
JOHNSTON ET AL-ISOLATION OF NUCLEI

Coiimparable preparations of isolated ntuclei have
since been obtained from viable embryos of oats, bair-
ley and rye by means of the procedure described here.

LITERATURE CITED

1. ALLFREY, V., STERN, H., MIRSKY, A. E. and SAETREN,
H. The isolation of cell nuclei in non-aqueous
imedia. Jour. Gen. Physiol. 35: 529-554. 1952.

2. BRUCKNER, J. Estimation of monosacchar ides by
the orcinol-suiphulric reaction. Biochem. Jour. 60:
200-205. 1955.

3. BURTON, K. A study of the conditions and mecha-
nism of the diphenylamine reaction for the colorl-
metric estimation of desoxyribonucleic acid. Bio-
chem. Jour. 62: 315-323. 1956.

4. GODDARD, D. R. Cytochrome c an(1 Cytochrome oxi-
dase from wheat germ. Amer. Jotur. Bot. 31: 270-
276. 1944.

5. HOGEBOOM, G. H. and SCHNEIDER, W. C. Physical
state of certain respiratory enzymes of mitochon-
dria. Jour. Biol. Chem. 194: 512-519. 1952.

6. JOHNSTON. F. B. and STERN, H. Mass isolation of
viable wheat embryos. Natture 179: 160-161. 1957.

7. OGUR, M. and ROSEN, G. The nucleic acids of plant
tissues, I. Arch. Biochem. 25: 262-276. 1950.

8. SCHNEIDER, R. M. and PETERMANN, M. L. Nuclei
from normal and leukemic mouse spleen. Cancer
Research 10: 751-754. 1950.

9. SMILLIE, R. M. Enzymic activities of sub-cellular
particles from leaves, I. Australian Jour. Biol.
Sci. 9: 81-91. 1956.

10. STAFFORD, H. A. Intracellular localization of en-
zymes in pea seedlings. Physiol. Plantarum 4:
696-741. 1951.

11. STERN, H. and MIRSKY, A. E. Soluble enzymes of
nuclei isolated in stucrose and non-aqueous media.
Jour. Gen. Physiol. 37: 177-187. 1953.

12. STERN, H. and MIRSKY, A. E. The isolation of
wheat germ nuclei and some aspects of their gly-
colytic metabolism. Jour. Gen. Physiol. 36: 181-
200. 1952.

13. VOLKIN, E. and COHN, WV. E. Estimation of nucleic
acids. In: Methods of Biochemical Analysis,
David Glick. ed. Vol. 1, pp. 287-306. Intersci-
ence Publ., Inc., New York 1954.

INDUCTIVE CONTROL OF INDOLEACETIC ACID OXIDASE
ACTIVITY BY RED AND NEAR INFRARED LIGHT 1

WILLIAM S. HILLMAN AND ARTHUR W. GALSTON
JOSIAH WILLARD GIBBS RESEARCH LABORATORY,

DEPARTMENT OF BOTANY, YALE UNIVERSITY, NEW HAVEN, CONNECTICUT

Many plant processes, including seed germination,
photoperiodic flower induction, and the development
of stems and leaves, can be affected by brief expo-
sures to low energies of light. Action spectra for
such light effects resemble each other closely, with
red light (ca 660 mu) showing maximuim effective-
ness. In addition, the effects of red light can usually
be prevented by exposure to near infrared3 radiation
(ca 730 m,u) sufficiently soon after red light treat-
ment. These characteristics have led to the belief
that one photoreaction and pigment system may con-
trol widely diverse processes (2, 3, 9, 19). Although
the relation between this photoreaction and a bio-
chemical system which might control plant growth is
unknown, there is considerable evidence that auxin
metabolism may be involved (5, 7, 11, 12, 13). Since
the indoleacetic acid (IAA) oxidase system may be a
controlling factor in auxin metabolism (6), its rela-
tion to red light action has been investigated in the
present work. The results indicate that the IAA
oxidase activity of certain tissues is controlled by a
low energy photoreaction apparently typical of those
controlling photoperiodism and the other processes
mentioned.

1 Received October 24, 1956.
2 Research supported in part by the National Science

Foundation under Grant NSF G-2009.
3 Wassink and Stolwijk (19) have pointed out why

" infrared " is preferable to the term " far-red " to desig-
nate this region of the spectrum.

