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Su111mmarY. The nionplhotochemical reactions of phytochrome in the coleoptiles of
dark-grown corn seedlinigs were studied at 3 temperatures: 140, 240, and 340. The data
obtained show that the destruction of Pfr is the only measurable reaction occurring;
reversion of Pfr to Pr was not found. The Q,o's (2. anld 3.5) and zero order kinetics
found for the destructioni reactioni are consistenlt with the hvpothesis that the reaction
is enzyme-mediated.

In vivo action spectra for phytochrome transforniationi in the coleoptiles of (lark-
growin corn seedlings were obtained which agree qualitatively with those obtainie(d by
other workers for phytochrome-me(liated physiological responises anid in vitro action
spectra. In vivo conversioni of phytochrome by blue light, as determine(d from spectro-
photometric measuremenits of phytochrome itself, is reported. Actioni peaks for Pr
were found at 667 niju and in the blue in the region of 400 m11, with a broad shoulder from
590 m,u to 640 nm/A. ActioIn peaks for Pfr were found at 725 m. and in the blue in the
region of 400 m,i, with a minor peak at 670 m,u, and a broad shoulder from 590 m,u to
640 mju. The ratio of the quantum efficiencies of Pr at 66/7 111 and Pfr at 725 mny
(4-i667/ofr,25) was estimated to be 1.0.

Many aspects of planit developmilenit are niow

known to be conitrolled bv the photoreversible pig-
ment phytochrome. Phytochrome has been founid to

take part in both photochemical anid nloniphotochemii-
ical reactiolns,

660Omj destruction
Pr ,5 Pf - f rX

reve rsion
where Pr represenits the red absorbinlg formii of phyto-
chrome, Pfr represents the far-red absorbing formi of
phytochrome, and X represents the fate of Pfr fol-
lowing the destruction reaction. Actionl spectra have
been obtained for phytochrome-mediated responses,

such as flowerinig and seed germination, inl many

systems (2). Recently, Butler et al. (8) have ob-
tained action spectra for phytochrome transformation
in purified extracts of dark-grown oat seedlinigs.
Nonphotochemical reversion of phytochrome was first
suggested by the work of Borthwick et al. (5) on let-
tuce seed germiniation. Both reversioln anld destruc-
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tion have n1ow beenimeasured directly in a variety of
plant tissues (9. 10, 13, 14. 15;). Onle does not nieces-
sarily find both reactiolns in any giveni tissue. For
instance. Butler and his associates (9. 10) found( re-
version but not destruction of phytochrome in cauli-
flower, and destruction but not reversion in dark-
grown corn seedlings. Similarly Hillimani (14) has
described reversion apparently unaccompanied by (le-
struction in Pastiniaca sativa (parsnlip) anld Cvnara
scolvmutIs (artichoke) tissues. Reversioni denlotes here
nonphotochemical transformiiationi of Pfr to Pr. while
destruction denotes the loss of detectable phyto-
chrome reversibilitv via Pfr

The present paper examiinies both tlle photochenm-
ical anid nonphotochemical reactiolns inidicated above.
Action spectra for phytochromiie tranisformationi in
vivo are presented and compared to in vitro, as well
as physiological. actioln spectra obtained by other
workers.

Materials and Methods

Corn seedlinigs (Zea miiavs L., cultivar, Barbecue
Hybrid) were grown in the (lark after the mletho(d
described by Briggs (6), except that they received
nlo red light prior to experimenital use. The pro-
cedure consisted of surface-sterilizing the seeds, an(d
then soaking them in running deionized water for 10
to 14 hours in the (lark. The seeds were then germi-
nated in flat bowls on agar and, after germiniation,
placed individually into vials filled with 1 % agar for
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support. Tliev Nvere gro\\-n at 24 + 0.5 and )2 +-
2 % humidity. The Barl)ecte H vbri(l variety w-as
used for 3 reasols :1) the dark-grown coleol)tiles have
a relatively high concenitrationi of phytochrone; 2 ) the
lprinlary leaf is approximately 5 nmn shorter thani the
coleoptile wlheni the see(llings are alotit 84 houtrs old.
making it piossille to obtain coleolptile saml)les free of
p)rimarv leaf tisstue, and 3 ) the coleopitiles are -ir-
tually (1evoi(l of protochlorop)hyll.

