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Action-spectra stui(lies of the photocontrol of see(l
germination, flowering. ail(l stem elongatiol showe(l
that a rev-ersible plhlotocIromic pigmllent plays a
lomiiincalnt role in tlle conitr-ol of plaant development
(1'). Tlle pigmiient, nowv called phytochrome. wN-as
measured photometri cally in (ldtrk-grown seedlings
an(l was extracted as a soluble l)roteinl (2 ). Phyto-
chlolmie lhas not been (letecte(i p)hotometrically in the
leaves of green lplants even though1 physiological exi-
(lence for its l)resenlce is abundant. The present
pl)al-p relports the presence of pllytoch rome in partial-
ly p)ulrifie(l extriacts of greeni plants.

Materials & Methods
Plants selectedl for extraction of phvtochrome

relr-esente(l (daylengt-l-res)onsi xe plants ot sev-eral
tvlpes, an(l wx-ere obtained fromii the g-eenliouse and(I
mlal-ket. The tissue xas firozeln x itl (Iry ice and(
finely grl-otiunI in a single-end-ruilner mill. A weigh-
e(l aimout xt as alloxxwedl to thlaw in approximately an
equal voltume (x v of 0.05 mi so(liulm lyrophosphate
solultioin colntaininig 0.001 -m (Ii sdtilml ethylvene dli-
aminetetraacetate (1iDTA ) and .01 -x 2-mercapto-
ethfanol. pH 9.2. Somle I)lants re(quire(d imiore extract-
ing solutioln to maintain the pHl of the hliomogenate
above 7.4. All subsequent step)s xvere carried ouit at
,0

IT'le hliomogenate xxwas filtered thrl-otughl cleeseclothi
and the filtr-ate centrifuged f,,tor 10 miniilutes at 16.000
X q. The cliarifiedi filtrate w-as iia(le to i50 6 satu-
-atioin x ithi solid( ainimioiilui suilfate. The pH -was
maintained at 7.4 cluriiig precipitation by addition of
2 N amilillonllitum1 hI-lydroxide. The milxttixre xvas Xtir-
red 10 mnutes anld the pirecipitate was collecte(d by
cenltr'ifugationl at 5.000 X y for 10 mlinutes. The
lIrecipitate xas dissolved in a volumile of 0.01 \r po-
tassitii hliosphiate buffer, 1)11 7.5. equal to one-tenth
thlait Of tIle illitial homogenate. All buffers tiused con-
tailled 0.001 ix EDTA and(I 0.01 m 2-mercaptoethanol.
TIhlXe]solution wxas centrifuged 1 hotur- at 140.000 X
Pq.-lyhtohromie couIl(I be (letecte(d in miiost extracts
at th1is point.

Eliminlaltion of substances of loxv molecularx- eight
xxas accomllplisle(l by- gel filtration on1 a columinil of
Sepliadex G-5() equilibrated and (levelol)e(l xx ith
().(1 m 1)otatssiim p)liosplate buffer. pfH 7.5. The ac-
ti xe fratctiols from the coluiminii xere combined and
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imad(le to 33 1, saturation xxith saturated ancoliln-uml
sulfate solution adjusted to pH 7.5 with amimionlinlill
hyidiroxide. After stirring aId sedimentation, the
precip)itate wxas dissolved in the saimie volume of buf-
fer anid cenltr-ifugedl at 16.000 X g for 10 milinites.
At this poilnt the pigmenit was sufficieintlv coIncenl-
trated in the extracts of milost pIlants that a reliable
assay could be nia(le. Furthier gel filtrationi or amll-
m0oniUm1 sulfcate fractioiation gave only smiiall inl-
creases in pihytochrome concenitration. In orlder- tO
increase concelntr-ationi, anl alternate proce(lure xxwas
adopted. xxwhich gave hligh1er yields aind( greater l)uritfi-
cation1 of phytochrome froIm1 extracts of spiniach
leaves adI s(lquash fruits. In1 th1is procedure the vol-
nine of the iniitial extract xvas reduced to 1 :20tlh of
its initial oluime by iltrafiltration ( 4 The coni-
centrate(l solution x as centrifugted 10 mlinutes at
16.000 X y, made to 50 d< saturation xith solid( am-
m11oIiumI1 sulfate, stirre(l, aid sedIimiieinted as before.
The precipitate wxas dissolved in a xvolume of 0.01 -m

1)otassium phosl)hate buffer, 1)11 7.5. eqltial to ole-
tetli that of the concentrated extract and clari fie
by centrifugation at 38.000 X g for 15 mintutes.