GENERAL PROCEDURES
Most of the experiments were conducted with

peas (Pisum sativum L. var. Alaska) obtained from
Associated Seed Growers, Inc., New Haven, Connecti-
cut. The seedlings were grown in vermiculite for 7
days at 260 C in darkness, with occasional dim green
light during handling. Some were also exposed to 2
to 2500 kiloergs/cm2 of red light during a brief period
5 minutes to 40 hours before harvest. Red light was
supplied by Sylvania red fluorescent tubes with maxi-
mum emission at 640 mtu and none below 580 m,u.
Energy measurements were made with a phototube
light meter whose construction and calibration is de-
scribed elsewhere (5).

Tissues harvested for IAA oxidase assays were
weighed, placed immediately at - 160 C, and stored
at that temperature until use (1 to 10 days) with
little or no resultant loss in activity. For assay, the
frozen tissue was rapidly reduced to a powder with a
chilled mortar and pestle and ground further with
0.02 M phosphate buffer, pH 6.1. The preparation
was centrifuged in the cold to remove cellular debris
and the clear supernatant extract made to volume
and assayed. Usually 600 mg fresh weight of tissue
were made to a final volume of 25 ml.

The assay used, described in more detail elsewhere
(10), consists of colorimetric determinations of resid-
ual IAA in reaction mixtures incubated at 26° C.
Each 10-ml reaction mixture contained 0.5 to 5 ml ex-
tract, 2 ml 0.01 AM phosphate buffer, pH 6.1, and a

129



PLANT PHYSIOLOGY

D

R

24 48

WEIGHT IN 10 ML

bud fresh maight

IAA oxidose activity

16 24

>-10-
I.-

1-
0
4

w
(1)4

)( 5-
0

0

FIG 2

D

R

6 2 24

6 12 24

MG FRESH WEIGHT IN 10 ML

-j
0

I~-0
0

4t

0

44 f

NO 0 20 60
IR MINtJTF-q RFTWFFN

HOURS AFTER LIGHT I I- r-"|
RED AND IR

FiG. 1 (upper, left). IAA oxidase activity (,ugm/ml IAA destroyed in 60 min in a 10-ml reaction mixture started
at 35 ,ugm/ml) as a function of crude extract concentration representing the indicated tissue fresh wts. D, extract

from buds of dark-grown plants. R, extract from buds of plants exposed to 750 kiloergs/cm2 red light 16 hrs before
harvest.

10 FIG I

5-

I-.

4

I4-
a

I 1

6 12

MG FRESH

FIG 3

48
0

o 200

0
M

0

0 100

0
0

130



HILL'MAN AND GALSTON-LIGHT CONTROL OF IAA OXIDASE1

starting IAA concentration of 35 ugm/iml (2x 10A4
M). Either 1O4 MI 2,4-dichlorophenol (DCP) or
1O4 M MnCl2 was usually present as well, as cofactor
for the enzyme system (7, 10). Activity without
either Mn or DCP was too low for reliably significant
readings, and was rarely tested after the preliminary
experiments. Activity was expressed as ,Lgm/ml IAA
destroyed in 20 or 60 minutes, either on a fresh weight
basis or as specific activity (6) on a protein nitrogen
basis.

EXPERIMENTAL
PRELIMINARY-IAA OXIDASE INHIBITION IN BUDS:

Experiments were conducted to see what tissues, if
any, would exhibit changed IAA oxidase activity after
exposure to red light. The test plants were exposed
to a total energy of 750 kiloergs/cm2 during one hour
and returned to darkness. Terminal buds and apical
1-cm sections of the terminal internode were har-
vested 16 to 18 hours after the light treatment, and
their activities compared with that of totally dark-
grown controls harvested at the same time. The 16
to 18 hour interval between illumination and harvest
was chosen since it is the optimal time for expression
of the changed auxin sensitivity in the internode sec-
tion test (5). When assays were conducted at extract
levels representing 50 mg, fresh weight in each 10-ml
reaction mixture, in the presence of 10-4 M Mn or
DCP, the IAA oxidase activity of buds of red-illu-
minated plants was depressed to 5 to 15 % of that of
the dark control buds on a fresh weight basis. Spe-
cific activities maintained the same relationships,
since the ratio of protein nitrogen to fresh weight did
Ilot change significantly following illumination. An
85 to 95 % inhibition of activity in the buds could
thus be attributed to the red light treatment. This
inhibition was observed in assays either with DCP or
Mn alone, or with both present in various proportions.
Since corresponding experiments with the internode
sections failed to show differences of any magnitude
or consistency between dark-grown and red-illumi-
nated tissues, bud tissues only were used in most of
the subsequent experiments.