A description of the ilistrulimienit and(I necessary
techniques uised for the ineasuiremient of phytochrome
is given by Butler et al. ( 10). A Ratiospect (milodel
R-2. Agricultural Specialty Compaii-n. B3eltsv-ille,
AMaryland) ftulnctionially- i(lenitical to the (louble-heam
(lifferenice spectrol)hotometer (descril)e(l 1y litler et
al. w-as sise(d for the work rel)orte(l lbelow. All phvto-
chromiie measurementsx ere ma(le with the samipile
in ani aluiminiuimii cell imiailitainie(d at ice temliperature to
prevent the therimochemlical (lestruictioii of P1,.. The
cell lias a cross-sectional area of 1 cm112 and(I can lol(I
samples up) to 8 mm in (delthl.

Aon pliotoclicuuiic(al Reactionis. In vivo 1nonphoto-
clhemiiical reactions of p)liytochlrome were sttil(lie(l in
dark-grown seedlings. alpl)roxinmatelv 85 hours after
the beginning of imbibition. At this stage. the seed-
iligs are about 60 mmii in leng-th. From )180 to 260
plants of coml)arable size were selected at the begin-
ning of each experimilenit so that there \w-ould be
enouigh for 20 plaIlts per sample. eaclh exlperimilet
ui.sing fromli ( to 13 samliles. Each sample colisisted
of approximately the apical 15 mim of thle coleoptiles.
free(d fromii primary leaf, anid xveighed 0.41 0.02 g
All halndlilig of the iliaterial wvas (lonle in a (lark
gr-owth room11 uii(ler dim green light at 24 0O.5 0

and 92-7 - 2 % huiimidity. Tlhe greeni light use(l \\as
inieffectiv-e in photocolnverting l)hytochrome.

At the beginning of each experiment, all lplalits
excel)t for 2 grotips to lbe tlse(l as (lark conltrols. were
illuminiiate(d for fromii 5 to 10 imiilnlites with re(d ligrht
(suifficient to (Irive the pigment as far as lpossilble to
the red-absorbing foriml) at the (lesiredl temperatuire.
'I'le l)lalits ere then l)lace(l in the (lark and kept at
:1ic specified temleratltire ( 140. 240. or 340)un)til
examine(l spectrophotomietrically . Contirols received
iiO red light treatmenit. but xwere kept at the experi-
mienital temperature for the timie in(licate(l. The re(l
light source in this series of experiments consisted
of txwo circular fluorescenlt tubes (daylight. 32 and(1 40
w ) placed concentrically with the light filtered through
3 layers of red cellulose acetate. The plants wvere
placed approximately 25 cm fromii tlle source.

Actioni Spectra. In order to get comparable
results froml 1 saniple to the next, it was necessary
to prepare the samples in a stan(lar(d manner. Each
sam)ple con;sistedl of the top 1 to 2 mni of 150 coleop-
tiles andl weighedl0.16 l+ 0.005 g.The tips were
pireviously founiid to have a higher concenitratioln of
phytochronle than the remain(ler of the coleoptile
(7). The samples were about 2 mimn thick. A samil-
ple any thinner than 2 mimi coul(d not be used because
it wvoul-l have holes through which light would l)as=
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FiC. 1 (top Phlytochromiie chanlges in the (lark at
240 in coleoptiles of 85-hour-old, dark-grown corn seed-
lings after a 5-minute exposure to red light [see (11)].
X, dark controls, total phytochromne; O, re(d treate(d,

total phytochrome; A, red treated, Pfr only.
FIG. 2 (center). Phytochrome changes in the dark

at 240 in coleoptiles of 85-hour-old, dark-groxvn corn
seedlings after a 5-minute exposure to red light, corrected
ior the 80: 20 ratio of P,:P, produced l)y recl liglt.
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directly, thereby decreasing the resolution of the ratio-
spect. The samples were prepared under dim green
light and immediately placed into the aluminum
measuring cell which was then inserted into an ice
bucket. Thus subsequent light-induced ahsorbance
changes occurred at temperatures close to 00.

