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GROWTH SUBSTANCES IN THE ROOTS OF VZCZA FABA-II* 
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lkdfordco~unl~tyofLondon 

(RcocivsdlO Dccsmbsr 1964) 

INTRODUCTION 

SEWEBU studies have already been made of the axins of Vi&f& roots (Audus and J.&ri, 
1961 ;I Lahiri and Au&m, l%03). Several substamxs with marked activity in the Avma 6rst 
ix&mode and coleoptile segment tests have been demonstrated in methanol and ethanol 
extracts but none have been identif5ed with certainty. In view of doubts concerning the role 
of endogenous indole&aceGc acid (IAA) in growth control in roofs3-6 it seemed important 
to make further studies of two major problems revealed by this early work. They were 
(a) the nature of the ether-soluble acidic auxin which closely resembled IAA., but which was 
not apparently identical with it and which seemed to be concerned with geot.ro@ response, 
and (b) the nature of the water-soluble, ether-insoluble auxins whose combined activities in 
the extracts far exceeded that of the M-like substance. 

+Tllegrcaterpartoftbe e;xperimmtalworkdesgibedinthis~wassubmittedespartofathesirfortbc 
Ph.D._.~Univ~ivQ of London by D. Burnett. 

: Deqmment,Rothaaasted~taIstatioll,Harpendsn,Horts. 
$Dr.H.D.~,asague&inthcdepa+&, collaboratedcloselyintheworkonthefourwat8r- 

sohble nknowns An&n+ Preasnt address: Botantschcs Institut, Dar Univarsitat, M&hen. 

1 L. J. Au~us and L. N. LAHIM, J. Exp. Bow la,75 (l%l). 
sR.A~~L.N.LarwgandC.W.~J~,~112,399(1963). 
,kN.~andL.J.AvDvar,J.~.Ifctany11,341(1%0). 
‘L.J.Au~usandM.KBaow~~am~& J. Exp. Botrsy, s. 105 (1957). 
sL.J.AnusandM.K B&J. Exp. J?o&Hy % 235 (1957). 
6 L. J. Au~ls and N. DA& J. Exp. B&my 6,328 (1955). 
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THE ACID, ETHER-SOLUBLE AUXINS 

SepaMtion of Fractbns 

The ether+olublc f&on (apt M&hods) of 12day+d F’iciaJaba roots was evspptat#i 
to di)w/ss, redissolved in distilled water and applied to the #p of a ch~,~~~~~~ 
(anionic) c&mm.. Bution with distilled water removed neutral indok compounds leaving 
only acidic compounds on the c&mu. U~o~~ indole-3-acetic acid @AA) seems to 
be partially decomposed when O-1 N E&W4 is used for elution but is satisfactorily removed 
with 045 M Na2S04. This eluate can be rc-extracted with ether after ackWyi~ to pJi 3 
giving with microgram quantities, recoveries of 85-97 per cent. This is superior to methods 

involving extraction of acids with 5% sodium bicarbonate, which, in a series of pr&mkry 
tests on similar small qua&tics of&IA and other indole acids (indolckarboxylic, -butyric, 
-propionic and -lactic), foIlowed with the spectrophotofluorimeter, gave mcoveries of the 
orderof5Opcrccntonly. 

Paper Ciuomutography 

Theether~~of~ecolumnaluattwc?retalcandowntoa~volume(l-Zml)and 
spotted onto standa& chromatograph paper strip (see Methods). After running in the 
standa& soIvent, strips were divided 10~~~y into three equal parts; one was assayed 
bytheAwnafirstintctnodeassaysndtheothettwo~usedfor~andfluonwxncx 
tests respectively. A parallel chromatogram was always run, with IAA as a marker. 