EXTRACT DILUTION-EVIDENCE OF AN INHIBITOR:
For a more detailed comparison of the activities of
extracts from red-illuminated and dark-grown buds,
the effect of extract concentration in the reaction mix-
ture was sttudied. The results of a typical experiment
are shown in figure 1. Amounts of extract represent-
ing 6, 12, 24 or 48 mg fresh weight were used in
standard 10-ml reaction mixtures, all with 10i4 M
DCP. At the higher extract levels, the inhibitory
effect of prior red light treatment was very evident.

At lower levels, however, both activities approached
the same value. The fact that the activity of extract
from red-illuminated buds was so markedly increased
by dilution suggested the presence of an inhibitor.
To test this possibility, attempts were made to in-
crease the activity of the extract by dialysis.

Centrifuged extracts of both red-illuminated and
dark-grown buds were prepared, 600 mg fresh weight
being made up to 25 ml of extract. One 10-ml por-
tion of each was dialyzed in a cellophane membrane
against 6 1 of 0.02 M phosphate buffer, pH 6.1, at
~ 20 C. Another 10-ml portion of each was stored
in a cellophane membrane at the same temperature
as a control. After 24 hours, the extracts were as-
sayed at various concentrations in the presence of
104 M DCP. The activities of the dialyzed extracts
are shown in figture 2. The undialyzed controls sup-
plied the data used in figure 1. Two effects of dialysis
are evident from a comparison of the figures. The
activities of both types of extract were greatly in-
creased, and the difference between them was almost
entirely removed. Apparently both extracts contained
a dialyzable inhibitor, or inhibitors, but with a higher
level present in that from the red-illuminated buds.

In order to test this hypothesis further, dialysates
from both types of extract were assayed for inhibitory
effects. Extracts of red-illuminated and dark-grown
buds were prepared as usual. Ten ml of each was
placed in a cellophane dialysis membrane and dialyzed
against 10 ml of buffer in a large test tube at ~ 20 C
for 24 hours with vigorous shaking. The extracts
were discarded, and various amounts of the buffered
dialysates added to standard reaction mixtures con-
taining 104 'M DCP and a highly active enzyme
preparation -from internode tissue. The dialysates
from extracts of red-illuminated buds were at least 4
times as inhibitory as those from dark controls, on a
fresh weight basis. Similar results were obtained by
adding boiled extracts instead of dialysates as sources
of inhibitor.

The simplest conclusion is that the inhibition of
activity induced by red light treatment is due entirely
to increased levels of a dialyzable, heat-stable in-
hibitor (or inhibitors). In the absence of any direct
test for the inhibitor, however, further experiments
were conducted by comparing bud extracts from
variously-treated plants at fresh weight levels of 24
or 30 mg per 10-ml reaction mixture, and always in
the presence of 104 M DCP.

TIMING OF RED LIGHT TREATMENT: In the pre-
ceding experiments, 16 to 18 hours was interposed
between red light exposure and harvest, on the as-
sumption that a maximum effect would result. The

FIG. 2 (upper, right). Like figure 1, except with dialyzed extracts, and activity measured over 20 min.
FIG. 3 (lower, left). IAA oxidase activity and bud fresh weight at various times after red light treatment (225

kiloergs/cm'). Activity measured as in figuire 1, with 12 mg FW per reaction mixture; value for hour 0, 13.4.
Average buid fresh weight, hour 0, 6.1 mg.