Various light sources were used for different parts
of the spectrum. The blue and long ultraviolet wave-
lengths (365, 405, 436, 546, and 557 m,) were isolated
from a low pressure mercury arc with a Bausch and
Lomb grating monochromator. Light of 467 m,u
was isolated from the spectrunm of a 75-w high pres-
sure xenon arc. A 500-w projector and interference
filters were used to isolate wavelengths at 650, 667,
682, 725, and 743 m,u. The remainder of the wave-
lengths tested were obtained from a Bausch and Lomb
grating monochromator with a tungsten light source.

An 8-junction thermopile (Eppley No. 3979),
calibrated against a standard lamp from the National
Bureau of Standards, was uised for all measurements
of light intensity. The value obtained from the ther-
mopile, in microvolts measured with a Hewlitt-Pack-
ard microvoltmeter, was then converted to Einsteins
*cm-2.sec-1 for each wavelength.

Results

Nonphotochemnical Reactionzs. By illuniinating
dark-grown seedlings with red light for a short period
of time and returning them to the dark, one may
follow changes in phytochrome by examining samples
of the seedlings at different times after returning them
to the dark. Such an experiment done at 240 shows
loss of total phytochrome reversibility and an apparent
reversion of Pfr to Pr, However, as Butler et al.
(11) have showni for phytochrome extracts from
dark-grown oat seedlings, and DeLint and Spruit
(13) have suggested for corn mesocotyls, red light
sets up a photostationary equilibrium with only 80 %
of the phytochrome in the far-red absorbing form.
It is assumed here that the same equilibrium is also
obtained in vivo in corn coleoptiles. The raw data
at 240 are presented in the earlier manner of Butler
et al. (10) (fig 1). Figure 2 shows the data replot-
ted on the hasis of total phytochrome. Since red
light sets up an 80:20 equilibrium of Pfr :Pr, the total
amount of reversible phytochrome present is the
measured A (AOD)/0.80. When all the A(AOD)
readings are adjusted on this basis, one obtains the
curves showin in figure 2 for phytochrome concentra-
tion in the dark controls (dark) and red light-treated
plants (Pr + Pfr-). Since far-red light sets tip a

X, dark controls, total phyotochrome; Q, red treated,
total phytochrome; A, red treated, Pfr only.

FIG. 3 (bottom). Changes in Pfr concentration with
time at various temperatures, plotted on a common time
axis, indicating Qlo's for the destruction reaction. A\
140; Q, 24°; X, 340.

photostationary equilibrium with approximately 99 %
of the phytochrome in the red absorbing form (10),
the initial A (AG\D) shift upon illumination with far-
red light gives an accurate mzeasuire of the actual
anmounit of Pfr present, withini the limits of senisitivitv
of the ratiospect.

For figures 1 and(l 2, a separate saml)le was uised
to obtain the data for each point on the Pfr + P,
and Pfr curves. Two separate experimlents were
done at 240, with the data from both shown ill both
figures. Oine experiment each was also done at 14'
and 340.

The lack of measurable reversioni of Pfr is evi-
dent when one notes that the P,r + Pfr and
Pfr curves in figure 2 are parallel. The vertical dif-
ferences between the 2 curves is a measure of the
amount of Pr present, this difference being constant.
Since the concentrationi of Pr does not change meas-
urably, no observable Pr is being formed by the
reversion of Pfr. Identical results were obtainied at
140 and 340.

The destruction reaction (Pfr curve in fig 1) fol-
lows zero order kinetics. Butler et al. (10) observed
that only about 10 % of the phytochrome in a dark-
grown corn seedling need be present as Pfr to satu-
rate the destruction reaction. The shape of the
curves at the 3 temperatures studied (see fig 3) also
indicates that the reaction causing loss of reversibility
is saturated with Pfr until only about 10 % of the
Pfr initially present is left, at which point the cturve
becomes nonlinear.

Figure 3 shows the loss of Pfr plotted againist a
common time axis for all 3 temperatures. It is clear
from this graph that the destruction reaction has a
Q1o of about 3.

Action Spectra. Three methods of obtainiing the
values for the action spectra for phytochrome trans-
formation are used. These methods are outlined
below. In measuring the rate of transformation of
Pr to Pf r the photochrome was always initially
present as Pr only, while in measuring the rate of
transformation of Pfr to Pr, the phytochrome was
always initially present in an 80:20 ratio of Pf1.:Pr.
The initial condition of phvyochrome is obtained by
irradiation with light at 1730 mMu in the former in-
stance, and at 663 ill/ in the latter case.

