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Abstract. The protochlorophyllide content of dark-grown bean leaves was determined at
various ages. It was detectable the second day after germination and reached a maximum on
abouit the tenth day.

The resynthesis of protochlorophyllide following a single irradiation and the rate of the
685 to 673 m, shift of the newly formed chlorophyll was examined. Leaves up to 5-days old
show no lag phase in protochilorophyllide resynthesis. By the sixth day, a lag phase is evident
which increases with age. The rate of the 685 to 673 my shift is similarly age dependent.

In the leaf, a dark synthesis of protochloro-
phyllide follows the lhototransformation of the
pigment to chlorophyll. The time coutrse of the
process was examine(d by several workers. Liro
(1), Scharfniagel (2), alnd Virgin (3) found( no
lag phase in the dark synithesis. Shibata (4) anid
Btltler (5) nioted a lag phase in the dark synthesis
which wN-as dependent oni the age of the leaf. Mad-
sen (6) and Atgngstinnssen and Mladsen (7) re-
ported a lag phase in the resynthesis.

A systematic examination of the time couirse of
protochlorophylli'de resynthesis followilng illtimina-
tioIn anfl -the spectral shifts of newly forme(l chloro-
phyll were made on (lark-grown beani leaves. The
age of the tisstle has a profoinnd ilnflulenlce oIn many
aspects of protochlorophyllide and the newly formetd
chlorophyll, and these resullts are presented here.

Materials and Methods

Beanl plants, Plh(ascolus zudlgaris CV. Red Kid-
ney, were grown in vermicnlite in comlplOte darkiness
at 25°. All o,perations were performedl unider green
safelights. The phototransformation of protochlo-
rop,hyllide to chlorophyll was achieved uisinig a
150 XV internal reflector pro-jection lamp with a
6 cim w\ater filter. The plant material was heldl
30 cm from the sotirce for 1 minui,te.

Protochlorophyllide resynthesis was determinied
either in zizo -or by extraction of the pigment.
\Ieastirements in vivo were made by fasteniing 2

superiml)osed etiolated leaves between transluiscent
mending tape to a piece of light cardboard with an
aperatture slightly larger than the beam of the
spectrophotometer. A similar aperatuire was Ilse(l
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in the reference b)eam. Opal glass (4) was placed
in bothi the sample and refereince beams of the
Cary 14 spectrophotometer. Protochlorophyllide re-
synlthesis in zPizo was moniitored. by measuring the
6,50 myx absorbance increase with time. Proto-
chlorophyllide was extracted from 1 g fresh weight
samples of leaves by grinding in a mortar with
4 ml of acetone and( then 80 % acetone, filtered and
ma(le to final volurme o f 20 ml. The pigment was
transferred to ether aind absorbances meastured.
The pigmen't concentrations xvere calcuilated uisilng
the equations of Koski (8).

Results

The protochlorophrll ide cointeint of ,dark-grown
bean leaves of variotus ages wNas examined. The
pigment conteint is low in very youIIIg 'leaves, inl-
creases rapidly to a maxiimal valtue and then remaiins
constant (fig 1). The dark resynthesis of proto-
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FIG. 1. Protochlorophyllide contenit of dark-grown
bean leaves ait various ages on a per gram fresh weight
or per 20 leaves basis.
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FIG. 2. Time course of protochiorophyllide resyn-
thesis in darkness following a single 1 minute illumina-
tiOnl in dark-grown bean leaves. The data was obtained
by measuring the inlcrease in absorbance at 6510 m,u of
2 thicknesses of leaves by the opal glass met.hod of
Shibata (4).

chlorophyllide following illumlination was examined
in dlark-grown bean fleaves of variouts ages. The
length of the lag period, the rate of resynthesis, and
the final concenltrationl of resynthesized protochloro-
phyllide are mark;edly age dependent. 'Fhese res;ults
are based on dlata obtained frobm the in vivo increase
in absorptionl at 650 mK (fig 2) anld tehe conltent of
protochlorophyllidle (leterminedl by extractionl of the
pigment (fig 3).