FIG. 4 (lower, right). The effect of time elapsed (in darkness) between red and near infrared (IR) treatment
on the subsequent IAA oxidase activity. Red light 75 kiloergs/cm' given 16 hrs before harvest. IR, 4 min. Dark
control activity, (as in fig 1) for 30 and 15 mg fresh weight levels, 17.0 and 16.3, respectively.
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effects of red light timing were next sttudied directly
by harvesting tissues immediately, or 4, 8, 16, 24, 32
or 40 hours after 225 kiloerg/cm2 light treatment (15
min). Such experiments can be performed in two
ways: All plants can be illuminated at the same time,
with harvests at various times afterwards; this has
the advantage of exposing all plants at the same de-
velopmental stage, buit the disadvantage of harvesting
plants of dissimilar ages. Conversely, groups of
plants can be illuminated at different times and all
harvested at the same time, with the opposite con-
sideratibns. Fortunately, both types of experiments
agreed. Results of an experiment of the first kind
described are shown in figure 3. IAA oxidase activity
and average bud fresh weight are presented for com-
parison as percentages of the zero time value, i.e.,
immediate harvest. Data for the dark controls re-
mained substantially constant during the experimen-
tal period, and activity at zero time did not differ
from the dark controls. Of the times chosen, illumi-
nation 16 hours before harvest produced the maxi-
mum inhibition of IAA oxidase in the buds. Tissues
harvested as long as 32 hours after light (40 in other
experiments) still showed lower activity than the dark
controls.

The bud weight data in figure 3 aIre of particular
interest. While the minimum IAA oxidase activity
was always obtained about 16 hours after illumina-
tion in such experiments, bud size continued to in-
crease for at least 24 hours, and in some experiments
32 or 40 hours, after illumination. In more general
terms, the maximum effect of light was expressed
sooner in the inhibitor level than in bud weight, sug-
gesting that the process controlling inhibitor level
may be more closely linked to the photoreaction.
While this conclusion may not be justified, figure 3 at
least indicates clearly that the results reported here
are not merely consequences of assaying morphologi-
cally different tissues, as they might be if a simple in-
verse relation existed between bud size and IAA oxi-
dase activity. In further experiments, inhibition has

TABLE I
IAA OXIDASE ACTIVITY OF PEA BUDS 16 HOURS AFTER

EXPOSURE OF INTACT PLANTS TO RED AND NEAR
INFRARED (IR) RADIATION IN SEQUENCE*

TREATMENT IAA OXIDASE IN HIBITION, %ACTIVITY**

Dalrk controls ........... 8.3 (0)
IR only ................ 8.0 4
Red only .............. 0.7 92
Red-IR ................ 7.4 11
Red-IR-Red ........... 1.0 88
Red-IR-Red-IR ........ 7.6 8

* Red light exposure 2 min, total energy 30 kiloergs/
cm2. IR exposure 2 minutes (high intensity-see text).
Less than 1 min elapsed between successive exposures.

** Activity measured as /Agm/ml IAA destroyed in 20
minutes. Each 10-ml reaction mixture contained 35
,gm/ml IAA at the start, 10- M DCP, and buid extract
eqtuivalent to 24 mg fresh wvt.

been obtained as little as three hoturs after illumina-
tion, before any weight increase or gross morphologi-
cal change could be detected.

RED LIGHT DOSAGE: In order to determine the
energy required to produce a measurable inhibition,
groups of plants were exposed to 2, 20 or 200 kiloergs
/cm2 within a 15-minute period 16 hours before har-
vest. The activities of bud extracts were then com-
pared with that of the dark controls at fresh weight
levels of 24 and 12 mg per reaction mixture. Meas-
ured at the 24-mg level, all dosages produced about
90 % inhibition on both fresh weight and specific ac-
tivity bases. Measured at the 12-mg level, the corre-
sponding inhibitions were 2, 11 and 48 %. While the
effect,s of dilution indicate the impossibility of obtain-
ing quantitative data without a direct assay for the
inhibitor in question, it is still evident that the effects
of as little as 2 kiloergs/cm2 of red light are easily de-
tectable under the proper conditions.

NEAR INFRARED REVERSIBILITY: A 1000-watt in-
candescent light, separated from the plants by 10 cm
of water and 4 thicknesses each of dark red and dark
blue cellophane, was used as the source of infrared
radiation (2, 3). The distance from the filament to
the plant tops was approximately 58 cm. Preliminary
experiments showed that 30 seconds of such irradia-
tion was sufficient to cause over 90 % reversal of the
effects of 30 to 75 kiloergs/cm2 red light, if given im-
mediately after the red light treatment. When sev-
eral rapid alternations of red and infrared (IR) were
carried out, the final effect depended upon the last
radiation given. In the data presented in table I, the
activities of buds from plants receiving IR alone, or
red followed by IR, or red-IR-red-IR, were essen-
tially like the dark controls, while the treatment red-
IR-red caused the same inhibition as red alone.

