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AMtract-Peroxyacetyl mtrate reacted m vitro wrth mdole3-acetic acrd gtvmg five products, three of which 
inhibited 2,4 drchlorophenoxyacetic actd-induced growth of oat coleoptdes. One product was tdenttfied as 
3-hydroxymethyloxindole 

INTRODUCTION 

INVESTIGATIONS on peroxyacetyl mtrate (PAN) a component of polluted urban air, have 
shown a variety of effects upon biologically rmportant compounds. It may mhibit enzymes 
both in vivo and in vltro.‘-5 and it has been shown to oxrdrse various amino acids and pep- 
trdes6 Ordin and Propst’ showed that PAN could rrreversrbly abohsh the biological activrty 
of the plant growth hormone, mdole-facetrc acrd (IAA); further, Fukuyama and Moyed* 
demonstrated that light-catalysed ox&&on of IAA led to the formatron of oxmdohc 
products which had smnlar spectral charactensttcs to those grven by the products of PAN 
oxrdation of IAA. The work descrrbed here had the purpose of determining the nature of 
the reactron of PAN with IAA, isolating and rdentrfymg the products of the reaction as far 
as possible and testing their effect m a brologcal system. 

RESULTS AND DISCUSSION 

Figure 1 shows the trme course of oxrdatron of IAA by PAN as seen by U.V. spectra. 
The extmctron of the IAA peak at 280 nm IS parallelled by the appearance of a peak at 
250 nm. 

It was found that gassing a range of concentratrons of IAA produced substances whrch 
mhrbrted 2,4-D induced extensron growth of Avena coleoptiles. 

Table 1 shows the results of such experiments. The range of concentrations found to be 
effectrve was from 1.2 x lo- 5 M converted IAA and upwards although some shght mhr- 
bitron was observed at 2.3 x 10m6 M converted IAA, but only after 20 hr mcubatron. In 
general, at the highest concentratron of 2,4-D (3 x 100 4 M) values for elongation m all 

*Present address Department of Botany, Uuiverstty College of Wales, Aberystwyth, Wales. 
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230 ZO 260 260 260 300 310 

FR3.1. U.V. SPBCTRA OF SAMPLW DBRWED FROM &i QMS6D WlRl Px%N FOR VARIOUS TlMES. 

IAA, 12 x 10’” M in 100 ml of solutlon was gassed with 32 ppm PAN flowing at 400 ml/mm 
and sampk removed at mtervals between Oand 17Omin. Gassed buffer was used in the rafrreMx 

cuvette. 

treatments tend to converge--probably as a consequence of a general i&b&on by the 
growth regulator at this level. At the lowest concentration of 2,4-D used (6 x 10” M), 
although substantial inhibition occurs m inhbitor treated se&ons, a large propotion of 
this seems to be due to dissolved PAN or its breakdown products in that there is a con- 
siderable inhibition in the gassed buffer controls. At concentrations between these extremes 
however, the mhbition seems to be due to the IAA breakdown products. 

Chromatography of oxidation products m isopropanol-water (5:95, v/v) yielded five 
dscrete bands vlslble in U.V. light, designated compounds l-5 respectively (see Table 3). 
In both solvents used, Compound 4 had the same Rf as the compound reported by Fukuyama 
and Moyeds to be 3-hydroxymethyloxindole. Its U.V. spectrum showed peaks at 210 and 
248 nm and a shoulder at 280 nm. This is the same as that reported by Fukuyama and Moyed. 
Its i.r. spectrum was characteristic of an oxindole; furthermore, incubation of the compound 
m 0.1 M phosphate buffer pH 8.8 caused a change in the spectral pattern from the maximum 
at 248 nm to the double maxima at 248 and 254 nm charactensk of 3-methyleneoxmdole.g 
It seems hkely that compound 4 1s 3-hydroxymethyloxindole. 

The remaming compounds were not obtained in suEciently large amounts to permit 
extensive chermcal analysis, but 1.r. and u v. spectra (Table 2) indicate they are similar to 
3-hydroxymethyloxmdole. 

