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Abstmet-H~.~&Ms myledms contain mathanol-soluble substaacas w&h inhibit the oxidation of 34ndolyl- 
aoetic a&d @A] by pmddase~ Such substances are mu& mm abundant in etiolated than in light-grown 
plants, and transfer of etiolated pIantsfrom darlc to white light results in their pronxpt m. Sag, 
tnrnsferofalip;ht-gKlwnp~tf~whiteiigfrt~~atso~~~ina~rkwf~in~titerofs~ 
~~~ Thus, it appears that there is a metabolic ~~tio~ such that the synthesis of IAA o&&se in- 
hibitora proceeds best in darti in dark-grown plants and best in light in &&t-grown plants. 

App~~~~ly ~n~p~o~ compounds can be &~~~~~o~e~of ~~l~~a~~~ 
dimensional paper chromatography. Only fiveare active asinhibitorsof IAA oxidation, and of these, three are 
iacressed dramatically in quantity by far-red light. Red light itself produces only small elk&s, but when 
given prior to far-red, it greatly diminishes the eEectiveness of the far-red. The possible relevance of such 
changes in photomorphogenesis are considered. 

INTRODUCTION 

THE Japanese morning glory (Phurbitis nil Chois), variety Murasaki (Violet), is a very sen- 
sitive short-day plant.’ It produces flower primordia after only one inductive dark period, 
but retains the vegetative habit for at least three months when subjected to continuous light 
unction. An important and unusual ~ti~~ou from other shortday plants such as cockle- 
bur and soybean is the photoperiodic sensitivity of the cotyledons.2 This cfiaracteritic 
permits studies to be made on very young plants, thus affording an unusual opportunity for a 
biochemical analysis of events accompanying floral induction in large numbers of plants. 
Such a detailed analysis has been made by Imamura and his colleagues at Kyoto in a long 
series of papers. It will be useful, before proceeding with a description of the present work, to 
summarize the distinctions between Phurbitis and other more familiar experimental shortday 
plants. (1) Far-red light (FR) given prior to a dark period inhibits floral induction in Phar- 
bitis,3+4* 5 but promotes in cocklebur. 6 In both plants, red light (R) administered after FR 
reverses the effect of FR. (2) In cocklebur, the inhibitory effect of very low light intensity or of 
repeated very short photoperiod prior to the inductive long dark period can be ~un~~~ 

* ~u~~~ in part by the National Science ~~~on~ under a gratxt to the junior author. 
t at address: Laboratory of Ap@ed Botany, College of Agriculture, Kyoto U~i~~~, Kyoto, 

Japan. 

15. IMMUIM, Jkc. Jnpan Aid. t&Q, 368 (1953). 
2 C. KWJIRAI and S. IMAMURA, Butan. Mug. Tokyo 71,408 (1958). 
3 A TAIUM~ and K, IKEDA, J&&n. Mizg. Tokyo 72,137 (1959a)- 
*A. TAKIM~TO and IL IKE&M., Boran. Msg. Tokyo 72,181(1959bj. 
s S. NMAYAM, &ok Aev. &n&i 14,325 (1958). 
s & A. BORTBWICK, S. B. ~axxcs and M. W. PARKER, &XL h&k Ad. Se% U.S. 38,929 (1952). 

559 



560 MICHIOKONIBHI andARTHUR W. ChIS'IQN 

by the administration of sucrose or of acids of the tricarboxylic acid cycle.7 Although similar 
inhibitions of flowering can be detected in low-intensity irradiated Pharbitiq3 the reversing 
effects of sucrose and organic acids cannot be detected.* (3) FR a~nis~red during the 
first 12 hr of the inductive dark period strongly inhibits flowering in P~~biti~,gtlo but has 
little or no effect in cocklebur.8*11 (4) R inhibits flowering in cocklebur when administered 
anywhere after the first 2 or 3 hr of the inductive dark period,r2 while in Phrbitis, the period of 
sensitivity is limited to g-12 hr after the beginning of the dark period, irrespective of the 
length of the dark period.g (5) R-FR reversibility is readily detectable in cocklebur,6J3 but 
cannot be easily noted in Pharbitis.9*‘4 (6) Floral initiation in cocklebur is very sensitive to 
light conditions following the inductive dark period, r5PQ7 wbile P~arbiti~ is little influenced 
by ~st-~ductive light ~n~tions.*~ %i” 

These differences indicated to us the inadequacy of many generalized schemes invented 
to explain floral initiation, based mainly or exclusively upon one experimental organism, 
usually cocklebur. They also argued for further biochemical documentation of events 
occurring during induction in Pharbitis, with a view to their possible utility in any generalized 
biochemical explanation of flowering. 

