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Chlorophyll Catabolism Pathway in Fruits of  Capsicum annuum
(L.): Stay-Green versus Red Fruits
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The aim of the present study is to investigate the chlorophyll catabolism pathway of wild-type red
and stay-green mutants of Capiscum annuum (L.) fruits. In the wild-type red lines chlorophyll
catabolism is concomitant with the start of carotenogenesis, whereas in the stay-green mutant lines
the chlorophylls coexist with that process, even in over-ripe fruit. During the first stages of ripening,
the chlorophyll a/chlorophyll b ratio is similar for both genotypes, but as ripening proceeds, the ratio
in the stay-green lines becomes very high as a result of a blocked degradation of chlorophyll a while
chlorophyll b is degraded at a normal rate. The absence of dephytylated chlorophylls in the wild-type
lines distinguishes these from the mutant lines, in which there is a sequential accumulation of
chlorophyllide a and pheophorbide a. Allomerized chlorophylls (132-OH-chlorophyll a and b) have
also been identified in the catabolic process of the mutant lines, but are absent from the wild type.
Consequently, an alteration in pheophorbide a oxygenase (PaO) activity seems to be responsible
for the stay-green genotype in the lines of pepper analyzed in this study.

KEYWORDS: Capsicum annuum (L.); chlorophyll catabolism; chlorophyll catabolites fruits; pepper; stay
green

INTRODUCTION loss of green color (5). It has been reported that this is the key

lat tep in the chl hyll cataboli th :
Chlorophyll catabolism is a very complex process taking place regulatory step in the chiorophyll catabolism pathwa). (

. L X . However, other oxidative enzymes such as lipoxygenase,
during all of the plant cycle, but it is more active and evident y poXyg

during leaf senescence and fruit ripening. It is generally acceptedchlorOphyII oxidase, and peroxidase, (7) seem to be also

. ' : .—involved in the intermediate stages of the degreening process
that the chlorophyll degradation pathway consists of two main of chlorophvlis (8
stages, the early and the late one, that is, before and after the ; p. y S_( ): . .
cleavage of the macrocycle ring. During the early stage there During ripening and senescence, and coinciding with degen-
are two main steps involving two different enzymes: chloro- €ration of chloroplasts into chromoplasts or gerontoplasts, a
phyllase and magnesium dechelatake The late stage leads sharp decrease in the chlorophyll content is observed, but in
to the cleavage of the tetrapyrrole macrocycle by the action of Most cases without accumulation of an appreciable amount of
pheophorbide oxygenase, yielding colorless fluorescent and @ particular catabolite, suggesting that there is a chain of
nonfluorescent catabolites that are further degraded by severadegradative reactions in action. For this reason stay-green
reactions. Genes for chlorophyllase and PaO have recently beerinutants of fruits (such as tomato and pepper) and vegetables
cloned, which is helping to elucidate the physiological roles of such Festuca pratensishave shown to be very useful for
these enzymes (2—4). investigating the biochemical basis of the degreening process

Chlorophyllase, an intrinsic membrane-bound enzyme, cata-(9)- In the case ofCapsicum annuunfruits, it has been
lyzes the first step by hydrolyzing the phytol ester and leading demonstrated that chlorophylls are degraded during ripening in
to the formation of chlorophyllide. Magnesium dechelatase is the same way as in the chloroplast of senescent leaves by the
responsible for the removal of Mg ions to produce the Mg- ~ tamdem chlorophyllase, magnesium dechelatase and FHO (
free derivatives, pheophytins and pheophorbides, from chloro- These authors found a high correlation between an increase in
phylls and chlorophyllide, respectively. The third involved the PaO activity and disappearance of chlorophyll throughout
enzyme (PaO) is activated by the ripening and senescencefruit ripening. These results are also in accordance with the
process (senescent-specific fashion), oxidizing pheophoebide isolation of a primary fluorescent chlorophyll catabolite (Ca-
to colorless products, and therefore is the responsible for the FCC-2) produced in increasing amounts during fruit ripening
(11). Chlorophyllase is present as a constitutive enzyme at all
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the case ofC. annuunruits the chlorophyll retainer mutation  Taple 1. Description and Characterization of the Selected Lines of C.
(stay-green) is controlled by a single recessive gene, which annuum (L.) Fruits
causes inhibition of chlorophyll degradation during ripening

