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Effect of Chloramphenicol on Chlorophyll Synthesis of Bean Leaves '
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Surnnwtlry. Chloramphenicol has been fouind to inhibit the decrease in lag phase
of chlorophyll accumuilation in bean leaves that is brought abouit by a brief illuminatioll
followed by a prolonged dark period. The effectiveness of chloramphenicol depends
on time of application. It is more effective w-hen applied at the beginnilng of the
(lark perio(d thani at the end.

\Vhen etiolated leaves of flowering plants are
placed in the light, protochlorophyllide is rapidly
converted to chlorophyllide (10, 14). By the uisuial
spectrophotometric techniques chlorophyllide is not
distinguiishable from chlorophyll a. This period of
rapidl chlorophyll formation is followed by a period
of a few houirs in which chlorophyll does not
accuimuilate or acculmulates at a slow rate. This
rate graduially increases to a maximuim which is
mainitaine(d for a prolonged period (9, 11,13). The
time couirse of chlorophyll accuimuilatioln dependls
on the age of the plants. In bean plants less than
5 days old, a linear, huLt low rate of chlorophyll
synthesis is observed following the initial conver-
sioIn of protochlorophyllide to chlorophyllide (11).
The period between the initial conversion of proto-
chlorophyllide to chlorophyllide, and the max4mal
rate of chlorophyll acculmulation has been termed
the lag period. The lag period can be shortened
or abolished by treating plants with a short light
period followe(I by a period of incutbation in dark-
ness (9, 12). This reaction is controlle(d by light
absorlhcd by phytochrome (8). The lag phase in
formation of chlorophyll is suggestive of enzymatic
adaptation. Suich anl interpretation suiggests that
brief illunmiination followed by a period of pro-
longed darkness eliminates the lag by resuilting in
synthesis of enzymes necessary for chlorophyll
formationi. This possibility was inv!estigated by
stuidying the effect of chloramphenicol, applie(d
before andcl after brief treatment with light and
pralonged incuibation in the dark, onl chlorophyll
formatioln oii suibsequient illumination. Chloram-
phenlicol has been reported to inhilbit partially
chlorophyll forrmationi dulring illumination of etio-
latedl plalnts (5), aln(d to partially inhibit chloroplast
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proteini sy'nthesis (6). It has b)een iuind that
chloramphenicol completely inhibits stimullation by
light of suibsequenit chlorophyll accumuiiillationi when
the antibiotic is appliedl early in the dark period
l)etween the 2 illuiminationis, b)uit only partially
inhibits when appliecl late in the dcark perio(l.

Materials and Methods

Black Valentine bean plants (Phascolus zLulgo ris
L) w-re grown in the dark for 6 days, and leaves
wvith a co,ty1ledon andl piece of hypocotyl attachedl
wvere treate(l wNith chloramphenicol (5). Chloro-
phyll was determined from absorption of acetone
extracts of leaves (7). Leaves were placed in the
clark for 1 hoLur, illulminated for 10 minuttes, re-
place(d in the dark for 20 to 22 hours, reilluminatecl
for 2 to 8 houirs, and chlorophyll forme(d, measulreid.
Leaves wNere transferre(d to chloramlphenicol solu-
tion at various times starting with the b)eginning
of the first (lark period. In some experimlenits the
first dark period was omitted, and(I the abilit\- to
synthesize chlorophyll at the beginningllg of the
experiment was also measured, by placilng leaves
in the light for 2 houirs, instead of 10 minutes, at
which time pigments were extracted. Illluiniationi
was with Awhite fluorescelnt light at anl intensity of
1000 ft-c anld x as carried olut at 25

Results

\Vheil leaves are illiminate(l for a 10 miultite
period, then incuibated in the clark for 20 hours,
followved by a secondI illumination period, the rate
of chlorophyll accumulationi is a funiictioni of time
of application of chloramphenicol (fig 1). Chlo-
ranmpheniicol applied 1 hour before the 10 minute
illuimlination period, at the endl of the 10 minullte
illlminationl period, or I hotir after retuirnl to (lark-
ness, resuiltedl in leaves that form chlorophyll at
essentially the sanme rate clI rinig the econld, aind
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FIG. 1. Effect of time of addition of chloramphenicol
on rate of chlorophyll formation. One hour before 10
minute illuminationi (0); at end of 10 minute illumina-
tion (0); 1 hour after end of 10 minute illumination
(LI); 19 hours after end of 10 minute illumination, 1
hour before start of extended illumination (U) ; no
addition of chloramphenicol (A).