Figure 4 shows a typical curve obtainied )by meas-
uring the change of Pr tOPfr under the influenice of
a light source (546 m,.t) which establishes the same
photostationary equilibriuni as the actiinic re(d light
in the ratiospect. In such a case, measurable trans-
formation is seen only from Pr to Pi,. an(l not
Pfr to Pr, although the latter must occur in or(ler
that the 80: 20 equilibrium be established. The metho(d
of dletermining the initial rate of the reactioni, which
is used in determining the action spectrum for Pr, is
indicated by the dashed construction line in figure 4.
The dashed line is tangent to the initial portion of
the curve. The initial rate is expressed as the change
in (AOD.sec-1/total phytochrome) X 100. The
total phytochrome is used since this represents the
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FIG. 4 (upper left). The photoconversion of Pr to Pfr with time by light of 546 m, in the coleoptiles of dark-
grown seedlings. The initial rate of the reaction is indicated by the dashed line tangent to the initial portion of the
curve. The dashed lines parallel to the ordinate indicate the half-times for the reaction.

FIG. 5 (upper right). The photoconversion of Pr to Pfr and of Pfr to Pr with time by light of 436 m,i in the
coleoptiles of dark-grown corn seedlings. The initial rate of the reaction of Pr to Pfr is indicated by the dashed con-
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portion of phytochrome initially present as Pr, where
total phytochrome = A (AOD)measured/0.8. The
initial rate is then converted to percent transformation
per Einstein which in turn is plotted against wave-
length (fig 8, 9) as relative quantuim efficiency.
Energy is expressed as Einsteins*cm -2sec-'.

A second method is required when the wavelength
being studied sets up other than an 80:20 ratio of
Pfr :Pr- Figure 5 (436 mu) illustrates this situation.
The initial rate for the conversion of Pr to Pf r iS
again shown by the dashed line, and is calculated in
the same manner. The photostationary equilibrium
is indicated by the horizontal dashed line. Since
essentially all of the phytochrome is present as Pr
at the beginniing of the light exposure to 436 m11M,
after having beeln irradiated with far-red light, we
may consider the first 10 % of the reaction to be free
of the influence of the competing back reaction, i.e.,
Pfr to Pr. However, in (letermininig the rate of the
reactionl Pfr to Pr, one mnust note that the measuired
iniitial rate is not comiiparable to the one for the reac-
tioli Pi, to Pfr, since 20 % of the phytochrome is al-
ready in the Pr form and hence competing with the
reaction Of Pf r to Pr. To overcome this obstacle
we mav use the relationship kfr = kr Pr/Pfr-, where
kr is the rate constant for Pr, Pr/Pf.r- is the ratio
of the concentrations of Pr and Pfr at photostationarv
equilibrium, antl kfr is the rate constant for Pfr.
The initial rates of the 2 competing reactions are in
the same ratio as kfr: kr, and therefore the initial
rate of change of Pf r may be determined from the
mleasured rate of change of Pr at the same wave-
length and the photostationary equilibrium establishe(d
by that wavelength. These computed values make
tip the action spectrum of Pfr ill figures 8 anid 9. from
365 mu through 682 mu.

The third niethod is used for wavelengths greater
than 682 mu, where it is possible to measure the rate
of change of Pfr with time. This reaction is unob-
structed by the reverse reaction of Pr to Pfr, which
at these wavelengths is negligible (ca. 1 % of the Pfr
value). Even though 20 % of the phytochrome is

present as Pr initially, there is almost no reaction of
Pr to Pfr to compete with the transformation of
Pfr to Pr, so that initial rates for the photoconversion
of Pfr may be computed just as for the photoconver-
sion of Pr. However, the substrate (Pfr) present at
the beginning of the reaction is the measure(d
A (AOD) rather than the total A (ALOD) since only
80 % of the phytochrome present is in the Pfr form
at photostationary equilibrium with red light. Hence,
the initial rate (as % transformation sec'1) is the
change in (AOD*sec&'/A(AOD)measured) X 100.