(13). Molecular mapping of the chlorophyll retainer (CL) gene , A fruit fruit phenotype  phenotype
has been carried out recently in stay-green mutan® ahnuum variety _line shape posifon  (45days) (75 days)
(14). Surprisingly, whereas locus CL mapped on chromosome M Mn3  round hanging brown red
1 of pepper (chromosome 8 in tomato), the corresponding loci Mrl  elongated erect red red
for the enzymes involved in the early stages of chlorophyll R Rnl  round hanging brown red
catabolism mapped on different chromosomes, indicating that Sp 12 :gﬂgg hanging :’ergwn :gg
CL may correspond to a yet unknown gene from the chlorophyll )
cataboim patay. o B L
The a_lim of the present work is to investigate the c_hlorophyll Lo elonzate d hanging red red
catabollsm_ pathway in five cultivars . annuumfrwts, by L7 clongated  hanging red red
the analysis of phytylated, dephytylated, and oxidized chloro- Negra ound hanging brown brown

phyll derivatives over the whole ripening period and differentiate
both genotypes.

13?*-OH-Chl (aor b) was obtained by selenium dioxide oxidation of
MATERIALS AND METHODS Chl at reflux heating fo4 h in pyridine solution under argori8). All
. . Mg-free derivatives were obtained from the corresponding Chl parent
_ Plant Material. Fruits of the pepper (C. annuumn) of selected  yissolved in diethyl ether by acidification with-3 drops of 5 mol/L
lines (Mr 1, Mn 3, Rr 1, Rn 1, Rn 2, Lr 2, Lr 7, Dn 3, Dr 6, and ¢y (19). All standards were purified by normal phase (NP) and

Negral) were used for the prese_n’t study. Plants were grown in open eversed phase (RP) thin-layer chromatography (TLC) 205,
fields at the Centro de Investigacion y Desarrollo Alimentario (CIDA, Statistical Analysis.All experiments were carried out in triplicate.

La Alberca, Murcia, Spain) except Negral variety plants, which were The coefficient of variation (CV) was calculated using Statistica for

grown at the Escuela Técnica Superior de Ingenieros Agrénomos,,, .
(Universidad de Castilla-La Mancha, Albacete, Spain). Both areas are\ivi%%/gws (version 5.1, StatSoft, Inc., Tulsa, OK) and always was

in southeastern Spain and have similar climates. In general, the
plantation density was 50000 plants/ha and under drip irrigation. Five
to 10 fruits at different ripening stages were harvested every 15 days RESULTS AND DISCUSSION

during the growing period of 75 days. Fruits were devoid of peduncles . .
and seeds, cut into small pieces, and kept20 °C until analysis. Evolution of the Total Chlorophyll Fraction. The present

Chlorophyll Extraction. A 10 g sample of fruit was extracted with study monitors wild-type lines of pepper that are red when rlpe,_
30 mL of acetone, repeating the operation until no more color was &S & consequence of the normal development of carotenogenesis,
extracted. The combined extracts (usually three or four times) were and mutant lines that are brown at normal harversting time (45
poured into a separating funnel and treated with 100 mL of diethyl days). Within this latter group, the variety Negral maintains such
ether. To this mixture was added 100 mL of sodium chloride (100 g/L); coloring even in over-ripe fruit, whereas the other mutant lines
the ethereal phase was separated from the acetone one, washed thrdgecome red at 75 days on the plant. The appearance of these
times with 100 mL of 50 g/L anhydrous hBQ, filtered through @  muytant lines is the result of a spontaneous mutation,—and
bed of anhydrous N8Oy, and evaporated to dryness under vacuum in  pacause of the commercial and scientific intergley have
a rotary evaporator (Bichi, Flawil, Switzerland) at'd The residue  poen selected agronomically to stabilize the brown phenotype,
Was.d'ssowed n 5 mL.Of _acetone and kept in @ freezefm_’ c. distinguishing it from the lines that acquire the typical red color

High-Performance Liquid Chromatography (HPLC). This was of ripe pepperTable 1 describes the samples analyzed in the

carried out using an HP1100 Hewlett-Packard liquid chromatograph e . .
fitted with an HP 1100 automatic injector and a diode array detector. present study, specifying the color of the fruits at the optimum

Data were collected and processed with an LC HP ChemStation (rev. Moment of ripening for their harvesting (45 days), and the color
A.05.04). A stainless steel column (350.46 cm), packed with Gm acquired during over-ripening (75 days), which are the pheno-
of C18 Spherisorb ODS-2 (Teknokroma, Barcelona, Spain), was used.type characteristics motivating the selection of the samples.
The column was protected with a precolumnx(10.4 cm i.d.) packed Except for the variety Lr (lines 2 and 7) and the variety Negral,
with the same material. The solution of pigments in acetone was at least two lines of each variety have been analyzed: a mutant
centrifuged at 1300§)(MSE Model Micro Centaur) prior to injection  with brown phenotype and another acting as control within each
into the chromatograph (24L). variety in the case of intravarietal variations.