Since 30 seconds of IR caused essentially complete
reversal, the intensity of the source was reduced to
less than 1/3 with a variable-voltage transformer in
order to obtain dose-response data. Such data, how-
ever, like those witlh red light, are rendered difficult to
interpret by the effects of enzyme dilution in the as-
say. In a typical experiment, all radiations were
given about 16 hours before harvest, and the buds
were assayed at 30 and 15 mg FW per 10-ml reaction
mixture (with 10 WM DCP). Seventy-five kiloergs/
em2 red light (5 minutes) inhibited activity 96 % as
assayed at the higher fresh weight level, and 40 % at
the lower. Ninety seconds of (reduced intensity) IR
given immediately after the red was sufficient to re-
move inhibition as assayed at the lower level, while 4
to 5 minutes was required at the higher.

In spite of such complications it was possible to
obtain fairly precise data on the length of time during
wvhich the red light effect remains reversible by IR.
For the experiment summarized in figure 4, all plants
(except the dark controls) were first exposed to 75
kiloergs/cM2 of red light (5 min). Some were ex-
posed to 4 min of IR immediately afterwards, while
others received IR 20 minutes, one hour, or four hours
after the end of the red light. Bud tissues were har-
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-ested 16 hours after the initial (red) radiation and
assayed as usual at 30 and 15 mg fresh weight levels.
It is evident from figure 4 that, at 260 C, the red
light effect is only very slightly reversible by IR given
more than 1 hour afterwards. This is true even ac-
cording to the assay at the lower fresh weight level, in
which the apparent inhibition due to red light was
small.

PEA INTERNODES AND EXCISED BUDS: Although no
effect of red light on the IAA oxidase activity of inter-
node tissue was observed in the preliminary experi-
ments, the results with buds suggested that a wide
range of extract concentrations should be tried be-
fore reaching this conclusion. Accordingly, the effect
of 750 kiloergs/cm2 given 16 hours before harvest was
re-examined. Apical 1-cm portions of the 3rd (ter-
minal) internodes from illuminated and control plants
were compared at fresh weight levels from 12.5 to 200
mg per reaction mixture, with 104 AM DCP. The
initial observation was confirmed.

The effect of red light on the IAA oxidase activity
of excised buds was also investigated. Six hundred-
mg lots of buds were excised from 6-day-old dark-
grown peas and placed in beakers with 0.02 M phos-
phate buffer, pH 6.1. Some were then exposed to 750
kiloergs/cm2 red light, the others retained in darkness.
The tissues were recovered after 16 hours, and later
assayed as usual. While activity declined slightlv as a
result of excision, no effect of the red light could be
detected. Neither the inclusion in the medium of 2 %
sucrose plus 0.05 'M KNO3, nor of cotyledons from
germinating peas, woould confer any light-sensitivity
in subsequent experiments.

BEAN AND LUPINE BUDS: Other plant materials
were cursorily investigated for two reasons. It seemed
desirable to see whether the results obtained with peas
might be generally applicable to other plants. It
would also be extremely useful for further experi-
ments to obtain the response in excised tissues which
might then be exposed to various substances and
rapid changes in temperature.

The entire hypocotyl was removed from 2-day-old
Black Valentine Bean (Phaseolus vulgaris L.) seed-
lings grown in darkness at 260 C, leaving only the two
cotyledons and the enclosed plumule. One cotvledon
was also removed, and the remaining tissue placed,
plumule upwards, in a Petri dish with buffer. Twenty-
five such plumules with cotyledons were used for each
experimental treatment with radiation or darkness.
Eighteen hours after radiation, the plumules (mainly
young leaf tissue) were harvested for the usual assays.

In these experiments, 75 kiloergs/cm2 of red light
(the lowest energy tried) affected IAA oxidase activity
precisely as in the intact pea buds. Attempts at in-
frared reversal, however, were completely unsuccess-
ful over a wide dosage range. IR given alone acted in
the same way as red light-it induced a great decrease
in IAA oxidase activity. When a different IR filter
system was used, consisting of a Corning HR Red-
Purple-Ultra filter (15) and two thicknesses of red
cellophane, the same results were still obtained.

An experiment was performed with buds of 5-day-
old seedlings of Lupinus alba handled in the same way
as the beans. Activity of the extract was extremely
high compared with peas or beans, even in the ab-
sence of DCP or added manganese, and no evidence
of an inhibitor could be detected in dark-grown tissue.
Exposure to 750 kiloergs/cm2 red light had no effect
on activity.