The results of a typical analysis are shown in Fig. 1A together with chromatograms of the 



IAA~w~~~~cutintotftrcmty~eachstrip~~u~ondIAA 
. 

aamatcd by the spectrophotofluorimeter (Fg. 1B). It will be seen that very considerable 
auxinactivityowursatthesameR/asIAA. TbisareaisEhrlich-positive. Howeveratthe 
solvent front there is signScant growth inhibition which coincides with su- giving 
positive reactiw ~~~~~ and f&c chloride, indicating the pre8encc 
acids. 

of phenol& 

Further attempts at identifhxtion of the auxin involved elution of the strips contain@ 
active material, followed by fluorimetry in phosphate citrate buffer at pH 5. prdiminary 
tests, run with IAA in Bmounts giving activity comparable with that of the extract_ gave 
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reamrim Of 774 f 3*3 per cent. From the cbromatograms strips ware cut between R, @77 
and 0.97 (faint Ebrlich reaction). The eluate of these strips showed the presenw of one 
compound with siugle activation and emission maxima at 330 q and 445 w respectively. 
The corresponding values for IAA are 285 q and 365 m+ This correspouds to no known 
indole compound tbat has been tested so far (CC 3. 

However the possible presence in this region of tbe ~~~~ of phenolic and other 
compounds having U.V. absorption bands at or near the maxima recorded above might well 
distort the spectra of this unknown compound. To check this a series of dilutions were made 
onaneluateaudtheirspectralchawteristicsrsenaminad. Nochangeiuthewawlengthof 
thespectral ~tookplaceondilution~dthtrelationRhip~fl~~’ mtensity 
and concentration was linear up to vale equivalent to the contents of 100 g fresh weight of 
rootpermlof~lution.This~o~thea~ofanygross~~~. Ultravioletabsorp- 
tions of similar solutions (SE 50 g fresh weight of root/ml) were compared with that of a 
10-4 M I&% solution (Fig. 2). There was a main absoqtion peak at 285 w w-responding 
verycloselywiththrutofIAAbnttherewereo~o~yother~v.absorbing~~ds~~ 
Thus the existence of another absorbing peak at 320-330 mcs, possibiy corresponding to the 
unknown fluorescent compound, can just be detected. If we assume that the absorption at 

7 D. BURNETI’ and L. J. Amus, Phytochm. 3,395 Wi4). 
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285 rnp is due entirely to IAA this mpresents a total of 175 pg in 50 g of poets. This COP 
centration of L&4 would have been selfquenchiug, but even so should have given a fluores- 
cence intensity of weIl over 100 units at the corresponding IAA wavelengths; in fact an 
intensity of only 2-75 units was found. 

This very strongly suggests that IAA could not constitute more than about 3 per cent of 
the total material absorbing U.V. at that wavelength. However biological assays of several 
ehrates show that an IAA content from 210 &kg fresh weight of roots could have accounted 
for the recorded growth activities and this would have been equivalent to l-3-7-2 units of 
fluorescence at the dilutions used, these values overlapping the 2-75 units actually observed. 
One might have expected such an amount to have given a distinct shoulder on the emission 
spectrum of the main fluorescent compound but none was ever detected. 

THE WATER SOLUBLE FRACTION 

The aupcous resib left after sueoessive extmctions with ether at pH 3 (the ~-~lub~ 
fraction) was taken to pH 7 with saturated barium hydroxide and the resulting precipitate 
spun down at about 500 g. The golden-co~oured supernatant was then used in the following 
analyses after reduction to suitable volume under vacuum at 26”. 

Paper Chromatography 
The paper cbromatograms were loaded on a transverse line at a rate equivalent to the 

contents of 10-15 g of root material. After running in the standard solvent the 6-cm strips 
were usually divided longitudinally into three equal 2-cm strips for bioassay, colour tests and 
elution for further studies respe&vely. 

Bioassays of typical croutons are seen in Fig. 3, both ~~~n~ to the content 
of 3-3 g fresh weight of roots. Auxin activity between R$ 0905 and 0*3 has been consistently 
found in all chromatograms so far run. in addition occasional signifkant responses appear at 
other R,vahu~, e.g. 0.65-O-7 and 09-0~95, but these are not so consistent. 

This zone of auxin activity between RJPS 0905 and O-3 corresponds very closely with two 
. 

chemzahy-reacting spots. The first (Rf045-O-l) gives immediate deep purple and green 
colours with p&aniline and ferric chloride respectively and has been called Unknown A. 
From its reactions it was thought to be a dihydroxyphenolic compound. The second (R, 
0*15-0*28) gives a purple eolour with Ehrlich’s reagent and has been called Unknown B. 
Because of the great auxin activity in this region these two spots have been examined in &me 
detail, 

There are however very considerable quantities of ammo acids in this region of the 
chromatogram. These have been separated and partiahy identified by subsequent two-way 
paper chromatography but only one, tryptophan (see later), is likely to have been responsible 
for any of the auxin responses. The benxidine reaction shows that su8ars are also present 
but these cou$l not have caused a response since the biological assays were always carried 
out in optimal suerose buffer. Paper chromatography in other solvents shows that these 
sugars are almost entirely sucrose, glucose and fructose. 