Given that one wishes to investigate biochemical events following photoinduction, how 
does one decide which of the numerous categories of substances in plants to choose? For a 
variety of reasons, summari ‘zed below, we have chosen phenolic substances. Tang and 
BonneP reported the existence in etiolated peas of an enzyme system which destroys the 
plant growth hormone 3-indolylacetic acid (IAA). This enzyme, called XAA oxidase, is 
frequently accompanied in tissue by a water-soluble, low molecular weight inhibitor whose 
concentration is sensitive to light. lg* 2o Later, Hillman and Galstonzl demonstrated that the 
synthesis of the inhibitor is controlled by a R-FR reversible photoreaction. The inhibitor has 
subsequently been analyzed and shown to contain flavonoid complexes, built around a 
kaempfaol nucleus.22*23 In green peas, the in~bitor, which is sensitive to photo~~~,20 
is probably a quercetin derivative.% In similar investigations, Konishi 2f with the long-day 
plant Silene armeria, and Watanabe and Stutz26 with Lupine found that the synthesis of IAA 
oxidase inhibitor is increased with increasing photoperiod. Also, Sagi and Garay27 found 
that phenols in the leaves of Lupine, which act as inhibitors of IAA oxidase in in-vitro tests, 

7 J. L. LIVERMAN and J. BANNER, &&uz. Gaz. 115,121(1953). 
SA. TAKIMOTO, Doctoral this, Kyoto Univ. @360). 
9 A. Tmmmiand K. IKEDA, B&c&. &fug. Tokyo 7&341(1960). 

lOA. TAKIMOIO and IL IKRDA. 3otmz. Maa. Tokyo 73.468 f19601. 
I1 M. W. Piukmt, S. B. Hm&xs, H. ~f%OR'&U'ICiZ a&N. J: !SCULLY, Botm. Gaz. 1@8,1(i946). 
12 F. B. SALESBURY and J. &NNRR, Plant PhysioZ. 31,141(1956). 
l3 R. J. DOWNS, Pbuzt Physiol. 31,279 (1956). 
14 S. NAKAYAMA, 52% Repts Tohoku Univ., Fourth Ser. 24,137 (1958). 
I* J. A. LDCKHART and K. C. -NW, Plant Physiol. 29,509 (i954); 
16 J. A. hICKHART and K C. HAMNER B&an. Gcu. 116,133 11954). 
1’ D. J. CARR, Physiol. Pkantarum. 10, i49 (1957). . ’ 
18 Y. W. TANQ and J. BONNER, Arch. B&&em. 13,11(1947). 
19 Y. W. TANG and 3. BONNW. Amer. J. Bo&zn~ 35.570 f1948). 
10 A. W. G-N, in P~fo~~~j~ (Edited by k. B. WIDOW), p. 137, AAAS, W~~~~o~ D.C. (1957). 
21 W. S. H~LMAN and A. W. GAL-STON, Piant PkysioI. 32,129 (1957). 
22 F. E. MUMFORD, D. H. St.mxi and J. R. C.~TL& Plant PhysioI. 36,752 (1961). 
23 M. Fu~uy~, A. W. GALSTQN and B. B. Sxwm, Nature 193,456 (1962). 
24 M. FuRuYA, Doctoral the&, Yale Univ. (1962). 
25 M. KONISHI, Mem. Coil. Agr., Kyoto Univ. 75,l (1956). 
26 R. WATANARE and R. E. STUTZ, Plant Physiol. 35,359 (1960). 
2’ F. SAGI and A. S. GARAY, Physiol. Pkmtarum. 14,488 (1961). 
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rise in <iuantity following long-day treatment. Clearly, the possibility that changes in pheno- 
lies regularly accompany pho~~du~on must be further investigated. 