The effect of the five compounds upon Avena coleoptile extension growth 1s shown in 
Table 3. It may be seen that compounds 1,3 and 4 inhibit growth to some extent, although 
none of the compounds gves as substantial an inhibition as the same concentration of 

9 C C. STILL, T. T. FIJKUYAMA and H S. MOYBD, J. Bwl. Chm. 240,2612 (1965). 
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TABLET ~PEcTRALCHARACTERL9'ICSOFPRODUCTSFORMEDBYTHE ACTIONOF PAN UPON~ 

Compound UltravIolet absorption I&-a-red absorption, cm-’ (KJk) 
(95 % ethanol) max (nm) 

3450 s 2930 w 2860~ 1720~ 1660~ 1610m 
I 205 245 287sh 1480 w 1460 w 1380s 1345w 1115m 1035 w 

830 w 780 w 750 m 

3410 s 2930 w 1720 w 1710 w 
168ow 1615 w 1510 w 1430 w 

II 214 244 290sh 1380 s 1345 s 1285 w 12OOm 
1130 m 1110 m 1030 w 1aWw 
945 w 870 w 830~ 785 w 
770 w 750 w 660W 

3460 s 2920 w 1730 s 
III 210 243 298 1620 s 146Om 1380 s 1330 m 

248 1290 w 1190 w 1110 w 109Om 
940w 760w 750 w 650 w 

3420 s 2930 w 2850 vw 1715 m 
IV 210 248 280sh 1620 m 1480 m 1385 s 1190 w 

1115 m 104Ow 750 m 

3360 s 2930 w 1710 m 1660~ 
V 210 246 294 1620m 1505 w 1470 m 1380 m 

1350 w 1310 w 1190 w 1065 m 
750 m 

TABLE 3 EFFECT OF OXIDATION PRODUCTSOFIAAUPONOROWTHOF Avena COLIZOPTILES 

Compound R, m iso P&H-Ha0 (5 95) Growth O-20 hr 
( % of control) 

:. 
3 
4 

1,2,:4 and 5 
combined 

Unseparated 
rmxture 

IAA 
None 

028 
037 1: 
060 662 
072 76* 
0 85 
- ::* 

- 54* 

086 104 
- 100 

Coleoptdes were incubated m pretreatment solution contammg 20 ppm of the com- 
pound tested m 25 mM KCI and 2 5 mM KH2POd, pH 4 8. For the combiuation of 
compounds 1,2,3,4 and 5 each was at a concentration of 4 ppm After 2 hr the solutions 
were made 10m5M with respect to 2,4-D. Measurements were made of total mcrease in 
length after a further 18 hr. 

* Slgmficantly merent from control at 0 01 level of probabdlty. 
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unseparated mixture (20 ppm). Recombination of all five compounds each at a concen- 
tration of 4 ppm also gave a much greater tihtion than the compounds singly. 

Gassing of mdole-3-acetic acid 2-14C with PAN showed that the primary stable product 
was 3-hydroxymethyloxmdole followed by compound 3 and then by compound 5. Radio- 
actiwty at the origin increased as gassmg proceeded, possibly as a consequence of polymer- 
isation of oxindoles, an effect which has been noted by Hmman and Bauman’O with 
3-methylene oxmdole. Compounds 1 and 2 &d not appear as radioactive peaks and it 
therefore seemed likely that these compounds lacked a methylene carbon at the 3 position. 

In order to determme whether the effect of PAN upon IAA could be attributed to action 
by the NOz anion alone, different concentrations of IAA were incubated with 10-j or 
lo-* M KNOz at pH 4.8. Oxrdation occurred but the nature and relative amounts of the 
compounds formed were largely merent from those formed by the ation of PAN. Changes 
in IAA and NOz concentrations caused substantial vanation in the ratio of products. 
formed. Hmman and Lang” report that 3-methyleneoxmdole 1s formed from IAA under 
these conditions, but that the reaction does not occur at Hugh concentrations of nitrite and 
IAA. The peroxy moiety of PAN therefore seems to account for a large proportion of the 
oxidation. 

The results we have obtained on the ox&&on of IAA by PAN are similar to results 
reported by Fukuyama and Moyed8 on photo-oxidation of IAA and the results of Hmman 
and Lang’ 1 on the a&on of horserabsh peroxldase upon IAA. In all three cases it seems 
that 3-hydroxymethyloxindole is an Important primary product. Further, it was shown by 
Still, Fukuyama and MoytiQ that the a&on of 3-hydroxymethyloxmdole upon plants and 
bactena may be attnbuted to its converslon to 3-methyleneoxmdole, a potent mtibltor of 
sulphydryl groups. In a recent paper Moyed and Tub” summarized the effects of 3- 
methyleneoxmdole showmg that it could react with certain enzymes causmg desensitization 
to end product control, suggestmg thereby stimulation of processes held back by excessive 
feedback mhibltlon. They have further shown that 3-hydroxymethyloxindole and 3- 
methyleneoxmdole occur naturally m some higher plants. 