Two Ehrhch yellow reactors ( Y 1 and Y2) also occur at R,-s O-O-03 and O-22-0*32 respec- 
tively. They have no auxin activity. They have not yet been identiikd but the foamy 
possibilities have been ruled out on a basis of Rf in our standard solvent: urea, alhmtoin, 
o-, m- and ~-~~G~obenzoic acids, hynurenine, &rulline, indok&terylic acid and 3- and 
5-hydroxyanthranihc acids. 



2% kk~tiy ofUnknown A. The indication that A was a dihydroxyphenolic compound 
pointed to 1&3,4-di.bydroxypl~nyl)ala&e (DOPA). This is of wide ~WUTWKX in plants 
~d~~~~~~e standardsol~ntw~efoundtobei~ti~withthosGOf Up A. 

It was ~~~~y identikl unequivocally as DOPA by the following comparisons: 
(i) The effkcts of pIi on fluorescent behaviour were identical. In citrate-ph~bate btier at 
pH 4 and 5 the activation maximum was 285 rnp and the emission maximum 330 w. In 
~y~~Na~-NaOH bu%er at pH 12 the activation maximum was at 340 w and the 
emission maxim um at 475 rnp and in borate-NaOH buffer at pH 11 the activatkm maximum 
was 330 w and the fluorescent maximum 395 w. In alkaline pHs the solutions became 
pale yellow indicating a chemical change as the basis of the SW in fluorexent maxima. 

In ~~n~Na~NaOH but&r the flmrescent product was four times more fluorescent than 
the unchanged DOPA and in the bora*NaOH buBkr it was some twenty times more 
fluorescent, a phenomenon which may prove to be of considerable value in the quantitative 
estimation of DOPA in very small ~tities. In addition tbe pH-fluorescence curves for 
unchanged DOPA and the Unknown A over the pH range 0*1-&O were identical (see Fig. 4A). 

(ii) Their behaviours on ion exchange columns were identical; both passed through 
cellulose powder columns but were ntained by eel&lose pbosphate and DFM% cellulose, as 
would be expected of an amphoteriocompound. 

(iii) ~o~~~p~c behaviour on paper is also very similar @able 1). In phenol- 
ammonia both DOPA and aeon A show a similar pattern of breakdown products as 
detected by visible inspection, u.v., E&&h and FeQ reactions. FluonxemxMlution 
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curves of the two &s&nces allowed an accurate determination of DOPA concentration in 
Vicfa rootsr This proved to be 201 fqg/g fresh weight of root system. 

lpte iakntity ofUnknown B. The colour reaction of this compound (purple with Ehrlich 

100 

80 

60 

>i 

* z 40 

IL 0 20 

A 

(A) pH-il_ curvea for Uhkmwn A (0) and 3,wlalanim (0); 
(B) pH-lluansosaoe amw for IMmnvn R to) and wyptqhn (0). 

f.-w?w-t O-07 Oa9-0.13 
n--1:wpter (75:25) O-27 025 
iso-lfmpano:water @MO) @18 017 
Muqmkglacial amtic acidwater (120:30:50) 0-x Oais-om 
Pherlol:amamlia (2Oo:l) 034 0.37438 

andwi~~~)~~~suggested~tit~~tbe~p~ w~~~~ 
Ed On ether-water padSion feparattd completely into iha werter-s&&le f-on. 
This has subquentiy been established in the following tests. 

(i) They both show the f3amc fluorescent properties with activation maxima 
and emission maxima at 360 rnp at pH 7.0. Above pH 10 both show an l 

at2sOnqG 
mcreaseof5m~in 



thewavdcngthofthecmissionmaxima. m-of U~wnBsh~thcsamcunusual 
stepped pH-curve (Fig. 4B). 

(iii Both pass cellulose powder aIlumn8 but arc mtained by c%kilulo@e phosphata and 
DEAEceflalose 

(iii) Two dimensional paper story in butanol-acetic acid and then in KCS 
gke similar Rfvakes for both (Table 2). 