RESULTS 

Distribution of IAA Ox&se Activity and Inhibitors in Pharbitis 

Homogenates of cotyledons and hypocotyls of light- or dark-grown Plaits plants 
(tissue blended with an equal volume of pH 6.1 ON M ~~~~ phosp~te) have no IAA 
oxidase a~~~even after 48 hr dialysis against buffer or water to ~rnove~~~~. However, 
reconstituted acetone powdm of 3-day-old cotyledons, when properly diluted, show some 
activity, which, depending on the source, is dBerently enhanced by the addition of Mn- and 
DCP. 

Direct assay of the inhibitor content of the various organs was made by adding various 
dilutious of i~~tor extract to the ho~~sh root peroxidase (HRP) test system. The 
results (Table 1) show that roots contain little inhibitor but that aerial organs have consider- 
able inbibitir. 

TAIILB 1. bIfBIlQRY ACI’MTY OF -CT6 OF %DAYsLD &~bf~f.S PLANT3 GRGWN 

UNDRRCXNlNUGUSDARlCNES@), CONTlNUOUS~GHT~)OR~GHT -A’iF.D BY ONE 

IIWUCilVE 16HR DARK PBRIOI) (16D X 1) 

10 pg acetone powder of the organ added per ml reaction mixture 

Extra&added 

condition of 
plant from %i$iEon 

whichextract 
wasmade dsstruction 

0 
D 86-7 

16IL 
m-0 
74-6 

16Dxl 77.3 
16Dx 1 70-9 

D 0 
16Dxl Cal 

Comparative IIlhibitor Content of Induced and Non-hdwed Cotyledons 

Pharbitis plants grown under continuous light for 2 days were subjected to one 16&r dark 
period, while other plants were left in the light as a control. Certain plants of both treatments 
were allowed to remain under ~n~uous light for 2 weeks, at which time it was ascertained 
that the light controls showed 0% flowering, and the dark+xposed plants showed 100% 
flowering. Immediately after the completion of the single dark period, other plants of both 
conditions were harvested, separated into lamina, petiole, hypocotyl and root,* and the IAA 
oxidase inbibitor activity of each fraction determined. Another batch was given a 16&r dark 
period, followed by 2 hr of light prior to harvest and determination of inhibitor content. The 
results are shown in Fig, 1, in which the ordinate represents the magnitude of dilution of the 
extract at which 50 % inhibition of the HRP test system is produced. Clearly, the cotyledons 
have much more inhibitor than all other organs, and etiolated tissue has a higher titer than 
does any tissue exposed to light. 

* In the dark series, the cotyfedan w too small to be separated into iamina and petioIe. It was the&ore 
hvestedasauni~ 



562 MICHIO KONISHI and ARTHUR W. GALSTON 

Kinetics of the Light-induced Decrease in Inhibitor Content of the Cotyledons 

We next examined the time course of alteration of inhibitor content in light-grown plants 
following transfer from noninductive (continuous light) to inductive conditions. The latter 
consisted of exposure to one (16D x 1) or two (16D x 2) 16 hr dark periods. Seedlings were 
grown for 2-3 days in continuous light and were then subjected to one or two inductive 16hr 
dark periods (4 p.m. to 8 a.m.) followed by a return to continuous light conditions. Other 
seedlings were kept under continuous light as vegetative controls. Cotyledons of all three 
experimental series were harvested at 4-hr intervals and extracted with boiling water for 9 min. 
Dilutions of this extract were then tested for inhibitory effect in the HRP assay. The data are 
shown in Fig. 2, in which the ordinate again represents relative inhibitory activity of the 

0 DARK 
q ISOXI 

q 16DXl+ZL 
n Ll6HT 

FIG 1. INHIBIT~RCONTENT OFVARIOUSORGANS UNDER SEVERAL LIGHT CONDITIGN~. 

extract. The inhibitor content of plants kept in continuous light remained at a constant level. 
Transfer of such plants from light to dark resulted, surprisingly, in a fall in inhibitor level, 
reaching ca. one-fortieth of the dark level by the end of the 16-hr inductive period. Return 
of the plants to light resulted in a prompt (within the next 4 hr assay sample) reversal of the 
decline in inhibitory activity. In both 16D x 1 and 16D x 2, there are indications of a repetition 
of this oscillation, which for the 16D x 1 series must be considered to be a perpetuated rhythm. 
