxins, 3-indolyl(2-14C) acetic acid ammonium salt (56pCi/pmole), 

3-indolyl(1-14C) acetic acid ammonium salt (52pCi/Nmole) and 2,4-dichlorophenoxy 

(2-14C) acetic acid (28NCi/pmole) were obtained from Amersham-Searle; 2,4-di- 

chlorophenoxy(ring UL-14C) acetic acid (9.2pCi/Nmole) from California Bionuclear. 

The binding assays were adapted from those described for N-OH-AAF (4,5). The re- 

action mixtures contained, in a final volume of 2.0 ml, 100 umoles sodium pyro- 

phosphate at pH 7, I mg purified yeast soluble RNA grade A (Calbiochem). 50 

nmoles H202 diluted daily from Merck Superoxol 30% and, where added, 1.19 nmoles 

IAA-2-14C, 1.00 nmole IAA-I-14C in 5 pl H20 and 51.6 nmoles 2,4-0 ring UL-14C 

or 44.6 nmoles 2,4-D-2-14C in 5 pl methoxyethanol. The reactions were initiated 

by the addition of 40 or 80 Fg purified HRP (RZ 3.0-3.1, Worthington, Miles) and 

incubated at 37 ° C for times given. The reactions were terminated with 2 ml 

buffer saturated phenol, centrifuged and an aliquot of the deproteinized aqueous 

fraction was added to a 7-fold excess of 95% ethanol containing 2% potassium 

acetate on a fiberglass filter apparatus. The precipitated sRNA was sequential- 

ly washed with 5 ml aliquots each of 70% and 95% ethanol, acetone and ethyl 

ether. The filters were placed in scintillation vials, moistened with 0.15 ml 

H20, then I ml NCS solubilizer (Amersham-Searle) and 10 ml toluene scintillation 

cocktail were added. The amount of isotope bound was determined with a Searle 

Analytic Isocap 300 counter employing external standardization techniques. 

RESULTS AND DISCUSSION 

As seen in Table I, the HRP-H202 system containing 50 nmoles H202, 40 Pg 

HRP and I mg sRNA caused binding of 13.6% of the isotope from IAA and 0.4% from 

the 2,4-D in twenty-minute assays. When the sRNA trapping agent was added just 

at the termination of the experiment, with H202 and HRP present, a 12-fold in- 

crease in bound radioactivity over the control was observed for IAA indicating 
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Table I .  
14 

HRP-HoO 2 catalyzed binding of C derivatives from 3-indolyl 
14 ~ 14 

(2- C) acetic acid and 2,4-dichlorophenoxy (ring UL- C) 

acetic acid to sRNA. 

Reaction Components pmoles Derivative Recovered 

IAA 2~4-D 

sRNA H202 HRP 162 ± 32 (4) 185 ± 15 (4) 

sRNA* H2O 2 HRP 25 ± I (2) 29 ± I (2) 

sRNA H202 - - -  2 ± 0 (2) 24 ± 3 (2) 

sRNA . . . .  HRP 2 ± 0 (2) 12 ± 4 (4) 

. . . .  H202 HRP 2 ± 0 (2) 15 ± 3 (2) 

*sRNA added at te rmina t ion  of  experiment.  

The experimental procedures are described in Mater ia ls  and 
Methods. Data expressed as mean and SEM, numbers in paren- 
thes is  ind ica te  number o f  determinat ions.  

tha t  some o f  the reac t i ve  species p rev ious l y  generated rap id l y  combined w i th  the 

added macromolecule. 2,4-D showed about a two- fo ld  increase over the cont ro l  in 

i den t i ca l  experiments. Omit t ing e i t h e r  HRP or H202 from the react ion mix ture 

resu l ted  in no adduct format ion w i th  e i t h e r  aux in .  In the absence of  sRNA l i t t l e  

r a d i o a c t i v i t y  was reta ined in the f i l t e r s .  

A t ime course of  14C incorpora t ion  is shown in Figure I .  By employing 

both methylene-14C-IAA and carboxyl-14C-IAA, i t  can be seen tha t  the compound re- 

ac t ing  w i th  the nuc le i c  acid re ta ins  the methylene carbon wh i l e  los ing the car-  

boxyl group. Rad ioac t i v i t y  from un i fo rmly  r i ng - l abe led  2,4-D was incorporated,  

but r a d i o a c t i v i t y  from 2,4-D-214C was not ,  demonstrat ing tha t  the acetate group 

was removed upon a c t i v a t i o n  or adduct format ion.  