Butanol:aaaticsdd:~ 
(1#):30:50) ao%xa 

(iv) Paper ckctrophoresis at pH 1.9 showed that Unknown B moved towards the cathode 
to the same extent as tryptophan and N-methyltryptophan. However the immediate purple 
reaction with Ehrlich changes overnight to blue in the case of Wmcthyltryptophan, but to 
grecninthecasGoftryptopbanandUnkno~B. 

(v) Fluoreaccxx+di.lution curves have identical slopes for both. As for DOPA the use 
of these curves flowed the accurate estimation of tryptophan comntr&on in Vicia roots. 
This amounted to 12.2 f6gjg fresh weight. 

It was found that the chromatograms of the cellulose column eluates wexc remarkably 
similar to those oftbe crude water-soluble fraction, showing that very little physiologiadly 
~~~~~~~~i~5A). ~e~l~~o~~~~~~ Y2 
wasretainexl. AswastobecxpectedU~~A(DOPA)andUnknownB(tryptopban)) 
retained by both the cellulose phosphate (cation) and the DEAEI u%lose (anioxt) columns. 
Botbtbcsecolmnnspasscd Yl,whicbisobviouslyaneutralcompotmd. Thecationcolumn 
passed some phenolic mat&ale running at $0.12 and O-5 in the standard solvent but these 
wererctabxdbytheanioncolumm~. Mostbutnotalloftheaminoacidswcremtaincdby 
both columns. The cellulose phosphate column passed very little active auxin showing that 
most of the water-soluble auxins are basic in nature (Fig. 5B). 

Since the anion c&mm retains tryptophan and DOPA but lets through most of the 
~ga~~~~g, ~~d~~~e~~~~~~~~~~~ 
obtained previously &om w~~luble fmctions ofpea roots8 and ViWa roots3 subsquent 
attestion was contrated on an azm&sis of the eluates from the DEAE cellulkc anion 
columns. 

*LJ.AxmusandB.R.C3tnw~~,H~.~ 11,6ss (1958). 
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The Components of the Ehate from DEAE Cellulose Columns 
Identiication of components in zones An&n.+ The eluate has been analysed by paper 

chromatography etc. as for the ether-soluble eluate. One feature of these eluates was that 
the subsequent chromatographic pattern was greatly affected by the loading of the column. 
Columns, 10 x 2 cm, loaded with material equivalent to 100 g of root material gave paper 
chromatograms showing biological activity over most of their length with maxima corres- 
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Fro. 5. Avcna IMERNODB ASSAY OF PAPER CHROMATOORAM OF WATZlk3OLUBIX FRACTION. 

(A) Water cluate from celluhu powder column; 0 Water hate from cellube pbephah column 
(cationic); and Q Water ehate from DEAE cehlose column (anionic). A and B, material 
equivalent tocollterlt of3.3 gfmshweight ofroots. 

Theshadedareasreplwnt 
c, materialcqtivaIenttocontent of5~ogroots. 

raspoa~s beyond the 5 per cent fiducial limita. 

ponding with the R+ftryptophan, whose occurrence was confbmed by E%rlich and ninhydrin 
sprays (Fig. 6A). Clearly adsorption sites had been saturated, leading to a leakage of trypto- 
phan and possibly other acidic auxins. With lower rates of loading (i.e. material from 50 g 
roots on a 20 x 2 cm column) tryptophan largely, if not completely, disappeared as shown by 
the absence of bioassay response and colour reactions at its Rf of 0~1-0~2 (Fig. 6B). At the 
same time there appeared four additional zones reacting pink to Ehrlich and corresponding 
more or less with the zones of growth activity. The nature of these four basic compounds 



(confirmed by the fact that they are all retained by cellulose phosphate columns) has been 
further studied. They have been given the symbols AnI-An,,. Their properties are set out in 
Table 3 and tbeir electrophorek bchaviour in Fig. 7. 

PH 1.9 

It is clear tbat Ani is a mixture of at least two indolc compounds of which ~~p~~ 
from the ele&rophorctic patterns, is probably enc. It had obviously “leaked” from the 
anion column. The other, which also appears to be amphoteric, does not correspond in its 
behaviour on electrophoresis with the other markers 5-hydroxytryptopban, tryptaminc and 
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5-hydroxytqpab. Although Japson’s ninhydrhwmic acid reagent@ gave an intense 
l=Pk dcmr in this zone on the ori&al chromatogram, the fact that it did not fluoresce 
Imderu.v.alsoruksoutthepresenceoftrypt&nes. Athirdpinkreactorappea&inacid 