The p)hYtochrolme in extracts was dleterlinied
with a(aual-xwavelength l)hotomlleter. xxhich measuire
the optical-delnsity (lifferenices betxxeen 660 and 73(

, A( 7OD 01),;0 -01) . The amount f
phytochrome vas ind(licate(d bv the change in the op-
tical-delnsitv-di fference reading after irradiation of
the samlile, first xith re(d lighit and( theln x ith far-
red ligh t [ )totai A (A OD) A 0D,. -A0l)A .
Relative conicenitrationls of phytochrome in the ex-
tracts are reported as A ( A 01) 5 c tO.001
A OD1) and specific activities as A ( A 0) cmll m
plrotein values.

P'rotein concentrations vere estimated bx the
biutret imietho(d folloxxwing plrecil)itation xxith 10(
trichloroacetic acid ( 3 a1nd( xxashiling xvith methalol.

Results & Discussion
P'hytochromne xwas dlemonstratedl inl eXtrlactS

most of the plants examined ( table 1 ). It xwas easil
(letecte(l in extracts frolm1 leaxes of Hx osc-amu11s.
spilnach. and sgi-arbeet. xvhich are typical long -day
plants. The )igmient xas (letecte(d in extract.s froom
somile short-day planlts sUch as sor-ghum and tobacco
liut wvas not founidl in other-s suichi as chrvsantliemitim.
Per-illa. soybean, and Nanitliulim (table I ). The filnal
extracts of chr- santhemli mu Perilla. and soybean con-
taiie(l large aniomo ts of chlorophyll. xvlichl couIld
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Table I
Phytochromne & Proteini Contents of Leaf Extracts of Plantts

Phytochrome
[A (A OD)/5 cm]

Protein
Specific activity

Protein [A (A OD)/cm/
mg protein]

Beta vultgaris L. (sugarbeet)
Brassica oleracea var. acephala DC.

**Brassica oleracea var. botrytis L.
Catalpa bignzontioides Walt.
ChrysanhtheimntzinlorifoliiL7t Ramat.

**Cit-curbita maxia, Duchesne
Glycinle w1ax (L.) Merr. 'Biloxi'
Hordeurnii vidgare L.
Hv'oscyanmms niiger L. (annual)
Lactutca sativa L.
Lvcopersicon esctuleni turni Mill. 'Marglobe'
Mlelilotuis sp.
Nicotiana tabacum L. 'Maryland Mammoth'
Nicotiana tabacumlll L. 'Catterton'
Perilla frintescenis (L.) Britt.
Saccharninii officinzaruinii L.
Salvia splenidents Sello. 'St. Johns Fire'
Sorghuiii zulgare Pers. (milo)
Spiniacia oleracea L.
Zea wii-avs L. 'U. S. 13'

* Purified by alternate procedure.
** Curd anid fruit extracted.

have interferre(d with the assay for phlytochroiime.
The low protein values of some extracts suggest
that the plants contain endogenous protein precipi-
tants.

The concentration of phytochrome in the extracts
was much lower than in extracts of etiolated plants.
Other w-ork has shown that phytochrome concentra-
tion is miiarkedly reduced in dark-grown seedlings
when they are placed in light. (W. L. Butler, H. C.
Lane, & H. W. Siegelman. Non-photochemical
transformatioins of phytochrome in vivo. In prep-
aration.)

In all cases with extracts of green plants, the ab-
sorption of light by chlorophyll in the final extracts
xvas considerably greater than that by phytochrome.
Figure 1 showxs the absorption spectrum of a 5-cnm
path of an extract from spinach and the (lifference
spectruml (at a fivefold increase of photometric sen-

sitivitv) of the far-red-irradiated minus the red-
irradiated solution. The difference spectrum shows
phytochrome of green plants has the same spectral
characteristics as that of etiolated plants. As long
as the chlorophyll concentration is not too great the
overlapping absorption band is of little consequence

because of spectrophotometric assay for phytochrome
depends on the photoreversible optical-density
changes. However, when the chlorophyll concen-
tration is great enough that the intensity of the trans-
mitted measuring beams is comparable to or less than
the intensity of chlorophyll fluorescence excited by
the measuring beams, the chlorophyll begins to inter-
fere w-ith the mieasurement of phytochrome.