HPLC Separation and Quantification of Chlorophylls. Separation The analysis of changes in the total chlorophyll fraction

and quantification of the chlorophyll pigments was carried out following Fi - - - . -
; . igure 1) during ripening reveals great differences dependin
a method previously developed by the authdrS)( Separation was E)ngpheno)type. l% tﬁe Wil?j-type var%eties independentl?/ of thg

performed using an elution gradient (flow rate2 mL min~?) with . ) .
the mobile phases (A) water/ion pair reagent/methanol (1:1:8 v/viv) absolute level of chlorophylls in the fruits, the catabolic process

and (B) acetone/methanol (1:1 v/v). The ion pair reagent was 0.05 mol/L Of these compounds has finished before 45 days of ripening,
tetrabutylammonium acetate (Fluka, Chemie AG, Buchs, Switzerland) and the concatenation of catabolic reactions prevents the
and 1 mol/L ammonium acetate (Fluka) in water. Detection was detection of colored intermediaries during the process. In
performed simultaneously at 666 nm for sedeand 650 nm for series  contrast, in the fruits of the mutant lines, chlorophyll degradation
b. Response factors were calculated for each individual pigment by is much slower, these compounds being found in four lines even
performing calibration plots (peak area ratio versus concentration ratio) jn the 75-day controls. The permanence in these lines of high

in the presence of a known amount of the pure standard solutions. ; ; ;
Chlorophylls (chl)a andb_were purc_h_asepl from Sigma. ChIorpphyI_Iide lee):/;l:r?; (t:Ele?:obprg?//\lllr? Lnof)oa;rgltlehl ;’\rl\l}gsttr:s g(?‘arotenogenlc process
was formed by enzymatic de-esterification of chl. The reaction mixture o > . .
contained 100 mmol/L Tris-HCI (pH 8.5) containing 0.24% (wiv) Triton ~_ Chlorophyll degradation is always higher in the wild-type
X-100, chla dissolved in acetone, and crude enzymatic extract from lines, and the differences become greater with ripening. The
Ailanthus altissimaMill.) leaves in a 5:1:5 (v/v/v) ratioX6). The C-13 different behavior of the fruits of the variety Negral is
epimer of Chl & or b) was prepared by treatment with chlorofortv). particularly noteworthy: chlorophyll catabolism is almost
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Figure 1. Changes in the total chlorophyll content (milligrams per kilogram of dry weight) of pepper fruits (C. annuum L.) during ripening on the plant
of different lines from two genotypes: stay-green (solid symbols) and wild type (open symbols).

completely inhibited until 60 days of ripening, when it begins,
with some 40% being lost by 75 days on the plant.

into chla, probably by the enzyme chireductase. The increase
in the ratio implies that the block in the chlorophyll catabolic

The term stay-green refers to an organism having delayed pathway is located in reactions after the transformation of chl
senescence (visually defined by the loss of chlorophylls) in binto chla. Thus, whereas chiis degraded to ctd normally,

comparison with that of a standard genotypg The five lines

the degradation of the latter is slowed, thereby altering the

of brown pepper clearly show the effects of the mutation(s) balance between them. In support of this hypothesis are the

responsible for the stay-green character.
Relationship between Pigments and Structure/Function.
The chla/bratio is an indirect measurement of the distribution

results obtained for the variety Negral, in which, due to the
fact that the chlorophyll catabolism does not start (and then very
slowly) until 60 days of ripening, the clalbratio is not altered

of centers of reaction/antenna complexes in the thylakoid and, during the study period.