The major decrease in inhibitory activity in both series occurred approximately 48 hr after 
the beginning of the first dark period. The additional oscillation in the 16D x 1 curve and its 
absence in the 16D x 2 curve 24 hr after the start of the first dark period (at 8.20 p.m. on 21 
January) is difficult to explain, unless the second dark period, introduced in the 16D x 2 
series only, is out of phase with and thus damps out the oscillation induced by the first dark 
period. 
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To determine whether the d ecrease in inhibitor level upon transfer from light to dark is 
correlated with floral induction, anotber experiment was performed, in which plants growing 
in continuous light were transferred to darkness for 8 (8D x 1) or 16 (16D x 1) hr. Only the 

FIO.2. ?bE epFEcf OF 16ElR DARK PERIOOS @HAD~ RARS) ON XNIfIRl’lXXt LRVEL OF WTYLRDONS. 

latter series responded by floral induction when selected plants of the batch were permitted 
to develop in continuous light for another 2 weeks. Cotyledons were excised as before at 4&r 
intervals, starting at the end of the tlrst 8 hr of the dark period. As sbownin Fig. 3, the maximal 
decrease in inhibitor was manifested in both series by the twelftb hour after the start of the 
dark period, whether or not the plant was returned to light at the 8-hr point. This fact shows 

l/501 
8DX I 

l6Dx i _ ~ua.z~amm -we 

LIGHT -~-~-~,~.-.I~I-I~I-I~I~ 

CJ 4 8 IO 12 14 is 12 

HOUR 

FKS. 3. THXi EFFECT OF & AND h%R DARK PERIODS ON INHIJSITOR LFiVi%S 

that the change in inhibitor level is not compulsorily linked to floral induction, and also 
reinforces the view that the oscillations, once initiated by a light-dark transition, may be 
set-Susie. 

The Eflect of Brief Light Flashes on Dark-grown Plants 

The previous experiments have demonstrated that IAA oxidase inhibitors in Pharbitis 
~~tykdons decline if (a) dark-grown plants are exposed to light (Fig. 1) or (b) light-grown 
plants are transferred to darkness (Figs. 2, 3). We next investi~~d the effects of varying 

38 
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quantity and quality of light energy on inhibitor level in etiolated plants. Two- or 3-day-old 
plants, grown in complete darkness, were given white light of the growth room for 1 min, 
1 hr or 8,hr. Cotyledons were harvested jmm~ately after the end of the irradiation and again 
after 4 and 8 hr. They were extracted with 50% methanol and assayed for inhibition in the 
HRP test. The results (Table 2) showed clearly that even 1 min of light given to etiolated 
plants results in an immediate depression of inhibitor level in the cotyledons, and that this 
altered level persists for at least 8 hr but disappears by 24 hr after the light. 

TABLE 2. EFFECT OF WHITE LIGHT ON THJ~ ti OXUMSB INHIBITOR ACTIVITY 
OF 3-DAY-GW PREVIOUSLY DARK-GROWN .&IrbitiS COTYLEWNS 

r\ methanolic extract/l0 ml required for 500; 
ambition of IAA oxidation 

< , 
Immediately Immfdiately 

before after 
Light exposure treatment treatment After8hr After24hr 

Dark 
lti 
lhr 
8 hr 

o-06 O-06 O-16 
O-15 O-15 O-12 
015 0.12 028 
0.21 0.15 

In the next experiments, the light flashes consisted of (a) 1 min red light (ca. 500 er~~crn* 
per WC), from a red fluorescent tube covered with red cellophane, (b) 30 set far-red light (ca. 
750 ergs/cm* per set) from an incandescent source filtered through red and blue cellophane, 
(c) red followed by far-red and (d) 1 min bright white light of the growth room. Plants kept 
in total darkness served as controls. Cotyledons of the 2 to 3-day-old etiolated piants used in 
these experiments were harvested 0,4, 8, 12 and 24 hr after treatment, were extracted with 
methanol and the extract assayed for inhibitor content. The data of Table 3 show that as 

before, high intensity white light produces an immediate depression in inhibitor content, 
which is slowly reversed in darkness. However, low irradiances with both red and far-red 
light are effective in irtcreadng the inhibitor content, far-red being by far the most effective. 