If the products described above are formed in vzvo from endogenous IAA the results 
could offer a patial explanation of the inhbltory effects of PAN upon plants. 

EXPERIMENTAL 
PAN WBS produced by the method of Stephens, Darley, Taylor and Scott13 and dispensed from nitrogen 

pressunsed stainless steel cylmders. IAA-214C wth a sp&ic activity of 37 8 mcm/M was obtamed from 
Nuclear Chicago Corporation. T~u preparation ran as a smgle band m both chromatograpluc systems used. 

Oat seedlmgs (Arena sutwa L. var SegerhaMe) were grown and prepared for bmassay as described by 
Ordm and Prop&.’ 

tioactwe IAA (2& was gassed with PAN dehvered dmzctly from a cylmder IAA-214C was combined 
vnth ca.mer and converted to the potassuun salt The radioactwe solution (8 ml) was contamed in a glass 
vessel mto which were mserted electrodes connected to a rachometer Utrator. The rea&on muture was 
agitated by means of a magnetic stirrer PAN was used at a conazntration of 1580 ppm and a flow rate of 
70 ml/mm Durmg gassmg, samples were removed at mtervals, medc~tely frozen and lyoph&ed The 
lyophkates were extracted thnce with EtOH-Et,0 (3 1) Chromatography was camed out by the descend- 
mg techmque (at 2”) on Whatman 3MM stnps usmg rso_prOH-Hz0 (5.95); at other tunes n_BuOH- 
benzen+MeOH-Hz0 (2 3 -4: 1) was used. Chromatograms were scanned vvlth a Vanguard autoscanner. 

lo R. L HIMIAN and C P BAUMAN, J Org Chem 29,243l (1964). 
I1 R. L HINMAN and J LANG, Bwchemzstry 4,144 (1965). 
la H S MOYED and V. TULX, m Bzochemuhy and Physzobgy of P&ant Growth Substances, Runge Press, 

Ottawa (1967) 
I3 E R. STEPHEN& E. F DAIUXY, 0 C. TAYLOR and W. E. Scorr, Znt. J. Au. whter Polfufwn 4,79 (l%l). 
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For large scale preparatrons, 100 mg of the K salt of IAA was drssolved m 2 1. of water contamed 
m special gas washing cylmders through which PAN diluted wrth au was passed. The pH was maintained at 
4 8 by the additron of 1N KOH. Washmg cyhnders were fitted wrth an electrode (RadIometer GK 2021 C) 
and a cap@ry stde arm, the latter pemuttmg entrance of KOH mto the cylmder from a burette via a magnetrc 
valve. Samples were removed penodrcally and the progress of the reaction followed spectrophotometrically. 
Gassing was contmued for various permds of tune always at least untd the absorptron due to IAA at 
28onmceasedtodecXase 

When compounds were to be extracted and analysed the final reactron nuxture was lyophihxed and then 
extracted thrrce wrth 500 ml portions of EtOH-Et20 (3 1) The solvent was reduced m volume m a flash 
evaporator at 30”, apphed to sheets of Whatman No 3MM and chromatographed ss descrrbed above. The 
compounds which separated were located under u.v hght, cut out and eluted wrth 80 % ethanol. Rechromato- 
graphy and reelutron were can-red out and the compounds taken to dryness over PzOs U v. spectra were 
obtamed m 95 % aq. EtOH. 1.r. spectra were obtamed by makmg KBr Qscs. 

In growth expements, ddferent concentrations of IAA m 100 ml of 25 mM KCl + 2 5 mM KH2P04 
solution were gassed wth 30-45 ppm PAN at 400 ml per mmute approxunately 4-5 hr as above untd the 
absorption peak at 280 mu was extmgmshed. 2,4-D was then added to these solutrons. 2,4-D was used 
instead of IAA because slow oxtdation of the latter occurs m the presence of nitrite which IS present m PAN 
treated samples Solutions contammg no mhrbltor were used as controls. Buffer which has been gassed with 
PAN at the same rate and over the same permd as the IAA was used as a further control. Cokoptde sections 
were added to each treatment and growth was measured over a 20 hr permd 

In some cases compounds n&ted by chromatography were tested m the AZXVKJ straight growth test. 
The compounds were taken up in 20 ml 25mM KCl and 2 5 mM KH2POb pH 4 8 at a final concentratron 
of 20 ppm. Sectrons were then put m and after 2 hr the solutions were made 10°5M wrth respect to 2,4-D. 
After 20 hr the change m length of the coleoptdes was measured. 
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