thus, the degree of thylakoid packingl{. Studies at molecular

Dephytylated Chlorophyll Catabolites. The study of the

level confirm the assumption that the antenna complexes arechlorophyll composition shows the absence of chlorophyllides

relatively rich in chlb, whereas the centers of reaction are rich
in chl a (22). The chla/b ratio in fruits has normally been
reported to be around 2:%.0 units. The values obtained
(Figure 2) for all of the lines analyzed (mutants and wild-type)
are within the limits published for fruits, indicating that
chlorophyll retention does not involve at the thylakoid structural

and pheophorbides in the wild-type lines, demonstrating that
the rapid concatenation of metabolic reactions involved in the
chlorophyll catabolic process prevents the accumulation of such
catabolites. In contrast, in the stay-green lines, chlorophyllide
ais found in the first states of ripening, later pheophortade
with pheophorbideb also detected in over-ripe fruitgéble

level any alteration with respect to the standard. However, in 2). Assuming the PaO pathway in pepper fruit®), in which

the stay-green lines of the pepper, in late states of ripening (from chlorophyllase is activel@), the sequential accumulation of
45 to 60 days), the ratio between the two chlorophylls shows a chlorophyllide—and later transformation to pheophorhbéde
great increase. The exceptions are the fruits of the line Dn 3, in the stay-green lines is indicative of a lesion at the level of
which do not exhibit chlorophyll catabolites at the end of the PaO activity, per se, or in some modulator of the activity. The
study period and the variety Negral, which at the over-ripe stage accumulation of chlorophyllide and pheophorbide implies that
(75 days) is comparable to the other stay-green lines at 30 daysn these lines the enzymes chlorophyllase and magnesium
in terms of chlorophyll retention. This is in accord with recent dechelatase are functionally active.

theories (23) claiming that at an early point in the chlorophyll ~ The accumulation of dephytylated chlorophyll derivatives has
catabolic sequence, chlprior to its degradation is transformed already been reported for other organisms in which the mutation
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Table 2. Oxidized and Dephytilated Chlorophyll Catabolites («M/kg dw) in Capsicum annuum (L.) Fruits during the Ripening of Stay-Green Lines

Oxidized Chlorophyll Catabolites

Negral variety Line Mn 3 LineRn 1 Line Rn 2 Line Dn 3
days chl & chl bb chla chl b chla chl b chla chl b chla chl b
15 0.81+0.06 - 14,78 £0.93 - 85.42 + 6.53 2.94+0.15 87.70 +4.36 2.51+0.35 8.02+0.75 12.65+054
30 397+0.25 - 10.70 £ 0.54 - 109.99 + 8.21 876064  103.72+7.53 - 12.42 +0.65 0.63+0.03
45 12.25+0.82 9.67+0.06 49.01+024 - 68.09+236  41.16+1.25 7216+6.24  4261+753  14847+753  4750+7.53
60 37.46+265  22.34+0.65 - - - 6.61 +0.45 2316+1.98  27.78+1.68 - -

75 65.89+4.85  26.62+1.65 - - - - - - - -

Dephytylated Chlorophyll Catabolites

Negral variety Line Mn 3 LineRn 1 Line Rn 2 LineDn 3
days cda? pha¢ pbe  cda pha pb cda pha pb cda pha pb cda pha pb
15 - - - 1.61+0.05 - - 2.07+0.08 - - - - - - - -
30 - - - 475+0.03 - - - - 251+753 - - - - -
45 - - - - - - - - - - - 38.58+1.67 14.95+0.56 593+ 0.25
60 - - - - 61.29+0.57 — - 47.71+2.68 - - 38.00+0.15 - - 77.86 £7.53 7.36 +7.56
75 trf 18.46+0.16 tr - 22.60+1.68 tr - 183.38 +10.98 8.22+0.07 - 122.24+7.53 7.85+7.54 - - -

achl a, 132-OH-chlorophyll a. ® chl b:13%-OH-chlorophyll b. ¢ cda, chlorophyllide a. ¢ pha, pheophorbide a. € pb, pheophorbide b. ftr, traces.

accumulated in the stay-green mutantLofperenng(L.) (25),

41 and in all of them some 90% of the chlorophylls are in the
124 form of chla andb. A current postulation is the existence of
104 feedback mechanisms, able to regulate the metabolism of
chlorophylls in mutants unable to degrade chlorophyll beyond
8- pheophorbidea, at the level either of chlorophyllase or of