These photoindu~ changes persist for at least 4 hr in darkness. The results after 8 and 12 
hr are more difficult to assess, since the dark controls themselves show large changes, possibly 
due to endogenous oscillations. 

TABLE 3. T?la EFFECT OF WEAK RBD AND FAR-RED LIGHT AND OF BRIGHT WHITB LIGHT ON THE 
~NOL-~L~~ MHIBITGR ACTMTY OF Pharbiris COTYLBDGNS FRFXOUSLY GROWN IN 

DARKNESS 

Illumination 

Dark 
lminradlight 
30 set far-red light 
lminredancl3Osecfar-r&light 
1 min bright white li@ 

h/IO ml required for 50 % inhibition of IAA oxidation 
r- * 

OlU 4hr 8hr 12hr 

0‘24 028 O-15 0.15 
0.15 o-14 0.38 0.11 
0.03 0.03 o-03 O-10 
o-11 0.15 O-13 
0.37 o-21 o*t4 O-08 
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Chromatographic Analysis of the Inhibitor Fraction 

Two-dimensional paper chromatography revealed about 20 fluorescent spots in the meth- 
Sol-~luble extract (the number varied somewhat with the light treatment) and g-10 in the 
aqueous extra& (Fig. 4). Fractions W-l and M-1 through M-5 (shaded on the ~~omato~am) 
show IAA oxidase inhibitor aotivity at a level of oa. 3Oh per 10 ml of reaction mixture. 

Fret 4. cHRW’IK¶GMC SEPARA’ITON OF INHIMTOB @iAIXD) AND OTHBR PHENOLS. 

IA& methanol-soluble ; right, water-solubleS Solvent l--&utanol : acetic acid : water, 4 : I : 22 (v/v). 
Solvent 2-S % acatic acid. 

The spots labelled A and F appear in greatest quantity in dark-grown cotyledons. Tbey 
decrease markedly, frequently to zero, upon ilhunination of the plant. A is especially sen- 
sitive to far-red light. B, C, D, and E, on the contrary, do not exist in quantity in dark-grown 
cotyledons, but appear after exposure to light. The appearance of B, C, and D is favoured by 
far-red, and E by red light. These light-induced changes, unlike those cited above for the 
inhibitory compounds, are constant with time after irradiation. 

M4 

FIG. 5. l?dTECT GF LIGHT ON SPJKXITC -. 

Left, rclatiw activity; right, all fractions in dark = 1.0. 

The relative quantities of the individual me~nol-~luble IAA oxidase inhibitors in the 
various conditions of ideation are shown in Fig, 5. On the left are shown the relative 
inhibitory activity of the various methanol-soluble fractions, and their variation with light 
treatment. On the right, the relative quantities of each inhibitor are internally compared, 
with the dark condition assigned a value of unity. It can be seen that Ml, Ms and M4 are 
present in greatest quantity, and that all three are increased dmmatically by far-red light. 
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Red light, on the other hand, produces only small effects and then only on Mi and Ms. 
Significantly, red administered prior to far-red prevents FR from exerting its promotive 
effects on the synthesis of these compounds. 

The Rf values, U.V. absorption maxima, response to phenolic spray reagents and fluores- 
cence characteristics of each of the IAA oxidase inhibitors are detailed in Table 4. With the 

TABLE 4. CHARACTERISTICS OF THE IAA-OXIDASE INHIBITORS FROM Pharbitis COTYLEDONS 

Rf 
, 1 U.V. absorption h (mp) 

(BuOH-acetic r , Color of 
acid-HzO, (5sJ6 acetic maxima fluorescence in 

Inhibitor 4:1:2*2) acid) (H20) EtOH] minimum U.V. light 

Ml 0.75 0.15 323,W5,242 
[327.298,247 

M2 @75 029 322,295, (242) 
[328,298,247 

M3 067 0.57 322,295,242 
[327,297,245 

M4 0.60 O-69 322,280, (243) 
MS 0.52 O-60 228,287,278, 

262 
Wl O-71 @65 322,282 

262 
2661 
263‘ 
3571 

E] 
262 

(247) 

245 

Blue white 

Blue white 

Blue white 

Blue white 
Greeni& 

White 
Blue 

Alltumedadark-greywithferricchloride:with theexceptionofMs,all gavea blue color 
with ferric chloride-ferricyanide, a violet color with ammoniacal silver nitrate, and a 
yellow color with Na2C03 solution. 