The relative quantum efficiencies at each wave-
length for the photoconversion of Pr and Pfr are
determined from a single sample. In many cases,
the same sam)ple is used to determine relative quan-
tutm efficiencies for 2 or more wavelengths.

The kinetics for the photochemiiical reactions are

first order (8). 'T'he (lashed lines along the abscissa
of figure 4 in(licate the half-timiies for the reaction.
The values for the half-time vary fromi 1.3 to 1.7
minuttes, increasinig slightly as the reaction proceeds.
The slight inicrease in half-time is a result of the in-
creasing influenice of the reverse photoreaction (Pfr>
pr) on the one being studied (Pr+Pfr).

Figure 6 presents further evidence showing that
both photocheinical reactions (Pfr*Pr and Pr>Pftr)
are first order. Log AP is plotted against time for
the 2 photoreactions at 682 mu, where

(Pr.) -(Prz)68
P =P - (open circles) or

(Pro) (Pr- ) s.8a
(Pfr) -(Ptrt) 68

AP = - (triangles)
(Pfro) (Pfr-)6-2

anid (Pr), or (Pfr), is the concentrationl of P,, or Pfr,
at the time indicated; (Pr)68. or (Pfr')6382, is the
concenitrationi of Pr or )fr' at the photostationary
equilibrium established by 682 m,u light; and (Pro),
or (Pfro), is the concentration of Pr, or Pfr, at time
zero (Pro = total phytochrome; Pfro = measured
phytochrome). A derivation and discussion of this
relationshi,p is given by Butler et al. (8). If the 2 re-

struction linie taingenit to the initial portion of the lower curve. The dashed line parallel to the abscissa indicates the
photostationary equilibrium established by light of 436 mu. Lower curve, the reaction Pr--*P fr' initially irradiated
with far-red light; upper curve, the reaction P,r.-*Pr, initially irradiated with red light.

FIG. 6 (ceriter left). Plot of log A\P against time for photoconversion of Pr to Pf, and to Pr by light of 682 my in
Wdr - Wr')WR2 .

the coleoptiles of dark-grown corn seedlings. 0, AP = (P (pf) sample initially irradiated with far-red

light; Z
fr

= (f) - (fr,6x2 sample initiallyirradiated xith red light.
(Pfro) - (Pfrl)682

FIG. 7 (center right). Plot of percent phytochrome present as P,r at photostationary equilibrium against wave-

length.
FIG. 8 (bottomn left). Action spectra of the photoconversion of Pr and Pfr in the blue. 0, Photoconversion of

Pr to Pf., sample initially irradiated with far-red light; A, photoconversion of Pfr to Pr, sample initially irradiated
with red light. Units of relative quantum efficiency are (percent transformation/Einstein) (10-8).

FIG. 9 (bottom right). Action spectra of the photoconvers on of P,. and Pfr in the red region of the spectrum. Q,
Photoconversion of Pr to Pfro sample initially irradiated with far-red light; A, photoconversion of PfI to Pr, sample
initially irradiated with red light. Units of relative quantum efficiency are (percent transformation/Einstein) (10-8).
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actions l)eing stu(lied are first order, the (lata of figure
6 should yield a straight line, which is the best straight
line through the (lata 1oth for the photoconversion
of Pr to Pfr (olpen circles) and(I P,., to P,. (triangles).
Inspectioni of figure 6_ NNill show that suich a straight
linle was obtained.

The data obtained for the relative quanitumii ef-
ficiencies of both reactions ('PrPfr and Pfr>P,)
by the various ilmethods dlescribed above are listed in
table 1, alolng with the photostationary equilibrium
values of Pr an(l P1. and incident energies use(l at the
(lifferent w\avelenigths studie(l. Figure /7 shows the
relative amiiouniits of Pr', atLl Pf r present at photosta-
tionary equilibrium, plotted against \\wavelength. A
prominent featulre of the graph is that n1on1e of the
\w'avelengths Iused coul(d convert Imiore thaIn 80 % of
the phytochrome to Pfr.