DISCUSSION
The major experimental findings can be briefly

summarized. The IAA oxidase activity of intact pea
buds, as assayed in extracts, was inductively inhibited
by total energies of red light as low as 2 kiloergs/cm2
given to the intact plants at some time before harvest.
The inhibition was reversible by near infrared radia-
tion given immediately after the red light. The inhi-
bition appears to be due entirely to increased levels of
a thermostable, dialyzable inhibitor (or inhibitors)
originally present in dark-grown plants as well.

Tang and Bonner (18) were the first to report that
light exposure reduced the IAA oxidase activity of
etiolated peas by causing an increase in the level of an
inhibitor. In their experiments, inhibitor concentra-
tion increased proportionally to the number of hours
of diffuse daylight given. The present results differ
chiefly in showing that IAA oxidase inhibition can be
controlled by low energies of photoperiodically active
radiations.

A number of reports have appeared in which the
auxin metabolism of etiolated or semi-etiolated mate-
rial was modified by red light and near infrared treat-
ment. Kent and Gortner (11) found that the auxin
sensitivity of the split pea epicotyl test was greatly
increased by exposure of the plants to red light 32
hours before use. Galston and Baker (5) showed that
the auxin sensitivity of pea internode sections was
reduced by exposure to about 2000 kiloergs/cm2 red
light 16 to 18 hours-before the test. Goldacre et al
(7) found the IAA oxidase activity of extracts of en-
tire pea epicotyls, assayed in the absence of added
DCP or manganese, to be much higher when plants
were grown under continuous red light rather than in
darkness. Liverman and Bonner (13) were able to
show that the response of Avena coleoptile sections to
auxin was promoted by red light; this effect was re-
versible by infrared, but only when the IR was given
in the presence of auxin. MIost recently, Klein et al
(12) have used red light to decrease the sensitivity of
excised hypocotyl hooks of etiolated bean seedlings to
IAA.

The use of different materials treated in different
ways, and the absence of any experimental attempts
to relate one investigation to another, leaves the rela-
tionship of all these results completely obscure. This
applies with equal force to the present work, and it is
possible only to point out certain major differences
between it and the reports with which it might be
compared. The total light energies needed here were
lower by a factor of 1000 than those employed in (5)
and (7). The materials tested, the phenomena exam-
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ined, or both, were different from those in any of the
preceding investigations. No IR reversals were at-
tempted in (5) (7) or (11). In view of this situa-
tion, any attempt to discuss the present work in terms
of that cited would be sheer speculation. It will be
more fruitful to consider the possible physiological
significance of the results presented, and also whether
they afford any further insight into the red-infrared
response.

Several points suggest that the red light induced
increase in inhibitor may be of physiological signifi-
cance. In itself, the inductive nature of the phenome-
non is worth noting together with the fact that the
maximum inhibition precedes maximum bud weight
-attained. The extreme sensitivity of bud (leaf) tissue
as compared with the internode is of interest since
Parker et al (14) reported that the internode response
of etiolated peas was relatively slight, and irregular,
compared to that of the leaves. The low light inten-
sities needed also suggest a close relationship to de-
etiolation (2, 14). No attempt was made to deter-
mine the most effective region in the red, and the
fluorescent source emitted all wavelengths between
580 and about 710 mu, so it is probable that consid-
erably less than 2 kiloergs,/cm2 would be effective at
the most active wavelength. Finally, the rapid " es-
cape from photochemical control," after which the
effect of red light is no longer reversible by infrared,
is similar to that obtained by Downs (3) in the photo-
periodic induction of Xanthium and Biloxi soybean.