exception of Ms, which lacks an absorption peak in the 322 rnp region and reacts only weakly 
to the ferric chloride-ferricyanide reagent, all have typical properties which mark them as 
phenolic. This view is reinforced by the effects of pH on the absorption spectra, especially 
in the region below 260 rnp. At pH 3, the absorbance in this region is greatly depressed, while 
at pH 9, it is greatly elevated. 

The absorption spectra of Mi, Mz, M3 and M4 are quite similar. The spectrum for Mi in 
methanol, shown in Fig. 6, closely resembles that of 4-amino-2-hydroxybenzoic acid and its 
methyl ester. 

DISCUSSION 

Our data support the view that the phenolic substances of Phurbitis, like those of other 
plants,20-27 vary qualitatively and quantitatively on exposure to light. The relevance of the 
observed changes to photomorphogenesis remain, however, obscure. While the sensitivity 
of substances Mi, M3 and M4 (Fig. 5) to red and far-red light suggest a close connection 
between the control of their synthesis and the photomorphogenic control of growth, the lack 
of correlation between effects of length of dark period on flowering and on IAA oxidase 
inhibitors (Fig. 3) speaks against a close connection. 

The evidence, especially from Fig. 5, would indicate a multiplicity of photoreactions. Not 
only does red administered prior to far-red appear to reverse the effect of the latter, but bright 
white light acts differently from either red or far-red. Thus, a high-intensity light reaction, or a 
blue-sensitive reaction, known to influence anthocyanin synthesis28 might be involved here. 
We hope to investigate this point further. 
25 S.B. HENDRICKS,SC~WC~ 141,21(1%3). 
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The relation between the total extracted inhibitors of IAA oxidase and the individual 
phenols separated by chromatography is also somewhat unclear. Based on the extensive 
investigations of Goldacre et a1.2g the inhibitors are probably o-diphenols. Cofactors of IAA 
oxidase, which are usually monophenols, also exist in nature,2o and the total inhibitor 
activity of an extract may be dependent on the ratio of these two types of substances. Thus, 
changes in the inhibitor activity as a result of illumination may be the result of promoted 

- 4-Ammo-2byd&b.nzolc acud (AHBAI 

-- - Mrthylestcr of AHBA 

\ \ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

i 
I 2W wo 530 

WAVE LENGTH m)r. 

FIO. 6 

synthesis of some substances, decreased levels of others, or both. This indicates the necessity, 
in future work, of pursuing effects on the individual compounds isolated by chromatography, 
rather than on the unfractionated extract. 

PIants 
EXPERIMENTAL 

Seeds, obtained from Professor S. Imamura of Kyoto, were soaked in concentrated H2S04 
for l-13 hr with occasional stirring, then rinsed in running tapwater overnight and sown in 
wet, pre-washed “Mica Gro” vermiculite in a petri dish. At the time of germination the 
following day, selected seedling were transplanted in vermiculite to perforated polyethylene 
containers 28 x 33 x 15 cm. They were then exposed to continuous illumination of ca. 1500 
f&candles of mixed fluorescent and incandescent light (9 : 1 energy ratio) at a temperature of 
23” f 1” and humidity of 50-65 %. The containers were automatically sub-irrigated twice 
daily with a solution of Hyponex (120 gm/lOO 1. tap water). After 2 days, the cotyledons had 
expanded; on day 3, the photoperiodic treatments were administered, after which the plants 
were returned to continuous light conditions. Floralinitiation was determined after 2-3 weeks 
by dissection of the terminal bud under a binocular dissecting microscope, utilizing the criteria 
of Imamura and Takimoto.30 

Extraction, Chromatography and Detection of Compounds 

Tissues were weighed after harvest and wrapped in aluminium foil to prevent further light 
effects. They were then homogenized in a Waring blender with 50 vol. of chilled 50% aq. 