6 proteases involved in the degradation of chlorophyll-binding
proteins. Such a pattern is shown by the stay-green lines of

pepper in late states of ripening (60 days). However, if the study

44

o
-
<
o4
2
5]
a 2 period is prolonged to 75 days, the chlorophyll is found to have
=l . : . .
> 0 . . : , been completely transformed into pheophorbide. Physiologically,
oy 15 30 45 60 75 the process of senescence in leaves has the general aim of
8 recycling nutrients from parts of the plant that are no longer
9 141 o photosynthetically active while the fruits ripen to produce seeds.
T 12 (b) e Le2 Although the processes of senescence and ripening are highly
104 Lr7 regulated in the plant and involve the controlled activation or
Rt inhibition of genes, the timing of senescence and that of ripening
81 Dné are very different. In the pepper, monitoring the changes in
6 - chlorophyll catabolites during ripening has enabled the study
4l of a late state of ripening (over-ripe). To date, no such study
g___,ﬁ could be made in leaves, so that it is not possible to establish
27 a similar situation.
o T r r r The unusual accumulation of pheophorbie the final state
15 30 45 60 7% of ripening is an interesting point for study. As has been
HARVESTING TIME (Days) remarked in the previous section, the theory is accepted that

chl b is transformed into ch& prior to its degradation (23),
although it is possible that this takes place at the level of
chlorophyllide b. However, the ring opening of a serids
derivative by the enzyme PaO is not contemplated, as not only
the specificity of PaO for the seriesderivatives is demonstrated
but so is the competitive inhibition of PaO with pheophorbide
b (5). Therefore, it is postulated that although pheophorbide

) . L is not formed naturally in the fruit during chlorophyll catabolism
in which pheophorbide is accumulated4); and senescent iy the wild-type lines, in the mutantswith chl b present in

leaves otolium perenndL.) (25), in which there is a sequential |ate stages of ripening—magnesium dechelatase could act on
accumulation of chlorophyllide and pheophorbide. With regard chjorophyllideb.

to the pepper mutants, the most striking thing is that in three of |t js particularly striking that the stay-green lines of pepper
the five lines, chi disappears completely in the over-ripe fruit, that have arisen randomly and spontaneously correspond to a
becoming totally transformed into pheophorbide, the only mutation that affects PaO activity, above all when this enzyme
chlorophyll derivative present at the last assay made. In studiesis considered to be the critical, and most-regulated (pre- and
of stay-green leaves of maizks(1) andArabidopsig(pao), the possibly post-transcriptionally), point in the chlorophyll deg-
mutation affects the PaO gene directly, and the pheophorbideradation pathway. Other stay-green lines have similarly arisen
a accumulated is only some 10% of the chlorophyll 24). (Festuca pratensisiuds. orZea may4d..), also affecting PaO
This value is similar to that of dephytylated compounds activity. Although seemingly contradictory, it could be hypoth-

Figure 2. Changes in the chl a/chl b ratio of pepper fruits (C. annuum
L.) during ripening on the plant of different lines from two genotypes:
stay-green (a) and wild type (b). Symbols are as in Figure 1.

responsible for the stay-green character is related with PaO
activity: leaves and fruits of thgf mutant in tomato, in which
chlorophyllidea is accumulated24); leaves of thds 1 mutant,
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esized that the plant has developed protective mechanisms that (5) Hoérstensteiner, S.; Vicentini, F.; Matile, P. Chlorophyll break-

counteract the negative effects of a possible mutation in one of down in senescent leaves: enzymic cleavage of phaeophorbide

its most important enzymes, thereby making these organisms a in vitro. New Phytol.1995,129, 237—246.

viable. (6) Luthy, B.; Martinoia, E.; Matile, P.; Thomas, H. Thylakoid-
Oxidized Chlorophyll Catabolites. The detailed identifica- associated chlorophyll oxidase: distinction from lipoxygenase.

tion and quantification of all of the chlorophyll catabolites Z Pflanzenphysiol1984,113, 423—434.

generated during ripening in the lines under study enabled (7) Gandul-Rojas, B.; Roca, M.; Minguez-Mosquera, M. I. Chlo-

detection of the accumulation of oxidized chlorophyll catabo- rophyll and carotenoid degradation mediated by thylakoid-

lites, 13-OH-chl a and b (Table 2), in the stay-green lines, associated peroxidative activity in olive®léa europaea) cv.

which were absent from the wild-type lines. The accumulation Hojiblanca.J. Plant Physiol.2004,161, 499—507.

of 132-OH-chlorophyll describes a curve for which the maxi- ~ (8) Yamauchi, N.; Akiyama, Y.; Kako, S.; Hashinaga, F.. Chloro-

mum is reached at around 3@5 days, depending on variety, phyll degradation in Wase satsuma mandarin (Citrus unshiu

and then falls, except in the variety Negral, which shows a Marc.) fruit with on-tree maturation and ethylene treatm&at.