On the assumption that the results of in vitro IAA
oxidase assays are representative of in vivo activities,
and on the further assumption that bud growth in the
dark is limited by endogenous auxin level, the data
presented might be used to explain the increased bud
growth induced by red light. The first assumption,
however, is debatable. Although there is a consider-
able body of literature on natural IAA destruction,
only two reports have been primarily concerned with
its physiological significance. While Galston and Dal-
berg (6) obtained evidence which related increased
IAA oxidase to tissue ageing and cessation of growth
in peas, the results of Briggs et al (1) call into ques-
tion the entire concept of using in vitro extract assays
as estimates of in vivo activity. In the fern Osmunda
cinnamomea L, tissues which would transport auxin
without destroying it would destroy it rapidly when
converted into extracts. In addition, tissues were also
found in which IAA would disappear rapidly, but
which would not inactivate it as extracts. Some sup-
port for the in vivo significance of IAA oxidase has
been derived ffom the observations of Goldacre et al
(7) that 2,4-dichlorophenol (DCP), which enhances
the IAA oxidase activity of extracts, also enhances the
disappearance of IAA from solutions incubated with
pea stem sections. This observation was re-examined
and confirmed in the course of the present work, but
preliminary results also showed that IAA destruction
continues at a high rate for some time after removal
of the tissues, suggesting that much if not all of the
IAA destruction in such a system is due to leakage of

enzymatic material from the short (5-mm) sections
used. In view of such findings, any direct physio-
logical interpretation of the present results would be
indefensible at this time.

The few experiments with bean and lupine tissues
are also relevant to considerations of physiological
significance. The ease with which a red light effect
similar to that on peas could be demonstrated in bean
buds contrasts -with the complete inability of near
infrared to reverse the action of red. This is the more
remarkable since the action of red light on hypocotyl
hooks of the same bean variety is clearly infrared-
reversible (12); in the present experiments, however,
IR acted in the same way as red itself. While no
satisfactory explanation for this result is at hand, it
may be related to the occasional reports (3, 19) that
in cases where brief exposures to IR cause reversal of
a red light effect, longer exposures may fail to do so.
Whatever the mechanism, this apparent reinforce-
ment of red light action by IR appears to be com-
pletely dominant in the bean system studied. Since
no evidence of inhibitor was found in the etiolated
Lupinus buds, the absence of a red light effect on their
IAA oxidase activity is not surprising; it is possible
that more thorough investigation would modify these
results. In summary, it is evident that the results ob-
tained with peas are probably not directly applicable
to other plants, even within the same family.

While the simplest explanation for the present re-
sults appears to be an increased inhibitor level induced
by red light, as stated earlier, it is not necessarily the
correct one. Both naturally occurring inhibitors (4,
8) and activators or cofactors (16, 20) for IAA oxi-
dase have been reported, but not identified. In view
of the complexity of the IAA oxidase system, and of
the uncertainty as to the precise nature and role of
its components, alternate explanations of the increased
inhibition caused by dialysates from illuminated
plants might be proposed. Even assuming the inhibi-
tion to be due to increased inhibitor, the mechanism
of inhibitor action is not known. Kinetic observations
indicate that it acts by introducing an extended lag
period. Thus the inhibition values recorded are only
approximations of inhibitor level, since it proved im-
practical to evaluate the length of the lag period for
each extract tested.

Whatever the mechanism of the inhibition, it is
clear that the effect of the red light on IAA oxidase
activity has been on the dialyzable, heat-stable com-
ponents rather than on the protein fraction. The re-
sults represent a clear-cut biochemical change con-
trolled by photoperiodically active radiation. The
syntheses of a tomato cuticle pigment (15) and of
certain anthocyanins (17) are known to be controlled
by red and infrared light. To this group can now be
added the unknown " inhibitor." The control of in-
hibitor level, and of the other compounds mentioned,
suggests an approach to the identification of the light-
sensitive system. Retracing their origin to the par-
ticular stage at which the light-reaction is the con-
trolling factor would represent a real advance in light
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physiology. As an initial step, attempts to identify
the chemical basis of the inhibition are now in progress.

SUMMARY
The IAA oxidase activity of buds of etiolated peas,

as assaved in extracts with the addition of 2,4-di-
chlorophenol or manganous ion, was greatly inhibited
by 2 to 750 kiloergs/cm2 red light given to the intact
plants during a brief period at some time before har-
vest. Maximum inhibition with a given energy was
obtained by illuminating about 16 hours before har-
vest. The inhibition was reversible by near infrared
radiation given immediately after the red light, but
not more than one hour afterwards. The activities of
extracts from dark-grown and red-illuminated buds
could be made the same by dilution, or by dialysis,
suggesting that the inhibition may be due entirely to
increased levels of a dialvzable inhibitor. The IAA
oxidase activity of young internode tissue was insensi-
tive to the low energies used. The results may be of
significance in the physiology of de-etiolation and of
other processes controlled by red and near infrared
radiations.
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