29 P. L. GOLDACF~E, A. W. GALSTON and R. I..+ W HNTRAUB, Arch. Biochem. Biophys. 43,358 (1953). 
30 S. IUMURA and A. TAKIMOIQ Botun. Mug. Tokyo 68,235 (1955). 
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acetone. The resulting slurry was filtered by suction &rough a Buchner funnel, and the residue 
washed several times with additional charges of acetone. The acetone powder was then air- 
dried and was stored under vacuum in a desiccator at 2”. This powder was used as a source of 
IAA oxidase by dissolving it in pH 6.1 0.01 M phosphate buffer, centrifuging for 10 min at 
10,000 g in the cold and retaining only the clear su~rna~nt fluid, which could be stored 
several days in the frozen state. 

Initially, inhibitors were extracted by immersion of the fresh tissue in 10 vol. boiling 
distilled Hz0 for 8-10 min, followed by filtration. Later studies showed that additional 
quantities could be extracted with methanol, leading to the following standard procedure. 
Tissue was weighed, immersed in 20 vol. chilled 50 % methanol and extracted for 24 hr at 2” 
in the dark, with two renewals of the solvent. The methanolic extracts were pooled and 
evaporated to dryness in a rotary flash evaporator at reduced pressure and at temperatures 
below 40”. The dried material was washed twice with petroleum ether to remove inactive, 
troublesome lipids, and then extracted thrice with absolute methanol in the cold, for a total 
extraction time of 24 hr. The methanol extract was again evaporated to dryness and taken up 
in distilled water, the volume in milliliters being equal to the original fresh wt. in grammes of 
the tissue from which the extract had been made. The ethanol-insoluble residue was also 
taken up in the same volume of distilled water as above to serve as the aqueous extract. The 
aqueous solutions were stored in the frozen state. 

Further fra~ionation of methanol& and aqueous extracts was accomplished by des- 
cending paper chromatography, using n-butanol: acetic acid: water (4:1:2*2, v/v) andfor 
5% aq. acetic acid. The active substances were localized by fluorescence in short and long 
wavelength u.v., and by the reaction with the following phenol-detecting sprays: 2 % FeCl,; 
3 % aqueous FeCl~-KsFe(CN)6; 0.1 N a~onia~l AgNOs and 2 N sodium carbonate. 
Ultra-violet absorption spectra of active materials eluted from filter paper were obtained on a 
Model 3000 Spectracord recording spectrophotometer. 

Enzymatic ~eterrn~nati~~~ 

The reaction mixture for IAA oxidase determinations contained 1 ml enzyme (prepared 
from fresh tissue or from reconstituted acetone powder), 1 ml KY3 M IAA, 1 ml W2 M 
potassium phosphate, pH 6.1, sf: cofactors [l ml each of W3 M MnCl, 5 x W4 M 2,4- 
~c~orophenol (DCP)] and distilled water to a total volume of 10 ml. All ingredients except 
enzyme were preincubated for 10 min with shaking at 30”, after which time the enzyme was 
added, with vigorous stirring. One-ml aliquots were removed at 0,30,60,90 and 120 min for 
determination of residual IAA by the Salkowski calorimetric techniqueIs in a Rlett colori- 
meter equipped with a green filter. Inhibitors were assayed by measuring the degree of 
inhibition of the destruction of LAA mediated by 5 x 1O-7 M crystalline horseradish root 
peroxidase (HRP). This crystalline enzyme was used for convenience, and was shown to 
have the same response to inhibitors as Pharbitis root extracts. Generally 1 ml of a suitably 
diluted inhibitor extract was added per 10 ml reaction mixture so as to yield an in&n&ant 
lag period but a depressed steady state of IAA disappearance. The relative activities of 
various inhibitor fractions were expressed as the dilution which yielded 50 % inhibition of the 

standard HRP-mediated reaction. In all such calculations, a concentration of 1.0 refers to the 
original aqueous extract., consisting of the inhibitor dissolved in the same volume of water as 
the tissue from which it had been extracted. 