Deta i led s tud ies from several l abo ra to r ies  (7,10,11,12) have provided 

schemes suggest ing that  the HRP-oxidatlon of  IAA proceeds by the abs t rac t ion  of  
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Figure I. 
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Time course of HRP catalyzed formation of sRNA adducts from; 

( l e f t )  40 Hg HRP wi th IAA-214C, upper curve, and IAA-114C, lower 

curve; ( r i gh t )  80 Hg HRP with 2,4-D r ing UL-14C, upper curve, 

and 2,4-D-2-14C, lower curve. See methods and mater ia ls  for  

experimental d e t a i l s .  The ve r t i ca l  l ines through the points 

ind icate the range of dupl icate determinat ions.  

a s ing le  e lect ron from the 3-pos i t ion of  the indoie r ing generating a free rad- 

i ca l .  The IAA rad ica l ,  in the presence of 02, is peroxidated and rap id ly  de- 

carboxy]ates forming an epoxide. The epoxide subsequently can give r i se  to 3- 

indo ly l  aldehyde or,  upon hydrat ion,  to 3-carbinol  oxindole and 3- methylene ox- 

indole (11). Because these models place decarboxyiat ion at the time of IAA- 

peroxide radical  formation, the binding to sRNA observed in th is  study could 

occur then. The epoxide or subsequent de r i va t i ves  may also be log ica l  candidates 

for  the bound adduct. 3-methylene oxindole is a react ive  species read i l y  form- 

ing dimers or higher po]ymers and is able to react d i r e c t l y  wi th  su l fhydry ]  com- 

pounds (13). 

3-methylene oxindole is of  i n te res t  because of i t s  auxin a c t i v i t y  in 

three plant  bioassays (14). I t  may be reduced in v ivo to 3-methyioxindole which 

is devoid of auxin a c t i v i t y  (14,15). Hethyloxindole is also formed, possib ly 

v ia  methylene oxindo]e (14), by ox idat ion of  IAA wi th chelated manganese at pH 6 
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SUMMARY 

A non-dialyzable inhibitor of protein synthesis has been partially purified 
from Ehrlich ascites tumor cells. Preparations of this inhibitor have no effect 
on the initial rate of protein synthesis in rabbit reticulocyte lysates but 
cause a partial shut-off of amino acid incorporation after a lag period. The 
inhibitor has no appreciable endonuclease activity towards reticulocyte poly- 
somes but under conditions of protein synthesis it causes disaggregation of poly- 
somes. The effect of the inhibitor can be overcome by the initiation factor which 
forms a ternary complex with Met-tRNA~ and GTP and which binds to 4OS ribosomal 

• I 

subunlts. These results suggest that the Ehrlich ascites inhibitor is very 
similar to an inhibitor previously identified in reticulocytes. 

INTRODUCTION 

The rate of polypeptide chain initiation in rabbit reticulocytes and lysates 

prepared from them is regulated by the availability of hemin (I-4). There is now 

a considerable body of evidence suggesting that this regulation is mediated by 

the action of a soluble translational inhibitor protein which is activated under 

conditions of hemin deficiency and which interferes with the formation of 4OS 

ribosomal subunit-Met-tRNAf initiation complexes (5-13). Two pieces of evidence 

have led us to investigate whether this regulatory mechanism is an example of a 

more general phenomenon related to the control of initiation in other cell types. 

Firstly, hemin itself has been reported to have stimulatory effects on protein 

synthesis in cell-free systems from non-erythroid cells (4, 14, 15) and is capable 

of enhancing amino acid incorporation into protein in intact Krebs II ascites 
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(16). I t  should be noted that  a sens i t i ve  auxin bioassay requires manganese in 

the assay medium (17). 

This peroxidase a c t i v a t i o n  of  auxins may be the molecular mechanism that 

is involved in the pos i t i ve  co r re la t ions  observed between peroxidase a c t i v i t y  and 

growth in both the c roz ie r  port ion of  fern fronds (18) and aspen ca l lus  c e l l s  

cul tured in v i t r o  (19). 

In a recent binding study (20) less 3H-IAA incubated wi th  a c e l l u l a r  ho- 

mogenate f rac t i on  could be exchanged upon subsequent treatment wi th  unlabeled 

IAA in preparations from actively growing pea buds as compared to dormant bud 

preparations. These incubations done under physiological conditions would in- 

clude peroxidase catalyzed binding. The data are consistent with the concept of 

increased covalent auxin binding in actively growing tissues. 

Covalent binding of IAA-2-14C to sRNA has been found in mung bean hypo- 

cotyl sections (21). The radioactivity was isolated with several nucleic acid 

fractions, but only the sRNA still possessed auxin activity, after K0H hydroly- 

sis and ether extraction, in the Avena curvature bioassay (22). An activation 

mechanism may be inferred in that the authors found no binding upon mixing iso- 

lated sRNA with IAA-2-14C. 

Conjugates such as 2-indoleacetyl-N-aspartate (23) and inositol esters 

of IAA (24) have been isolated from plant tissues. In both these complexes the 

carboxyl group is retained, indicating that the mechanism of their formation is 

different from that catalyzed by oxidized HRP. 

The interaction of 2,4-D with peroxidase has not been as extensively ex- 

amined as has that of IAA. In the assay described here the 14C from ring label- 

ed 2,4-D was less efficiently bound to sRNA than that of IAA-2-14C. The iden- 

tity of the reactive species remains to be determined, however, the loss of the 

acetate group could result in the formation of 2,4-dichlorophenol which is also 

known to react with peroxidase (8). Peroxidases have been shown to be involved 

in the cyclical oxidation and reduction of manganous ions and phenols (25,26). 

Upon reaction with oxidized peroxidase the phenol undergoes a one-electron 
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