Reversibility in the extracts was retained for sev-
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FIG. 1. Absorption and difference spectra of a 5-cm

sample of spinach extract. Upper curve is the absorp-
tion spectrum; lower curve is the difference spectrum of
the far-red-irradiated minus the red-irradiated solutioni.

eral days at 20 and for several weeks at -15O wvith
slow dinminution.

Summary

Green tissue from 20 (lifferent kinds of plants wvas

examined for phytochronme content. The soluble pro-
teins were extractecl in mildly alkaline buffer andl
precipitated from the solutions with ammonium sul-
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fate. Chlorophyll concentrations x\ ere reduce(d by
centrifugation. Phytochrome was (letecte(l in ex-
tracts from nmost of the plants examiine(l. The spec-
tral properties of phytochrome obtaiine(d fronm green
plants were simiilar to those of the pigmzenlt extracted
froml etiolated tissue.
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Inhibition of Metabolism in Avena Coleoptile Tissue by Fluoride 1. 2-.

Lawrence Ordin & Betty P. Skoe
Department of Biochemistry & Air Pollution Research Center,

University of California, Riverside

Fluori(le continues to le a major l)roblem of air
l)ollution. One of the asl)ects that is mlost insi(lious
is the effect onI growth or on respiration without
xvisible tissue injury (2). Over a (leca(le ago Bon-
ner and \Nildiman ( 3) fiund that fluoride-induced
inhibition of p)hosplhatase in Avena coleoptiles xvas
about the same as the inhibitioll of growth by fluo-
ri(le. Respiration, onl the other- hand, was miiuclh less
affecte(l. Bonlner and Thimann (4 ) conclude(d that
inhibition of enolase was not inxvolvedl in the inhibition
of growxth of excise(d plant sections.

IFluoride inhlibitioln of groxx th of yeast cells has
been linkedl to interference with cell w(all polysac-
charide synthesis. particularly by inhibiting the con-
version of hexose-6-1P to hexose-1-P (6). Christian-
sen and Thimlanin (5) foundl a smiiall inhibition in net
synthesis of cellulose an(d hemicellulose in the I)res-
ence of IAA andl fluoridle in pea steml segments.
Since l)artial growvth occurred (lurilig these observa-
tiolls it is not clear whether the effect was a con-
se(luenlce of inhibited growth or not. Earlier reports
(12, 13) have (lescribe(l the effect of somle growth
inliihitors on cell wall polysaccliarides in the absence
of growth liormiioties.
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Because of the possibilitv that inhiibitioln of miie-
tabolistii of specific cell wall constituenits might le
the cause of the iiiliibitioti of growth. aii investigation
of the influenlce of flutoridle oni ilicorporatioti of C'1 4
fromI glucose-U-C1 into the cell wall xx as unidertakeli.
The presetit report shows that, even in the abselnce
of IAA-indluce(d elongation. groxth inhlibiting conl-
centrationis of fluori(le niarkedlv affect metabolim.
of certaiin componienits of the cell \all.

Materials & Methods
Oat seedlliigs (Azena satiza, 1L. var. Siegeslafer)

v,-ere grovn ati(l hlar-veste(d as (lescribed earlier (12).
Coleoptiles xvere defoliate(d andl 3 tvmii apical sections
xvere (liscarde(l. The tiext tx-o successive iii sec-
tions xvere use(l in C'4 experimtients. For groxvth
experiments, simiiilar 5 mm (lecalpitatedl sections xvitl
priniary leaves in situ xvere use(l.

In each replicate, sections were pretreated in 20
ml of NaF or Na.,SO4 solutioli for 6 hours. unless
itoted otherwise. The tiutiiber of sectiotis per ml of
pretreatiiienit solution vcaried froiii 5 for C'4 experi-
ments to 1 for groxw!th experimilents. Preliminarv
experiments in(licatedl that the use of 5 sectioits per
ml (luriiig pretreatnieIit (lid iiot affect subsequent
growtli results xihen 20 sectiotis xvere incubated
in 20 ml of growth solutioti.

Since the aimlounlt of externial flutoridle carried over
fron al pretreaiitiment solutionIl Was foun(l to be inl-
sufficieiit to affect the growth results, the sectionls
xvere blotted wxithiout rinsitig-before transfer to fltuo-
ri(le-free or sulfate-free solutionis coiltaiilig eitlerl-
Iu1cose^-C-Ior IAA. All pretreatmiient, atidC smb-
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