solution and could have been produced at that pH from one of the other components. 

An Ehrlich yellow reactor, remaining positively charged in both acid and alkali is aiso 
present. A very fiat pH-fluorescence curve with We change from pH l-11 tells us little, in 
view of the fact that Rnr is a mixture. 

The electrophoretic behaviour of An2 suggests that one compouent reacting pink to 
Phrlich is the same as one unknown of Anr again indicating incomplete separations on the 
chromatograms. The second pinlr reactor may also be an artefact produced only at pH 19. 
It does not seem to be the same as that produced from ~nr. 

An3 seems to be a single basic substance. Sinfx it gives a strong Xantbydrol reaction it is 
most probably an indole compound. An4 is also a single basic compound. However although 
it gives the same pink and yellow colours with Ehrlich and mod&d Ehrlich respectively, 
And gives no reaction with ~n~y~ol, although this could be due to ~n~~tio~ being 
subthreshold for this particular test. 

TAe interconvertibi&ty of compound in zows AnI-An,. previous investigations on the 
water-soluble ether-insoluble auxins of I+Mn sativum * and Vi& f&a 3 had produced strong 
evidence that four compounds, very similar in chromatographic behaviour to AnI-&, are 
interconvertible in that each spot, on elution and further chromatography, yielded up to four 
spots corresponding to the four original compounds. Two-way chromatography also 
showed the same situation. 

The possible ~~nv~~~ of substamzs in An&u4 was similarly tested by nmning 
chromatograms in two directions with the same s&Ward solvent. These experiments showed 
that in zones Anz, AFBJ and 4 there was no detectable trace of interconversion since all three 
formed single spots strictly along the diagonal of the paper. Cht the otber hand Ant, which 
ran as a single spot on the first run (&@22-OG3), resoived itselfinto two spots in the second 
run (& 045 and 030). This suggests that in Anr there is production of at least one other 
Ehrlich-reacting compound between the two runs, possibly during the drying of the paper 
(cf. electrophoresis at pH l-9). There is thus no confirmation from these wts that 
the four compounds are interconvertible. 

PixwibZepmduction of water-sohdbk auxiiufrom DOPA-oxi&im, The fact that relatively 
large quantities of tryptophan and DOPA are present in the water-soluble fnrction and that 
they are both fairly labile Ernst has raised the ~~~~ that one or more of the 
compounds in AnI-& might be art&&s produced from opt or DOPA on the 
DEAE column. This was checked by applying about 600 pg of tryptophan and about 
1800 pg of D0PA (approximate equivalent contents of root extracts) each to two freshly 
made DEAE colmnns and ehning in the usual way with distilled water. No chromogenic or 
growth active compounds could be dekcted in either eluate. 

However the possibility still ~tbatintheaxttactit9elf,i.c.intbep?nsence~~~ 
of unknown catalytic componen& DOPA oxidation might still account for some growth 
active prod-. This is shown by the following preliminary mt. A O-03% solution 
oflXIPAwaspa~yoby~ly~s~v~o~f~3~ at roomtempemture. 
Tfiered~~n~takendowntosmaIlvol~and~~nuronpaperchromatogtams 
inthef&an&rdsolvent. Pourdistinctflu orescent bands separated out at Rj 04M-O.02, 
OG’74~1,0+12~16 and @lW322 respectively. Bioassay with the AWUJ first internode 
showcd~growthactivitya*podatcdwiththearrsoccupiedbythts~(RI~~ 
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and correspoeg to that occupied by substance(s) Ani although we have no further evidence 
that they have anything else in common (Fig 8). However distinct and simt growth 
activity was present at higher &values where no fluorescent or chromogenic material could 
be de&ted, although of course concentrations may have been below the threshold of the 
tests applied. 

DISCUSSION 

The probkn of whether IAA is present in W&s roots still remaios tznsded. The e&s 
reportedinthis~~~tthatitcanbepresentonfyinverymraall~~~(oftheorder 
of 2-3 pg/kg) while the main auxin activity may be due to an unidenm compound, running 
at the same Rf, but with quite d&rent fluorescent properties (activation maximum, 330~; 