The phototranlsformationl of p)rotochlorophvllide
and the sulbsequlent dark ttransformaltions of the
newly formed chlorophyll were examined in dark-
grown bean leaves at various ages. In the 5-day-
old leaves, the darki transformations of the nlewly
formed chlorophyll were rapid and the resynlthesis
of protolchlorophyllide is obviouts 5 minii1te-s after
illulmination from the absorbance inlcreas!e at 650 m,p
(fi'g 4). The rate of ,the dark transformaltions of
the new-ly formled chlorophyll and the resvnthesis
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FIG. 3. Time course of protochlorophyllide resynthe-
sis in darkness following a single 1 minute illumination
in dark-grown bean leaves. The pigment was extracted
from the leaves. The non-transformable protochloro-
phyllide after illumination is 3.0 + 0.3 ug/g fresh
weight.
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FIG. 4. Absorption spectra changes of 2 thicknesses

of 5-day old dark-grown bean leaves before and after
a single 1 minute illumination. 1- before illumination,
2, 3, 4, and 5- after 0, 2, 5, atnd 10 minutes following
illumination respectivclv.
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FIG. 5. Absorption spectra changes of 2 thicknesses

of 6-day old dark-grown bean leaves before and after
a single 1 minute illumination. 1- before illumination,
2, 3, 4, 5, 6, and 7- after 0, 5, 10, 15, 20, and 28 minutes
following illumination respectively.

of protochlorophyllide are appreciably slower in
the 6 and 9-day-old dark-grown bean leaves (figs
5 and 6).

Discussion

The protochlorophyllide content of dark-grown
bean leaves at various ages is shown in figture 1.
There is an initial period up to the foturth day of
low protochlorophyllide contenit followed by period
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0.5 ft-r r-------v-- -r- Shiba,ta (4) anffd conifirmiied( byII_T_TF fulTx-descried by
Buitler (5). The lvewly formecl chlorophy ll whichb

BEAN LEAVES absorbs miiaximally at about 686 mniu (C684) shifts

inl darkiless to a form absorbiuig at about 673 mp.
(C6/73). Btitler (5) nioted that the C684 to C673

4<'@>43 shift was faster in 6- thain 9-day-old leaves. Ex-
,,, / \ ,/ ' //t;\\\ amiiatioll of the absorption shifts of the 5-day-old
z 2.37/ I,/,/,/\ * leaves shoNs that they are more rapid than in 6- or
m - / /// / \\\\| 9-(da-old( leaves. The resyithesis of protoclhloro-
o wI'/\+4phvllide is also faster as seeni fronm the 650 myt

m0. 2 L \9/ \\\\\vN - absorbhac\ increase.
5XS isler and Kleini (9) founidI that the timile couirse

of chlorophy-ll syithesis in dark-grownN-i beaui leaves
14 \ \.\\t _ Oul illulminliationi was markedly (lepend(lenit on age.

Althouiglh they did not measuire protochloroplhyllide,
the age effect is likely related, at least in l)art, to

0.0 I I I__fi LJLwLa _I__ | t ... [ r § s_ I IIthecapacity for protochloro'phyllide synllthesis. In600 650 700 740 examination of protochlorophyllidle sylnthesis and
Wave Leng,th iu imi/A the d-ark absorption shifts of new\ly-formed chloro-

FIG. 6. Absorption spectra chauges of 2 thickniesses phyll, the age of the leaf must be considered as an
of 9-day old dark-growln beau leaves before and after imlortant variable. Studies on chlorophyll phy-
a single 1 minute illuminiation. 1- before illumination, tolization and chloroplast struictuiral development
2, 3, 4. 5, and 6, after 0. 10, 15, 20, anld 35 minutes may also be influieince(d by the physiological age of
following illumiiiinationi respectively. the tissule.

of linear increase. The protochlorophylliide content
reaches a maximum and then remains nearlv con-
stant. These resuilts are similar btut not identical
when they are based on fresh weight or oIn a per
leaf uinit. One gram fresh weight of dark--rowii
bean leaves consists of about 200 leaves at 3 days,
80 leaves at 4 days, 38 leaves at 5 (lays, or 24 leaves
at 6 days of age. The nuimber of leaves per gram
remains nearly constant after 6 days. Protochloro-
phyllide is present in 2-day-old dark-grown leaves,
and chlorophyll will accumulate oni illuiminationi
indicating the presence of the entire lprotochloro-
phyllide synthesizing system.

The resyniithesis of l)rotochloro'phylli'de iimeasuire(l
either in vivo or after extraction shows a similar
time couirse. There is no lag in resynthesis throuigh
the fifth day. Beginning with the sixth day, there
is a lag period which increases in length with age.
Both Shibata (4) and Butler (5) examined proto-
ch1orophylllide resynthesis in dark-grown bean leaves
of various ages. They noted that the lag phase *of
resyn,the,si,s was age dependent. However, the
youngest 'leaves they examined were 7 and 6 days
of age, respectively. Althoulgh Shibata (4) classi-
fied 9 to 10 day old leaves as normal, it is apparent
that the rate of protochlorophyllide synilthesis is
considerably diminished at this age.

The absorption spectra changes following a
single illumination of dark-grown bean leaves w,vere
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