prolonged illtumination. When chloramphenicol is
applied 19 hours after the 10 mintute illuimination
(an hour before the second illulmination), the rate
of chlorophyll formation is greater than when
applied earlier. But, chlorophyll formation is less
than if chloramphenicol is not used at all. A
difference in chlorophyll content between leaves
without chloramphenicol, and leaves to which
chloramphenicol was applied an hour before the
second illumination, is just detectable at the end
of 2 hours illulmination. This difference increases
with time, and is quiite clear at the end of 4 hoturs
illumination. These resuilts suggest that some sub-
stance, which is necessary for maximuim chloro-
phyll acculmulation, is synthesized by the leaves
between 1 and 19 hours of the dark incubation.
To determine whether or not this effect of chlo-
ramphenicol was duie to ch,anges in the ability of
the leaf to synthesize chlorophyll independent of
the 10 minute illumination, leaves were tested for
ability to synthesize chlorophyll during a 2 hour
illumination, as a function both of time of appli-
cation of chloramphenicol, and presence or absence
of a 10 minute preilltimination. W'hen the 10 min-
uite illumination is omitted, the amount of chloro-
phyll formed in 2 houir illulminiation is the same
whether chloramphenicol is applied at the begin-
ning or the end o-f the 22 houir dark period (fig 2).
W17hen leaves have been given a 10 minute illumina-
tion, as before, the effect of chloramphenicol is
mutch greater when appllied at the beginning, rather

than the end, of the dark period. This shows that
the difference due to time of application is not
based on limited penetration, nor changes in syn-
thetic ability independent of preillumination. In
the absence of chloramphenicol, the ability of leave,
to synthesize chlorophyll is equal or slightly lowered
after inctubation in the dark for 21 hours. In the
experiment recorded in figure 2, ability to syn-
thesize chlorophyll was lower after 21 hours inctu-
bation in the dark. Essentially the same results
presented in figures 1 and 2 are obtained when
values of chlorophyll are calculated per leaf rather
than per g fresh weight.

Discussion

Chloramphenicol inhibits formation of some
component required for chlorophyll accuimulation
duiring illumination of leaves. The component
synthesized is probably protein, since chloranl-
phenicol is an inhibitor of protein synthesis (5).
Formation of this protein occurs in the dark as a
resutlt of brief illumination of leaves. Even in
leaves incubated in chloramphenicol overnight,
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FIG. 2. Effect of time of addition of chloramphenicol
to leaves kept in the dark, and to leaves given a 10 minute
illumination on chlorophyll synthesis in a subsequent 2
hour illumination period.
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chlorophyll formatioll conttinies (Ilrinig at least 6
hours of illuminatioin. These restults appear to
conitradict a report that chloramphenicol, applied
(Iirinig greeninlg, stops chlorophyll formation almost
immediately (2). Chlorophyll acctumllationl is in-
hibited by other inhibitors of protein synthesis, ail(I
bNy inhibitors of RNA synthesis (1). It has not
Vet been (lemonstrate(l that nutcleic acid nee(le(d for
chlorophyll acculmulation cani be formed in the (lark
as a resuilt of brief illuminiationi. It is suggested,
however, by the observation that actinomycini d
inhibits chlorophyll formation in h)ean leaves only
when applied early in the greeninig process (4).
These Iresuilts are in accord with a mechainism in
which al)sorption of light by phytochronie prodluces
an active gene, resultinig ini formation of a new
messeniger RNA and formation of a newe proteini.

The requliremenlt for protein synthesis for max-
imal rates of chlorophyll accumulation coul(d )e
(lue to the need for synthesis of enzymes require(d
for sy-nthesis of chlorophyll (3). The effect of
actillomycin d on chlorophyl,l formationi in bean
argLues for this interpretatioin. However, leaves
growin in the (lark are capable of accumulatinig more
protochlorophyllide than normal when supplied with
b-aminoleVUlinic aci(d (11). Thus, if enzymatic
synlthesis is limiting, it is at steps leadiing to forma-
tion of 6-aminolevulinic aci(l. It has been sug-
gested that formation of stoichiometric amotunits of
plroteiin is nieede(l, rather than formationi of catalvtic
amounts (3, 5). Suich a view enivisions proto-
chlorophyllide attache(d to a proteiin, nee(le(d for its
conversion to chlorophyll, and/or, for incorporatioln
of chlorophyll ilnto lamellae. The continuled inhi-
lbitioni of chlorophyll formationi by actid'ione (luirinig
greeninig of Eufgllei(i supports this interpretationi
(3). At present, it cannot be decided whether
proteiin synthesis is requtiredl for formation of
enizymes reqtlire(l for chlorophyll synthesis, or for
sy-nthesis ini stoichiometric amoutnts, of a proteini
Iee(le(l for incorporationl and stabilizationi of chlo-
rophvll in the lamellace.
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