fluorescent maximum, 445 m&. This compound bears a very close resemblance indeed to 
the “citrus auxin” * which ran in two solvents at Rf values extremely close to those of IAA 
and showed an activation maximum at 3% rnp and an emission maxima at 460 w. It was 
suggested that the ‘6citrus auxin” could be related to one of the naphthols. 

However, we have been able to demonstrate ~~~v~y and to measure accurately 
the relatively large amounts of free tryptophan that occur in these roots. Concentrations are 
in the region of 10 ccgfg fresh weight of roots, which means that it is present in amounts at 
least 10,000 times greater than the elusive IAA could be. It would be surprising if this were 
not metabolized to some extent in root cells forming small quantities of IAA and possibly 
other indole compounds with auxin activity. There is little doubt that tryptophan is the 
major compound giving auxin activity in the water-soluble fraction in the R, region 0.143 
but it is clearly not the only one. Growth peaks appear consistently at bigher R,values in the 
standard solvent, the whole picture corresponding within the wide limits of &variability now 
familiar to auxin workers, to the four water-soluble auxins WP(f) to WP(&) of pea rootss 
and the similar PI-PI, of Vicia roots.3 In contrast to the previous results with Y&,&z, all four 
~rn~~s give a pink colour reaction with Ehrlich reagen% sung tbat they might be 
indolic in nature. These discrepancies may be due to the larger quantities of root material 
extracted in the current series of experiments, bringing the concentrations on thechromato- 
grams above the threshold for the colour development. 



Zone Ant (&@1-@25) corresponds closely to WPQ) from pea roots (R,@OS-O.25) and 
Pr previously found in Vicia root (R~OW-O*2). It seems however to be a mixture of at least 
three compounds, one of which is undoubtedly tryptophan, which may account for the whole 
auxin activity of the xone. 

Zone An2 (&025+4!3 #~~nds to the substana ~~~) occasioually seen on one 
and two-way chromatograms of water-soluble components of pea roots (R,O~l3-045) and 
possibly I’2 (Rf @3-O+) previously recorded for Vicia &&a roots. Apart from some con- . 
tammmts from zone Anr, one of which may be tryptophan, the main component is a basic 
indole compound, although electrophoretic migration seems to rule out uyptamine and 
5_hydroW, and the fluorescing charac&stics are unlike any indole so far 
studied. 

Zone An3 (RfO*45-0-65) corresponds exactly with WP(ii) of pea roots. It contains one 
indole&ke substance which is neutral in acid but becomes positively charged in an alkaline 
medium suggM&j that its chemical nature is changed at high pH values. 

An4 (~~~6~~) does not run quite as fast as the ~rn~n~t WP(#) ofpeas (&O-70- 
0-95) or the previously reported P4 from Vi&z (~~0.~1.0) but could easily be the same 
substana. 

The unusual fluorescena behaviour of both An3 and An, showing v&ally no quenching 
even at pH 14 is instructive. Normally queuching of the indole fluorescena at high pH is 
thought to be due to the abstraction of a proton from the imino-N by the OH- of the solvent 
while lack of quenchmg as seen here with An, has been reported in indole compounds 
methylated on the imino&.rogen. It has also been shown1o that a similar maximum at high 
pH is seen in indole-2-carboxylic acid. It is suggested that both these compounds might be 
-N- or -2- ~~~~ indoles. 

In these experiments the xone Ant-An* in contrast to the four water-soluble auxins of 
pea and those previously mported for Vie&, do not seem to be interconvertible. This lends 
substance to the criticisms of Thurman and S-l1 that the apparent interconversions were 
artefacts from a too heavily loaded paper, the spot elution and subsequent re-chronWo- 
graphing brings about a further separation of mixtures of substances. But there is a diEerence 
in the two series of experiments that may partly account for these -533; it is that 
tryptophan and DOPA had been first removed from the water-soluble fraction before 
chromatography. It is not inconceivable that these two components might interact on the 
paper or in the eluate (they run very close together on the chromatogram) to give indole 