gradual increase parallel to ripening. In view of the possibility Hortic. 1997,71, 35-42.

that chlorophyll oxidation is due to the fact that the chlorophylls ~ (8) Thomas, H.; Howarth, C. J. Five ways to stay gre&nExp.

are maintained in full senescence—much longer than normal— Bot. 2000,51, 329-337. S

and that nonspecific oxidative mechanisms could oxidize these (10) Moser, D.; Matile, P. Chlorophyll breakdown in ripening fruits

molecules, it has to be said that this nonspecific oxidation has of Capsicum annuuml. Plant Physiol.1997,150, 759—761.

not been observed in other affected stay-gre@ss (hat keep (11) Muhlecker, W.; Krédutler, B.; Moser, D.; Matile, P.; Hortensteiner,
chlorophylls during senescence. It also seeh22, 24) that S. Breakdown of chlorophyll: a fluorescent chlorophyll catabolite
the retention of chlorophylls during senescence in stay-green from sweet peppektapsicum annuumpdely. Chim. Acta2000,
organisms stabilizes the proteins of the thylakoid pigment " ?_|3' 278_!\2/|8’6.d D Mi M M. 1 Chi il
proteolipid complexes. In fact, some stay-greens (sucbras (12) Horero-Méndez, D.; Minguez-Mosquera, M. I. Chlorophy
10) are mutations in proteases against LHCP Il and, as a dusap_pearance and Cmomphy."ase aCt'V'.ty during ripening of
consequence, retain chlorophyl®T7). It is therefore plausible fgfg'cum annuurb. fruits. J. Sci. Food Agric2002 82, 1564~
to assume that the maintenance of these structures would protect 13 Smitﬁ P G. Inheritance of brown and areen mature fruit color
the chlorophylls (as in green tissues) from nonspecific oxidation. (13) in ne ' e.rs.]. Hered.1950 41 13871409 ure fru
The enzymatic formation of £30H-chl a was initially (14) EffatFpA_ E al Y‘_ Pa}an‘ | Molecﬁlar maooing of the
imputed to chlorophyll oxidase6f, but current research is ) A BYaL ¥ Lo napping
looking more toward the involvement of peroxidase in this chiorophyll retainer (cl) mutation in peppet4psicunspp.) and
s . . ing f i i ESTs h |
oxidation (7, 28); this enzyme has been located in the chloroplast screening for candidate genes using tomato S. S homologous
(29). The involvement of the hydroxylated derivative of to structural genes of the chlorophyll catabolism pathway.
’ . . . . . Genome2005,48, 347—351.
chlorophyll as intermediate in chlorophyll catabolism durin . L . - )
ripeninpg yhas been reported in nurF:TJ\e);ous fruits: satsur%a (15) Minguez-Mosquera, M. I.; Gandul-Rojas, B.; Montafio-Asqueri-

f . no, A.; Garrido-Fernandez, J. Determination of chlorophylls and
mandarln_s$), pananas&O), and. Oll\{esil)' However, the exact carotenoids by HPLC during olive lactic fermentatiod.
role of this oxidation (the originating enzyme and the level of _

R . ) . Chromatogr.1991,585, 259—266.
the pathway at which it participates) is still under debate. The

- . . (16) Minguez-Mosquera, |.; Gandul-Rojas, B.; Gallardo-Guerrero, L.
results found in the stay-green lines of pepper confirm the

Measurement of chlorophyllase activity in olive fruiDlea

existence of an oxidative mechanism that takes part in chloro- europaea).. Biochem1994,116, 263—268.

phyll degradation and situate this oxidation in reactions prior (17 \watanabe, T.; Hongu, A.; Honda, K.; Nakazato, M.; Konno, M.:
to that catalyzed by the enzyme PaO, as chlorophyll retention Saithoh, S. Preparation of chlorophylls and pheophytins by
in the stay-green lines affects the accumulation of oxidized isocratic liquid chromatographyanal. Chem 1984, 56, 251—
compounds. 256.

(18) Hyvarinen, K.; Helaja, J.; Kuronen, P.; Kilpeldinen, I.; Hynninen,
P. H.*H and**C NMR spectra of the methanolic allomerization
We are sincerely grateful to IMIDA for supply samples. products of 13R)-chlorophylla. Magn. Reson. Cheni995,
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