The action sspectrulm for Pr (fig 8, 9) has a peak
at 667 mn, with a pronouince(l shoulder from about
580 m1, to 620 m,u. T'he actioIn spectrum for Pfr
(fig 8, 9) has a major l)eak at al)proximately 725
niu, w\ith a minior one at about 67() mtL. The latter
l)eak was not as l)rominent in an action sl)ectrum for
transformationi of PI r extracted fronm oat seedlings
(8). Both action spectra shoN lpeaks near 400 mpu
Note that the relative quanttumii efficiency scales are
nlot the samle for the 2 figures.

The action spectra for photoconversion of Pr and
)',,. show that the relative effectiveness of red light

is of the order of 100 timles that of blue for Pr, and
the ratio of the effectiveness of far-red to blue light
for Pfr is about 25. These ratios are of the same
or(ler of magniittulde as those found( by investigators
at the Agricultural Reseatrclh Station in B3eltsville,
Marxvland, ini muitich of tlheir earlier p)hysiological
work (3, 16), 17) but are far greater thani the ratios
obtainied in vitro (8).

Discussion

The in vivo actioIn spectra for phytochrome trans-
formationi in corni (fig 8, 9) agree quite wrell witlh
those obtained for physiological responses, includinig
floweriuig (2), chanige in l)hototroplic sensitivity
(12), anid seed germiniatioln (4, 19). Close agree-
miient is also obtained between the in vivo actioni spec-
tra in figures 8 and 9 and the in vitro action spectra of
Butler et al. (8). '1'he in vitro action spectra of
B3utler et al. lack, lhowever, the broad shotil(ler be-
tween 580 mn1u andl 630 mp, in figure 10, but this lack
imia- be dtue to (lifferences in screeniing an(l scattering
by the 2 widely different systems, or to (lifferenices
between the phvtochromes of corn and oats.

The initial rate of tranisformiiation of either Pfr to Pr
or P,. to Pf,. at a giveni wavelength is a ftunctioni of 3
variables: 1) the extinctioni coefficient of phvto-
chromiie, 2) the qulantumtti efficienc-, and 3) screening

Table I. Intensity of Lighit (ot Eaclh W1 avceleength, Rclatizvc Quantumn Efficiencies for
I'hotfoconversion for P, anid Pfr' and Relative Amounts
of P, and P.r Present at Photostatiouiary Equililbrium

\V'avelengtlh
tily1

Intenisity*
(X 10'')

Relative (luantumtli efficiency*"
I)I' ( x 10-8) p f r ( X 10 8)

365 5.59 <0O.2?5 <0.25
405 11.10 1.88 3.34
405 17.30 1.93 3.43
436 5.26 0.85 2.1
436 18.60 0.89 2.2
467 4.36 0.0 0.97
546 10.55 7.6 1.9
546 9.45 6.3 1.6
577 9.90 21 5
577 9.76) 22 )

600 0.44 28 7
610 (.55 27 9
620 0.52 28 8

630 0.58 35 9
640 056 52 13
650 1.47 74 27
660 0.51 104 26
067 2.02 139 44
67() 0.49 129 45
682 1.66 4 32
700 0.61 3 63
720 0.93 0 86
725 1.29 0 93
730 0.94 0 69
743 5.53 0 24

* Intensity given as Einsteins.cm- 2sec-1.
** Relative quantum efficiency expressed as percent transformation/Einstein.
* P,, (P,4.) is relative amount of Pr (Pfr) at photostationarv equilibrium.

f) ***

64

71

100
20

20

20
25

22
20

20
27
20
24
26
37
95
99
99
99
99

-.
t1t

. .

36

29

0
80

80

80
75
78
80
80
73
80
76
74
63
5
1
1
1
1

472



PRATT ANI) IIRIGGS-REACTIONS OF PITI'TOCIIRONFE IN VI4'O

by the coleoptile, all at the waelength being use(d.
Therefore, r = E4,0, where r is the initial rate, ex-
pressed as percent transformation per second, E is the
extinction coefficient, 4 is the quantum efficiencyv
expressed as percent transformationi per Einstein, and
,8 represents screening by the coleoptile tissue. As-
suming that screening is the same at both 66/7 mlM
and 725 m,u, and that the ratio of Er667 to Efr725 iS 1.55
(8). we may compute the ratio of )ir667 to 4)fr72.5

4r667 rr667 Efr725 139
=- X = = 1.0.