derivatives with the properties of Aq-An4. For example Gordon and Paleg12 have shown 
that tryptophan aud catecholc811 interaot to form small quantities of IAA and thought that 
dihydroxyphenols might augment IAA biosynthesis from tryptophau in this way. 

Although we have not yet checked dire&y to see whether such a reaction between trypto- 
phan and DOPA will proceed, yet we have evidem~ that the mild oxidation of DOPA will 
produce auks which run at positions on chromatograms similar to those of &-b+ 
Although these nmd to be followed up carefully yet they do suggest in an unambiguous 
manner the dangerous ease with which a&acts may be produced from mixtures of sub- 
stances subjected to even the mildest of conditions of chromatography and its associated 
procedures. 

10 D. BxlRiwT, Ph.D. l.¶les& London uaivgsty (1963). 
11D.A.~andH.R~,J.Gxp~itotsffylf,118(1960). 
12 5. A. GORDON and L. G. Pm, P&m? P&do& 36,838 (l%l). 



METHODS 

lWraction and Fractionation 
The whole root systems of 12day-old Vicia faba plants wm harvested, w&&cd and 

quickly frozen in cardice. They were then macerated in redistilled precooled methanol in a 
Wareing blender while in the frozen state, and allowed to extract for 18 hr at - 14”. The cell 
debris was then removed by t%ration through sintered giass and the IZtrate reduced to 
dryuess under vacuum at 26” in a rotary evaporator. The dry residue was taken up in a small 
quantity of water, the solution adjusted to pH 3 with O-1 N phosphoric acid and then extracted 
with five successive aliquots of redistilled ethyl ether. The pooled ether extracts constituted 
the ether-soluble fraction; the aqueous residue constituted the water-soluble fraction. 

Celh&.re Column Chromatography 
The cellulose, cellulose phosphate and DEAE cellulose were used sometimes in powder 

but usually in floe form. Columns were 10-20 cm long by 2 cm in diameter and were 
thoroughiy washed before use to remove traces of fluorescent impurities. Cellulose was 
washed with distilled water; cellulose phosphate was washed successively with distilled water, 
0.1 N NaOH, water, O-1 N HzS04 and snally water; DEAE cellulose was similarly treated 
but the HaSO preceded the NaOH wash. 

Paper Chromatography 
whatman 3 mm paper strips (6 x 36 cm) were prewashed in running solvent (isobutanol: 

methanol:water, 75:10:15) and dried. This solvent is termed the standard solvent. The 
solution for analysis was applied on a transverse line 4 cm from one end of the paper. Ascend- 
ing chromatography was used after 6 hr of equilibration and the solvent allowed to rise a 
distance of 22-25 cm in the dark at 20-22”. After running, chromatograms were dried in the 
dark in the draught from a fan. 

Biological Assay 

Avtwa sativa vzu. Victory I (Svalof) or A. sativa var. Blenda giains were soaked in tap 
water for 2 hr and germinated in sterile sand in darkness at 25” for 72 hr. For the Grst inter- 
no& test 3 mm segmems were cut 2 mm below the coleoptilar node from internodes which 
were 20-23 mm long. Segments were left to stand on wet muslin for 1 hr before random 
distribution into the test solutions. For the coleoptile test seedlings were illuminated for 6 hr 
in dim red light 18 hr before harvesting. Segments, 3 mm long, were then cut at a distance of 
3 mm from the tip of coleoptiles 20-25 mm long. All these operations were carried out in 
yellow-green light (Wratten OA filter over a 60 W lamp). 

Assay was performed in small glass tubes of 2.5 x 2.5 cm dimensions in 1 ml of phosphate- 
citratebu%rcontaining2%sucroseatpH5~0. Chromatogramsegmentswerefinelyshmdded 
intothevialsbeforetheadditionoftheRveficz~gments. Duringthe2Ohrofsegmentgrowt.h 
the tubes were s@pered with corks with a central cotton wool plug and gently agitated on a 
mechanical shaker at 25” in the dark. Enlarged records offinal segment length were made 
by aligning each set of samples on a glass plate and projecting an image onto bromide paper 
withaphotographicenlarger. Tensegmentswereplacedineach tubeandforeach&r~mato. 
gram ten control tubes were used, each containing a shredded strip ofwashed chromatogmm 
paper. The fiducial limits of the chromatogram assays were determined from the variance of 
the means of the ten control samples. 