Ofr725 rfr725 Er667 93 X 1.55

This ratio is somewhat less than the 1.5 obtained bv
Butler et al. (8), but it must be noted that a probable
differential in screening by the coleoptiles hLas not
been accounted for.

The (listinct peak in the action spectruml for trans-
formation of Pfr to Pr at about 670 mu indicates that
Pfr possesses a real absorbancy peak at this wave-
length. Thus the peak seen in the absorption spec-
trum of Pfr at this wavelength (18) must have 2
components: the 20 % Pr found at pliotostationary
equilibriumii with red light and the secondary peak of
Pfr.

Evidence for the reversion of Pfr to Pr is known
fromii physiological studies (5), in vivo measuremetnts
(9,10,14) and in vitro studies (11). The physio-
logical evidenice is based on work with germinatioln
of lettuce seeds. The in vivo measurements showed
the reversion of Pfr to Pr without loss of reversibility
in cauliflower, parsnip, ani(l artichoke. It is im-
portant to note that the kinetics for reversion in
cauliflower (where sufficient data are available for
comlparisoni) are strikingly different from those for
dark destruction of Pfr described in the present paper.
Reversion in cauliflower does not follow zero order
kinetics as does dark destruction of Pfr in corn. The
in vitro studies were done with phvtochrome extracts
which showed no reversion unless they were aged or
the phytochrome was partly denatured (spectro-
scopically altered). Butler et al. (l ) could show-
no dark reversion in fresh, purified solutions of phv-
tochrome from oats, but could after aging, or mild
denaturation. The work described in the present
paper shows that there is no measuirable reversion of
Pfr to Pr in corn coleoptiles.

The zero order kinetics obtained for the destruc-
tiOnl of Pfr suggest that some substance other than
Pfr is limiting the rate of the reactic,n. Such results
are consistenit with the hypothesis that the destruc-
tiOnl of Pfr is enzyme-miediated, withl an enzyme,
the rate-limiting substance. The destruction Of Pfr
has been shown to be oxygen-dependent by Butler
and Lane (9). Butler and Lane also found( that the
destruction reaction is inhilbited in a imiannier parallel-
ing inhibition of respiration by lowering O, tension
or adlding respiratory poisons (CO, KCN, and
sodium azide). In addition, the Q1, for the reaction
(fig 3) is of an order of magnitude (ca. 3) consistent

with enzyme mediation. The evidcence described
above, then, supports the hypothesis that the destrutc-
tion of Pfr is enzyme-mediated.

The kinetics of phytochrome (lestruction shown here
are not necessarily typical of all plant materials. For
instance, Hopkins anild Hillmain (15) have showni that
disappearance of P1r in hypocotyls of dark-grown
Raphanuiis, Phasecolds, and Glcibze has an initial rapicl
phase lasting about an hour. followed by a slow
phase which reaches completioni after an additional
3 or 4 hours. Their data are compLicated, however.
by the fact that the equilibrium percentages of Pr
and Pfr following saturating red light treatments are
not known for these 3 plants, and therefore plotting
total pigment instead of just that measured (cf. fig
1, 2) is not possible. It is possible as they suggest
that some reversion is occurring in all 3 plants,
further complicating kinetic analysis of Pfr (lestruc-
tioni.

The action spectra for phytochrome transformiia-
tionl (fig 8,9) and the equilibriumn ratios at photo-
stationary equilibriumll for differeilt wavelengths (fig
7) indicate the need for considerinig the possible role
of phytochrome in physiological responses that do nlot
seem to fit the classic phytochrome pattern. Bertsch
(1) has demonstrated the reversal of blue light ef-
fects in Pisumi bv far-red light. showing that blue
light in this system may exert its effect through
phvtochrome. Examiinationi of figure 8. as wvell as
actioin spectra obtained in vitro by Butler et al. (8)
acid obtained for physiological responises (2). corro-
borate the finding that blue light effects may be
phytochrome-mediated. Actioin spectra of all 3
types (in vivo conversion, in vitro convcrsion. an(l
physiological response) show activity in the blue re-
gion. The absorption spectrum of purifie(d phyvo-
chrome (18), showing prominenlt peaks in the region
near 400 my both for Pr and(l Pf., of course, con-
stitutes the most direct evidence that one should ex-
pect blue light to mediate phvtochromle-regulated
physiological respon ses.
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